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STANDARD

Standard Specification for
STRUCTURAL STEEL'

AMERICAN NATIONAL) ANSI/ASTM A 36 - 77a°

American Association State
Highway and Transportation Officials
Standard AASHTO No.: M 183

This standard is issued under the fixed designation A 36; 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.

‘NoTe—Supplementary Requirement S5 was added editorially in August 1979.

This specification has been approved for use by agencies of the Department of Defense for listing in the DoD Index of

Specifications and Standards.

1. Scope

1.1 This specification® covers carbon steel
shapes, plates, and bars of structural quality for
use in riveted, bolted, or welded construction
of bridges and buildings, and for general struc-
tural purposes. When the steel is used in welded
construction, welding procedure shall be suit-
able for the steel and the intended service.

1.2 Supplemental requirements are provided
where improved notch toughness is important.
These shall apply only when specified by the
purchaser in the order.

NoTe— The values stated in inch-pound units are
to regarded as the standard.

2. Appurtenant Materials

2.1 Unless otherwise provided in the order,
the current edition of the specifications of the
American Society for Testing and Materials

- listed in Table 1 shall govern the delivery of

otherwise unspecified appurtenant materials
when included with material purchased under
this specification. Unless otherwise specified,
all plain and threaded bars used for anchorage
purposes shall be subjected to mechanical tests
and shall conform to the tensile requirements
of Section 7; headed bolts used for anchorage
purposes, and all nuts, shall conform to the
requirements of Specification A 307, for Car-
bon Steel Externally and Internally Threaded
Standard Fasteners.’

3. General Requirements for Delivery

3.1 Material furnished under this specifica-
tion shall conform to the applicable require-
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~ments of the current edition of Specification

A 6, for General Requirements for Rolled Steel
Plates, Shapes, Sheet Piling, and Bars for Struc-
tural Use.?

4. Bearing Plates

4.1 Unless otherwise specified, plates used
as bearing plates for bridges shall be subjected
to mechanical tests and shall conform to the
tensile requirements of Section 7.

4.2 Unless otherwise specified, mechanical
tests shall not be required for plates over 1% in.
(38 mm) in thickness used as bearing plates in
structures other than bridges, subject to the
requirement that they shall contain 0.20 to
0.33% carbon by heat analysis, that the chemi-
cal composition shall conform to the require-
ments of Table 2 in phosphorus and sulfur
content, and that a sufficient discard shall be
made from each ingot to secure sound plates.

5. Process

5.1 The steel shall be made by one or more
of the following processes: open-hearth, basic-
oxygen, or electric-furnace.

5.2 No rimmed or capped steel shall be used

""This specification is under the jurisdiction of ASTM
Committee A-l-on Steel, Stainless Steel and Related Alloys,
and is the direct responsibility of Subcommittee A01.02 on
Structural Steel. «

Current edition approved Aug. 29 and Sept. 30, 1977.
Published November [977. Originally published as A 36 -
60 T. Last previous edition A 36 - 75.

?For ASME Boiler and Pressure Vessel Code Applica-
tions see related Specifications SA-36 in Section II of that
Code.

® Annual Book of ASTM Standards, Part 4.



f,ot- plates.and bars over % in, (13 mm) thick or
for shapes other than Group 1.

6. Chemical Requirements

6.1 The heat analysis shall conform to the
requirements prescribed in Table 2, except as
specified in 4.2.

6.2 The steel shall conform on product anal-
ysis to the requirements prescribed in Table 2,

subject to the product analys1s tolerances in

Specification A.6, except as spegified in 6.3.

6.3 Product analys1s is not applicable for
bar-size shapes or flat bars ' in. (13 mm) and
under in thickness,

‘6:4-When tension tests are waived in-accord- °

ance with 7.2, chemistry consistent with the
Tequirements in Table 2, and with the mechan—
‘1cal propertles des1red must be apphed

SUPPLEMENTARY REQUIREMENTS

AZs -

7 Tensnle Requlrements o

7.1 The material as represented by the test
specimen, except as specified in 4.2 and 7.2,
shall conform to the requirements as to the
tensile properties prescrlbed in Table 3.

7.2 ‘Shapesleéss thani'l in.? (645 min®) in cross
section and bars, other than flats, less than %
in. (13 mm) in thickness or diameter need not
be subjected to tenswn tests by the manufac-

" turer.

7.3 For ‘material under %s in. (8 mm) in
thickness or diameter, a deduction from the

’ fpercentage of elongation”in 8 in. (203 mm),

specified in Table 3, of 1.25% shall be made for
each decrease of %z in. (0.8 mim) of the specified
thickness or diameter below %s in.

tw‘.:

. These requtrements shall not apply unless specified in the order ;
' .Standardized supplementary requireméiits for use at:the option of the purchasenfare

hsted in Speaﬁcauon A 6. Those which are considered: sultable for use w1th thls

specification are listed below by title.

S5, Charpy V Notch Impact Test

" $14. Bend Test,

i1

R TER

- ADDED SUPPLEMENTARY REQUIREMENTS "

In addition, the following optlonal supplementary requlrements are also su1table for

use Wlth this spe01ﬁcat10n

~ §1. The material supphed shall be other
than rimmed or capped steel '
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S2. The material to be supphed shall . be

sﬂlcon-kﬂled ﬁne gram practlce :

'
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A 36

TABLE 1 Material Specifications

ASTM

Material Designation®

A 283, Grade C*

A 502, Grade 1*

A 307", A 325

A 27, Grade 65-35%
A 668, Class D

A 570, Grade D

A 570, Grade D -
A 500, Grade B

A 501

“ These designations refer to the following specifications
of the American Society for Testing and Materials:
A 283, Low and Intermediate Tensile Strength Carbon
Steel Plates of Structural Quality,”
A 502, Steel Structural Rivets,”
A 307, Carbon Steel Externally and Internally Threaded
Standard Fasteners,”
A 325, High-Strength Bolts for Structural Steel Joints In-
cluding Suitable Nuts and Plain Hardened Washers,”
A27, Mild- t0 Medium-Strength Carbon-Steel Castings
for General Application,*
A 668, Steel For;ings, Carbon and Alloy, for General
Industrial Use,”
A 570, Hot-Rolled Carbon Steel Sheet and Strip, Structural
Quality,” :
A 500, Cold-Formed Welded and Seamless Carbon Steel
Structural Tubing in Rounds and Shapes,® and
A 501, Hot-Formed Welded and Seamless Carbon Steel
Structural Tubing.”
® These have lower yield point than A 36 steel.

Plate to be bent or formed cold
Steel rivets

Bolts and nuts

Cast steel

Forgings (carbon steel)
Hot-rolled sheets

Hot-rolled strip

Cold-formed tubing
Hot-formed tubing

* Annual Book of ASTM Standards, Part 2.

* Annual Book of ASTM Standards, Part 5,

TABLE 2 Chemical Requirements,

Product Shapes® ‘Plates " Bars
Over% Over = Over X Over% .o
To#% tola l%to 24%to4 To%  tolk )
Thickness, in. (mm) All (19), (19t0 2% (38 (64to ?‘l’g;’ )4 (19), (19 to l(/lzotzo) 4 o(;rgg )4
incl. 38), to 64), 102), incl. 38), incl ’
incl. incl. incl. incl. ;
Carbon, max, % 0.26 0.25 0.25 0.26 0.27 0.29 0.26 0.27 0.28 0.29
Manganese, % 0.80- 0.80- 0.85- 0.85- v 0.60- 0.60- 0.60-
1.20 1.20 1.20 1.20 0.90 0.90 0.90
Phosphorus, max, % 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04
Sulfur, max, % 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
Silicon, % ' . . 0.15-  015- OIS~ ... -
0.40 0.40 0.40
Copper, min, % when 020 020 020 020 020 H20 020 020 020 020

copper steel is spec-
ified

“ Manganese content of 0.85-1.35 % and silicon content of 0.15-0.40 % is required for shapes over 426 1b/f1.
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TABLE 3' Tensile Requirements®

Plates, Shaj

Tensile strength psi (MPa) 58 000-80 000
L - (400-550). -
Yleld pomt mm, psi (MPa) 36 000 (250)°
Plates and Bars®/:
 ‘Elongation in 8 in. or 200 mm, 20¢
min, % . -
Elongatlon in 2 in. or 50 mm, 23
min, % -
Shapes: . R o
Elongation in 8 in. or 200 mm, .20
min, %
Elongauon in, ‘2 i, of 50 mm, 121t
, min, %" e i

? For plates w1der than 24 in. (610 mm) the test specxmen
is taken in the transverse direction. See 11:2 of Spec1ﬁcatxon
A6, g
® For w1de flange shapes over 426 lb/ft tensile strength
minimum :of 58 600 psi (400 MPa) only and elongauon in2
in, of 19 % minimum apphes

-¢Yield point 32 000 psi (220 MPa) for plates over 8in. in
thlckness

4 See 7.3

¢ Elongation not required to be determmed for floor plate.

{ For. plates wider than 24 in. (610 mm), the elongation
requirement is reduced two percentage points.

v B Coee

The American Society for Testing and Materials-takes no position respeciing. 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 Fesponsibility.

This standard is subject to revision at any time by the responsible téchnical committee and must be reviewed every five years
and if not revised, either reapproved or withdrawn. Your commenis 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 o the ASTM Comriittée oh Standards, 1916 Race St;; Philadelphia, Pa. 19103, which will schedule a
Jurther hearing regarding your commerits. Failiig satisfaction there, you may appeal to the ASTM Board of Directors, |
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Designation: A 36/A 36M — 97a<!

Standard Specmcatlon for
Carbon Structural Steel'

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

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

€' Nore—Table 2 was editorially corrected in September 1999,

1. Scope

1.1 This specification® covers carbon steel shapes, plates,
and bars of structural quality for use in riveted, bolted, or
welded construction of bridges and buildings, and for general
structural purposes.

1.2 Supplementary requlrements are provided for use where
additional testing or additional restrictions are required by the
purchaser. Such requirements apply only when specified in the
purchase order. '

1.3 When the steel is to be welded, a welding procedure
suitable for the grade of steel and intended use or service is to
be utilized. See Appendix X3 of Specification A 6/A 6M for
information on weldability.

1.4 For Group 4 and 5 wide flange shapes for use in tension,
it is recommended that the purchaser consider specifying
supplementary requirements, such as fine austenitic grain size
and Charpy V-Notch Impact testing. '

1.5 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. -

1.6 The text of this specification contains notes or footnotes,
or both, that provide explanatory material. Such notes and
footnotes, excluding those in tables and ﬁgures do not contain
any 1nandat01y requirements.

1.7 For plates cut from coiled product, the additional
requirements, including additional testing requirements and the
reporting of additional test results, of A 6/A 6M apply.

2. Reférenced Do'cuments

2.1 ASTM Standards:
A 6/A6M Specification for General Reqmrements for

o
'

! 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
A01.02 on Structural Steel for Bridges, Buildings, Rolling Stock, and Ships.

Current edition approved Nov. 10, 1997. Published April 1998. Originally
published as A 36 — 60 T. Last previous edition A 36/A 36M — 97.

2 For ASME Boiler and Pressure Vessel Code Applications, see related Specifi-
cations SA-36 in Section II of that Code.

Copyright © ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2059, United States.
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- 4. General Requlrements for Dehvery

Rolled Structural Steel Bars, Plates, Shapes, and Sheet
Piling?

A27/A2T™M Spemﬁcatlon for Steel Castings, Carbon for
General Apphcatlon

A 307 Specification for Carbon Steel Bolts and’ Studs,
60 000 psi Tensile Strength®

A 325 Specification for Structural Bolts, Steel, Heat
Treated, 120/105 ksi Minimum Tensile Strength®

A 325M Specification for High-Strength Bolts for Struc-
tural Steel Joints [Metric]’ ,

A 500 Specification for Cold-Formed Welded and Seamless
Carbon Stee] Structural Tubing in Rounds and Shapes®

A 501 Specification for Hot-Formed Welded and Seamless
Carbon Steel Structural Tubing®

A 502 Specification for Steel Structural Rivets®

A 563 Specification for Carbon and Alloy Steel Nuts®

A 563M Spemﬁcatlon for Carbon and Alloy Steel Nuts
[Metric]®

A 570/A 570M Specification for Steel, Sheet and Strip,
Carbon, Hot-Rolled, Structural Quality” -

A 668 Specification for Steel Forgings, Carbon and Alloy,
for General Industrial Use®

F 568M Specification for Carbon and Alloy Steel Externally
"Threaded Metric Fastencrs .

3. Appurtenant Materials

- 3.1 When components of a steel structure are identified with
this ASTM designation but the product form is not listed in the
scope of this specification, the material shall conform to one of
the standards listed in Table 1 unless otherwise spemﬁed by the
purchasel ,

‘4.1 Material furnished under this spec1ﬁcat10n shall con-
form to the requirements of the current edition of Spcmﬁcatlon
A 6/A 6M, for the ordered material, unless a conﬂipt exists in

3 Annual Book of ASTM Standards, Vol 01.04.
4 Annual Book of ASTM Standards, Vol 01.02.
5 Annual Book of ASTM Standards, Vol 15.08.
S Annual Book of ASTM Standards, Vol 01.01.
7 Annual Book of ASTM Standards, Vol 01.03.
8 Annual Book of ASTM Standards, Vol 01.05.




TABLE 1 Appurtenant Material Specifications

Note 1—The specifier should be satisfied of the suitability of these
materials for the intended application. Composition and/or mechanical
properties may be different than specified in A 36/A 36M.

Material ASTM Designation
Steel rivets A 502, Grade 1
Bolts A 307, Grade A or F 568M, Class 4.6
High-strength bolts A 325 or A 325M
Steel nuts A 563 or A 563M
Cast steel A 27/A 27M, Grade 65-35 [450-240]
Forgings (carbon steel) A 668, Class D

Hot-rolled sheets and strip
Cold-formed tubing
Hot-formed tubing

Anchor bolts

A 570/A 570M, Grade 36
A 500, Grade B

A 501

F 1554

which case this specification shall prevail.

4.1.1 Coiled product is excluded from qualification to this
specification until levelled and cut to length. Plates produced
from coil means plates that have been cut to individual lengths
from a coiled product and are furnished without heat treatment.
The processor decoils, levels, cuts to length and marks the
product. The processor is responsible for performing and
certifying all tests, examinations, repairs, inspections or opera-
tions not intended to affect the properties of the material. For
plates produced from coils, two test results shall be reported for
each qualifying coil. See Note 1. ‘

Nore 1—Additional requirements regarding plate from coil are de-
scribed in Specification A 6/A 6M.

5. Bearing Plates

5.1 Unless otherwise specified, plates used as bearing plates
for bridges shall be subjected to mechanical tests and shall

A 36/A 36M

'
)

conform to the tensile requirements of Section 8.

5.2 Unless otherwise specified, mechanical tests shall not be
required for plates over 12 in. [40 mm] in thickness used as
bearing plates in structures other than bridges, subject to the
requirement that they shall contain 0.20 to 0.33 % carbon by
heat analysis, that the chemical composition shall conform to
the requirements of Table 2 in phosphorus and sulfur content,
and that a sufficient discard shall be made to secure sound
platés.

6. Process

6.1 The steel shall be made by one or more of the following
processes: open-hearth, basic-oxygen, or electric-furnace.

6.2 No rimmed or capped steel shall be used for plates and
bars over Y2 in. [12.5 mm] thick or for shapes other than Group
L.

7. Chemical Requirements

7.1 The heat analysis shall conform to the requirements
prescribed in Table 2, except as specified in 5.2.

7.2 The 'steel shall conform on product analysis to the
requirements prescribed in Table 2, subject to the product
analysis tolerances in Specification A 6/A 6M.

8. Tensile Requirements

8.1 The material as represented by the test specimen, except
as specified in 5.2 and 8.2, shall conforin to the requirements as
to the tensile properties prescrlbed in Table 3.

8.2 Shapes less than 1 in.2[645 mm 2] in cross section and
bars, other than flats, less than %% in. [12 5 mm] in thickness or
diameter need not be subjected to tension tests by the manu-
facturer, provided that the chemical composmon used is
appropriate for obtaining the tensile properties in Table 3.

TABLE 2 Chemical Requirements

Nore 1— Where «,..”
in the heat analysis section of Specification A 6/A 6M.

appears in this table there is no requirement. The heat analysis for manganese shall be determined and reported as described

Product Shapes” Plates® Bars :
3, 1

o B A R

ickness, in. [mm] . [in c]I‘ [201040], [40t065], [651t0100,  [100] [lii]l [20t0 40,  [100], [100]

incl inc! incl ‘ incl inc!

Carbon, max, % 0.26 0.25 0.25 0.26 0.27 0.29 0.26 0.27 0.28 0.29
Manganese, % 0.80-1.20 0.80-1.20 0.85-1.20 0.85-1.20 0.60~0.90 0.60-0.90 0.60-0.90
Phosphorus, max, % 0.04 0.04 0.04 - 0.04 0.04 0.04 0.04 0.04 0.04 0.04
Suifur, max, % 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 - 0.05 0.05
Silicon, % 0.40 max -} 0.40.max 0.40 max 0.15-0.40 0.15-0.40 0.15-0.40 | 0.40 max 0.40 max 0.40 max 0.40 max
Copper, min, % when cop- 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20 0.20

per stéel is specified

A Mangahese content of 0.85-1.35 % and silicon content of 0.15-0.40 % is required for shapes over 426 Ib/ft [634 kg/m].
B For each reduction of 0.01 % below the specified carbon maximum, an increase of 0.06 % manganese above the specified maximum will be permitied up to the

maximum of 1.35 %.
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A 36/A 36M

TABLE 3 Tensile Requirements”

Plates, Shapes,® and Bars:

Tensile strength, ksi [MPa] 58-80 [400-550]
Yield point, min, ksi [MPa] 36 [250]°
Plates and Bars®&
Elongation in 8 in. [200 mm], min, % - 20
Elongation in 2 in. [50 mm], min, % 23
Shapes:
-+ Elongation in-8-in.-[200 mm]; min, % 20 . - . S - e B,
Elongation in 2 in. [50 mm], min, % v 218 :
A See Specimen Orientation under the Tension Tests section of Specification. .
A 6/A 6M.

B For wide flange shapes over 426 Ib/ft [634 kg/m], the 80 ksi [550 MPa]
maximum tensile strength does not apply and a minimum elongation in 2 in. {50
mm)] of 19 %, applies.

€ Yield point 32 ksi [220 MPa] for plates over 8 in. [200 mm] in thickness.

P Elongation not required to be determined for floor plate.

£ For plates wider than 24 in. [600 mm], the elongation requirement is reduced
two percentage points. See elongation requirement adjustments under the Tens;on
Tests section of Specnﬂcat[on A 6/A 6M.

9. Keywords

9.1 bars; bolted construction; bndges, bulldmgs, carbon;
plates; riveted construction; shapes; steel; structural steel;
welded construction Co

SUPPLEMENTARY REQUIREMENTS

These requirements shall not apply unless specified in the order
Standardized supplementary requirements for use at the option of the purchaser are listed in
Specification A 6/A 6M. Those that are considered suitable for use with this spec1ﬁcat10n are listed by

t1t1e
S5. Charpy V-Notch Impact Test.
S14. Bend Test. \ - L

T B Cy

ADDITIONAL SUPPLEMENTARY REQUIREMENTS

In addition, the followmg optional supplementary requirements are also sultable for use w1th thlS v
spe<31ﬁcat1on .

S91. Fine Austenitic Grain r:Si'ze " : . 897. Limitation on Rimmed or Capped Steel
.891.1 The- steel shall be leled and have a ﬁne austenitic $97.1 The steel shall be other than rimmed or capped.
grain size. !

. The American Soc:ety for Testing and Mater/als takes no posmon respecting the validity of any patent rights-asserted in connection
with any ftem mentioned in this standard. Users of this standard are expressly advised that determination of the-validity of any such
patent rights, and the rlsk of lnfrlngement of such nghts are entlrely the:r own respons:blllty

< This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five yeéars and
. /f 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 atfend. If you feel that your commeénts have not recéived a fair hearing you should make your

. views known to the ASTM Committee on Standards, 100 Barr Harbor Drive, West Conshohocken PA 19428

This standard is copyrighted by ASTM, 100 Barr Harbor Drive, 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 (http://www.astm.org).

'

105

11







13



AMERICAN NATIONAL] ANSI/ASTM A 82-79 American Association State

STANDARD Highway and Transportation Officials
Standard AARSHTO No.: M 32

Standard ‘S\pecificati‘oh“'for L ;
COLD-DRAWN STEEL WIRE FOR CONCRETE
REINFORCEMENT1

This stand ard i issued urider the fixed deSIgnatlon A 82; the number unmedlately followmg the designation indicates the year

of -original adopuon or, in the: case of revision, the year:of last revision,” A number in parentheses indicates the year of last
reapproval,,;

S R S C

This specy‘icanon has been approved for use by agencies of the Department of Defense and for listing in the DoD Index of
Specifications and Standards.

1. Scope ' Nominal Diameter, ~ Nominal Area,
1.1 This  specification covers cold-drawn SlzivN;: ber o ;35 (:;18) 3 0 " (mm) -

) . .200 (129.03
steel wire to be used as such, or in fibricated W18 0479 (12.17) . 0.180 §116‘13‘;
form, for the reinforcement of concreéte, in sizes w16 0.451 (11.46) 0.160 (103.25)
not less than 0.080 in. (2.03 mm) in diameter. w14 0.422 (10.72) 0.140 (90.32)

Note 1—The values stated in inch-pound units a w }3 P 832; ggg; - gi(zlg gﬁg
are to be regarded as the standard - W8 -0.319 (8.10) 0.080 (51.61)
“ w7 . 0299 (7.59) 0.070 (45.16)
2, A‘p‘pll‘cable Docu"ments : W6 .- - 0276 (101) 0.060 (38:71)
W55 10.265 (6.73) 0.055 (35.48)
2.1 ASTM Standards: _. ws 0252 (640) ~  0.50 (32.26)
A 370 Methods and Definitions for Mechan- W45 - 0239 (607)- 0,045 (29.03)
ical Testing of Steel Products® e 0226 8;8 oo 83?3 '
A700 Recommended Practices for Packag- W3 . 0.195(495) - 10030 (19.38)
. ing, Marking, and Loadmg Methods for  was ( (0178 (4:52).. - . 0.025 (16.13) -
* Stéel Products for Domestic Shlpmel:lt3 . wfs O g-igg 8(5)% mo ‘g-g%g 826»9;;)) S
2.2 Military Standards: W2 .. 0124015 0012 (7.74)
MIL-STD-129 Markmg for Shlpment and pWI .. 0.113(287) - 0010 (648)
Storage® ... - e - c1 . W05, . 0080(203)__ ... 0.005 (323)
MIL-STD-163 Steel Mlll Products P.repara-',- o
‘ tion for Sh1pment and Storage s Ordermg Informatlonr.: S :
2.3 Federal Standard: ’ " 4.1 Orders for material to this specnﬁcatlon
Fed. Std. No. 123 Marking for Shipments shall include the following information:
(Civil Agencies)* 4.1.1 Quantity (weight),

4.1.2 Name of material (cold-drawn steel

3. General Requirements wire for concrete reinforcement),

3.1 When wire for concrete reinforcement is 4.1.3 Wire size number,
ordered by size number, the following relation ———
between size number, diameter, and area shall ! This specification is under the jurisdiction of ASTM
. . R Committee A-1 on Sieel, Stainless Steel and Related Alloys,
apply, unless otherwise spemﬁed. and is the direct responsibility of Subcommittee A01.05 on
Nominal Diameter, Nominal Area, Steel Reinforcement.
Size Number in. (mm) in.? (mm?) Current edition approved July 27, 1979. Published Sep-
tember 1979. Originally published as A 82-21 T. Last pre-
W31 0.628 (15.95) 0.310 (200.00) o o edition A 5o-76. ¢ P
W30 0.618 (15.70) 0.300 (193.50) 2 Annual Book of ASTM Standards, Parts 1,2, 3, 4, 5, and
W 28 0.597 (15.16) 0.280 (180.60) 10.
W26 0.575 (14.61) 0.260 (167.70) ® Annual Book of ASTM Standards, Parts 1, 3, 4, and 5.
W24 0.553 (14.05) 0.240 (154.80) 4 Available from Naval Publications and Forms Center,
W22 0.529 (13.44) 0.220 (141.90) 5801 Tabor Ave., Philadelphia, Pa. 19120.
154
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4.1.4 Packaging (see Section 11), and
4.1.5 ASTM designation and date of issue.

NoTe 2—A typical ordering description is as fol-
lows: 100 000 1b, cold-drawn steel wire for concrete
reinforcement, size No. W 5, in 500-1b secured coils,
in accordance with ASTM A 82 dated

5. Process

5.1 The steel shall be made by one or more
of the following processes: open-hearth, elec-
tric-furnace, or basic-oxygen.

5.2 The wire shall be cold drawn from rods
that have been hot rolled from billets, ‘

5.3 Unless otherwise specified, the wire shall
be “as cold drawn,” except wire smaller than
size number W 12 for welded wire fabric,
which shall be galvanized at finish size.

6. Physical Requirements

6.1 Tension Tests.

6.1.1 The material, except as specified in
6.1.2 shall conform to the tensile property re-
quirements in Table 1, based on nominal area
of wire.

6.1.2 For material to be used in the fabnca—
tion of welded fabric, the tensile and yield
strength properties shall conform to the re-
quirements given in Table 2, based on nominal
area of the wire.

6.1.3 The yield strength shall be determined
at an extension of 0.005 in./in. of gage length.
The manufacturer is.not required to test for
yield strength, but is responsible for supplying
a product that will meet the stipulated limit
when tested in accordance with the provisions
of 12.3.

6.1.4 The material shall not exhibit a definite
yield point as evidenced by a distinct drop of
the beam or halt in the gage of the testing
machine prior to reaching ultimate tensile load.
The purchaser may, at his option, accept this
feature as sufficient evidence of compliance
with the specified minimum yield strength to
forego conducting the yield strength tests cov-
ered in 12.3.

6.2 Bend Tests—The bend test specimen
shall stand being bent cold through 180° with-
out cracking on the outside of the bent portion,
as given in Table 3..

7. Test Specimens
7.1 Tension and bend test specimens shall
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be of the full section of the wire as drawn, or in
the case of galvanized wire, as galvanized.

8. Number of Tests

8.1 One tension test and one bend test shall
be made from each 10 tons (9072 kg) or less of
each size of wire.

8.2 If any test specimen shows imperfections
or develops flaws, it may be discarded and
another specimen’ substituted.

9. Permissible Variation in Wire Diameter

9.1 The permissible variation in the diame-
ter of the wire shall conform to the rcquirc-
ments given in Table 4.

9.2 The difference bétween the maximum
and minimum diameters, as measured on any
given cross section of the wire; shall be no more
than the tolerances listed in Table 4 for the
given wire size. .

10. Finish

10.1 The wire shall be free of injurious im-
perfections and shall have a workmanlike fin-
ish.

10.2 Galvanized wire shall be completely
covered in a workmanlike manner with a zinc
coating, which is recognized in the industry as
a “regular” coating.

10.3 Rust, surface seams, or surface irregu-
larities on wire not intended for manufacture
of fabric shall not be a cause for rejection
provided the minimum dimensions and physi-
cal properties of a hand wire-brushed test spec-
imen are not less than the requirements of this
spe01ﬁcat1on

11. Packaging, Marking, and Shipping

11.1 The size of the wire, ASTM specifica-
tion; and name or mark of the manufacturer
shall be marked on a tag securely attached to
each coil of wire.

11.2 When specified in the purchase order,
packaging shall be in accordance with the pro-
cedures in Recommended Practices A 700.

11.3 For Government Procurement Only—
When specified in the contract or order, and
for direct procurement by or direct shipment to
the U.S. government, material shall be pre-
served, packaged, and packed in accordance
with the requirements of MIL-STD-163. The
applicable levels shall be as specified in the
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contract. Marking for shipment of:such mate-
rial shall be in accordance with Fed. Std. No.
123 for civil agenc1es and MIL- STD 129 for
m111tary agenmes

12 Inspectlon

12.1 The. inspector. representmg the pur-
chaser 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 manufacture of the
material ordered. The manufacturer shall af-
ford the inspector all reasonable facilities to
satisfy him that the material is being furnished
in accordance with this specification.

12.2: Except for yield strength, all-tests and
inspection’ shall: be made at the: place of man-
ufacture- prior to. shipment; unless otherwise
specified. Such tests shall be so conducted as
not to interfere unnecessarily with the 0pera-
tion of the works.

:12.3 If the purchaser considers it deSi‘rable
to determine compliance with the yield strength
requlrements in 6. l he may have y1eld strength

in . TABLE 1 :: Tension Test Requn-ements

‘ufacturer shall be notlﬁed
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tests made in a recognized laboratory, or ‘his
representative: may make the test at the mill if
such tests do .not.interfere unnecessarily with
the mill operations. . - C

1244 For ‘Goveriiment Procurement Only—
Except as otherwisé specified in' the contraét,
the contractor is responsible for the perform-
ance of all inspection and test requlrements
spe01ﬁed ‘herein. Except as otherw13e spec1ﬁed

in'the contract, the contractor may use his own

or any other sultable facilities for the perform-
ance 'of ‘the mspectxon and test requirements
specified herein, unless disapproved by the piir-
chaser at the tinie of purchase. The purchaser
shall ‘have the right to perform any of the
inspections and tests at the same frequency as
set forth in this specification where such in-
spections are deemed necessary to assure that
material conforms to prescnbed reqmrements

13. Réjection

“13.1 Material that shows injurious unperfec-
tions subseqfuent to its acceptance at the man-
ufacturer’s works will be rejected, and thé man-

n“»

TABLE 3 ‘Bend Test Reqmrements

" Tensile strength; min; ksi (MPa) 80 (550)
Yield strength, min, ksi (MPa) 70 (485)
.-, Reduction of area, min, percent . . 30%

- #For ‘fAaterial testing over 100 ksi tensile strength, the
reduction of area shall be not less than 25 percent,

,

[RER I
TABLE 2 Tension Test Requn'ements (Matenal for

Welded Fabric) . L
Size W1.2 - “Smaller
and than Size
) o . Larger . W12
Tensile strength min, ksi (MPa) 75(517) . . 70 (483)
“Yiéld ength_ mm, ksi (MPa) T 65 (448) 56 (386)
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_Larger than W7 ‘

"Size Number’
of Wire

W7 and smaller

o Bend Test

Bend around a pin the diameter of
which. is equal to the diameter
-of the specimen ‘.

. Bend around a pin the diamét ‘r of
v *which is equal to twice 'the di-
P, ameter of the specimen -

16



A 82

TABLE 4 Permissible Variationv in Wire Diameter

Pe}-nl.issible
Size Number Nominal Diameter, in. (mm) X;&lﬁi}gﬂs})l{?}s
(mm)
Smaller than W5 Under 0.252 (6.40) 0.003 (0.08)
W5 to W12, incl 0.252 (6.40) to 0.391 (9.93), incl 0.004 (0.10)
Over W12 to W20 incl Over 0.391 (9.93) to 0.505 (12.83) incl 0.006 (0.15)
Over W20 Over 0.505 (12.83) ' 0.008 (0.20)

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 dnd must be reviewed every five years
and if not revised, either reapproved or withdrawn. Your comments are invitedeither 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 io the ASTM Commitiee on Standards, 1916 Race St., Philadeiphia, Pa. 19103, which will schedule a
further hearing regarding your comments. Failing satisfaction there, you may appeal to the ASTM Board of Directors.
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AMERICAN NATIONAL) ANSI/ASTM A 184 - 79

STANDARD

Standard Specification fof

American Association State
Highway and Transportation Officials
Standard AASHTO No.: M 54

FABRICATED DEFORMED STEEL BAR MATS FOR
CONCRETE REINFORCEMENT1

This standard is issued under the fixed designation A 184; the number immediately followmg the designation indicates the
year of onFmal adoption or, in the case of revision, lhe year of last revxslon A number in parentheses indicates the year of last

reapprova

This specification has been approved for use by agencies of the Department of Defense and for listing in the DoD Index of

Specifications and Standards.

1 Scope _

1.1 This specification covers materlal in mat
(or sheet) form fabricated from hot-rolled de-
formed steél bars to be used.for the reinforce-
ment of concrete. The mats shall consist of two
layers of bars which are assembled at right
angles to each other. Mats inay be assembled
by clipping or welding at the intersections.

Note 1—The values stated in U. S. customary
units are to be regarded as the standard.

2. Applicable Documents

2.1 ASTM Standards:

A 615 Specification for Deformed and Plain
Blllet-Steel Bars for Concrete Reinforce-
ment’

A 616 Specification for Rail-Steel Deformed
and Plain Bars for Concrete Remforce-
ment®

A 617 Specification for Axle-Steel Deformed
and Plain Bars for Concrete Reinforce-
ment”

2.2 Military Standard®:;

MIL-STD-129 Marking for Shlpment and
Storage.

MIL-STD-163 Steel Mill Products Prepara-
tion for Shipment and Storage.

2.3 Federal Standard®:

Fed Std No. 123 Marking for Shipments,
Civil Agencies

3. Ordefing Information

3.1 The purchaser shall specify:

3.1.1 Quantity,

3.1.2 Size and spacing of members in each
direction,

3.1.3 Grade réquired (Grade 40, 50, or 60),

3.14 Type of steel as appropriate (see Sec-
tion 4),’

.3.1.5 Clipped or welded mats, and

3.1.6 ASTM designation A 184 and date of
issue.
" NOTE 2—A typical ordering description is as fol-
lows: 1000 welded bar mats;'Grade 40; to ASTM
A 184 dated ; 6 by 6 in; No. 4 by 120 in.

longltudmal tip to tlp, outer bars spaced 54 in.; No.
3 by 60 in. transverse, outer bars spaced 114 in.

4, Materials

4.1 Deformed steel bars of Grades 40, 50,
and 60 only used in the manufacture of clipped
mats shall conform to one of the following
specifications: A 615, A 616, or A 617.

4.2 Deformed steel bars of Grades 40 and 60
only used in the manufacture of welded mats
shall conform to specification.

5. Fabrication -

5.1 Fabricated mats shall be composed of
two layers of bars substantially parallel  and
perpendicular to each other. Mats shall be fab-
ricated in a manner that assures against appre-
ciable dislodgement of the members during
handling, shipping, placing, and concreting.

! 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 A01.05 on
Steel Reinforcement.

Current edition approved April 27, 1979. Published Sep-
tember 1979. Originally published as A 184 — 36 T. Last pre-
vious edition A 184 - 74,

2 Annual Book of ASTM Standards, Part 4.

% Available from Naval Publications and Forms Center,
5801 Tabor Ave., Philadelphia, Pa. 19120.
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5.2 Assembly—Mats shall be assembled by
means of welding or clipping to provide attach-
ment at intersections. :

5.2.1 Welds:

5.2.1.1 Welds at intersections shall be made
in a workmanlike manner and shall provide
attachment at all exterior intersections and at
not less than alternate interior intersections.

5.2.1.2 The separation of 5% or less of all
welded intersections of any mat shall not be
cause for rejection provided that no more than
half of the welds on any one bar are separated.

5.2.1.3 Welding shall be done in such a man-
ner that the minimum tensile strength, yield
strength, and elongation requirements in Sec-
tion 4 shall be met when a specimen is tested
across a point of weld.

5.2.2 Clips—Clips for clipped mats shall be
formed mechanically prior to or during the
fabrication and assembly of the mats. They
shall engage and attach both bars at any inter-
section in such manner that separation in nor-
mal handling is prevented and the assembly
conforms to the requirements hereinafter spec-
ified for physical tests of attachment at inter-
sections.

6. Mechanical Requirements

6.1 Strength of Connections in Welded or
Clipped Deformed Bar Mats—It shall be con-

sidered satisfactory compliance with this spec-,

ification if connections made by clipping shall
be capable of withstanding a static load of 75
Ibf (334 N) exerted in the direction of either

bar, with not more than ! in. (12.7 mm) slip;

and, on either clipped or welded mats, a static
load of 150 Ibf (667 N) exerted perpendicular
to the plane of the mat tending to separate the
bars, with no apparent loosening when applied
to one intersection of connected bars.

6.2 Number of Tests:

6.2.1 For clipped mats, one bar of each size
(diameter) or grade to be used in the fabrication
of the mat shall be tested for conformance with
the provisions of 6.1 for each 75 000 ft* (7000
m?) of mats or fraction thereof.

6.2.2 For welded mats, one sample consist-
ing of not less than two connections on the
same transverse member shall be tested for
conformance with the provisions of paragraphs
5.2.1.3 and 6.1 from each 75 000 ft* (7000 m?)
of mats or fraction thereof.

6.3 Test Methods:
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6.3.1 Tension test specimens for determining
conformance with 5.2.1.3 shall have a welded
joint located approximately at the center of the
bar being tested, and the cross bar shall extend
approximately 1 in. (25 mm) beyond each side.
All unit stress determinations shall be based on
the nominal area calculated using the nominal
diameter specified.

6.3.2 Tests of connections against slipping
may be performed on clipped intersections in
an assembled mat by means of a spring balance
6.1).

6.3.3 Tests of connections against separation
may be performed on an assembled mat by
placing blocks under a welded or clipped de-
formed bar in the upper layer and applying the
prescribed load upon the bar in the lower layer.

7. Size, Dimensions, and Tolerances

7.1 Size and Spacing Dimensions—The sizes,
spacings, dimenstons, and arrangement of the
bar mats shall conform to the design specified
by the purchaser. Bars shall extend beyond
exterior intersections a distance of not less than
I in. (25 mm). The spacing of bars shall average
that specified in the design, and the space be-
tween individual bars shall not vary more than
Y in. (6.35 mm) from that specified.

72 Width and Length Tolerances—The
overall length or width of the mats shall not be
more than 1 in. (25 mm) greater or less than
the specified dimension.

8. Finish and Surface Condition

8.1 The finished mats shall be free of inju-
rious defects in material or workmanship.

8.2 Rust, surface seams, surface irregulari-
ties, or mill scale shall not be cause for rejection
provided the weight, dimensions including
height of deformation, cross-sectional area, and
tensile properties of a hand wire-brushed test
specimen are not less than the requirements of
this specification.

9. Marking

9.1 Each bundle of mats shall be marked
with a suitable tag showing the name of the
manufacturer and other marking to identify it
with the order.

9.2 For Government Procurement Only—
When specified in the contract, material shall
be preserved, packaged, and packed in accord-
ance with the requirements of MIL-STD-163,



The :applicable. levels shall be as specified in
-the contract. Marking for shipment of such
material-shall be in accordance with:Fed. Std.
No. 123 forcivil agencxes and MIL-STD-129
for military agencies. . : ,

10 Inspectlon and Test Reports

10.1 Inspectlon—The inspector representmg
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 manufac-
turer’s plant which concern the fabrication of
.the mats ordered. The manufacturer shall af-
ford the inspector all reasonable: facilities to
satisfy him that the mats are being fuirnished in
accordance with this specification:: Al tests and
Ainspection shall be made at the place of:fabri-
cation prior to shipment, unless otherwise spec-
ified, and shall be so coniducted as not to inter-
fere unnecessarily with fabricating operations.
Inspection as.to, general workmanshlp shall be
vigual.

+10:2 Test Reports -on. " Bar MaterzaI—The
,manufacture,r shall supply test reports showing
that the material used in the fabrication of.the
mats as delivered has fulfilled the tension and
bend test requiremeénts of the specified type
and grade described in Section 4; which reports
shall show the manufacturer’s test identifica-
tion numbers, mcludmg the identity of the
material. .

10.3 For Government Procurement Only—
Except as otherwise specified in the contract,
the contractor isresponsible for the perform-
ance of all inspection:.and test requitements
spec1ﬁed herein. Except as-otherwise specified
1n the contract, the contractor may use his own

or any other suitable facilities for the perform-
ance of the-inspection and test requirements
specified herein, unless disapproved by the pur-
chaser at the time of purchase. The purchaser
shall have the right.to perform any -of the
inspections and tests at-the same frequency as
set forth in this. specification. where such in-
spections are deemed necessary to assure that
‘material conforms to prescribed requ1rements

11: Rejectlon and Retests

11,1 Fabricated ‘mats that do’ fiot'meet the
requiremerits of this specification shall be re-
jected and réported to the supplier within' 5
working days from the feceipt of samples by
the purchaser. '

11.2 In case a test specimen fails to meet the
provisions of'6.1, two ‘additional samples shall
be selectéd and testéd. All retest specimens
shall meet the reqmrements of this specifica-
tion.

113 Incase a test specunen fails to meet the
provisions of 5. 2.1.3, all of the remaining bars
on'the transverse member shall be tested and
the average of all tests (inchiding the original
test) shall meet the requirements specified in
5.2.13. :

12 Rehearmg

-12.1::Samples tested in accordance with thlS
specification that represent rejected material
shall be preserved for 2 weeks from 'the date
rejection is reported to-the manufacturer. In
case of dissatisfaction with the results of thé
tests, the supplier may-make claimfor a hearing
within: that time. : »

The Amencan Society for Testmg and Matermls takes no posmon respeclmg the valxdxt_y of any patenl rights | asserted in
conneétion with any item mentioned i this standard. Usérs of this standard aré expressly advised that derermmatwn of the valxdny
of any such patent rights, and the Fisk of mﬁ'mgement of Such rights, are entirely their own respom'lbtllty

Lt [T
v PR

. Thisstandard is subject to fevision at any time byt the responsible technical committee and must be reviewed every five years
and if not revised, either reapproved or withdrawn. Your comments are invited ejther for revision of this standard or for additional
standards and should be addressed to ASTM Heddquarters. Your commerits will receive careful éonsideration at a mieeting of the
responsible technical commitiee, which you may attend, If you feel that your cominénis have not received afair héaring you should
make your views known to the ASTM Committee or Standards, 1916 Race: St Philadelphia, Pa. 19103; which will schedule:q
Jurther ! hearm g regardmg your comments. Failing san,yfactmn there, you may appeal to the ASTM Board of Directors. .
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AMERICAN NATIONAL
STANDARD

Standard Specification for.

ANSI/ASTM A 185 - 79

American Association State
Highway and Transportation Cfficials
Standard AASHTO No: M 56

WELDED STEEL WIRE FABRIC FOR CONCRETE

REINFORCEMENT’

This standard is issued under the fixed de51gnauon A 185; the number immediately followmg 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.’

1. Scope

1.1 This specification covers welded wire
fabric to be used for the reinforcement of con-
crete.

NotTe 1—The values stated in' inch-pound units
are to be regarded as the standard.

2. Applicable Documents

2.1 ASTM Standards:. ‘

A 82 Specification for Cold-Drawn Steel
Wire for Concrete Reinforcement?

A 700 Recommended Practices for Packag-
ing, Marking, and Loading Methods for
Steel Products for Domestlc Shlpment2

2.2 Military Standard®:

MIL-STD-129 Marking for Shipment and
Storage

MIL-STD-163 Steel Mill Products Prepara-
tion for Shipment and Storage

2.3 Federal Standard®:

Fed Std No. 123 Marking for Shlpments,
Civil Agencies

3. Description of Term

3.1 Welded Wire Fabric, as used in this spec-
ification, designates a material composed of
cold-drawn steel wires, “‘as drawn” or galvan-
“ized, fabricated into sheet (or so-called “mesh™)
formed by the process of electric welding, The
finished material shall consist essentially of a
series of longitudinally and transverse wires
arranged substantially at right angles to each
other and welded together at all points of in-
tersection. B '

4. Ordering Information
4.1 Orders for material to this specification
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shall include the following information:
4.1.1 Quantity (weight or square area),
4.1.2 Name of material (welded steel wire
fabric for concrete reinforcement),
4.1.3 Wire spacing and sizes,
4.1.4 Length and width of sheets or rolis,
4.1.5 Packaging (see Section 18), and
4.1.6 ASTM designation and date of issue

NoOTE 2—A typlcal ordering description is as fol-

“lows: 10 000 ft* welded steel wire fabric for concrete
-reinforcement, 4 x 12-W20 x W6, in flat sheets 96 in.

wide x 240 in. long, in secured lifts, to ASTM A 185
dated —. .

5. Grade of Wire

5.1 The wire used in the manufacture of
welded wire fabrics shall conform to Specifi-
catjon A 82.

6. Fabrication

6.1 The wires shall be assembled by auto-
matic machines ot by other suitable mechanical
means which will assure accurate spacing and
alignment of all members of the finished fabric.

6.2 Longitudinal and transverse members
shall be securely connected at every intersection
by a process of electrical-resistance welding
which employs the principle of fusion com-
bined with pressure.

! This specification is under the jurisdiction of ASTM
Committee A-1 on Steel, Stainless Steel and Related Alloy
and is the direct responsibility of Subcommittee A01.05 on
Steel Reinforcement.

Current edition approved April 27, 1979. Published June
1979. Originally published as A 185-36T. Last previous
edition A 185 -73.

% Annual Book of ASTM Standards, Part 4.

3 Available from Naval Publications and Forms Center,
5801 Tabor Ave., Philadelphia, Pa, 19120.
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6.3 Wite of proper grade and quality whén

fabriatéd in thié manner herein required shall
result in a strong, serviceable mesh-type prod-
uct having substantially square or rectangular
openings. It shall be fabricated and finished in
a workmanlike manner, shall be free from in-
jurious defects, and shall conform to this spec-
ification.

7. Mechanical Requirements ~ * * '
7.1 All wire of the finished fabric shall meet
the minimum requirements for tensile proper-

‘ties ‘and shall also’ w1thstand the bend test as

‘prescribed for the wire before fabridation in

Specification A 82.

7.2 In order to assure adequate weld-shear
strength between longrtudmal and. transverse
wires, weld- shear tests as descnbed in 8.3 shall
be made. The minimum average shear value i in
pounds-force shall not be less than 35 000 mul-
tlphed by the, nommal area, of the larger wire
in square. mches (or in newtons shall not be less
than .241 multrphed by the, nommal area in
square m1111metres) where the smaller wrre is
not less ‘than size, W1.2 as dn drea of 40
percent ©OF more. of the. area of the, larger wire.
‘Typicak examples ‘of -the 40 percent or mote
wire size differential are as follows: ERE

Larger 2 4..S‘malle'r;1“..l,’:: _—
_Size No. W20 . Size No. W8
 Stze'No: W15+ -~ Sizé N0 W6

Yeneo- “Size Noo W10,
7.3 Fabric having a relationshipfbf‘lidﬁgitﬁ—

‘v Size Nos W4 5"y, v

percetit of the samples‘ tested shall »be across a
weld. v

8.2 Reduction of area may be determmed by
‘ieasuring' the ruptured-section: of a (specrmen
whrch Has been tested ¢ her“across or between
“the welds. However, in the case of a specrmen
“which-Hasbeeil tested across a weld; themea-
‘irément shall be made only when ipt !
occurred at-a sufficientdistance from the center
~oFthe weld o' periit an’a Curate measurement
of the fractured section. “

f,ﬁmshed fabric, units of
proper performance of the

- welded joint. shall extend approxunately 1 in.

: pf the longrtudmal wlre T}le longttudmal wp['e

8. 3 Weld-shear tests for determmauon of
conformance to the requirements of 7.2 shall
be conducted using a fixture as described in
Section 11.

8.3.1 Four welds selected at random from a
specimen representing the entire width of the
fabric shall be tested for weld shear strength.
The naterial shall be deeméd to conform to the

+i» requirements for weld -shear strength if the
average of the four samples comphes with the

values stipulafed in 7.2, If this average fails to
meet the prescribed minimum value, all the
welds acioss the specirien shall then be tested.

“'The fabric will be acceptable if the average of

all weld shear test values across the specimen
meets the prescribed minimum value.

9 Bend Tests * IR

9.1 Thé bend test shall be' made ona spe01-
men between the welds

10 Test Speclmens

10.1 Test specimens, for. testing;tensile. prop-
erties shall be obtained by c].lttmg from the
ble size to enable
ended tests.

10.2 Specmie, ssed for'testing tensile prop-
ertres across a weld shall have the welded Jomt
“located approxunately at the center of the wire
being tested, and the 1

(55 mm) ‘beyond each side of the w ded

10.3, Test -specimens for. determrmng weld-
shear propertles shall be obtamed by cutting
from the finished’ fabnc 2 sectron, mcludmg
.one transverse wire, across the entire. width of
the sheet or roll: From this spe 1_men four welds
shall be selected at random’ for testmg The
transverse wire of each test specimen shall ex-
tend approximately 1. in. (25.mm).on gach side

10.5 If any test specimen- shows.defects 'or
_develops flaws it may be discarded and another
substituted.
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11. Weld Shear Test Apparatus and Methods

11.1 As the welds in welded wire fabric con-
tribute to the bonding and anchorage value of
the wires in concrete, it is imperative that the
weld acceptance tests be made in a jig which
will stress the weld in a manner similar to
which it is stressed in concrete. In order to
accomplish this the longitudinal wire in the jig
must be stressed in an axis close to its center
line. Also the transverse wire must be held
closely to the longitudinal wire, and in the same
relative position, so as to prevent rotation of
the transverse wire.

11.2 Figure 1* shows the details of a typical
testing jig together with two anvils which make
it possible to test welds for wire up to % in.
(15.88 mm) in diameter. This testing jig can be
used in most tension testing machines and
should be hung in a ball and socket arrange-
ment at the center of the machine. This, or a
similarly effective fixture designed on the same
principle, is acceptable.

11.3 Test specimens should be inserted
through the notch in the anvil using the small-
est notch available in which the longitudinal
wire will fit loosely. The longitudinal wire shall
e in contact with the surface of the free rotat-
ing rollers while the transverse wire shall be
supported by the anvil on each side of the slot.
The bottom jaws of the testing machine shall
grip the lower end of the longitudinal wire and
the load shall be applied at a rate of stressing
not to exceed 100,000 psi/min (689 MPa/min).

12. Number of Tests

12.1 One test for conformance with the pro-
visions of 6.1 shall be made for each 75,000 ft*
(6968 m?) of fabric or remaining fraction
thereof.

12.2 One specimen for each 300,000 fi®
(27,870 m?) of fabric or remaining fraction
thereof, and as defined in 10.3 shall be tested
for conformance to the requirements of 7.2.

13. Gages, Spacing, and Dimensions

13.1 Gages, spacing, and arrangement of
wires, and dimensions of units in flat sheet
form or rolls shall conform to the requirements
specified by the purchaser.

14. Width of Fabric
14.1 The width of fabric shall be considered
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to be the center-to-center distance between out-
side longitudinal wires. The permissible varia-
tion shall not exceed % in. (13 mm) greater or
less than the specified width.

14.2 Transverse wires shall not project be-
yond the centerline of each longitudinal edge
wire more than a distance of 1 in., unless
otherwise specified.

14.3 When transverse wires are specified to
project a specific length beyond the center line
of a longitudinal edge wire, the permissible
variation shall not exceed % in. (13 mm) greater
or less than the specified length; however, the
over-all width (total of projection one side plus
width plus projection other side) shall not ex-
ceed | in. (25 mm) greater or less than specified.

15. Permissible Variations in Wire Diameter

15.1 The permissible variation in diameter
of any wire in the finished fabric shall conform
to the tolerances prescribed for the wire before
fabrication in the Specification A 82 with the
exception of out-of-round requirements;

16. Spacings

16.1 The average spacing of wires shall be
such that the total number of wires contained
in a sheet or roll is equal to or greater than that
determined by the specific spacing, but the
center-to-center distance between individual
members may vary not more than % in. (6.35
mm) from the specified spacing. It is under-
stood that sheets of fabric of the same specified
length may not always contain an identical
number of transverse wires and, therefore, may
have various lengths of longitudinal overhand.

17. Overall Dimensions

17.1 The overall length of flat sheets, meas-
ured on any wire, may vary *l1 in. (25.4 mm)
or 1 percent, whichever is greater.

17.2 In case the width of flat sheets or rolls
is specified as the overall width (tip-to-tip
length of cross wires), the width shall not be
more than 1 in. (254 mm) of the specified
width.

18. Rolls or Sheets
18.1 Welded wire fabric shall be furnished

* A detailed drawing showing complete dimensions of the
testing jig may be obtained at a nominal cost from ASTM
Headquarters, 1916 Race St., Philadelphia, Pa. 19103, Re-
quest Adjunct No. 12-101850-00.
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either in flat sheets or in rolls as spemﬁed by
the purchaser. b

19. Packaglng

19.1 When-fabri¢ is fumlshed in ﬂat sheets
it shall be assembled in bundles of convenient
siz¢ containing not.more than 150 sheets and
securely fastened together t ;

.19.2 When fabric is furnished in rolls each
roll shall be secured so as to-prevent unwmdmg
during shipping and handlmg :

19.3 When specified in the purchase order,
packaging shall be in accordance with'the pro-
cedures in Recommended Pracuces A 700

20 Markmg

20.1 Each bundle of ﬂat sheets and each roll
shall Have attached thereto a suitable’ tag bear-
ing the name of the manufacturer, déscription
of the material and such other information: as
may be specified by the purchaser. E

. 20.2: For: Government  Procurement- Only;‘
When specified in the contract; material:ghall
be preserved, packaged, and packed in accord-
ance with the requirements of MIL:STD-163:
The applicable:levels shall-be as; specified in
the contract. Markmg for shipment of: siich
material shall be in accordance with Fed. Std.
No. 123 for civil agenc1es and MIL STD-129
for mﬂltary agenc1es SR ) ;

21.. Inspectlon B T T I T, FE TR

“21:1 The inspector representmg the ‘pur-
chaser shall have frée entry at-all times-while
work on the'contract of thie purchaser is being
petformed to all:parts of the manuficturer’s
works that concern the manufacture of the
material ordered. The manufacturer shall af-
ford- the: inspector all reasorable facilities to
satlsfy him that the niaterial is being furnished
in accordance'with this specification; : 1 =

© 21.2" Except for yield strength,all tesfs'and
inspection shall be ade at the: place’ of man-
ufacture prior 'to shipment, unless- otherwise
specified. Such tests shall be o ‘conducted- as

not to interfere unnecessarily with the opera-’

tion of the works. .

21.3 If the purchaser considers it desirable
to'detetmine complirice with the yield strength
requirements of Specification A 82, he may
have yield strength tests made in a recognized
laboratory; ‘or his representative may make the

tést: at thé.mill if such tests do not:interfere
unnecessanly with the mill operations
214 For Government Procurement Only——

.Except as otherwise specified in the contract,

contractor is responsible for the performance
of all inspection and test requirements spec1ﬁed
herein. Except as otherwise specified in the
contract, the contractor may use his own or any
other su1tab1e facilities for the performance of
the inspection and test requirements, specified
herein, unless disapproved by the.purchaser at
the time of purchase, The purchaser shail have
the right to perform any of the mspectlons and
tests at the same frequency- as set forth in this
specification where such inspections are
deemed necessary to. assure that material con-
forms to prescribed requirements.

22 Rejectlon and Retests

22.1 Material that does not meet the requlre-
ments. of -this - specification ‘may be rejected.
Unless otherwise specifiéd, any rejection shall
bereportedi to the manufacturer within 5 days
from the time-of selection of test-specimens.::
:22.2: In: case a'specimen. fails 'to meet the
tension or bend test,:the material‘shiall not:be
rejected until two additional specimens taken
from other wires:in'the same sheét-or roll, have
been tested. The material shall beiconsidered
ds meeting this specification in respect to any
prescribed tensile propeity, provided the tested
average for the three spécimens, including the
specimen originally tested, is at least equal-to
the reqmred minimum for the particular prop-
erty in question and provided further thatnone
of the three specimens develops less. than .80
percent.of the required minimum for the tensile
property in question, The material shall be
considered as meeting this specification in re-
spect to bend test requirements, provided both
additional specimens satlsfaetordy Pass the pre-
scrlbed bend test. ‘

223 Any matenal that shows m}unous de-
fects subsequent to its acceptance at the man-
ufacturer’s,works may be rejected and the man-
ufacturer shall be promptly notified.

""224*Welded joints shall withstand 'notrmal
shlppmg and handlmg withotit bécoming bro-
Ken, but the presence of broken welds, regard’
less of cause, shall ‘not constitute cause for
rejection unless the number of broken welds
per sheet exceeds 1 percent of the total number
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of joints in a sheet, or if the material is fur-
nished in rolls, 1 percent of the total number of
joints in 150 ft® (14 m?) of fabric and, further-
more, provided not more than one half the
permissible maximum number of broken welds
are located on any one wire.

22.5 In case rejection is justified, by reason
of failure to meet the weld shear requirements,
four additional specimens shall be taken from

. four different sheets or rolls and tested in ac-
cordance with 8.3, If the average of all the weld
shear tests does not meet the requirement, the
material shall be rejected.

22.5.1 In case rejection is justified by reason
of failure to meet the requirements for dimen-
sions, the amount of material rejected shall be
limited to those individual sheets or rolls which

177

fail to meet this specification. If, however, the
total number of sheets or rolls thus rejected
exceeds 25 percent of the total number in the
shipment, the entire shipment may be rejected.

22.6 Rust, surface seams, or surface irregu-
larities will not be cause for rejection provided
the minimum dimensions, cross-sectional area
and tensile properties of a hand wirebrushed
test specimen are not less than the requirements
of this specification.

23. Rehearing

23.1 Rejected materials shall be preserved
for a period of at least two weeks from the date
of inspection, during which time the manufac-
turer may make claim for a rehearing and
retesting,
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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, 1916 Race St., Philadelphia, Pa. 19103, which will schedule a

Sfurther hearing regarding your comments. Failing satisfaction there, you may appeal to the ASTM Board of Directors.

178

30






32



esignation: A 203/A 203M - 97

Standard Specification for

Pressure Vessel Plates, Alloy Steel, Nickel

This standard is issued under the fixed designation A 203/A 203M; 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 (€) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification? covers nickel-alloy steel plates in-
tended primarily for welded pressure vessels.

1.2 Plates under this specification are available with four
strength levels and two nickel compositions as follows:

Nominal Yield Tensile
Nickel Strength, Strength,

Content min, ksi min, ksi

Grade % [MPa] {MPa]
A 2.25 37 [255} 65 [450]
B 2.25 40 [275] 70 [485]
D 3.50 37 [255] 65 [450]
E 3.50 40 [275] 70 [485]

F 3.50

2 in. [50 mm] and under 55 [380] 80 [550]
Over 2 in. [50 mm] 50 [345] 75 [515]

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 as follows:

Maximum Thickness,

Grade in. [mm]
A 6 [150]
B 6 [150]
D 41100]
E 4 [100]
F 4[100]

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. Combining values from the
two systems may result in nonconformance with this specifi-
cation,

2. Referenced Documents

2.1 ASTM Standards:
A 20/A 20M Specification for General Requirements for

! 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
AOL.11 on Steel Plates for Boilers and Pressure Vessels.

Current edition approved March 10, 1997. Published November 1997. Originally
published as A 203-37 T. Last previous edition A 203/A 203M-93.

2 For ASME Boiler and Pressure Vessel Code applications, see related Specifi-
cation SA-203/SA-203M in Section II of that Code. ‘

Copyright @ ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959, United States.

Steel Plates for Pressure Vessels®

A 435/A 435M Specification for Straight-Beam Ultrasonic
Examination of Steel Plates®

A 577/A 57TM Specification for Ultrasonic Angle-Beam
Examination of Steel Plates?

A 578/A 578M Specification for Straight-Beam Ultrasonic
Examination of Plain and Clad Steel Plates for Special
Applications?

3. General Requirements and Ordering Information

3.1 Material supplied to this material specification shall
conform to Specification A 20/A 20M. These requirements
outline the testing and retesting methods and procedures,
permissible variations in dimensions and mass, quality and
repair of imperfections, marking, loading, etc.

3.2 Specification A 20/A 20M also establishes the rules for
the basis of purchase that should be complied with when
purchasing material to this specification.

3.3 In addition to the basic requirements of this specifica-
tion, certain supplementary requirements are available when
additional control, testing, or examination is required to meet
end use requirements. These include:

3.3.1 Vacuum treatment,

3.3.2 Additional or special tension testing,

3.3.3 Impact testing, and

3.3.4 Nondestructive examination.

" 3.4 The purchaser is referred to the listed supplementary
requirements in this specification and to the detailed require-
ments in Specification A 20/A 20M.

3.5 If the requirements of this specification are in conflict
with the requirements of Specification A 20/A 20M, the re-
quirements of this specification shall prevail.

4. Materials and Manufacture

4.1 Steelmaking Practice—The steel shall be killed and
shall conform to the fine grain size requirement of Specifica-
tion A 20/A 20M.

5. Heat Treatment

5.1 All plates shall be thermally treated as follows:
5.1.1 All plates of Grades A, B, D, and E shall be normal-

" ized except as permitted by 5.1.1.1.

5.1.1.1 If approved by the purchaser for Grades A, B, D, and
E,. cooling rates faster than air cooling are permissible for

3 Annual Book of ASTM Standards, Vol 01.04.
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improvement of the toughness, provided the plates are subse-
quently tempered at not less than 1100°F [595°C] for not less
than Y2 h.

5.1.2 All plates of Grade F shall be heat treated by heating
into the austenitic range, quenching in water, and tempering at
not less than 1100°F [595°C] for not less than %2 h. -

6. Chemical Composition

6.1 The steel shall conform to the chemical requirements
shown in Table 1 unless otherwise modified in accordance with
Supplementary Requirement S17, Vacuum Carbon-Deoxidized
Steel, in Specification A 20/A 20M,

7. Mechanical Properties

7.1 Tension Test Requirements—The material as represented
by the tension test specimens shall conform to the requirements
shown in Table 2.

7.1.1 For plates that have been heat treated in accordance
with 5.1.1.1 or 5.1.2 and have a nominal thickness of %4 in. [20
mm] and under, the 1%4-in. (40-mm) wide rectangular speci-
men may be used for the tension test, and the elongation may
be determined in a 2-in. [50-mm] gage length that includes the
fracture and that shows the greatest elongation. When this
specimen is used, the elongation shall be not less than 23 %.

7.2 Impact Test Requirements:

7.2.1 Plates of Grades A, B, D, and E that have been heat
treated in accordance with 5.1.1.1 shall be Charpy V-notch
impact tested. The impact test shall meet 20 ft - Ibf [27 J]. The
test temperature and orientation shall be a matter of agreement
between the purchaser and supplier.

7.2.2 Grade F plates shall be-impact tested in accordance
with Supplementary Requirement S5 in Specification A 20/
A 20M.

- TABLE 1 Chemical Requirements

Composition, %

Elements

Grade A Grade B Grade D Grades E and F
Carbon, max”: . Ve - . & .
Up to 2 in. [50 mm] in thlckness - 0.17 . 021 : 2017 . . 0.20
Over 2 in. to 4 in. [100 mm] incl. in th|ckness - 0.20 L 024 0.20 0.23 v
Over 4 in. [100 mm] in thickness - . 0.23 0.25 . . . e
Manganese, max: e .
Heat analysis: ’
2 in. [50 mm)] and under 0.70 0.70 0.70 0.70
Over 2 in. [50 mm] 0.80 0.80 0.80 0.80
Product analysis:
2 in. [60 mm] and under 0.78 0.78 0.78 0.78
Over 2 in. [50 mm] 0.88 0.88 0.88 0.88
Phosphorus, max? 0.035 0.035 0.035 0.035
Sulfur, max* 0.035 0.035 0.035 0.085
Silicon:
Heat analysis 0.15-0.40 0.15-0.40 0.15-0.40 0.15-0.40
Product analysis 0.13-0.45 0.13-0.45 0.13-0.45 0.13-0.45
Nickel:
Heat analysis 2.10-2.50 2.10-2.50 3.25-3.75 3.25-3.75
Product analysis 2.08-2.57 2.08-2.57 3.18-3.82 3.18-3.82
A Applies to both heat and product analyses.
TABLE 2 Tensile Requirements
Grades Aand D Grades B and E Grade F
ksi [MPa] ksi [MPa] ksi [MPa]
Tensile strength
2 in. [0 mm] and under 65-85 [450-585] 70-90 [485-620] 80-100 [550-690]
Over 2 in. [50 mm] 65-85 [450-585] 70-90 [485-620] 75-95 [515-655]
Yield strength, min
2 in. [50 mm] and under 37 [255] 40 [275] 55 [380]
Over 2 in. [50 mm] 37 [255] 40 [275] 50 [345]
Elongation in 8 in. [200 mm] min, %* 19 17
Elongation in 2 in. [50 mm] min, %2 23 21 20

A See Specification A 20/A 20M for elongation adjustments.
58ee 7.1.1.

8. Keywords

pressure vessel applications

8.1 alloy steel plate; nickel alloy steel; pressure containing
parts; - pressure vessel steels; steel plates; steel plates for
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SUPPLEMENTARY REQUIREMENTS

Supplementary requirements shall not apply unless specified in the order.

A list of standardized supplementary requirements for use at the option of the purchaser are included
in Specification A 20/A 20M. Those which are considered suitable for use with this specification are
listed below by title.

S1. Vacuum Treatment, S8. Ultrasonic Examination' in accordance with Specifica-

$2. Product Analysis, tion A 435/A 435M, o

S3. Simulated Post-Weld Heat Treatment of Mechanical S9. Magnetic 'Partlcle _Exa}mlr{atlon, ' .
Test Coupons, . Sli. 5[7J;t/i2s;)’r71’17c1:w Examination in accordance with Specifica-

o, . tion s

S4.1 Additional Tension Test, S12. Ultrasonic Examination in accordance with Specifica-

S5. Charpy V-Notch Impact Test, tion A 578/A 578M, ’

S6. Drop Weight Test, S14. Bend Test, and

S7. High-Temperature Tension Test, S17. Vacuum Carbon-Deoxidized Steel.

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, FA 19428.
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STANDARD

Standard Specification for

AMERICAN NATICRAY ANSI/ASTM A 242 - 79 e

 ‘Arfierican Association State
Highway and Transportation Officials
Standard AASHTO No.: M 161

HIGH-STRENGTH LOW-ALLOY STRUCTURAL STEEL1

This standard is issued under the fixed designation A 242; 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 Jast

reapproval.

1. Scope

1.1 This specification covers high-strength
low-alloy structural steel shapes, plates and
bars for welded, riveted, or bolted construction
intended primarily for use as structural mem-
bers where savings in weight or added durabil-
ity are important. These steéls have enhanced
atmospheric corrosion resistance of approxi-
mately two times that of carbon structural steels
with copper (Note 1). Welding technique is of
fundamental importance, and it is presupposed
that welding procedure will be in accordance
with approved methods. This specification is
limited to material up to 4 in. (101.6 mm),
inclusive, in thickness.

NoTe 1—Two times carbon structural steel with
copper is equivalent to four times carbon structural
steel without copper (copper 0.02 max).

NoTE 2—The values stated in U.S. customary
units are to be regarded as the standard.

2. General Requirements for Delivery

2.1 Material furnished under this specifica-
tion shall conform to the applicable require-
ments of the current edition of ASTM Specifi-
cation A 6, General Requirements for Rolled
Steel Plates, Shapes, Sheet Piling, and Bars for
Structural Use.”

3. Process

3.1 The steel shall be made by one or more
of the following processes: open-hearth, basic-
oxygen, or electric-furnace.

4. Chemical Requirements

4.1 The heat analysis shall conform to the
requirements prescribed in Table 1.
4.2 The steel shall conform on product anal-

AT

ysis to the requirements prescribed in Table 1,
subject to the product analysis tolerances in
Specification A 6.

4.3 Choice and use of alloying elements,
combined with carbon, manganese, phospho-
rus, sulfur, and copper within the limits pre-
scribed in 4.1 to give the mechanical properties
prescribed in Section 5 and to provide the
atmospheric corrosion resistance of 1.1, shall
be made by the manufacturer and included and
reported in the heat analysis to identify the
type of steel applied. Elements commonly
added include: chromium, nickel, silicon, va-
nadium, titanium, and zirconium.

4.4 When required, the manufacturer shall
supply evidence of corrosion resistance satis-
factory to the purchaser.

5. Tensile Requirements

5.1 The material as represented by the test
specimens shall conform to the requirements as
to tensile properties prescribed in Table 2.

5.2 For material under %s in. (7.9 mm) in
thickness or diameter, as represented by the test
specimen, a deduction of 1.25 percentage points
from the percentage of elongation in § in. (203.2
mm) specified in Table 2 shall be made for
each decrease of %z in. (0.8 mm) of the specified
thickness or diameter flow below %s in.

! 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 A01.02 on
Structural Steel.

Current edition approved July 27, 1979. Published Sep-
tember 1979, Originally published as A 242 - 41 T, Last pre-
vious edition A 242 - 75,

% Annual Book of ASTM Standards, Part 4.
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SUPPLEMENTARY REQUIREMENTS

Standardized supplementary requirements for use at the option of the purchaser are
listed in Specification A 6. Those which are considered suitable for use with this
specification are listed below by title.

S6. Drop Weight Test,

S8. Ultrasonic Examination,

S14. Bend Test, and

S15. Reduction of Area Measurement.

S2. Product Analysis,

S3. Simulated Post-Weld Heat Treatment of
Mechanical Test Coupons,

S5. Charpy V-Notch Impact Test,

TABLE 1 Chemical Requirements (Heat Analysis)

Composition, %

Element
Type 1 Type 2
Carbon, max 0.15 0.20
Manganese, max 1.00 1.35
Phosphorous, max 0.15 0.04
Sulfur, max 0.05 0.05
Copper, min 0.20 0.20°

¢ If chromium and silicon contents are each 0.50 min, then
the copper 0.20 min requirement does not apply.

TABLE 2 Tensile Requirements

Plates and Bars®

Structural Shapes

For Thick-
nesses
% in, (19.1
mm), and
under

For Thick-
nesses over %
to 1% in, (19.1

to 38.1 mm),
incl.

For Thick-
nesses over 1%
to 4 in. (38.1 to

101.6 mm),

incl.

Groups | and 2

Group 3

Groups 4 and 5

Tensile strength, min,
psi (MPa)

Yield point, min, psi
(MPa)

Elongation in 8 in. or
200 mm, min, %

Elongation in 2 in. or
50 mm, min, %

70 000 (480)
50 000 (345)

1811, d e

67 000 (460)
46 000 (315)
18%¢

21°

63 000 (435)
42 000 (290)
18%

21°¢

70 000 (480)
50 000 (345)

18

67 000 (460)
46 000 (315)

18

63 000 (435)
42 000 (290)
18

21°

_® For plates wider than 24 in, (610 mm), the test specimen is taken in the transverse direction. See 11.2 of Specification A 6.

®See5.2.

° For wide flange shapes over 426 1b/ft elongation in 2 in. or 50 mm of 18% minimum applies.
< Elongation not required to be determined for floor plate.
¢ For plates wider than 24 in. (610 mm) the elongation requirement is reduced two percentage points.

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 10 ASTM Headguarters. 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 pour views known to the ASTM Committee on Standards, 1916 Race St., Philadelphia, Pa. 19103, which will schedule a
Jfurther hearing regarding your comments. Failing satisfaction there, you may appeal to the ASTM Board of Directors.
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STANDARD

Standard Specification for

AMERICAN NATIONAL] ANSI/ASTM A 285 - 78

PRESSURE VESSEL PLATES, CARBON STEEL, LOW-
AND INTERMEDIATE-TENSILE STRENGTH'

This Standard is issued under the fixed designation A 285; 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.

This specification has been approved for use by agencies of the Department of Defense for listing in the DoD Index of

Specifications and Standards.

1. Scope

1.1 This specification? covers carbon steel
plates of low- and intermediate-tensile
strengths which may be made by killed, semi-
killed, capped, or rimmed steel practices at
the producer’s option. These plates are in-
tended for fusion-welded pressure vessels.

1.2 Plates under this specification are avail-
able in three grades having different strength
levels as follows:

Tensile Strength,

Grade ksi (MPa)
A 45-65 (310-450)
B 50-70 (345-485)
C 55-75 (380-515)

1.3 The maximum thickness of plates
under this specification, for reasons of in-
ternal soundness, is limited to a maximum
thickness of 2 in. (50 mm) for all grades.
1.4 Plates to 2 maximum thickness of %2
in. (I3 mm) may be processed as coils. All
such plates must be furnished by the producer
in cut lengths only. When processed in this
manner, an additional tension test per coil is
required.
NoTE |—For killed carbon steels only refer to
the following ASTM specifications:®
A 299 Pressure Vessel Plates, Carbon Steel,
Manganese-Silicon.

A 455 Pressure Vessel Plates, Carbon Steel,
High Strength Manganese.

A 515 Pressure Vessel Plates, Carbon Steel, for
Intermediate- and Higher-Temperature Ser-
vice.

A 516 Pressure Vessel Plates, Carbon Steel, for
Moderate- and Lower-Temperature Service.

NoTE 2—The values stated in inch-pound units
are to be regarded as the standard.

2. Applicable Documents
" 2.1 ASTM Standird:

' 253
}

4
H

A 20 Specification for General Require-
ments for Steel Plates for Pressure Ves-
sels.?

3. General Requirements and Ordering In-
formation

3.1 Material supplied to this material spec-
ification shall conform to the current issue of
Specification A 20. These requirements out-
line the testing and retesting methods and
procedures, permissible variations in dimen-
sions and mass, quality and repair of defects,
marking, loading, etc.

3.2 Specification A 20 also establishes the
rules for the ordering information that should
be complied with when purchasing material to
this specification.

3.3 In addition to the basic requirements of
this specification, certain supplementary re-

* quirements are available when additional con-

trol testing. or examination is required to meet
end use requirements. The purchaser is re-
ferred to the listed supplementary require-
ments in this specification and to the detailed
requirements in Specification A 20.

3.4 If the requirements of this specification
are in conflict with the requirements of Speci-
fication A 20,.the requirements of this specifi-
cation shall prevail.

! 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 AQI.11
on Steel for Boilers and Pressure Vessels.

Current edition approved April 28, 1978. Published

"June 1978. Originally published as A 285 - 46, Last

previous edition A 285 ~ 77.

_ *For ASME Boiler and Pressure Vessel Code applica-

t(l:orés see related Specification SA-285 in Section I] of that
ode,

3 Annual Book of ASTM Standards, Part 4,




4. Heat Treatment

4.1 Plates are normally supplied in the as-
rolled condition. The plates may be ordered
normalized or stress relieved, or both.

5: Chemical Requirements

'5.1 The steel shall conform to the requ1re-
ments as to chernical composition as shown in
Table 1.

‘ 6 Mechanical Requlrements

6.1 Tension Tesis:
6.1.1 Requirements:

6. 1 1 1 The materlal as represented by the
tension-test specimens shall conform to the
requirements shown in Table 2,

6.1.2 Number and Locatu)n of Tension
Tests:; . . Dy,

6.1.2.1 When plates are processed as coils,
one tension-test specimen shall be taken from
the approxlmate ceriter lap and one temsion-
test ‘specimen shall be taken from the outer

" lap of the coil as rolled: .

6.1.2.2 When plates ar¢ processed other

_ than as coils, one tension test shail be taken

from each plate as rolled as specified in Spec-
ification A 20.

SUPPLEMENTARY REQUIREMENTS

-Supplementary. reqiiirements shall not apply unless specified in the order.

A list of standardized supplementary requirements for use at the option of the pur-
chaser are included in Specification A 20. Those which are consrdered suitable for use
with this specification are listed below by title.

. 83. Simulated Post-Weld Heat Treatment of Mechanical Test Coupons,

S4. Additional Tension Test, and
S14. Bend Test.

Also listed below are additional optional supplementary requirements suitable for

this specification:

S57. Copper-Bearmg

857.1 The copper content,;by heat analySIS
shall be 0.20-0.35 % and by product analy51s
0.18-0.37 %

TABLE 1 Chemic?l Reguirements )

S58. Restricted Copper

§58.1 The maximum ,incidental . copper
content by heat -analysis shall not exceed
0.25 %.

‘Composition; %

Elements, - - - "

' Grade A ~ Grade B - Grade C
Carbon, max® 0.17 0.22 0.28
Manganese, max ' R !

Heat analysis -~ 0.90 0.90 0.90

« Product analysis 0.98 0.98 0.98°
Phosphorus, m'\x“ 0.03; 0.035 0.035.
Sulfur, max 0.040 - 0.040 0:040

¢ Applies to both heat and product afialyses. -
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TABLE 2 Tensile Requirements

Grade A Grade B Grade C
ksi MPa ksi MPa ksi MPa
Tensile strength 45-65 310-450  50-70 345-485 55-75  380-515
Yield strength, min® 24 165 27 185 30 205
Elongation in 8 in. or 200 mm, min, %* 27 25 23
Elongation in 2 in. or 50 mm, min, % 30 28 27

¢ Determined by either the 0.2% offset method or the 0.5% extension-under-load method.
® See Specification A 20.

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, is 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 Headgquarters. 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 Commitiee on Standards, 1916 Race St., Philadelphia, Pa.
19103, which will schedule a further hearing regarding your comments. Failing satisfaction there, you may appeal to the
ASTM Board of Directors.
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STANDARD

Standard Specification for

AMERICAN NATIONAL) ANSI/ASTM A 307 - 78°

CARBON STEEL EXTERNALLY THREADED STANDARD

FASTENERS'

This standard is issued under the fixed designation A 307; 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.

¢ Note—Table 3, which was incorrectly retained at last revision, was editorially deleted and Table 4 renumbered to Table 3

in November 1979.

1. Scope

1.1 This specification® covers the chemical
and mechanical requirements of two grades of
carbon steel externally threaded standard fas-
teners, in sizes /4 in. (6.35 mm) through 4 in.
(104 mm). This specification does not cover
requirements for externally threaded fas-
teners having heads with slotted or recessed
drives or for mechanical expansion anchors.
The fasteners covered by this specification are
frequently used for the following applications:

1.1.1 Grade A Bolts, for general applica-
tions, and

1.1.2 Grade B Bolts, for flanged joints in
piping systems where one or both flanges are
cast iron.

1.2 If no grade is specified in the inquiry,
contract, or order, Grade A bolts shall be
furnished. )

1.3 Nonheaded anchor bolts, either straight
or bent, to be used for structural anchorage
purposes, shall conform to the requirements
of Specification A 36 with tension tests to be
made on the bolt body or on the bar stock
used for making the anchor bolts.

1.4 Suitable nuts are covered in Specifica-
tion A 563. Unless otherwise specified, the
grade and style of nut for each grade of
fastener, of all surface finishes, shall be as

follows:

Fastener Grade and Size Nut Grade and Style4

A, Yato1/2in. A, hex
A,over1Y2to4in. A, heavy hex
B, Yato 4in. A, heavy hex

4 Nuts of other grades and styles having specified proof
load stresses (Specification A 563, Table 3} greater than
the specified grade and style of nut are also suitable.

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

2. Applicable Documents

2.1 ASTM Standards:

A 36 Specification for Structural Steel®

A 153 Specification for Zinc Coating (Hot-
Dip) on Iron and Steel Hardware?

A 370 Methods and Definitions for Me-
chanical Testing of Steel Products”

A 563 Specification for Carbon and Alloy
Steel Nuts?

B 454 Specification for Mechanically De-
posited Coatings of Cadmium and Zinc
on Ferrous Metals®

2.2 American National Standards:8

ANSI B1.1 Unified Screw Threads

ANST B18.2.1 Square and Hex Bolts and
Screws '

3. Materials and Manufacture
3.1 Steel for bolts shall be made by the

open-hearth, basic-oxygen, or electric-furnace. -

process.

* This specification is under the jurisdiction of ASTM
Committee F-16 on Fasteners, and is the direct responsi-
bility of Subcommittee F 16.02 on Steel Bolting.

Current edition approved Oct. 27, 1978. Published
December 1978. Originally published as A 307 - 47 T.
Last previous edition A 307 - 76 b.

® For ASME Boiler and Pressure Vessel Code applica-
gorclis see related Specification SA-307 in Section II of that

ode.

3 Annual Book of ASTM Standards, Part 4.

4 Annual Book of ASTM Standards, Part 3.

5 Annual Book of ASTM Standards, Parts 1 and 4.

¥ Annual Book of ASTM Standards, Parts 4 and 9,

d’,{&(;mual Book of ASTM Standards, Parts 1,2, 3,4, 5,
an .

8 May be obtained from American National Standards
Institute, Inc., 1430 Broadway, New York, N. Y. 10018.
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3.2 Bolts may be produced by hot or wold

forging of the heads or machining from bar
stock.

3.3 Bolt threads may be rolled or cut.

3.4 When specified, galvanjzed bolts shall
be hot-dip zinc coated in accordance with the
requirements of Class C of Specification
A 153. When specified by the purchaser to be
mechanically galvanized, bolts covered by this
specification shall be mechanically zinc coated
and the coating and coated fasteners shall
conform to the requrrements for Class 50 of

,'Specrfrcatron B 454, or to the coating thick- .

ness, adherence, and quallty requirements for
Cla,ss C of Specification A 153:

[

4. Chemical Requirements

4.1 Steel shall conform to, the following
chermical requlrements ‘

Grade A Grade B

“Bolts Bolts
Phosphorus, max, % .. .. 0:06 0.04
Sulfur, max, %, - . 0.15- . .0.05

4.2 Resulfurized material is not subject to
rejection based on produet analysis for sulfur.
- 4.3 Bolts are customarily -furnished from
stock, in which.case individual heats of steel
cdnnot be identified.

4.4 Application of heats of steel to which
bismuth, seleniim, tellurium, or lead has
been:intentionally added shall not be permlt-
ted for Grade B bolts

5. Mecham’ca‘l Reqmrements—

" '5.1 Bolts'shall not’ exceed the maximum
hardness required in Table 1. Bolts less than
three diameters in length; or bolts with drilled
or undersize heads shall have hardness values
not less than.the minimum nor more than the
maximum hardness limits required in Table 1,
as hardness is the only requirement.

5.2 Bolts 13/s in. in diameter or less, other
than those excepted in 4. 1, shall be tested full
size and shall conform to l;he réquireménts for
tensile strength specified in Table 2.

. 5.3 Bolts larger than 13/s in. il diameter,
other than those excepted:in 4.1, shall pref-
erably be tested full size and when so tested,
shall conform to the requirements for tensile
strength specified in Table 2. When equip-
ment of sufficient capacity for full-size bolt
testing is not available, or when the length of
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the bolt makes full—srze testmg 1mpract1cal
machined specimens shall be tested and ‘shall
conform to the requiréments shown below:

Tensile Ecl)gniiai

St“(ilx\l/:[gft’g’) ksi in. or 50

mm, %

Grade A and Grade B-bolts - 60 (415) min 18 min

Grade B boIts only 100 (690) max

In the event that bolts are testéd" by both full
size and by machine tést specimén methods,
the full-size test shall govern if a controversy
between the two methods exists. ... .

54 ‘For bolts-oni 'which'both hardness and

_ tension tests are performed, acceptance’ based
- on-tensile requirements shall: take precedence

in the event that there is controversy ovér low
readings of hardness tests.

_ 6. Dimensions

6.1 Unless otherwise specified, threads
shall be the Coarse Thread Series as specified
in the fatest issue of ANSI B1.1, havmg a
Class 2A tolerance.

6.2 Unless otherwise specified, Grade A
bolts shall be hex bolts with dimensions as
given in the latest. issue ‘of ANSI B 18.2.1.
Unless otherwise specrfred Grade B bolts
shall be heavy hex bolts with dimensions as
given in the latest issue of ANSI B 18.2:1.

6.3 Unless othérwise specified, bolts to be
used with nuts or tapped holes which have
been tapped oversize, in accordance with
Specification A 563, shall have Class 2A
threads before hot dip or rnechamcal galvan-
izing. After galvamzmg, the maxrmum limit
of pitch and major diametér mdy exceed the
Class 2A limit by the following amount:

Djameter, in, Oversize Limit, in. (mm)

. Upto7/16, incl 0.016 (0.41)
Over 7/16 to 1, incl 0.021 (0.53)
Over'l 0.031 (0.79)

4 These values are the’same as the minirnum overtap-
ping required for galvanized niuts in Specification A 563.

6.4 The gaging limit, for b.olts‘ shall :be
verified during manufacture 'or use by assem-

.bly of a nut tapped as nearly as practical to

the amount oversize shown above. In case, of
dispute, a calibrated thread ring:gage of that
same size (Class X tolerance, gage tolerance
plus) shall be used. Assernbly of the gage, or
the nut described above, must be possible

. w1th hand effort followmg appllcatron of light
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machine oil to prevent galling and damage to
the gage. These inspections, when performed
to resolve disputes, shall be performed at the
frequency and quality described in Table 3.

7. Test Methods

7.1 The material shall be tested in accord-
ance with Supplement III of Methods and
A 370.

7.2 Standard square and hexagon bolts
only shall be tested by the wedge tension
method. Fracture shall be in the body or
threads of the bolt without any fracture at the
junction of the head and body. Other headed
bolts shall be tested by the axial tension
method.

7.3 Speed of testing as determined with a
free running crosshead shall be a maximum of
1 in. (25.4 mm)/min for the tensile strength
tests of bolts.

8. Number of Tests and Retests

8.1 The requirements of this specification
shall be met in continuous mass production
for stock, and the manufacturer shall make
sample inspections to ensure that the product
conforms to the specified requirements. Ad-
ditional tests of individual shipments of mate-
rial are not ordinarily contemplated. Individ-
ual heats of steel are not identified in the
. finished product.

8.2 When specified in the order, the man-
ufacturer shall furnish a test report certified
to be the last completed set of mechanical
tests for each stock size in each shipment.

8.3 When additional tests are specified on
the purchase order, a lot, for purposes of
selecting test samples, shall consist of all
material offered for inspection at one time
that has the following common characteristics:

8.3.1 One type of item.

8.3.2 One nominal size, and

8.3.3 One nominal length of bolts.

8.4 From cach lot, the number of tests for
each requirement shall be as follows:
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Number of Pieces in Lot Number of Samples

800 and under 1
801 to 8 000 2
8 001 to 22 000 3
QOver 22 000 5

8.5 If any machined test specimen shows
defective machining it may be discarded and
another specimen substituted.

8.6 Should any sample fail to meet the
requirements of a specified test, double the
number of samples from the same lot shall be
tested, in which case all of the additional
samples shall meet the specification.

9. Marking
9.1 Bolt heads shall be marked (by raised

or depressed mark at the option of the manu- -

facturer) to identify the manufacturer. The
manufacturer may use additional marking for
his own use. ‘

10. Inspection |

10.1 If the inspection described in 10.2 is
required by the purchaser it shall be specified
in the inquiry, order, or contract.

10.2 The inspector representing the pur-
chaser 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 manufacture of the
material ordered. The manufacturer shall af-
ford the inspector all reasonable facilities,
without charge, to satisfy him that the mate-
rial is being furnished in accordance with this
specification. All tests (except product analy-
sis) and inspection shall be made at the place
of manufacture prior to shipment, unless oth-
erwise specified, and shall be so conducted as
not to interfere unnecessarily with the opera-
tion of the works.

11. Rejection

11.1 Unless otherwise specified, any rejec-
tion based on tests specified herein shall be
reported to the manufacturer within 30 work-
ing days from the receipt of samples by the
purchaser.
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TABLE 1 Hardness Requirements for Bolts TABLE 3 Sample Sizes and Acceptance Numbers for
- - - Inspection of Hot Dip or Mechanically Galvanized Threads
'~ Hadrdness ' : : L
B OI;HS.'iZe’ Grade Btineli : 'BOCkWE[lB R LOtISiﬁé‘ » Sample Sized: & %ﬁgé:?ge
 min  max min  max 2 to 90 13 1
All A 121 2414 60 100 el 20 2
' B 121 212 69 95 to 32 3
i — : 281 to 500. 50 5
4 Except when tested by wedge tensjon test. 501 to 1 200 80 7
. : ) R : 1 201to3 200 - 125 10
- . . 3 201 to 10 000 200 14
TABLE. 2 Tensile Requirements for Full-Size Bolts . 10 001 and over 315 . 21
S I s . Tensile Strength, Ibf? 4 Sample. sizes of acceptance numbérs are extracted
Bolt _ Stress — — from “Single Sampl lan for N | Tnsbection” Tabl
Size, Threads Aread - Grades Grade' IIA, MIE?S&:‘D ;rz)psggl’an or format fnspection ™ “able
in. Perinch "5 AandB, B onl
In. m. PP o'y, B Inspect ali bolts in'the [t if the lot size is less than the
min max?
sample size.
14 20 0.0318 1900 3 180 .
She .18 0.0524 . 3100 5 240
Sy 16 0.0775 4 650 7 750
16 14 _0.1063 » 63560 - 10 630
2 13 0.1419 8 500. 14 190
e 12 0.182 11 000 18 200
S/s 11 0.226 13.:.550 - 22 600
3a 10 . 0.334 20 050 33 400
s 9.7 0462 27 700 ° 46200
1 8  0.606 36 350 60 600
1Ys 7 0.763 "~ 45 800 - 76 300
1Ya - T 0.969 58 ‘150 96 900
B 6 1:155 < - 69 300 115 500
li/z,_ ) 6 1.405 " 84 300 140 500
B SZ I T 1.90 114000 ' 190 000 :
T2 LAYy 1,250 -1 1567000 . 250 000 b
L 2Ys . o AVa, 325 195 000, -, 325 000 ‘ - e
T2yt 4400 240 000 - 400 000 , _
Vs i 4L 04,93 1.295:800;: 493 000 . ] AR o
3,00 At 597, ;358 200 .., 597 000 S E SR R T
3 L4 7.10 426 000 710 000 G e .

320 40 499800 - 1833000 , S ‘
AR B 36 :579.:600 i1:-966 000 R . ERN . Lo
4. A4 8 1, 664,800 1108000 . i T .

A Area calculated from the formula I R R
A, = 0.7854[D — (0:9743 /)] i T ’ /
where: YA e J Lot v
A, = stress area, _ : i

D = xioiminal didmeter off b‘olt’; and -~ i s . L L an
s¢n Y= threads per inchi; . ;

s B 1Ibf= 4.448N.
S "Based'bn 60 k ‘
411 DBased 6100 ki (689'MPa) A1 onty

REIETITS R [EETTE T LR R L T AR
The American Society for Tesmig and Materials takes no position respecting the vahdlty ‘{f atent rrghts asserted in
connection with any item in this standard. Users of this standard are expressly advise at determination of the
validity of any such patent rights, and the risk of infringement of such rights, is entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical commitiee 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
Jor 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, 1916 Race St., Philadelphia, Pa.
19103, which will schedule a further hearing regarding your comments. Failing satisfaction there, you may appeal to the
ASTM Board of Directors.
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AMERICAN NATIONAL
STANDARD

Standard Specification for

ANSI/ASTM A 325-79

American Association

State Highway and
Transportation Officials

Standard AASHTO No.: M 164

HIGH-STRENGTH BOLTS FOR STRUCTURAL STEEL

JOINTS!

This standard is issued under the fixed designation A 325; 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.

This specification has been approved for use by agencies of the Department of Defense and for listing in the DOD Index of

Specifications and Standards.

1. Scope

1.1 This specification® covers the chemical
and mechanical requirements of various types
of quenched and tempered steel bolts com-
monly known as “high-strength structural
bolts,” intended for use in structural joints
that are covered under requirements of the
Specifications for Structural Joints Using
ASTM A 325 or A 490 Bolts,? issued by the
Research Council on Riveted and Bolted
Structural Joints of the Engineering Founda-
tion. The various types of bolts covered in this
specification are:

1.1.1 Type 1 —Bolts made of medium-car-
bon steel, supplied in sizes !/2 to 1!/2 in.,
inclusive, in diameter.

1.1.2 Type 2—Bolts made from what is
generally described as low-carbon martensite
steel, supplied in sizes /2 to 1'/2 in., inclusive,
in diameter.

1.1.3 Type 3 —Bolts, Yz to 1'/2 in., inclu-
sive, in diameter having atmospheric corro-
sion resistance and weathering characteristics
comparable to that of the steels covered in
Specification A 588, Specification A 242,
and Specification A 709 (these steels have
atmospheric corrosion resistance approxi-
mately two times that of carbon structural
steel with copper).

1.2 When the bolt type is not specified,
either Type 1 or Type 2 may be supplied at
the option of the manufacturer. Type 3 bolts
may be supplied by the manufacturer if agreed
by the purchaser. Where elevated tempera-
ture applications are involved, Type 1 bolts
shall be specified by the purchaser on the
order.

1.3 When atmospheric corrosion resistance
is required, Type 3 bolts shall be specified by
the purchaser in any inquiry or order.

Note 1—Bolts for general applications, includ-
ing anchor bolts, are covered by ASTM Specifica-
tion A 449, for Quenched and Tempered Steel
Bolts and Studs.* Also refer to Specification A 449
for quenched and tempered steel bolts and studs
with diameters greater than 1'/2 in., but with similar
mechanical properties.

1.4 This specification provides that heavy
hex structural bolts shall be furnished unless
other dimensional requirements are stipulated
in the purchase inquiry and order.

1.5 When galvanized high-strength struc-
tural bolts are specified, the bolts shall be either
Type 1 or 2, at the manufacturer’s option,
unless otherwise ordered by the purchaser.
Bolts shall be hot-dip galvanized, or, with the
approval of the purchaser, bolts may be me-
chanically galvanized. Galvanized bolts and
nuts shall be shipped in the same container.

1.6 Suitable nuts are covered in Specifica-
tion A 563. Unless otherwise specified, nuts
shall be heavy hex, and the grade and surface
finish of nut for each type of bolt shall be as
follows:

! This specification is under the jurisdiction of ASTM
Committee F-16 on Fasteners, and is the direct responsi-
bility of Subcommittee F16.02 on Steel Bolts, Nuts, Rivets,
and Washers,

Current edition approved May 25, 1979. Published Sep-
tember 1979, Originally published as A 325 — 49 T. Last pre-
vious edition A 325 - 78a.

* For ASME Boiler and Pressure Vessel Code applica-
tions see related Specification SA-325 in Section 1I of that
Code.

3 Published by American Institute of Steel Construction,
New York, N. Y.

* Annual Book of ASTM Standards, Part 4,
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Bolt Type

1and 2, plain (noncoated) C, plain

1.and 2, galvanized DH, galvanized

3 C3

1.6.1 Grades 2 and 2H nuts, as specified
in Specification A 194, and Grades D and
DH nuts, as specified in Specification A 563,
are acceptable alternatives for Grade C nuts.
Grade ZH. nuts, as specified-in Specification

A 194,are acceptable alternatives for Grade’

DH nuts. Type DH3 nuts are acceptable
alternatives for C3 nuts.

1.7 Stitable hardened washers ‘are ‘covéred

in Specxﬁcgtlon F 436. Unléss othérwise spec-
ified, galvanized washers shall be furnished
whén galvanized bolts aré specified, and Type
3 weathering steel washers shall be furnished
when: Type 3 bolts are specified.

. NoTE 2—A complete metric corpanion to’Spec-
ification A 325,has been. developed—Specification

A 325M; therefore no metric equlvalents are pre-
sented in this specrﬁcatlon ‘

2: “Applicable Documents _

2.1 ASTM Standards: -

'A 153 Specification for Zinc Coatmg (Hot-
Dip) on Iron and Steel Hardware®

"A:194 Specification for Carbon and Alloy
Steel ‘Nuts for Bolts for High-Pressure
and High-Temperature Service® -

A242 Spec1f1cat10n for H1gh-Strength Low-
Alloy Structural Stegl* ‘

A 370 Methods and Definitions: for Me-
chanical Testiiig-of Steel Products’

" A 490 Specification - for - Quenched - and
Tempered Aloy :Stéel Bolts for Strie-
tural Steel Joints*

“A 563 Specrﬁcatlon for: Carbon and AIloy
~ Stéel Nus™

A'588 Speaflcatlon for ngh Strength Low-
Alloy Structural Steel ‘with 50,000 psi
‘Minimum Yield Point to 4 in. Thick*

- A709 Specification for Structural Steel for
Bridges*

B 454 Specification for Mechamcally De-
..posited Coatings of Cadmium and Zinc
on Ferrous Metals®

F 436 - Specification for Hardened Steel
Washers for Use W1th Hrgh-Strength
“Bolts*

2.2 American Natzonal Standards o

ANSI B1.1 Unified-Screw Threads

ANSI B18.2.1 Square and Hex Bolts and
Screws

H
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Nut Grade and Finish =~

2 3 leztary Standard:" L
MIL-STD-105D Sampling. Procedure and
Tables for Inspection by Attributes

3. Ordering Information

3.1 Orders for products under this specifi-
cation shall include the followmg
311 Quantlty (number of pieces of bolts

‘and accessofies), -

3.1.2 Name of products mcludmg acces-
sories such as nuts and washers when desired,

3.1.3 Coating if required (that is, hot dip
galvamzed ‘'or mechanical galvanized),

3.1.4 Dimensions including nominal-bolt

.. diameter and length. For bolts of dimensional

requirements other than“héavy hex structural
bolts (see 1.4) it is normally necessary to
specify grip length,

3.1.5 Type of bolt (that is, Type'1, 2 or 3).
Note that Type 1 and 2 bolts may be shipped
at the manufacturér’s option- if type has not
been specified by the purchaser

"3.1.6 ASTM desrgnatlon and date of i 1ssue,
and -

3.1.7 Any spec1al requlrements

' NOTE 3—Two examples of ordermg descrlptlons
follow: g) 1000 pieces, Heavy hiex structiral bolts,
each with one hardened washer, ASTM F 436 and
one heavy hex nut, ASTM. 563 Grade C, hot-dip
galvanized, 1 by 4, ASTM A 325 dated —._. (2)
1000 pieces, hea2 P} hex structural bolts, no nuts or

washers, 7/s by 2+ Type 1, ASTM A 325 dated
for hot-dip galvanizing. .

4. Materials and Manufacture

4.1 Steel for bolts shall be made by .the
open-hearth basrc—oxygen or electrrc—fumace
process.

4.2 Bolts shall be heat.treated by quench-
ing ina liquid medium from above the austen-
itizing temperature and then tempering. by
reheating to a temperature of at least 800°F.

4.3 Threads of bolts may be cut or rolled.

4.4 Unless otherwise specified, galvanized
bolts shall be hot-dip zinc coated in accord-
ance ‘'with the requirements for Class C of
Specification A 153. When specified. by the
purchaser to be mechanically galvanized,

5 Annual Book of ASTM Standards, Part 3.

§ Annual Book of ASTM Standartis Part 1.

7 Annual Book of ASTM Standards Parts1 2, 3 4 5
anc} jlgmual Book ofAS TM Standards Parts 4.and 9.

9 May be obtained from American National Standards
Institute, In¢., 1430 Broadway, New York, N.Y. 10018.

10 Available from. Nava!l Publicatjons and Forms Center,
5801 Tabor Ave., Philadelphia, Pa. 19120.
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bolts shall be mechanically zinc coated and
the coating and coated products shall conform
to the requirements for Class 50 of Specifica-
tion B 454, or to the coating thickness, adher-
ence, and quality requirements for Class C of
Specification A 153.

4.5 If heat treatment is performed by a
subcontractor the heat-treated material shall
be returned to the manufacturer for testing.

5. Chemical Requirements

5.1 Type 1 and 2 bolts shall conform to the
requirements as to chemical composition pre-
scribed in Table 1.

5.2 Type 3 bolts shall conform to one of
the chemical compositioris prescribed in Table
2. The selection of the chemical composition,
A,B,C,D,E, orF, shall be at the option of
the bolt manufacturer.

5.3 Product analyses may be made by the
purchaser from finished material representing
each lot of bolts. The chemical composition
thus determined shall conform to the require-
ments prescribed in 4.1 or 4.2.

5.4 Application of heats of steel to which
bismuth, selenium, tellurium, or lead has
been intentionally added shall not be permit-
ted for bolts.

6. Mechanical Requirements

6.1 Bolts shall not exceed the maximum
hardness specified in Table 3. Bolts less than
three diameters in length shall have hardness
values not less than the minimum nor more
than the maximum in hardness limits required
in Table 3, as hardness is the only require-
ment.

6.2 Bolts 11/4 in. in diameter or less, other
‘than those excepted in 6.1, shall be tested full
size and shall conform to the tensile strength
and either the proof load or alternative proof
load requirements specified in Table 4.

6.3 Bolts larger than 1'/4 in. in diameter,
other than those excepted in'6.1, shall pref-
erably be tested full size and when so tested
shall conform to the tensile strength and
either the proof load or alternative proof load
requirements specified in Table 4. When
equipment of sufficient capacity for full-size
testing is not available, or when the length of
the bolt makes full-size testing impractical,
machined specimens shall be tested and shall
conform to the requirements of Table 5. In
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the event that bolts are tested by both full-size
and by the machined test specimen methods,
the full-size test shall govern if a controversy
between the two methods exists.

6.4 For bolts on which hardness and ten-
sion tests are performed, acceptarnce based on
tensile requirements shall take precedence in
the event that there is controversy over low
readings of hardness tests.

6.5 In addition, when galvanized bolts and
nuts are supplied, the bolt/nut assembly shall
be tested full size in an assembled joint as
specified in 8.5. After the tightening test, the
assembly shall show no signs of failure.

6.6 When hot-dip galvanized Type 2 bolts
are supplied, they shall be tension tested after
galvanizing in accordance with 6.2 or 6.3 de-
pending on the diameter. The number of tests
from each lot shall be in accordance with 9.2.4
or 9.3.4,

7. Dimensions

7.1 Bolts with hex heads shall be full-body
bolts conforming to the dimensions for heavy
hex structural bolts specified in the American
National Standard for Square and Hex Bolts
and Screws (ANSI B18.2.1).

7.2 Threads shall be the Unified Coarse
Thread Series as specified in the American
National Standard for Unified Screw Threads
(ANSI B1.1), and shall have Class 2A toler-
ances. When specified, 8 pitch thread series
may be used on bolts over 1 in. in diameter.

7.3 Unless otherwise specified, bolts to be
used with nuts or tapped holes which have
been tapped oversize, in accordance with
Specification A 563, shall have Class 2A
threads before hot dip or mechanical galvan-
izing. After galvanizing, the maximum limit
of pitch and major diameter may exceed the
Class 2A limit by the following amount:

Diameter, in.A Oversize Limit, in,*

Up to %s, incl 0.016
* Over s to 1, incl 0.021
Over | 0.031

4 These values afe the same as the minimum overtap-
ping required for galvanized nuts in Specification A 563.

7.4 The gaging limit for bolts shall be
verified during manufacture or use by assem-
bly of a nut tapped as nearly as practical to
the amount oversize shown above. In case of
dispute, a calibrated thread ring gage of that
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same size (Class X tolerance, gage tolerance
plus) is to be used. Assembly of the gage, or
the nut déscribed above, must be poss1ble
with hand effort following applrcatron of light
machine oil to prevent galling and damage to
the gage. These inspections; when performed
to resolve disputes, are to be performed at the
frequency and quallty desc1 ibed in Table 6.

8. Test Methods

" 8.1 Tests shall be conduicted in decordanice
w1th Supplement HI of Methods and Defml-
tions:A 370. o

8.2 For tension tests a proof load determi-
natior is preferred conducted’ in -accordance
with Method 1, Length Measutement, of Sup—
plement IT1 of Methods A 370.

8.3 Bolts tested in full size shall be-tested
in accordance with'the wedge test method
described in S11.1.5, Supplement III of
Methods A 370. Fracture shall be in the body
or threads of the bolt, without-any fractire at
the junction of the head and body.. -

8.4 The speed of testing as determined
with. -a freesrunning .cross-head shall be .a
maximum of % in./min for the bolt proof-load
determination, and a maximum of 1 in./min
for the bolt tensile-strength determination.

. 8.5 The galvanized bolt shall be placed in
a steel joint and assembled with a galvanized
washer and a galvanized nut. The joint shall
be one.or more flat structural steel plates with
a total th1ckness including the washer, such
that, 3 to 5 full threads of the bolt are located
between the bearmg surfaces, of the bolt head
and nut.. The hole in the joint shall have the
same nominal diameter-as the hole in the
washer. The initia] tightening of the nut.shall
produce a load in the bolt not;:less than 10-%
of the specified proof load.l! After:initial
tightening, the nut position shall be marked
relative to the bolt, and the rotation shown in
Table 8 shall be applied. During rotition, the
bolt head shall be restrained fr'o"r‘n turning.

9. Quallty Assurance of Mechamcal Requlre-
meénts”

9.1 The manufacturer shall make sample
inspections of every 16t of boltsto ensure that
propertles of bolts are in' conformiance with
the' réquirements of  this specxﬂcatlon All
bolts shall be inspection teésted ‘prior to ship-
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ment .in . accordance with one .of the two
quality assurance procedures described in 9.2
and 9.3, respectrvely The manufacturer shall
have the option of which procedure will. be
followed when furnrshrng bolts to any. smgle
purchase order.

9.1:1 The, purpose of a lot ingpection test—
1ng program is to ensure that each lot con-
forms to. the’ requjrements of this specrf1ca-
tion. For such a plan to be fully effective it is
essential that following delivéry the purchaser
continue; to: maintain. the identification and
integrity- of each lot until the product is in-
stalled in its service application.

9.2 Production Lot Method:

9.2.1 All bolts shall .be processed in ac-
cordance with a. lot identification-control
quality -assurance plan. The manufacturer
shall identify and maintain the. integrity of
edch production lot of bolts from raw-material
selection. through all proeessing operations
and treatments to final packing and shipment.
Each lot shall be assigned.its own lot-identifi-
cation number, each lot shall be tested; and
the inspection test reports for eacli-lot shall be
retained.

92.2 A productlon lot, for purposes of
assigning an identification number and from
which test samples shall be selected, -shall
consist of all bolts processed essennally to-
gether through all operations to the shipping
container that are 6f’the same nominal size,
the same noniinal length, and produced from
the same mill heat of steel.

9.2.3 The marniufacturer shall make -tes’[s
for proof load, tensite strength (wedge test)!
and hardness of each lot of bolts. Alterna-
tively, in aceordance with 6.3, tests may be
térisile: strength; yield strength reduction of
aréa, elonigation, and hardness.

-'9.2.4 From each production lot, the miini=
mum number of tets of each requlred prop-
erty shall be as follows:

thber of Pieces”’ Number of
+ in Produiction Lot "' Specifiens -
S+ B00ATd Tesgt : : | i
b #8011008,000 v wr iy C e 2
78001t035000 R o3
35,0010 150,660 © .., .8

‘150 001 andover IR & |

Rt Use of ‘the torque value obtamed in -a' Skrdmote—.
Wilhelm or equrvalent calrbrator may be used in meetmg
this requirgment.
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9.2.5 If any test specimen shows defective
machining it may be discarded and another
specimen substituted.

9.2.6 Bolts shall be packed in shipping
containers as soon as practicable following
final processing. Shipping containers shall be
marked with the lot identification number.

9.2.7 A copy of the inspection test report
for each production lot from which bolts are
supplied to fill the requirements of a shipment
shall be furnished to the purchaser when
specified in the order. Individua! heats of steel
need not be identified on the test report.

9.3 Shipping Lot Method:

9.3.1 In-process inspection during all man-
ufacturing operations and treatments and
storage of manufactured bolts shall be in
accordance with the practices of the individual
manufacturer.

9.3.2 Before packing bolts for shipment,
the manufacturer shall make tests of sample
bolts taken at random from each shipping lot.
A shipping lot, for purposes of selecting test
samples, is defined as that quantity of bolts of
the same nominal size and same nominal
length necessary to fill the requirements of a
single purchase order.

9.3.3 The manufacturer shall make tests
for proof load, tensile strength (wedge test),
and hardness of each lot of bolts. Alterna-
tively, in accordance with 6.3, tests may be
tensile strength, yield strength, reduction of
area, elongation, and hardness.

9.3.4 From each shipping lot, the mini-
mum number of tests of each required prop-
erty shail be as follows:

Number of Pieces Number of
in Shipping Lot Specimens

150 and less 1

151 to 280 2

281 to 500 3

501 to 1,200 5

1,201 to 3,200 8

3,201 to 10,000 13

10,001 and over 20

9.3.5 If any test specimen shows defective
machining it may be discarded and another
specimen substituted.

9.3.6 A copy of the inspection test report
for each shipping lot shall be furnished to the
purchaser when specified in the order. Indi-
vidual heats of steel are not identified in the
finished product.

10. Marking

10.1 All bolts, Types 1, 2 and 3, shall be
marked A 325 and shall alsoc be marked with
a symbol identifying the manufacturer.

10.2 In addition Type 1 bolts may, at the
option of the manufacturer be marked with
three radial lines 120 deg apart.

10.3 In addition Type 2 bolts shall be
marked with three radial lines 60 deg apart.

10.4 In addition Type 3 bolts shall have
the A 325 underlined, and the manufacturer
may add other distinguishing marks indicat-
ing that the bolt is atmospheric corrosion
resistant and of a weathering type.

10.5 All markings shall be located on the
top of the bolt head and may be either raised
or depressed, at the option of the manufac-
turer.

11. Visual Inspection for Head Bursts

11.1 A burst is an open break in the metal
(material). Bursts can occur on the flats or
corners of the heads of bolts.

11.2 A defective bolt, for the purposes of
the visual inspection for bursts, shall be any
bolt that contains a burst in the flat of the
head which extends into the top crown surface
of the head (chamfer circle) or the under-
head bearing surface. In addition, bursts oc-
curring at the intersection of two wrenching
flats shall not reduce the width across corners
below the specified minimum.

11.3 A lot, for the purposes of visual in-
spection, shall consist of all bolts of one type
having the same nominal diameter and length

offered for inspection at one time. No lot shall.

contain more than 10 000 pieces.

11.4 From each lot of bolts, a representa-
tive sample shall be picked at random and
visually inspected for bursts. The sample size
shall be as shown in Table 7. If the number of
defective bolts found during inspection by the
manufacturer is greater than the acceptance
number given in Table 7 for the sample size,
all bolts in the lot shall be visually inspected
and all defective bolts shall be removed and
destroyed. If the number of defective bolts
found during inspection by the purchaser is
greater than the acceptance number given in
Table 7 for the sample size, the lot shall be
subject to rejection.
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12. Inspection

* 12.1 If the inspection’ descrlbed in, 1i2 2 is
requlred by the purchaser; it shall be specified
in the inquiry and contract or order.

12.2 The inspector representing the pur-

: chaser 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 manufacture of, the
-material ordered. The manufacturer shall af-
ford the inspector .all reasonable. facilities: to
satisfy him that the material is being furnished
.[n accordance with this specification. All tests
(except product analysis) and inspection; shall
be made at the place of manufacture.prior to
shipmerit, unless otherwise sp_‘ecified, and

TABLE 1 Chemical Requirements for Types 1 and 2

-shall be so conducted as not to -interfere

unnecessarily with the operation of the works.

13. Rejection , .
13.1+ Unless otherw1se specxfled any rejec-

‘tion based:on tésts specified ‘Herein shall:be

reported to the, manufacturer: withif 30 work-
ing days'from the recelpt of samples by the
purchaser S s

.14-. Certlfi_cation

14,1 Bolts—When specified on the order
the mianufacturer shall furfiish the testrépotts

»descrlbed m 9.2, 7 or 9. 3 6 dependmg on

“fion lot’o_r shlppmg lot method.

Bolts

- Composition, %

Element

Carbon:.
Heat analysis
Product analysis

Mariganese, mir:
- Hedt analysis
PR E Product analysis

Phosphorus, max:
Heat analysis
Lo ;. Product analysis

Sulfﬁr, max:
‘Heat analysis
;- Product analysis

o Boron min:
- Heat analy51s
Product analysis -
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* 4 Type 2 bolts shall bé ully killed, fin& giain steel,

Type 1 Bolts' - Type 2 Bolts? ’ "
0:30 min - 0.15-0.23 i
027min 0,13-0.25
0.50 0.70 o
047 . 0.67
0.040 0.040
0.048 - 0.048
0.050 0.050
0.058: 0.058+ i

0.0005 "
. 0.0005
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TABLE 2 Chemical Requirements for Type 3 Bolts

Composition, %

Element Type 3 Bolts*
A B C D E F

Carbon:

Heat analysis 0.33-0.40 0.38-0.48 0.15-0.25 0.15-0.25 0.20-0.25 0.20-0.25

Product analysis 0.31-0.42 0.36-0.50 0.14-0.26 0.14-0.26 0.18-0.27 0.19-0.26
Manganese:

Heat analysis 0.90-1.20 0.70-0.90 0.80-1.35 0.40-1.20 0.60-1.00 0.90-1.20

Product analysis 0.86~1.24 0.67-0.93 0.76-1.39 0.36-1.24 0.56-1.04 0.86-1.24
Phosphorus:

Heat analysis 0.040 max 0.06-0.12 0.035 max 0.040 max 0.040 max 0.040 max

Product analysis 0.045 max 0.06-0.125 0.040 max 0.045 max 0.045 max 0.045 max
Sulfur:

Heat analysis 0.050 max 0.050 max 0.040 max 0.050 max 0.040 max 0.040 max

Product analysis 0.055 max 0.055 max 0.045 max 0.055 max 0.045 max 0.045 max
Silicon:

Heat analysis_ 0.15-0.30 0.30-0.50 0.15-0.30 0.25-0.50 0.15-0.30 0.15-0.30

Product analysis 0.13-0.32 0.25-0.55 0.13-0.32 0.20-0.55 0.13-0.32 0.13-0.32
Copper:

Heat analysis 0.25-0.45 0.20-0.40 0.20-0.50 0.30-0.50 0.30-0.60 0.20-0.40

Product analysis 0.22-0.48 0.17-0.43 0.17-0.53 27-0.53 0.27-0.63 0.17-0.43
Nickel: -

Heat analysis 0.25-0.45 0.50-0.80 0.25-0.50 0.50-0.80 0.30-0.60 0.20-0.40

Product analysis 0.22-0.48 0.47-0.83 0.22-0.53 .  0.47-0.83 0.27-0.63 0.17-0.43
Chromium:

Heat analysis - 0.45-0.65 0.50-0.75 0.30-0.50 0.50-1.00 0.60-0.90 0.45-0.65

Product analysis 0.42-0.68  0.47-0.83 0.27-0.53 0.45-1.05 0.55-0.95 0.42-0.68
Vanadium:

Heat analysis 0.020 min

Product analysis 0.010 min
Molybdenum:

Heat analysis 0.06 max 0.10 max

Product analysis 0.07 max 0.11max
Titanium:

Heat analysis
Product analysis

0.05 max

4 A, B, C,D, E and F are classes of material used for Type 3 bolts. Selection of a class shall be at the option of the bolt

manufacturer.

TABLE 3 Hardness Requirements for Bolts

Hardness Number

Bolt Size, in. Brinell Rockwell C
Min Max Min Max
Yato 1, incl 248 331 24 35"
1Y/s to 1'/2, incl 223 293 19 31
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T»I‘ABLE! 4 Tensile Requirements for Full Size Bolts

Bolt Size, Threads per . B B Alternative Proof
Inch and Series Desig-  Stress Area,” in2 Tensile Stfg?gth I\I;m‘)f Load, ¢ 1’;’; liﬁu:l Load,” Yield Strength
nation : ) fnin, casurement Metho Method, min

Column 1 Column 2 " Column 3 Column 4 Column 5
1%-13 UNC ) 0.142 17 050 12 050 13 050
%-11 UNC 0.226 27 100 19 200 20 800
%-10 UNC 0334 . 40 100 28 400 30 700
7%-9 UNC 0.462 55 450 39 250 42 500
-8 UNC 0.606 72 700 51 500 55 750
1%-7 UNC 0.763 80 100 _ 56 450 61 800
1%-8 UN 0.790 82 950 58 450 64 000
1%~7 UNC 0.969 = 101 700 71 700 © 718 500
1¥%4~-8 UN 1.000 105 000 74 000 81 000
1%-6 UNC | 1155 121 300 85 450 93 550
1%-8 UN 1.233 129 500 91 250 99 870
1%-6 UNC 1.405 147 500 104 000 113 800
13%-8 UN 1492 156 700 110 400 120 850

4 The stress area is calculated as follows:
A, =0.7854 [D — (0.9743/n)]?
where:
A, = stress area, in %,
D = nominal bolt size, and
n = threads per inch.

3 1 oads tabulated are based on the following:

Bolt Size Column 3 Column 4 Column 5
%,to 1 jncl 120 000 psi 85 000 psi 92 000 psi
1% to 1%, incl ’ 105 000 psi - 74 000 psi 81 000 psi
TABLE 5 Tensile Requirements for Specimens TABLE 6 Sample Sizes and Acceptance Numbers for
Machined from Bolts Inspection of Hot Dip or Mechanically Galvanized Threads
Tensile St]:elenlgdth Elonga- Reduc- Lot Size Sample Size# 5 Aﬁ%’&’;ﬁe
Bolt Size, in. Strength, (02% honin2 tionof -
» in. gth,  (02% A 210 90 13 1
min, psi ~ Offset) m., un,  Ares,
’ min. psi min, % 91 to 150 20 2
P 151 to 280 32 .3
1%, 1% and 105 000 81 000 14 35 281 to 500 50 5
1% ©501to1 200, 80 : 7
- j i 1 201to3 200 125 10
3 201 to 10 000 200 .14
10 001 and over 315 21

4 Sample sizes of acceptance numbers are extracted
from “Single Sa_mopling Plan for Normal Inspection” Table
ITA, MIL-STD-105D.

B Inspect all bolts in the lot if the lot size is less than the
sample size.
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TABLE 7 Sample Sizes and Acceptance Numbers for

Inspection of Bursts
. Sample  Acceptance Num-
Lot Size Sizeg'a bert
1to 150 5 0

151 to 500 20 1

501to1 200 32 2
1 201to3 200 50 3
3 201 to 10 000 80 5

4 Sample sizes and acceptance numbers are extracted
from “Single Sampling Plan for Normal Inspection” Table
11A, MIL-STD-105D.

# Inspect all bolts in the lot if the lot size is less than the

sample size.

The American Society for Testing and Materials takes no position respecting the validity of an
connection with any item mentioned in this standard. Users of this standard are expressly advised that determination of the

A 325

TABLE 8 Test for Galvanized Bolts

Nominal Nut Rota-

Bolt Length Diameter, in. tion, deg (turn)

Up to and including 4 300 (5/¢)
Over 4, but not exceeding 8 360 (1)
Over 8 420 (1t/16)

validily of any such patent rights, and the risk of infringement of such rights, is entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical commitiee 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
Jor 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, 1916 Race St., Philadelphia, Pa.
19103, which will schedule a further hearing regarding your comments. Failing satisfaction there, you may appeal to the

ASTM Board of Directors.
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Designation: A 370 - 77<

An American National Standard
American Association State Highway and
Transportation Officials Standard
AASHTO No.: T 244

Standard Me.thods'and Definitibns for
MECHANICAL TESTING OF STEEL PRODUCTS'

This standard is issued under the fixed designation A 370; the number immediately following the designation indicates the
year of original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last
reapproval. A superscript epsilon (€)-indicates an editorial change since the last revision or reapproval.

These methods have been approved for use by agencies of the Department of Defense and for listing in the DoD Index of

Specifications and Standards.

<! NoTe—Paragraph 18.2 was editorially changed in May 1979.
< Note—Fig. 21 was editorially corrected in October 1980.

1. Scope

1.1 These methods® cover procedures and
definitions for the mechanical testing of
wrought and cast steel products. The various
mechanical tests herein described are used to
determine properties required in the product
specifications. Variations in testing methods are
to be avoided and standard methods of testing
are to be followed to obtain reproducible and
comparable results. In those cases where the
testing requirements for certain products are
unique or at variance with these general pro-
cedures, the product specification. testing re-
- quirements shall control.

1.2. The following mechanical tests are de-
scribed:

‘ Sections
Tension 5to 13
Bend 14
Hardness: 15
Brinell 16 and 17
Rockwell 18
Impact . 19to23

1.3 Supplements covering details peculiar
to certain products are appended to these
‘methods as follows:

Sections

Bar Products (Supplement 1) Sl1toS4
Tubular Products (Supplement II) S5tS9
Fasteners (Supplement 111) S10to S 15
Round Wire Products (Supplement [V) S16t0S22.
Significance of Notched Bar Impact Test-

ing (Supplement V) S23t0S28
Converting Percentage Elongation of

Round Specimens to Equivalents for Flat

Specimens (Supplement VI) S 29 to S 3!
Testing Seven Wire ‘Stress-Relieved Strand

(Supplement VII) S32to S 36

Rounding Test Data (Supplement VIII)
1.4 The values stated in inch-pound units are
to be regarded as the standard. :

2. Applicable Documents

2.1 ASTM Standards:

A 416 Specification for Uncoated Seven-Wire
Stress-Relieved Steel Strand for Prestressed
Concrete?

E 4 Practices for Load Verification of Testing
Machines*

E 6 Definitions of Terms Relating to Methods
of Mechanical Testing*

E 8 Methods of Tension Testing of Metallic
Materials*

E 10 Test Method for Brinell Hardness of Me-
tallic Materials*

E 18 Test Methods for Rockwell Hardness and
Rockwell Superficial Hardness of Metallic
Materials*

E 23 Methods for Notched Bar Impact Testing
of Metallic Materials*

E 83 Method of Veriﬁcatio/n/ and Classification
of Extensometers* / "

E 110 Test Method for I;ldentation Hardness
of Metallic Materials by Portable Hardness
Testers*

E 208 Method for Conducting Drop-Weight
Test to Determine Nil-Ductility Transition
Temperature of Ferritic Steels*

! These methods are under the jurisdiction of ASTM
Committee A-1 on Steel, Stainless Steel and Related Alloys
and are the direct responsﬂ)lhty of Subcommittee A01.13
on Mechanical Testing.

Current edition approved June 24, 1977. Published
August 1977. Originally published as A 370 - 53 T. Last
previous edition A370 - 76.

_ 2 For ASME Bailer and Pressure Vessel Code applxca—
‘tions see related Specification SA 370 in Section II of that

3 Annual Book of ASTM Standards, Vol 01.04.
4 Annual Book of ASTM Standards, Vol 03.01.
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3. General Precautions

3.1 Certain methods of fabrication such as
bending, forming, and welding, or operations
involving heating, may affect the properties of
the material under test. Therefore, the prod-
uct specifications cover the stage of manufac-
ture at which mechanical testing is to be per-
formed. The properties shown by testing prior
to fabrication may not necessarily be repre-
sentative of the product after it has been com-
pletely fabricated.

3.2 Improper machining or preparation of
test specimens may give erroneous results.
Care should be exercised to assure good work-
manship in machining. Improperly machined
specimens should be discarded and other spec-
imens substituted.

3.3 Flaws in the specimen may also affect
results. If any test specimen develops flaws,
the retest provision of the applicable product
specification shall govern.

3.4 If any test specimen fails because of
mechanical reasons such as failure of testing
equipment or improper specimen preparation,
it may be discarded and another specimen
taken.

4. Orientation of Test Specimens

4.1 The terms ‘‘longitudinal test” and
“transverse test” are used only in material
specifications for wrought products and are not

" - applicable to castings. When such reference is

made to a test coupon or test specimen, the
following definitions apply:

4.1.1 Longitudinal Test, unless specifically
defined otherwise, signifies that the lengthwise
axis of the specimen is parallel to the direction
of the greatest extension of the steel during
rolling or forging. The stress applied to a lon-
gitudinal tension test specimen is in the direc-
tion of the greatest extension, and the axis of
the fold of a longitudinal bend test specimen
is at right angles to the direction of greatest
extension (Figs. 1, 2(a), and 2(b)).

4.1.2 Transverse Test, unless - specifically
defined otherwise, signifies that the lengthwise
axis of the specimen is at right angles to the
direction of the greatest extension of the steel
during rolling or forging. The stress applied
to a transvérse temsion test specimen is at
right angles to the greatest extension, and the
axis of the fold of a transverse bend test spec-

imen is parallel to the greatest extension
(Fig. 1).

4.2 The terms “radial test” and ‘“‘tangential
test” are used in material specifications for
some wrought circular products and are not
applicable to castings. When such reference
is made to a-test coupon or test specimen, the

following definitions apply:

4.2.1 Radial Test, unless specifically de-
fined otherwise, signifies that the lengthwise
axis-of the specimen is perpendicular to the
axis of the product and coincident with one of
the radii of a circle drawn with a point on the
axis of the product as a center (Fig. 2(a)).

4.2.2 Tangential Test, unless specifically de-
fined otherwise, signifies that the lengthwise
axis of the specimen is perpendicular to a
plane containing the axis of the product and
tangent to a circle drawn with a point on the
axis of the product as a center (Figs. 2(a),
2(b), 2(c) and 2(d).

TENSION TEST
5. Description.

5.1 The tension test related to the mechan-
ical testing of steel products subjects a ma-
chined or full-section specimen of the material
under examination to a measured load suffi-
cient to cause rupture. The resulting proper-
ties sought are defined in Definitions E 6.

5.2 In general the testing equipment and
methods are given in Methods E 8. However,
there are certain exceptions to Methods E 8
practices in the testing of steel, and these are
covered in these methods.

6. Test Specimen Parameters

6.1 Selection—Test coupons shall be se-
lected in accordance with the applicable prod-
uct specifications.

6.1.1 Wrought Steels;Wrought steel prod-
ucts are usually tested in the longitudinal di-
rection, but in some cases, where size permits
and the service justifies it, testing is in the
transverse, radial; or tangential directions (see
Figs. 1 and 2).

6.1.2 Forged Steels—For open die forgings,
the ‘metal for tension testing is usually pro-
vided by allowing extensions or prolongations
on one or both ends of the forgings, either on
all or a representative number as provided by
the applicable product ‘specifications. Test
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_specimens are normally taken at mid-radius.
Certain product specifications permit the use
of a representative bar or the destruction of a
production part for test purposes. For ring or
disk-like forgings test .metal is. provided by in-
creasing the diameter, thickness, or length of
the forging. Upset disk or ring forgings, which
are worked or extended by forging in a direc-
tion perpendicular to the axis of the forging,
usually have their principal extension along
concentric circles and for such forgings tan-
gential tension specimens are obtained from
extra metal on the periphery or end of the
forging. For some forgings, such as rotors,
“radial tension tests are required. In such cases
-the specimens are cut or trepanned from spec-
“ified locations. : : '

- .6.1.3- Cast Steels—Test coupons for cast-
ings from which tension test specimens are
prepared shall be attached to the castings
where practicable. If the design of the casting
i1s such that test coupons should not be at-
tached thereon, test coupons shall be cast at-
tached to separate cast blocks (Fig. 3 an

-Table 1). :

6.2 Size and Tolerances—Test specimens
“shall be the full thickness or section of mate-
-rial as-rolled, or may be machined to the form
and dimensions shown in Figs. 4 to 7, inclu-
sive. The selection of size and type of speci-
men is prescribed by the applicable product
specification. Fuil section specimens shall be
tested .in 8-in. (200-mm) gage length unless
otherwise specified in the product specifica-
tion.

6.3 Procurement of Test Specimens—Spec-
imens shall be sheared, blanked, sawed, tre-
panned, or oxygen-cut from portions of the
material. They are usually machined so-as to
have a reduced cross section at mid-length in
order to obtain uniform  distribution of the
stress over the cross section and to localize the
zone of fracture. When test coupons are

sheared, blanked, sawed, or oxygen-cut, care

shall be taken to remove by machining all dis- -

torted, cold-worked, or heat-affected areas
from the edges of the section used in evaluat-
ing the test.

6.4 Aging of Test Specimens—Unless
otherwise specified, it shall be permissible to
age tension test specimens. The time-temper-
ature cycle employed must be such that the

effects of previous processing will not be ma-
terially changed. It may be accomplished by
aging at room temperature 24 to 48 h, or in
shorter time at moderately elevated tempera-
tures by boiling in water, heating in oil orin
an oven.

6.5 Measurement of Dimensions of Test
Specimens:

6.5.1 Standard Rectangular Tension Test
Specimens—These forms of specimens are
shown in Fig. 4. To determine the cross-
sectional area, the center width dimension
shall be measured to the nearest 0.005 in. (0.13
mm) for the 8-in.-(200-mm) gage length speci-
men and 0.001 in. (0.025 mm) for the 2-in.
(50-mm) gage length specimen in Fig. 4. The
center thickness dimension shall be measured
to the nearest 0.001 in. for both specimens.

6.5.2 Standard Round Tension Test Speci-
mens—These forms of specimens are shown
in Figs. 5 and 6. To determine the cross-sec-
tional area, the diameter shall be measured at
the center of the gage length to the nearest
0.001 in.

6.6 General—Test specimens shall be
either substantially full size or machined, as
prescribed in the product specifications for the
material being tested. :

6.6.1 Improperly prepared test specimens
often cause unsatisfactory-test results. It is im-
portant, therefore, that care be exercised in
the preparation of specimens, particularly in
the machining, to assure good workmanship.

6.6.2 It is desirable to have the cross-sec-
tional area of the specimen smallest at the
center of the gage length to ensure fracture
within the gage length. This is provided for by
the taper in the gage length permitted for
each of the specimens described in the follow-
ing sections.

6.6.3 For brittle materials it is desirable to
have fillets of large radius at the ends of the
gage length.

7. Plate-Type Specimen

7.1 The standard plate-type test specimen
is shown in Fig. 4. This specimen is used for
testing metallic materials in the form of plate,
structural and bar-size shapes, and flat mate-
rial having a nominal thickness of i in.
(5 mm) or over. When product specifications
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so permit, other types of specimens may be
used. :
NoTE 1-—When called for in the product specifica-

tion, the 8-in. gage length specimen of Fig. 4 may be
used for sheet and strip material.

8. Sheet-Type Specimen

- 8.1 The standard sheet-type test specimen
is shown in Fig. 4. This specimen is used for
testing metallic materials in the form of sheet,
plate, flat wire, strip, band, and hoop ranging

in nominal thickness from 0.005 to % in.

(0.13 to 19 mm). When product specifications
so permit, other types of specimens may be
used, as provided in Section 7.

9. Round Specimens

9.1 The standard 0.500-in. (12.5-mm) diam-
eter round test specimen shown in Fig. 5 is
used quite generally for testing metallic ma-
terials, both cast and wrought.

9.2 Figure 5 also shows small size speci-
mens proportional to the standard specimen.
These may be used when it is necessary to
test material from which the standard speci-
men or specimens shown in Fig. 4 cannot be
prepared. Other sizes of small round speci-
mens may be used. In any such small size
specimen it is important that the gage length
for measurement of elongation be four times
the diameter of the specimen (see Note 4,

- Fig. 5).

- 9.3 The shape of the ends of the specimens

outside of the gage length shall be suitable to
the material and of a shape to fit the holders

or grips of the testing machine so that the
loads are applied axially. Figure 6 shows spec-
imens  with various types of ends that have
given satisfactory results.

10. Gage Marks

10.1 ‘' The specimens shown in Figs. 4, 5, and
7 shall be gage marked with a center punch,
scribe marks, multiple device, or drawn with
ink. The purpose of these gage marks is to de-
termine the percent elongation. Punch marks
shall be light, sharp, and accurately spaced.
The localization of stress at the marks makes
a hard specimen susceptible to starting frac-
ture dt the punch marks. The gage marks for
measuring elongation after fracture shall be
made on the flat or on the edge of the flat ten-
sion test specimen and within the parallel sec-

tion; for the 8-in. gage length specimen, Fig.
4, one or more sets of 8-in. gage marks may
be used, intermediate marks within the gage
length being optional. Rectangular 2-in. gage
length specimens, Fig. 4, and round speci-
mens, Fig. 5, are gage marked with a double-
pointed center punch or scribe marks. In both
cases the gage points shall be approximately
equidistant from the center of the length .of
the reduced section. These same precautions
shall be observed when the test specimen:is
full section. '

11. Testing Apparatus and Operations

11.1 Loading Systems—There are two gen-
eral types of loading systems, mechanical
(screw power) and hydraulic. These differ
chiefly in the variability of the rate of load ap-
plication. The older screw power machines are
limited to a small number of fixed free run-
ning crosshead speeds. Some modern screw
power machines and all hydraulic machines
permit stepless variation- throughout the range
of speeds.

11.2 The tension testing machine shall be
maintained in good operating condition, used
only in the proper loading range, and cali- -
brated periodically in accordance with the latest
revision of Practices E 4. '

NoTE 2—Many machines are equipped with stress-
strain recorders for autographic plotting of stress-strain
curves. It should be noted that some recorders have a
load measuring component entirely separate from the
load indicator of the testing machine. Such recorders
are calibrated separately. :

11.3 Loading—1It is the function of the grip-
ping or holding device of the testing machine
to transmit the load from the heads of the
machine to the specimen under test. The es-
sential requirement is that the load shall be
transmitted axially. This implies that the cen-
ters of the action of the grips shall be in align-
ment, insofar as practicable, with the axis of
the specimen at the beginning and during the
test, and that bending or twisting be held to
a minimum. Gripping of the specimen shall be
restricted to the section outside the gage
length. In the case of certain sections tested
in full size, nonaxial loading is unavoidable
and in such cases shall be permissible.

11.4 Speed of Testing—The speed of test-
ing shall not be greater than that at which

67



- A 370

load and strain readings can be made accu-
rately. In production testing, speed of testing
is.commonly expressed (/) in terms of free
Tunning crosshead speed (rate of movement of
the crosshead of the testing machine when not
under load), or (2)in terms of rate of separa-
tion of the two heads of the testing machine
under load, or (3) in terms of rate of stressing
the specimen. Speed of testing may also be
expressed in terms of rate of straining the
specimen. However, it is not practicable to
control the rate of straining on machines cur-
rently used in production testing. The follow-
ing limitations on the speed ‘of testing -are
recommended as adequate for most steel
_products:

11.4.1" Any convenient speed of testing may
be used up to one half the specified yield
point or yield strength. When this point is
reached, the rate of separation of the cross-
heads under load shall be adjusted so as not
to exceed /.6 in. per min per inch of gage
length, or the distance between the grips for
tést specimens not having reduced sections.
This speed shall be maintained through the
yield point or yield strength. In determining
the tensile strength, the rate of separation of
the heads under load shall not exceed Y, in.
per min per inch of gage length. In any event
the minimum speed of testing shall not be less
than_}{o of the specified maximum rates for
deterniining yield point or yield :strength and
tensile strength.

-11.4.2 Tt shall be permissible to set the
. speed of the testing machine by adjusting the
free running crosshead speed to the above

specified values, inasmuch as the rate of sep-.

aration of heads under load at these machine
settings is less than the specified values of free
running crosshead speed. - .

11.4.3 As an alternative, if the machine is
equipped. with a device to indicate the rate of
loading, the speed of the machine from half
the . specified yield point or yield strength
through the yield point or yield strength may
be adjusted sc that the rate of stressing does
not exceed 100,000 psi (690 MPa)/min. How-
ever, the minimum rate of stressing shall not
be less than 10,000 psi (70 MPa)/ min.

12. Definitions

12.1 For definitions of terms pertaining to
tension testing, including tensile strength,

yield point, yield strength, elongatio’n, and re-:

duction of area, reference should be made to
Definitions E 6.

13. Determination of Tensile Properties

13.1 Yield Point—Yield. point is the first
stress in a material, less than the maximum
obtainable stress, at which an increase in strain
occurs without an increase in stress. Yield
point is intended for application only for ma-
terials that may exhibit the unique character-
istic of showing an increase in strain without
an increase in stress. The stress-strain diagram
is characterized by a sharp knee or discon-
tinuity. Determine yield point by one of the
following methods:

-13.1.1 Drop of the Beam or Halt of the
Pointer Method—In this method apply an
increasing load to the specimen at a uniform
rate. When a lever and poise machine is used,
keep the beam in balance by running out the
poise at approximately a steady rate. When
the yield point of the material is reached, the
increase of the load will stop, but run the
poise a trifle beyond the balance position, and
the beam of the machine will drop for a brief
but appreciable interval of time. When a ma-
chine equipped with a load-indicating dial is

‘used there is a halt or hesitation of the load-

indicating pointer corresponding to the drop of
the beam. Note the load at the ““drop of the
beam” or the “halt of the pointer” and record
the corresponding stress as the yield point.

13.1.2 Autographic Diagram Method—
When a sharp-kneed stress-strain diagram is
obtained by an autographic recording device,
take the stress corresponding to the top of the
knee (Fig. 8), or the stress at which the curve
drops as the yield point (Fig. 8). .

13.1.3 Total  Extension Under Load
Method—When testing material, for yield
point and the test specimens may not exhibit
a_ well-defined disproportionate deformation
that characterizes a yield point as measured
by the drop of the beam, halt of the pointer,
or autographic diagram methods described
in 13.1.1 and 13.1.2, a value equivalent to the
yield point in its practical significance may be
determined by the following method and may
be recorded as yield point: Attach a Class C
or better extensometer (Notes 3 and 4) to the
specimen. When the load producing a specified
extension (Note 5) is reached record the stress
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corresponding to the load as the yield point, and
remove the extensometer (Fig. 9).

NoTE 3—Automatic devices are available that de-
termine the load at the specified total extension without
plotting a stress-strain curve. Such devices may be used
if their accuracy has been demonstrated. Multiplying
calipers and other such devices are acceptable for use
provided their accuracy has been demonstrated as
equivalent to a Class C extensometer.

NoTE 4—Reference should be made to Method E 83.

NotEe 5—For steel with a yield point specified not
over 80 000 psi (550 MPa), an appropriate value is
0.005 in./in. of gage length. For values above 80 000
psi, this method is not valid unless the limiting total
extension is increased.

13.2 Yield Strength—Yield strength is
the stress at which a material exhibits a speci-
fied limiting deviation from the proportional-
ity of stress to strain. The deviation is ex-
pressed in terms of strain, percent offset, total
extension under load, etc. Determine yield
strength by one of the following methods:

13.2.1 Offset Method—To determine the
yield strength by the “‘offset method,” it is
necessary to secure data (autographic or nu-
merical) from which a stress-strain diagram
may be drawn. Then on the stress-strain
diagram (Fig. 10) lay off Om equal to the
specified value of the offset, draw mn parallel
to OA, and thus locate r, the intersection of
mn with the stress-strain curve corresponding
to load R which is the yield strength load.

" - In reporting values of yield strength obtained

by this method, the specified value of “off-
set” used should be stated in parentheses
after the term yield strength, thus:

Yield strength (0.2% offset)
= 52 000 psi (360 MPa)

In using this method, a minimum extensom-
eter magnification of 250 to 1 is required.
A Class Bl extensometer meets this require-
ment (see Note 5). See also Note 7 for automatic
devices. _

13.2.2 Extension Under Load Method—
For tests to determine the acceptance or re-
jection of material whose stress-strain charac-
teristics are well known from previous tests
of similar material in which stress-strain dia-
grams were plotted, the total strain corre-
sponding to the stress at which the specified
offset (see Note 7) occurs will be known within
satisfactory limits. The stress on the specimen,
when this total strain is reached, is the value of

the yield strength. The total strain can be ob-
tained satisfactorily by use of a Class Bl exten-
someter (Notes 3 and 4). _

NoOTE 6—Automatic devices are available that de-
termine offset yield strength without plotting a stress-
strain curve. Such devices may be used if their accuracy
has been demonstrated. .

Note 7—The appropriate magnitude of the exten-
sion under load will obviously vary with the strength
range of the particular steel under test. In general, the
value of extension under load applicable to steel at any
strength level may be determined from the sum of the
proportional strain and the plastic strain expected at
the specified yield strength. The following equation is’
used:

Extension under load, in./in. of gage length

= (YS/E) + r
where:
YS = specified yield strength, psi or MPa,
E = modulus of elasticity, psi or MPa, and
r = limiting plastic strain, in./in.

13.3 Tensile Strength—Calculate the ten-
sile strength by dividing the maximum load
the specimen sustains during a tension test by
the original cross-sectional area of the speci-
men.

13.4 Elongation: v

13.4.1 Fit the ends of the fractured speci-
men together carefully and measure the dis-
tance between the gage marks to the nearest
0.01 in. (0.25 mm) for gage lengths of 2 in.
and under, and to the nearest 0.5 percent of
the gage length for gage lengths over 2 in. A
percentage scale reading to 0.5 percent of the -
gage length may be used. The elongation is
the increase in length of the gage length, ex-
pressed as a percentage of the original gage
length. In reporting elongation values, give
both the percentage increase and the original
gage length.

13.4.2 If any part of the fracture takes
place outside of the middle half of the gage
length or in a punched or scribed mark within
the reduced section, the elongation value ob-
tained may not be representative of the ma-
terial. If the elongation so measured meets
the minimum requirements specified, no fur-
ther testing is indicated, but if the elongation
is less than the minimum requirements, dis-
card the test and retest.

13.5 Reduction of Area—Fit the ends of
the fractured specimen together and measure
the mean diameter or the width and thickness
at the smallest cross section to the same accu-
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racy as the original dimensions. The difference
between the area thus found and the area of
the original cross section expressed as a per-
centage of the original area, is the reduction
of area.

BEND TEST
14. Description

14.1 The bend test is one method for evalu-
ating ductility, but it cannot be considered
as a quantitative means of predicting service
performance in bending operations. The se-
verity of the bend test is primarily a function
of the angle of bend and inside diameter to
which the specimen is bent, and of the cross
section of the specimen. These conditions are
varied according to location and orientation of
the test specimen and the chemical composi-
tion, tensile properties, hardness, type, and
quality of the steel specified.

14.2 Unless otherwise specified, it shall be

permissible to age bend test specimens. The
time-temperature cycle employed must be
such that the effects of previous processing
will not be materially changed. It may be ac-
complished by aging at room-temperature 24
to 48 h, or in shorter time at moderately ele-
vated temperatures by boiling in water, heat-
ing in oil, or in an oven. ;
- 14.3 Bend the test specimen at room tem-
perature to an inside diameter, as designated
by~ the  applicable product specifications, to
the extent specified without major cracking
on the outside of the bent portion. The speed
.of bending is ordinarily not an important
factor.

HARDNESS TEST
15. General

15.1 A hardness test is a means of deter-
mining resistance to penetration and is oc-
casionally employed to obtain a quick approx-
imation of tensile strength. Tables 3A, 3B,
3C, and 3D are for the conversion of hardness
measurements from one scale to another or to
approximate tensile stength. These conversion
values have been obtained from computer-
generated curves and are presented to the
nearest 0.1 point to permit accurate re-
production of those curves. Since all con-
verted hardness values must be considered
approximate, however, all converted Rock-
well hardness numbers shall be rounded to

.

the nearest whole number.

16. Brinell Test

16.1 Description:

16.1.1 A spec1ﬁed load is applled to a flat
surface of the specimen to be tested, through
a hard ball of specified diameter. The average
diameter of the indentation is used as a basis
for calculation of the Brinell hardness number.
The quotient of the applied load divided by
the area of the surface of the indentation,
which is assumed to be spherical, is termed
the Brinell hardness number (HB) in accord-
ance with the following equation:

HB = P/[(xD/2XD — /D" — d°)]
where: ‘ :
HB = Brinell hardness number,
P- = applied load, kgf, ‘
D = diameter of the steel ball, mm, and
d = average diameter -of the indentation,

mm.
NoTE 8—The Brinell hardness number is more con-

veniently secured from standard tables which show

numbers corresponding to the various indentation di-
ameters, usually in increments of 0.05 mm.

16.1.2 The standard Brinell test using a 10-
mm ball employs a 3000-kgf load for hard ma-
terials and a 1500 or 500-kgf load for thin sec-
tions or soft materials (see Supplement II on
Steel Tubular Products, Section S 8). Other
loads and different size indentors may be used
when specified. In reporting hardness values,
the diameter of the ball and the load must be
stated except when a 10-mm ball and 3000-kgf
load are used.

16.1.3 A range of hardness can properly be
specified only for quenched and tempered or
normalized and tempered material. For an-
nealed material a maximum figure only should
be specified. For normalized material a mini-
mum or a maximum hardness may be speci-
fied by agreement. In general, no hardness
requirements should be- applied to untreated
material.

16.1.4 Brinell hardness may be required
when tensile properties are not specified.
When agreed upon, hardness tests can be sub-
stituted for tension tests in order to expedite
testing of a large number of duplicate pieces
from the same lot.

16.2 Apparatus—Equipment shall meet the
following requirements:

16.2.1 Testing Maghine—A Brinell hard-
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ness testing machine is acceptable for use over
a loading range within which its load measur-
ing device is accurate within 3 percent.

16.2.2 Micrometer Microscope—The mi-
crometer microscope or equivalent device for
measuring diameter or depth of indentation is
adjusted so that throughout the range covered

the error of reading does not exceed 0.02 mm.
16.2.3 Standard Ball—The standard ball

for Brinell hardness testing is 10 mm (0.3937
in.) in diameter with a deviation from this
value of not-more than 0.01 mm (0.0004 in.)
in any diameter. A ball suitable for use must
not show a permanent change in diameter
greater -than 0.01 mm (0.0004 in.) when
pressed with a force of 3000 kgf against the
test specimen._

16.3 Test Speczmen——Brmell hardness tests
are made on prepared areas and sufficient
metal must be removed from the surface to
eliminate decarburized metal and other sur-
face irregularities. The thickness of the piece
tested must be such that no bulge or other
marking showing the effect of the load ap-
pears on the side of the piece opposxte the in-
‘dentation.

- 16.4 Procedure

16.4.1 1t is essential that -the appllcable
product. specifications state clearly the posi-
‘tion at which Brinell hardness indentations
are to be made and the number of such in-

" dentations required. The distance of the cen-

‘ter -of the indentation from the edge of the
specimen or edge of another indentation must
be at least three times the diameter of the in-
dentation.

16.4.2 Apply the-load for a minimum of
10s. -

~16.4.3 Measure two diameters of the inden-
‘tation at right angles to the nearest 0.1 mm,
estimate to the nearest 0.05 mm, and average
to the nearest 0.05 mm. If the two diameters
differ by more than 0.1 mm, discard the read-
ings and make a new indentation.

16.4.4 Do not use a steel ball on steels hav-
ing a hardness over 444 HB nor a carbide ball
over 627 HB. The Brinell test is not recom-
mended for materials having a HB over 627.

16.5 Detailed Procedure-—For detailed re-
quirements of this test, reference shall be
made to the latest revision of Method E 10.

—

17. Portable Hardness Test

17.1 Portable Testers—Under certain cir-
cumstances, it-may be desirable to substitute
a portable Brinell testing instrument, which
is calibrated to give equivalent results to those
of a standard Brinell machine on a comparison
test bar of approximately the same hardness
as the material to be tested. .

17.2 Detailed Procedure—For detailed re-
quirements of the portable test, reference
shall be made to the latest revision of Method

.E 110.

18. Rockwell Test

- 18.1 Description: .

18.1.1 In this test a hardness value is ob-
tained by using a direct-reading testing ma-
chine which measures hardness by determin-
ing the depth of penetration of a diamond

.point or.a steel ball into the specimen under

certain- arbitrarily fixed conditions. A minor
load of 10 kgf is first applied which causes amr
initial penetration, sets the penetrator on the
material and holds it in position. A major load
which depends on the scale being used is ap-
plied increasing the depth of indentation. The
major load is removed and, with the minor
load still acting, the ‘Rockwell number, which
is proportional to the difference in penetra-
tion between the major and minor loads, is
read directly on the dial gage. This is an arbi-
trary number which increases with increasing
hardness. The scales most frequently used are
as follows:

Scale Major Minor
Symbol Penetrator Load, Load,
kef kgf
B Yis-in. steel ball 100 10
C Diamond brale 150 10

18.1.2 Rockwell superficial hardness ma-
chines are used for the testing of very thin
steel or thin surface layers. Loads of 15, 30,
or 45 kgf are applied on a hardened steel ball
or diamond penetrator, to cover the same
range of hardness values. as for the heavier
loads. The superficial hardness scales are as
follows:
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Scale Major Minor
~ Symbol . Penetrator Load, Load,
: kef kgf
15T Yie-in. steel ball 15 3
30T Yé-1n. steel ball 30 3
45T Y-in. steel ball 45 3
I5SN Diamond brale 15 .3
30N Diamond brale 30 3
45N Diamond brale- 45 3

18.2 Reporting Hardness—In reporting

hardness values, the hardness number should

always precede the scale symbol, 96 HRB, 40 -

HRC, 75 HR15N, or 77 HR30T.

18.3 Test Blocks—Machines should be
checked to make certain they are in good or-
der by means of standardlzed Rockwell test
blocks.

- 18.4 Detailed Procedure—For detalled re-
quirements of this test, reference shall be
made to the latest revision of Methods E 18.

CHARPY IMPACT TESTING

18. Description

19.1 A Charpy impact test is a dynamic
test in which a selected specimen, machined
or surface ground and notched, is struck and
broken by a single blow in a specially designed

testing machine and the energy absorbed in

breaking the specimen is measured. The en-
ergy values determined are qualitative com-

parisons on a selected specimen and although -

frequently specified as an acceptance criterion,
they cannot be converted into energy figures
that would serve for engineering calculations.
‘Percentage shear fracture and mils of lateral
expansion opposite the notch are other fre-
quently used criteria of acceptance for Charpy
V-notch impact test specimens.

19.2 Testing. temperatures other than am-
bient temperature are often specified in the
individual product specifications. Although
the testing temperature is sometimes gov-
erned by the service temperature, the two
may not be identical.

19.3 Further information on the signifi-
cance of impact testing appears in Supple-
ment V.

20. Test Specimens

20.1 Selection and Number of Tests: ‘
20.1.1. Unless otherwise specified, longitu-

dinal test specimens shall. be used with the
notch perpendicular to the surface of the ob-
ject being tested.

20.1.2 An impact test shall consist of three
specimens taken from a smgle test coupon or
test location.

20.2 Size and Type:

20.2.1 The type of . specimen = desired,
Charpy V-notch Type A or Charpy keyhole
notch Type B, shown in Fig. 11, should be
specified.

20.2.2 For material less than "/, in. (11
mm) thick, subsize test specimens shall be
used. They shall be made to the following di-
mensions and to the tolerances shown in
Fig. 11:

The base of the notch shall be perpendxcular
to the 10-mm-wide face. :

:20.2.3 When subsize specimens are re-
quired, the specified energy level or test tem-
perature, or both, shall be reduced as agreed
upon by purchaser and supplier.

'NoTE 9—The Charpy U-notch spécimen may be
substituted for the keyhold specimen. A sketch of the
U-notch specimen may be found as F1g 4 (Specimen
Type C) in Methods E 23.

20.3 Notch Preparation:

20.3.1 Particular attention must be paid to
the machining of V-notches as it has been
demonstrated that extremely minor variations
in notch radius may result in very erratic test
data. Tool marks at the bottom of the notch
must be carefylly avoided.

20.3.2 Keyhole notches shall be made by
drilling the round hole and then cutting the
slot by any feasible means. The drilling must
be done carefully with a slow feed. Care must
also be exercised in cutting the slot to see that
the surface of the drilled hole is not damaged.

21. Testing Apparatus and Conditions

21.1 -General Characteristics:

21.1.1 A Charpy impact machine is one in
which a notched specimen is broken by a
single blow of a freely swinging pendulum.
The pendulum is released from a fixed height,
so that the energy of the blow is fixed and
known. The height to which the pendulum
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rises in its swing after breaking the specimen
is measured and used to determine the resid-
ual energy of the pendulum. The specimen is
supported horizontally as a simple beam with
the axis of the notch vertical. It is struck in
the middle of the face opposite the notch.

21.1.2 Charpy machines used for testing
steel generally strike the specimen with an
energy of from 220 to 265 ft-1bf (298 to 359
J) and a linear velocity at the point of impact
of 16 to 19 ft (4.88 to 5.80 m)/s. Sometlmes
machines of lighter capacity are used.

21.2 Calibration (Accuracy and Sensitivitv):

21.2.1 Charpy impact machines shall be
calibrated and adjusted in accordance with
the requirements of the latest revision of
Methods E 23. :

21.2.2 The indicator should have an error
not greater than 1 ft-1bf (1.4 J) as calibrated
by the prescribed procedure.

21.2.3 The dimensions of the pendulum
should be such that the center of percussion
is at the point of impact with an error not
greater than 1 percent of the distance from
the axis of rotation to the point of impact.

21.2.4 The dimensions of-the specimen sup-
ports and striking edge shall conform to Fig.

12,
21.3 Temperature

21.3.1 The effect of variations in tempera-
cure on Charpy test results is sometimes very

~_great and this-variable shall be closely con-

trolled. The actual temperature at which each
specimen .is broken shall be reported.

21.3.2 Tests are often specified to be run
at low temperatures. These low temperatures
can be obtained readily in the laboratory by
the use of chilled liquids such as: water, ice
plus water, dry ice plus organic solvents, liquid
nitrogen, or chilled gases. Specimens to be
tested at low temperatures shall be held at the
specified temperature for at least S min in
liquid coolants and 60 min in gaseous environ-

ments.
21.3.3 -For elevated-temperature tests, the

specimens shall preferably be immersed in an
agitated oil, or other suitable liquid bath and
held at temperature for at least 10 min; if
samples are heated in an oven they must be

held in the oven for at least 60 min.
21.3.4 When tested at temperatures other

than ambient, specimens shall be inserted in
the machine and broken within 5 s so as to

imn
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minimize the change of temperature prior to
breaking.

21.3.5 Tongs for handling the test speci- .
mens, and. centering devices used to ensure
proper location of the test on the anvil of the
impact tester, shall be at the same relative
temperature as the test specimen prior to each
test so as not to affect the temperature of the
test specimen at the notch.

22. Teét Results

22.1 The result of an impact test shall b¢
the average (arithmetic mean) of the results of
the three specimens.

22.2 When the acceptance criteria are based
on absorbed energy, not more than one speci-
men may.exhibit a value below the specified
minimum average, and in no case shall an
individual value be below either two thirds of
the specified minimum average or 5 ft-Ibf
(6.8 J), whichever is greater, subject to the
retest provisions of 22.2.1.

22.2.1 If more than one specimen is below
the specified minimum average, or if one value
is below two thirds of the specified minimum
average, a retest of three additional speci-
mens shall be made, each of which shall have a
value equal -to or exceeding the specxfled
minimum average value.

-22.3 When the acceptance criteria are based
on lateral -expansion, the value for each of
the specimens must equal or exceed the
specified minimum value subject to the retest
provision of 22.3.1.

22.3.1 If the value on one specimen falls
below the specified minimum value, and not
below two thirds of the specified minimum
value, and if the average of the three specimens
equals or exceeds the specified minimum value,
-a retest of three additional specimens.shall be
made. The value for each of the three retest
specimens must equal or exceed the spec1fled
minimum value.

23. Acceptance Criteria

23.1 Impact Strength—In some applica-
tions, impact tests are specified to determine
the behavior of the metal when subjected to a
single application of a load that produces mul-
tiaxial stresses associated with a notch with
high rates of loading, in some cases at high or
low temperature. Data are reported in terms
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of foot-pounds of absorbed energy at the test
temperature.

23.2 Ductile-to-Brittle Transition Tempera-
ture—Body-centered-cubic or ferritic alloys
exhibit a significant change in behavior when
impact tested over a range of temperatures.
At elevated temperatures, impact specimens
fracture by a shear mechanism absorbing large
~amounts of energy; at low temperatures they
fracture brittlely by a cleavage mechanism ab-
sorbing little energy. The transition from one
type of behavior to the other has been de-
fined in various ways for specification pur-
poses: (/) the temperature corresponding to a
specific energy level; (2) the temperature at
which Charpy V-notch specimens exhibit
some specific value of cleavage (shiny, fac-
etted appearance, often termed brittle or
crystalline) and shear (often termed ductile or
fibrous) fractures. This temperature is com-
monly called the fracture appearance transi-
tion temperature or FATT. where “n’ is the
percentage of shear fracture. FATTso is most
frequently specified; (3) the temperature at

which the lateral expansion (increase in speci-

men width on the compression side, opposite
the notch, of the fractured Charpy V-notch
specimen, Fig. 13) is some specified amount
-measured in thousandths of an inch (mils).
23.2.1 Energy Level—Energy level as de-
termined on the Charpy V-notch impact test
has been shown to have fairly good correlation
with service failures and also with the nil-duc-
tility transition temperature determined by
the drop-weight test (Method - E 208). Spe-
cific requirements should be based on material
capability and either service experience or
correlations with the drop weight test or other
valid tests for fracture toughness: The test
temperature must be specified.
23.2.2 Fracture  Appearance
Temperature, FATT,: »
23.2.2.1 Determination of Percent Shear
Fracture—The percentage of shear fracture
may be determined by any of the following
methods: (/) Measure the length and width of
the cleavage portion of the fracture surface, as
shown in Fig. 14, and determine the percent
shear from either Table 4 or Table 5 depend-
ing on the units of measurement; (2) compare
the appearance of the fracture of the specimen
with a fracture appearance chart such as that
shown in Fig. 15; (3) magnify the fracture sur-

Transition

11

face and compare it to a precalibrated overlay
chart or measure the percent shear fracture
‘by means of a planimeter; or (4) photograph
the fracture surface at a suitable magnification
and measure the percent shear fracture by
means of a planimeter.

23.2.2.2 Determination of Transition Tem-
perature—For determining the transition tem-
perature, break at.least four specimens that
have been taken from .comparable locations.
Break each specimen at a different tempera-
ture, but in a range of temperature that will
produce fractures within the range of =425
percent of the specified value, n, of shear.
Plot the percent shear fracture against the
test temperature and determine the transition
by graphic interpolation (extrapolation is not
permitted). ’

23.2.3 Mils of Lateral Expansion:

23.2.3.1 Determination of Lateral Expan-
sion—The method for measuring lateral ex-
pansion must take into account the fact that
the fracture path seldom bisects the point of
maximum expansion on both sides of a speci-
men. One half of a broken specimen may in-
clude the maximum expansion for both sides,
one side only, or neither. The technique used
must therefore provide an expansion value
equal to the sum of the higher of the two val-
ues obtained for each side by measuring the
two halves separately. The amount of expan-
sion on each side ‘of each half must be meas-
ured relative to the plane defined by the un-
deformed portion of the side of the specimen.
Expansion may be measured by using a4 gage
similar to that shown in Figs. 16 and 17.
Measure the two broken halves individually.
First, though, check the sides perpendicular
to the notch to ensure that no burrs were
formed on these sides during impact testing;
if such burrs exist, they must be removed, for
‘example, by rubbing on emery cloth, making
sure that the protrusions being measured are
not rubbed during the removal of the burr.
Next, place the halves together so that the
compression sides are facing one another. Take
one half and press it firmly against the refer-
eence supports, with the protrusion against the
gage anvil. Note the reading, then repeat this
step with the other broken half, ensuring that
the same side of the specimen is measured.
The larger of the two values is the expansion
of that side of the specimen. Next, repeat this
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procedure to measure the protrusions on' the
opposite side, then add the ‘larger values
obtained for each side. Measure each spem-
men.

Note 10—Examine each fracture surface to ascer-
tain that the protrusions have not been damaged by
contacting the anvil, machine mountmg surface, etc.
Such samples should be discarded since thls may cause
erroneous readings.

23.2.3.2 -Determination of Transition Tem-
perature—For determining the transition tem-

perature, break a sufficient number of speci-

mens over a range of temperatures such that
the temperature producing the specified lat
eral expansion may be determined by graphic
interpolation (extrapolation is not permitted)

23.3 Report—Test reports shall include the
test - temperature and energy value (foot-
pounds) for each test specimen broken. Wher
specified -in- the product specification the per-
cent shear fracture or mils of lateral expan-
sion, or both, shall also be reported for each

“test specimen broken. -

SUPPLEMENTS -

I. STEEL BAR PRODUCTS

Si. Scope

S1.1 This supplement delmeates only those
details which are peculiar to hot-rolled. and
cold-finished steel bars and are not covered in
the general section of these methods.

S2. Orientation of Test Specimens

S2.1. Carbon steel bars and bar-size shapes,
due to their relatively small cross-sectional
dimensions, are customarily tested in the lon-
gitudinal direction. o

- 82.2 Alloy steel bars and bar-size shapes
are usually tested in the longitudinal direction.
In special cases where size permits and the
fabrication or service of a part justifies testing
in a transverse direction, the selection and lo-

~ . cation of test or tests are a matter of agree-

ment between the manufacturer and the pur-
chaser.

S3. Tension Test
S3.1 Carbon Steel Bars——Carbon steel bars

are not commonly specified to tensile require-
ments in the as-rolled condition for sizes of

_rounds, squares, hexagons, and octagons un-

der '/, in. (13 mm) in diameter or distance
between parallel faces nor for other bar-size
sections, other than flats, less than 1 in.? (645,
mm®) in cross-sectional area.

S3.2 Alloy Steel Bars— Alloy steel bars are -
usually not tested in the as-rolled condition.

S3.3 When tension tests are specified, the
recommended practice for selecting test speci-
mens for hot-rolled and cold-finished steel bars

‘of various sizes shall be in accordance with

Table 7, unless otherwise specified.

S4. Bend Test

S4:1 When bend tests are spccxﬁcd the rec-
ommended practice for hot-rolled and cold-
finished stecl bars shall be in accordance w1th
Table 6.

II. STEEL TUBULAR PRODUCTS

_specimens to permit the testing machine

S5, Scope

S5.1 This supplement covers definitions
and methods of testing peculiar to.  tubular
products which are not covered in the general
section of these methods.

S6. Tension Test

S6.1 Longitudinal Test Specimens:
- S86.1.1 It is standard practice to use ten-
sion test specimens of full-size tubular sections
within the limit of the testing equipment (Fig.

" 20 (d)). Snug-fitting metal plugs should be in-

serted far enough in the end of such tubular

individual product
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jaws to grip the specimens properly without
crushing. A design that may be used for such
plugs is shown in Fig. 18. The plugs shall not
extend into that part of the specimen on which
the elongation is measured (Fig. 18). Care
should be exercised to see that insofar as
practicable, the load in such cases is applied

axially. The length of the full-section speci-

men depends on the gage length prescribed
for measuring the elongation.

S6.1.2 Unless otherwise required by the
specification, the gage
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length for furnace-welded pipe is normally 8
‘in. (200 mm), except that for nominal sizes
% in. and smaller, the gage length shall be
as follows:

Nominal Size, .in. Gage Length, in. (mm)

Y, and Y, 6 (150)
o and Vi 4 (100)
‘ Vs 2 (50)
S6.1.3 For seamless and electric-welded

pipe and tubes the gage length is 2 in. How-
ever, for tubing having an outside diameter of
%5 in. (10 mm) or less, it is customary to use
a gage length equal to four times the outside
diameter when elongation values comparable
to larger specimens are required.

S6.1.4 To determine the cross-sectional
area of the full-section specimen, measure-
ments shall be recorded as the average or
mean between the greatest and least measure-
ments of the outside diameter and the aver-
age or mean wall thickness, to the nearest
0.001 in.-(0.025 mm) and the cross-sectional
area is determined by the following equation:

: A = 3.1416(D — 1)
where:
A = sectional area, in.”
D = outside diameter, in., and
t. = thickness of tube wall, in.‘

Note 11—There exist other methods of cross-sec-
tional area determination, such as by weighing of the
specimens, which are equally accurate or appropriate
for the purpose.

S6.2. Longitudinal Strip Test Specimens:

-S6.2.1 For larger sizes of tubular products
which cannot be tested in full-section, longi-
tudinal test specimens are obtained from strips
cut from the tube or pipe as indicated in Fig.
19. For furnace-welded tubes or pipe the 8-in.
gage length specimen as shown in Fig. 20 (b),
or with both edges parallel as in Fig. 20 (a) is
standard, the specimen being located at ap-
proximately 90 deg from the weld. For seam-
less and electric-welded tubes or pipe, the 2-
in. gage length specimen as shown in Fig. 20
(c) is standard, the specimen being located
approximately 90 deg from the weld in the
case of electric-welded tubes. The specimen
shown.in-Fig. 20 (@) may be used as an alter-
nate for seamless and electric-welded tubes
or pipe. Specimens of the type shown in Fig.
20 (a), (b),.(c), may be tested with grips hav-
ing a surface contour .corresponding to the
curvature of the tubes. When grips with curved

faces are not available, the ends of the speci-
mens may be -flattened without heating.
Standard tension test specimens, as shown in
specimeri No. 4 of Fig. 21, are nominally
1"/, in. (38 mm) wide in the gage length sec-
tion. When sub-size specimens are.necessary
due to the dimensions and character of the
material to be tested, specimens 1, 2, or 3
shown in Fig. 21 where applicable, are con-
sidered standard. For tubes % in. (19 mm)
and over in wall thickness, the test specimen
shown in Fig. 5 (Note 12) may be used.

Note 12—Standard round tension test specimen
with 2-in. gage length.

S6.2.2 The width should be measured at
each end of the gage length to determine par-'

‘allelism and also at the center. The thickness

should be measured at the center and used
with the center measurement of the width to
determine the cross-sectional area. The cen-
ter width dimension should be recorded to the
nearest 0.005 in. (0.127 mm), and the thick-
ness measurement to the nearest 0.001 in.
When the specimen shown in Fig. 5 (Note 12) is
used, the diameter is measured at the center of
the specimen to the nearest 0.001 in. (0.025 mm).

S6.3 Transverse Test Specimens.

S6.3.1 In general, transverse tension tests
are not recommended for tubular products,
in sizes smaller than 8 in. in nominal diameter.
When required, transverse tension test speci-
mens may be taken from rings cut from ends
of tubes or pipe as shown in Fig. 22. Flatten-
ing of the specimen may be done either after
separating it from the tube as in Fig. 22 (a),
or before separating it as in Fig. 22 (), and
may be-done hot or cold; but if the flattening
is done cold, the specimen may subsequently
be normalized. Specimens. from tubes or pipe
for which heat treatment is specified, after be-
ing flattened either hot or cold, shall be given
the same treatment as the tubes or pipe. For
tubes or pipe having a wall thickness of less
than % in. (19 mm), the transverse test speci-
men shall be of the form and dimensions shown
in Fig. 23 and either or both surfaces may be
machined to secure uniform thickness.. For
tubes having a sufficiently heavy wall thick-
ness the test specimen shown in Fig. 5 (Note
12) may be used. The elongation requirements
for the 2-in. gage length in the product specifi-
cation shall apply to the gage length as specified

13-
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in Fig. 5. Specimens for transverse tension tests
on welded steel tubes or pipe to determine
strength of welds, shall be located perpendicular
to the welded seams with the weld at about the
middle of their length.

S6.3.2 The width should be measured at
each end of the gage length to determine par-
allelism and also at the center. The thickness
should be measured at the center and used
with the center measurement of the width to
determine the cross-sectional area. The center
width dimension should be recorded to the
nearest 0.005 in. (0.127 mm), and the thickness
measurement to the nearest 0.001 in. (0.025
mm). When the specimen shown in Fig. 5
(Note 12) is used, the diameter is measured at
the center of the specimen to the nearest 0.001
in.

S7. Determination of Transverse Yield
Strength, Hydraulic Ring-Expansion
Method

-S7.1 Until recently, the transverse yield
strength, when required on tubular products,
has been determined, as described in the gen-
eral section of these methods, from standard

tension test coupons cut transversely from the

tubular sections. Due to the curvature on such
coupons it is necessary to cold straighten them.
It has long been recognized that the cold work
introduced by straightening changes the me-
chanical. properties so that the yield strength
‘obtained is not truly representative of the
yield strength in the original tubular section.
The transverse yield strength is highly impor-
tant on some classes of tubular products, such
as line pipe, and a method for determining
the true yield strength has been desirable for
some time. ‘

S7.2 A testing machine and method for de-
termining the transverse yield strength from
an annular ring specimen, have been devel-
oped and described in S7.3 through S7.5.

S7.3 A diagrammatic vertical cross-sec-
tional sketch of the testing machine is shown
in Fig. 24.

S7.4 In determining the transverse yield
strength on this machine, a short ring (com-
monly 3 in. (76 mm) in length) test specimen
1s used. After the large circular nut is removed
from the ‘machine, the wall thickness of the
ring specimen is determined and the specimen
is telescoped over the oil resistant rubber gas-
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ket. The nut is then replaced, but is not turned
down tight against the specimen. A slight
clearance is left between the nut and speci-
men for the purpose of permitting free radial
movement of the specimen as it is being tested.
Oil under pressure is then admitted to the:in-
terior of the rubber gasket through the pres-
sure line under the control of a suitable valve.
An accurately calibrated pressure gage serves
to measure oil pressure. Any air in the system
is removed. through the bleeder line. As the
oil pressure is increased, the rubber gasket
expands which in turn stresses the specimen
circumferentially. As the pressure builds up,
the lips of the rubber gasket act as a seal to
prevent oil leakage. With continued increase
in pressure, the ring specimen is subjected to
a tension stress: and elongates accordingly.
The entire outside circumference of the ring
specimen is considered as the gage length and
the strain is measured with a suitable exten-
someter which will be described later. When
the desired total strain or extension under
load is reached on the extensometer, the oil
pressure in pounds per square inch is read and
by employing Barlow’s formula, the unit yield
strength is calculated. The yield strength, thus
determined, is a true result since the test
specimen has. not been cold worked by flat-
tening and closely approximates the same con-
dition as the tubular section from which it is
cut. Further, the test closely simulates service
conditions in pipe lines. One testing machine
unit may be used for several different sizes of
pipe by the use of suitable rubber gaskets and
adapters. '

NotEe 13—Barlow’s formula may be stated two
ways:

(/) P =28t/D

(2) S = PDJ2u

where: . .
P = internal hydrostatic pressure, psi,

S ‘= unit circumferential stress in the wall of the
tube produced by the internal hydrostatic
pressure, psi,

t = thickness of the tube wall, in., and

D = outside diameter of the tube, in.

S7.5 A roller chain type extensometer which
has been found satisfactory for measuring the
elongation of the ring specimen is shown in -
Figs. 25 and 26. Figure 25 shows the exten-
someter in position, but unclamped, on a ring
specimen. A small pin, through which the
strain is “transmitted to and measured by
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the dial gage, extends through the hollow
threaded stud. When the extensometer is
clamped, as shown in Fig. 26, the desired ten-
sion which is necessary to hold the instrument
in place and to remove any. slack, is exerted
on the roller chain by the spring. Tension on
the spring may be regulated as desired by the
knurled thumb ‘screw. By removing or adding
rollers, the roller chain may be adapted for

“different sizes of tubular sections. .

S8. Hardness Tests

S8.1 Hardness tests are made either on the
outside or the inside surfaces on the end of the
tube as appropriate. :

S8.2 The standard 3000-kgf Brinell load
may cause too much deformation in a thin-
walled tubular specimen. In this case the 500-
kgf load shall be applied, .or inside stiffening by
means of an internal anvil should be used.
Brinell testing shall not be applicable to tubu-
lar products less than 2 in. (51 mm) in outside
diameter, or less than 0.200 in. (5.1 mm) in
wall thickness.

S8.3 The Rockwell hardness tests are nor-
mally made on the inside surface, a flat on the
outside surface, or on the wall cross-section
depending upon the product limitation. Rock-
well hardness tests are not performed on tubes
smaller than %6 in. (7.9 mm) in outside di-
ameter, nor are they performed on the inside
surface of tubes with less than Y/, in. (6.4 mm)
inside diameter. Rockwell hardness tests are
not performed on annealed tubes with walls

-less than 0.065 in. (1.65 mm) thick or cold
worked or heat treated tubes with walls less
~than 0.049 in. (1.24 mm) thick. For -tubes
with wall thicknesses less than those permit-
ting the regular Rockwell hardness test, the
Superficial Rockwell test is sometimes - sub-
stituted. Transverse Rockwell hardness read-
ings can be made on tubes with a wall thickness
of 0.187 in. (4.75 mm) or greater. The curva-
ture and the wall thickness of the specimen
impose limitations on the Rockwell hardness
test. When a comparison is made between
Rockwell determinations made on the outside
surface and determinations made on the inside
surface, adjustment of the readings will be re-
quired to compensate for the effect of curva-
ture. The Rockwell B scale is used on all mate-
rials having an expected hardness range of B
0 to B 100. The Rockwell C scale is used on
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material having an expected hardness range of
C20to C68. ,

S8.4 Superficial Rockwell ‘hardness tests
are normally performed on the outside surface
whenever possible and whenever excessive
spring back is not encountered. Otherwise,
the tests may be performed on the inside. Su-
perficial Rockwell hardness tests shall not be
performed on tubes with an inside diameter
of less than Y in. (6.4 mm). The wall thickness
limitations for the Superficial Rockwell hard-
ness test are given in Tables 8 and 9.

S8.5 When the outside diameter, inside di-
ameter, or wall thickness precludes the ob-
taining of accurate hardness values, tubular
products shall be specified to tensile proper-
ties and so tested.

S9. Manipulating Tests

S9.1 The following tests are made to prove
ductility. of certain tubular products:

S9.1.1 Flattening Test—The flattening test
as commonly made on specimens cut from
tubular products is conducted by subjecting
rings from the tube or pipe to a prescribed de-
gree of flattening between parallel plates (Fig.
22). The severity of the flattening test is meas-
ured by the distance between the parallel
plates and is varied according to the dimen-
sions of the tube or pipe. The flattening test
specimen should not be less than 2"/, in. (63.5
mm) in length and should be flattened cold to
the extent required by the applicable mate-
rial specifications.

S9.1.2 Reverse Flattening Test—The re-
verse flattening test is designed primarily for
application to electric-welded tubing for the
detection of lack of penetration or overlaps
resulting from flash removal in the weld. The
specimen consists of a length of tubing approx-
imately 4 in. (102 mm) long which is split lon-
gitudinally 90 deg on each side of the weld.
The sample is then opened and flattened with
the weld at the point of maximum bend (Fig.
27). ‘ ‘

S9.1.3 Crush Test—The crush test, some-
times referred to as an upsetting test, is usu-
ally made on boiler and other pressure tubes,
for evaluating ductility. (Fig. 28). The speci-
men is a ring cut from the tube, usually about
2% in. (63.5 mm) long. It is placed on end and
crushed endwise by hammer or press to the
distance prescribed by the applicable material
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specifications.
S9.1.4 Flange Test—The flange test is in-
tended to determine the ductility of boiler
tubes and their ability to withstand the opera-
tion of bending into a tube sheet. The test is
made on a ring cut from a tube, usually not
- less than 4 in. (100 mm) long and consists of
having a flange turned over at right angles to
the body of the tube to the width required by
the applicable material specifications.. The
flaring tool and die block shown in Fig. 29 are
recommended for use in making this test.
S9.1.5 Flaring Test—For certain types of
pressure tubes, an alternate to the flange test
is made. This test consists of driving a tapered
mandrel having a slope of | in 10 as shown
in Fig. 30 (a) or a 60 deg included angle as
shown in Fig. 30 (b) into a section cut from
the tube, approximately 4 in. (100 mm) in
length, and thus expanding the specimen until
the inside diameter has been increased to the
extent required by the applicable material
specifications.
S9.1.6 Bend Test—For pipe used for coiling
in sizes 2 in. and under a bend test is made to
- determine its ductility and the soundness of
weld. In this test a sufficient length of full-size
pipe is bent cold through 90 deg around a cy-
lindrical mandrel having a diameter 12 times

III. STEEL

S10. Scope _

S10.1 This supplement covers definitions
.and methods of testing peculiar to steel fas-
teners which are not covered in the general
section of Methods A 370. Standard tests re-
quired by the individual product specifications
are to be performed as outlined in the general
section of these methods.

'S10.2 These tests are set up to facilitate
production control testing and acceptance test-
ing with certain more precise tests to be used
for arbitration in case of disagreement over
test results.

S11. Tension Tests -

S11.1 It is preferred that bolts be tested
“full size, and it is customary, when so testing
bolts to specify a minimum ultimate load in
pounds, rather than a minimum ultimate
strength in pounds per square inch. Three
times the bolt nominal diameter has been

A 370

the nominal diameter of the pipe. For close
coiling, the pipe is bent cold through 180 deg
around a mandrel having a diameter 8 tlmes
the nominal diameter of the pipe.

S9.1.7 Transverse Guided Bend Test of
Welds—This bend test is used to determine
the ductility of fusion welds. The specimens
used are approximately 1/, in. (38 mm) wide,
at least 6 in. (152 mm) in length with the weld
at the center, and are machined in accordance
with Fig. 31(a) for face and root bend tests and
in accordance with Fig. 31(b) for side bend
tests. The dimensions of the plunger shall be
as shown in Fig. 32 and the other dimensions
of the bending jig shall be substantially as -
given in this same figure. A test shall consist
of a face bend specimen and a root bend speci-
men or two side bend specimens. A face bend
test requires bending with the inside surface of -
the pipe against the plunger; a root bend test
requires bending with the outside surface of
the pipe against the plunger; and a side bend
test requires bending so that one of the side
surfaces becomes the convex surface of the
bend specimen.

S9.1.7.1 Failure of the bend test depends
upon the appearance -of cracks in the area of
the bend, of the nature and extent described
in the product specifications.

FASTENERS

established as the minimum bolt length subject
to the tests described in the remainder of this
section. Sections S11.1.1 through S11.1.3 apply
when - testing bolts full size. Section S11.1.4
shall apply where the- individual product
specifications permit the use of machined
specimens.

S11.1.1" Proof Load—Due to particular uses
of certain classes of bolts it is desirable to be
able to stress them, while in use, to a specified
value without obtaining any permanent set.
To be certain of obtaining this quality the
proof load is specified. The proof load test con-

-~ sists of stressing the bolt with a specified load
which the bolt must withstand without per-
manent set. An alternate test which deter-
mines yield strength of a full size bolt is also
allowed. Either of the following Methods, 1
or 2, may be used but Method 1 shall be the
arbitration method in case of any dlspute as to
acceptance of the bolts.

1A
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S11.1.2 Proof Load Testing Long Bolts—
When full size tests are required, proof load
Method 1 is to be limited in application to
bolts whose length does not exceed 8 in. (203
mm) or 8 times the nominal diameter, which-
ever is greater. For bolts longer than 8 in. or
8 times the nominal diameter, whichever is
greater, proof load Method 2 shall be used.

S11.1.2.1 Method 1, - Length Measure-
ment—The overall length of a straight bolt
shall be measured at its true center line with
an instrument capable of measuring changes
in length of 0.0001 in. (0.0025 mm) with an ac-
curacy of 0.0001 in. in any 0.001-in. (0.025-
mm) range. The preferred method of measur-
ing the length shall be between conical centers
machined - on the center line of the bolt, with
mating centers on the measuring anvils. The
head or body of the bolt shall be marked so
that it can be placed in the same position for
all measurements. The bolt shall be assembled
in the testing equipment as outlined in S11.1.4,
and the proof load specified in the product
specification shall be applied. Upon release of
this load the length of the bolt shall be again
‘measured and shall show no permanent elon-
gation. A tolerance of £0.0005 in. (0.0127 mm)
shall be allowed between the measurement
made before loading and that-made after load-
ing. Variables, such as straightness and thread
alignment (plus measurement error), may result
in apparent elongation of the fasteners when

_the proof load is initially applied. In such cases,
. the fastener may be retested using a 3 percent
greater load, and may be considered satis-
factory if the length after this loading is the
same as before this loading (within the 0.0005-
in. tolerance for measurement error).

S11.1.3 Proof Load-Time of Loading—The
proof load is to be maintained for a period of
10 s before release of load, when using Method
1. :

S11.1.3.1 Method 2, Yield Strength—The
bolt shall be assembled in the testing equip-
ment as outlined in S11.1.4. As the load is ap-
plied, the total elongation of the bolt or any
part of the bolt which includes the exposed
six threads shall be measured and recorded to
produce a load-strain or a stress-strain dia-
gram. The load or stress at an offset equal to
0.2 percent of the length of bolt occupied by
6 full threads shall be determined by the
method described in 13.2.1 of these methods,

A 370. This load or stress shall not be less than
that prescribed in the product specification.

S11.1.4 Axial Tension Testing of Full Size
Bolts—Bolts are to be tested in a holder with
the load axially applied between the head and
a nut or suitable fixture (Fig. 33), either of
which shall have sufficient thread engagement
to develop the full strength of the bolt. The nut
or fixture shall be assembled on the bolt leaving
six complete bolt threads unengaged between
the grips, except for heavy hexagon structural
bolts which shall have four complete threads
unengaged between the grips. To meet the re-
quirements of this test there shall be a tensile
failure in the body or threaded section with
no failure at the junction of the body and
head. If it is necessary to record or report the
tensile strength of bolts as psi values the stress
area shall be calculated from the mean of the
mean root and pitch diameters of Class 3 ex-
ternal threads as follows:

A, = 0.7854 (D — (0.9743)/n)*.
where:

A
D
n

stress area, in.?,
nominal diameter, in., and
number of threads per inch.

S11.1.5 Tension Testing of Full-Size Bolts
with a Wedge—The purpose of this test is to
obtain the tensile strength and demonstrate
the ““head quality” and ductility of a bolt with
a standard head by subjecting it to eccentric
loading. The ultimate load on the bolt shall be
determined as described in S11.1.4, except
that a 10-deg wedge shall be placed under the
same bolt previously tested for the proof load
(see S11.1.1). The bolt head shall be so placed
that no corner of the hexagon or square takes
a bearing load, that is, a flat of the head shall
be aligned with the direction of uniform thick-
ness of the wedge (Fig. 34). The wedge shall
have an included angle of-10 deg between its
faces and shall have a thickness of one-half of
the nominal bolt diameter at the short side of

nn

_the hole. The hole in the wedge shall have the

following clearance over the nominal size of
the bolt, and its edges, top and bottom, shall
be rounded to the following radius:

Clearance Radius on
in Hole, Corners of
Nominal Bolt Size, in. in. (mm) Hole, in. (mm)

'/4t0 /2 0.030 (0.76) 0.030 (0.76)
/16 10 /4 0.050 (1.3) 0.060 (1.5)
/g to 1 0.063 (1.5) 0.060 (1.5)
/s to 14 0.063 (1.5) 0.125 (3.2)
15 to 13 0.094 (2.4) 0.125 (3.2)
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S11.1.6 Wedge Testing of HT Bolts
Threaded to Head—For heat-treated bolts
over 100 000 psi (696 MPa) minimum ten-
sile- strength and that are threaded 1 diam-
eter and closer to the underside of the head,
the wedge angle shall be 6 deg for sizes
through 34 in. (6.35 to 19.0 mm) and 4 deg
for sizes over % in.

- S11.1:7. Tension Testmg of Bolts Machined
to Round Test Specimens:

- S11.1.7.1 Bolts under 1/, in. (38 mm) in
diameter which require machined tests shall
use a standard /,-in., (13 mm) round 2-in.
(51-mm) gage length test specimen, turned
concentric with the axis of the bolt, leaving
the head and threaded section intact as in
Fig. 35. Bolts of small cross-section which will
not permit taking this standard test specimen
shall have a turned section as large as feasible

~and concentric with the axis of the bolt. The

gage length for measuring the elongation shall
be four times the diameter .of the specimen.
Figure 36 illustrates examples of these small
size specimens.

S11.1.7.2 For bolts 1"/, in. and over in di-
ameter, a standard /.-in. round 2-in. gage
length test specimen shall be turned from the
bolt, having its axis midway between the cen-
ter and outside surface of the body of the bolt
as shown in Fig. 37.

S11.1.7.3 Machined spccxmens are to be

" -tested in tension to determine the properties

prescribed by the product- specifications. The
methods of testing and determination of prop-
erties shall be in accordance with Section 13
of these methods, A 370.

S12. Speed of Testing

S12.1 Speed of testing shall be as prescribed
in. the ’individual product specifications.
S13. Hardness Tests for Bolts

~ S13.1 When specified, the bolts shall meet
a hardness test. The Brinell or Rockwell hard-
ness test is usually taken on the side or top of
the bolt head. For final arbitration the hard-
ness shall be taken on a transverse section
through the threaded section of the bolt at a

; Iv.
S16. Scope

S16.1 This supplement covers. the appara-

point one-quarter of the nominal diameter
from the. axis of the bolt. This section shall be
taken at a distance from the end of the bolt
which is equivalent to the diameter of the bolt.
Due. to possible distortion fromthe Brinell
load, care shall be taken to see that this test
meets all the provisions of 17.2 of the general
section of these methods. Where the Brinell
hardness test is impractical, the Rockwell
hardness test shall be substituted. Rockwell
hardness test procedures shall conform to
Section 18 of these methods.

S14. Testing of Nuts

S14.1 Proof Load—A sample nut shall be
assembled on a hardened threaded mandrel
or on a:bolt conforming to the particular speci-
fication. A load axial with the mandrel or bolt
and equal to the specified proof load of the nut
shall be applied. The nut shall resist this load
without stripping or rupture. If the threads of
the mandrel are damaged during the test the
individual test shall be discarded. The mandrel
shall be threaded to American National Stand-
ard Class -3 tolerance, except that the major
diameter shall be the minimum major diame-
ter with.a tolerance of +0.002 in. (0.051 mm).

S14.2 Hardness Test—Rockwell hardness
of nuts shall be determined on the top or bot-
tom face of the nut. Brinell hardness shall be
determined on the side of the nuts. Either
method may be used at the option of the man-
ufacturer, taking into account the size and
grade of the nuts under test. When the stand-
ard Brinell hardness test results in deforming
the nut it will be necessary to use a minor
load or substitute a Rockwell hardness test.

S15. Bars Heat Treated or Cold Drawn for

Use in the Manufacture of Studs, Nuts
or Other Bolting Material

S15.1 When the bars as received by the
manufacturer have been processed and proved
to meet certain specified properties, ‘it is not
necessary to test the finished product when
these properties have not been changed by
the process of manufacture employed for the
finished product.

ROUND WIRE PRODUCTS

tus, specimens and methods of testing peculiar
to steel wire products which are not covered
in the general section of Methods A 370.
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S17. Apparatus

"S17.1 Gripping Devices—Grips of either
the wedge or snubbing types as shown in Figs.
38 and 39 shall be used (Note 14). When using
grips of either type, care shall be taken that the
axis of the test specimen is located approximately
at the center line of the head of the testing
machine (Note 15). When using wedge grips the
liners used behind the grips shall be of the proper
thlckness

NOTE 14—Testmg machines usually are equipped
with wedge grips. These wedge grips, irrespective of the
type of testing machine, may be referred to as the “usual
type” of wedge grips. The usual type of wedge grips
generally furnish a satisfactory means of gripping wire.
For tests of specimens of wire which are liable to be cut
at the edges by the “usual type” of wedge grips, the
snubbing type gripping device has proved satisfactory.

For testing round wire, the use of cylindrical seat in .

the wedge gripping device is optional.

NOTE 15—Any defect in a testing machine which
may cause nonaxial application of load should be cor-
rected.

S17.2 Pointed Micrometer—A micrometer
with a pointed spindle and anvil suitable for
reading the dimensions of the wire specimen
at the fractured ends to the nearest 0.001 in.
(0.025 mm) after breaking the specimen in the
testing machine shall be used.

S18. Test Specimens

-S18.1 Test specimens having the full cross-
sectional area of the wire they represent shall
be used. The standard gage length of the spec-
"imens shall be 10 in. (254 mm). However, if
~ the determination of elongation values is not
required, any convenient gage length is per-
missible. The total length of the specimens
shall be at least equal to the gage length (10
in.) plus twice the length of wire required for
the full use of the grip employed. For example.
depending upon the type of testing machine
and grips used, the minimum total length of
specimen may vary from 14 to 24 in. (360 to
610 mm) for a 10-in. gage length specimen.

S18.2 Any specimen breaking in the grips
shall be discarded and a new specimen tested.

S19. Elongation

S19.1 In determining permanent elonga-
tion, the ends of the fractured specimen shall
be carefully fitted together and the distance
between the gage marks measured to the
nearest 0.01 in. (0.25 mm) with dividers and

10

scale or other suitable device. The elongation
is the increase in length of the gage length,
expressed as a percentage of the original gage
length. In reporting elongation values, both
the percentage increase and the original gage
length shall be given.

S19.2 In determining total elongation (elas-
tic plus plastic extension) autographic or ex-
tensometer methods may be employed.

S19.3 If fracture takes place outside of the
middle third of the gage length, the elonga-
tion value obtained may not be representative
of the material.

S20. Reduction of Area

S20.1 The ends of the fractured specimen
shall be carefully fitted together and the di-
mensions of the smallest cross section meas-
ured to the nearest 0.001 in. (0.025 mm) with
a pointed micrometer. The difference between
the area thus found and the area of the orig-
inal cross section, expressed as a percentage
of the original area, is the reduction of area.

S20.2 The reduction of area test is not rec-
ommended in wire diameters less than 0.092
in. (2.34 mm) due to the difficulties of meas-
uring the reduced cross sections.

S21. Rockwell Hardness Test

S21.1 With the exception of heat treated
wire of diameter 0.100 in. (2.54 mm) and larger,
the Rockwell hardness test is not recommended
for round wire. On such heat-treated wire the
specimen shall be flattened on two parallel
sides by grinding. For round wire the tensile
strength test is greatly to be preferred to the
Rockwell hardness test.

S22. Wrapping Test

S22.1 This test, also referred to as a coiling
test or as a wrap-around bend test, is some-
times used as a means for testing the ductility
of certain kinds of wire. The wrapping may
be done by any hand or power device that will
coil the wire closely about a mandrel of the
specified diameter for a required number of
turns without damage to the wire surface. The
sample shall be considered to have failed if
any cracks occur in the wire after the first com-
plete turn. The test shall be repeated if a crack
occurs in the first turn since the wire may have
been bent locally to a radius less than that
specified.
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S22.2 When the. wrapping test is used to
determine the adherence of coating for coated
wires, the mandrel diameter is commonly

A 370

larger than that used in the test when used as
a measure of ductility.

V. NOTES ON SIGNIFICANCE OF NOTCHED-BAR IMPACT TESTING

S23. Notch Behavior

S23.1 The Charpy and:. Izod ‘type tests
bring out notch. behavior (brittleness versus .
ductility) by applying a. single overload of
stress. The energy values determined are
quantitative comparisons on a selected speci-
men but cannot be converted into energy val-
ues that would serve for engineering design:
calculations. The notch behavior indicated in
an individual test applies only to the specimen
size, notch geometry, and testing conditions
involved and cannot be generalized to- other
sizes of specimens and conditions. '

S23.2 The notch behavior of the face-cen-
tered cubic metals and alloys, a large group of
nonferrous materials and the austenitic steels
can be judged from their common tensile prop-
erties. If they are brittle in tension they will
be brittle when notched, while if they are
ductile in tension, they will be ductile when
notched, except for unusually sharp or deep
notches (much more severe than the standard
Charpy or Izod specimens). Even low temper-
atures do not alter this characteristic of these
materials. In contrast, the behavior of the fer-

- -ritic steels under notch conditions cannot be

predicted from their properties as revealed by
the tension test. For the study of these mate-
rials the Charpy and Izod type tests are ac-
cordingly very useful. Some metals that dis-
play normal ductility in the tension test may
nevertheless .break in brittle fashion when
tested or when used in the notched condition.
Notched conditions include restraints to de-
formation in directions perpendicular to the
major stress, or multiaxial stresses, and stress
concentrations. It is in this field that the
Charpy and Izod tests prove useful for deter-
mining the susceptibility of a steel to notch-
brittle behavior though they cannot be directly
used to appraise the serviceability of a struc-
ture.

S23.3 The testing machine itself must be
“sufficiently rigid-or tests on high-strength low-

AN

energy materials will result in excessive elas-
tic energy losses either upward through the
pendulum shaft or downward through the base
of the machine. If the anvil supports, the pen-
dulum striking edge, or the machine founda-
tion bolts are not securely fastened, tests on
ductile materials in the range of 80 ft.Ibf

(108 J) may actually indicate values in excess

of 90 to 100 ft -1bf (122 to 136 J).
S24. Notch Effect

-S24.1 The notch results in a combination of
multiaxial stresses associated with restraints
to deformation in directions perpendicular to
the major stress, and a stress concentration at
the base of the notch. A severely notched con-
dition is generally not desirable, and it be-
comes of real concern in those cases in which
it initiates a sudden and complete failure of
the brittle type. Some metals can be deformed
in a ductile manner even down to the low tem-
peratures of liquid air, while others may crack.
This difference in behavior can be best un-
derstood by considering the cohesive strength
of a material (or the property that holds it to-
gether) and its relation to the yield point. In
cases of brittle fracture, the cohesive strength
is exceeded before significant plastic defor-
mation occurs and the fracture appears crys-
talline. In cases of the ductile or shear type of
failure, considerable deformation precedes the
final fracture and the broken surface appears
fibrous instead of crystalline. In intermediate
cases the fracture comes after a moderate
amount of deformation and is part crystalline
and part fibrous in appearance. :

S24.2 When a notched bar is loaded, there
is a normal stress across the base of the notch
which tends to initiate fracture. The property
that keeps it from cleaving, or holds it to-
gether, is the ‘“‘cohesive strength.” The bar
fractures when the normal stress exceeds the
cohesive strength. When this occurs without
the bar deforming it is the condition for brit-
tle fracture.
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$24.3 In testing, though not in service be-

cause of side effects, it happens more com-

monly that plastic deformation precedes frac-
ture. In addition to the normal stress, the
applied load also sets up shear stresses which
are about 45 deg to the normal stress. The
elastic behavior - terminates as soon as. the
shear stress exceeds the shear strength of the
material and deformation or plastic yielding
sets in. This is the condition for ductile fail-
ure. ‘ S .

 S24.4 This behavior, whether brittle or
“ductile, depends on whether the normal stress
exceeds the cohesive strength before the shear
stress exceeds the shear strength. Several im-
portant facts of notch behavior follow from
this. If the notch is made sharper or more
drastic, the normal stress at the root of the
notch will be increased in relation to the shear
stress and the bar will be more prone to brit-
tle fracture (see Table 10). Also, as the speed
of deformation increases, the shear strength
increases and the likelihood of brittle fracture
increases. On the other hand, by raising the
temperature, leaving the notch and the speed
of deformation the same, the shear strength is
lowered and ductile behavior is promoted,
leading to shear failure.

S24.5 Variations in notch dimensions will
seriously affect the results of the tests. Tests
on E4340 steel specimens® have shown the ef-
fect of dimensional variations on Charpy re-
sults (see Table 10).

S25. Size Effect

S25.1 Increasing either the width or the

depth of the specimen tends to increase the
volume of metal subject to distortion, and by
this factor tends to increase the energy ab-
sorption when breaking the specimen. How-
ever, any increase in size, particularly in width,
also tends to increase the degree of restraint
and by tending to induce brittle fracture, may
decrease’ the amount of energy absorbed.
Where a standard-size specimen is on the verge
of brittle fracture, this is particularly true, and
a double-width specimen may actually require
less energy for rupture than one of standard
width.

S25.2 In studies of such effects where the
size of the material precludes the use of the
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standard specimen; as for example when the
material is ,-in. plate, subsize specimens are
necessarily used. Such specimens (see Fig. 6
of Method E 23) are based on the Type A
specimen of Fig. 4 of Method E 23.

S25.3 General correlation between the en-
ergy values obtained with specimens of differ-
ent size or shape is not feasible, but limited
correlations may be established for specifica-
tion purposes on the basis of special studies of
particular materials and particular specimens:
On the other hand, in a study of the relative
effect of process variations, evaluation by use
of some arbitrarily -selected specimen with
some chosen notch will in most instances place
the methods in their proper order.

S26. Effects of Testing Cohditions

S26.1 The testing conditions also affect the
notch behavior. So pronounced is the effect of
temperature on the behavior of steel when
notched that comparisons are frequently made
by examining specimen fractures and by plot-
ting energy value and fracture appearance
versus temperature from tests of notched bars
at a series of temperatures. When the test
temperature has been carried low enough to
start cleavage fracture, there may be an ex-
tremely sharp drop in impact value or there
may be a relatively gradual falling off toward
the lower temperatures. This drop in energy
value starts when a specimen begins to ex-
hibit some crystalline appearance in the frac-
ture. The transition temperature at which this
embrittling effect takes place. varies consider-
ably with the size of the part or test specimen
and with the notch geometry.

S26.2 Some of the many definitions of

‘transition temperature currently being used

are: (I) the lowest temperature at which the
specimen exhibits 100 percent fibrous frac-
ture, (2) the temperature where the fracture
shows a 50 percent crystalline and a 50 per-
cent fibrous appearance, (3) the temperature
corresponding to the energy value 50 percent
of the difference between values obtained at
100 percent and 0 percent fibrous fracture,

® Fahey, N. H., “Effects of Variables in Charpy Im-
pact Testing,” Materials Research & Standards, MTRSA
Vol 1, No. 11, Nov., 1961, p. 872.
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and (4) the temperature corresponding to a
specific energy value. '

S26.3 A problem peculiar to Charpy-type
tests occurs when high-strength, low-energy
specimens are tested at low temperatures.
These specimens may not leave the machine
in the direction of the pendulum swing ‘but
rather in a sidewise direction. To ensure that
the broken halves of the specimens do not re-
bound off some component of the machine and
contact the pendulum before it completes its
swing, modifications may be necessary in older
model machines. These modifications differ
with machine design. Nevertheless the basic
problem is the same in that provisions must
be made to prevent rebounding of the frac-
tured specimens into any part of the swinging
pendulum. Where design permits, the broken
specimens may be deflected out of the sides of
the machine and yet in other designs it may
be necessary to contain the broken specimens
within a  certain area until the pendulum
passes through the anvils. Some low-energy
high-strength steel specimens leave impact
machines at speeds in excess of 50 ft (15.3 m)/
s although they were struck by a pendulum
traveling -at speeds approximately 17 ft (5.2
m)/s. If the force exerted on the pendulum
by the broken specimens is sufficient, the pen-
dulum will slow down and erroneously high

* _energy values will be recorded. This problem

accounts: for many of the inconsistencies in
Charpy results reported by various investiga-
tors within the 10 to 25-ft.1bf (14 to 34 1)
range. Section 5.5 of Methods E 23 discusses

the two basic machine designs and a modifica-
tion -found to be satisfactory in minimizing
jamming. ‘

S27. Velocity of Straining.

S27.1 Velocity of straining is likewise a
variable that affects the. notch behavior of
steel. The impact test shows somewhat higher
energy absorption values than the static tests
above the transition temperature and yet, in
some instances, the reverse is true below the
transition temperature.

S28. Correlation with Service

S28.1 While Charpy or Izod tests may not
directly predict the ductile or brittle behavior
of steel as commonly used in-large masses or
as components of large structures, these tests
can be used as acceptance tests of identity for
different lots of the same steel or in choosing
between different steels, when correlation
with reliable service behavior has been estab-
lished. It may be necessary to make the tests
at properly chosen temperatures other than
room temperature. In this, the service tem-
perature or the transition temperature of full-
scale specimens does not give the desired
transition temperatures for Charpy or Izod
tests since the size and notch geometry may
be so different. Chemical analysis, tension,
arid hardness tests may not indicate the influ-
ence of some of the important processing fac-
tors that affect susceptibility to brittle fracture
nor do they comprehend the effect of low
temperatures in inducing brittle behavior.

VI. PROCEDURE FOR CONVERTING PERCENTAGE ELONGATION OF
A STANDARD ROUND TENSION TEST SPECIMEN TO EQUIVALENT
PERCENTAGE ELONGATION OF A STANDARD FLAT SPECIMEN

S29. Scope

S29.1 This method specifies a procedure for
converting percentage elongation after frac-
ture obtained in a -standard 0.500-in. (12.7
mm) diameter by 2-in. (51-mm) gage length
test specimen to standard flat test specimens
'/ in. by 2 in. and 1, in. by 8 in. (38.1 by
203 mm).

S30. Basic Equation
S30.1 ‘The conversion data in this method

are based on an equation by Bertella,'* and
used by Oliver!! and others. The relationship
between elongations in the standard 0.500-in.
diameter by 2.0-in. test specimen and other
standard specimens can be calculated as fol-
lows:

e =e (447/A/Ly

10 Bertella, C. A., Giornale del Genio Civile, Vol 60,
1922, p. 343. ’

it Oliver, D. A., Proceedings of Institute of Mechani-
cal Engineers, Vol 11, 1928, p. 827.
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where: ) o

e, = percentage elongation after fracture on
a standard test specimen having a 2-in.
gage length and 0.500-in. diameter,
percentage elongation after fracture on
a standard test specimen having a gage
length L and a cross-sectional area A,
and

constant characteristic of the test mate-
rial.

I

S31. Appliéétion ,

S31.1 In applying the above equation the
constant g is characteristic of the test mate-
rial. The value a = 0.4 has been found to give
satisfactory conversions for carbon, carbon-
manganese, molybdenum, and chromium-
molybdenum steels within the tensile strength
range of 40,000 to 85,000 psi (275 to 585 MPa)
and in the: hot-rolled, in the hot-rolled and
normalized, or in the annealed condition, with
or without tempering. Note that the cold re-
duced and quenched and tempered states are
excluded. For annealed austenitic stainless
steels, the value a 0.127 has been found to
give satisfactory conversions.

S31.2 Table 11 has been calculated taking
a = 0.4, with the standard 0.500-in. (12.7 mm)
diameter by 2-in. (51 mm) gage length test
specimen as the reference specimen. In the

case of the subsize specimens 0.350 in. (8.89
mm) in diameter by 1.4 in. (35.6 mm) gage
length, and 0.250. (6.35 mm) diameter by 1.0
in. (25.4 mm) gage length the factor in the
equation is 4.51 instead of 4.37. The small
error. introduced by using Table 11 for the
subsized specimens may be neglected. Table
12 for annealed austenitic steels has been cal-
culated taking a = 0.127, with_ the standard

10.500-in. diameter by 2-in. gage length test

specimen as the reference specimen.

S31.3 Elongation given for.a standard 0.500-
in. diameter by 2-in. gage length specimen
may be converted to elongation for '/, in. by
2 in. or 1'/; in. by 8 in..(38.1 by 203 mm) flat
specimens by multiplying by the indicated fac-
torin Tables 11 and 12. . o

S31.4 These elongation conversions shall
not be used where the width to thickness ratio

of the test piece exceeds 20, as in sheet speci-

mens under 0.025 in. (0.635 mm) in thickness.

S31.5 While the conversions are considered
to be reliable within the stated limitations and
may generally be used in specification writing
where it is desirable to show equivalent elon-
gation requirements for the several standard
ASTM tension specimens covered in Methods
A 370, consideration must be given to the met-
aliurgical effects dependent on the thickness
of the material as processed.

VII. METHOD OF TESTING UNCOATED SEVEN-WIRE STRESS-RELIEVED
STRAND FOR PRESTRESSED CONCRETE

S32. Scope

S32.1 This method provides procedures for
the tension -testing of uncoated seven-wire
stress-relieved strand for prestressed concrete.
This method is intended for use in evaluating
the strand for the properties prescribed in
Specification A 416.

S33. General Precautions

S33.1 Premature failure of the test speci-
mens may result if there is any appreciable
notching, cutting, or bending of the specimen
by the gripping devices of the testing machine.

S33.2 Errors in testing may result if the
seven wires constituting the strand are not
loaded uniformly. :

172

S33.3 The mechanical properties of the
strand may be materially affected by exces-
sive heating during specimen preparation.

S33.4 These difficulties may be minimized
by following the suggested methods of grip-
ping described in Section S35.

S34. Gripping Devices

S34.1 The true mechanical properties of the
strand are determined by a test in which frac-
ture of the specimen occurs in the free span
between the jaws of the testing machine.
Therefore, it is desirable to establish a test
procedure with suitable apparatus which will

consistently produce such results. Due to in--

herent physical characteristics of individual
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‘machines, it is not practical to recommend a
universal gripping procedure that is suitable
for all testing machines. Therefore, it is nec-
essary to determine which of the methods of
gripping described in S34.2 to S34.8 is most
suitable for the testing equipment available.

S34.2 Standard V-Grips with Serrated Teeth
(Note 16).

S34.3 Standard V-Grips with Serrated Teeth
(Note 16), Using Cushzonmg Material—In this
method, some material is placed between the
grlps and the specimen to minimize the notch-
ing effect of the teeth. Among the materials
which have been used are lead foil, aluminum
foil; carborundum cloth, bra shims, etc. The
type and thickness -of material required is de-
pendent on the shape, condition, and coarse-
ness of the teeth.

S34.4 Standard V-Grips with Serrated Teeth
(Note 16), Using Special Preparation of the
Gripped Portions of the Specimen—One of the
methods used is tinning, in which the gripped
portions are cleaned, fluxed, and coated by
multiple dips in molten tin alloy held just above
the melting point. Another method of prepa-
ration is encasing the gripped portions in metal
tubing or flexible conduit, using epoxy resin as
the bonding agent. The encased portion should
be approximately twice the length. of lay of the
strand.

. S34.5 Special Grips with Smooth Semi-Cy-

dindrical Grooves (Note 17)—The grooves and
the gripped portions of the specimen are coated
with an abrasive slurry which holds the speci-
men in the smooth grooves, preventing slip-
page. The slurry consists of abrasive such as
Grade 3-F aluminum oxide and a carrier such
as water or glycerin.

S34.6 Standard Sockets of the Type Used
for Wire Rope—The gripped portions of the
specimen are anchored in the sockets with
zinc. The special procedures for socketing usu-
ally employed in the wire rope industry must
be followed. '

S34.7 Dead-End Eye Splices—These de-
vices are available in sizes designed to fit each
size of strand to be tested. ,

S34.8 Chucking Devices—Use of chucking
devices of the type generally employed for
applying tension to strands in casting beds is
‘not recommended for testing purposes.

Note 16—The number of teeth should be approxi-

mately 15 to 30 per in., and the minimum effective
gripping length should be approximately 4 in. (102
mm).

NOTE 17—The radius of curvature of the grooves 1s
approximately the same as the radius of the strand
being tested, and is located %2 in. (0.79 mm) above the
flat face of the grip. This prevents the two grips from
closing tightly when the specimen is in place.

S35. Specimen Preparation

S35.1 Nonuniform loading of the seven
wires in the strand may result if slippage of
the individual wires of the strand, either the
outside wire or the center wire, occur during
the tension test. Wire slippage may be mini-
mized by fusing together the cut ends of the
specimen. This fusing can be concurrent with
torch cutting of the:specimens.

S35.2 If the molten-metal temperatures
employed during hot-dip tinning or socketing
with metallic material are too high, over ap-
proximately 700 F (370 C), the specimen may
be heat affected with a subsequent loss of
strength and ductility. Careful temperature
controls should be maintained if such methods
of specimen preparation are used.

S36. Procedure

S36.1 . Yield Strength—For determining the
yield strength use a Class B-1 extensometer
(Note 18) as described in Method E 83. Apply
an initial load of 10 percent of the expected
minimum breaking strength to the specimen,
then attach the extensometer and adjust it to a
reading of 0.001 in./in. of gage length. Then
increase the load until the extensometer indi-
cates an extension of 1 percent. Record the load
for this extension as the yield strength. The
extensometer may be removed from the speci-
men after the yield strength has been deter-
mined. v

S36.2 Elongation—For determining the
elongation use a Class D extensometer (Note
18), as described in Method E 83, having a gage
length of not less than 24 in. (610 mm) (Note
19). Apply an initial load of 10 percent of the
required minimum breaking strength to the
specimen, then attach the extensometer (Note
18) and adjust it to a zero reading. The exten-
someter may be removed from the specimen
prior to rupture after the specified minimum
elongation has been exceeded. It is not neces-
sary to determine the final elongation value.
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S36.3 Breaking SZrength-~rDetermine the

maximum load at which one or more wires of
the strand are fractured. Record this load: as
the breaking strength of the strand.

Note 18—The yield-strength extensometer and the 7

elongation extensometer may be the same instrument
or two separate instruments. Two separate instruments
are advisable since the more sensitive yield-strength
extensometer, which could be damaged when the strand
fractures, may be removed following the determination

of yield strength. The elongation extensometer may be

constructed with less sensitive parts or be constructed

in such a way that little damage would result if fracture
occurs while the extensometer is attached to the speci-
men.

NoOTE 19—SpeC1mens that break outside the exten-
someter or in the jaws and yet meet the minimum
specified values are considered as meeting the mechan-
ical property requirements of the product Specification
A 416, regardless of what procedure of gripping has
been used. Specimens that break outside of the exten-
someter or in the jaws and do not meet the minimum
specified values are subject to retest in accordance with
Spemﬁcatlon A 416. Specimens that break between the
jaws of the extensometer and do not meet the minimum
specified values are subject to retest as provided in
Section 14 of Specification A 416..

VIII. ROUNDING OF TEST DATA

S37. Rounding

$37.1 Recommended- levels for rounding
reported values of test data are given in Table
13. These values are designed to provide uni-

formity in reporting and data storage, and
should be used in all cases except where they

. conflict-with specific requirements of a prod-

uct specification.

TABLE 1 Details of Test Coupon Design for Casting (See Fig. 3)
NoTE 1—Test Coupons for Large and Heavy Steel Castings: The test coupons in Fig. 3 are to be used for large and heavy steel
. castings. However, at the option of the foundry the cross-sectional area and length of the standard coupon may be increased as
desired. This provision does not apply to ASTM Specification A 356, for Heavy-Walled Carbon and Low Alloy Steel Castmgs for

Steam Turbines (Annual Book of ASTM Standards, Vol 01.02).

NOTE 2—Bend Bar: If a bend bar is required, an alternate design (as shown by dotted lines in Fig. 3) is indicated.

Leg Design (125mm)

Riser Design

N

1. L (length) A 5 in. (125 mm) minimum
length will be used. This
length may be increased at -
the option of the foundry to

. accommodate additional test
bars (see Note 1).

. End taper Use of and size of end taper is
at the option of the foundry.

3. Height 1% in. (32 mm)

4. Width (at top) 1% in. (32 mm) (see Note 1).

5. Radius (at bottom) % in. (13 mm), max

6. Spacing between A Yrin. (13-mm) radius will be

legs used between the legs.
7. Location of test The tensile, bend, and impact
bars bars will be taken from the

lower portion of the leg (see
Note 2).

The number of legs attached to
the coupon is at the option of
the foundry providing they
are equispaced according to
Item 6.

‘Radius from 0 to approxi-
mately Yein. (2 mm).

8. Number of legs

1. L (length) "The length of the riser at the
base will be the same as the
top length of the leg. The
length of the riser at the top
therefore depends on the
amount of taper added to the
riser.

The width of the riser at the
base of a multiple-leg coupon
shall be n (2%) (57 mm) -
(16 mm) where n equals
the number of legs attached
to the coupon. The width of
the riser at the top is there-
fore dependent on the
amount of taper added to the
riser.

2. Width

Use of and size is at the option
of the foundry.

The minimum height of the
riser shall be 2 in. (51 mm).
The maximum height is at
the option of the foundry for
the following reasons: (a)
Many risers are cast open,
(b) different compositions
may require variation in ris-

3. T (riser taper)

Height

ering for soundness, (c) dif- -

ferent pouring temperatures
may require variation in ris-
ering for soundness.
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A 370

TABLE 2 Multiplying Factors to Be Used for Varibus Diameters of Round Test Specimens

Standard Specimen

Small Size Specimens Proportional to Standard.

“0.500 in. Round

0.350 in. Round

0.250 in. Round

Actual - Area, inlvi Actual Area, ioTvi Actual ea, inlvi
Diameter, in? Mlﬁl;lgég:ng Diameter, . in’. Mli:};xglgrmg Diameter, in? - Mli;!;lglg?g
in. . in. in. :
0.490 0.1886 5.30 0.343 0.0924 10.82 0.245 0.0471 21.21
. 0.491 0.1893 ° 5.28 0.344 0.0929 10.76 -0.246 0.0475 21.04
0.492 0.1901 '5.26 0.345 0.0935 10.70 0.247 0.0479 20.87
0.493 0.1509 5.24 0.346 0.0940 10.64 0.248 0.0483 20.70
0.494 0.1917 5.22 0.347 0.0946 . = 10.57 0.249 0.0487 20.54
0.495 0.1924 5.20 0.348 ¢ 0.0951" " ' 10.51 0.250 0.0491 20.37
0.496 0.1932 5.18 0.349 0.0957 10.45 0.251 0.0495 20.21
. . (0.05)¢ (20.0)2
0.497 0.1940 5.15 0.350 0.0962 10.39 0 0.252 0.0499 20.05
(0.05)¢ (20.0)¢
0.498 - 0.1948 5.13 0.351 0.0968 10.33 0.253 0.0503 19.89
' (0.05)° (20.0)¢
0.499 0.1956 5.1 0.352 0.0973 ..10.28. - 0.254- 0.0507 19.74
0.500 0.1963 . 5.09. 0.353 . 0.0979 . 10.22 0.255 .0.0511 19.58
0.501 0.1971 5.07 0.354 0.0984 10.16 e
0.502 0.1979 5.05° 0.355 0.0990 10.10
0.503 0.1987 5.03 0.356 0.0995 10.05
: : (0.1) (10.0)¢
0.504 0.1995 5.01 . .0.357 0.1001 9.99
.. (0.2)° (5.0)¢ ' 0.1) (10.09)°
0.505 0.2003 4.99
(0.2)¢ (5.0)¢
0.506 0.2011 4.97
.. (0.2)" (5.0)¢
0.507 0.2019 4.95
0.508 0.2027 4.93
0.509 0.2035 4.91
0.510 0.2043 4.90

. “The values in parentheses may be used for ease in calculation of stresses, in pounds per square inch, as
- permitted in Note 5 of Fig. 5.
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TABLE 3C Approximate Hardness Conversion Numbers for Austenitic Steels (Rockwell C to other Hardness

Numbers) . .
Rockwell Superficial Hardness
Sg?gk‘{lseg_fgf Rockwell A Scale, —_ — P —_— —
Load. Diamond 60-kgf Load, Dia- ‘ 15N Scale, 15-kgf 30N Scale, 30-kgf 45N Scale, 45-kgf
Peiletrat or mond Penetrator Load, Diamond Load, Diamon Load, Diamond
Penetrator Penetrator Penetrator
48 : 74.4 84.1 66.2 52.1
47 73.9 83.6 65.3 . 50.9
46 73.4 83.1 64.5 . 49.8
45 72.9 . 82.6 63.6 48.7
44 72.4 ‘ 82.1 62.7 47.5
43 71.9 81.6 . 61.8 : 46.4
42 71.4 81.0 61.0 452
41 70.9 80.5 ©60.1 44 .1
40 ' ~.70.4 : - 80.0 592 43.0
39 69.9 79.5 . 584 41.8
38 : : 69.3 : 79.0 57.5 40.7
37 68.8 78.5 56.6 - 39.6
36 - 68.3 . 78.0 55.7 38.4
35 67.8 77.5 .. 54.9 37.3
34 67.3 77.0 54.0 36:1
33 66.8 76.5 53.1 35.0
32 : 66.3 ) . : 75.9 . 523 33.9
31 v , 65.8 75.4 514 32.7
30 65.3 74.9 ' 50.5 ' 31.6
29 64.8 74.4 49.6 304
28 64.3 73.9 48.8 29.3
27 63.8 73.4 47.9 28.2
26 63.3 72.9 47.0 . 27.0
25 . 62.8 . 72.4 . 46.2 - 259
24 62.3 71.9 45.3 : 24.8 .
23 61.8 71.3 . 44 .4 . 236
22 - 61.3 70.8 43.5 2258
21 60.8 i . 70.3 42.7 ©21.3

20 60.3 69.8 - 41.8 : 20.2

TABLE 3D Approximate Hardness Conversion Numbers for Austenitic Steels (Rockwell B tb other Hardness

Numbers) . '
Rockwell Superficial Hardness
Rockwell B ) ) ) " Rockwell A .
Scale, 100~ Brinell Indenta-  Brinell Hardness, Scale. 60-kaf 15T Scale, 30T Scale, 45T Scale,
kgf Load, Y/1s- - tion Diameter, 3000-kgf Load, Load i)iarnognd 15-kgf 30-kgf 45-kgt

in. (1.588- mm 10-mm Ball Pe;letrator Load, !/16- Load, /16~ Load, 16-
mm) Ball ) ) in. (1.588- in. (1.588- in. (1.588-
' ' * mm) Ball mm)Ball "~ mm) Ball

100 3.79 256 61.5 91.5 80.4 70.2

99 3.85 248 60.9 91.2 79.7 69.2

98 3.91 240 60.3 90.8 79.0 68.2

97 3.96 233 59.7 90.4 78.3 67.2

96 : 4.02 226 59.1 90.1 77.7 66.1

95 4.08 219 58.5 89.7 77.0 65.1

94 4.14 213 58.0 89.3 76.3 64.1

93 4.20 207 57.4 88.9 75.6 63.1

92 4.24 202 56.8 88.6 74.9 62.1

91 4.30 197 56.2 88.2 74.2 61.1

90 4.35 192 55.6 87.8 73.5 60.1

89 4.40 187 55.0 87.5 72.8 59.0

88 4.45 183 54.5 87.1 72.1 58.0

87 4.51 178 53.9 86.7 71.4 57.0

86 4.55 174 . 533 86.4 70.7 56.0

85 4.60 170 52.7 86.0 70.0 55.0

84 4.65 167 52.1 85.6 69.3 54.0

83 4.70 163 51.5 85.2 68.6 52.9

82 4.74 160 50.9 84.9 67.9 51.9

81 4.79 156 50.4 84.5 67.2 50.9

80 4.84 153 49.8 84.1 66.5 49.9
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TABLE 4 Percent Shear for Measurements Made in Inches

NOTE-—Smce Table 4 is set up for finite measurements or dimensions A4 and B, 106 percent shear is to bc reported when -
either A4 or Bis zero.

Dimen— Dimension A4, in.

sion |———p - e

B,in. |0.051}0.10 [?.12 0.14] 0.16 | 0.18{ 0.20 | 0.22 1 0.24 | 0.26 | 0.28 | 0.30 { 0.32

. . S N _

0.05 98 96 95 94 94 93 92 91 90 90 89 88 87
0.10 96 92 90 89 87 85 84 82 81 79 77 76 74
0.12 95 90 88 86 85 | 83 81 79 77 75 73 71 69
0.14 94 89 86 84 82 30 77 75 73 71 68 66 64
0.16 94 87 85 | 82 79 77 74 72 69 67 64 61 59
0.18 93 85 83 30 77 74 72 68 65 62 59 56 54
0.20 92 84 81 77 74 72 68 65 61 58 55 52 43
0.22 91 82 79 75 72 68 65 61 57 54 50 47 43
0.24 90 81 77 73 69 65 61 57 54 50 46 42 38
0.26 90 79 75 71 67 62 | S8 54 50 46 41 37 33
0.28 89 77 73 68 64 59 55 50 46 41 37 32 28
0.30 88 76 71 66 61 56 | "S52 47 42 37 32 27 23
0.31 | 88 75 70 65 60 55 50 45 40 35 30 |25 20

0.34 0.38 | 0.40
86 | 85 | 85 | 84
73171 | 69 | 68
67 | 65 | 63 | 61
62 | 59 | 57 | 55
56 | 53 | 51| 48
s1 | 48 | 45 | 42
45 | 42 | 39 | 36
40 | 36 | 33 | 29
34 130 | 271 23
29 | 25 { 20 | 16
23 {18 | 14| 10
181 13] 9] 3
181w 5| 0

TABLE 5 Percent Shear for Measurements Made in Millimeters

Note—Since Table 5 is set up for finite measurements or dimensions 4 and B, 100 percent shear is to be reported when
either 4 or B is zero.

Dimen- Dimension A, mm
sion - f—— ———— — — —
Boom | 10| 15 [ 20 [ 25 30|35|40i45f5075>]60|65170_75|80[85]90|95T 10
Lo | 95 |98 |58 [ o7 [ 96 |96 | 95 | 4| oa |93 |92 | 92| o1 | o1 | 90 ] 85 |8
15 |98 (97 |06 |95|94 9392|9291 |9 |8 |88|87|86]85]|sa]s3
20 |98 |96 |95 |94 92|91 |9 |8 |83 |86 |85 |8a]s2]|s1|g]|7 |77
25 |97 |95 {oa|o2|or |8 |88 |8 | 84|83 |8 |80]78]|77|75]7m3]|n
30 |96 |94 [92 | o1 |80 (87|85 |83| 81 |79 |77 |76 |74 |72|70]68 |66
35 |96 |93 |91 |80 |87 |85 |82 |80 | 78|76 |74 |72]69|67]65]|63]6r
40 |95 |92 |90 |83 (85|82 |80 (77|75 (72|70 |67]65|62]060]57]55
45 | 94|92 |80 |8 |8 80|77 |75]| 72|69 | 66| 63|61 |58]55]52]a
50 |94 | o1 |88 |85 |8 | 78] 75| 72|69 |66 |62|59]356]|53]|50]|47]4a
55 19319 [96|83(79 | 76| 72|69 66|62 |50 |55]52]|a8/as]|42]3s
60 | 92|80 [85 |81 |77 | 74|70 |66| 62|59 |55|51]47|a4]4o]|36]33
65 |92 |88 |84 180 |76 (72|67 | 63|59 |55 |51 |47]43|39]35]31]27
70 | o1 |87 |82 |78 | 74 |69 | 65 | 61 | 56 | 52 |47 | 43| 39| 34| 30| 26 | 21
75 |91 |86 |81 |77 |72 |67 | 62| 58|53 |48 |44 |30 |34|30/25]|2|i6
80 |90 (85|80 | 75|70 | 65|60 |55| 50|45 [40]35] 30 |25]|20}15]10
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TABLE 6 Recommended Practice for Selecting Bend Test
: : Specimens

NoOTE 1—The length of all specimens is to-be not less

than 6 in. (150 mm):

NOTE 2—The edges of the specimen may be rounded
to a radius not exceeding /s in. (1.6 mm).

Flaté
Thlc(k;:fs;’ m. ng;tl_lr,] )m' ’ Recommended Size
Up to % Up to % Full section.
(13), incl (19), incl Full section or machine

Over % (19)

Over % (13) _ All

to not less than % in.
(19 mm) in width by
thickness of spec-
imen.

" Full section or machine
to 1 by % in. (25 by
13 mm) specimen
from midway be-
tween center and sur-
face.

Rounds, Squares, Hexagons, and Octagons

Diameter or Distance
Between Parallel
Faces, in. (mm)

Recommended Size

Up:to 1% (38), incl Full section.
Over 14 (38) Machine to 1 by %-in. (25 by
: 13-mm) specimen from
midway between center and
surface.’
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TABLE 7 Recommendations for Selecting Tension Test Specimens

NoOTE 1—For bar sections where it is difficult to determine the cross-sectional area by simple measurement, the area in
square inches may be calculated by dividing the weight per linear inch of specimen in pounds by 0.2833 (weight of 1 in.® of
steel) or by dividing the weight per linear foot of specimen by 3.4 (weight of steel 1 in. square and 1 ft long).

Thickness, in.
(mm)

Width, in.
(mm)

Hot-Rolled Bars

Cold-Finished Bars

Under % (16)

% to 1% (16 to 38),
excl

1% (38) and over

Up to 1% (38), incl

Over 11 (38)

Up to 1% (38), incl

Over 1% (38)

Flats

Full section by 8-in. (203-mm)

gage length (Fig. 4).

Full section, or mill to 1} in.
(38.mm) wide by 8-in. (203-
mm) gage length (Fig. 4).

Full section by 8-in. gage
length or machine standard
Y2 by 2-in. (13 by 51-mm)
gage length specimen from
center of section (Fig. 5).

Full section, or mill 1% in. (38
mm) width by 8-in. (203-
mm) gage length (Fig. 4) or
machine standard ! by 2-in.
gage (13 by 51-mm) gage
length  specimen  from

- midway between edge and
center of section (Fig. 5).

Full section by 8-in. (203-mm)
gage length, or machine
standard % by 2-in. (13 by
51-mm) gage length spec-
imen from midway between
surface and center (Fig. 5).

Mill reduced section to 2-in.
(51-mm) gage length and
approximately 25 percent
less than test specimen
width.

Mill reduced section to 2-in.
gage length and 1Y% in. wide.

Mill reduced section to 2-in.
(51-mm) gage length and
approximately 25 percent
less than test specimen width
or machine-standard % by 2-
in. (13 by S51-mm) gage
length specimen from center
of section (Fig. 5).

Mill reduced section to 2-in.
gage length and 1% in. wide
or machine standard % by 2-
in. gage length specimen
from midway between edge
and center of section (Fig. 5)

Machine standard % by 2-in.
(13 by 51-mm) gage length
specimen from midway be-
tween surface and center

(Fig. 5).

Rounds, Squares, Hexagons, and Octagons

Diameter or Distance
Between Parallel Faces,
in. (mm)

Hot-Rolled Bars

Cold-Finished Bars

Under %

% to 114 (16 to 38),
excl

114 (38) and over

Full section by 8-in. (203-mm) gage length or
machine to sub-size specimen (Fig. S).

Full section by 8-in. (203-mm) gage length or
machine standard % in. by 2-in. (13 by 51-
mm) gage length specimen from center of
section (Fig. 5).

Full section by 8-in. (203-mm) gage length or
machine standard ! in. by 2-in. (13 by 51-
mm) gage length specimen from midway
between surface and center of section (Fig.

5).

Machine to sub-size specimen (Fig. 5).

Machine standard % in. by 2-in. gage length
specimen from center of section (Fig. 5).

Machine standard ) in. by 2-in. (13 by 51-
mm gage length specimen from midway
between surface and center of section (Fig.
5).

Other Bar-Size Sections

All sizes

Full section by 8-in. (203-mm) gage length or
prepare test specimen 1} in. (38 mm) wide
(if possible) by 8-in. (203-mm) gage
length.

Mill reduced section to 2-in. (51-mm) gage
length and approximately 25 percent less
than test specimen width.
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TABLE 8 Wall Thickness Limitations of Superficial TABLE 9 Wall Thickness Limitations of Superfi-
Hardness Test on Annealed or Ductile Materials® cial Hardness Test on Cold Worked or Heat Treated
(*“T” Scale (Y46-in. Ball)) Material® : . )
i - ’ (““N** Scale (Diamond Penetrator))
Wall Thickness, in. (mm) Load, kgf -
- Wall Thickness, in. (mm) Load, kgf
Over 0.050 (1.27) 45
Over 0.035 (0.89) . 30 Over 0.035(0:89) . 45
0.020 and over (0.51) 15 Over 0.025 (0.51) 30
0.015 and over (0.38) .15

®The heaviest load - recommended for a given wall
thickness is generally used.

@ The heaviest load recommended for a given wall thick-
ness is generally used.

TABLE 10 Effect of Varying Notch Dimensions on Standard Specimens

High-Energy High-Energy -Low-Energy
Specimens, ft -1bf (J) Specimens, ft-1bf (J)  Specimens, ft -1bf (J)
Specimen with standard dimensions 76.0 + 3.8 (103.0 = 5.2) 44.5+2.2(60.3 =3.0) 12.5=1.0(16.9 + 1.4)
Depth of notch, 0.084 in. (2.13 mm)* 72.2(97.9) 41.3(56.0) 11.4(15.5)
Depth of notch, 0.0805 in. (2.04 mm)* 75.1(101.8) : 42.2(57.2) . 12.4 (16.8)
Depth of notch, 0.0775 in. (1.77 mm)* 76.8 (104.1) 45,3 (61.4) 12.7(17.2)
Depth of notch, 0.074 in. (1.57 mm)® 79.6 (107.9) . 46.0 (62.4) 12.8(17.3)
Radius at base of notch, 0.005 in. (0.127 mm)® 72.3(98.0) 41.7 (56.5) 10.8.(14.6)
Radius at base of notch, 0.015 in. (0.381 mm)® 80.0 (108.5) 47.4 (64.3) 15.8(21.4)

¢ Standard 0.079 =+ 0.002 in. (2.00 = 0.05 mm).
® Standard 0.010 = 0.001 in. (0.25 + 0.025 mm).
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TABLE 11 - Carbon and Alloy Steels—Material
Constant ¢ = '0.4. Moultiplication Factors for Converting
Percent Elongation from Y-in. Diameter by 2-in. Gage
iLength Standard Tension Test Specimen to Standard 2
by 2-in. and 1% by 8-in. Flat Specimens

Vaby  1%by

. . 1% by
Thickness, 2-in. 8-in. Thickness, 8-in.

1, Specimen  Specimen. m. Specimen
0.025 0.574 0.800 0.822
0.030 0.596 0.850 0.832
0.035 0.614 0.900 0.841
0.040 0.631 0.950 0.850
0.045 0.646 1.000 - 0.859
0.050 0.660 - 1,125 0.880
0.055 0.672 1.250 0.898
0.060 0.684 1.375 0.916
0.065 0.695 1.500 0.932
0.070 0.706 1.625 0.947
0.075 0.715 1.750 0.961
0.080 .0.725 1.875 0.974
0.085 0.733 R 2.000 0.987
0.090 0.742 0.531 2.125 0.999
0.100 0.758 0.542 2.250 1.010
0.110 0.772 0.553 2.375 1.021 -
0.120 0.786 0.562 - 2.500 1.032°°
0.130 0.799 0.571 2.625 1.042
0.140 _ 0.810 0.580 2.750 1.052
0.150 0.821 0.588 2.875 1.061
0.160 0.832 0.596 3.000 1.070
0.170 0.843 0.603 3.125 1.079
0.180 0.852 0.610 3.250 1.088
0.190 0.862 0.616 3.375 1.096
0.200 0.870 0.623 3.500 1.104
0.225 0.891 0.638 3.625 1.112
0.250 0.910 0.651 3.750 1.119
0.275 0.928 0.664 3.875 1.127
0.300 0.944 0.675 4.000 1.134
0.325 0.959 0.686
“0.350 0.973 0.696
0.375 0.987 0.706
0.400 1.000 0.715
0.425 1.012 0.724
0.450 1.024 0.732
0.475 1.035 0.740
0.500 1.045 0.748
0.525 1.056 0.755
0.550 1.066 0.762
0.575 1.075 0.770
0.600 1.084 0.776
0.625 1.093 0.782
0.650 1.101 0.788
0.675 1.110 ce.
0..700 1.118 0.800
0.725 1.126 e
0.750 1.134 0.811

TABLE 12 Annealed. Austenitic Stainless Steels—

Material Constant a = 0.127. Multiplication Factors for
Converting Percent Elongation from Y:-in. Diameter by

‘2-in. Gage Length Standard Tension Test Specimen to

Standard %% by 2-in. and 1'% by 8-in. Flat Specimens

_ Y by 1% by . 1% by
Thickness, 2-in. 8-in. Thlqkness, 8-in.
m. Specimen ~ Specimen in. Specimen
0.025 0.839 0.800 0.940
0.030 0.848 0.850 0.943
0.035 0.857 0.900 0.947
0.040 0.864 0.950 0.950
0.045 0.870 1.000 0.953
0.050 0.876 1.125 0.960
0.055 0.882 1.250 0.966
0.060 0.886 - 1.375 0.972
0.065 0.891 1.500 0.978
0.070 0.895 1.625 0.983
0.075 0.899 1.750 0.987
- 0.080 0.903 1.875 0.992
0.085 0.906 e 2.000 0.996
0.090 0.909 0.818 2.125 1.000
0.095 0.913 0.821 2.250 1.003
0.100 0.916 0.823 2.375 1.007
0.110 0.921 0.828 2.500 1.010
0.120 0.926 0.833 2.625 1.013
0.130 0.931 0.837 2.750 1.016
0.140 0.935 0.841 2.875 1.019
0.150 0.940 0.845 3.000 1.022
0.160 0.943 0.848 3.125 1.024
0.170 0.947 0.852 3.250 1.027
0.180 0.950 0.855 3.375 1.029
0.190 0.954 0.858 3.500 1.032
0.200 0.957 0.860 3.625 1.034
0.225 0.964 0.867 3.750 1.036
0.250 0.970 0.873 3.875 1.038
0.275 0.976 0.878 4.000 1.041
0.300 0.982 0.883
0.325 0.987 0.887
0.350 0.991 0.892
0.375 0.996 0.895
0.400 1.000 0.899
0.425 1.004 0.903
0.450 1.007 0.906
0.475 1.011 0.909
0.500 1.014 0.912
0.525 1.017 0.915
0.550 1.020 0.917
0.575 1.023 0.920
0.600 1.026 0.922
0.625 1.029 0.925
0.650 1.031 0.927
0.675 1.034 ..
0.700 1.036 0.932
0.725 1.038 -
0.750 1.041 0.936
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TABLE 13 Recommended Values for Rounding Test Data

Test Quantity ) Test Data Range

Rounded Value?

up to 50 000 psi, excl
50 000 to 100 000 psi, excl

Yield Point, 100 000 psi and above

Yield Strength,

Tensile Strength .up to 500 MPa, excl

500 to 1000 MPa, excl

[ pe— N

1000 MPa and above

; 0to 10 %, excl

E b
longation 10 % and above

. 0 to 10 %), excl
Reduction of Area } 10 % and above
Impact Energy 0 to 240 ft-Ibf (or 0 to 325 1)
Brinell Hardness all values
Rockwell Hardness all scales .

100 psi
500 psi
1000 psi

1 MPa
5 MPa
10 MPa

0.5 %
1%

0.5 %
1%

1 ft-Ibf (or 1 J)®
tabular value¢
1 Rockwell Number

4 Round test data to the nearest integral multiple of the values in this column. If the data value is exactly midway be-

tween two rounded values, round to the higher value.

5 These units are not equivalent but the rounding occurs in the same numerical ranges for each. (1 ft-1bf = 1.356 J.)
¢ Round the mean diameter of the Brinell impression to the nearest 0.05 mm and report the corresponding Brinell

hardness number read from the table without further rounding.

LONGITUDINAL SPECIMEN

f

LONGITUDINAL FLAT TENSION TEST

LONGITUDINAL ROUND TENSION TEST

LONGITUDINAL
BEND TEST

* INDICATES ROLLING DIRECTION | -
OR EXTENSION . ﬁ = ij

LONGITUDINAL
IMPACT TEST

TRANSVERSE SPECIMEN

TRANSVERSE FLAT
TENSION TEST

TRANSVERSE
BEND TEST

TRANSVERSE
. IMPACT TEST
FIG. 1 The Relation of Test Coupons and Test Speci-
mens to Rolling Direction or Extension (Applicable to Gen-
eral Wrought Products).
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Tangential Prolongation
Tes'\"/ Prolongation

¢ :

| g1 ~|
] -—-J . . J
HE ( :

E — 1. X-J
|

L

Longitudinal Tes?
Radial Test

(a) Shafts and Rotors

Prolongation

' Jangential Tes
- . ———— - ——— e ——— = ] -l
- :

- 1

e m e - - —————— - —— -

Colbmalw

Longifudino! Test
(b) Hollow Forgings.

;rolongoﬁon
Prolongation

/'_.:..—__\_—_i-..-;:.—.f. LA

Tangential Test
Tangential Test

(¢) Disk Forgings

"‘i r_ProIongoﬂon

Prolongation
ol —l
IR .
i I
)
[} —
]
...... b -J
1
)
\ ‘ , I
Tongential Test e N

Tongential Test
(d) Ring Forgings.

FIG. 2 Locations of Test Specimens for Various Types of Forgings.
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Alterngte Design for Bend Bar-

(b) Design for Multiple Keel Block Cotipon‘ (4 Legs).
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2" Min —
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Padding if T- L(5"Min)

Necessaty >

Side View Keel Biock Coupon
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 (a) Design for Double Keel Block Coupon.

| % ey ————

Alternate Design /

for Bend Bar .

(¢)_ Design for *‘Attached” Coupon.

Metric Equivalents

-

Note: Rodius at Casting-
Coupon Interfoce at
Option of Foundry

’ in~_ :‘/16 )/2 ll/4 1%,
Soomm o 4.8 13 32 .. 45

2 2Y, A
s1 57, 98

5
127

- “FIG. 3 Test Coupons for Castings (see Table 1 for Details of Design).
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L L 1
| e i N

B I _ 17
= ' f—l ;‘Hﬁ-

R
G
DIMENSIONS
Standard Specimens Subsize Specimen
Plate-Type, _Sheet-Type, F .
I Va-in. Wide Vo-in. Wide ¥4-in. Wide
) in. - mm ©in, mm in. mm
G—Gage length (Notes 1 and 2) 8.00 = . 200 = 2.000 + 50.0 + 1.000 + 250 +
) 0.01 . 0.25 0.005 0.10 0.003 0.08
W—Width (Notes 3, 4, and 5) 12+ %  40+3 0.500 + 12.5 = 0250 + 625 =
» Y - -6 0.010 025 10.002 0.05
T—Thickness (Note 6) thickness of material ’
R—Radius of fillet, min %3 13 Ve 13 g 6
L—Opver-all length, min (Notes 2 and 7) 18 450 8 200 4 100
A—Length of reduced section, min 9 225 2V 60 1% 32
B—Length of grip section, min (Note 8) 3 75 2 50 1% 32
C—Width of grip section, approximate 2 50 Yy 20 EZ) 10

(Notes 4, 9, and 10)

NoOTE 1—For the 1 %-in. (40-mm) wide specimen, punch marks for measuring elongation after fracture shall be made
on the flat or on the edge of the specimen and within the reduced section. Either a set of nine or more punch marks 1 in.
(25 mm) apart, or one or more pairs of punch marks 8 in. (200 mm) apart may be used.

NOTE 2—When elongation measurements of 1%-in. (40-mm) wide specimens are not required, a gage length (G) of
2.000 in. = 0.005 in. (50.0 mm =+ 0.10 mm) with all other dimensions similar to the plate-type specimen may be used.

NoTE 3—For the three sizes of specimens, the ends of the reduced section shall not differ in width by more than 0.004,
0.002 or 0.001 in. (0.10, 0.05 or 0.025 mm), respectively. Also, there may be a gradual decrease in width from the ends to
the center, but the width at either end-shall not be more than 0.015 in., 0.005 in., or 0.003 in. (0.40, 0.10 or 0.08 mm), re-
spectively, larger than the width at the center.

NOTE 4—For each of the three sizes of specimens, narrower widths (W and C) may be used when necessary. In such

“cases the width of the reduced section should be as large as the width of the material being tested permits; however, unless

stated specifically, the requirements for elongation in a product specification shall not apply when these narrower speci-
mens are used. If the width of the material is less than W, the sides may be parallel throughout the length of the specimen.

NOTE 5—The specimen may be-modified by making the sides parallel throughout the length of the specimen, the width
and tolerances being the same as those specified above. When necessary a narrower specimen may be used, in which case
the width should be as great as the width of the material being tested permits. If the width is 1% in. (38 mm) or less, the
sides may be parallel throughout the length of the specimen.

NoTE 6—The dimension T is the thickness of the test specimen as provided for in the applicable material specifications.
Minimum nominal thickness of 1'/2-in. (40-mm) wide specimens shall be 316 in. (5 mm), except as permitted by the
product specification. Maximum nominal thickness of '/2-in. (12.5-mm) and !/4-in. (6-mm) wide specimens shall be
3/4 in. (19 mm) and !/4 in. (6 mm), respectively.

NOTE 7—To aid in obtaining axial loading during testing of Y4-in. (6-mm) wide specimens, the over-all length should be
as the material will permit.

NoTe 8—1It is desirable, if possible, to make the length of the grip section large enough to allow the specxmcn to extend
into the gnps a distance equal to two thirds or more of the length of the grips. If the thickness of Y2-in. (13-mm) wide
specimens is over ¥ in. (10 mm), longer grips and correspondingly longer grip secuons of the specimen may be necessary
to prevent failure in the grip section.

Note 9—For standard sheet-type specimens and subsize specimens the ends of the specimen shall be symmetrical with
the center line of the reduced section within 0.01 and 0.005 in. (0.25 and 0.13 mm), respectively. However, for steel
if the ends of the !/2-in. (12.5-mm) wide specimen are symmetrical within 0.05 in. (1.0 mm) a specimen may be con-
sidered satisfactory for all but referee testing.

Note 10—For standard plate-type specimens the ends of the specimen shall be symmetrical with the center line of the

-reduced section within 0.25 in. (6.35 mm) except for referee testing in which case the ends of the specimen shall be sym-

metrical with the center line of the reduced section within 0.10 in. (2.5 mm).

FIG. 4 Rectangular Tension Test Specimens.
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DIMENSIONS
Specimen 1 Specimen 2 Specimen 3
in. mm in. mm in. mm
G—Length of parallel Shall be equal to or greater than diameter D
D—Diameter 0.500 =+ 12.5 & 0.750 = 20.0 &= 1.25 &+ 30.0 +
0.010 0.25 0.015 0.40 0.025 0.60
R—Radius of fillet, min 1 25 1 25 2 50
A—Length of reduced section, min 1Y 32 1y 38 2y 60
L—Over-all length, min 334 95 4 100 634 160
B—Length of end section, approxi- 1 25 1 25 134 45
mate
C—Diameter of end section, approxi- 3% 20 1% 30 1% 48
mate .
E—Length of shoulder, min Y 6 . 6 A 8
F—Diameter of shoulder % £ 164 16.0x 134g £ 240 146+  36.5 %
0.40 7 0.40 Vu 0.40

NoTe—The reduced section and éh;)-ulders (dimensions A4, D, E, F, G, and R) shall be shown, but the ends may be’
of any form to fit the holders of the testing machine in such a way that the load shall be axial. Commonly the ends are
threaded and have the dimensions B and C given above.

FIG. 7 Standard Tension Test Specimen for Cast Iron.

-~
=

[o]
o
=]

@
>

Strain

0 . m

FIG. 8 Stress-Strain Diagram Showing Yield Point
Corresponding with Top of Knee.

«— — — —— —— — — — —
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om=Specified Extension Under Load

FIG.9 Stress-Strain Diagram Showing Yield Point or
Yield Strength by Extension Under Load Method.

omm
(03947

A
5Smm. ft_]
(2.165")
TYpE A
.
L7 05559
_ 8Smm._ o f
(2.165")
TrpE 8

NoT1e—Permissible variations shall be as follows:

Adjacent sides shall be at

Cross section dimensions

Length of specimen

Angle of notch

Radius of notch

Dimensions to bottom of notch:
Specimen, Type A
Specimen, Type B

Finish

A 370

0

ot /
‘h . .l
e / ’
n» )
/
/
/
/
/
!
4
]
4
,I
I
/ Strain
k‘-:m

om:=Specified Offset

FIG.10 Stress-Strain Diagram for Determination of

Yield Strength by the Offset Method.

0 577m.
(0.3/57) 0.285mm.
:(0.0/0”) rod.
¥
10mm 445':\
(0.394")
Smm.
(0.1977) o o 2mm
FJT' ' ["(0.079")
_omm. M _saweur
(0.3947) 7 "[6mm. (") OR LESS

90 deg + 10 min

+0.025 mm (0.001 in.)
+0, —2.5 mm (0.100 in.)
+1 deg

+0.025 mm (0.001 in.)

8 4- 0.025 mm (0.315 & 0.001 in.)
5 =4 0.05 mm (0.197 4 0.002 in.)

FIG. 11 Simple Beam Impact Test Specimens, Types A and B.

63 pin. (1.6 um) max on notched surface and opposite
face; 125 uin. (3.2 um) max on other two surfaces
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8-mm rad (0.315")

30°2°

STRIKING ED
STRIKING EDGE 0.25-mm rad (0.010")

4mm (0.157")

SPECIMEN

Center of
Strike

/\
SPECIMEN ; 90"s'
(2.5:1000)
3 St
1+ 4 {(wr2) !
/] pecimen
ANVIL— Support
/)
7

All dimensional tolerances shall be + 0.05 mm (0.002 .
in.) unless otherwise specified.

NOTE 1-~A shall be paralle] to B within 2:1000 and
coplanar with B within 0.05 mm (0.002 in.).

NoTE 2—C shall be parallel to D within 20:1000 and . :
coplanar with D within 0.125 mm (0.005 in.). : -l ‘ 1

NoTe 3—Finish on unmarked parts shall be 4 um (125 i :

Notch !

t— A

F1G. 12 Charpy (Simple-Beam) Impact Test.
. Shear Area 7/
- dull I
- ( S f FIG. 13 Halves of Broken Charpy V-Notch Impact
Specimen Joined for the Measurement of Lateral Expan-

Cleavage Area B sion, Dimension A.
(shiny) ——— /]

A

NoOTE |--Measure average dimensions 4 and B to the
nearest 0.02 in. or 0.5 mm.

NoTe 2--Determine the percent shear fracture using
Table 4 or Table 5.

FIG. 14 Determination of percent Shear Fracture.
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emove

100% 85% 7% 60% 0%

ach : om ey 4 1o 0%

FIG. 15 Fracture Appearance Charts and percent Shear Fracture Comparator.

FIG. 16 Lateral Expansion Gage for Charpy Impact Specimens.
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FIG. 19 Location of Longitudinal Tension Test Specimens
T—r in Large Diameter Tubing. ‘
< .

a} -
h
D

1

Gage
Length
DAV
i
|

L

Testing machine jows

1

should not extend . B )
° beyond this limnt«—/— _-l ﬂ “
-1
o N by
by ‘ (a) Specimen for 8-in. Gage Length Test (Welded
t \\Q l I . Only).
NNZL R ‘
NZI N
AN\ N\ il \
L\ '
FIG. 18 Metal Plugs for Testing Tubular Specimens, ; :
Proper Location of Plugs in Specimen and of Specimen in L . -
Heads of Testing Machine. (b) Specimen for 8-in. Gage Length Test.
 ~— ] ({
.  — | AN
(c) Specimen for 2-in. Gage Length Test.
F __________________________
oL (d) Specimen for Full-Section Test.

F1G. 20 Longitudinal Tension Test Specimens for
Large Diameter Tubing.
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D
Reduced

Section 3"Min

Is e -ued )
c ~ERch"Min ——Il-—t
Gage
Length
DIMENSIONS

Specimen No.

Dimensions, in.

A B C D
1 Y2 + 0.015 T1%s approximately 2 + 0.005 2% min
2 % + 0.031 1 approximately 2 + 0.005 2% min
4 + 0.005 4% min
3 1 + 0.062 1% approximately 2 + 0.005 2% min
4 + 0.005 4% min
4 1% = B 2 approximately 2 + 0.010 2% min
4 + 0.015 4% min

8 + 0.020 9 min

1 Editorially corrected.

NotTe 1—Cross-sectional area may be calculated by multiplying 4 and .

NoOTE 2—The dimension ¢ is the thickness of the test specimen as provided for in the applicable material specifications.

NoOTE 3—The reduced section shall be parallel within 0.010 in. and may have a gradual taper in width from the ends
toward the center, with the ends not more than 0.010 in. wider than the center.

NOTE 4-—The ends of the specimen shall be symmetrical with the center line of the reduced section within 0.10 in.

NOTE 5—Metric equivalent: 1 in. = 25.4 mm.

FIG. 21 Dimensions and Tolerances for Longitudinal Tension Test Specimens for Large Diameter Tubing.

@
B

FIG.22 Location of Transverse Tension Test Specimens
in Ring Cut from Tubular Products.

Nut

Rubber
Gasket

Hydraulic Pressure Line

FIG. 24 Testing Machine for Determination of Trans-
verse Yield Strength from Annular Ring Specimens.

AN

Reduced

Section .
Approx 2" |, 2% Min 3" Min
- R B

A
tRod " in

2 00gto.005"
Gage Length

NoTE 1—The dimension 7 is the thickness of the test
specimen as provided for in the applicable material speci-
fications.

NoTe 2—The reduced section shall be parallel within
0.010 in. and may have a gradual taper in width from the
ends toward the center, with the ends not more than 0.010
in. wider than the center.

NoTE 3—The ends of the specimen shall be symmetri-
cal with the center line of the reduced section within 0.10
in.

NOTE 4—Metric equivalent: 1 in. = 25.4 mm.

FIG.23 Transverse Tension Test Specimen Machined
from Ring Cut from Tubular Products.

I n+|/”
i 178
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FIG.25 Roller Chain Type Extensometer, Unclamped.
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FIG. 27 Reverse Flattening Test.

FIG. 28 Crush Test Specimen.
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K%

%.;;.’IO;} ..L. ,'A?.;I;I.Oﬂ
c~=—~=——x afterlsing 33rad | after Usin
3 Floring 730/ ¢§ I Flatter !

.

SO 4 ;
ners— K--A-

A=Outs. Diam. of Tube plusfy

A=Qufs. Diam. of Tvbe less ‘ L
B=0uts. Diam. of Tube less 3°

C=0uts. Diam. of Tube plus ,%'
Flaring Tool Die Block

No:E—Metric equi... 2t lin. =254 mm. )
FIG. 29 Flaring Tool and Die Block for Flange Test.

Included
Angle

<l—slope tini0
| s
FIG. 30 Tapered Mandrels for Flaring Test.

6" min Rod Vg max - 6"min Rod Y3 max
nl
LT 5
T LI il
) I'I‘ Lt
L A ‘E‘A
T+ r-l
—r—r ——————————— e m————
AW P d \/ T
____________ eSS —— S X 1
Face Bend Specimen Root Bend Specimen

'NOTE—Metric equivalent: 1 in. = 25.4 mm.

Test Specimen Thickness,

Pipe Wall Thickness (z), in. in

Up to %, incl t
Over ¥ %

FIG.31(a) Transverse Face- and Root-Bend Test
. Specimens

{7
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[—IF FLAME CUT, NOT LESS THAN %'

SHALL BE MACHINED FROM EDGES 'B'
\‘: 5" MIN —
P e e e i e e o . — — v — o —n. e e ‘__
L- - - 4— ——-—} 30|
S g S o e —————
————— I i 1, IN. TN,
i T YgT0 1! ’
o f T. ' 8 2 t
} : + 4 >1Y, |SEE NOTE

— WHEN t EXCEEDS I¥%; USE ONE OF THE FOLLOWING:

{. CUT ALONG LINE INDICATED BY ARROW. £DGE
MAY BE FLAME CUT AND MAY OR MAY NOT BE

MACHINED.

2. SPECIMENS MAY BE CUT INTO APPROXIMATELY
EQUAL STRIPS SETWEEN 374" AND 1V,' WIDE
FOR TESTING OR THE SPECIMENS MAY BE
SENT AT FULL WIDTH {SEE REQUIREMENTS
ON JIG WIDTH N

NoTE—Metric equivalent: 1 in. = 254 mm.
FIG. 31(b) Side-Bend Specimen for Ferrous Materials

Topped hole to suit ‘ Hordened rollers, l'/2" diam may be
' substituted for jig shoulders

e
N R
As relqunredi——'

testing machine
I‘AS requ‘ired—-J[

T ‘“\:;" - H 'l:—)' H 1
y
: Plunger member—__]
3,0 ' Shoulders I:jordened /
ond grease
- m ‘ / -
= T I m{f
= (o]
|/ u—’j o H c E \Q'
4 _E _E
™ ™
_;_.1',___‘_ T /lf ‘
) | Yy [ A \ £ ]
T f N
R / ~—C—n
1 "
| Yoke =~ 7Y%
- 7!7/8__,; = 9" -
NoTe: Metric equivalent: | in. = 25.4 mm. )
Test Speci'men Thickness, in. A B C D
EZ) 1% 2 2% 1%
t 4t 2t 6t + % 3t + Y

FIG. 32 Guided-Bend Test Jig.

g2
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FIG. 33 Tension Testing Full-Size Bolt.

54
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Clearance of wedge hole.

Diameter .of bolt.

Radius.

Thickness of wedge at short side of hole equal to one-half diameter of bolt.

FIG. 34 Wedge Test Details.

|

~ R

Minimum Radun Recommended
i-tn,but -not {ess than %-m.

F"“l""d
Paraliet Section

]q AA
! - 0. T‘“—_—

_,J-'i’

//77

L
<

Sy

2°10.005" Gage Length for
Elongation after Fracture

NoTE—Metric equivalent: 1 in. = 25.4 mm.
FIG. 35 Tension Test Specimen for Bolt with Turned-Down Shank.

&L
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===

0.357"+0.005"
1.400"+0.005"

Goge Length

Reduced Section

"
lz min

0252"+0005™ &Rod Lrmin
1.000"$0.005 4

) Goge Length

NoOTE— Metric equivalent: | in. = 254 mm.

F1G.36 Examples of Small Size Specimens Proportional
to Standard 2-in. Gage Length Specimen.

SPHERICAL
BEARING

CROSS-HEAD
OF TESTING
MACHINE

R\ m— -\

N

SECTION A=A
FIG. 38 WedgeType GrippingDevice.

FIG. 37 Location of Standard Round 2-in. Gage
Length Tension Test Specimen When Turned from Large
Size Bolt.

SPHERICAL
BEARING

FIG. 39 Snubbing-Type GrippingDevice.

The American Society for Testing and Materials takes rio 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 entirély 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, 1916 Race St., Philadelphia, Pa. 19103.

v+
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AMERICAN NATIONAL] ANSI/ASTM A 441 - 79

STANDARD

Standard Specification for

American Association State
Highway and Transportation Officials Standard
AASHTO No.: M 188

HIGH-STRENGTH LOW-ALLOY STRUCTURAL
MANGANESE VANADIUM STEEL!

This Standard is issued under the fixed designation A 441; the number immediately following the designation indicates the
year of original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of

last reapproval.

This specification has been approved for use by agencies of the Depariment of Defense and for listing in the DoD Index

of Specifications and Standards.

1. Scope

1.1 This specification covers high-strength
low alloy structural steel shapes, plates, and
bars for welded, riveted, or bolted construc-
tion but intended primarily for use in welded
bridges and buildings where saving in weight
or added durability are important. The atmos-
pheric corrosion resistance of this steel is ap-
proximately twice that of structural carbon
steel. This specification is limited to material
up to 8 in. (203 mm) incl. in thickness.

NoTe 1—The values stated in inch-pound units
are to be regarded as the standard.

2. General Requirements for Delivery

2.1 Material furnished under this specifica-
tion shall conform to the applicable require-
ments of the current edition of Specification
A 6 for General Requirements for Rolled
Steel Plates, Shapes, Sheet Piling, and Bars
for Structural Use.?

3. Process

3.1 The steel shall be made by one or more
of the following processes: open-hearth, basic-
oxygen, or electric-furnace.

4. Chemical Requirements

4.1 The heat analysis shall conform to the
requirements prescribed in Table 1.

4.2 The steel shall conform on product
analysis to the requirements prescribed in
Table 1, subject to the product analysis toler-
ances in Specification A 6.

5. Tensile Requirements

5.1 The material as represented by the test
specimens shall conform to the tensile proper-
ties prescribed in Table 2.

5.2 For material under ¥ in. (7.94 mm) in
thickness or diameter, as represented by the
test specimen, a deduction of 1.25% from the
percentage of elongation in § in. or 200 mm
specified in Table 2 shall be made for each
decrease of %, in. (0.79 mm) of the specified
thickness or diameter below % in.

' 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 A01.02 on.

Structural Steel for Bridges, Buildings, Rolling Stock, and
Ships.

Current edition approved Nov. 5, 1979. Published January
1980. Originally published as A 441 -60T. Last previous
edition A 44] -77.

* Annual Book of ASTM Standards, Part 4.

SUPPLEMENTARY REQUIREMENTS

Standardized supplementary requirements for use at the option of the purchaser
are listed in Specification A 6. Those which are considered suitable for use with this

specification are listed below by title.

S14. Bend Test.

518, Maximum Tensile Strength.

393
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. A 441

TABLE 1 Chemical Requirements

Heat Analysis,

%
Carbon, max 0.22
Manganese 0.85-1.25
Phosphorus, max 0.04
Suifur, max 0.05
Silicon, max 0.40 .
Copper, min . 020
Vanadium, min i 0.02

TABLE 2 Tenéiié Requiremehts

Plates and Bars® . o i - Structural Shapes® -
For ' For For For
Thlckncsses Thicknesses | Thicknesses | Thicknesses
% in. ovcr % to | overl¥ato | over4to8.| Groups Group 3 -Groups
(19 mm) 1% in. (19 41in. (38 in, (102 1and 2 s P 4 and 5
and under to 38 mm), | to 102 mm}, | to 203 mm),

mcl incl incl

Tensile  strength)70 000 (485) 67 000 (460) 63 000 (435) | 60 000 (415) | 70 000 (485)| 67 000 (460)| 63 000 (435)
* ‘min, psi (MPa)® | - o '
Yield point min, psi[50 000 (345) 46 000 (315) [ 42 000 (290) | 40 000 (275) {50 000 (345)| 46 000 (315)} 42 000 (290)
(MPa)© ‘ ‘ . ]
Elongation in 8 in.18%®f 18¢/ 1 1887 18¢ 18 18
or 200 mm, min,| ‘ ' )
% . B B, Cae . A v
Elongation in 2 in|... 21e7 e 218 21ef Ly N B ) L
or 50 mm, min,
%

¢ For plates Wider than'24 in. (610 mim), the test spemmen is taken in the transverse direction. See 11,2 of Specification
A6. - ]
*See Specification A 6, Tablc A.
©When the material is normalized the mxmmum yield point and minimum tensile strength required shall be. rediced
5000 psi (35 MPa). B :
¢ See 5.2
¢ Elongation not required.to be determmed For floor plate.
7/ For plates wider than 24 in. (6[0 mm), the clongatlon requirement is rcduced two percentage points.
¢ For wide flange shapes over 426 [b/ft elongation in 2 in. or 50 mm 6f 19% mmlmum applles

S

The American Society for Testmg and Maferials takes no position respecting the vahdny of any patent rights aSserled
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, is entirely their own responsibility.

This smndard is subject to revision at any time by the responsible technical committee and must be reviewed every five
years and if ot revised, either reapprovéd or withdrawi. Your comments are invited cither for revision of this stardard or
Jfor additional standards and_should be addressed to ASTM Headguarters. 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, 1916 Race St., Philadeiphia, Pa.
19103, which will-schedule a further hearmg regarding yaur comments. Failing satisfaction there, you may appedl to the
ASTM Board of Dtrectors .
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AMERICAN NATIONAL
STANDARD

Standard Specuflcatlon for

-ANSI/ASTM A 449 - 78a

Wt

A

QUENCHED AND TEMPERED STEEL BOLTS AND STUDS1

This standard is issued under the fixed demgnatzon A 449; the number unmed:ately following the desxgnatxon mdlcates the
year of original adoption or, in the case of revision, the year of last revision, A number in parentheses mdxcates the year of last

reapproval.

1. Scope

1.1 This specification covers the chemical
and mechanical requirements for quenched
and tempered, medium carbon steel bolts and
studs 3 in. and under in diameter for general
applications where high strength is required.

‘1.2 ‘Suitable nuts ‘are ‘covered in Specifica- !
tion A 563. Unless othérwise ‘specified, the

“grade and style of nut shall be as follows:.

. Nut Grade and
Fastener Size and Surface Finish Style? !
i, plain (or with a coating of B, hex o
: ficierit thickness to requlre over-

A tapped nits) .
over 1% to 3 in,, plain (or with a coating A, heavy hex

of insufficient thickness to require

over-tapped nuts)
Y% to 3 in., galvanized (or with a coating  C, heavy hex

thickness requiring over-tapped nuts)

“A Nuts of other grades and styles having specified proof
load stresses (Specification A 563, Table 3) greater than the
specified grade and style of nut are suitable.

NoTe 1—The values stated in inch-pound units
are to be regarded as the standard.

2. Applicable Documents

2.1 ASTM Standards:

A 153 Specification for Zinc Coating (Hot-
Dip) on Iron and Steel Hardware”

A 370 Methods and Definitions for Mechan-
ical Testing of Steel Products.?

A 563 Spec1ﬁcat10n for Carbon and Alloy
Steel Nuts*

2.2 American National Standards:®

ANSI B1.1 Unified Screw Threads

ANSI B18.2.1 Square and Hex Bolts and

Screws

3. Material and Manufacture

3.1 Steel for bolts and studs shall be made
by the open-hearth, basic-oxygen, or electric-
furnace process.

3.2 The bolts and studs shall be heat treated
by quetiching in d liquid medium from above
the, transformation, temperature and then tem-
pering by reheating to a temperature of not less
than 800°F (427°C).

3.3 Threads of bolts and studs shall be
rolled; cut;-or ground ~

“3,4 ‘Wheén specified, galvamzed fasteﬁers
shall be hot-dip galvanized in accordance with

the requirements of Class, C of Specification

A 153, When specified by the purchaser to.be

+ ‘mechanically galvanized, fasteners covered by

__this specﬁicatlon shiall’ be' tiiechanically zing-

coated, ‘and the coating shall conform to re-
quirements for Class 50 of Specification B 454,
or to the coating thickness, adherence, and
quality requirements for Class C of Specifica-
tion A 153.

NoTe 2—When the intended application requires
that assembled tension exceeds 30 % of minimum
bolt or stud proof load, an anti-galling lubricant may
be needed. Application of such a lubricant to nuts
and a test of the lubricant efficiency are provided in
Supplementary Requirement S! of Specification
A 563 and should be specified when required.

4. Chemical Requirements

4.1 The bolts and studs shall conform to
requirements as to the chemical composition
specified in Table 1.

4.2 Product analyses may be made by the

! This specification is under the jurisdiction of ASTM
Committee F-16 on Fasteners, and is the direct responsibility
of Subcommittee F 16.02 on Steel Bolting.

Current edition approved Sept. 29-and Oct, 27, 1978.
Published December 1978. Originally published as A 449 —
63 T. Last previous edition A 449 - 77.

% Annual Book of ASTM Standards, Part 3.

3 Annual Book of ASTM Standards, Parts 1 to 5 and 10,

4 Annua! Book of ASTM Standards, Parts 1 and 4,

% May be obtained from American National Standards
Institute, Inc., 1430 Broadway, New York, NY 10018,
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purchaser from finished material representing
each lot. The chemical composition thus deter-
mined shall conform to the requirements pre-
scribed for product analysis in Table 1.

4.3 Application of heats of steel to which
bismuth, selenium, tellurium, or lead has been
intentionally added shall not be permitted,

5. Mechanical Requirements

5.1 Bolts and studs shall not exceed the max-
imum hardness specified in Table 2. Bolts less
than three diameters in length and studs less
than four diameters in length shall have hard-
ness values not less than the minimum nor
more than the maximum hardness limits re-
quired in Table 2, as hardness is the only
requirement.

5.2 Bolts and studs 1% in. in diameter or
less, other than those excepted in 4.1, shall be
tested full size and shall conform to the iensile
strength and either the proof load or yield
strength requirements specified in Tables 3 and

5.3 Bolts and studs larger than 1% in. in
diameter as above, other than those excepted
in 5.1, shall preferably be tested full size and
when so tested, shall conform to the tensile
strength and either the proof load or yield
strength requirements specified in Tables 3 or
4 respectively. When equipment of sufficient
capacity for full-size testing is not available, or
when the length of the bolt or stud makes full-
size testing impractical, machined specimens
shall be tested and shall conform to the require-
ments of Table 5. In the event that bolts are
tested by both full size and by the machined
test specimen methods, the full-size test shall
govern if a controversy between the two meth-
ods exists.

5.4 For bolts and studs on which both hard-
ness and tension tests are performed, accept-
ance based on tensile requirements shall take
precedence over low readings of hardness tests.

6. Dimensions

6.1 Unless otherwise specified, the bolts
shall be finished hexagon head with dimensions
conforming to the latest issue of ANSI B18.2.1,

6.2 Studs shall have dimensions conforming
to those specified by the purchaser.

6.3 Unless otherwise specified, threads shall
be Coarse Thread Series as specified in the
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latest issue of ANSI Bl.1, and shall have Class
2A tolerances.

6.4 Unless otherwise specified, bolts to be
used with nuts or tapped holes that have been
tapped oversize, in accordance with Specifica-
tion A 563, shall have Class 2A threads before
hot dip or mechanical galvanizing. After gal-
vanizing, the maximum limit of pitch and ma-
jor diameter may exceed the Class 2A limit by
the following amount:

Diameter, in. Oversize Limit, in. (mm)4

Up to 7s, incl 0.016(0.41)
Over Me to 1, incl. 0.021(0.53)
Over 1 0.031(0.79)

4 These values are the same as the minimum overtapping
required for galvanized nuts in Specification A 563.

6.5 The gaging limit for bolts shall be veri-
fied during manufacture or use by assembly of
a nut tapped as nearly as practical to the
amount oversize shown above. In case of dis-
pute, a calibrated thread ring gage of that same
size (Class X tolerance, gage tolerance plus) is

to be used. Assembly of the gage, or the nut -

described above, must be possible with hand
effort following application of light machine oil
to prevent galling and damage to the gage.
These inspections, when performed to resolve
disputes, are to be performed at the frequency
and quality described in Table 6.

7. Test Methods

7.1 Bolts and studs shall be tested in accord-
ance with Supplement III of Methods A 370.

7.2 The wedge test shall be applicable only
to square and hexagon head bolts.

7.3 Studs shall be tested by the Axial Ten-
sion Method as described in $11.1.3.1, Supple-
ment IIT of Methods A 370.

8. Number of Tests and Retests

8.1 The requirements of this specification
shall be met in continuous mass production for

stock, and the manufacturer shall make sample:

inspections to ensure that the product conforms
to the specified requirements. Additional tests
of individual shipments of material are not
ordinarily contemplated. Individual heats of
steel are not identified in the finished product.

8.2 When specified in the order, the manu-
facturer shall furnish a test report certified to
be the last completed set of mechanical tests for
each stock size in each shipment.



8:3. When testing on a It basis .is specified
on the purchase order, a lot, for purposes of
selecting test samples; shall consist of. all ‘ma-
iterial of one’typé, that. is; bolts or studs having
thé same nominal diameter and length offered
for inspection ‘at one time: From:each lot; the
humber of tests:for-each. specrﬁed property
shall be as follows EEERE e

. Number of :
Number of Pieces in Lot Samples

800 and less ) 1

“Over 800 to 8 000, inel ]

Over:8 000 to 22 000, incl 3

Over 22 000 5

8.4 Shouid any sample fail to meet the Te-
quirements of a specified test, dotible the orig-
inal number of samples from the same lot shall
_be retested for the requirement(s) in which it
failed. All the additionial samples s shall conform
to the specrﬁcatron or the lot shail be reJected

8.5 If any test specimen shows defectrve ma-
chmmg, it may be discarded and another spec-
.imen substituted.

9 Workmanship

- 9.1 The bolis-and studs shall be commer-
crally smooth and free from burrs, laps; seams,
cracks, and other injurious material or manu-
facturing defects which would make them un-
suitable for the iritended application. i

10. Marking
10.1 Bolt heads shall be marked w1th 3 rad1a1

' TABLEI Chemrca[ Requlrements _

-lines 120 deg: apart and with a symbol identi-
fyirig - the. manufacturer.. Markings may . be
raised or depressed at the optlon of the manu-
facturer B Far oL e

iy . s

i1 Inspectron - S

111 If the' mspecuon descr1bed in 82 is
requrred by the purchaser; it shall be specified
in the inquiry and contract or order.

11:2. The mspector representmg the pur-
chaser shall have free entry, at all times while
work on the contract of the jpurchaser is being
performed to all parts of manufacturer’s works
that concern the manufacture and testing of the
matenal ordered The manufacturer shall af-
‘ford the inspector all reasonable fac111t1es, with-
out charge, to satlsfy him that the material is
bemg furnished in accordance with this speci-
fication. Al tests (except product analysis) and
inspection ; shall be made at the place of man-
ufacture prior to. shipment, unless otherw1se
specrﬁed and shall be so conducted as not to
interfere unnecessarily with the operation of
the _works. :

12 Rejé‘cﬁbn SRR
C12.0 Re_]ectrons based on requu'ements spec-
" ified herein shall be reported to. the manufac-

tiirer within 30 days after rece1pt ‘of matenal by
the purchaser ‘ .

" TABLE 2 Hardness Requu'ements

Composmon, %

Heat

‘Product-.
Analysis Analysis .
Carbon 0.28-0.55 0,25-0.58
Manganese, min -~ 4" 0,60 -0.57
Phosphorus, max 0.040 0.048

Sulfur, max ~ 0.050-. , 0.058 ‘

o L Hardness
Bolt or Stud Didmeter, in. - Brinell . ...
Hardness Rockwell C
Number ’ 7
Yito 1, incl . 25510321 2515 34
- 'Over 1 t6 1%, incl' 11223 (6285 19 to 30
18310235 i

Over 142 to 3, mcll

400

TR
prn



A 449

TABLE 3 Tensile Requirements for Coarse-Thread Full-Size Bolts and Studs
Alternative Proof

Bolt or Stud Threads per Stress Area, Tensile Load, ngeg::i’n{';ﬂgth Load, Yield Strength
Diameter, in. inch?® in28 min, 1bf¢ Method. 1b£C Method (0.2 % Off-

i set), lbfc
Column 1 Column 2 Column 3 Column 4 Column 5 Column 6
n 20 0.0318 3 800 2 700 2 900
Y6 18 0.0524 6 300 4 450 4 800
% - 16 0.0775 . 9300 . 6 600. 7 100
e 14 0.1063 12 750 9 050 9 800
¥ 13 0.1419 17 050 12 050 13 050
%6 12 0.182 © 21 850 15 450 16 750
7 11 0.226 25 100 19 200 20 800
% 10 0.334 40 100 28 400 30 700
% 9 0.462 55 450 39 250 42 500
1 8 0.606 72 700 51 500 55 750
1% 7 - 0.763 80 100 56 450 61 800
1% 7 0.969 101 700 71 700 78 500
1% 6 1.155 121 300 © 85 450 . 93 550
1% 6 1.405 147 500 104 000 113 800
1% 5 1.90 171 000 104 500 110 200
2 4% 2.50 225 000 137 500 145 000
2V 4%, . 3.25 292 500 . 178 750 188 500

2% 4 4.00 360 000 220 000 232 000 -
2% 4 - 493 i 443 700 271 150 286.000
3 4 5.97 537 300 328 350 346 200

4 For 8 threads per inch in sizes 1% to 1% in., incl, stresses of 105,000 psi (725 MPa), 74,000 psi (510 MPa), and 81,000 psi
(560 MPa) shall be used for calculating the values in columns 4, 5, and 6 respectively. »
B Stress area calculated from the formula:

A, =0.7854 [D — 0.9743/m)]*

where:
A, = stress area, : - .
D = nominal diameter, and
n = threads per inch.
€ Values tabulated are based on the following:
Bolt Size, in. Column 4, psi (MPa) Column 5, psi (MPa) Column 6, psi (MPa)
Y to 1, incl 120 Q00 (825) 85 000 (585) 92 000 (635)
1% to 1%, incl 105 000 (725) 74 000 (510) 81 000 (560)
1% to 3, incl 90 000 (620) 55 000 (380) 58 000 (400)
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-TABLE 4 Tensile Requirements for Fine-Thrgagl Full-Size Bolts and Studs

oo ) ' ‘Alternative Proof
BoltorStud  Threadsper  Stress Afea,  TemsileLoad,  Tropioadblength yo.q yield Strengtn
Diameter; in. inch _in? min, 1bf®. . Method (0.2 % Off-

ok . Method, 1bf® . :
D P set), min, Ibf®
Coluan o Column 2 Column 3 . Column 4 7 . i.VColumn' 5 . 7‘ Column 6
7 28 : 0.0364 4 350 3 100 3 500
s 24 . 0.0580 6 950 4 950 5 350
% 24 0,0878 10 550 7 450 8 100
e 20 0.1187 14 500 10 100 10 900
¥ 20 0.1599 19.200 ) 13 600 14 700
Ne X 18 0.203 24 350 17 250 18 700
% - 18 0.256 - 30 700 21 750 23 500
Y% 16 . 0.373 - 44 750 31 700 - 34 300
] 14 0.509 - .61 100 43 250 46 800
1 12 0.663 79 550 56 350 61 000
1% 12 0.856 89 900 63 350 69 350
1% 12 . 1.073 112 650 79 400 86 900
1% 12 . L3Is 138 100 . 97 300 106 500
% - 12 1581 166 000 117 000 128 000
4 See footnote® below Table 3. ' ' '
B See footnote® below Table 3. v
TABLE 5 Tensile Requirements for Specimens Machined from Bolts and Studs
, . Tensile Strength, Yield Strength, min, Elongation in Reduction of
Bolt 9‘ Stud Diameter, in. .+ min, psi (MPa) . psi(MPa) 4 D min, % Area, min, %
Yi to 1, incl i 120 000 (825) 92 000 (635) 14 35
L Over Lo Iyinl ~ 7 105.000 (725) 81,000 (560) - 14 35
Over 1% to 3, incl + 90 000 (620), |58 000 (400) 14 35,

TABLE 6 Sample Sizes and Acceptance Numbers for
Inspection of Hot Dip or Mechanically Galvanized Threads

- Lot Size SampleSize 8 Aﬁﬁ:ﬁé‘:’:ﬁe : !
2 to 90 13 1
91 to 150 20 2
151 to 280 32 3
281 to 500 50 . 5
"~ 501 to 1 200 80 7
1 201 to 3 200 125 10
.. 3.201 to 10 000 1200 14
10 Q01 and over 315 21

4 Sample sizes of acceptance numbers are extracted from
“Single Sampling Plan for Normal Inspection” Table IIA,
MIL-STD-105D.

% Inspect all bolts in the lot if the lot size is less than the
sample size.

The American Society for Testing and Materials takes no position r%specting the validity of azy atent 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, is entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical commitiee and must be reviewed every five
Yyears and if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or
Jor additional standards and should be addressed 10 ASTM Headquariers. 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, 1916 Race St., Philadelphia, Pa.

19103, which will schedule a further hearing regarding your comments. Failing satisfaction there, you may appeal to the
ASTM Board of Directors.
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Standard Specification for

Designation: A 475 - 78 (Reapproved 1984)!

Zinc-Coated Steel Wire Strand’

This standard is i5sued -under the fixed designation A 475; 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 (¢) indicates an editorial change since the last revision or reapproval.

This specification has been approved for use by agencies of the Department of Defense and for hstmg inthe DoD Index of Specifications

- and Standards.

€1 Nore—Section 2 was added editorially and subsequent sections were renumbered in April 1984.

1. Scope

1.1 This specification covers five grades of zinc-coated,
steel wire strand, composed of a number of round, steel
wires, with four weights of zinc coatings, suitable for use as
guys, messengers, span wires, and for similar purposes.

1.2 The five grades covered are as follows:

1.2.1 Utilities,

1.2.2 Common,

1.2.3 Siemens-Martin,

1.2.4 High-Strength, and

1.2.5 Extra High-Strength.

1.2.6 Minimum breaking strengths of strand for each
grade are specified in Table 1.

1.3 The four weights of zinc coatings are: Type 1 and
Classes A, B, and C. Minimum weights of zinc coatings are
specified in Table 4.

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

2. Referenced Documents

2.1 ASTM Standards:

A 90 Test Method for Weight of Coating on Zinc-Coated
(Galvanized) Iron or Steel Articles®

B 6 Specification for Zinc (Slab Zinc)®

3. Description of Strand

3.1 The designation of the finished strand shall be ex-
pressed as the nominal diameter of the strand, the number of
the wires in the strand, and the minimum breaking strength
of the strand as prescribed in Table 1, and the type or class of
coating as prescribed in Table 4.

4. Ordering Information

4.1 Orders for material under this specification shall
include the following information:
4.1.1 Quantity of strand in feet,

! This specification is under the jurisdiction of ASTM Committee A-5 on
Metallic Coated Iron and Steel Products and is the direct responsibility of
Subcommittee A05.12 on Wire Specifications.

Current edition approved March 31, 1978. Published May 1978. Originally
published as A 475 - 62 T. Last previous edition A 475 - 72a (1976).

2 Annual Book of ASTM Standards, Vol 01.06.

3 Annual Book of ASTM Standards, Vols 02.03 and 02.04.
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4.1.2 Nominal strand diameter, number of wires, grade,
and minimum breaking strength of strand (Section 8 and
Table 1),

4.1.3 Weight (type and class) of zinc-coating (Section 12
and Table 4), and

4.1.4 Length of strand in coils or on reels (Sectlon 17).

5. Material

5.1 The base metal shall be steel made by the open—hearth
basic-oxygen, or electric-furnace process and of such quality
and purity that, when drawn to the size of wire specified and
coated with zinc, the finished strand and-the individual wires
shall be of uniform quality and have: the properties and
characteristics as prescribed in this specification.

5.2 The slab zinc, when used for the coating, shall be any
grade of zinc conforming to Specification B 6.

6. Stranding

6.1 Unless otherwise spec1ﬁed strand shall have a left lay.
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

6.2 The 3-wire strand shall con51st of-three wires concen-
trically twisted with a uniform pitch of not less than 14 nor
more than 20X the specified nominal diameter of the strand:

6.3 The 7-wire strand shall consist of a center wire with a
6-wire layer concentrically: twisted over it with a uniform
pitch of not more than 16X the specified nominal diameter
of the strand.

6.4 The 19-wire strand shall consist of a center wire with a
6-wire layer concentrically twisted over it, having a right lay
and a uniform pitch of not more than 16X the nominal
diameter of this 7-wire core. The nominal diameter of this
7-wire core shall be considered to be 3x the nominal
diameter of the wires. A 12-wire outer layer, having a left lay
shall be concentrically twisted over the 7-wire core and shall
have a uniform pitch of not more than 16X the specified
nominal diameter of the strand.

6.5 The 37-wire strand shall consist of a center wire with a
6-wire layer concentrically twisted over it, having a left lay
and a uniform pitch of not more than 16X the nominal
diameter of this 7-wire inner core. The nominal diameter of
this 7-wire inner core shall be considered to be 3X the
nominal diameter of the wire. An intermediate layer of 12
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wires having a right lay shall be concentrically twisted over
this 7-wire core and shall have a uniform pitch of not more
than 16X the nominal diameter of this 19-wire core. The
nominal diameter of this 19-wire core shall be considered as
5x the nominal diameter of the wires. An 18-wire outer
layer, having a left lay shall be concentrically twisted over the
19-wire core and shall have a uniform pitch of not more than
16x the specified nominal diameter of the strand.

6.6 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 accom-
plished by any means or process, such as preforming, post
forming or form setting.

7. Joints and Splices

7.1 Electric-welded butt joints made prior to the start of
cold drawing of the wire are permitted.

7.2 In 3-wire strand, there shall be no joints made in the
individual finished wire. In 7-wire strand, joints made in
individual finished wires shall be acceptable provided there is
not more than one joint in any 150-ft (45.7-m) section of the
completed strand and the location of each joint is marked on
the strand with paint or some other distinguishing mark.
Factory joints made in the individual finished wires of 19
and 37-wire strand shall be kept well spaced and at a
minimum in number.

7.3 Joints in the wires composing the strand shall be either
the brazed-lap type or electric-butt-welded type. When the
brazed type of joint is used, the length of the lap shall be not
less than 3x the diameter of the wire and the overlapping
faces shall be smooth, clean, properly fluxed, and completely
covered by the brazing metal. When the electric-welded type
of joint is used, care shall be taken to prevent injury to the
wire during electric-butt welding. All joints shall be well
made and shall be coated with zinc after completion so that
the joints shall have protection from corrosion equivalent to
that of the zinc-coated wire itself.

7.4 There shall be no strand joints or strand splices in any
length of the completed strand unless specifically permitted
by the purchaser. ‘

8. Breaking Strength and Weight

8.1 The approximate weight per 1000 ft or 305 m, of
strand, and the minimum breaking strength of the finished
strand shall be as specified in Table 1.

8.2 A test in which the breaking strength is below the
minimum specified and which may have been caused by the
slipping of the specimen in the jaws of the testing machine,
by breaking within the jaws or within I in. (25.4 mm) of the
jaws, or by the improper socketing of a specimen shall be
disregarded and another sample from the same coil or reel
shall be tested. Tests shall be made on lengths of strand that
do not contain wire joints or splices.

9. Elongation

9.1 The elongation of the strand in 24 in, (610 mm) shall
be not less than that specified in Table 2.

9.2 The elongation shall be determined as the percent
increase in separation between the jaws of the testing
machine from the position after application of the initial
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load to the position at the initial failure in the test specimen,
The separation of the jaws of the testing machine shall be
approximately 2 ft when under an initial load equal to 10 %
of the required minimum breaking strength of the strand.
The elongation values shall be recorded only for specimens
which break over 1 in. from the jaws of the testing machine.
Additional samples shall be taken from the same coil or reel
when the previous tests are to be disregarded.

9.3 Elongation tests shall be made on lengths of strand
which do not contain wire joints of splices.

10. Permissible Variations in Size

10.1 The diameter of the zinc-coated wire forming the
strand specified in Table 1 shall be within the limits
prescribed in Table 3.

11. Sampling

11.1 Sampling for determination of compliance to this
specification shall be performed on each lot of material. A lot
shall consist of all the strand of one size and one grade in
each shipment. The number of samples to be taken shall be
as follows:

Number of
Samples

5000 ft (1524 m) or less 1
Over 5000 to 30 000 ft (1524 t0 9144 m) ~ 2
Over 30 000 to 150 000 ft (9144 to 45 720 m) 3
Over 150 000 ft (45 720 m) 4

11.2 Each sample taken shall be subjected to all tests
prescribed in Sections 6, 8, and 9. :

11.3 In addition to the strand testing in 11.2, the indi-
vidual wires shall be tested. The number of individual wires
to be selected from each sample of strand and tested to
determine compliance with Sections 10, 12, 14, and 15 shhll
be as follows:
3-wire strand—3 wires
7-wire strand—4 wires
19-wire strand—3 wires from each layer (total of 6 wires)
37-wire strand—3 wires from each layer (total of 9 wires)

Note 1—Individual wire samples selected for compliance to Section
10 shall be discarded if any distortion of the wire occurred during the
stranding operation.

11.4 Instead of testing the wires from the completed
strand in accordance with 11.3, the producer may elect to
establish compliance with Sections 10, 12, 14, and 15 of this
specification by tests made on the wires prior to stranding,
unless otherwise stipulated by the purchaser. However, if the
producer makes this election, the purchaser still reserves the
right to test wires from the completed strand for compliance.

12. Weight of Coating

12.1 The weight of zinc-coating, in ounces per square foot
or grams per square metre of uncoated wire surface, shall not
be less than that specified in Table 4.

13. Tests of Coating

13.1 The weight of the zinc-coating shall be determined
by a stripping test in accordance with Test Method A 90.

134




*6.uonoeg payoads siuswaiinbes uonebuoe 03 JaeY T

. .moEw:uE 16y pue somod PUE OB nuwiweés Ag Afediound pasn si apets salinn sut 4,

(81£°509) 009 €11

(022%2¢€) 000 €L:

(205122 002 28k (16€°'861) 009 ¥¥ o (ev 1) 82 € (esv)y 8210 L8 (618 Al
(£28°189) 008 OEH (£s¥"L0%)-009 16 (000°292) 006 85 (9g1°091) 000 9€ - S (lzz 1) 1689 (60°%) 1910 i (8s'82)  #il
(eeg95v) 002 20} (L28'61€) 006 LL (805'502) 002 9% (s88'szH) 00€ 82 : . (eee) 150 @ (€98l evi0 - i (ov'se) L
(688'¥9¥) 00§ ¥0L {or9'sze) 002 €L (990°602) 000 L¥ (#99°22}) 002 82 ' {ove) €0 T- (so's} 0020 - Bk (ov'se) 8
(e25°v5€) 002 6L AL12'8¥e) 008 SS (169'651) 006 SE. (911°26) 006 L2 A A VA Bt 3 ¥ (0s'%) L£1°0 6l (ee2a) . %
(1e€'652) 00E 85 {zgv'181) 008 OF (€v59LL) 002 92. (22112 000 9OF -Ayeg) gst b (18€) 0510 6L (so6l) %
(618'821) 002 OF . (G66'721) 001 82 (€15°08) 001 8L (0e6'87) 000 11 (19€) 962 (81€)-g210 6L (8g'st) %
(509'881) 007 -2¥ (£99'LEL) 009 62 (196'78) 00L 61 (665°1S) 009 L1 (69e) €18 (926} 20270 L (885°1) %
(S06°6v1) 00L €€ (202 201) 001 V2 (919°12) 001 91 (L882h) 0¥9 6 (682) L9 (83 Lo 6l (6%  °%
(889°5GE) 000 SE --(186'801) 00S +2 (££8'69) 00 G (e02°2v) 009 6 (voe) 129 (8L7) 8810 L (62vL)  °%
(89£°811) 00 92 (196'78) 001 61 (zev"95) 00L 21 - (g68'€€) 029 £ {(622) 0S5 (75'2) 0010 61 ozey =
(£59'61L1) 006 92 (229°€8) 008 8L {eee'es) 0oL 2k (2162€) 00V L g(¥) (902'LLL) 000 ST vea) L1s (61'y) 5910 L lorzy %
{eeg'e6) 008 02 (66t°9) 00S ¥1 (L6S°LY) 0SE 6 (sge'se) 00 § gl¥) (890°08) 000 81 (181) 668 (89°€) 5710 L L) o
(e0g'89) 0OF S1 (ov0'8v) 008 OF {s160¢) 056 9 (s06°81) 052 ¥ gtv) (881°18) 00S L1 el €2 (s0'€) 0210 L (es8) Ye
(68v'25) 008 L1 (81 2€) 09 8 (eeL7e) 095 & (erg'vi)oge € g(€) (0L8°2¢) 005 8 (001) 022 (61%) 9910 € ese) %%
o s g(1) {689°92) 0009 (co1) sze (2 8010 L g6'r) - %
(ozg'61) 002 +1 (985°s€) 000 8 (86L°€2) 0SE S (vez'vi) 002 € (e6) soe #92) y0L'0 L e o
(6£7°0%) 00L 6 (av2'ge) 05E 9 (e61'81) 060 ¥ (920°+1) 08V 2  gl&) (e16°82) 005 9 ° (80 1Lt (89°€) Gv1°0 € e o
(c1e'6€) 056 8 - {so¥"82) 00V 9 (co6'8L) 05T ¥ (eevivoss e " g(1) (zov°02) 009 ¥ CD) ver (9e°2) €600 L vy %
(29¢7e€) 005 £ (86€'€2) 092 & (se0°51) 08¢ € (252'6).080 2 L (ze)- L8) (0s:) 010 € ey %
(185'62) 059 9 (62t'12) 0SL ¥ (zrovi) ost € (esve) 006 L ‘ R (s9) 12t (€072 0800 L (sg9) %
e g(®) (21:0:02) 005 ¥ (€8) 211 (0°€) 02K'0 € (6ed)
(186°62) 0¥ 9 (ov0'12) 0eL ¥ (ezsen) 0v0 € (r22'8) 098 L g@ @rovi)ost € (€9) 11 (c0€) 0210 € (e %
(020°+2) 0OV G (9z1°21) 058 € (z8€°L1) 095 2 (0s8°9) 0¥S + (rr)- 86 {ee1) 2200 i (9s9) =%
(962 12) 006 ¥ {695°51) 005 € (s0v01) O¥E 2 (szz'9) 00V 1 (ov)- 88 #92) ¥01°0 € (959) =%
= ot i g(1) (929°0K) 0OV 2 (9€) " 08 (c9'1) 5900 L orv) %
(8v2°21) 066 € (2921088 € (2sv°8) 006 1 (strg) oSt L (ee) e {£5'1) 290°0 L ory) %
“(8£0°€1) 0¥6. 2 “(6L96) OVL T (6859} 0LV | . (028°¢) 028 (e2) 15 (2e71) 2500 L 6e)
(ov1'8)0e8- L {oLsg) oge L (8¥0'7) 016 - (2or°e) ovs (1) z¢ o) 1100 L 8re) %
(w 8408 - (wwy u

ope1D e opeD opesn , /6% 1 puens (ww)

i e vepeD S8t oo/ s S s

o ’ ) ‘puens ~pajeoy jo PqUINN Jelewelq

’ i - JouBeM . JeueIg : [EUILION

(N3) 41 “puens Jo wbuang Buiesig wnwiu sewixoiddiy fRUILION .

~a|qeleAe Aipess pue pasn AJuowwoo 1sow sepesd pue sazis mﬁo”_.uc_.,mn? ageypioq Ul Sioquinu 8yl —310N

puens alm [281S payeod-oulz jo sopuadold [eashud | J1aVL

28

135



TABLE 2 Elongation Requirements for Grades of Strand
Elongation in 24

Grade of Strand in. (610 mm),
min, %
Utilities Grade (1)# and Common Strand 10
Utilities Grade (2)* and Siemens-Martin ) 8
Utilities Grade (3)* and High-Strength 5
Utilities Grade (4)* and Extra High-Strength 4

A See Table 1, Footnote B.

14. Adherence of Coating

14.1 The zinc-coated wire shall be capable of being
wrapped at a rate not exceeding 15 turns/min in a close helix
of at least two turns around a cylindrical mandrel equal to
3% the nominal diameter of the wire under test, without
cracking or flaking the zinc coating to such an extent that
any zinc can be removed by rubbing with the bare fingers.

Note 2—Loosening or detachment during the adhesion test of
superficial, small particles of zinc formed by mechanical polishing of the
surface of zinc-coated wire shall not be considered cause for rejection,

15. Ductility of Steel

15.1 The zinc-coated wire shall not fracture when
wrapped at a rate not exceeding 15 turns/min in a close helix
of at least 2 turns around a cylindrical mandrel. The mandrel
diameter for testing Common and Siemens-Martin grade
strand shall be equal to the nominal diameter of the
individual wires of the strand. The mandrel diameter for
Utilities, High-Strength, and Extra High-Strength grade
strand, shall be equal to 3% the nominal diameter of the
individual wires of the strand.

16. Finish

16.1 The zinc-coated wire shall be free of imperfections
not consistent with good commercial practice. The zinc-
coating shall be continuous and of reasonably uniform
thickness.

17. Packaging and Marking

17.1 Wire strand shall be furnished in standard lengths
(see 17.1.1) and in compact coils or on reels (see 17.1.2) as
specified by the purchaser; otherwise lengths shall be as
agreed upon at the time of purchase. Only one length of
strand shall be furnished in each coil or on each reel. Lengths
of strand may vary between the standard (nominal) length
and 10 % over the standard (nominal) length, unless other-
wise specified by the purchaser.

17.1.1 Standard lengths of strand are as follows: 250, 500,
1000, 2500, and 5000 ft (76, 152, 304, 760, and 1520 m).

TABLE 3 Permissible Variations in Diameter of Individual
Zinc-Coated Wires

Permissible Variations,
plus and minus,

Nominal Diameter of Coated Wires
in the Strand, in. (mm)

in. (mm)
0.041 to 0.060 (1.04 to 1.52) 0.002 (0.05)
0.061 to 0.090 (1.55 to 2.29) 0.003 (0.08)
0.091 to 0.120 (2.31 to 3.05) 0.004 (0.10)
0.121 and over {3.07 and over) 0.005 (0.13)
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TABLE 4 Nominal Diameters and Minimum Weights of Coating
for Zinc-Coated Steel Wires”

Nominal Diam-  psinimum Weight of Coating, oz/ft2 (g/m?) of Uncoated Wire

eter of Coated

Wire in the Surface

Str(?:g,) n- Type 18 Class A° Class B? Class C°
0.041 (1.04) 0.15 (46) 040(122)  0.80 (244)  1.20 (366)
0.052 (1.32) 0.15 (46) 040 (122) - 0.80 (244)  1.20 (366)
0.062 (1.57) ~ 0.15 (46) 050 (153) - 1.00 (305)  1.50 (458)
0.065 (1.65) 0.15 (46) 050 (153)  1.00(305)  1.50 (458)
0.072 (1.83) 0.15 (46) 050 (153)  1.00(305)  1.50 (458)
0.080 (2.03) 0.30 (92) 0.60(183)  1.20(366)  1.80 (549)
0.093 (2.36) 0.30 (92) 070 214)  1.40{427)  2.10 (641)
0.100 (2.54) 0.30 (92) 070 (214)  1.40(427)  2.10 (641)
0.104 (2.64) 0.30 (92) 0.80 (244)  1.60(488)  2.40 (732)
0.109 (2.77) 0.30 (92) 0.80 (244)  1.60(488)  2.40 (732)
0.113 (2.87) 0.30 (92) 0.80 (244)  1.60 (488)  2.40 (732)
0.120 (3.05) 0.30 (92) 0.85(259)  1.70 (519)  2.55 (778)
0.125 (3.18) 0.30 (92) 0.85(259) 170 (519)  2.55 (778)
0.130 (3.30) 0.30 (92) 0.85(259)  1.70 (519)  2.55(778)
0.143 (3.63) 0.40(122) 0.90(275)  1.80 (549)  2.70 (824)
0.145 (3.68) 040 (122)  0.90(275)  1.80 (549)  2.70 (824)
0.150 (3.81) 040(122) 090(275)  1.80 (549)  2.70(824)
0.161 (4.09) 040(122)  090(275)  1.80 (549)  2.70 (824)
0.165 (4.19) 040(122) 090 (275)  1.80 (549)  2.70 (824)
0.177 (4.50) 0.40(122)  0.90(275)  1.80(549)  2.70 (824)
0.179 (4.55) 040 (122) 090 (275)  1.80(549)  2.70 (824)
0.188 (4.78) 040(122)  1.00(305)  2.00 (610)  3.00 (915)
0.200 (5.08) 0.40(122)  1.00(305)  2.00(610)  3.00 (915)
0.207 (5.26) 0.40 (122) 1.00 (305) 2.00 (610) 3.00 (915)

A For intermediate sizes of wire in the strand, the weight designations are the
same as for the next finer size shown in this table.
8 Type 1 (formerly “Galvanized") coating applies to “Common” Grade of strand

only.
© Class A, “Extra Galvanized" and “Double Galvanized” are equivalent terms.
P Class A, Class B, and Class C coatings apply to all grades of strand.

17.1.2 Standard practice is to furnish all strand % in.
(11.11 mm) and over in diameter on reels in lengths of 1000
ft (304 m) and over. Strand lengths of less than 1000 ft are
regularly furnished in coils.

17.2 Each coil or reel shall have a strong weather-resistant
tag securely fastened to it showing the length, nominal
diameter, number of wires, grade of the strand, type, or class
of coating, ASTM designation A 475, and the name or mark
of the manufacturer. If additional information is required on
the tag, it shall be so specified at the time of purchase.

18. Inspection

18.1 The manufacturer shall afford the inspector repre-
senting the purchaser all reasonable facilities to satisfy him
that the material is being furnished in accordance with this
specification, All tests and inspection shall be made at the
place of manufacture prior to shipment, unless otherwise
specified, and shall be so conducted as not to interfere
unnecessarily with the operation of the works.

19. Rejection

19.1 If the wire or strand fails in the first test 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 of wire or
strand shall be rejected.
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The American Soclety for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any jtem 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, 1916 Race St., Philadelphia, PA 19103.
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AMERICAN NATIONAL
STANDARD

Standard Specification for

ANSI/ASTM A 490 -79

American Association State

Highway and Transportation
Officials Standard

AASHTO No.: M 253

QUENCHED AND TEMPERED ALLOY STEEL BOLTS
FOR STRUCTURAL STEEL JOINTS'

This standard is issued under the fixed designation A 490; 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.

This specification has been approved for use by agencies of the Department of Defense for listing in the DoD iIndex of

Specifications and Standards.

1. Scope

1.1 This specification covers the chemical
and mechanical requirements of quenched
and tempered alloy steel bolts, /2 to 1'/2 in.,
incl, in diameter. These bolts are intended for
use in structural joints that are made under
the Specification for Structural Joints Using
ASTM A 325 or A 490 Bolts? issued by the
Research Council on Riveted and Bolted
Structural Joints of The Engineering Founda-
tion. The various types of bolts covered by
this specification are:

1.1.1 Type I—Bolts made of alloy steel,
supplied in sizes Y2 to 1'/2 in., inclusive, in
diameter.

1.1.2 Type 2—Bolts made from what is
‘generally described as low-carbon martensite
steel, supplied in sizes /2 to 1 in., inclusive,
in diameter.

1.1.3 Type 3—Bolts /2 to 1/2 in., inclu-
sive, in diameter having atmospheric corro-
sion resistance and weathering characteristics
comparable to that of the steels covered in
Specifications A 588, A 242, and A 709
(these steels have atmospheric corrosion re-
sistance approximately two times that of car-
bon structural steel with copper.

1.2 When the bolt type is not specified
Type 1 shall be supplied. Type 3 may be
supplied by the manufacturer, if agreed upon
by the purchaser.

1.3 When atmospheric corrosion resistance
and weathering characteristics are required,
Type 3 bolts should be specified by the pur-
chaser.

1.4 Suitable nuts are covered in Specifica-
tion A 563. Unless otherwise specified,
Grade DH heavy hex nuts shall be furnished
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for use with Type 1 and Type 2 bolts. Grade
2H heavy hex nuts, as specified in Specifica-
tion A 194 are acceptable alternatives. Grade
DH3 heavy hex nuts as specified in Specifica-
tion A 563 shall be furnished for use with
Type 3 bolts.

1.5 Hardened washers are covered in
Specification F 436. Unless otherwise speci-
fied, Type 3 weathering steel washers shall be
furnished when Type 3 bolts are specified.

1.6 This specification provides that heavy
hex structural bolts shall be furnished unless
other dimensional requirements are stipulated
in the purchase inquiry and order.

Note 1—For quenched and tempered alloy steel
bolts, studs, and other externally threaded fasteners
with diameters greater than 1'/2 in., but with similar
mechanical properties, refer to Grade BD of ASTM
Specification A 354, for Quenched and Tempered

Alloy Steel Bolts, Studs, and Other Externally
Threaded Fasteners.

2. Applicable Documents

2.1 ASTM Standards:

A 194 Specification for Carbon and Alloy
Steel Nuts for Bolts for High-Pressure
and High-Temperature Service? '

A 242 Specification for High-Strength Low-
Alloy Structural Steel

A 325 Specification for High-Strength Bolts
for Structural Steel Joints*

"'This specification is under the jurisdiction of ASTM
Committee F-16 on Fasteners, and is the direct responsibility
of Subcommittee F16.02 on Steel Bolts, Nuts, Rivets, and
Washers. )

Current edition approved May 25, 1979. Published Sep-
tember 1979. Originally published as A 490-64. Last pre-
vious edition A 490-78.

? Published by \he American Institute of Steel Construc-
tion, New York, N.Y. :

% Annual Book of ASTM Standards, Part 1.

+ Annual Book of ASTM Standards, Part 4.



. A370 Methods and Definitions for Me-
chanical Testing of Steel Products®
A 563 Specification for Carbon and Alloy
Steel Nuts®*
A 588 Specification for High-Strength Low-
Alloy Structural Steel with 50,000 psi
Minimum Yield Point to 4 in. Thick*

A 709 Specification for. Structural Steel for‘

Bridges?

spection®

E 138 Wet Magnetic Particle Inspection®

F 436 Specification for Hardened Steel
"Washers for Use with High-Strength
Bolts

2.2 American National Standards:”

B1.1 Unified Screw Threads

B18.2.1 Square and Hex Bolts:arid Screws

B18.2.2 Square and Hex Nuts

-+ 2.3 Military Standard:®

MIL-STD-105D Sampling Procedure and

- Tables for Inspection by Attributes

3.. Definitions -

3.1 Surface discontinuities as covered by
this specification are defined as.follows:

3.1.1 crack—a clean crystalline break
passing’ through the grain boundary without
inclusion of foreign elements. -

3.1.2 seam or lap—a noncrystalline break
through the metal WhICh is mherent in the raw
material.

3.1.3 burst—a break located at the penph—
ery of the bolt head.

314 acceptable quality level (AQL) ~as
defined in MIL-STD-105D, the. maximum
percent defective that, for purposes of sam-
pling inspection, can be considered satisfac-
tory as the process average.

3.1.5 process average— as defined in MIL-
STD-105D, the average percent defective of
product as the time or ongmal inspection.
Original inspection is that first inspection of a
particular quantity of product which is. being.
remspected after rejection and recondition-
.1ng.

4 Ordermg Informatlon

" 4.1~ Orders for products under this spec;fl-
cation shall include the followmg '

4.1.1 Quantity (number of: pleces of bolts
and accessories),

4.1.2 Name: of products, mcludmg acces-
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sories such as nuts and washers when desned
4.1.3 Dimensions, including nominal bolt
diameter and length. For bolts of dimensional
requirements other than heavy hex structural
bolts (see 1.6) it is’ normally necessary to
specify grip length;
4.1.4 Type of bolt (that is, Type 1, 2, or

~3). Note that Type 1, 2, or 3 bolts may be
' supplled by the manufacturer when bolt type
E 109 Dry Powder Magnetic" Particle In- -

is not specified, if agreed upon by the pur-
chaser, . ..

415 ASTM designation and date of issue,
and _

4.1.6 Any special requirements.

NoTe 2 —Two examples of ordering descriptions
follow: (1 ) 1000 pieces, heavy hex structural bolts,
each with two hardened washers, ASTM F 436,
and one heavy hex nut; ASTM A 563 Grade DH,
1 by 4, ASTM A 490 dated . (2) 1000
pieces, heavy hex structural bolts, no nuts or wash-
ers, 7/8 by 2‘/4 Type 1, ASTM A 490 dated

s, Matenals and Manufactuxe '

51 Steel shall be made by the open-
hearth, basic-oxygen,. or electric- furnace
process

52 Type 1 bolts shall be heat treated by
quenching in oil from above the transformation
temperature. Type 2 and Type 3 bolts shall be
quernched in a suitable liquid from: above the
transformation temperature. Type 1 and Type
3 bolts shall be tempered by reheating to a
temperature of not less than 900°F (480°C).
Type 2.bolts shall be tempered by reheating to
a temperature of not less than 650°F (340°C).
If heat treatment is performed by a subcontrac-
tor, the heat-treated -material shall be réturned
to:the manufacturer for testing.

5.3 Threads of bolts may be cut or rolled.

6. Chemlcal Requn'ements

6.1 Type 1 bolts shall be made from alloy
steel conformmg to the chemical composition
requirements given in Table 1.. The steel shall
contain suff1c1ent‘a1]oy1ng elements to qualify
it as an alloy steel.

Note 3—Steel is considered to be alloy,. By thie
American Iron and Steel Institute, when the maxi-
mum of the range glven for the content of alloying
elements exceeds one or more of the following limits:

5 Annual Book of ASTM Standards, Parts 1-5 and 10

S Annual Book of ASTM Standards, Part 11.

? Available from American National Standards Insti-
tute, 1430 Broadway, New York, N. Y. 10018. '

8’ Available from aval Publications and Forms Center,

'5801 Tabor Ave., ‘Philadelphia; Pa. 19120.
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manganese, 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.

6.2 Type 2 bolts shall be made from steel
conforming to the chemical compositon re-
quirements given in Table 2.

6.3 Type 3 bolts shall be made from steel
conforming to the chemical composition re-
quirements given in Table 2.

6.4 Product analyses may be made by the
purchaser from finished material representing
each lot of bolts. The chemical composition
thus determined shall conform to the require-
ments given in Tables 1, 2, or 3, as applicable.

6.5 Application of heats of steel to which
bismuth, selenium, tellurium, or lead has
been intentionally added shall not be permitted
for bolts.

7. Mechanical Requirements

7.1 Bolts less than three diameters in
length shall have hardness values not less than
the minimum nor more than the maximum
hardness limits required in Table 4, as hard-
ness is the only requirement.

7.2 Bolts 1 in. in diameter or less, other
than those excepted in 7.1, shall be tested full
size and conform to the minimum and maxi-
mum tensile strength and either proof load or
alternative proof load requirements specified
in Table 5.

7.3 Bolts larger than 1 in. in diameter,
other than those excepted in 7.1, shall pref-
erably be tested full size and when so tested,
shall conform to the minimum and maximum
tensile strength and either proof load or alter-
native proof load requirements as specified in
Table 5. When equipment of sufficient capac-
ity for full-size testing is not available, or
when the length of the bolt makes full-size
testing impractical, machined specimens shall
be tested and shall conform to the require-
ments of Table 6. In the event that bolts are
tested by both full-size and by the machined
test specimen methods, the full-size test shall
govern if a controversy between the two
methods exists.

7.4 For bolts on which hardness and ten-
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sion tests are performed, acceptance based on
tensile requirements shall take precedence in
the event that there is controversy over low or
high readings of hardness tests.

7.5 Surface hardness of bolts as taken at a
maximum of 0.003 in. from the surface shall
not be more than the equivalent of 3 points
Rockwell C higher than the hardness taken at
a distance of /s in. from the surface. Both
hardness readings shall be taken on the same
axial longitudinal section through the threaded
length of the bolt, shall be taken at the same
time, and the same hardness scale shall be
used.

8. Dimensions

8.1 Unless otherwise specified, bolts shall
conform to the dimensions for heavy hex struc-
tural bolts specified in ANSI B18.2.1.

8.2 Threads shall be the Unified Coarse
Thread Series as specified in ANSI B1.1, and
shall have Class 2A tolerances. When speci-
fied, 8 pitch thread series shall be used on
bolts over 1 .in. in diameter.

9. Quality Assarance of Mechanical Require-
ments

9.1 The manufacturer shall make sample
inspections of every lot of bolts to ensure that
properties of bolts are in conformance with
the requirements of this specification. All
‘bolts shall be inspected ‘tested prior to ship-
ment in accordance with one of the two
quality assurance procedures described in 9.3
and 9.4, respectively. The manufacturer shall
have the option of which procedure will be
followed when furnishing bolts to any single
purchase order. ‘

9.2 The purpose of a lot inspection testing.

program is to ensure that each lot conforms to
the requirements of this specification. For
such a plan to be fully effective, it is essential
that following delivery the purchaser continue
to maintain the identification and integrity of
each lot until the product is installed in its
service application.

9.3 Production Lot Method:

9.3.1 All bolts shall be processed in ac-
cordance with a lot-identification-control
quality assurance plan. The manufacturer
shall identify and maintain the integrity of
each production lot of bolts from raw-material



selection' through all processing - operations
and treatments to final packing and shipment.
Each lot shall be assigned its own lot+identifi-
cation number, edch lot shall be tested; and
the inspection test reports for-each lot shall be
retained.

© 9.3.2 A production lot, for purposes ‘of
-assigning an identification number and from
which test samples shall be selected, shall
consist of all bolts processed essentially to-
gether through-all operations to the shipping
containér-that are of the same nominal size,
the ‘same nominal length, and produced from
the same mill heat of steel.

9.3.3 The manufacturer shall make tests
for proof load, tensile strength (wedge-test),
and hardness of each lot of bolts. Alterna-
tively, .in .accordance with 7.3, tests may be
tensile strength, “yield strength reduct1on of
area, elongation, and hardness.

«:9.3.4 ‘From each production lot, the mini-
mum number of tests of each.required prop-
erty shall be as follows:

Number of Pieces "‘Number of
in Production Lot Specimens
“'800 andless - a7 i
801 to 8 000 LD
8 001 to 35 000 3
35 001 to 150 000 8
.- 150.001 and over o 13

935 1f any test specrmen shows defecttve
ma‘htnmg, it may be dlscarded and another
specimen substituted.

9.3.6 Bolts shall be packed in shlppmg
contamers as _soon as practicable followmg
final processing. Sh1ppmg containers shall be
marked with the lot 1dent1f1catlon number:

9.3.7 A copy of the 1nspectron test report
for each production lot from which bolts are
supplled to fill the requirements of a shipment
shall be furmshed to the,purchaser when

‘ specrfled in the order. Individual heats of steel
need not be identified on the test report.

9 4 Sthpmg Lot Method

9.4.1. In-process 1nspect10n durmg all man-
ufacturing operations and treatments and
storage of manufactured bolts shall be in
accordance with the practrces of the individual
manufacturer. :

9.4.2 Before . packmg bolts for shipment,
the. manufacturer shall make tests of sample
bolts taken at random from each shipping lot.
A’ shipping lot, for purposes of selecting test
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samples; is defined as that quantity of bolts.of
the samé€ nominal size and same nominal
lehgth necessary to fill the r‘equirements ofa
single purchase order.

~9:4.3 The manufacturer shall make -tests

for proof Toad, tensile strength (wedge test),

and hardness of each lot of bolts. Altértia-
tively, in accordance with 7.3, tests may be
tensile strength, yield strength, reductlon of
ared, elongation, and hardness.

9.4.4 From each shlpplng lot, the mini-
mum number of tests of each requlred prop-
erty shall be ds foliows:

Number of Pieces Nurnber of
in Shipping Lot Specimens
! 150 and less : I '
151 t0'280 ) 2
.. 281to 500 : 3
501to 1 200 5
1201 to 3 200 8
3 201 to 10 000 R &
-10 001 and over 20

9.45 If any test specimen shows defective
machining, it may be discarded and another
specimen substituted: -

9.4.6 A copy of the 1nspect10n test report
for each shipping lot shall be furnished:to the
purchaser when specrfred in ‘the order. Indl-
vidual heats of steel. are not identified in the
finished product..

10. Test Methods

' 10.1 Tests shall be’ conducted in accord—
ance with Supplement II1 of Methods A 370.

10.2 Proof load testing of bolts tested in
full size shall preferably be conducted in ac-
cordance with Method 1, Length Measure-
ment, described in Supplement 111 of Methods
A 370

103 Bolts tested in full size shall be tested

SE L

H
b

in accordance with the Wedge Test method

descrlbed in Supplement III of Methods
A 370, Fracture ‘shall be ln the body or
threads of the bolt, without any fracture at
the junction of the head and body.

- 10.4 Machined specimens shall be tested
in accordance with the method descrrbed in
SIl 1.7, Supplement I of Methods A 370

10.5 The speed of testing as determlned
with a free-runnmg cross head shall be a
max1mum of 0. 125 in /nnn for the bolt proof
load determmatlon and a maximum of 1 in./
min for the bolt tensile strength determina-
tion.
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11. Magnetic Particle and Visual Inspection
for Surface Discontinuities

11.1 Bolts shall be examined by magnetic
particle inspection for longitudinal discontin-
uities and transverse cracks, and shall con-
form to an AQL of 0.25 when inspected in
accordance with the sampling plan described
in 11.4. Eddy-current inspection may be sub-
stituted, at the option of the manufacturer,
for the 100 % magnetic particle inspection
specified in 11.4.1 and 11.4.2, provided that
the bolts, after eddy current inspection, are
subsequently randomly sampled according to
Table 7 and subjected to the magnetic particle
inspection and acceptance requirements as de-
scribed above. In the case of dispute, the
magnetic particle test shall govern.

11.2 Bolts shall be examined visually for
bursts and shall meet an AQL of 2.5 when
inspected in accordance with the sampling
plan described in 11.5.

11.3 A lot, for purposes of selecting a
sample for magnetic particle or visual inspec-
tion, shall consist of all bolts of one type,
having the same nominal diameter and length
offered for inspection at one time. No lot shall
contain more than 10 000 pieces,

11.4 Longitudinal  Discontinuities
Transverse Cracks:

11.4.1 From each lot of bolts a represent-
ative sample shall be picked at random and
magnetic particle inspected for longitudinal
discontinuities and transverse cracks in ac-
cordance with Method E 109. (See Note 4).
The sample size shall be as specified for an
AQL of 0.25 in Table 7. If any defectives are
found during inspection by the manufacturer
all bolts in the lot shall be magnetic particle
inspected and all defectives shall be removed
and destroyed. If any defectives are found
during inspection by the purchaser the lot
shall be subject to rejection.

NoTe 4—Magnetic particle inspection may be
conducted in accordance with Method E 138. For
referee purposes Method E 109 shall be used.

11.4.2 Any bolt with a longitudinal discon-
tinuity (located parallel to the axis of the bolt
in the threads, body, fillet, or underside of
head), with a depth normal to the surface
greater than 0.03D, where D is the normal
bolt size in inches, shall be considered defec-
tive. In addition, any bolt with a transverse

and
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crack (located perpendicular to the axis of the
bolt in the threads, body, fillet, or underside
of head), shall be considered defective.

Note 5—Magnetic particle indications of them-
selves shall not be cause for rejection. If in the
opinion of the inspector the indications may be cause
for rejection, a representative sample shall be taken
from those bolts showing indications and shall be
further examined by microscopical examination to
determine whether the indicated discontinuities are
in accordance with the specific limits.

11.5 Bursts:

11.5.1 From each lot of bolts a represent-
ative sample shall be picked at random and
visually inspected for bursts. The sample size
shall be as specified for an AQL of 2.5 in
Table 7. If the number of defectives found
during inspection by the manufacturer is
greater than the acceptance number given in
Table 7 for the sample size, all bolts in the lot
shall be visually inspected and all defectives
shall be removed and destroyed. If the num-
ber of defectives found during inspection by
the purchaser is greater than the acceptance
number given in Table 7 for the sample size,
the lot shall be subject to rejection.

11.5.2 Any bolt with a burst having a
width greater than 0.010 in. plus 0.025D,
where D is the nominal bolt size in inches,
shall be considered defective.

12. Inspection

12.1 If the inspection described in 12.2 is
required by the purchaser, it shall be specified
in the inquiry and contract or order,

12.2 The inspector representing the pur-
chaser shall have free entry, at all times while
work on the contract of the purchaser is being
performed, to all parts of manufacturer’s
works that concern the manufacture of the
material ordered. The manufacturer shall af-
ford the inspector all reasonable facilities,
without charge, to satisfy him that the mate-
rial is being furnished in accordance with this
specification. All tests (except product analy-
sis) and inspection shall be made at the place
of manufacture prior to shipment, unless oth-
erwise specified, and shall be so conducted as
not to interfere unnecessarily with the opera-
tion of the works.

13. Rejection
13.1 Unless otherwise specified, any rejec-
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tion based on requirements specified herein
shall be reported to the manufacturer within
30 working, days from -the receipt of the
materxal by the purchaser :

:14 Certlficatlon o

14.1 When specified on the order the mati-
ufacturer shall firnish the test reports de-
seribed: in 9.3.7 or. 9.4.6, .depending on
whether the boltsiare furnished by the produc-
tion lot or shlppmg lot method

15 Marklng
15 1 Bolt heads shall .be marked A 490

: TABLE 1 Cheniieal Reqmrements for Type 1 Bolis -

and shall ‘also’be-marked to-identify the
manufacturer.-Markings may be either raised

or depressed, at the option of the manufac-

turer. .
15 2 In addltlon to the markmgs requ1red

in 15. 1, Type 2 ‘bolts shall be marked w1th six
radial lmes 30 deg apart. . .. @

15.3 In addltlon to the markmgs requlred
in 15 1, Type 3. bolts shall have the A 490
underlmed and the manufacturer may add
other drstmgulshmg marks 1nd1cat1ng that the
bolt is atmospherlc corrosmn 1e51stant and of
a weathering type.

7o

Y

. TABLE 3 Chemieal Rer]uirements for Type 3 liolts‘

7T
Sk

Heat Anal- Product ot ! Héat Anal srs, Product Analy-
i Element ysrs % i Analysis; % . Element Ib ¢ sis, % | y
"Cérbon Lo ' Carbon _ _ O 20-0 53 0.19-0.55..,
+ For sizes through 1%/ i+ "0.30-0.48 * 0.28-0.50 Manganese, min 040 037
. Forsizg 12 in., . ,, . 0.35-0.53  0.33-0.55 Phosphoris, max i 0.040 - +°  0.045
Phosphorus, max . 0. 040 . 0.045 Sulfur, max 0.050 . 0.055
Sulfur ‘max R 0,040 ¢ 7T 0.045 Copper, max ., ., 0.60 © . .0.63
z T— Chromium, min, 045 0.42
Nickel, min 00,20 © 0.7
Lo or : iz S
et Molybdenum, min - . 015, . 0.14 .
TABLE 2 Chemlcal Requlrements for Type2 Bolts R T ER I
. LElement. H.eat %alyqu ;Pr?dsl:gt %naly—v | TABLE 4. V‘H'ardne,ss Requirenren”s for Bolts -
S _ ’ Lo cov vy ‘Hardness Number
Carbon Y0.15-0.34 1 0.13£0.37 o —
Manganese, min 0.70 0.67 Bolt Sl;e, n., _ Brineli jRo‘ckwell‘v'C
Phosphorus, max 0.040  #iw . 0.048 R s N e
- . Sulfur, max 0.050 . . 0.058 RINTILTLN: mincmax cmin max,
" ‘Boron, min_ " T 0 0005 3 0 0005 iY2to.1Yz2;incl 311 . - 352 : 33, 38
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TABLE § Tensile Requirements for Full-Size Bolts

Proof Load .2 Alternative Proof

. Tensile Load,? Ibf(kN) Load,® min
Bolt Size, Threads : ’ Ibf(kN) :
per Inch, and Se- Stress(/;gg,” in? Ibt{kN)
ries Designation : Length Measure- Yield Strength
min max ment Method Method-
Column 1 Column 2 Column 3 Column 4 Column 5 Column 6
/2213 UNC 0.142 (0.92) 21 300 (95) 24 150 (107) 17 050 (76) 18 500 (82)
5/g-11 UNC 0.226 (1.46) 33 900 (151) 38 400 (171) 27 100 (121) 29 400 (131)
3410 UNC 0.334 (2.15) 50 100 (223) 56 800 (253) 40 100 (178) 43 400 (193)
/s-9 UNC 0.462 (2.98) 69 300 (308) 78 550 (349) 55 450 (247) 60 100 (267)
1-8 UNC 0.606 (3.91) 90 900 (404) 103 000 (458) 72 700 (323) 78 800 (351)
11/s-7 UNC 0.763 (4.92) 114 450 (509) 129 700 (577) 91 550 (407) 99 200 (441)
1'/s-8 UN 0.790 (5.10) 118 500 (527) 134 300 (597) 94 800 (422) 102 700 (457)
11/4-7 UNC 0.969 (6.25) 145 350 (647) 164 750(733) 116 300 (517) 126 000 (560)
1'/4-8 UN 1.000 (6.45) 150 000 (667) 170 000 (756) 120 000 (534) 130 000 (578)
1%/s-6 UNC 1.155(7.45) 173 250 (771) 196 350 (873) 138 600 (617) 150 200 (668) ‘
13/s-8 UN 1.233 (7.95) 185 000 (823) 209 600 (932) 148 000 (658) 160 300 (713). i
112-6 UNC 1.405 (9.06) 210 750(937) . 238 850 (1062) 168 600 (750) 182 600 (812) :
1'2-8 UN 1.492 (9.63) 223 800 (996) 253 650 (1128) 175 050 (779) 194 000 (863) 3
1

4 The stress area is calculated as follows:
A, = 0.7854 [D — (0.9743/n)]* i

where:

A, = stress area, in2, ‘
D = nominal bolt size, and : !
n = threads per inch. ‘ 1‘

B Loads tabulated and loads to be used for tests of full size bolts larger than 1'/z in. in diameter are based on the
following:
Bolt Size Column 3 Column 4 Column 5 : Column 6
Y2 to 1Y2 150 000 psi (1035 MPa) 170 000 psi (1170 MPa) 120 000 psi (825 MPa) 130 000 psi (895 MPa)
in., incl

TABLE 6 Tensile Requirements for Specimens Machined from Bolts

Tensile Strength, psi (MPa) Yield Strength Elongation in :
Bolt Size, in. (0.2 % offset), 2in.ors0  Seducion %/;fJ :
min max min, psi (MPa) mm, min, % ’ ’ !
Y2 to 1'/2 in., incl 150 000 (1035) 170 000 (1170) 130 000 (895) 14 40 :
|
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TABLE .7 - Sample Sizes and Acceptance Numbers for
Inspection of Longitudinal Discontinuities; Transverse
¥ Ciacks and Bursts

0.25 AQL 2.5 AQL

"o Lot Size iera  Accept o Accept-
Sokly ance TS ance

o Number! % Numbert -
110150 50 0 5 0
151 t0 500 50 0. 20 1
501to1 200 50 0 32 2
1201t03 200 .50 0 50 3
3 20110 10 000 50 0 ] 80 5

4 Sample sizés arfjd acceptance fiumibérs dre extracted
from “Single Sampling Plan for Noymal Inspection” Table
11A, MIL-STD-105D. ) ) ]

_ ' Inspect all bolts in thé lot if lot size is less than sample
size. ‘ v

The American Society for Teskitf‘and Matérials takes no position réjpeciing the validiiy t{of a"y atent rights asserted in
conniéction with any item mentioned in this standard. Users of this ‘standdrd are expressly adviséd that determination of the
validity of dny such patent rights, and the risk of ifringément of such Fighis, is entirely their own responsibility.

This standard is subjeci 10 revision at any time by the responsible technical commiltee and must be reviewed evéry five
years and if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or
Jfor additional standards and should be addressed t0 ASTM Heéadgudriérs. Your comments will receive careful consideration
at a meeting of the responsible techtical committee, which you may attend. If you feel that your comments have not reg:g%ed
a fair hearing you should make your views known to the ASTM Committee on Standards, 1916 Race St., Philadelphia, Pa.
19103, which will schedule a further hearing regarding your comments. Failing satisfaction there, you may appeal to the
ASTM Board of Directors.

A
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STANDARD

Standard Specification for

AMERICAN NATIONAL] ANSI/ASTM A 496 - 78

Ameérican Association State
Highway and Transportation Officials Standard
AASHTO No.: M 225

DEFORMED STEEL WIRE FOR CONCRETE

REINFORCEMENT'

This standard is issued under the fixed designation A 496; 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.

This specification has been approved for use by agencies of the Department of Defense and for listing in the DoD Index of

Specifications and Standards.

1. Scope

1.1 This specification covers cold-worked,
deformed steel wire to be used as such, or in
fabricated form, for the reinforcement of con-
crete in sizes having nominal cross-sectional
areas not less than 0.01 in.2 (6.45 mm? nor
greater than 0.31 in.? (200 mm?).

NoTE 1—The values stated in inch-pound units
are to-be regarded as the standard.

2. Applicable Documents

2.1 ASTM Standards:

A 370 Methods and Definitions for Mechan-
ical Testing of Steel Products® _

A 700 Recommended Practices for Packag-
ing, Marking, and Loading Methods for
Steel Products for Domestic Shipment?

2.2 Military Standards:*

MIL-STD-129 Marking for Shipment and
Storage

MIL-STD-163 Steel Mill Products Prepara-
tion for Shipment and Storage

2.3 Federal Standard:*

Fed. Std. No. 123 Marking for Shipments
(Civil Agencies)

3. Ordering Information

3.1 When deformed wire is ordered by size
number, the dimensional requirements shall be
.as given in Tables 1 and la. When deformed
wire is ordered to dimensions other than the
sizes shown, the nominal dimensions shall be
developed from the applicable unit weight per
foot of the section.

3.2 Orders for material to this specification

shall include the following information:

3.2.1 Quantity (weight),

3.2.2 Name of material (deformed steel wire
for concrete reinforcement),

3.2.3 Wire diameter (see Tables 1 and 1a),

3.2.4 Packaging (see Section 15), and

3.2.5 ASTM designation and date of issue.

NOTE 2—A typical ordering description is as fol-
lows: 50 000 b deformed steel wire for concrete

reinforcement, size No. D-12, on pipe carriers, poly-
cthylene shrouded, to ASTM A 496 dated ————

4. Descriptions of Terms

4.1 Deformed Steel Wire for Reinforcement,
as used within the scope and intent of this
specification, shall mean any cold-worked, de-
formed steel wire intended for use as reinforce-
ment in concrete construction, the wire surface
having deformations which (/) inhibit longi-
tudinal movement of the wire in such construc-
tion, and (2) conform to the provisions of Sec-
tion 5. '

4.2 Size Number, as used in this specification
refers to the numerical designation of the wire
as tabulated in Table 1 under the column head
Deformed Wire Size Number, or a number in-
dicating the nominal cross sectional areas of

' This specification is under the jurisdiction of ASTM
Committee A-1 on Steel, Stainless Steel and Related Alloys,
and is the direct responsibility of Subcommitiee A0L.05 on
Steel Reinforcement.

Current edition approved Dec. 29, 1978, Published June
1979. Originally published as A 496 — 64. Last previous edi-
tion A 496 - 72. )

* Annual Book of ASTM Standards, Parts 1-5, 10.

* Annual Book of ASTM Standards, Parts 1, 3, 4, 5.

¥ Available from Naval Publications and Forms Center,
5801 Tabor Ave., Philadelphia, Pa. 19120.
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_the deformed wire section in hundredths of a
square inch.

5. Requirements

5.1 Deformations shall be spaced along the
wire at a substantially uniform distance and
shall be symmetrically disposed around the
perimeter of the section. The deformations on

all longltudmal lines of the wire shall be similar,

in size and shape. A minimum of 25 percent of
the total surface area shall be deformed by
measurable indentations.

5.2 Deformed wire shall havé two, four, or.
six lines of deformations.

5.3 The average longitudinal spacing of de-
formations shall be not less than 3.5 nor more
than 5.5 deformations per inch in each line of
deformations on the wire..

5.4 The minimum average height at the cen-
ter of typical deformations based on the nomi-
nal wire diameters.shown in Tables 1 and la
shall be as follows:

Minimum Average
.Height of Deforma-
" tions, Percent of
. Nominal Wire
Wire Sizes

¢ " Diameter
D-3 and finer ) : 4
Coarser than D-3 through D-10 4%
Coarser than D-10 5

5.5 The deformations shall be placed in re-
spect to the axis of the wire so that the included
angle is not less than 45 deg; or if deformatlons
are curvﬂmear, the angle formed by the trans-
verse axis of the deformation and the wire axis
shall be not less than 45 deg. Where the line of
deformations forms an included angle with the
axis of the wire from 45 to 70 deg inclusive, the
deformations shall alternately reverse in direc-
tion on each side, or those on one side shall be
reversed in direction from those on the opposite
side. Where the line of deformations is over 70
deg, a reversal in direction is not required. , .

]

6 Measurements

6.1 The average spacing of deformatlons
shall be detérmined by dividing a measured
length of the wire specimen by the number of
individual deformations in any one row of
deformations on any side of the wire specunens
A measured length of the wire specimen shall
be considered thé distance from a point on a
deforniation to a correspondmg point on any
other deformatxon in the same line of defor-

matlons on the wire.

6.2 The minimum average height of defor-
mations shall be determined from measure-
ments made on not less than two typical defor-
mations from each line of deformations on the
wire. Measurements shall be made at the center
of mdentauons

‘7 Number of Measurements

7.1 To indicate adequately the conformity to
dimensional requirements, measurements shall

. be made on one wire from each 10 tons (9072
" kg) of each wire size, or fraction thereof. .

8. Process

8.1 The steel shall be made by one or more
of the following processes: open-hearth, elec-
tric-furnace, acid-bessemer, or basic-oxygen.

8.2 The deformed steel wire shall be pro-
duced from rods or bars that have been hot
rolied from billets.

9. Tensile Properties

9.1 Deformed wire shall conform to the fol-
lowing requirements for tensile properties in
Methods and Definitions A 370:

psi (MPa), min

- 85 000 (586)
75 000 (517)

Tensile strength
Yield strength
_ 9.2 For material to be used in the fabrication
of welded fabric, the following tensile and yield
strength properties shall apply:
psi (MPa), min

80 000 (552)
70 000 (483)

Tensile strength
Yield strength

9.3 The yield strength shall be determined at
an extension at 0.005 in./in. of specimen length.
The manufacturer is not required to test for
yield strength, but is responsible for supplying
a product that will meet the stipulated limit.
9.4 The material shall not exhibit a definite
yield point as evidenced by a distinct drop of
the beam or halt in the gage of the testing
machine prior to reaching ultimate tensile load.
The purchaser may, at his option, accept this
feature as sufficient evidence of compliance
with the specified minimum yield strength.
. 9 5 The tensile strength and yield strength
are to be based on thé nominal area of the w1re

10 Bending Properties ‘
- 10,1 The bend test specimen shall stand
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being bent through 90 deg without cracking on
the outside of the bent portion, as follows:
Bend Test

Bend around a pin the diameter of
which is equal to twice the nomi-
nal diameter of the specimen.

Bend around a pin the diameter of
which is equal to four times the
nominal diameter of the speci-
men.

Size Number
D-6 and finer

Coarser than D-6

10.2 The bend test shall be made at room -

temperature on specimens of sufficient length
to ensure free bending and with apparatus
which provides continuous and uniform appli-
cation of force throughout the duration of the
bending operation, unrestricted movement of
the specimen at points of contact with the
apparatus, and close wrapping of the specimen
around the pin.

11. Test Specimens

11.1 Tension and bend test specimens shall
be of the full section of deformed wire. -

12. Number of Tests

12.1 One tension test and one bend test shall
be made from each 10 tons (9072 kg) or less of
each size and wire.

12.2 If any test specimen shows imperfec-
tions or develops flaws, it may be discarded
and another substituted.

13. Variations in Weight

13.1 The permissible variation in weight of
any deformed wire is =6 percent of its normal
weight. The theoretical weights shown in Ta-
bles 1 and la, or similar calculations on unlisted
sizes, shall be used to establish the variation.

14. Finish

14.1 The wire shall be free from injurious
imperfections and shall have a workmanlike
finish.

15. Packaging, Marking, and Shipping

15.1 The size of the wire, ASTM specifica-
tion number, and name or mark of the manu-
facturer shall be marked on a tag securely
attached to each coil of wire.

15.2 When specified in the purchase order,
packaging shall be in accordance with the pro-
cedures in Recommended Practices A 700,

15.3 For Government Procurement Only—
When specified in the contract or order, and
for direct procurement by or direct shipment to

the U. S. government, material shall be pre-
served, packaged, and packed in accordance
with the requirements of MIL-STD-163. The
applicable levels shall be as specified in the
contract. Marking for shipment of such mate-
rial shall be in accordance with Fed. Std. No.
123 for civil agencies and MIL-STD-129 for
military agencies.

16. Inspection

16.1 The inspector representing the pur-
chaser 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 manufacture of the
material ordered. The manufacturer shall af-
ford the inspector all reasonable facilities to
satisfy him that the material is being furnished
in accordance with this specification.

16.2 Except for yield strength, all tests and
inspection shall be made at the place of man-
ufacture prior to shipment, unless otherwise
specified. Such tests shall be so conducted as
not to interfere unnecessarily with the opera-
tion of the works. ’

16.3 If the purchaser considers it desirable
to determine compliance with the yield strength
requirements in 9.1 and 9.2, he may have yield
strength tests made in a recognized laboratory,
or his representative may make the test at the
mill if such tests do not interfere unnecessarily
with the mill operations.

164 For Government Procurement Only—
Except as otherwise specified in the contract,
the contractor is responsible for the perform-
ance of all inspection and test requirements
specified herein. Except as otherwise specified
in the contract, the contractor may use his own
or any other suitable facilities for the perform-
ance of the inspection and test requirements
specified herein, unless disapproved by the pur-
chaser at the time of purchase. The purchaser
shall have the right to perform any of the
inspections and tests at the same frequency as
set forth in this specification where such in-
spections are deemed necessary to assure that
material conforms to prescribed requirements.

17. Rejection

17.1 Material that shows injurious imperfec-
tions subsequent to its acceptance at the man-
ufacturer’s works will be rejected, and the man-
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‘A 496

ufacturer shall be notified. -~ - specification.

17.2 ‘Rust, surface seams, ‘or surface irregu- o DE TS
larities on. wife not intended for the manufac- 18- Rehearmg
‘ture of fabric shall not be cause for rejection, 18:1 ReJected materials shall be preserved
provided.the minimum dimensions and physi- fora period of at least 2 weeks from the date of
cal properties of a hand wire-brushed test spec-  inspection, during which time the manufacturer
imen are not less-than the requirements of this may ma.ke clarm for a rehearing and retesting.

3

TABLE 1 Dimensional Requirements for Deformed Steel Wire for Concrete Reinforcement (Inch-Pound Units)

Nominal Dimensions o Deformatron Requrrements
i X : ' o Spacmg . Minimum
Deformed Wire ) A h
(Siz‘e'Nu,mber""" Urrit Wéight Dlameter S:E:I;?;fr;xl . Perimeter,, . }‘%‘igﬁggf
RIS . b/fts “ing? Aréa, in? » in. Maxl;mum Mmunum Deforma-
. in, : s
. . ) ‘ tions, in.
D-1 0.034 0.113 0.01 0.355 0.285 0.182 0.0045
D2 - . 0068 0.159. 0.02 0.499 0.285 0.182 0.0063
- D=3 . 0.102 0.195 . 0.03 0.612 0.285 0.182 *0.0078
D-4 0.136 ‘ 0225 . 0.04 0.706 0.285 0.182 0.0101
D-5 0.170 0.252 0.03 0.791 0.285 0.182 0.0113
D-6 0.204 0276 0.06 0.867 0.285 0182 . 0.0124
D-7 - 0.238 7, 0.299 0.07 0.936 0.285 0.182 0.0134
. D-8 - 0272 0319 0.08 1.002 0285 ° 0.182 - 0.0143
D-9 0:306 0.338 0.09 1.061 0.285 0:182 0.0152
D-I0 - 0:340 0.356 0.10 1.118 0.285 0.182 0.0160
D-11 . 0.374 0.374 0.11 1.174 0.285 0.182 -0.0187
D-12. 0.408 0.390 0.12 1.225 0.285 0.182 0.0195
D-13 0.442 0.406 0.13 1275 0.285 0.182 0.0203
D-14 0.476 0.422 0.14° 1325 . - 0:285 0.182 0.0211
D-15 0.510 - .. -0437 0:15 1.372 0.285 0.182 0.0218 .
D-16 - 0544 0451 0.16 1416 0285 0.182 } 0.0225
. D-17 0.578 0.465 0.17 1460 0.285 0.182 0.0232
D-18 10.612 0478 - C0.18 1.501 : 0.285 0.182 © 0.0239 -
D-19 ’ 0.646 0.491 - 0.19 1.542 0.285 0.182 0.0245 -
D-20. 0.680 0504 0:20 1.583 0.285 0.182 0.0252
D-21 0.714 0.517 0.21 1.624 0.285 0.182. 0.0259 -
D22 0.748 " 0529 022 1.662 0.285 0.182 0.0265
D-23 0782 " 7 0541 0.23 1.700 0.285 0:182 0.0271
D-24 . 0.816 - .0.553 0.24 .. 1.737 0.285 0.182 . 0.0277
D-25 .; 0.850 _ 0.564 025 L1 0285 0.182 0.0282
D-26 0.884 0.575 0.26 1.806 0.285 0.182° " 0,0288
D-27 0.918 - 0.586 0.27 1.841 0.285 - 0182 0.0293
» D-28 0952 . . 0597 0.28 1.876 0.285 0.182 0.0299
D-29 0.986 0.608 0.29 1.910 0.285 0.182 0.0304
D-30 1.020 0.618 0.30 1.942 0.285 0.182 0.0309
D-31 1054 ) 0628 031 1.973 0.285 0.182 0.0314

. “The number foilowmg the prefix D identifies the nominal cross-sectional area of the deformed wire m hundredths of a
squiare inch.

¥ The nominal diafieter of a deformed wire is equivalent to the diameter of a plain wire having the same weight per foot
as the.deformed wire; .

“The cross-sectional area is based on the nommal diameter, The area m square ifiches may be caleulated by dividing the
weight per linear inch of the specimen in pounds by 0.2833 (weight of 1 in.” " of steel), or by d1v1dmg the weight per lineal foot
of flpecrmen ini pounds by 3.4 (weight of stéel 1 in..squaré and 1 ft long).

The minimum average height-of deformation$ shall be determined from measurements made on ot less than two typical
deformatrons from each line of. deformatlons on the wire, Measurements shall be made at the center of indentations as
'descrlbed in 6.2, .

"« For sizes oiher than (Rose listéd above, the Size Number shall be the number of ore hundredths of | square itich in the
nommal area of the deformed wire cross section, prefixed by the letter “D".. G

I
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TABLE 1a Dimensional Requirements for Deformed Steel Wire for Concrete Reinforcements-(SI Units)

Nominal Dimensions Deformation Requirements
. Spacing Minimum
Deformed Wire

Size Number““  Unit Weight,  Diameter, Sg:l;(i)osls-n;ll Perimeter, _ l—?e‘gel}'iggf

kg/m mm” Area, (mm?)® mm Maximum  Minimum Defcg;rma—

’ mm mm . o

tions, mm
D-1 0.0510 2.87 6.45 9.02 7.24 4.62 0.114
D-2 0.1013 4.04 12.90 12.67 7.24 4.62 0.160
D-3 0.1523 4.95 19.35 15.54 7.24 4.62 - 0.198
D-4 0.2025 5.72 25.81 17.93 7.24 4.62 0.257
D-5 0.2532 6.40 32.26 20.09 124 4.62 0.287
D-6 0.3038 7.01 o387 22.02 724 4.62 0.315
D-7 0.3548 1.57 45.16 23.77 7.24 4.62 0.340
D-8 0.4051 8.10 51.61 25.45 7.24 4.62 0.363
D-9 0.4561 8.59 58.96 26.95 . 124 4.62 0.386
D-10 0.5063 9.04 64,52 2840 724 4.62 0.406
D-11 0.5574 9.50 70.97 29.82 724 4.62 0.475
D-12 0.6076 9.91 77.42 31.12 7.24 4.62 0.495
D-13 0.6586 10.31 83.87 3239 1.24 4.62 0.516
D-14 0.7089 10.72 90.32 33.66 1.24 4.62 0.53¢6
D-15 0.7599 11.10 96.77 34.85 7.24 4.62 0.554
D-16 0.8101 11.46 103.23 3597 7.24 4.62 0.572
D-17 0.8611 11.81 109.68 37.08 7.24 4.62 0.589
D-18 0.9114 12.14 116.13 38.13 7.24 4.62 0.607
D-19 0.9624 12,47 122.58 39.17 7.24 4,62 0.622
D-20 1.0127 12.80 129.03 40.21 1.24 4.62 0.640
D-21 1.0637 13.13 135.48 41.25 1.24 4.62 0.658
D-22 I.1139 13.44 141.94 4221 7.24 4.62 0.673
D-23 1.1649 13.74 148.39 43.18 7.24 4,62 0.688
D-24 1.2152 14.05 154.84 T 4402 1.24 4.62 0.704
D-25 1.2662 14.33 161.29 45.01 7.24 4.62 0.716
D-26 1.3164 14.61 167.74 45.87 124 4.62 0.732
D-27 1.3675 14.88 174.19 46.76 7.24 4.62 0.744
D-28 1.4177 15.16 180.64 47.65 1.24 4.62 0.759
D-29 1.4687 15.44 187.10 48.51 7.24 4.62 0.772
D-30 1.5190 15.70 193.55 49.33 7.24 4.62 0.785
D-31 1.5700 15.95 200.00 50.11 7.24 4.62 0.798

" “The number following the prefix D identifies the nominal cross-sectional area of the deformed wire in hundredths of a

square inch.

* The nominal diameter of a deformed wire is equxvalent to the diameter of a plain wire having the same weight per foot
as the deformed wire.

¢ The cross-sectional area is based on the nominal diameter. The area in square inches may be calculated by dividing the

weight per lineal inch of the specimen in pounds by 0. 2833 (weight of 1 in.” of steel), or by dividing the weight per lineal

foot of specimen in pounds by 3.4 (weight of steel | in. square and 1 ft long).

“ The minimum average height of deformations shall be determined from measurements made on not less than two typical
deformations from each line of deformations on the wire. Measurements shall be made at the center of indentations as
descrlbed in 6.2

“ For sizes other than those listed above, the Size Number shall be the number of one hundredths of a square mch in the
nominal area of the deformed wire cross section, preﬁxed by the letter “D”.

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 entirély their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five pears
and if not revised, either reapproved or withdrawn. Your comiments 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 atiend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, 1916 Race St., Philadelphia, Pa. 19103, which will schedule d
Surther hearing regarding your comments, Failing satisfaction there, you may appeal to the ASTM Board of Directors.
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Standard Specmcatlon for
- WELDED DEFORMED STEEL WIRE FABRIC FOR
' CONCRETE REINFORCEMI'-.'NT1

This standard is 1ssued under the ﬁxed desngnanon A 497; the number immediately following the designation mdrcates 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 : : . H

)

This sp ification has been approved, for use by agenctes of the Department of Defense and for Itstmg in the DoD Index of
Specific cattons and Staridards )

1. Scope o - ‘ tersection.

1.1 This spec1ﬁcat10n covers welded wire 4 Ordering Informatlon

fabri¢ made froni'dold-worked, deformed wire, 4,1 Orders- for material to this speéiﬁcation
or a combmatlon of deformed and nonde

formed. to-be used for th forcement shall include thé following' mformatlon
Oof ::mcr‘:tl;es’ b use ~ ¢ reinforce 4.1.1 Quantity (weight or square aréa),

:4:1.2 Name of material (welded deformed
NOTE 1—The values states in mch—pound units ere fabric for concrete remforcement)
are to be regarded.as the standard " 41,3 Wird spacmg arid sizes .
2. Appllcable Documents o "+4.1.4 Length and width of sheets of rolls,

415 Packaging (see Section 19), and :
2.1 ASTM Standards: .
A 82,  Specification for Col d-Drawn Steel . 4 1.6 ASTM deSIgnatwn and date of iSsue.

Wite for Concrete Remforcement2 © NOTE 2—A t ;'plcal ordering. descnptlon is as fol-

lows 10 000 ft°:welded deformed wire ‘fabric for
A 496, Spec1ﬁcat10n for Deformed Steel Wire  coricrete reinforcement, 6 x 12-D6 x D4, in flat sheets

for Concrete Remforcement2 o 96 in: wide by 240, in. long, in secured lifts, ‘in
A 700" Recommended Practicss tor Packag- “dceSrdance With' ASTM A 497 dted —__.

: «ing; Marking,; and. Loading Methods for; . AGHde 6F Wike 0 T i s

Pn
v

Steel Products for Domestic Sh1pment3 ) .
© 22 Mililar 11y Stana’ards )f‘g T ° s The- w1re‘~used‘mlrthe 'xmann_t“a_eeure_llqlt”
l\/ﬁL $TD-129 Markmg “for Shlpment and welde wir

C m
Storage? o s e D A 496, either solely. orin combmatlon W1th

" MIL:STD:163'Steel Mill Prodiicis Piépara:’™ Specification A 82 w7
tion for.Shipment and Storage’... .. - ‘

EE S

b 6. Falmcatlon S

;nggcfgrallqita;z;i; rgdarkm for Sbl};n;enrsj 6.1 "The wires shall be assembled by auto-
- (Civil’, Agencws)4 g . oinatic machines or by other suitable mechanical

+»means which-will -assure-accurate. spacing and
* glignmietit of dll members'of the fifiistied fabric.

A e

3 Descrlptlon of Term
~3. 1,, Welded Wzre Fabrzc,‘as usedin this spec-. - or e g

L mposed lgf"’~ "fThmspeelﬁcahon '1s under the ‘Jurnsdxctmn of ASTM
“u: CommittesA~1 6A ‘Stéel, Stainless Stéel and»‘RelatedﬂAlloys,

W > awn. of galvan ".and i§ fhe-directs respodsxblllty ofoubcommmee AD 105" ‘on

1zed fabricated inito sheet (orrso~ca11ed ‘mesh™) 4 Sieel Reinforcement. < * . e @
formed by the process dE elettric weldmg. sThe™ - Cutrént edition approved July- 27 1979 Pubhshed Sep-

. ; . . tember 1979. Originally published as A 497 - 64. Last pre-
finished material shall consist essentially of &  vious edition A4§7 7%’ P P

series of longitudinal and transverse wires ar- ? Annual Book of ASTM Standards, Part 4,

. . 3 Annual Book of ASTM Standards, Parts 1, 3, 4, and 5.
ranged SubStantla‘uy at nght angles to each * Available from Naval Publications and Forms Center,

other and welded together at all points of in- 5801 Tabor Ave., Philadelphia, Pa. 19120.
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6.2 Longitudinal and transverse members
shall be securely connected at every intersection
by a process of electrical-resistance welding
which employs the principle of fusion com-
bined with pressure.

6.3 Wire of proper grade and quality when
fabricated in the manner required in this spec-
ification shall result in a strong, serviceable,
mesh-type product having substantially square
or rectangular openings. It shall be fabricated
and finished in a workmanlike manner, shall
be free from injurious imperfections, and shall
conform to this specification.

7. Mechanical Requirements

7.1 All wire of the finished fabric shall meet
the minimum requirements for tensile proper-
ties and shall also withstand the bend test as
prescribed for the wire before fabrication in
Specification A 496 and, where applicable,
Specification A 82, :

7.2 In order to assute adequate weld shear
strength between longitudinal and transverse
wires, weld shear tests as described in 7.2 shall
be made. The minimum average shear value in
pounds-force shall be not less than 20 000
multiplied by the area of the larger wire in
square inches (or in newtons shall not be less
than 138 multiplied by the area in square mil-
limeters) where the area of the smaller wire is
35 % or more of the area of the larger wire, and
provided that the smaller wire is not smaller
than D-4.

7.3 Fabric having a relationship of larger
and smaller wires other than that covered in
7.2 shall meet an average weld shear strength
requirement of not less than 800 Ibf (3.6 kN)
provided that the smaller wire is not smaller
than D-4.

8. Tension Tests and Weld Shear Tests

8.1 Tests for determination of conformance
to the requirements of 7.1 may be made on the
welded wire fabric after fabrication either
across or between the welds, Not less than 50 %
of the samples tested shall be across a weld.

8.2 Weld shear tests for determination of
conformance to the requirements of 7.2 shall
be conducted using a fixture as described in
Section 11.

8.3 Four welds selected at random from a
specimen representing the entire width of the
fabric shall be tested for weld shear strength.
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The material shall be deemed to.conform to the
requirements for weld shear strength if the
average of the four samples complies with the
values stipulated in 7.2. If this average fails to
meet the prescribed minimum value, all the
welds across the specimen shall then be tested.
The fabric will be acceptable if the average of
all weld shear test values across the specimen
meets the prescribed minimum value.

9. Bend Tests

9.1 The bend test shall be made on a speci-
men between the welds.

10, Test Specimens

10.1 Test specimens for testing tensile prop-
erties shall be obtained by cutting from the
finished fabric units of suitable size to enable
proper performance of the intended tests.

10.2 Specimens used for testing tensile prop-
erties across a weld shall have the welded joint
located approximately at the center of the wire
being tested, and the cross wire forming the
welded joint shall extend approximately 1 in.
(25 mm) beyond each side of the welded joint.

10.3 Test specimens for determining weld
shear properties shall be obtained by cutting
from the finished fabric a section, including
one transverse wire, across the entire width of
the sheet or roll. From this specimen four welds
shall be selected at random for testing. The
transverse wire of each test specimen shall ex-
tend approximately 1 in, (25 mm) on each side
of the longitudinal wire. The longitudinal wire
of each test specimen shall be of such length
below the transverse wire so as to be adequately
engaged by the grips of the testing machine and
of such length above the transverse wire that
its end shall be above the center line of the
upper bearing of the testing device.

10.4 Tests for conformance to dimensional
characteristics shall be made on full sheets or
rolls.

10.5 If any test specimen shows imperfec-
tions or develops flaws, it may be discarded
and another substituted.

11. Weld Shear Test Apparatus and Methods

11.1 As the welds in welded wire fabric con-
tribute to the bonding and anchorage value of
the wires in concrete it is imperative that the
weld acceptance tests be made in a jig which
will stress the weld in a manner similar to



which it isstressed in concrete. In order to
acéomplish this the longitudinal wire in the jig
must be stressed: in an axis close to-its center
line. ‘Also -the transverse wire must be: held
closely to-thie longitudinal wire, and in the same
relative -position, so as to prevent ‘rotation’ of
the transverse wire. N

11:2 Figure 1° shows the complete detalls of
a typical testing jig together with' two anvils
which make it possible to test welds for wires
up to % in. (15.88 mm) in diametér. This testing
jig can be used i thost tenision testing machines
and should be hung in 4 ball ‘and socket ar-
rangement at the center of the machine. This,
or a similarly effective fixture designed on the
same pnncrple is acceptable

“11.3 Test specrmens ‘shiould: i b& mserted
through'the notch in' the anvil using the small-
est notch available in which the longitudinal
wire will fit loosely. The longitudinal wire will
be-in contact with.the surface of thefree rotat:
ing rollers while the transverse wire shall .be
supported by the anvil on each side of the slot.
The bottom jaws of the testing machines shall
grip the lower end of the longitudinal wire and
the load shall be applied at a rate.of stressing
not to exceed 100 000 psr (689 MPa)/mm '
12 Number of Tests st

12:1' One test for conformance Wwith: the pro-
visions of 6.1 shall be made for each 75000 ft?
(6968 m?) of - fabrrc, or. remammg fractron
theréof.

-12.27 Ong¢ *specimen for each 300 000 ft
(27 870 m®) of fabiié; or remaining fraction
thereof and as defined in 10.3, shall be tested
for conformance to thé requlrements of 7.2:

‘i

$13 Sizes, Spacmg Deformatlons, and Dlmen-
sions A A

. 13.1 Sizes;- spacmg, presence of deforma-
tions, arrangement of wires; and dimensions of
units in flat sheet form or rolls shall conform to
the requu'ements spec1ﬁed by the purchaser

14. Wldth of Fabrrc

14.1 The width of the fabric shall be consid-
ered to be the center-to-ceiiter distance between
outside longitudimal wires. The permissible var-
Jation shall not exceed % in. ( 13 mm) greater or
less'than:the specified width.:

‘14:2" Transverse wires 'shall-not prOJect be-
yond the centerline:of-each longitudindl edge

. 5 The detarled drawmg may be. obtamed from ASTM

wire. more than a distance of ‘1 in. (25 mm)
unless otherwise specified.

14.3. When transverse wires are* specrﬁed to
prO_]eCt a specific length beyond the centerling
of a longitudinal edge wire, the”permissible
variation'shall not exceed % in. (13 mim) greater
or less than the specified length; however, the
over-all width (total of projection one side plus
width plus projection other side) shall:not.ex=
ceed 1in. (25 mm) greater or less than: speclﬁed

15 Varlatlons in ere Dlameter and Welght

15.1 The perrmss1b1e variation in weight of
any deformed wire in the fabric or the permis-
sible variation in diammeter of any nondeformed
wire shall conform to the tolefances prescribed
in the:appropriate:wire specification before fab-
rication’ (see -Séction’ 5):" Such: measurements
shall be made between the welds. :
16. Spacmgs

-16.1. The average spacing .of wires shall be
such that the total number;of wires contained
in a sheet or roll is equal to, or greater than,
that determined by the specific.spacing, but,the
center-to-center distance between - individual
members. may vary not more than % in.:(6.35
mm) from the specified. spacing, It is under-
stood that sheets of fabric of the:same Specrﬁed
llength may not- always contain an identigal
number of transverse wires and, therefore, may
have various lengths of longitudinal overhang

17 Over-All Dimensions
17 1 The over-all length of ﬂat sheets, mea-

or 1 percent whrchever is greater

17. 2 In case the width of flat sheets or rolls
is specrﬁed as the over-all width (tip- to-tip
length of cross wires), the width shall be not
more than %1 in; (254 mm) of the specified
width. :

18. RolisorSheets IR RTINS
18.1 Welded wire fabric may be furmshed
either in flat’ sheets or in rolls as spec1ﬁed by
the purchaser . ‘
19. Packaging ~ R R T
19.1 When fabric is furmshed in ﬂat sheets

K3

Headquarters, 1916 Race St Phlladelphra, Pa 19103 Re-
quest Adjunct No, 12-101850 00:- dede il
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it shall be assembled in bundles of convenient
size containing not more than 150 sheets se-
curely fastened together.

19.2 When fabric is furnished in rolls, each
roll shall be secured so as to prevent unwinding
during shipping and handling.

19.3 When specified in the purchase order,
packaging shall be in accordance with the pro-
cedures in Recommended Practices A 700.

20. Marking

20.1 Each bundle of flat sheets and each roll
shall have attached thereto a suitable tag bear-
ing the name of the manufacturer, a description
of the material, and such other information as
may be specified by the purchaser.

20.2 For Government Procurement Only—
When specified in the contract or order, and
for direct procurement by or direct shipment to
the U.S. government, material shall be pre-
served, packaged, and packed in accordance
with the requirements of MIL-STD-163, The
applicable levels shall be as specified in the
contract. Marking for shipment of such mate-
rial shall be in accordance with Fed. Std. No.
123 for civil agencies and MIL-STD-129 for
military agencies.

21. Inspection

21.1 The inspector representing the pur-
chaser 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 manufacture of the
material ordered. The manufacturer shall af-
ford the inspector all reasonable facilities to
satisfy him that the material is being furnished
in accordance with this specification.

21.2 Except for yield strength, all tests and
inspection shall be made at the place of man-
ufacture prior to shipment, unless otherwise
specified. Such tests shall be so conducted as
not to interfere unnecessarily with the opera-
tion of the works.

21.3 If the purchaser considers it desirable
to determine compliance with the yield strength
requirements of Specifications A 496 or A 82,
he may have yield strength tests made in a
recognized laboratory, or his representative
may make the test at the mill if such tests do
not interfere unnecessarily with the mill oper-
ations.
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21.4 For Government Procurement Only—
Except as otherwise specified in the contract,
the contractor is responsible for the perform-
ance of all inspection and test requirements
specified herein. Except as otherwise specified
in the contract, the contractor may use his own
or any other suitable facilities for the perform-
ance of the inspection and test requirements
specified herein, unless disapproved by the pur-
chaser at the time of purchase. The purchaser
shall have the right to perform any of the
inspections and tests at the same frequency as
set forth in this specification where such in-
spections are deemed necessary to assure that
material conforms to prescribed requirements.

22. Rejection and Retests

22.1 Material that does not meet the require-
ments of this specification may be rejected.
Unless otherwise specified, any rejection shall
be reported to the manufacturer within 5 days
from the time of selection of test specimens.

22.2 In case a specimen fails to meet the
tension or bend test, the material shall not be
rejected until two additional specimens taken
from other wires in the same sheet or roll have
been tested. The material shall be considered
as meeting this specification in respect to any
prescribed tensile property provided the tested
average for the three specimens, including the
specimen originally tested, is at least equai to
the required minimum for the particular prop-
erty in question; and further provided that none
of the three specimens develops less than 80
percent of the required minimum for the tensile
property in question, The material shall be
considered as meeting this specification in re-
spect to bend test requirements provided both
additional specimens satisfactorily pass the pre-
scribed bend test.

22.3 Any material that shows injurious im-
perfections subsequent to its acceptance at the
manufacturer’s works may be rejected and the
manufacturer shall be promptly notified.

22.4 Welded joints shall withstand normal
shipping and handling without being broken,
but the presence of broken welds, regardless of
cause, shall not constitute cause for rejection
unless the number of broken welds per sheet
exceeds 1 percent of the total number of joints
in a sheet, or if the material is furnished in
rolls, 1 percent of the total number of joints in



150 ft* (14 m® of fabric:and, furthermore,
provided-not more than one half the permissi-
ble maximim number of broken welds afe
located ‘on any one wire:

22:5 In case of rejection by reasomn of fallure
to meet the weld shear requirements, four ad-
ditional. specimens  shall be taken from four
different sheets or rolls and tested in accord-
ance with 8.2, If the average of all the weld
shear tests does not meet the requirement, the
material shall be rejected.

. 22.6 In case rejection is justified:by reason
‘of failure to meet the requirements for dimen-
sions;-the-amount of material rejected shall be
limited to those individual sheets or rolls which
fail to meet the requirements of this specifica-

tion, If, however, the total number of shéets or
rolls thus rejected exceeds 25 percent of the
total number in the shipment, the entire ship-
ment may be rejected. Lo

~ 22.7 Rust, surface seams, or surface irrégu-
larities will not be cause for rejection, provided
the minimum dimensional cross-sectional area
and tensile properties of a hand wire-brushed
test specimen are not less than the requirements
of this specification.

23. Rehearing

23.1 Rejected materials shall be preserved
for a period of at least 2 weeks from the date of
inspection, during which time the manufacturer
may make claim for a rehearing and retesting.
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FIG. 1 Welded Wire Fabric Weld Tester. .

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, 1916 Race St., Philadelphia, Pa. 19103, which will schedule a
Jurther hearing regarding your comments. Failing satisfaction there, you may appeal to the ASTM Board of Directors,
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AMERICAN NATIONAL
STANDARD

Standard Specification for

ANSI/ASTM A 500 - 78

COLD-FORMED WELDED AND SEAMLESS
CARBON STEEL STRUCTURAL TUBING:IN
ROUNDS AND SHAPES!}

This Standard is issued under the fixed designation A 500; 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.

1. Scoze

1.1 This specification covers cold-formed
welded and seamless carbon steel round,
square, rectangular, or special shape struc-
tural tubing for welded, riveted, or bolted
construction of bridges and buildings, and for
general structural purposes.

1.2 This tubing is produced in welded sizes -

with a maximum periphery of 64 in. (1626 mm)
and a maximum wall 6f 0.500 in. (12.70 mm),
and in seamless with a:maximum periphery of
32 in. (813 mm) and a maxrmum wall of 0.500
in. : : :

NoOTE l—Products manufactured to this stan—
dard may not be suitable for those apphcatrons
such as dynamiically loaded elements in welded
structures, ete., where low-temperature netch-
toughness propertles may be important. For such
applications the manufacturer should be consulted.

Note 2—The values stated in U.S. customary
units are to be regarded as the standard.

2. Ordering Information

2.1 Orders for material under this specifi-
cation shall include the following, as required,
to describe the desired material adequately.

2.1 1 Quantrty (feet or number of lengths),

© 2.1.2 Name of 'material (cold-formed tub-
mg)

~2.1.3 Method of manufacture (seamless or> &

welded), ,
2.1.4. Grade (Table 1 and 2)
2,135 Size
2.1.6 Length (specrﬁc or
12.1.3 or 12.2.3),
2.1.7 End condition (see 16.3),
2.1.8 Burr removal (see 16.3),
2.1.9 Certification (see 16.4),

random, see
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2.1.10 Specification number,
2.1.11 End use, and
2.1.12 Special requirements.

3. Process _— i

3.1 The steel shall be made by one or more
of the following processes: open-hearth, basic-
oxygen, or electric-furnace.

4. Manufacture -

4.1 The tubing shail be ‘made by a seamless
or wélding process.

4.2 Welded tubing shall be made from
flat-rolled ,steel by an automatic welding
process producing a longitudinal weld with no
addition of' filler metal.: The longitudinal butt
joint of welded tubing shall be welded across
its thickness in such a manner that the struc-
tural design strength of the tubing sectron is
assured.

42.1 Structural tublng welded by electrlc—
resistance methods is normally furnished
without removal of inside flash.

43 The tubing may be stress relieved or
anngaled as is considered necessary by the

- manufacturer to conform to the reqmrements

“of this specificationi: -

"

5 Heat Analysrs .
5.1 Af analysrs of cach heat of open-

hearth basrc oxygen or electrlc—fumace steel

‘Thrs specrﬁcation is under ‘the jurisdiction of ASTM
Committee A-1 on Steel, Stainless Steel and Related Al-
loys, and is the direct responsibility of Subcommittee
AO0L.09 on Pipe.

Current edition approved July 28, 1978, Published
September 1978. Originally pubhshed as A 500 - 64.
Last previous edition A 500 -
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shall be made by the manufacturer. This anal-
ysis shall be made from a test ingot taken
during the pouring of the heat. The chemical
composition thus determined shall conform to
the requirements specified in Table | for heat
analysis.

6. Product Analysis

6.1 An analysis may be made by the pur-
chaser from finished tubing manufactured in
accordance with this specification, or an anal-
ysis may be made from flat-rolled stock of
which the welded tubing is manufactured.
When product analyses are made, two sample
lengths from a lot of each 500 lengths or frac-
tion thereof shall be selected. The specimens
for chemical analysis shall be taken from the
sample lengths in accordance with ASTM
Method E 59, Sampling Steel and Iron for
Determination of Chemical Composition.?
The chemical composition thus determined
shall conform to the requirements specified in
Table 1 for product analysis.

6.2 In the event the chemical composition
of one of the sample lengths does not conform
to the requirements shown in Table 1 for
product analysis, an analysis of two additional
lengths selected from the same lot shall be
made, each of which shall conform to the
requirements shown in Table 1 for product
analysis, or the lot is subject to rejection. -

7. Tensile Requirements

7.1 The material, as represented by the test
specimen, shall conform to the requirements
as to tensile properties prescribed in Table 2.

8. Flattening Test

8.1 The flattening test shall be made on
round structural tubing. A flattening test is
not required for shaped structural tubing.

8.2 For welded round structural tubing, a
specimen at least 4 in. (102 mm) in length
shall be flattened cold between parallel plates
in three steps, with the weld located at 90 deg
from the line of direction of force. During the
‘first step, which is a test for ductility of the
weld, no cracks or breaks on the inside or
outside surfaces shall occur until the distance
between the plates is less than two thirds of
the original outside diameter of the tubing. As
a second step, the flattening shall be con-
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tinued. During the second step, which is a test
for ductility e¢xclusive of the weld, no cracks
or breaks on the inside or outside surfaces,
except as provided for in 8.5, shall occur until
the distance between the plates is less than
one half of the original outside diameter of
the tubing but is not less than five times the
wall thickness of the tubing. During the third
step, which is a test for soundness, the
flattening shall be continued until the speci-
men breaks or the opposite walls of the tubing
meet. Evidence of laminated or umnsound
material or of incomplete weld that is re-
vealed during the entire flattening test shall
be cause for rejection.

8.3 For seamless round structural tubing
2% in. (60.3 mm) outside diameter and
larger, a section not less than 2% in. (63.5
mm) in length shall be flattened cold between
parallel plates in two steps. During the first
step, which is a test for ductility no cracks or
breaks on the inside or outside surfaces,
except as provided for in 8.5, shall occur un-
til the distance between the plates is less
than the value of “H” calculated by the fol-
lowing equation:

H = (1 + e)/(e + t/D)

where:

H = distance between flattening plates, in., -

e = deformation per unit length (constant
for a given grade of steel, 0.09 for
Grade A, 0.07 for Grade B, and 0.06 for
Grade C),

t = nominal wall thickness of tubing, in.,
and

D = actual outside diameter of tubing, in.

During the second step, which is a test for
soundness, the flattening shall be continued
until the specimen breaks or the opposite
walls of the tubing meet. Evidence of lami-
nated or unsound material that is revealed
during the entire flattening test shall be cause
for rejection.

8.4 Surface imperfections not found in the
test specimen before flattening, but revealed
during the first step of the flattening test,
shall be judged in accordance with Section 16.

8.5 When low D-to-t ratio tubulars are
tested, because the strain imposed due to
geometry is unreasonably high on the inside
surface at the 6 and 12 o’clock locations,

 Annual Book of ASTM Standards, Part 12.
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cracks at these locations shall not be cause
for.rejection:if the D=to-t,ratio is less than 10.
9. Test Methods - : ' '

‘9.1:TFhe tension. $pecimens: requrred by thls
:speeification shall conforim to. those describad
‘in the latest.'issue: of  ASTM Methods -and
‘Definitions A 370, for.the Mechanical Testing
of 'Steel Products; Supplementary Requlre-
ments I3 v ¢

»9:2 THe tension test specimen shall ‘be
taken' longitudinally from ‘a section -of ‘tHe fin-
‘ishied itubing, at & location at least: 90 ‘deg
from the weld in the ‘case-of welded tubing,
4nd" shall not ‘be flattened between  gage
marks. If desired, the ‘tension téests may be
made’ofi’ the full section of the' tubing? other-
wise, a longitudinal stfip-test specimen as pre-
scribed*'in ‘Methods A 370 Supplémefitary
Requirements II shall be used. The specimens
shall ‘have all*buirs removed and' shail not
contain- suffacé imperféctions which would
interfere with:proper - determmatron of the
téfisile- propéities’ of the fiietal.”

'9.3 The yield point shall’ be determined in
dccordance - with- one of the alterndtive
methods described in Methods A 370:- .-

10. Number of Tests

10.1 One tension test as specified in:See-
tiori 9 shall be: made :from-a 1ength of ‘tubing
representmg each lot.

-10.2 ‘The flattening test, ds specified in Sec-
‘tlon 8:'shall -be ‘madé on one length of round
tublng from each lot.

“10:3"'The térm ““lot’” appliés to' all tubes of
the same nominal size and wall thickness
wthh are produced from the same heat of
steel ! ¢
11 Retests S e Lo

11 1 If the results ‘of the mechamcal tes_ts
representmg any Tot do not conform to a re-
qurrement as specrﬁed in Sectrons {7 and 8,
retests 'may be made on addrtronal tubrng of
double the orrgmal number from the sarme lot
eaehi of whrch ‘shall. conform to the requrre-
ment’ ; e tubrng represented b‘y
the test Is, subJect to rejectlon T
112 In case. of farlure on retestt L
reqmrements of Sectrons 7 and 8, .the manu-
facturer may elect to. retreat rework or oth-
erwrse elrmlnate the condmon responsrble for
failure to meet the specrﬁed requirements.
Thereafter; the materialytemaining from the

lot.originally represented;;may be tested. and

shall comply . with all requirements, .of this
specification. - . © .4 i S

12. Permiissible Variations‘in Drmensrons '
12:1" Réund Structiral Tubing: ~~ +
12.1.1 Diameter—The outside didmeter

shall not vary more than + 0.5 percent

rounded to the nearest 0.005 in: (0 13 mni), of
the nominal outside diameter size specified,
for .nominal -outside diameter - dimensions

-1.900 in. (48.26 mm): and smaller, and plus

and minus 0.75 percent rounded to the nearest

0.005 in.. of the nominal outsjde,diameter. for

nominal outside.diameter dimensions 2.00 in.

and larger. . The outside diameter measure-
ments shall be made at positions at least 2 in.

(50.8 mm). from erther end of the tubing. “
12:1.2 Wall Thickness—The minimum wall

thickness at any point.of measurement on the
tubing. shall be not,more than 19 percent.less
than the nominal wall thickness specified.. The
maximum wall thickness, excluding the weld
seam of welded tubing, shall be.not more
than 10 percent greater than the nominal wall
thickness specified., -

212.1.3 Length—Structural tubing is -nog-
mally produced in random mill. lengths 5 ft
(1.5 m) and over, in multiple lengths, and, in
specified, mill. lengths.: Refer . to.: Section, 2.
‘When-specified 'mill lengths, are ordered, the
length:tolerance shall be in:accordance. with
Table 3.

12.1.4 Straightness—The permissible. varia-
tion for strarghtness of round structural
tubmg shall bé Vs in. tlmes the number of feet
(104 mm “times the’ number of meters) of
total len oth divided by 5.

12.2 Square and Rectangular Structuml
Tubmg

+ 12:2:1 Outside Dimensions—The specrfied
drmensrons méastred across the flats at posi-
tions-at"least 2 in. (50.8mm) from either end
“of the tubing and-including an -allowance: for
‘conivexity . orr'concavity, ‘shall not: exceed the
‘plis-ahd minus toleranéés-shown'iniTablé 4
©12:2:2 (Wall- Thickness—The. toleranceé: for
wall: thickness -exclusive of thé weld area shall
:bé plug*and minus 10 percent.of the nominal
wall-thickness:specified. The:wall thickness s
to: be measured at:the: center of the flaty v 16
R TR AT SR R TR LS S TS SN RN 1S

aAnnual Book! of ASTM Standards, Parts’ 1:°2; 3, 4/ 5,
aﬂd 0.7 T e e iy ;)
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12.2.3 Length—Square and rectangular
structural tubing is normally produced in
random mill lengths 5 ft and over, in multiple
lengths, and in specified mill lengths. Refer
Section 2. When specified mill lengths are
ordered for square and rectangular structural
tubing, the length tolerances shall be in ac-
cordance with Table 5.

12.2.4 Straightness—The permissible varia-
tion for straightness of square and rectangular
structural tubing shall be ¥ in. times the
number of feet of total length divided by 5.

12.2.5 Squareness of Sides—For square or
rectangutar structural tubing, adjacent sides
may deviate from 90 deg by a tolerance of
plus or minus 2 deg max.

12.2.6 Radius of Corners—For square or
rectangular structural tubing, the radius of
any outside corner of the section shall not
exceed three times the specified wall thick-
ness.

12.2.7 Twist—The tolerances for twist or
variation with respect to axial alignment of
the section, for square and rectangular struc-
tural tubing, shall be as shown in Table 6.
Twist is measured either by holding down one
end of a square or rectangular tube on a flat
surface plate with the bottom side of the tube
parallel to the surface plate and noting the
difference in height above the surface plate of
the two corners at the opposite end of the
bottom side of the tube or by measuring this
difference on the heavier sections by a suita-
ble measuring device. The differgnce in the
height of the corners shall not exceed the
values in Table 6. Twist measurements are
not to be taken within 2 in. (50 mm) of either
end of the product.

13. Special Shape Structural Tubing

13.1 The dimensions and tolerances of spe-
cial shape structural tubing are available by
inquiry and negotiation with the manufac-
turer.

14. Marking

14.1 Except as noted in 14.2, each length of
structural tubing shall be legibly marked to
show the following information: manufactur-
er’s name, brand, or trademark; the specifica-
tion number; and grade letter.

14.2 For structural tubing having a largest
dimension of 4 in. (101.6 mm) or less, the in-
formation listed in 14.1 may be marked on a

A 500
tag securely attached to each bundle.

15. Packing, Marking, and Loading

15.1 When specified in the order, contract,
etc., packing, marking, and loading shall be in
accordance with those procedures recom-
mended by Recommended Practice A 700 for
Packaging, Marking, and Loading Methods
for Steel Products for Domestic Shipment.*

16. Inspection

16.1 All tubing shall be subject to an
inspection at place of manufacture to assure
conformance to the requirements of this speci-
fication.

16.2 All tubing shall be free from injurious
defects and shall have a workmaniike finish.
Surface imperfections caused by handling
marks, light die or roll marks, or shallow pits
are not considered injurious defects, providing
the imperfections are removable within the
minimum wall permitted. The removal of
such surface imperfections is not required.
Welded tubing shall be free of protruding
metal on the outside surface of the weld seam,

16.3 The ends of structural tubing, unless
otherwise specified, shall be finished square
cut and the burr held to a minimum. The burr
can be removed on the outside diameter, in-
side diameter, or both, as a supplementary
requirement. When burrs are to be removed,
it shall be specified on the purchase order.

16.4 Upon request of the purchaser in the
contract or order, a manufacturer’s certifica-
tion that the material was manufactured and
tested in accordance with this specification to-
gether with a report of the chemical and tensile
tests shall be furnished.

17. Rejection

17.1 Each length of tubing received from the
manufacturer may be inspected by the pur-
chaser and, if it does not meet the require-
ments of this specification based on the in-
spection and test method as outlined in the
specification, the length may be rejected and
the manufacturer shall be notified. Disposition
of rejected tubing shall be a matter of agree-
ment between the manufacturer and the pur-

chaser.
17.2 Tubing found in fabrication or in instal-

¢ An;mal Book of ASTM Standards, Parts 1, 3, 4, and 5.
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lation to be unsuitable for the intended use, to mutual investigation as to the nature and
under the scope aind requirements of this severity of the deficiency and the forming or
specification,may be sét aside and the manu-  installation, or both, conditions i'nv‘c)lve'd Dis-
facturer notlﬁed Such tubmg shall be subject posmon shall'bea matter for agreement =

»

TABLE 1 Chemlcal Requlrements s

f

Composition, %

Grades A and B " " GradeC

) Heat " Product Heat . Product
Element. Analysis Analysis Analysis Analysxs
R G 93110317011 1:5 SE ARSI SIS B B 096 0.30 g ,.“...0',27
Manganese, max . : ; . Vil Vs 1.35 1.40
" Phbsphorus, max ‘ 0,04 0.05 o 0.04 . 0.05
Sulfur, max o 0.05 0.063 0.05 0.063
Coppér, when coppet steel is specified, min - ‘ 0.20 0.18 0.20 0.18

TABLE 2 Tensile Requirements

o : " Round.Structural Tubing 8

. S T Grade A -’G:‘-ade B N Grade C
‘rensile Strength, miin, psi (MPay - 45 000 (310) 58 ooo (400) B ) 62 000 (427)
. Yield Strengthi; min; psi (MPa):. - N 33000228 ¥ - 42 000 (290) " 46 000 (317)

__Ijllopgatiidopkin 2_ in. (50.8 mm), min; P s e 259 A3 o 21e

— Shaped Structural Tubing ‘ ; - o

‘ ‘ ‘ » ,Grad_eA.‘r Grade .Bb : c GradeC :
Tensile Strength, mifi; psi (MPa) ' : 45 600 (310) 58 000 (4'00)" 62000 @

‘Yield Strength, min, psi (M Pa) ,. 139°000(269) +146 000 (317) '50 000(345)
”ElongationinZin. (50.8 mm), min, % PR 258 Lo 230 : AR S LA

“Apphes to ‘specified wall thicknessés 0. 120 m {3.05 nim) and over. For wall thncknesses under 0. 120 in,, the minimum
elongation shall becaleuldted by the formular: percenbelongatlon in2in. = 56 +17.5.
® Applies to specified wall thicknesses,0.180,in. (4:57 mm) andfover‘ For wall thicknesses under 0 180 1h., the mimmum
elongatlon shall be calculated by the formula: percent elongation'in.2 il =-61¢+ 12,
¢ Applies to specified wall thlcknésses 0 120 in. (3 05 mm) and over. For lighter wall thlcknesses, elongation shall be by
agreement with the:manufacturer, '
. Note=The:following table gives completed minimum values for longltudmal stnp tests:

Elongation in 2 in; (50.8 mm); . . .« ‘
Wall thickness, mm, %
in, (mm) — - : :
T FEE Grade A GradeB o
' 0.180 (4.57) . 23 U
S : o © o 0/165(4.19) 22
ol o o, 0,148 (3.76) .0 o 21 ,
FE 0.134 (3.40) 20 SRS
: ( 0.120 (3.05) 25 19.5 ‘ :
R L 0009 2.77) 23.5 19 ‘ Co
- : : Sl w0095 (24 - D3 18 - TN
0.083 (2,11} . 2 e 17 L
: 0.065 (1.65) , 21, 16 ‘ ; _
- e e v o049 (124) 20 B £ : '
0.035 (0.89) .o 19.5 4 G (ST} ]
440

169



TABLE 3 Specified Mill Length Tolerances for Round
Structural Tubing

TABLE 5 Specified Mill Length Tolerances for Square
and Rectangular Structural Tubing

Over 22 to 44
ft (6.7 to
13.4 m), incl

22 ft (6.7 m)
and Under

Over Under Over Under

Length tolerance for spec- ' Y4 7] Y4
ified mill length, in. (12.7) (6.4) (19.0) (6.4)
(mm)

TABLE 4 Outside Dimension Tolerances for Square and
"Rectangular Structural Tubing

Largest Outside Dimension, Tolerance,” plus

across flats, in. (mm) alnnd a:r:#)s,
2V (63.5) and under 0.020 (0.51)
Over 2% to 3% (63.5 to 88.9), incl 0.025 (0.64)
Over 3% to 5% (88.9 to 139.7), incl 0.030 (0.76)
Over 5% (139.7) 1 percent

" Over22ftto

22ft (6.7 m) 441t(6.7to
and Under 13.4 m),
incl

“Over Under Over Under

Length tolerance for spec- 2 Y Y4 Y
ified mill length, in. (12.7y  (6.4) (19.0) (6.4)
(mm)

TABLE 6 Twist Tolerances for Square and Rectangular
Structural Tubing

Maximum Twist in the
First 3 ft {1 m) and in

Specified Dimension of
each additional 3 ft

Longest Side, in. (mm)

¢ Tolerances include allowance for convexity or con-
cavity. For rectangular sections, the tolerance calculated for
the larger flat dimension shall also apply to the smaller flat
dimension. This tolerance may be increased 50 percent when
applied to the smaller dimension, if the ratio of the cross-
sectional dimensions is 1.5 to 3, inclusive, and 100 percent
when the ratio exceeds 3,

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

in. mm
1% (38.1) and under 0.050 1.39
Over 1% to 2% (38,1 t0 63.5), inct  0.062 1.72
Over 2Y2 to 4 (63.5 to 101.6), incl 0.075 2.09
Over 4 to 6 (101.6 to 152.4), incl 0.087 242
Over 6 to 8 (152.4 to 203.2), incl 0.100 2.78
Over 8 (203) 0,112 311

validity of any such patent rights, and the risk of infringement of such rights, is 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 siandard 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, 1916 Race St., Philadelphia, Pa.

19103, which will schedule a further hearing regarding your comments. Failing satisfaction there, you may appeal to the

ASTM Board of Directors,
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AMERICAN NATIONAL
STANDARD

‘Standard Specification for

ANSI/ASTM A 501 - 76

HOT-FORMED WELDED AND SEAMLESS CARBON
STEEL STRUCTURAL TUBING'

This Standard is issued under the fixed. designation A 501; the number 1mmed1ate1y followmg tﬁe desngnatlon mdlcates the
year of original adoption or, in the case of revision, the year of last revision. A number in parentheses mdlcates the year of

last reapproval.

.1..Scope. ... ... et erriren

1.1 This specification covers hot-formed
welded and seamless carbon steel square,
round, rectangular, or special shape structural
tubing for welded, riveted, or bolted construc-
tion ‘'of bridges and buildings, and for general
structural purposes.

1.2 Square and rectangular tubmg is fur-
nished in sizes 1 to 10 in. (25.4 to 254 mm)
across flat sides with wall thicknesses 0.095 to
1.000 in. (2.41 to 25.40 mm), depending on
size; round tubing is furnished in nominal
diameters Y2 to 24 in. (12.7 to 610 mm), incl,
with nominal (average) wall thicknesses 0.109
to 1.000 in. (2.77 to 25.40 mm), depending on
size. Tubing having other dimensions may be
furnished provided such tubing complies with
all other requirements of this specification.

[:3 Tubing may be furnished with hot-

dipped galvanized coating.

NoTE—The values stated in U.S. customary
units are to be regarded as the standard.

2. Ordering Information

2.1 Orders for material under this specifi-
cation shall include the following, as required,
to describe the desired material adequately.

2.1.1 Quantity (feet or number of lengths),

2.1.2 Name of material (hot-formed tub-
ing),

2.1.3 Method of manufacture (seamless or
butt welded),

2.1.4 When galvanized coating required
(see 14.1),

2.1.5 Size (Section 12),

2.1.6 Length (specific or random, see 13.3),

2.1.7 End condition (see 17.3),

2.1.8 Burr removal (see 1[7.3),

2.1.9 Certification (see 17.4),

2.1.10 ASTM specification number,

2.1.11 End use, and
2.1.12 Special requirements.

3. Process

-3.1 The steel shall be made by one or more
of the following processes: open-hearth, basic-
oxygen, or electric-furnace.

4.‘ Manufacture

4.1 The tubing shall be made by the seamless
or furnace butt welding process (continuous
welded) except that tubing made by the elec-
tric-resistance-welding ~‘process and subse-
quently reheated throughout its cross section
and hot formed by a reducing or shaping proc-
ess, or both, is also an acceptable process of
manufacture.

5. Heat Analysis

5.1 An analysis of each heat of open-
hearth, basic-oxygen, or electric-furnace steel
shall be made by the manufacturer. This anal-
ysis shall be made from a test ingot taken
during the pouring of the heat. The chemical
composition thus determined shall conform to
the requirements specified in Table 1 for heat
analysis.

6. Product Analysis

6.1 An analysis may be made by the pur-
chaser from finished tubing manufactured in
accordance with this specification, or an anal-
ysis may be made from flat-rolled stock from
which the welded tubing is manufactured.

' 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 A01.09 on
Pipe.

Current edition approved July 30, 1976. Published
September 1976. Originally published as A 501 - 64. Last
previous edition A 501 - 74.
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When product analyses are made, two sample
lengths from a lot of each 500 lengths or frac-
tion thereof shall be selected. The specimens
for chemical analysis shall be taken from the
sample lengths in accordance with the appli-
cable procedures of ASTM Method E 59,
Sampling Steel and Iron for Determination of
Chemical Composition.2 The chemical com-
position thus determined shail conform to the
requirements specified in Table 1 for product
analysis.

6.2 In the event the chemical composition
of one of the sample lengths does not conform
to the requirements shown in Table 1 for
product analysis, an analysis of two additional
lengths selected from the same lot shall be
made, each of which shall conform to the re-
quirements shown in Table 1 for product analy-
sis, or the lot is subject to rejection.

7. Tensile Requirements

7.1 The material, as represented by ihe test
specimen, shall conform to the requirements
as to tensile properties prescribed in Table 2.

8. Bend Test

8.1 The bend test shall be made on square
or rectangular tubing manufactured in accord-
ance with this specification.

8.2 The bend test specimen shall be taken
longitudinally from the tubing, and shall rep-
resent the full wall thickness of material. The
sides of the bend test specimen may have the
corners rounded to a maximum radius of ¥,
in. (1.6 mm).

8.3 The bend test specimen shall stand
being bent cold through 180 deg, without
cracking on the outside of the bent portion, to
an inside diameter which shall have a relation
to the thickness of the specimen as prescribed
in Table 3.

9, Test Method

9.1 The test specimens required by this
specification shall conform to those described
in the latest issue of ASTM Methods and
Definitions, A 370, for Mechanical Testing of
Steel Products.®

9.2 The tension test specimen shall be
taken longitudinally from a section of the fin-
ished tubing, at a location at least 90 deg

443

from the weld in the case of welded tubing,
and shall not be flattened between gage
marks. If desired, the tension test may be
made on the full section of the tubing; other-
wise, a longitudinal strip-test specimen shall
be used as prescribed in Methods A 370 Sup-
plement II. The specimens shall have all burrs
removed and shall not contain surface im-
perfections which would interfere with proper
determination of the tensile properties of the
metal.

9.3 The yield point shall be determined in
accordance with one of the alternatives de-
scribed in Methods A 370,

10. Number of Tests

10.1 One tension and one bend test, as
specified in Sections 7 and 8 shall be made
from tubing representing each heat.

11. Retests

11.1 If the results of the mechanical tests
representing any heat do not conform to a

- requirement, as specified in Sections 7 and &,

retests may be made on additional tubing of
double the original number from the same
heat, each of which shall conform to the re-
quirement specified, or the tubing represented
by the test is subject to rejection.

11.2 In case of failure on retest to meet the
requirements of Sections 7 and 8, the manu-
facturer may elect to retreat, rework, or oth-
erwise eliminate the condition responsible for
failure to meet the specified requirements.
Thereafter, the material remaining from the
respective heat originally represented may be
tested, and shall comply with all requirements
of this specification.

12. Dimensions

12.1 Square Structural Tubing—The - out-
side dimensions (across the flats), the weight
per foot, and the calculated nominal wall
thickness of common sizes of square struc-
tural tubing included in this specification are
listed in Table 4.

12.2 Rectangular Structural Tubing—The
outside dimensions (across the flats), the
weight per foot, and the calculated nominal

* Annual Book of ASTM Standards, Part 12.
* Annual Book of ASTM Standards, Parts 1, 2, 3, 4, and
5, and 10.
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wall thickness of common sizes of rectangular
structural tubing mcludcd in this spec1ﬁcat10n
are listed in Table 5.

12.3 Round- Structural Tubzng——-The nom-
inal size and outside diametér dimensions, the
weight per. foot, and the calculated nominal
wall thickness - of -common sizes of round
structural tubing included in this specification
are listed in Table 6. .

12.4 Special Shape Slructural Tubing—
The dimensions and tolerances of special
shape. structural tubing are ‘available by in-
quiry and negotiation with-the manufacturer.

12.5 Other Sizes—~Hot-formed welded:and
seamless structural tubing may be manufac-
tured in accordance with thé requirefiénts of
this specification to other ordered dimensions
not listed in Tables 4, 5, and 6. In this event,
the dimensiondl tolerances shall be consistent
with those shown in this specification for sim-
ilar sizes and type of product. ‘

13. Permissible Variations in Dimensions of
Square, Round, Rectangular and Special
Shape Structural Tubing

13.1 ‘Quitside Dimensions—The specified
dimensions, measured-across the flats-at posi-
tions- at least 2 in. (50.8 min) from either end
of square or rectangular ‘tubiiig and including
an allowance for convexity or concavity; shall
not exceed thé plus-and minus tolerance
shown in‘ Table 7. For round hot-formed
-structural tubifig 2 in. and over in nominal
size, the outside diaimeter shall not vary more
than 1 percent from the standard speéified.
‘For nominal §izes 1% in. (38.1 mm) and under
the outside’ diameter shall fict vary more than
Y, in. (0.40 mm) over nor more than %, in.
(0.79 mm) under the standard specified.
vo.  13.2 Weight—The weight of thé structural

““ftubing, as specified in Tables 4, 5, and 6, shall
not be less than the spemﬁcd value by more
‘than 3.5 ‘percent.

13.3 Léngth—Structural "tubing is com-
monly produced in random miill lengths of 16
to 22 ft (4.9 to 6.7 m) or 32 to 44 ft (6’7t‘o
9.8 m) in multiplé lengths; and in" definite cut
Iengths: Refer to Séction 2. When tcut ‘lengths
are specified for structural tubing; the length
tolerances shall be in accordance with Table
8. .

13.4 Straighiness—The permissible: varia-

tion for straightness of structural tubing shall

be Y in: times the number of feet (10.4 mm

‘times the number of meters) of total length
-divided by 5.

~13.5- Squareness of Szdes—For square: or
réctangular structural tubing,- adjacent sides
may deviate from 90 deg by'a tolerance of
plus or minus 2 deg rhax.

13,6 Radius of Corners—For square or
rectangular structural tubing, the radius .of
any outside corner of the section shall not
exceed three times the specificd wall thick-
ness.

13.7 Twist— The tolerances for twist or

‘variation with respect to axial - ahgnment of

the section, for square and rectangular struc-
tural tubing, shall be as shown in Table 9.
Twist is measured ejther by holding down one
end of a square or rectangular tube on a flat
surface plate with the bottom side of the tube
parallel to the surface plate and noting the
height that either corner, at the opposite end
of the bottom side of the tube, extends above
the surface plate, or by use of a suitable meas-
uring - device' for heavier sections. The dif-
ference in the height of the corners shall not
exceed the values in Table 9. Twist measure-
ments are not to be taken within 2 in. (50
mm) of either end of the product.

14. Galvanized Coatin’gs o

14.1 .For structural tubing requmng galva-
nized coating, such coating shall comply wrth
the requirements.. contained in the latest revi-
sion of ASTM Spec1flcat10n A 120 Plpe,
Steel, Black and Hot-Dipped Zinc-Coated
(Galvanized) Welded and Seamless, for Ordi-
nary Uses,* ‘with the additional provision
that, at the option of the manufacturer, the
weight. of coating may. also be determined
from. the welght of zinc. on the, outside sur-
face only.

15. Marking

15.1 Except as noted in 15.2, each length .of
structural tubing shall be legibly marked by
rolhng, die-stamping, ink printing, or paint
stencﬂmg to show the following information:
manufacturers name, brand; or trademark;
size and thickness; and the spec1flcat10n
number. :

4 Alr;nu_al qulé of ASTM Sland_ardr, Pért‘j 1,
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15.2 For structural tubing having the great-
est cross sectional dimension less than 2 in.
(50.8 mm), the information listed in 15.1 may
be marked on a tag securely attached to each
bundle.

16. Packaging, Marking, and Loading

16.1 When specified in the order, contract,
etc. packaging, marking, and loading shall be
in accordance with those procedures recom-
mended by ASTM Recommended Practice
A 700, for Packaging, Marking, and Loading
Methods for Steel Products for Domestic
Shipment.®

17. Inspection

17.1 All tubing shall be subject to an
inspection at the place of manufacture to as-
sure conformance with the requirements of
this specification.

17.2 The structural tubing shall be free
from injurious defects and shall have a com-
mercially smooth finish.

17.2.1 Surface imperfections shall be
classed as injurious defects when their depth
exceeds 15 percent of the wall thickness as
stated in Tables 4, 5, or 6 and when the im-
perfections materially affect the appearance
of the structural member, or when their
length (measured in a transverse direction)
and depth would materially reduce the total
cross sectional area at any location,

17.2.2 Injurious defects having a depth not
in excess of 33 percent of the wall thickness
stated in Tables 4, 5, or 6 may be repaired by
welding, subject to the following conditions:

17.2.2.1 The defect shall be completely
removed by chipping or grinding to sound
metal.

17.2.2.2 The repair weld shall be made

TABLE 1 Chemical Requirements

A 501

using suitable coated electrodes.

17.2.2.3 The projecting weld metal shall be
removed to produce a workmanlike finish.

17.3 The ends of structural tubing, unless
otherwise specified, shall be finished square
cut, and the burr held to a minimum. The
burr can be removed on the outside diameter,
inside diameter, or both, as a supplementary
requirement. When burrs are to be removed,
it shall be specified in the purchase order.

17.4 Upon request of the purchaser in the
contract or order, a manufacturer’s certifica-
tion that the material was manufactured and
tested in accordance with this specification to-
gether with a report of the chemical and tensile
tests shall be furnished.

18. Rejection

18.1 Each length of tubing received from the
manufacturer may be inspected by the pur-
chaser and, if it does not meet the requirements
of this specification based on the inspection
and test method as outlined in the specifica-
tion, the length may be rejected and the manu-
facturer shall be notified. Disposition of re-
jected tubing shall be a matter of agreement
between the manufacturer and the purchaser.

18.2 Tubing found in fabrication or in instal-
lation to be unsuitable for the intended use,
under the scope and requirements of this
specification, may be set aside and the manu-
facturer notified. Such tubing shall be subject
to mutual investigation as to the nature and
severity of the deficiency and the forming or
installation, or both, conditions involved. Dis-
position shall be a matter for agreement.

* Annual Book of ASTM Standards, Parts 1, 3, 4, and 5.

TABLE 2 Tensile Requirements

Composition, percent

Element
Heat Product
analysis analysis
Carbon, max 0.26 . 030
Phosphorus, max 0.04 0.05
Sulfur, max 0.05 0.063
Copper, when copper steel is 0.20 0.18

specified, min

58 000 (400)
36 000 (248)

Tensile strength, min, psi (MPa)
Yield point, min, psi (MPa)

Elongation in 2 in. (50.8 mm) min, 23
percent®

Elongation in 8 in. (203 mm) min, 20°
percent®

@ Elongation may be determined in a gage length of ei-
ther 2in. or 8 in. at the manufacturer’s option.

?For material under % in. in thickness, a deduction
from the percenlage elongation of 1.25 percent in § in.
specified in Table 2 shall be made for each decrease of ¥,
in. of the specified thickness under % in.
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TABLE 3 Bend: Test Requirements . .- ;.
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TABLE 5 Dimensions of Common Sizes of Rectangular

Structural Tubing

TABLE 6 Dimensions of Common Sizes of Round
Structural Tubing

Size Given in . Calculated Nomi- Calculated
Outside Dimen- Weight per Nominal nal Outside Di- Weight Per Nominal
sions Across Foot, Ib Wall Thick- Size ameter, in. Foot, 1b Wall Thick-
Flat Sides, (kg/m) ness, in. in. (mm) (kg/m) ness, in.
in. (mm) (mm) : {mm)

Iby2 432 (6.43) 0.141 (3.58) Y 0840 (21.3)  0.85 (1.26) 0.109 (2.77)

(76.2 by 50.8) 5.59 (8.32) 0.188 (4.78) 0.840 (21.3) 1.09  (1.62) 0.147 (3.73)

7.10 (10.56) 0.250 (6.35) % 1.050 (26.7) 113 (1.68) 0.113 (2.87)

1.050 (26.7) 147  (2,19) 0.154 (3.91)

4by2 : 5.78 (8.60) 0.156 (3.96) 1 1315 (33.4) 134 (1.99) 0.104 (2.64)

(101.6 by 50.8) 6.86 (10.21) 0.188 (4.78) 1.315 (334) 1.68 (2.50) 0.133 (3.38)

8.80 (13.09) 0.250 (6.35) 1315 (334) 217 (3.23) 0.179 (4.55)

1Y 1.660 (42.2) 1.81  (2.69) 0.110 (2.79)

4by3 6.88 (10.24) 0.156 (3.96) 1.660 (42.2) 227 (3.38) 0.140 (3.56)

(101.6 by 76.2) 8.14 (12.11) 0.188 (4.78) 1.660 (42.2) 3.00 (447 0.191 (4.85)

10.50 (15.62) 0.250 (6.35) 1% 1900 (483) 217 (3.23) O.114 (2.90)

12.69 (18.88) 0312 (7.92) 1900 (48.3) 272 (4.05) 0.145 (3.68)

i 1900 (48.3)  3.63 (5.41) 0.200 (5.08)

5by3 9.31 (13.85) 0.188 (4.78) 2 2.375 (60.3) 292 (434) 0121 (3.0T)

(127.0 by 76.2) 12.02 (17.89) 0.250 (6.35) 2.375  (60.3) 3.65 (5.44) 0.154 (3.91)

: 14.52 (21.61) 0312 (7.92) 2375 (60.3) 502 (7.48) 0218 (5.54)

16.84 (25.06) 0.375 (9.52) 2% 2875 (73.0) 453 (675) 0.156 (3.96)

2.875 (73.0) 540 (8.04) 0.188 (4.78)

6by3 10.58 (15.74) 0.188 (4.78) 2875 (73.0) 579 (8.62) 0.203 (5.16)

(152.4 by 76.2) 13.72 (20.42) 0.250 (6.35) 2875 (73.0) 7.66 (11.41) 0276 (7.01)

16.65 (24.78) 0.312 (7.92) 3 3,500 (88.9)  S5.58 (8.30) 0.156 (3.96)

19.39 (28.85) 0375 (9.52) 3500 (88.9) 663 (9.87) 0.188 (4.78)

3.500 (88.9)  7.58 (11.29) 0.216 (5.49)

6 by 4 11.86 (17.65) 0.188 (4.78) 3.500 (88.9) 10.25 (1527) 0.300 (7.62)

(152.4 by 101.6) 15.42 (22.94) 0.250 (6.35) 3%  4.000 (101.6) 6.40  (9.53) 0.156 (3.96)

18.77 (27.93) 0.312 (7.92) 4.000 (101.6)  7.63 (11.35) 0.188 (4.78)

21.94 (32.65) 0.375 (9.52) 4.000 (101.6) 9.11 (13.57) 0226 (5.714)

27.68 (41.19) 0.500 (12.70) 4,000 (101.6) 12.51 (i8.61) 0.318 (8.08)

4 4500 (114.3)  7.25 (10.79) 0.156 (3.96)

7byS5 14.41 (21.44) 0.188 (4.78) i 4,500 (114.3) 8.64 (12.86) 0.188 (4.78)

(177.8 by 127.0) 18.82 (28.00) 0.250 (6.35) 4.500 (114.3) 10.00 (14.88) 0.219 (5.56)

23.02 (34.25) 0312 (7.92) 4.500 (114.3) 1079 (16.06) 0.237 (6.02)

27.04 (40.28) 0375 (9.52) 4.500 (114.3) 1498 (22.29) 0.337 (8.56)

34.48 (51.31) 0.500 (12.70) 5 5.563 (141.3)  14.62 (21.75) 0.258 (6.55)

5563 (141.3) 2078 (3092) 0.375 (9.53)

8 by 4 14.41 (21.44) 0.188 (4.78) 5563 (141.3)  38.55 (57.36) 0.750 (19.05)

(203.2 by 101.6) 18.82 (28.00) 0.250 (6.35) 6 6.625 (168.3)  18.97 (28.23) 0.280 (7.11)

23.02 (34.25) 0312 (7.92) 6.625 (168.3)  28.57 (42.51) 0.432 (10.97)

27.04 (40.28) 0.375 (9.52) 6.625 (168.3)  53.16 (79.10) 0.864 (21.95)

34.48 (51.30 0.500 (12.70) 8 8.625 (219.1)  28.55 (42.48) 0.322 (8.18)

8.625 {219.1)  43.39 (64.56) 0.500 (12.70)

8byé 16.85 (25.07) 0.188 (4.78) 8.625 (219.1)  72.42 (107.76) 0.875 (22.23)

(2032 by 152.4)  22.04 (32.80) 0.250 (6.35) 10 10,750 (273.0)  40.48 (60.23) 0.365 (9.27)

26.99 (39.16) 0.312 (7.92) 10.750 (273.0) 54.74 (81.45) 0.500 (12.70)

31.73 (47.21) 0375 (9.52) 10.750 (273.0) 104.13 (154.95) ~ 1.000 (25.40)

40.55 (60.34) 0500 (12.70) 1212750 (323.8) 49.56 (73.75) 0375 (9.53)

12.750 (323.8) 65.42 (97.34) 0.500 (12.70)

10 by 6 25.44 (37.85) 0250 (6.35) 12.750 (323.8) 125.49 (186.73)  1.000 (25.40)

(254.0 by 152.4)  31.24 (46.49) 0.312 (7.92) 14 14000 (355.6) 54.57 (81.20) 0.375 (9.53)

36.83 (54.80) 0,375 (9.52) 14.000 (355.6)  72.09 (107.27) 0.500 (12.70)

47.35 (70.46) 0.500 (12.70) 16 16000 (406.4) 62.58 (93.12) 0.375 (9.53)

16.000 (406.4) 82,77 (123.16) 0.500 (12.70)

18 18.000 (457.2) 70.59 (105.04) 0.375 (9.53)

18.000 (457.2)  93.45 (139.05) 0.500 (12.70)

20 20.000 (508.0) 78.60 (116.96) 0.375 (9.53)

20.000 (508.0) 104.13 (154.91) 0.500 (12.70)

24 24,000 (609.6) 94,02 {140.79) 0.375 (9.53)

447

24.000 (609.6)
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0.500 (12.70)




“TABLE 7' ‘Outside Dimension Tolerances for Square,
Rectangular, and Speclal Shape Structural Tubmg

TABLE:9:" Twist Tolerances for Square, Rectanguldr, or
Special Shape Structural Tubing

Largest Outside Dimension, Tolerance,’. plus

+ and ‘minus,

Across Flats, in;; (mrm) in. (mm)

2% (63 5 and under 10.020 (0.51)

Over 2% to 3% (63.5 to 88.9), incl 0.025 (0.64)

Over 3% 10 5% (889 to 139. 7) inc} 0,030 (0.76)
Over 5‘/2 (I39 7 1 percent

Maximum Twist in the
First 3 ft {1 m) and in

Specified Dimension of each additional 3 ft

Longest Quter Side, in. (m)

“ The respective outside dimensidn tolerances include the
allowances for convexity and concavity.

“TABLE 8 7 Cut Length Tolerances for Structural Tubing

in. ¢ mm
1% (38.1) dand under 0.050 1.39
Over 1% to 2% (38.1 t6 63.5), incl  0.062 1.72
Over 2% and 4%(63.5 to 101.6), incl  0.075 2.09
Over 4 to 6 (101.6 to 152.4), incl 0.087 2.42
Over 6to 8 (152.4 to 203 2), incl 0.100 2.78
Over 8 (203) 0.112 3.11

o Over 22 to
i © 22t (6.7-m) T 44 ft (6.7-to
and Under 13.4 m),
incl
. ‘Over Undcr Over Under
Lengih folerance for spec- % Yi % Y
ified cut ]engths in. (12.7) (6.4) (19.0) (6.4)
(mm) ’ '

g

The Amencan Society for Teslmg 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
vahdzty of any such patent rights, and the risk of infringement of such rights, is entirely their own responsibility.

) -'Th,is srandard is subjec,t a_!a revisr_'on at any time by the responsible techni_c_al commitiee .and must be reviewed every five
years and if not revised, either reapproved or withdrawn. Your comments are invited either for. reyision of this standard or
Sfor-additional standards and should be addressed 10 ASTM Headgquarters. Your comments will veceive 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, 1916 ;Race St., Philadelphia, Pa.
10103, whieh will schedule a Surther hearing regarding your comments. Failing satisfaction there, you may appeal to the

ASTM Board of Directors.
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AMERICAN NATIONAL
STANDARD

Standard Specification for

ANSI/ASTM A 502 - 76

American Association State
Highway and Transportation Officials Standard
AASHTO No.: M 228

STEEL STRUCTURAL RIVETS!

This Standard is issued under the fixed designation A 502; 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.

1. Scope

1.1 This specification covers three grades of
steel rivets in diameters from % to [l in. (13
to 38 mm), incl, for structural fabricating
purposes. Grade | is a carbon steel rivet for
general purposes. Grade 2 is a carbon-man-
ganese steel rivet suitable, with proper riv-
eting technique, for use with high-strength
carbon and high-strength low alloy structural
steels. Grade 3 is similar to Grade 2 with en-
hanced atmospheric corrosion resistance ap-
proximately four times that of carbon steel
without copper.

NoTE [—Grade 1 rivets correspond to those
formerly made from steel conforming to Specifica-
tion A 141 for Structural Rivet Steel,? and Grade 2
rivets correspond to those formerly made from steel
conforming to Specification A 195 for High-
Strength Structural Rivet Steel.? Grade 3 rivets
correspond to those made from steel conforming
to Specification A 588 for High-Strength Low-
Alloy Structural Steel with 50 000 psi Minimum
Yield Point to 4 in. Thick.®

1.2 Rivets conforming to this specification
may be made by either the hot- or cold-
heading process. It is expected that these
rivets ordinarily will be hot driven.

Note 2—The values stated in inch-pound units
are to be regarded as the standard.

2. Process

2.1 The steel for rivets shall be made by
the open-hearth, basic-oxygen, or electric-fur-
nace process.

3. Chemical Requirements

3.1 The rivets shall conform to the heat
and product analysis requirements for chem-
ical composition given in Table 1. .

3.2 Application of heats of steel to which
bismuth, selenium, tellurium, or lead has

been intentionally added shall not be per-
mitted.

4. Test Specimens

4.1 Rivets used for testing shall be heat
treated in the followmg manner prior to
testing:

4.1.1 Grade 1—Normalize by air cooling
from above the transformation range.

4.1.2 Grade 2—Anneal by heating to 1450°F
(790°C), holding for 30 min at temperature
and cooling in the furnace.

4.1.3 Grade 3—Heat treatment of test
samples is not a requirement; however, at
the option of the manufacturer, normalizing
of test samples is permitted.

5. Mechanical Requirements

5.1 The rivets shall conform to the hard-
ness requirements shown in Table 2. Hardness
shall be measured on a transverse section
through the shank of the rivet at a point one
quarter of the nominal diameter from the axis
of the rivet. This transverse section shall be
taken at a distance from the end of the rivet
which is equal to the diameter of the rivet.
Except as noted below, either the Brinell or
the Rockwell hardness test may be used. Test
procedure shall conform to Methods and Def-
initions A 370, for Mechanical Testing of
Steel Products.® Brinell hardness shall be
measured at only one point. Rockwell hard-

! This specification is under the jurisdiction of ASTM
Committee F-16 on Fasteners.

Current edition approved July 30, 1976. Published
October 1976. Originally published as A 502 - 64. Last
previous edition A 502 - 75

2 Discontinued; see /966 Book of ASTM Standards,
Part 4.

s Annual Book of ASTM Standards, Part 4.

d‘Ammal Book of ASTM Standards, Parts 1, 2, 3, 4, 5,
and 10
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ness shall be measured at three points, equally“ B

spaced about the axis of the rivet, and the
hardness shall be taken as the arithmetic av-
erage of the three measurements. When use of
the Brinell hardness test is prohibited by prox-
imity to the periphery of the section, measure-
ment of hardness shall be made by the Rock-
well hardness test.

6. Dimensions

6.1 Dimensions-of rivets,.unless otherwise ‘_
specified, shall conform to those of one of the

head types provided in American National
Standard B18.4 for Large Rivets (% : Inch
Nominal Diameter and Larger).? :

7 Markmg

" 7.1 Rivet heads shall be marked as fol[ows
to identify the grade, and shall also be
marked . to .identify the. manufacturer.
Marking may be either raised or depressed at
the option of the manufacturer.

Grade Grade Marking
| . r_longrrequired‘j; .
2 - 2

3" ' 3

“Thc numera] l may be used at the manufacturer’s op-
tion.

8. Number of Tests and Retests Applicable for
Mechanical (Hardness) Testing ‘ and
Chemlcal Analysrs o

- 81 The__requrrements— of this specification
shall \be met in continuous mass production
for stock, and the manufacturer shall make
sample inspections to ensure-that the product
conforms-to jthe specified requirements. Addi-
tional tests..of.individual shipments of mate-
rial: are not ordinarily contemplated. Indi:
vidual heats .of steel are not identified in the
fmlshed product.

8.2 When specified in the order, the manu-
facturer shall furnish a test report certified to
be the ‘last completed set of mechanical tests
for each stock size in each shipment,

" 8.3 Additional tests of individual shipments
of rivets are not-ordinarily requlred but when
such ‘additional tésts are specrfred on the pur-
chase order, a lot for the purpose of selecting
test samples shall consist of all rivets in the
shipment which have the following common
characteristics:

A 502

8.3.1 One type of head, * - L

8.3.2 One nominal diameter, and

8.3.3 One nominal length.

8.4 From each lot, the number of tests for
each requirement shall be as follows:

Number
. e . L s of
Nuinber of Pieces in I'ét - Samples
« . B0G and under 1
801 to 8 000 2
8 001 to 22 000 3
Over 22° 000 ' 5

8.5 If any test specimen shows defecth
preparation it may be discarded and another
specimen substituted.

8.6.-Should: any specimen fail to meet the
requirements of its specified test, double the
number of specimens from the same lot shall
be tested :for the property in which failure was
found and all the additienal specimens, shall
meet the specification requirements.

9. Quality Level for Visual Soundness

9.1 Inspection— Acceptable quallty level
(Note 3) for rivets shall be as given in Table
3.

NOTE 3—The acceptable quallty level (AQL)
provides standards for visual soundness inspection.
The stapdards used, here are those.of a recom-
mended practice for large selid rivets formulated by
the Industrial Fasteners Institute, June, 1965. That
practice is based -on Military Standard MIL-STD-
105D for Sampling Procedures and Tables -for
Inspection by Attributes. Table 3 provides levels of
qualrty for various attributes or charactenstlcs and
these are given numerical value in Table 4.

9.2 The AQL sampling and rnspectlon shall
be conducted in accordance with the sample

size, aceeptance, and- I‘CjeCtIOT] values given in
Table 4.

10. Inspection

10.1 If the testing descrlbed in 8 3 is re-
quired by the purchaser; it- shall. be specified
in the inquiry and contract or order.

10.2 The inspector representing the pur-
chaser 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 manufacture of the
material ordered. The manufacturer shall*af-
ford the inspector -all reasonable facilities,
without charge, to satisfy him that the mate-
rial is being furnished in.accordance with this

5 Avallable from American National Standards Insti-
tute, 1430 Broadway; New York, N. Y., 10018.
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specification. All tests (except product analy-
sis) and inspection shall be made at theplace
of manufacture prior to shipment, unless oth-
erwise specified, and shall be so conducted as

A 502

11. Rejection

11.1 Rejections based on requirements
specified herein shall be reported to the manu-
facturer within 30 days after receipt of mate-

not to interfere unnecessarlly with the opera-
tion of the works.

TABLE 1 Chemical Requirements

rial by the purchascr

Grade 1 Grade 2 ) < QGrade 3° )
Class A . Class B
Heat Product Heat Product :
Analysis, | Analysis,® | Analysis, | Analysis, | . Heat Product Heat Product
% % " % % Analysis, | Analysis, | Analysis, | Analysis,
% % . % %
Carbon 0.13-0.25 | 0.11-0.27 | 0.19-0.30 | 0.16-0.33 | 0.10~0.19 | 0.09-0.20 | 0.20 max | 0.21 max
Manganese 0.30-0.90 | 0.27-0.93 { 1.20-1.65 | 1.14-1.71 | 0.90-1.25 | 0.86-1.24 | 0.75-1.25 | 0.71-1.29
Phosphorus, max .
acid 0.06 0.070 0.06 0.070 R R e -
basic 0.04 0.048 0.04 0.048 0.04 0.045 0.04 0.045
Sulfur, max 0.05 0.058 -0.05 0.058 0.05 0.055 0.05 0.055
Silicon . 0.10-0.30 { 0.08-0.32 | 0.15-0.30 | 0.13~0.32 | 0.15-0.30 | 0.13-0.32
Nickel e e S 0.25-0.50 | 0.22-0.53
Chromium e v A 0.40-0.65 | 0.37-0.68 | 0.40-0.70.| 0.37-0.73
Copper . e S - R 0.25-0.40 0.22-0.43 | 0.20-0.40.| 0.17-0.43
Copper, when copper] 0.20 0.18 0.20 0.18 ce A - Voo
bearing steel is
specified, min - B Co
Vanadium 0.02-0.10 { 0.01-0.11 | ©. 01——0 10: 0.11 max

a Product analysis is not apphcable to rivets made from rlmmed steel or merchant quality bars.

¥ A and B are classes of matenal used for Grade 3 nvets Selection of a class shal] be at the opuon of the rlvet

manufacturer.

TABLE 2 Hardness Requirements

Grade 1 Grade 2 Grade 3¢
Min | Max | Min | Max | Min |Max
Rockwell, B 5| 72| 76| 85| 76| 93
Brinell, 500-kgf 103 | 126 | 137 | 163 | 137 | 197
(4900-N), 10- :
mm ball

2 In order to meet the atmospheric corrosion or hard-
ness requirements or both, various combinations of alloy-
ing elements will be required. Maximum limits may be
specified for the number and amount of alloy elements by
mutual agreement between purchaser and producer at the

time of ordering.
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TABLE 3 Levels of Quality-. -

A 502

" TABLE 4 Numencal Values for Levels of Quality .-

Cyafar - : Acdeptabile
o D‘°f°°3 y .. Quality Level
Crack or burst®. Lo 100
Duds (incompleted rivet or forelgn .- 10

material)

“Crack and burst are two names for the same thing.
Each designates an abrupt interruption of the periphery of
a rivet head by separation of the metal. Such interruptions
do not adversely affect structural strength, corrosion resist-
ance, or'other functional requirements’of the rivet, but are
un51ghtly if they are large: For this reason, a rivet withi 4
crack . or ‘burst . hEleg ah opemng at the penphery of the
head'which is widér than 0.020 ifi. plus 0.05 times the rivet
diaméter is considered défective.

i

: The American §% oc:ety for Tesrmg arid Materials takes no position respecting the validity of any patent rights asserted
in:connection with dny item mentioned in this standard. Users of this standard are expressly advised that determination

e T EE

Acceptable Qualltyv )

Level
o . Sample 1.0 IO 0

. Lot Size ] Siz';' L .

Ac-  Re- | Ac- Re~

cept- jec-  cept- jec-
ance® tion” ance® tion®

0to 50 8 0 | 2 -3

51ta 90 13 0 | 3 4

91 to 150 20 0 | 5 6
C15hto 280 32 1 2 7 8
281t | 500 30 1 2 10 11
s01te 1200 80 2 3 14 15

1201 to 3200 125 3 4 21 22
3201 ta - 10-000 - . 200 5 6 21 22
10-001-ta '35 000 315 -7 3 2122
35 001 to 150 000 ° 500 10 11 21 ;22
© 150 001 to 500 000 800 14 - 21 22
1250 21 22 21 22

over 500 000

@ Défectives in sdmple permitted for acceptanee of 16t
»" ¥ Defectives in samplé requiring rejection of lot.

of the validity of any such patent rights, and the risk of infringement of sitch rights, is entirely theirown responsxblltty

This standard is subject to revision at any time by the responsible technical committee and mus! be reweWed every: five
years and if not revised, either reapproved -or withdrawn. Your comments are invited eilher for revision of this standard or
for additiondl standards.and should be addressed fo ASTM Headquarters. Your comments- will receive careful consideration
at a meeting of the responsible technicgl 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-Commitiee on Standards, 1916 Race St.; Philadelphia,” Pa.
19103, which will schedule a further hearing regarding your comments. Failing satisfaction there, you may appéal to the

ASTM Board of Directors.
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AMERICAN NATIONAL
STANDARD

' [

- Standard Specification for

ANSI/ASTM A514-77

American Association State Highway and Trans-
. portation Officials Standard AASHTO No.: M 244

" HIGH-YIELD-STRENGTH, QUENCHED AND TEMPERED
ALLOY STEEL PLATE»,,»,‘SUITABLE;..FOR WELDINC:‘:1

This Standard is issued under the fixed designation A 514; the number immediately following the designation indicates the
yéar of original adoption of, in the case of revision, thé year of last revision. A number in parentheses indicates the year of

last reapproval.

1. Scope

1.1 This specification covers quenched and
tempered alloy steel plates of structural qual-
ity in thicknesses of 6 in. (152 mm) and under
intended. primarily for use in welded bridges
and other structures. : ‘

NortE 1 _All grades are not available in a maxi-

mum thickness of 6 in, See Table 1 for thxcknesses
avallable in each grade. '

- 1.2 Welding techmque is of fundamental-
1mportance and must riot adversely affect the .
properties of the plate especially.in ‘the heat

affected zome. It is presupposed that welding
procedures will be suitable for the materials
being welded.

Note 2—The values stated in inch-pound units
are to be regarded as the standard.

2. General Requirements for Delivery

2.1 Material furnished under this specifica-
tion shall conform to the applicable require-
ments of the current edition of ASTM Specifi-
cation A 6, for General Requirements for
Rolled Steel Plates, Shapes, Sheet Piling, and
Bars for Structural Use.?

3. Process

3.1 The steel shall be made by one of the
following processes: open-hearth, basic-oxy-
gen, or electric-furnace. Additional refining
by vacuum-arc-remelt (VAR) or electroslag-
remelt (ESR) is permitted.

3.2 The steel shall be fully killed, fine grain
(ASTM No. 5 or finer) as determined in ac-
cordance with ASTM Methods E 112, for Es-
timating the Average Grain Size of Metals,?
specifically, Plate IV.

472

4. Heat Treatment

4.1 The matérial shall be heat treated by
the manufacturer to conform to the tensile
and hardnéss requirements of Table 2 by
heating to. not less than 1650°F (900°C),
quenching in. water or oil and tempering at not
less than 1150°F (620°C). Thé heat-tréating
temperatures shall be reported on the test
cert1f1cates

5. Chemlcal Requlrements

5.1 The heat analysis shall conform to the
requirements prescribed in Table 1.

5.2 The steel shall conform on product
analysis to the requirements as prescribed in
Table 1, subject to the product analysis toler-
ances in Specification A 6.

6. Tensile Requirements

6.1 The material as represented by the ten-
sion test specimens shall conform to the ten-
sile properties prescribed in Table 2.

6.2 A deduction of 1.25 % from the per-
centage of elongation specified in Table 2
shall be made for each decrease of !/32 im.
(0.80 mm) of the specified thickness under
5/16 in. (8.0 mm). This deduction in elonga-
tion shall not exceed 3 %.

! This specification is under the jurisdiction of ASTM
Committee A-1 on Steel, Stainless Steel and Related Al-
loys, and is the direct responsibility of Subcommittee
A01.02 on Structural Steel for Bridges, Buildings, Rolling
Stock, and Ships.

Current edition approved June 24, 1977. Published Au-
gust 1977. Originally published as A 514 - 64. Last pre-
vious edition A 514 - 75.

2 Annual Book of ASTM Standards, Part 4.

¥ Annual Book of ASTM Standards, Part 11.
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7. Brinell Hardness Requirements

7.1 For plates 3/s in. (9.5 mm) and under in
thickness, a Brinell hardness test may be used
instead of tension testing each plate, in which
case a tension test shall be made from a corner
of each of two plates per lot. A lot shall
consist of plates from the same heat and thick-
ness, same prior condition and scheduled heat
‘treatment and shall not exceed 15 tons (13.6
Mg) in weight. A Brinell hardness test shall be
made on each plate not tension tested and
shall meet the requirements shown in Table 2.

8. Test Specimens

8.1 When possible, all test specimens shall
be cut from the plate in its heat-treated condi-
tion as shipped. If it is necessary to prepare
test specimens from separate pieces, these
pieces shall be full thickness, and all pieces
shall be similarly and simultaneously heat
treated with the material. All such separate
pieces shall be of such size that the prepared
test specimens are free of any variation in
properties due to edge effects.

8.2 The purchaser shall specify on the pur-
chase order any additional thermal treatments
which shall be given to the test specimens in
addition to the heat treatment specified in
Section 4. (This is intended to simulate ther-
mal treatments which subsequently may be
done by the fabricator.)

9. Number of Tests
9.1 Except as described in 7.1, one tension

test shall be taken from a corner of each plate’

as heat treated. Plates wider than 24 in. (610
mm) shall be tested in the transverse direction
and are subject to the modifications for elon-
gation and reduction of area contained in
footnote C of Table 2.

9.2 One grain size test (see 3.2) shall be
made from each heat.

10. Retest

10.1 Plates subjected to Brinell hardness
tests and which fail to meet the hardness re-
quirements, at the manufacturer’s option,
may be subjected to tension testing and shall
be accepted if the results conform to the re-
quirements of Table 2.

10.2 The manufacturer may reheat-treat
plates that fail to meet the mechanical prop-
erty requirements of this specification. All
mechanical property tests shall be repeated
when material is resubmitted for inspection.

11. Marking

11.1 Each plate shall be legibly marked
with the ASTM specification number and type
letter in addition to the standard markings in
accordance with Specification A 6.

SUPPLEMENTARY REQUIREMENTS

The following supplementary requirements shall apply when specified in the order

or contract.

S1. When specified, the inspector shall ex-
amine every plate surface by visual and di-
mensional means, and for shipment prepara-
tion, in order to satisfy himself that the mate-
rial conforms to the requirements of this spec-

ification.

S2. When specified, flatness tolerances
closer than Table 16 of Specification A 6 are
available and should be negotiated. with the
manufacturer.

Standardized supplementary requirements for use at the option of the purchaser are
listed in Specification A 6. Those which are considered suitable for use with this

specification are listed below by title.

S14. Bend Test.
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TABLE 2 Tensile and Hardness Requirements :
NoTe 1—On plates wider than 24 in. (610 mm), the test specimen shall be taken in the transverse direction. (See

Section 9 and Specification A 6.)
Note 2 — Either the full thickness rectangular specimen shown in Fig. 4 of ASTM Methods and Definitions A 370 for

Mechanical Testing of Steel Products,* or the !/2-in. (12.5-mm) diameter specimen shown in Fig. 5 of Methods A 370 may
be used for plates over ¥4 to 1'/2 in. (19 to 40 mm) in thickness.

Elonga-
. . . tion in 2 Reduction of Brinell
Thickness, in. Ultlmatck’sI;ths/}lI«,aa)Strength, ?;lfnld kSstir?lr\lngt’:')‘ in, or 50 Area®€, min, Hardness? Num-
: mm,BC-E % ber

min,.% -

To ¥a, incl 110 to 130 (760 to 895) 100 (690) 18 408 235 to 293

Over %4 to 2Y/2, incl 110 to.130 (760 to 895) 100 (690) 18 408, 507 e

Over 2'/2 to 6, incl 100 to 130 (690 to 895) 90 (620) 16 50F

4 Measured at 0.2 % offset or 0.5 % extensicn under load as described in Section 13 of Methods A 370. -

B Elongation and reduction of area not required to be determined for floor plates.

¢ For plates tested in the transverse direction, the elongation minimum percent is reduced by 2 % and the reduction of
area minimum requirement is reduced by 5 %. .

2 See Section 7. ) :

E When measured on the Fig. 4 (Methods A 370) 1'/>-in. (40-mm) wide specimen (see Note 2 above), the elongation is
determined in a 2-in. or 50-mm gage length which includes the fracture and shows the greatest elongation.

F When measured on the Fig. 5 (Methods A 370} !/>-in. (12.5-mm) round specimen (see Note 2 above).

4 Annual Book of ASTM Standards, Parts 1, 2, 3, 4, 5, and 10.

The American Society for Testing and Materials takes no position r?'pecting 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, is entirely their own responsibility.

This standard is subject 1o 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
Jor additional standards and should be addressed 10 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, 1916 Race St., Philadelphia, Pa.
19103, which will schedule a further hearing regarding your comments. Failing satisfaction there, you may appeal to the
ASTM Board of Directors. :
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Designation: A 516/A 516M — 90 (Reapproved 1996)"

Standard Specification for

Used in USDOE-NE Standards

Pressure Vessel Plates, Carbon Steel, for Moderate- and

Lower-Temperature Service'

This standard is issued under the fixed designation A 516/A 516M; 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 (€) indicates an editorial change since the last revision or reapproval.

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

€' Nore—Editorial corrections were made to this standard in August 1999.

1. Scope

1.1 This specification? covers carbon steel plates intended
primarily for service in welded pressure vessels where im-
proved notch toughness is important.

1.2 Plates under this specification are available in four
grades having different strength levels as follows:

Tensile Strength,

Grade U.S. [S]] ksi [MPa]
55 [380] 55-75 [380-515]
60 [415] 60-80 [415-550]
65 [450] 65-85 [450-585]
70 [485] 70-90 [485-620]

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 as follows:

Maximum Thickness,

Grade U.S. [SI] in. {mm]
55 [380] 12 [305]
60 [415] 8 [205]
65 [450] 8 [205]
70 [485] 8 [205]

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. Combining values from the
two systems may result in nonconformance with the specifi-
cation.

2. Referenced Documents
2.1 ASTM Standards:

! 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
AQ1.11 on Steel Plates for Boilers and Pressure Vessels.

Current edition approved Dec. 28, 1990. Published May 1991. Originally
published as A 516 — 64. Last previous edition A 516/A 516M - 86.

2 For ASME Boiler and Pressure Vessel Code applications, see related Specifi-
cation SA-516/SA-516M in Section II of that Code.

Copyright © ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959, United States.
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A 20/A20M Specification for General Requirements for
Steel Plates for Pressure Vessels®

A 435/A435M Specification for Straight-Beam Ultrasonic
Examination of Steel Plates®

A 577/A577M Specification for Ultrasonic Angle-Beam
Examination of Steel Plates’

A 578/A578M Specification for Straight-Beam Ultrasonic
Examination of Plain and Clad Steel Plates for Special
Applications®

3. General Requirements and Ordering Information

3.1 Material supplied to this material specification shall
conform to Specification A 20/A 20M. These requirements
outline the testing and retesting methods and procedures,
permissible variations in dimensions, and mass, quality and
repair of defects, marking, loading, etc.

3.2 Specification A 20/A20M also establishes the rules for
the ordering information that should be complied with when
purchasing material to this specification.

3.3 In addition to the basic requirements of this specifica-
tion, certain supplementary requirements are available when
additional control, testing, or examination is required to meet
end use requirements. These include:

3.3.1 Vacuum treatment,

3.3.2 Additional or special tension testing,

3.3.3 Impact testing, and

3.3.4 Nondestructive examination.

3.4 The purchaser is referred to the listed supplementary
requirements in this specification and to the detailed require-
ments in Specification A 20/A20M.

3.5 If the requirements of this specification are in conflict
with the requirements of Specification A 20/A20M, the re-
quirements of this specification shall prevail.

4. Manufacture

4.1 Steelmaking Practice—The steel shall be killed and
shall conform to the fine austenitic grain size requirement of
Specification A 20/A 20M.

* Annual Book of ASTM Standards, Vol 01.04.
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5. Heat Treatment

5.1 Plates 1.50 in. {40 mm] and under in thickness are
normally supplied in the as-rolled condition. The plates may be
ordered normalized or stress relieved, or both.

5.2 Plates over 1.50 in. [40 mm] in thickness shall be
normalized.

5.3 When notch-toughness tests are required on plates -

1%in. [40 mm] and under in thickness, the plates shall be

normalized unless otherwise specified by the purchaser.

5.4 If approved by the purchaser, cooling rates faster than
those obtained by cooling in air are permissible for improve-
ment of the toughness, provided the plates are subsequently

A 516/A 516M

tempered in- the temperature range 1100 to 1300°F [595 to
705°C].
6. Chemical Requirements

6.1 The steel shall conform to the chemical requirements
shown in Table 1 unless otherwise modified in accordance with
Supplementary Requirement S17, Vacuum Carbon-Deoxidized
Steel, in Specification A 20/A20M.
7. Mechanical Requirements

7.1 Tension Test Requirements—The material as represented
by the tension-test specimens shall conform to the require-
ments shown in Table 2.

TABLE 1 Chemical Requirements

Elements Composition, %
Grade 55 Grade 60 Grade 65 Grade 70
[Grade 380] [Grade 415] [Grade 450] [Grade 485]
Carbon, max*: .
1/ 2'in. [12.5 mm] and under 0.18 0.21 0.24 027 °
Over 1 /2 in. to 2 in. [12.5 to 50 mm], incl 0.20 0.23 0.26 0.28
Over 2 in. to 4 in. [50 to 100 mm], incl '0.22 0.25 0.28 .. ,. 030
Over 4 to 8 in. [100 to 200 mm], incl 0.24 0.27 0.29 0.31
Over 8 in. [200 mm] 0.26 0.27 0.29 0.31 .
Manganese:
©1/2in. [12.56 mm] and under: P : -
Heat analysis® 0.60-0.90. - 0.60-0.90 0.85-1.20- 0.85-1.20.
Product analysis® 0.55-0.98 0.55-0.98 0.79-1.30 .0,79-1.30
Over 1 /2 in. [12.5 mm]: ‘ ‘ ST
Heat analysis } L 0.60~1.20 0.85-1.20 0.85-1.20, 0.85-1.20 O
Product analysis 0.55-1.80 0.79-1.30 0.79-1.30 0.79-1.830
Phosphorus,max”® 0.085 0.085 0.035 0.085
Sulfur, max” 0.035 '0.085 " 0.085* 0.035
Silicon: )
Heat analysis 0.15-0.40 0.15-0.40 0.15-0.40 0.15-0.40
Product analysis 0.13-0.45 0.13-0.45 0.13-0.45

0.13-0.45

AApplies to both heat and product analyses

BGrade 60 plates 1 /2 in.[12.5 mm] and under in thickness may have 0.85-1.20 % manganese on heat analyS|s and 0. 79—1 30 % manganese on product analysis.
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TABLE 2 Tensile Requirements

Grade
. 55[380] 60 [415] 65 [450] 70 [485]
Tensile strength, ksi [MPa] 55-75 [380-515] 60-80 [415-550] 65-85 [450-585] 70-90 [485-620]
Yield strength, min,* ksi [MPa] 30 [205) 32 [220] 35 [240] 38 [260]
Elongation in 8 in. [200 mm], min, %& 23" 21 19 17
Elongation in 2 in. [50 mm], min, %2 ‘ 27 : 25 23 21

“Determined by either the 0.2 % offset method or the 0.5 % extension-under-load method.
5See Specification A 20/A20M for elongation adjustment.

SUPPLEMENTARY REQUIREMENTS

Supplementary requirements shall not apply unless specified in the order.

Alist of standardized supplementary requirements for use at the option of the purchaser are included
in ASTM Specification A 20/A 20M. Several of those considered suitable for use with this
specification are listed below by title. Other tests may be performed by agreement between the

supplier and the purchaser.

S1. Vacuum Treatment, S8. Ultrasonic Examination in accordance with Specifica-

S2. Product Analysis, tion A 435/A 435M, _ o

S3. Simulated Post-Weld Heat Treatment of Mechanical S9. Magpetic 'Pamcle [Examination, . _
Test Coupons, . Sl/l. 517J;t/rlis;>;1;(1:vl Examination in accordance Wlth Specifica-

o . ion R

S4.1 Additional Tension Test, S12. Ultrasonic Examination in accordance with Specifica-

S5. Charpy V-Notch Impact Test, tion A 578/A 578M

S6. Drop Weight Test, S14. Bend Test, and

S7. High-Temperature Tension Test, S17. Vacuum Carbon-Deoxidized Steel.

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.

This standard is copyrighted by ASTM, 100 Barr Harbor Drive, 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 (http://www.astm.org).
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AMERICAN NATIONAL
STANDARD

Standard Specification for

ANSI/ASTM A 570~ 79

HOT-ROLLED CARBON STEEL SHEET AND STRIP,

STRUCTURAL QUALITY'

This Standard is issued under the fixed designation A 570; the number immediately following the designation indicates
the year of original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the

year of last reapproval.

This specification has been approved for use by agencies of the Department of Defense and for listing in the DoD Index of

Specifications and Standards.

1. Scope

1.1 This specification covers hot-rolled
carbon steel sheet and strip of structural qual-
ity in cut lengths or coils. This material is
intended for structural purposes where me-
chanical test values are required, and is avail-
able in a maximum thickness of 0.2299 in.
(5.8 mm) except as limited by Spec1flcat10n
A 568.

1.1.2 The following grades are covered in
this specification:

Mechanical Properties

Yield Point, min, Tensile Strength,

Grade psi (MPa) min, psi (MPa)
30 30 000 (210) 49 000 (340)
33 33 000 (230) 52 000 (360)
36 36 000 (250) 53 000 (365) -
40 40 000 (280) 55 000 (380) + :
45 45 000 (310) 60 000 (410)
50 50 000 (340) 65- 000 (450)

Note 1-—The values stated in mch-pound u.mts
are to be regarded as the standard.-

2. Applicable Documents

2.1 ASTM Standard:

A 568, Specification for Steel, Carbon aiid
High-Strength Low-Alloy Hot-Rolled
Sheet, Hot-Rolled Strip, and Cold-
Rolled Sheet, General Requirements®

3. General Requirements for Delivery

3.1 Material furnished under this specifi-
cation shall conform to the applicable require-
ments of the current edition of Specification
A 568, unless otherwise provided herein.

4. Ordering Information
4.1 Orders for material under this specifi-

530

cation shall include the following information,
as required, to describe the required material
adequately: "

4.1.1 ASTM specmcatlon number and
date of issue, and grade,

4.1.2 Copper-bearing steel (if required),

4.1.3 Spec1a1 requirements (if required),

4.1.4 Name of material (hot—rolled sheets
or strip),

4.1.5 Condition (Material to this spe01f1-
cation is furnished in the hot-rolled condition.
Pickled (or blast cleaned) should be specified
if required. Material so ordered will be oiled
unless ordered dry),

4.1.6 Dimensions, including type of edges,

4.1.7 Coil size requirements, and

4.1.8 Cast or heat (formerly ladle) analysis
or test repoit (request, if required).

Note 2—A typical ordering description is as

follows: ASTM A 570, Grade 36, Hot-Rolled
Sheets, 0.075 by 36 cut edge by 96 in.

5. Chemical Requlrements

5.1 The cast or heat analysis of the steel
shall conform to the requlrements prescribed
in Table 1.

6. Physical Reqﬁirements
6.1 Tersile Properties—The material as

! 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 Sheet Steel and Steel Sheets.

Current edition approved Aug, 31, 1979, Published Oc-
tober 1979. Originally published as A570-66T. Last pre-
vious edition A 570-78.

% Annual Book of ASTM Standards, Part 3.
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represented by the test specimens shall con-
form to the requirements as to tensile prop-
erties prescribed in Table 2.

6.2 Bending Properties—The bend test
specimens shall stand being bent at room
temperature in any direction through 180 deg
without cracking on the outside of the bent
portion to an inside diameter which shall have
a relation to the thickness of the specimen as
prescribed in Table 3.

7. Test Specimens

7.1 Tension test specimens shall be taken
longitudinally.

8. Number of Tests

8.1 Two tension tests and two bend tests
shall be made from each heat or from each lot
of 50 tons (45 Mg). When the amount of

-A 570

finished material from a heat or lot is less than
50 tons, only one tension test and one bend
test shall be made. When material rolled from
one heat differs 0.050 in. (1.27 mm) or more
in thickness, one tension test and one bend
test shall be made from both the thickest and
thinnest material rolled regardless of the
weight represented.

8.2 Retests—If one test fails, two more
tests shall be run from the same lot, in which
case both tests shall conform to the require-
ments prescribed in this specification; other-
wise, the lot under test shall stand rejected.

9. Packaging

9.1 Coil Size—Small coils result from the
cutting of full-siz¢ coils for center test pur-
poses. These small coils are acceptable under
this specification.

TABLE 1 Chemical Requirements

Element

Composition, %

Carbon, max

Manganese, max

Phosphorus, max

Sulfur, max

Copper, when copper is
specified, min

Grades 30, Grades 45
33,36,and 40  and 50
0.25 0.25
0.90 1.35
0.04 0.04
0.05 0.05
0.20~ 0.20

TABLE 2 Tensile Requirements

Grade 30 Grade 33

Grade 36 Grade 40 Grade 45 Grade 50

Tensile strength, min, psi 52 000 (360)
(MPa)
Yield point,
(MPa)

Elongation in 2 in. (50

mm), min, %, for
thicknesses:

02299 to 0.0972 in. 250
(5.84 to 2.46 mm),
incl

0.0971 to
245 to
incl

0.0635 to 0.0255 in. 210 18.0
(161 to 0.65 mm),
incl

Elongation in 8 in. (200

mm), min, %, for
thicknesses:

02299 to 0.0972 in, 190 18.0
(5.84 to 2.46 mm),
incl

0.0971 to 0.0892 in. 170 16.0
(245 to 2.26 mm),
incl

49 000 (340)

min, psi 30 000(210) 33 000 (230)

23.0

0.0636 in. 240 220

1.62 mm),

53 000 (365) 55 000 (380) 60 000 (410) 65 000 (450)

40 000 (280) 45 000 (310) 50 000 (340)

36 000 (250)

220 21.0 19.0 17.0

21.0 20.0 18.0 16.0

13.0 11.0

17.0 15.0

17.0 16.0 14.0 12.0

15.0 14.0 12.0 10.0
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‘ ' TABLE 3 Bend Test Requirements

e Ratio of Bend Diameter to

Grade : Thickness of Specimen

30 ) 1 »

33 1% v

36 4,

40 2

45 2%

50 3

The American Society for Testing and Materials takes no position rﬁspecting the validity o azy ;l;atent rights asserted in
1

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 righis, are entirely their own responsibility.

This standard is subject to révision 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
Sfor additional standards and should be addressed 1o. 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 commenis have not received
a fair ‘hearing you should make your views known to the ASTM Committee on Standards, 1916 Race St Philadelphia, Pa.
19103, which will schedule a further héaring .regarding your commients. Failing satisfaction there; you may appeal 1o the
ASTM Board of Directors. :
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AMERICAN NATIONAL
STANDARD

Standard Specification for

ANSI/ASTM A 572 - 79

American Association State
Highway and Transportation
Officials Standard

AASHTO No.: M 223

HIGH-STRENGTH LOW-ALLOY COLUMBIUM-
VANADIUM STEELS OF STRUCTURAL QUALITY!

This Standard is issued under the fixed designation A 572; 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.

This specification has been approved for use by agencies of the Department of Defense and for listing in the DoD Index of

Specifications and Standards.

1. Scope

1.1 This specification covers four grades of
high-strength low-alloy structural steel shapes,
plates, sheet piling, and bars. Grades 42
and 50 are intended for riveted, bolted, or
welded construction of bridges, buildings, and
other structures. Grades 60 and 65 are
intended for riveted or bolted construction of
bridges, and for riveted, bolted, or welded
construction in other applications, When the
steel is used in welded construction, welding
procedure shall be suitable for the steel and
the intended service.

1.2 For welded bridge construction notch
toughness is an important requirement. For
this or other applications where notch-tough-
ness requirements are indicated, they shall be
negotiated between the purchaser and the
producer.

1.3 The use of columbium, vanadium, and
nitrogen, or combinations thereof, within the
limitations noted in Section 5, shall be at the
option of the producer unless otherwise speci-
fied. Where designation of one of these ele-
ments or combination of elements is desired,
reference is made to Supplementary Require-
ment S1 in which these elements and their
common combinations are listed as to type.
When such a designation is desired, both the
grade and type must be specified.

1.4 The maximum thicknesses available in
the grades and products covered by this speci-
fication are shown in Table 1.

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

2. Applicable Documents

2.1 ASTM Standard:

A6 Specification for General Require-
ments for Rolled Steel Plates, Shapes,
Sheet Piling, and Bars for Structural

Use?

3. General Requirements for Delivery

3.1 Material furnished under this specifica-
tion shall conform to the applicable require-
ments of the current edition of Specification
A6,

4. Process

4.1 The steel shall be made by one or more
of the following processes: open-hearth, basic-
oxygen, or electric-furnace.

5. Chemical Requirements

5.1 The heat analysis shall conform to the
requirements prescribed in Table 2 and in 5.3.

5.2 The steel shall conform on product
analysis to the requirements prescribed in
Table 2 and 5.3 subject to the product anal-
ysis tolerances in Specification A 6.

5.3 Alloy content shall be in accordance
with one of the following types:

' 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 A01.02 on
Structural Steel.

Current edition approved Nov. 5, 1979. Published January
1980. Originally published as A 572 - 66. Last previous edi-
tion A 572 - 78.

2 Annual Book of ASTM Standards, Part 4.
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Co Heat Analysis, 6 WMiechanical Requlrements

Elements %
Type 1—Columbium® 0.005-0.05* 6.1 Tensile Properties:
Type 2—Vanadium 7 0.01-0.15 6.1.1 The material as represented by the
Type 3—Columbium® (0.05 max, %) .  0.02-0.15 test specimens shall conform to the tensile
plus vanadium® . . in Table 3.
Type 4—Nitrogen? (with vanadium) 0.015 max properties given in Table

6.1.2 For material under %s in. (7.5 mm)

@ Columbium when added either singly or in combina-  if thickness of diameter, 4 dediiction from the
tion with vanadium shall be restricted to the followmg

unless killed steel is furnished: T percentage ‘of elongatlon in’' 8 in. (200 mm),
_ _ Structural Shape specnﬁed in Table 3, of 1.25 % shall be made
0 MaimumPlate S TEE for each d £V in:+(0.8 f th
Grides '~ and Bar Thick- ize Grof pmg56 for each decréase. of 14 in.:(0.8 ‘mm) of the
nesses, in, (mm) Copecification A6, gpecified thickness or diameter below ¥ in.
SR I N . Table A) o Ca
42 and-50 - ©3g(19) © 0 Groups'l and 2
60 and 65 i (13) Group 1

& Product analysis liniits = 0.004:0.060 %.
¢Product analysis limits = 0.01 to 0.16 when colum-
bium and vanadium are used in combination,
4 Nitrogen (0.015 max: %);when ddded as a supplement
to vanadium shall be reported, and the mlmmum ratio of ,
vanadlum to mtrogen shall be4to L e S LT
o SRR L ST e LT i

. T I : - . )

SUPPLEMENTARY REQUIREMENTS

The following supplementary requirement shalt apply hen specified in the’order or contract:

S1. Types: . - . . : order T .
Co e e : I ..+ Type I—Columblum co o
S1.1 When a purchaser prefers to designate - ." Typé 2—Vanadium. x
the specific: elements (columbmm, vanadium, - Typpe 3—Columbium and vanadrum
nitrogen, or combinations thereof ), one of the . Type 4—Vanadium and nitrogen

types listed below shall be specified. The type S1.2 The composition limits of Seetlon 5
in addition to the grade must be shown on the  shall apply.for any of these types.

Standardized supplementary requrrements for usé 4t the option of the purchaser ire
listed in Specification A 6. Those which are con51dered surtable for use with thls
specification are listed below by title. B

S14. Bend Test. 'S18. Maximum Tensilé Strength
; “TABLE 1 Maximum Product Thlckness

. ‘Maximum Thlckness or Size
Yield Point, min_

Grade LT e e : Platjs and Bars Structural Shapes Sheet
psi.. .. MPa . in. mm’ ~ Groups® . Piling

422 . 42 000 S 290 6 152:4 all o alt

50° S50000 .. :345. .. . .2 L 508, all . oo call.

60 60 000 < 4lS. 1WA o 318 land2 . -, - mnot avallable

65 65000 . 450 , 1% ~ 318 1 o not avallable

In the above tabulation, Grades 42, 50, and 60 are the yield point: levels.most closely approximatinga geometric pro-
gtessron pattern between 36 000 psi, min, yield point steels covered by Specification A: 36, for Structural Steel® and 100 000

psi, min, yield, strength steels covered by Specrﬁcatlon A 514, for Hrgh-Yle]d Strength Quenched and Tempered Alloy
Steel Plate, Suitable for Welding.* ) "
* See Specification A 6. : . i
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TABLE 2 Chemical Requirements®
(Heat Analysis)

Silicon®

Plates to
1Y/2-in.
(38.1-mm) Plates Over 1Y/2-

Eézggﬁ-egirs?;%kc}: Carbon, Manganese,” Phosphorus, Sulfur, ShaTk::l:vz) mfrggklag‘;])
Between Parallel Grade max, max, max, max, 426 Ib/ft " Shapes Over
Faces, in. (mm) % % % % (634 kg/m), 426 1b/ft (634
Sheet kg/m)
Piling,
and Bars?
m’;)x, range, %
6 (152) 42 0.21 1.35 0.04 0.05 0.40 0.15-0.40
2 (51y 50 0.23 1.35 0.04 0.05 0.40 0.15-0.40
14 (31.8) 60 0.26 1.35 0.04 0.05 0.40 e
S15-114 65 0.23 1.65 0.04 0.05 0.40
(12.7-31.8)
=12 (12.7)¢ 65 0.26 1.35 0.04 0.05 0.40

@ Copper when specified shall have a minimum content of 0.20 % by heat analysis (0.18 % product analysis).

* Manganese, minimum by heat analysis of 0.80 % (0.75 % product analysis) shall be required for all plates over % in.
(9.5 mm) in thickness; a minimum of 0.50 % (0.45 % product analysis) shall be required for plates % in. and less in thickness,
and for all other products. The manganese to carbon ratio shall not be less than 2to 1.

¢ Silicon content in excess of 0.40 % by heat analysis must be negotiated.

¢ Bars over 1% in. (38.1 mm) in diameter, thickness, or distance between paralle! faces, shall be made by a killed steel

ractice.
F ¢ An alternative chemical requirement with a maximum carbon of 0.21 % and a maximum manganese of 1.65 % is
permissible with the balance of the elements as shown in Table 2.

TABLE 3 Tensile Requirements®

- et
Yield Point, min Tensile Strength, min Minimum Elongation,*

%
Grade .
. . in 8 in. in 2 in.
psi MPa pst MPa or 200 mm or 50. mm
42 42 000 i 290 60 000 415 20 24
50 50 000 345 65 000 450 18 21
60 60 000 415 ) 75 000 520 16 18
65 65 000 450 80 000 550 15 17

@ For plates wider than 24 in. (610 mm), the test specimen is taken in the transverse direction. See 11.2 of Specifica-
tion A 6.

b Flongation not required to be determined for floor plate.

¢ For wide flange shapes over 426 1b/ft elongation in 2 in. (50 mm) of 19 % minimum applies.

?For plates wider than 24 in. (610 mm), the elongation requirement is reduced two percentage points for
Grades 42 and 50, and three percentage points for Grades 60 and 65.

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, is 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, 1916 Race St., Philadelphia, Pa.
19103, which will schedule a further hearing regarding your comments. Failing satisfaction there, you may appeal to the
ASTM Board of Directors.
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STANDARD

Standard Specnflcatlon for

AMERICAN NATIONAL ANSI/ASTM A588 79a

American Association State
Highway and Transportation Officials Standard
ASHTO No.: M 222

HIGH-STRENGTH LOW—ALLOY STRUCTURAL STEEL WITH
50 000 psi MINIMUM YIELD POINT TO 4 in. THICK'

This standard is issued under the fixed designation A 588; the number immediately following the designation indicates the
year of original adoption or, in the case of l'CVlSIOD, the year of last revxsron A number in parentheses 1nd1cales the year of last

reapproval

1. Scope

1.1 This spec1ﬁcat10n covers h1gh—strength
low-alloy structiral steel shapes, plates, and
bars for wélded, riveted, or bolted construction
but intended- primarily - for use in welded
bridges and buildings where savings in weight
or added durability are important. The atmos-
pheric corrosion resistance of this steel is ap-
proximately two times that of carbon structural
steel with copper (Note 1). Welding technique
is of fundamental importance, and it is presup-
posed that welding procedure will be suitable
for the steel and the intended service. This
specification is limited to material up to 8 in.
(203.2 mm) inclusive in thickness.

NoTe 1—Two times carbon structural steel with
copper is equivalent to four times carbon structural
steel without copper (Cu 0.02 max).

Note 2—The values stated in inch-pound units
are to be regarded as the standard.

2, General Requirements for Delivery

2.1 Material furnished under this specifica-
tion shall conform to the applicable require-
ments of the current edition of ASTM Specifi-
cation A6, for General Requirements for
Rolled Steel Plates, Shapes, Sheet Piling, and
Bars for Structural Use.”

3. Process

3.1 The steel shall be made by one of the
following processes: open-hearth, basic-oxygen,
or electric-furnace.

32 The steel shall be made to ﬁne gram

: practlce

‘4. Chemical Requlrements

.4.1 The heat. analysis shall ‘conform to the
reqmrements prescribed in Table 1.

4.2 The steel shall conform on product anal-
ysis to the requirements prescribed in Table 1,
subject to the product analysis tolerances in
Specification A 6.

4.3 When required, the manufacturer shall
supply evidence. of corrosion resistance satis-
factory to the purchaser.

5. Tensile Requirements

5.1 The material as represented by the test
specimens shall conform to the requirements
for tensile properties prescribed in Table 2.

5.2 For material under %s in. (7.9 mm) in
thickness or diameter, as represented by the test
specimen, a deduction of 1.25 percentage points
from the percentage of elongation in 8 in. or
200 mm specified in Table 2 shall be made for
each decrease of %z in. (0.8 mm) of the specified
thickness or diameter below %s in. (7.9 mm).

! 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 A01.02 on
Structural Steel for Bridges, Buildings, Rolling Stock, and
Ships.

Current edition approved July 27 and Nov. 5, 1979.
Published January 1980. Originally published as A 588 - 68.
Last previous edition A 588 - 77a.

% Annual Book of ASTM Standards, Part 4.

SUPPLEMENTARY REQUIREMENTS

Standardized supplementary requirements for use at the option of the purchaser are
listed in Specification A 6. Those which are considered suitable for use with this

specification are listed below by title.
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S2. Product Analysis, S8. Ultrasonic Examination,
S3. Simulated Post-Weld Heat Treatment of S14. Bend Test,
Mechanical Test Coupons, S15. Reduction of Area, and
S5. Charpy V-Notch Impact Test, S18. Maximum Tensile Strength.

S6. Drop Weight Test,

TABLE 1 Chemical Requirements (Heat Analysis)

Composition, %
Element .
Grade A | Grade B | Grade C | Grade D | Grade E | Grade F | Grade G | Grade H | Grade J
Carbon 0.19 max | 0.20 max | 0.15 max | 0.10-0.20 | 0.15 max | 0.10-0.20 | 0.20 max | 0.20 max | 0.20 max
Manganese 0.80-1.25 ) 0.75-1.25 | 0.80-1.35 | 0.75-1.25 | 1.20 max | 0.50-1.00 | 1.20 max | 1.25 max | 0.60-1.00
Phosphorus 0.04 max | 0.04 max | 0.04 max | 0.04 max -| 0.04 max | 0.04 max | 0.04 max | 0.035 max| 0.04 max
Sulfur 0.05 max | 0.05 max | 0.05 max | 0.05 max | 0.05 max | 0.05 max | 0.05 max | 0.040 max| 0.05 max
Silicon 0.30-0.65 | 0.15-0.30| 0.15-0.30( 0.50-0.90 | 0.30 max | 0.30 max | 0.25-0.70 | 0.25-0.75 | 0.30-0.50
Nickel 0.40 max | 0.50 max | 0.25-0.50) ... 0.75-1.25 | 0.40-1.10 ] 0.80 max | 0.30-0.60 | 0.50-0.70
Chromium 0.40-0.65 | 0.40-0.70 | 0.30-0.50| 0.50-0.90 | ... 0.30 max | 0.50-1.00 | 0.10-0.25| ...
Molybdenum | ... e ... e 0.08-0.25 | 0.10-0.20 | 0.10 max | 0.15 max | ...
Copper 0.25-0.40 | 0.20-0.40 [ 0.20-0.50 | 0.30 max | 0.50-0.80 { 0.30-1.00 | 0.30-0.50 | 0.20-0.35 | 0.30 min
Vanadium 0.02-0.10{ 0.01-0.10| 0.01-0.101 ... 0.05 max | 0.01-0.10/ ... 0.02-0.10 | ...
Zirconium ven e AN 0.05-0.15 e
Columbium 0.04 max | ...
Titanium ves e e ves e | 0.07 max | 0.005- '0.03-0.05
0.030
TABLE 2 Tensile Requirements®
Plates and Bars StSrllllctural
apes
: For Thick- For Thick-
For TRick- o s Over4  nesses Over 5
nesses 4 in. in. to 5 in in. to 8 in All Groups’
and Under ey " ey . ps
(101.6 mm) incl (101.6 to incl (127.0 to
127.0 mm) 203.2 mm)
Tensile strength, min, psi (MPa) 70 000 67 000 63 000 70 000
(485) (460) - (435) (485)
Yield point, min, psi (MPa) 50 000 46 000 42 000 50 000
: (345) (315) (290) (345)
Elongation in § in. or 200 mm, min, % 187 e . 18°
Elongation in 2 in. or 50 mm, min, % 210 2104 21e¢ 21°

;’ For plates wider than 24 in. (610 mm), the test specin{en is taken in the transverse direction. See 11.2 of Specification A 6.
" See 5.2.

“ Elongation not required to be determined for floor plate.

“ For plates wider than 24 in. (610 mm), the elongation requirement is reduced two percentage points.

¢ For wide flange shapes over 426 1b/ft elongation in 2 in. of 18 % minimum applies.

/See Specification A 6.

The American Society for Testing and Materials takes no position respecting the validity of any patent righis 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, 1916 Race St., Philadelphia, Pa. 19103, which will schedule a
further hearing regarding your comments. Failing satisfaction there, you may appeal to the ASTM Board of Directors.  ~
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AMERICAN NATIONA
STANDAR

Standard Specification for

ANSI/ASTM A 611 - 72 (Reapproved 1979)

STEEL, COLD-ROLLED SHEET, CARBON,

STRUCTURAL'

[

This Standard is issued under the fi xed deSIgnatlon A 611; the number 1mmed1ate1y following the designation indicates
_the year of original adoption or, in the case of revision, the year of last revxslon A number in parentheses: mdlcates the

year of last reapproval.

This specification has been approved for use by agencies of the Department of Defense and for listing in the DoD Index

of Specifications and Standards.

1. Scope

1.1 This specification covers cold-rolled
carbon structural steel sheet, in cut lengths or
coils, It includes five strength levels desig-
nated as Grade A with yield point 25 000 psi
,_(170 MPa) minimum; Grade. B with 30 000
psi (210 MPa) ‘minimum; Grade C with

33 000 psi (230 'MP4)’ minimum; Grade D~

with 40 000 psi (280 MPa) minimum; and
Grade E with 80 000 p31 (550 MPa) mini-
L mum.,

uct with no spec1f1ed minimum elongauon

Nott 1—The values stated in inch-pound units
are to be regarded as the standard.

2. Applicable Documents

2.1 ASTM Standard:

A 568 Specification for Steel, Carbon and
High-Strength Low-Alloy, Hot-Rolled
Sheet, Hot-Rolled Strip, and Cold-Rolled
Sheet, General Requirements.?

3. Definitions

3.1 structural steel sheet—sheet produced
to tensile property values as specified or re-
quired.

4. General Requirements for Delivery

4.1 Material furnished under this specifica-
tion shall conform to the applicable require-
ments of the current edition of Specification
A 568.

582

12 Grades A B C, and D have moderate(
ductility whereas Grade E is a full- hard prod-

5. Ordering Information

5.1 Orders for material under this specifi-
cation shall include the following information,

‘as réquired, to describe the "material ade-

quately-
5.1.1 ASTM specification number and date

“of issue and grade,

5.1.2 Copper-bearing steel (1f rcqu1red)

513 Spec1al requlrements (if required),

5.1:4 Name of mater1al (cold rolled sheet),
structural quality, .

5.1.5 Finish; matte (dull) ﬁmsh w1ll be sup-
phed unless otherwise ordered, _ e

'5,1.6 Condition (oiled or dry),

3.1,7 Dimensions,

5.1.8 Coil size requirements, and

5.1.9 Cast or heat (formerly ladie) analysis
and test report (request, if required).

NOTE 2—A typical ordering description is as fol-
lows: ASTM A 611, date, Grade C, Cold-Rolled

Oiled Sheet, Structural Quality, 0.035 by 36 by 96
in. (0.89 by 914 by 2438 mm) for Roof Deck.

6. Chemical Requirements

6.1 The cast or heat analysis of the steel
shall conform to the requirements prescribed
in Table 1.

' This specification is under the jurisdiction of ASTM
Committee A-1 on Steel, Stainless Steel and Related Al-
loys, and is the direct responsibility of Subcommittee
AO0].19 on Sheet Steel and Steel Sheets.

‘Current edition approved April 3, 1972. Published
June 1972. Originally published as A 611 - 70. Last pre-
vioys edition A 611 - 70.

2 Annual Book of ASTM Standards, Part 3.
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7. Mechanical Requirements

7.1 Tension Tests:

7.1.1 Requirements—The material as rep-
resented by.the test specimens shall conform
to the mechanical requirements prescribed in
Table 2.

7.1.2 Number of Tests—Two tension 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, only one tension test shall be
made. When material rolled from one heat
differs 0.050 in. (1.27 mm) or more in thick-
ness, one tension test shall be made from both
the thickest and thinnest material rolled re-
gardless of the weight represented.

7.1.3 Test Specimen Orientation—Test
specimens shall be taken longitudinally.

7.2 Bend Test:

7.2.1 Requirements—The bend test speci-
mens shall stand being bent at room tempera-
ture in any direction through 180 deg without
cracking on the outside of the bent portion to
an inside diameter which shall have a relation
to the thickness of the specimen as prescribed
in Table 3. '

7.2.2 Number of Tests—Two bend 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, only one bend test shall be
made. When material rolled from one heat

differs 0.050 in. (1.27 mm) or more in thick-
ness, one bend test shall be made from both
the thickest and thinnest material rolled regard-
less of the weight represented.

7.2.3 Retests—If one test fails, two more
tests shall be run from the same lot, in which
case both tests shall conform to the require-
ments prescribed in this specification; other-
wise, the lot under test shall stand rejected.

8. Finish and Condition

8.1 Surface Finish—Unless otherwise spec-
ified the sheet shall have a matte (dull) finish.

8.2 Oiling—The sheet shall be furnished
oiled or dry, as specified.

9. Certification and Reports

9.1 When reqguested, the manufacturer
shall furnish copies of a test report showing
the results of the ladle or cast analysis and
mechanical property tests made to determine
compliance with this specification. The report
shall include the purchase order number;
ASTM designation number; and heat or lot
number correlating the test results with the
material represented. )

10. Packaging

10.1 Coil Size—Small coils result from the
cutting of full-size coils for center test pur-
poses. These small coils are acceptable under
this specification.

TABLE 1 Chemical Requirements

Element

Composition, % \

Grades
A B,C E Grade D

Carbon, max

Manganese, max

Phosphorus, max

Sulfur, max

Copper, when copper steel
specified, min

is

0.20 0.20
0.60 0.90
0.04 0.04
0.04 0.04
0.20 0.20
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TABLE 2 ‘Mechanical Requirements "

Lt chld Pomt rmn Lt Tensile Strength, min Elongation
Gradé ‘ - - : ———"—=% " in 2 in. or 50 mm,
. psi . MP'a’ oopsi MPa miit, %,
A 25 000 - ‘ 170 - 42 0000 T 290 ‘ 26°
B 30 000 210% 45 000 310 24
C 33 000 230 . 48 000 330 . 22
.D -, 40 000 280% . 52000 360 20
B 80 0004 550 2 82 000 570 .

4 On this full- hard product the yield point approaches the tensnle strength and since there is no halt in the gage or drop
in the beam, the yield point shall be taken as the stress at 0.5 % elongatlon under load.
¥ Edltonally changed. .o

NP B TABLE 3 Bend Test Reqéljrement_s
R . . Ratio of the-Bend
Grade Diameter to Thickness
of the Specimen

Yy

mcow:»"

0
1
1
2
+.bend test not applicable -

v

. The Amertcan Socxety for Testmg and ‘Materials takes no posmon respecting the vahdzty 0 f any patent rights asserted
iii ‘connection With any item rientibned in this standard. Users o6f this standard are expressly advised that determination
of the valzdtty ‘of any such patent r:ghts, and'the risk of infringemenit-of such rights, is entirely their own responstbzhty

w7 x o .

Thzs standard is subject to revision at.any time by the resp0nszble techmcal committee and must be revzewed 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 1o ASTM Headquarférs: Your commients' will receive careﬁd consideration
at a meeting of the responsible technical ¢orimiltée, which you may attend:. If you feel that your coniménts have not recéived
- a fair hearing you should make your views.fnown to the ASTM Committee on Standards; 1916 Race St., Philadelphia; Pa.
19103, which will schedule a further hearmg regardmg your comments. Fatlzng sa!zsfactton there, you may appeal | f0, the
AS TM Board of D;rectors e

e B . . . i . ' i

S . ; : e - S SN
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AMERICAN NATIONAL
STANDARD

Standard Specification for

ANSI/ASTM A 615 - 79

American Association State Highway and
Transportation Ofﬁclals Standard
SHTO No.: M 31

DEFORMED AND PLAIN BILLET-STEEL BARS FOR
CONCRETE REINFORCEMENT'

This standard is issued under the fixed designation A 615; 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.

This specification has been approved for use by agenaes of the Department of Defense and for listing in the DoD Index of

Specifications and Standards.

1. Scope

1.1 This specification covers déformed and
plain billet-steel concrete-reinforcement bars.
A deformed bar is defined as a bar that is
intended for use as reinforcement in reinforced
concrete construction. The surface of the bar is
provided with lugs or protrusions (hetein-after
called deformations) which inhibit longitudinal
movement of the bar relative to the concrete
which surrounds the bar in such constiuction
and conform to the provisions of this specifi-
cation. The standard sizes and dimensions of
deformed bars and their number designations
shall be those listed in Table 1,

1.1.1 A supplementary requirement (S1) of '

an optional nature is provided. It shall apply
only when specified by the purchaser.

1.2 Bars are of two minimum yield levels:
namely, 40 000 psi and 60 000 psi, designated
as Grade 40 and Grade 60, respecnvely

1.3 Hot-rolled plam rounds, in sizes up to
and including 2 in. in diameter in coils or cut

lengths, when specified for dowels, spirals and .

structural ties or supports shall be furnished
under this specification in Grade 40 and Grade
60 (Note 1). For bending propertieés, test pro-
visions of thé nearest’ hominal " diaireter -de-

formed bar size shall apply. Those require- -

ments providing fof deformations and markmg
shall not be applicable.

-1.4. The weldability of the steel is not part of .

this specification.
NoTe 1—The weight for plain rounds smaller

588

than % in: in diameter shall be computed on the basis
of the size in Specification A 510.

NoOTE 2—A complete metric companion to Spec-
ification A 615 has been developed—A 615M; there-
fore, no, metric equivalents are presented in this
specification,

2. Applicabie Documents
2:1 ASTM Standards:
A 370 Methods and Definitions for Mechan-
" ical Testing of Steel Products
A 510 Specification for General Require-
ments for Wire Rods and Coarse Round
Wire, Carbon Steel®
A 700 Recommended Practices for Packag-
ing, Marking, and Loading Methods for
Steel Products for Domestic Shipment*
2.2 Military Standards:
. MIL-STD-129 Marking for Shipment and
Storagc
MIL-STD-163 Stéel Mill Products Prepara-
tion for Shipmeént and Storage®
2.3 Federal Standard.:

! This specification is under the jurisdiction of ASTM
Committee A-1 on Steel, Stainless Steel and Related Alloys,

-and. is the.direct responsxblhty of Subcommmee A0L.05 on
. ‘Steel Reinforcement. .

Current edition approved Sept 17, 1979. Pubhshed No-
vember 1979. Originally pubhshed as A 615 —68. Last pre-
vious edition A'615 78.

% Anmial’ Book of ‘ASTM Standatds, Parts 1, 2, 3,4, 5, and
10.

3 Anntial Boak of ASTM Standaids, Part 3.

* Annual Book'of ASTM Standards, Parts 1, 3, 4,,and 5.

5 Available from Naval Publications.and Forms Céritet, -

5801 Tabor Ave., Philadelphia, Pa. 19120.
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Fed. Std. No. 123 Marking for Shipments
(Civil Agencies)®
3. Ordering Information

3.1 Orders for material under this specifica-
tion shall include the following information:

3.1.1 Quantity (weight or length),

3.1.2 Name of material (deformed and plain
billet-steel bars for concrete reinforcement),

3.1.3 Size and length,

3.1.4 Deformed or plain,

3.1.5 Grade,

3.1.6 Packaging (see Section 16),

3.1.7 Supplementary requirements (if de-
sired), and

3.1.8 ASTM designation and date of issue.

NoTE 3—A typical ordering description is as fol-
lows: 8000-linear ft, deformed and plain billet-steel
bars for concrete reinforcement, No. 8, 30 ft 0 in.
long, deformed, Grade 60, in secured lifts, including
Supplementary Requirement S1, to ASTM A 615
dated .

4, Material and Manufacture

4.1 The bars shall be rolled from properly
identified heats of mold cast or strand cast steel
using the open-hearth, basic-oxygen, or elec-
tric-furnace process.

5. Chemical Requirements

5.1 An analysis of each heat of steel shall be
made by the manufacturer from test samples
taken preferably during the pouring of the
heats. The percentages of carbon, manganese,
phosphorus, and sulfur, shall be determined.
The phosphorus content thus determined shall
not exceed 0.05 %.

5.2 The chemical composition thus deter-
mined shall be reported on request to the pur-
chaser or his representative.

5.3 An analysis may be made by the pur-
chaser from finished bars, The phosphorus con-
tent thus determined shall not exceed that spec-
ified in 5.1 by more than 25 %.

6. Requirements for Deformations

6.1 Deformations shall be spaced along the
bar at substantially uniform distances. The de-
formations on opposite sides of the bar shall be
similar in size and shape.

6.2 The deformations shall be placed with
respect to the axis of the bar so that the included
angle is not less than 45 deg. Where the line of
deformations forms an included angle with the

axis of the bar of from 45 to 70 deg inclusive,
the deformations shall alternately reverse in
direction on each side, or those on one side
shall be reversed in direction from those on the
opposite side. Where the line of deformation is
over 70 deg, a reversal in direction is not re-
quired.

6.3 The average spacing or distance between
deformations on each side of the bar shall not
exceed seven tenths of the nominal diameter of
the bar.

6.4 The overall length of deformations shall
be such that the gap between the ends of the
deformations on opposite sides of the bar shall
not exceed 12% % of the nominal perimeter of
the bar. Where the ends terminate in a longi-
tudinal rib, the width of the longitudinal rib
shall be considered the gap. Where more than
two longitudinal ribs are involved, the total
width of all longitudinal ribs shall not exceed
25 % of the nominal perimeter of the bar;
furthermore, the summation of gaps shall not
exceed 25 % of the nominal perimeter of the
bar. The nominal perimeter of the bar shall be
3.14 times the nominal diameter.

6.5 The spacing, height, and gap of defor-
mations shall conform to the requirements pre-
scribed in Table 1.

7. Measurements of Deformations

7.1 The average spacing of deformations
shall be determined by dividing a measured
length of the bar specimen by the number of
individual deformations and fractional parts of
deformations on any one side of the bar speci-
men. A measured length of the bar specimen
shall be considered the distance from a point
on a deformation to a corresponding point on
any other deformation on the same side of the
bar. Spacing measurements shall not be made
over a bar area containing bar marking symbols
involving letters or numbers.

7.2 The average height of deformations shall
be determined from measurements made on
not less than two typical deformations. Deter-
minations shall be based on three measure-
ments per deformation, one at the center of the
overall length and the other two at the quarter
points.of the overall length.

7.3 Insufficient height, insufficient circum-
ferential coverage, or excessive spacing of de-
formations shall not constitute cause for rejec-
tion unless it has been clearly established by
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determinations on each lot (Note 4) tested that
typical deformation height; gap, or spacing do
not conform to the minimum requirements pre-
scribed in Section 6. No réjection may be made
-on the basis of measuremeiits if fewer-than teén
adjacent deformiations.on éach side of the bar
are measured.
NOTE 4—A lot is defined as all the bars of one

bar number and pattern of deformation contained in
:an individual shipping rélease.or shipping order. .

8. Tensile Requirements.

. 8.1 The material, as represented by the test

speclmens, shall ¢conform to the requirements
“for tensile properties prescribed in Table.2. .

.. -8.2 The yield point or yield strength-shall.be
~determined by one of the following methods:

.8.2.1 The yield point shall be determined by
drop of the beam or halt in the. gage of the

rtestmg machine. :

8.2.2 Where the steel tested does not have a
well-defined yield point, the yield strength:shall
be determined by one of the methods indicated
in 8.2.2.1 and 8.2.2.2. ‘

8.2.2.1 Extension under load using d1v1ders
with an 8-in. gage length. The extension under
load shall be 0.04 in., and shall be determined
by scribing on the specimen.an 8-in. gage
length, pivoting from a prick punch mark. The
yield load shall be recorded when the total gage
length under load becomes 8.04.in. as measured

-by the dividers,

e 82:2.2 Extensron under load usmg an .auto-

.graphic diagram: method or an-extensometer s
described in 13.1.2 to 13.13 of Methods and

; Definitions A 370. However,; the extension un-
der load shall be 0.005.in./in: of: gage length
0.5:%):. 5

.83 The percentage of elongatron shall be as
prescnbed in Table 2. - : oo e

9, ‘Bending Requlrements S
~9.1 Thebend-test specnnen shall stand bemg
ibent .around a. pin. without:cracking.on the
-outside of :the bent portion. The.requirements
for, -degree .of. bendmg,tand sizes of: pm are
aprescrrbed in Table;3. Dy s o
9.2 The :bend: test sha]L be .made on specr-
mens of sufficient length'to ensure. free bendmg
and,with apparatus whichprovides;. -7 :
9.2.1.Continuous. and - uniform: apphcatlon
,of foree throughout the duratron of the bendmg
;Operatlon SRR SRR P AT ID. BT FOE B P

‘the optién of the manufacturer, may be

’ '_'11 Number of Tests

~deformedbars rolled.

922 Unrestrictéd ‘movement of the ‘speci-
men at points of contact with the apparatus
and bending around a pm free to rotate, or
bending about a central pin on a simple span
with end supports free to rotate ‘

923 Close wrapping of the specimén
around the pin’ during the bendmg operatron

© 9.3 Other methods of bend testing may be
used, but failures due to such methods shall not
constitute a basis for rejection. - §

9.4 Bars of size Nos. 14 and 8 shall not be
subject to bend test requlrements unless or-
dered in acCordance with’ supplemental requlre-
ment of this specification.’ i

10.- Test Specimens
10.1: Tension test specimens shall be the full

‘section of the bar as rolled except Nos. 11,14

and 18 teinforcing bars in Grade 60 which; at
,'fted
by one of the reduced section type of ‘tests
indicated in 10.1.1. '

10.1.1. Reduced section specimens shall be
machmed from:the bar-to. a: diameter of :1:128

in. (L in? cross section) over a length - of ;not

less, than. 9 in:,.with fillets at the ends of the
turned-down section having a radius of 1,in.
and using an 8-in. gage length. The reduced
section may have a gradual taper from the ends
toward the center; with the ends not more than
1 % larger .in diameter than.the.center (con-
trolling dimension): ol o

10.2, ' The unit.stress determmatrons on full-

size specimens shall, be. based .on the; nommal
;bar. area. For. reduced, section. specunens“the

yield strength and tensile strength resuits.shall
be corrected by the ratio of as- ro]led bar werght
to nominal bar weight. . ...~

10.3 The bend-test specunens shall be the
full section of the bar asrolled. .. -. .

11 1 For bar sizes No 3 to. 11 mclus1ve .one
tension test and one bend test shall be made of
the largest size' rolled ffom edchi-heat. If, how-

-evermaterial from oneheat differs by threg or
.more ‘designation; numbgrs;-one tension and
-one_bend: test shall be made, from both the

highest and lowest de51gnatron number of the

:11.2, In‘the.case of 'Nos 14; and 18 bars one

ke tensron test sha]l be made of each size rolled
sfrom.each heat. « .0 v e e
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12. Retests

12.1 If any tensile property of any tension
test specimen is less than that specified, and
any part of the fracture is outside the middle
third of the gage length, as indicated by scribe
scratches marked on the specimen before test-
ing, a retest shall be allowed.

12.2 If the results of an original tension spec-
imen are less than specification but within 2000
psi of the required tensile strength, within 1000
psi of the required yield point, or within 2
percentage units of the minimum required
clongation, a retest shall be permitted on one
random specimen from the heat or lot. If the
results of this test specimen meet the specified
requirements, the heat or lot shall be accepted,

12.3 If a bend test fails, a retest shall be
permitted on one random specimen from the
heat or lot. If this test specimen meets the
specified requirements, the heat or lot shall be
accepted. The retest shall be performed on the
test specimen that is at air temperature but not
less than 60°F.

124 If any test specimen fails because of
mechanical reasons such as failure of testing
equipment or improper specimen preparation,
it may be discarded and another specimen
taken.

12.5 If any test specimen develops flaws, it
may be discarded and another specimen of the
same size bar from the same heat substituted.

13. Permissible Variation in Weight

13.1 The permissible variation shall not ex-
ceed 6 % under nominal weight, except for bars
smaller than % in. plain round, the permissible
variation in weight shall be computed upon the
basis of the permissible variation in diameter
in Specification A 510. Reinforcing bars are
evaluated on the basis of nominal weights. In
no case shall the overweight of any bar be the
cause for rejection.

14. Finish

14.1 The bars shall be free of injurious de-
fects and shall have a workmanlike finish.

14.2 Rust, seams, surface irregularities, or
mill scale shall not be cause for rejection, pro-
vided the weight, dimensions, cross-sectional
area, and tensile properties of a hand wire
brushed test specimen are not less than the
requirements of this specification.

15. Marking

15.1 When loaded for mill shipment, bars
shall be properly separated and tagged with the
manufacturer’s heat or test identification num-
ber,

15.2 Each producer shall identify the sym-
bols of his marking system.

15.3 All bars produced to this specification,
except plain round bars which shall be tagged
for grade, shall be identified by a distinguishing
set of marks legibly rolled into the surface of
ong side of the bar to denote in the following
order:

15.3.1 Point of Origin—Letter or symbol es-
tablished as the producer’s mill designation.

153.2 Size Designation—Arabic number
corresponding to bar designation number of
Tabie 1.

153.3 Type of Steel—Letter N indicating
that the bar was produced to this specification.

15.3.4 Minimum Yield Designation—For
Grade 60 bars, either the number 60 or a single
continuous longitudinal line through at least 5
spaces offset from the center of the bar side.
(No marking designation for Grade 40 bars.)

16. Packaging

16.1 When specified in the purchase order,
packaging shall be in accordance with the pro-
cedures in Recommended Practices A 700.

16.2 For Government Procurement Oniy—

. When specified in the contract or order, and

for direct procurement by or direct shipment to
the U.S. government, material shall be pre-
served, packaged, and packed in accordance
with the requirements of MIL-STD-163. The
applicable levels shall be as specified in the
contract. Marking for shipment of such mate-
rial shall be in accordance with Fed. Std. No.
123 for civil agencies and MIL-STD-129 for
military agencies.

17. Inspection

17.1 The inspector representing the pur-
chaser 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 manufacture of the
material ordered. The manufacturer shall af-
ford the inspector all reasonable facilities to
satisfy him that the material is being furnished
in accordance with this specification. All tests
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(except product analysis) and inspection, shall
be made at the place of manufacture prior to
.shipment, unless otherwise specified, and shall
be so conducted as not to interfere unnecessar-
ily with the operation of the works.

17.2 For Government . Procurement Only—
Except as otherwise specified in the contract,
the contractor is responsible for the perform-
ance. of all inspection and test requirements
specified herein and may .use his own or any
other suitable facilities for.the performance of
the .inspection and test requirements specified
herein, unless disapproved by the purchaser at
the time. of purchase. The purchaser shall have
the right to perform any of the inspections and
tests at the same frequency as set forth in this
specification, where such inspections. .are
deemed necessary to assure that material con-
-forms to prescribed requirements. .

18. Rejectlon
181 Unless othermse spec1ﬁed any rejec-

tion based on tests made in accordance with
5.3, shall be reported to the manufacturer
within 5 working days from the receipt of sam-
ples by the purchaser.

‘18:2 Material that shows m_]unous defects
s_ubsequent to its acceptance at the manufac-
turer’s works will be rejected, and the manu-
facturer shall be notified.

18.3 Substitution of bars produced to Sup-
plementary Requlrement, 'S1 (marked S) for

‘bars ordered to the basic Specification (marked

N) shall not be.cause for rejection.

19. Rehearing _

- 19.1 Samples tested in accordance with 5.3
that represent. rejected material shall be pre-
served for 2. weeks from. the date rejection is
reported to the manufacturer. In case of dissat-
isfaction with the results of the tests, the man-

ufacturer may make claim for a rehearing
within that time. A

TABLE 1 Deformed Bar Designation Numbers, Nomiqal Weights, Nominal Dimensions and Deformation Requirem}énts

Noininal Dimensions®

Deformation Requirements, i

B D Nominal ' et . . ‘ Maémum
ar lfflgnatmn Welght b/ b Cross-Sec- . Maximum  Minimum Ch ag £
° ‘ ‘amem’ tional Area,  Crameten; Average  Average (m,ofy °f
: . int? - . - -Spacing - -. Height N 0:111:121
; o . - ‘Perimieter):
3 103767 0375 - 0.1 1.178 Tt 01262 0:015 0.143 -
4 0.668 0.500- -, ~020 15T 0350 0.020 0.191
5 1043 . 0623 0.31 1.963 0437 :' 0.028 0239
6 1502 0750 044 2356 0525 0.038 0286
7 2,044 0875 0 0.60 2749 7 0612 0.044 0334
8 - 2670 . 1000 . 079 3.142 0:700 0.050 -  0.383
9, 3:400..,.. . 1128, . . 10O 3.544 . 0790 . . 0.056 0431 ..
10 143030 12767 1.27 .3.990 0.889 . 0.064 0487
n- 5313- CL410° ¢ 156 4430 SR A X175 0540
14 & .. T65 0 1693 225 5320 1185 i .- 0:085 - 0648,
18, .. 1360 . . . 2257 . 400 709 158 0.102 0.864

@ The rominal dimensions of 4 déformed bar are equlvalent to thosc ofa plam round bar havmg the same weight per foot

as the deformed bar.

® Bar numbess are based on the number of elghths of an inch mcluded in the nommal dlameter of the bars

AR}
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TABLE 2 Tensile Requirements

A 615

TABLE 3 Bend Test Requirements

Grade 40° Grade 60
Tensile strength, min, psi 70 000 90 000
Yield strength, min, psi 40 000 60 000
Elongation in 8 in., min, %:
Bar No.

3 11 9

4,56 12 9

7 11 8

8 10 8

9 9 7

10 8 7

11 7 7

14,18 .. 7

¢ Grade 40 bars are furnished only in sizes 3 through 11.
Sizes 7 through 11 may not be readily available; manufac-
turers should be consulted to verify availability.

Pin Diameter for® Bend Tests
d = nominal diameter of

Bar Designation No. specimen
Grade 40 Grade 60
3,45 4d 4d
6 5d 5d
7,8 5d , 6d
9,10, 11 5d 8d

“ Test bends 180 deg unless noted otherwise.

SUPPLEMENTARY REQUIREMENTS

The following supplementary requirement shall apply only when specified in the

purchase order or contract.

S1. For material ordered to this supplemen-
tary requirement, articles 9.1, 9.3, 10.1, 10.1.1,
11.2, and 15.3.3 are replaced by the following
(all requirements S1.1 through S1.5 shall ap-

Ply: .
S1.1 (replaces 9.1 and 9.3) The bend-test

specimen shall stand being bent, when at am--

bient temperature but in no case less than 60°F
around a pin without cracking on the outside
of the bent portion. The requirements for de-
gree of bending and sizes of pins are prescribed
in Table S1.

S1.2 (replaces 10.1 and 10.1.1} Tension test
specimens shall be the full section of the bar as
rolled.

S1.3 (replaces 11.2) In the case of Nos. 14
and 18 bars, one tension test and one bend test

shall be made of each size rolled from each:

heat,

S1.4 If a bend test falls for reasons other
than mechanical reasons or flaws in the speci-
men as described in 12.4 and 12.5, a retest shall
be permiitted on two random specimens from
the same heat or lot. If the results of both test
specimens meet the specified requlrements the
heat or lot shall be accepted.

SL5 (replaces 15.3.3) Bars furnished to thls
supplement shall be designated for type of steel
by the symbol S.

TABLE S1 Bend Test Requirements (Supplementary)

Bar Designation No.

Pin Diameter for Bend Tests®

d = nominal diameter of

3,4,5

6,7,8

9, 10, 11

14, 18 (90 deg)

specimen
Grade 40 Grade 60
3%d 3%d
5d 5d
5d 7d
9d

“ Test bends 180 deg unless noted otherwise.

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 commitiee 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 H. ters. Your co ts 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 Commitiee on Standards, 1916 Race St., Philadelphia, Pa. 19103, which will schedule a
Sfurther hearing regarding your comments. Failing satisfaction there, you may appeal to the ASTM Board of Directors.
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AMERICAN NATIONAL
STANDARD

Standard Specmcatlon for

ANSI/ASTM A 616 - 79

American Association State
- Highway and Transportation Officlals Standard
AASHTO No.: M 42

" RAIL-STEEL DEFORMED AND PLAIN BARS FOR |
CONCRETE REINFORCEMENT"

This standard is issued under the fixed designation A 616; the number immediately following the designation indicates the
year of original adoption or, in the:case of revision, the year-of iast revision. A number in parentheses indicates the year of last

reapproval.

This specification has been approved Jor use by agenczes of the Department of Defense and for listing in the DoD Index of

Specifications and Standards.

1. Scope

. 1.1 This specification covers deformed and
plam rail steel concrete reinforcement bars. A

deformed bar is defined ‘as a ‘bar that is-in--

tended for use as reinforcement in reinforced
. concrete constructidon. The surface of th¢ bar is

'fprov1ded with, lugs or protrusions (hereinafier .. -
- called deformations) which inhibit longitudinal -

movement of the bars relative to theé concrete -
which surrounds the bars in such construction
and conform to the provisions of this specifi-
cation. The standard sizes and dimensions of
deformed bars and their number designations
shall be those listed in Table 1.

1.2 Bars are of two minimum yield levels:
namely, 50 000 psi (345 MPa) and 60 000 psi
(415 MPa), designated as Grade 50 and Grade
60, respectively.

1.3 Plain rounds, in sizes up to and including
2 in. (50.8 mm) in diameter, in coils or cut
lengths, when specified for dowels, spirals and
structural ties or supports shall be furnished
under this specification in Grade 50 and Grade
60. For bending properties test provisions of
the nearest smaliler nominal diameter deformed
bar size shall apply. Those requirements pro-
viding for deformations and marking shall not
be applicable.

1.4 The weldability of the steel is not part of
this specification.

Note 1—The values stated in inch-pound units
are to be regarded as the standard.

2. Applicable Documents
2.1 ASTM Standards:

/600

A 370 Methods and Definitions for Mechan-
ical Testing of Steel Products®
A 700 Recommended Practices for Packag-

.- .ing, Markmg, ‘and Loadmg Methods for

Steel Products for Domestic Shipment®
. 2.2 Military Standards: . .
MIL STD-129° Marking for Shlpment and
' Storage
MIL-STD 163 Steel Mﬂl Products Prepara—

2.3 Federal Standard:
Fed. Std. No. 123 Marking for Shipments
(Civil Agencies)*

3. Ordering Information

3.1 Orders for material under this specifica-
tion shall include the following information:

3.1.1 Quantity (weight or length),

3.1.2 Name of material (rail-steel deformed
and plain bars for concrete reinforcement),

3.1.3 Size and length,

3.1.4 Deformed or plain,

3.1.5 Grade,

3.1.6 Packaging (see Section 14), and

3.1.7 ASTM designation and date of issue.

! 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 A01.05 on
Steel Reinforcement Bars.

Current edition approved July 27, 1979. Published Sep-
tember 1979. Originally published as A 616 — 68. Last pre-
vious edition A 616 - 76.

2 Annual Book of ASTM Standards, Parts 1,2, 3, 4,5, and
10.

* Annual Book of ASTM Standards, Parts 1,3, 4, and 5.

1 Available from Naval Publications and Forms Center,
5801 Tabor Ave., Philadelphia, Pa. 19120.
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Note 2—A typical ordering design is as follows:
8000 linear ft rail-steel deformed and plain bars for
concrete reinforcement, No. 8, 40 ft 0 in. long, de-
formed, Grade 60, in secured lifts, to ASTM A 616

dated —.

4. Material and Manufacture

4.1 The bars shall be rolled from standard
section Tee rails. No other materials such as
those known by the terms rerolled, rail-steel
equivalent, and rail-steel quality shall be substi-
tuted.

5. Requirements for Deformations

5.1 Deformations shall be spaced along the
bar at substantially uniform distances. The de-
formations on opposite sides of the bar shall be
similar in size and shape.

5.2 The deformations shall be placed with
respect to the axis of the bar so that the included
angle is not less than 45 deg. Where the line of
deformations forms an included angle with the
axis of the bar of from 45 to 70 deg inclusive,
the deformations shall alternately reverse in
direction on each side, or those on one side
shall be reversed in direction from those on the
opposite side. Where the line of deformation is
over 70 deg, a reversal in direction is not re-
quired.

5.3 The average spacing or distance between
deformations on each side of the bar shall not
exceed seven tenths of the nominal diameter of
the bar.

5.4 The overall length of deformations shall
be such that the gap between the ends of the
deformations on opposite sides of the bar shall
not exceed 12% % of the nominal perimeter of
the bar. Where the ends terminate in a longi-
tudinal rib, the width of longitudinal rib shall
be considered the gap. Where more than two
longitudinal ribs are involved, the total width
of all longitudinal ribs shall not exceed 25 % of
the nominal perimeter of the bar; furthermore,
the summation of gaps shall not exceed 25 % of
the nominal perimeter of the bar. The nominal
perimeter of the bar shall be 3.14 times the
nominal diameter.

5.5 The spacing, height and gap of defor-
mations shall conform to the requirements pre-
scribed in Table 1.

6. Measurements of Deformations
6.1 The average spacing of deformations

601

shall be determined by dividing a measured
length of the bar specimen by the number of
individual deformations and fractional parts of
deformations on any one side of the bar speci-
men. A measured length of the bar specimen
shall be considered the distance from a point
on a deformation to a corresponding point on
any other deformation on the same side of the
bar. Spacing measurements shall not be made
over a bar area containing bar marking symbols
involving letters or numbers.

6.2 The average height of deformations shall
be determined from measurements made on
not less than two typical deformations. Deter-
minations shall be based on three measure-
ments per deformation, one at the center of the
over-all length and the other two at the quarter
points of the overall length.

6.3 Insufficient height, insufficient circum-
ferential coverage, or excessive spacing of de-
formations shall not constitute cause for rejec-
tion unless it has been clearly established by
determinations on each lot (Note 3) tested that
typical deformation height, gap or spacing do
not conform to the minimum requirements pre-
scribed in Section 5. No rejection may be made
on the basis of measurements if fewer than ten
adjacent deformations on each side of the bar
are measured.

NoTE 3—A lot is defined as all the bars of one

“bar number and pattern of deformation contained in

an individual shipping release or shipping order.

7. Tensile Requirements

7.1 Grade 50 and Grade 60—The material as
represented by the test specimens shall conform
to the requirements for tensile properties pre-
scribed in Table 2.

7.2 The yield point or yield strength shall be
determined by one of the following methods:

7.2.1 The yield point shall be determined by
drop of the beam or halt in the gage of the
testing machine.

7.2.2 When the steel tested does not have a
well-defined yield point, the yield strength shall
be tested by one of the methods indicated in
722.10r7222. i

7.2.2.1 Extension under load using dividers
with an 8-in. (203.2-mm) gage length. The ex-
tension under load shall be 0.04 in, (1.02 mm)
and shall be determined by scribing on the
specimen an 8-in. gage length, pivoting from a
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prick piinch maik. The yield load: shall be
recorded when the total gage leiigth under load
becomés’ 8.04 m (204.2 mm) as measured by
the dividers.

7.2.2.2 Extension under load using an auto-
graphic diagram method or an extensometer as
described in 13.L2 to' 13.1.3 of Methods and
Definitions A 370. However, the éxtension un-
der load shall be 0.005 in./in. of gage length
(0.5 %) for Grade 60, -~ - -

7.3 The percentage of elongatron shall be as
prescribed in Table 2.

8. Bending Requrrements ‘ ,

8.1 The bend test specunen shall stand bemg
bent, when at ambient temiperature but in- 1o
case less than 60°F (16°C), atound: a pin with-
out cracking on the olitside of the bent portion:
The r’equirements for:degree of- Bénding and
sizes of pins are prescribed in Table 3.

+ 82 The bend test shall be made on 'speci-
mens of sufficient length to ensuré free bending
and with apparatus which provides: -

8.2.1 "Continuous and: uniforin" application
of foree throughout the duratron of the bendmg
opération.”

822 Unrestrlcted movement of: the speci-
men at points ‘of contact with the apparatus
and bending around a pin free to rotate, or
bending about a central pin on a simple span

~with end supports free to rotate. -

8.2.3 Close wrapping of the specunen
around the pin during the bending operation.

8.3 Other methods of bend testing may be
used, but faiture due to such methods shall not
constitute a basis for re_|ect10n Co

9 Test Specmrens

‘9.1 'Tension test specimens shall be: full Sec-
tion of the bar as rolled.

'~9.2 The unit-stress determinations on full-
size specimens’ shall be based on the nomrnal
bar area.

'9.3. The bend test specimens shall be the full
section of the bar as rolled. - -

* 9.3.1 Bend :tests are not requrred on bars
fabricated by the producer

10 Number of Tests

101 For bar sizes No. 3 to No. 11 mclusrve,
one tension test' and one ‘bend teést shall be
made of each bar size rolled from each lot of

10 tons (9072 kg) or fraction'thereof rolled from,
rails varying riot more than 10 lb/yd of nommal
weight. 4

10.2 If any test specrmen develops ﬂaws, it
may be discarded and another specimen of the
same size bar from the same 1ot of 10 tons or
fraction thereof substituted.

~10.3 If any tensile property. of the. test spec-
imen is less.than that specified in Section 7-and
any part of the fracture is outside the middle
third of the gage length, as indicated by scribe
scratches marked on the specimen before test-
mg, a retest shall’ be allowed:

Il. Pernusslble Varratlons in Weight

11:1 The permissible variations shall not ex-
ceed 6 % under nominal weight: Reinforcing
bars are evaluated on: the: basis: of nomjnal
weiglits. In no case shall overweight of any bar
be the cause. for rejection. - A
12. Finish

12.1 The bars shall be free from injurious
defects -and shall have a workmanlike finish.

+12:2 Rust, seams, surfice irregularities, or
mill scale shall not be cause for rejection pro-
vided the weight, dimensions, cross-sectional
area and tensile properties of a hand wire

brushed test specimen are notless than the
requirements of this specrﬁcatron

13. Marking

-13.1 When léaded for mill shipment, bars
shall be properly separated and tagged with the
manufacturer’s test identification nurhber, -

13:2 -Each producer shall 1dent1fy the- sym-
bols of his marking system. -~ . .

.13.3 All bars produced to this specrﬁcatron
except plam round bars, ‘which shall be tagged
set of marks legibly rolled inito the surface of
one side- of the bar to denote in the followmg
order:

13.3.1 Point of Ortgm—Letter or: symbol es-
tablished as the producer’s mill désignation.

13.3.2 Size Designation—Arabic . number
corresponding to bar demgnatron number of
Table. I: - it

13.3.3 Type of SteeI—A rail symbol indicat-
ing that the bar was produced from rail steel.

13.3.4 Minimum "~ Yield Desrgnatzon—For
Grade 60 bars, either the number 60 or a single

602"
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continuous longitudinal line through at least
five spaces offset from the center of the bar
side. '

14. Packaging .

14.1 When specified in the purchase order,
packaging shall be in accordance with the pro-
cedures in Recommended Practices A 700.

14.2 For Government Procurement Only—
When specified in the contract or order, and
for direct procurement by or direct shipment to
the U.S. government, material shall be pre-
served, packaged, and packed in accordance
with the requirements of MIL-STD-163. The
applicable levels shall be as specified in the
contract. Marking for shipment of such mate-
rial shall be in accordance with Fed. Std. No.
123 for civil agencies and MIL-STD-129 for
military agencies.

15, Inspection

15.1 The inspector representing the pur-
chaser 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 manufacture of the
material ordered. The manufacturer shall af-
ford the inspector all reasonable facilities to

satisfy him that the material is being furnished

in accordance with this specification. All tests

and inspection shall be made at the place of
manufacture prior to shipment unless otherwise
specified, and shall be so conducted as not to
interfere unnecessarily with the operation of
the works.

15.2 For Government Procurement Only—
Except as otherwise specified in the contract,
the contractor is responsible for the perform-
ance of all inspection and test requirements
specified herein, Except as otherwise specified
in the contract, the contractor may use his own
or any other suitable facilities for the perform-
ance of the inspection” and test requirements
specified herein, unless disapproved by the pur-
chaser at the time of purchase. The purchaser
shall have the right to perform any of the
inspections and tests at the same frequency as
set forth in this specification where such in-
spections are deemed necessary to assure that
material conforms to prescribed requirements.

16. Rejection

16.1 Material that shows injurious defects
subsequent to its acceptance at the manufac-
turer’s works will be rejected, and the manu-
facturer shall be notified.
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TABLE 1 Deformed Bar Designation Numbers, Nominal Weights, Nominal Dimensions and Deformation Requirements
‘ Inch-Pound Units © - L

‘ Nonp_igeﬁ Dimensions* Deformation Requirements, in.
. Nominal - ’ . :
.. Bar Desig- PR . Cross-, e . o Gap (Chord
" nation No.? Weight, Diameéter, Sectional  Perimeter, Ma"%m“m Minimum of 12% per-
Ib/ft in. Area, ' in: Average  Average - cent, of
n? e Spacing Height  Nominal -
- e . e Perimeter)
3 0376 0375 011 . LI78 0262 0015 0143
"4 0.668 0,500 . 0.20 " 1.571 0.350 0.020 0.191
-5 1.043 0.625 0.31 1.963 0.437 0.028 0.239
[3 1.502 0.750 0.44 2:356 0525 .- 0038 - 0.286
7 2044 0.875 . . 0.60 2,749 0.612 0.044 0.334
8 2670 1.000 0.79 3.142 ©0.700 0.050 0.383
©9 - - 3400 - LI28 1.00 '3.544 0.790 0.056 ‘ 0431
10 4.303 1270 127 3990 0.889 - 0,064 0.487
1 5313 1410 156 4430 . 0987 0071 . 0540
S1 Units o
! Norninal Diménsions® Deformation Requitements, mm
e N Maximum
; s - Nominal
Bar Desig- ; Cross : - Gap (Chord
nation No.B Weight, Diameter, Séctional Perimeter, Maximum  Minimum ... of 12% per-
kg/m mm ‘Area, mm Average  Average T . op
’ cm?® L e Spacing Height Norminal
B ] : : ¢ . Perimeter
3 0.560 9.52 0.71 29 ° 6.7 038 354
4 - 0994 12.70 1.29 399 .- . 89 ; 49
5 1.552 15.88 . - . 2.00 49,9 111 6.1
6 . 12235 19.05. 284 . 59.8 133 7.3
7" 3042 222 3.87 698 55 85
8 3973 - 25.40 5.10 - 79.8 17.8 . o 97
9 5.059 28.65 6.45 90,0 20.1 1.42 10.9
10 6.403 32.26 8.19 101.4 226 1.62 114
11 7.906 35.81 10.06 112.5 25.1 1.80 13.6

4 The nominal dimensions of a deformed bar are equivaleni to those of a plain round bar having the same weight per foot
as the deformed bar.

B Bar numbers are based on the number of eighths of an inch included in the nominal diameter of the bars.
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TABLE 2 Tensile Requirements

TABLE 3 Bend Test Requirements

Grade 50 Grade 60

Tensile strength, min,
psi (MPa)
Yield strength, min,
psi (MPa)
Elongations in 8 in. or
203 mm, min,
o
Bar No.
3
4,5,6
7
8
9, 10, 11

80 000 (550) 90 000 (620)

50 000 (345) 60 000 (415)

[EUR SN N -
W

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

Pin Diameter for® Bend
Tests d = nominal diame-

Bar Dﬁiog.nation ter of specimen
Grade 50 Grade 60
3,4,5,6 6d T 6d
7,8 6d 6d
9,10 8d 8d
11 84 (90 deg) 84 (90 deg)

4 Test bends 180 deg unless noted otherwise.

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 nol received a fair hearing you should
make your views known to the ASTM Committee on Standards, 1916 Race St., Philadelphia, Pa. 19103, which will schedule a

Surther hearing regarding your comments. Failing satisfaction there, you may appeal to'the ASTM Board of Directors.
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AMERICAN NATIONAL
R STANDARD

Standard Specification for

ANSI/ASTM A 617 - 79

American Assoclation State
nghway and Transportatlon Officials Standard
ASHTO No.: M 53

" AXLE-STEEL DEFORMED AND PLAIN BARS FOR
CONCRETE REINFORCEMENT" -

This standard is issued under the fixed designation A 617; the number immediately followmg the designation mdlcates 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.

This specifi Geation has been’ approved for use’ by agenczes of the Department af Defense and Sfor lxstmg in the DoD Indéx of

‘Specifications and Standards

' 1. Scope

1:1 This specxficatlon covcrs dcformed and’

g plam axle steel concrete reinforcement bars. A

deformed bar is defined as a bar that is'in- - L

tended for use as reinforcement in’ reinforced
concrete construction. The surface of the bar is
provided with lugs or protrusions (hereinafter
called deformations) which inhibit longitudinal
movement of the bar relative to the concrete
which surrounds the bar in such construction
and conform to the provisions of this specifi-
cation. The standard sizes and dimensions of
deformed bars and their number designations
shall be those listed in Table 1.

1.2 Bars are of two minimum yield levels:
namely, 40 000 psi (275 MPa) and 60 000 psi
(415 MPa), designated as Grade 40 and Grade
60, respectively.

1.3 Plain rounds, in sizes up to and including
2 in. (50.8 mm) in diameter, in coils or cut
lengths, when specified for dowels, spirals and
structural ties or supports shall be furnished
under this specification in Grade 40 and Grade
60. For bending properties test provisions of
the nearest smaller nominal diameter deformed
bar size shall apply. Those requirements pro-
viding for deformations and marking shall not
be applicable.

1.4 The weldability of the steel is not part of
this specification.

NoTE 1—The values stated in inch-pound units
are to be regarded as the standard.

2. Applicable Documents
2.1 ASTM Standards:

s A 370 Methods and Definitions for Mechan-

ical Testing of Steel- Products AR

A 700 Recommended Practices for Packag-
. ing, Marking, and Loading Methods for
Steel Prodiicts for Domestic Shipment®

2.2 Military Standards:

MIL-STD-129 Marking for Shipment and
Storage*

MIL-STD-163 Steel Mill Products Prepara-
tion for Shipment and Storage*

2.3 Federal Standard:

Fed. Std. No. 123 Marking for Shipments
(Civil Agencies)*

3. Ordering Information

3.1 Orders for material under this specifica-
tion shall include the following information:

3.1.1 Quantity (weight or length),

3.1.2 Name of material (axle-steel deformed
and plain bars for concrete reinforcement),

3.1.3 Size and length,

3.1.4 Deformed or plain,

3.1.5 Grade,

3.1.6 Packaging (see Section 15), and

3.1.7 ASTM designation and date of issue,

! 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 A01.05 on
Steel Reinforcement Bars.

Current edition approved July 27, 1979. Published No-
vember 1979. Originally published as A 617 - 68. Last pre-
vious edition A 617 —76.

% Annual Book of ASTM Standards, Parts 1,2, 3, 4, 5, and
10.

8 Annual Book of ASTM Standards, Parts 1, 3, 4, and 5.

* Available from Naval Publications and Forms Center,
5801 Tabor Ave., Philadelphia, Pa. 19120.
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NoTE 2—A typical ordering description is as fol-
lows: 8000 linear ft axle-steel deformed and plain
bars for concrete reinforcement, No. 8, 40 ft 0 in.
long, deformed, Grade 60, in secured lifts, to ASTM

A 617 dated —.

4, Material and Manufacture

4.1 The bars shall be rolled from carbon
steel axles for cars and locomotive tenders in
the following standard journal sizes. No other
axles or material shall be used.

Standard Journal Sizes,
in. {mm)

4% by 8 (108.0 by 203.2)
5 by 9(i27.0 by 228.6)
5% by 10 (139.7 by 254.0)
6 by 11(152.4 by 279.4)

Carbon steel axles

5. Carbon Determination

5.1 The manufacturer shall make a deter-
mination for the carbon content of each axle
received by him for manufacture into reinforce-
ment bars, Based on these carbon determina-
tions, all steel axles shall be stocked for subse-
quent rolling in separated lots by carbon range.
The ranges of carbon shall be determined by
the manufacturer as those best suited to meet
the mechanical requirements.

5.2 When requested by the purchaser, the
manufacturer shall report the carbon range for
each lot of bars furnished.

6. Requirements of Deformations

6.1 Deformations shall be spaced along the
bar at substantially uniform distances. The de-
formations on opposite sides of the bar shall be
similar in size and shape.

6.2 The deformations shall be placed with
respect to the axis of the bar so that the included
angle is not less than 45 deg. Where the line of
deformations forms an included angle with the
axis of the bar of from 45 to 70 deg inclusive,
the deformations shall alternately reverse in
direction on each side, or those on one side
shall be reversed in direction from those on the
opposite side. Where the line of deformation is
over 70 deg, a reversal in direction is not re-
quired,

6.3 The average spacing or distance between
deformations on each side of the bar shall not
exceed seven tenths of the nominal diameter of
the bar.

6.4 The over-all length of deformations shall
be such that the gap between the ends of the

deformations on opposite sides of the bar shall
not exceed 12% % of the nominal perimeter of
the bar. Where the ends terminate in a longi-
tudinal rib, the width of the longitudinal rib
shall be considered the gap. Where more than
two longitudinal ribs are involved, the total
width of all longitudinal ribs shall not exceed
25 % of the nominal perimeter of the bar; fur-
thermore, the summation of gaps shall not
exceed 25 % of the nominal perimeter of the
bar, The nominal perimeter of the bar shall be
3.14 times the nominal diameter.

6.5 The spacing, height and gap of defor-
mations shall conform to the requirements pre-
scribed in Table 1.

7. Measurements of Deformations

7.1 The average spacing of deformations
shall be determined by dividing a measured
length of the bar specimen by the number of
individual deformations and fractional parts of
deformations on any one side of the bar speci-
men. A measured length of the bar specimen
shall be considered the distance from a point
on a deformation to a corresponding point on
any other deformation on the same side of the
bar. Spacing measurements shall not be made
over a bar area containing bar marking symbols
involving letters or numbers.

7.2 The average height of deformations shail
‘be determined from measurements made on
not less than two typical deformations. Deter-
minations shall be based on three measure-
ments per deformation, one at the center of the
overall length and the other two at the quarter
points of the overall length.

7.3 Insufficient height, insufficient circum-
ferential coverage, or excessive spacing of de-
formations shall not constitute cause for rejec-
tion unless it has been clearly established by
determinations on each lot (Note 3) tested that
typical deformation height, gap, or spacing do
not conform to the minimum requirements pre-
scribed in Section 6. No rejection may be made
on the basis of measurements if fewer than ten
adjacent deformations on each side of the bar
are measured.

NoTE 3—A lot is defined as all the bars of one

bar number and pattern of deformations contained
in an individual shipping release or shipping order.

8. Tensile Requirements
8.1 Grade 40 and Grade 60—The material as
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represented by the test specimensishall conform
to the requirements for tensile properttes pre-
seribed in Table 2. -
+ 82 Thé yield point or yield strength shall be
idetermined by one of the following methods:
'8.2.1 The yield point shall be determined by
drop of the beam: or halt in the gage of the
testing machine.
- 8.2.2 When the steel tested does not'have a
well-defined yield point, the yield strength shall
be tested by one of the methods- mdrcated in
8.2.2.1 or 8.2.2.2.
8.2.2.1 Extension under load using. d1v1ders
with an 8-in: (203.2-mm) gage length. The ex-
tension under load shall be 0.04 in. (1.02mm)
and shall be determined by scribing on. the
specimen an 8-in. gage length, pivoting from a
_prick punch mark. The yield load shall be
recorded when the total gage lenigth undcr 'Toad
‘becomes 8.04 in. (2042 mm) as measured by
the dividers,
8.2.2.2 Extension under load usmg an auto-
graphic dragram method or an extensometer as
‘described in 13.1.2 to 13.1.3 ind], of Methods
‘and Defmltlons A '370. However the extension
tinder load shall be 0.005 in. /m of gage length
'(0 5 %) for Grade 60 -
'8.3 The percentage of elongatlon shall be as
prescnbed in Table 2 ‘

9. Bendmg Reqturements

9.1 The bend test specimen shall stand bemg
bent, when at ambient temperature, but in no
_case less than 60°F (16°C) around a pin w1th-
out cracking on the outside of the bent portion.

.The requirements for degree of bendmg and
sizes of p1ns are prescrrbed in Table 3.,

9.2 The bend. test shall be made on specr-
mens of sufficient length to ensure free bendmg
-and with apparatus which prov1des 4
o 921 Contmuous and umform apphcatlon
‘,of force throughout the duratlon of the bendmg
operation,

922 Unrestncted movement of the spec1-
.men at points of contact with the apparatus
and bendmg around a pm free to rotate, or
bending about a central pin on a sunple span
: w1th end supports freeto rotate
7922 Close . wrapping - of :the - specrmen
around the pin during the bending operation.

9.3 Other methods 6f bend testirig may be
~used, but:failures due to such methods:shall not
constitute a basis for rejection.

10 Tést Specimens S : v

10.1 Tension test specimens shall be the full
section of bar as rolled.

10.2 The unit stress determinations on: full-
size specimens shall be based on the nommal
bar area.

'10.3 The bend test specimens shall be- the ;

full section of the bar 4s rolled

ll Number of tests

11:1 ‘For bart sizes No. 3 to No 11 mclusrve,
one tension test and one bend test shall be
made from' €ach lot (Note 3)-of-10 tons (9072
kg) or.fraction thereof, rolled from each lot of
axles assorted in groups as specified in Section
5.

11.2 If any test specimen develops flaws; it
may be discarded'and. another specimien from
the same lot of 10 tons or fractton thereof
substituted.

-+ 113 If any tensile property of the test spec-

3

'13. Finish |

imien is less than that specified in Section 7 and
any part.of the fracture is-outside the middle
-third of the:gage lengthy as indicated by scribe
scratchés marked ‘on the specimen before test-
mg, a retest shall be allowed TIPS A T

12 Perrmssrble Vanatlons m Werghts

12.1 The permissible variationsishall not ex-
ceed 6 % under nominal weight. Reinforcing
bars are evaluated on the' basis' of nominal

~weights. In-no case shall overweight of any bar

be the cause for rejectron

'A4,}. - tod

- 13.1 The -bars shall be free of m]unous de-
fects and shall-have a workmanlike finish.:+

“s 132 Rust, seams; surface. irre‘gularities, ;01

hill scalé shall not be: cause for rejection, pro-
vided the weight,: dimensions, .cross :sectional

carea, -and -tensile. properties..of-.a _hand wire

‘brushed test are mot less than athe requu'ements
-of this spec1ﬁcat10n K o o

114 Markmg

14.1 When loaded for mtll shtpment bars

 shall be properly sepaated and tagged with the

:ananufactur‘er § test:identification. number. .

:14.2 Each-manufacturer”shall: 1dent1fy the
symbols of his marking system.

'~ 14.3 All:bars: produced:to:this: spectﬁcatton
~eXxcept plain-tound.bars which:shall be tagged

for grade, shall be identified by a distinguishing

608
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set of marks legibly rolled into the surface of
one side of the bar to denote in the following
order:

14.3.1 Point of Origin—Letter or symbol es-
tablished as the manufacturer’s mill designa-
tion.

143.2 Size Designation—Arabic number
corresponding to Bar Designation Number of
Table 1.

14.3.3 Type of Steel—Letter A indicating
that the bar was produced from axle steel.

14.3.4 Minimum Yield Designation—For
Grade 60 bars, either the number 60 or a single
continuous longitudinal line through at least 5
spaces offset from the center of the bar side.

14.4 For Government Procurement Only—
When specified in the contract or order, and
for direct procurement by or direct shipment to
the U.S. Government, material shall be pre-
served, packaged, and packed in accordance
with the requirements of MIL-STD-163. The
applicable levels shall be as specified in the
contract. Marking for shipment of such mate-
rial shall be in accordance with Fed. Std. No.
123 for civil agencies and MIL-STD-129 for
military agencies.

15. Packaging

15.1 When specified in the purchase order,
packaging shall be in accordance with the pro-
cedures in Recommended Practices A 700.

16. Inspection
16.1 The inspector representing the pur-

609

chaser shall have free entry, at all times while
work on the contract of the puchaser is being
performed, to all parts of the manufacturer’s
works that concern the manufacture of the
material ordered. The manufacturer shall af-
ford the inspector all reasonable facilities to
satisfy him that the material is being furnished
in accordance with this specification. All tests
and inspection shall be made at the place of
manufacture prior to shipment, unless other-
wise specified, and shall be so conducted as not
to interfere unnecessarily with the operation of
the works.

16.2 For Government Procurement Only—
Except as otherwise specified in the contract,
the contractor is responsible for the perform-
ance of all inspection and test requirements
specified herein. Except as otherwise specified
in the contract, the contractor may use his own
or any other suitable facilities for the perform-
ance of the inspection and test requirements
specified herein, unless disapproved by the pur-
chaser at the time of purchase. The purchaser
shall have the right to perform any of the
inspections and tests at the same frequency as
set forth in. this specification where such in-
spections are deemed necessary to assure that
material conforms to prescribed requirements.

17. Rejection

17.1 Material that shows injurious defects
subsequent to its acceptance at the manufac-
turer’s works will be rejected, and the manu-
facturer shall be notified.
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TABLE 1 Déformed Bar Designation Nuiibers, Nominal Weights, Nominal Dimensions and Deformation Requirements
’ ‘ Inch-Pound Units

Nothinal Dimensions® Deformation Requirements, i -
Bar ’ Nomin:;l : , - ) , . B Maximum,
Designation. Weight, ~ i " Cross- . Maximum -Mininium Gap (Chord
No® - . ‘Ib/ft Dlag’;eter, Sectiona]  Terimeter, Average Average  of 12/2.% of
L . m. Area, in.? 1n. .- Spacing . Height . Nominal
N S NS — e Pericten)
3., . 03%6, . 0355 0ll 1178 0262 0015 0143
4 " 0.668" Too0s00 0 020 1.571 0.350 0.020 0.191
5 1.043 0.625 031 v 1963 ° 0437 .. 0028 - 0239
: 6 1.502 0.750 0,44 2.356 0.525 0.038 . 0.286 -
7 2044 . 0875 . 0.60 2749 ‘ 0.612 0.044 0.334
8 2,670 1.000 0.79 3.142 0.700 0.050 - 0.383
9 3.400 1.128 © 100 3.544 © 0790 ¢ " 0.056 0.431
100 14.303 . 1270 .. 127 3.990 T 0889 "1 0.064. 0487
1 5313 1410 | 156 4430 . 0987 . 0071 0540,
"SI Units
_Nominal Dimensions® : Deformation Requirements, mm .
Bar’ "Nominal " o a © Y Maximum
Designation ~ + Weight, - = i Cross- . Maximum Minimuni Gap (Chord
. No? kg/m Dlﬁn;tér’ Sectional | Perll;n;ter, Average, - Average of 12/ % of
o e e ‘ Area, cm® Spacing Height Nominal
. . . : ‘ Perimeter)
.3 0.560 952 071 299 6.7 038 35
4 0.994- 12.70 1.29 39.9-¢ : 89 - 0:51 49"
5 - © 15527 ‘ 15.88 200 . 499 LEEERRT B Y | 071 . 6.l
6 2235 1905 . 284 59.8 . 133, 096 73.
L1 . 3042 22 387 698 155 Ll 8.5
8 3973 - ' 2540+ 5:10 79.8 17.8 1.27¢ 9.7
9 5059 - 28.65 645 %0.0 20.1 142 10.9
- 10 6430 . 3226 819 101.4 22,6 1.62 114
11 7.906 35.81 10.06 1 1275 25:.1 1_.80 13.6

4 The nominal dimensions of a deforméd bar are equivalent to those of a plain round bar having the same weight per foot
as the deformed bar. ) S C ) . o
# Bar numbers are based on the number of eighths of an inch inchidéd in the norinal diameter of the bars.

f
3 N ;

. TABLE 2 ;‘l'ensile‘ Bequiremeqts S

Grade 404 Grade 60
Tensile strength, min, psi 70 000 (480) 90 000 (620)
(MPa)

Yield strength, psi (MPa) 40 000 (275) 60 000 (415)
Elongation in 8 in, or 203

mm, min, %
Bar No.
3 11 8
4,5,6 12 8
7 11 8
8 10 7
9 9 7
10 8 7
11 7 7

4 Sizes 7 through 11 may not be readily available; manu-
facturers should be consulted to verify availability.
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TABLE 3 Bend Test Requirements

Pin Diameter for Bend Tests

- 180 deg d = nominal diameter
Bar Designation of specimen

No.

Grade 40 Grade 60

3,4,5 4d 44
6 5d 5d
7,8 5d 6d
9,10, 11 5d 8d

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 commitiee 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 Headguarters. Your c ts 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, 1916 Race St., Philadelphia, Pa. 19103, which will schedule a
further hearing regarding your comments. Failing satisfaction there, you may appeal to the ASTM Board of Directors.
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AMERICAN NATIONAL
STANDARD

Standard Specification for

ANSI/ASTM A 633 - 79a

NORMALIZED HIGH-STRENGTH LOW ALLOY

STRUCTURAL STEEL!

This Standard is issued under the fixed designation A 633; 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.

1. Scope

1.1 This specification covers normalized
high-strength low-alloy structural steel plates,

shapes, and bars for welded, riveted, or bolted .

construction.

1.2 This material is_particularly suited for
service at low ambient temperatures of —S0°F
(—45°C) and higher where notch toughness
better than that expected in as-rolléd material
of a comparable strength level is desired.

1.3 Four grades, designated Grades A, C, D,
and E (essentially former Spécification A 633
without a grade designation) are covered by
this specification. Grade A provides a mini-
mum Yyield point of 42 ksi (290 MPa) in thick-
nesses through 4 in. (102 mm), inclusive.
Grades C and D provide a2 minimum yield
point of 50 ksi (345 MPa) in thicknesses up to
2.50 in, (64 mm), inclusive and 46.0 ksi (315
MPa) in thicknesses over 2.50 in. to 4.0 in.,
inclusive. Grade E provides a minimum yield
point of 60 ksi (415 MPa) in thicknesses up to
4.0 in., inclusive and 55 ksi (380 MPa) in
thicknesses over 4 in. to 6 in. (152 mm), inclu-

sive.
1.4 Current practice normally limits plates

furnished under this specification to the max-
imum thicknesses shown in 1.3. The individual
manufacturer should be consulted on 51zc limi-
tations for other product forms.

Note—The values stated in irich-pound umts are

to be regarded as the standard.
2. Applicable Documents
2.1 ASTM Standards:

A6, Specification for Géneral Requlre- :

ments for Rolled Steel Plates, Shapes,
.= Sheet Piling, and Bars for Structural
Use?’ ‘

E 112 Estimating the Average Grain Size
of Metals?

3. General Requirements for Delivery

3.1 Material furnished under this specifica-
tion shall conform to the applicable require-
ments of the current edition of Specification A
6. These include the requirements for analysis,
test preparation, method of test, permissible
variations in dimensions and weight, quality,
repair, marking, inspection, retests, rejection,
packaging and loading, etc.

4. Ordering Information

4.1 The inquiry and order shall indicate the
following: - :

4.1.1 Quantity (weight or number of pieces),

4.1.2 Name of material,

4.1.3 Dimensions or size designation,

4.1.4 ASTM designation, date of issue, and
grade,

4.1.5 Condition (heat treatment require-
‘merits for material or test coupons, see 6.2), and

4.1.6 Supplementary requirements, if any.

5.-Manufacture -

5.1 Melting Process:

5.1.1 The steel may be made by any of the
following processes: open-hearth, basic-oxygen,
or electric-furnace.

. *Thig specification is under the jurisdiction of ASTM

‘Committee A<l ‘on Steel, Stainless Steel and Related Alloys,

and is the direct responsibility of Subcommittee A01.02 on
Structural Steel,.

“Current edition approvcd July 27 and August 31, 1979.
Published October 1979. Originaily published as A 633 - 70.
Last revious edition A 633 - 78.

sinial Book of ASTM Standards, Part 4.

-8 Annual Book of. ASTM Standards, Part Il
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5.1.2 The steel shall be made to a fine grain
practice (see 8.1).

6. Heat Treatment

6.1 The material shall be normalized by
heating to a suitable temperature which pro-
duces an austenitic structure, but not exceeding
1700°F (925°C), holding a sufficient time to
attain uniform heat throughout the material
and cooling in air.

6.1.1 Grade E material over 3in. (76 mm) in
thickness shall be double normalized.

6.2 If the purchaser elects to perform the
required heat treatment, the material shall be
accepted on the basis of mill tests made from
test coupons heat treated in accordance with the
purchase order requirements, If the test coupon
heat-treatment requirements are not indicated
on the purchase order, the manufacturer shall
heat treat the test coupons under conditions he
considers appropriate. The manufacturer shall
inform the purchaser of the heat-treatment
procedure followed in heat treating the test
coupons at the mill.

7. Chemical Requirements

7.1 The heat analysis shall conform to the
chemical composition requirements listed in
Table 1.

7.2 The steel shall conform on product anal-
ysis to the requirements prescribed in Table 1,
subject to the product analysis tolerances in
Specification A 6. ‘

8. Metallurgical Structure

8.1 Austenitic Grain Size—The steel shall
have a carburized austenitic grain size of 5 or
finer as determined on one test per heat in
accordance with Methods E 112, Plate IV,
using the McQuaid-Ehn Test.

8.2 The provisions of 8.1 need not apply
when notch toughness requirements are speci-
fied per Supplementary Requirement S1.

9. Mechanical Requirements

9.1 Tension Tests—The material as repre-
sented by the test specimens shall conform to
the requirements listed in Table 2.

SUPPLEMENTARY REQUIREMENTS

S1. Notch Toughness Test

SI.1 Notch toughness tests may be specified
in accordance with ASTM Specification A 673,
for Sampling Procedure for Impact Testing of
Structural Steel.?

S2, Copper-Bearing Steel
82.1 In addition to the chemical composi-

tion requirements in Table 1, the steel shall
have 0.20% minimum copper on heat analysis.
Product analysis for copper shall be subject to
the tolerances of Specification A 6.

Standardized supplementary requirements for use at the option of the purchaser are

listed in Specification A 6. Those which
cation are listed below by title.

S14. Bend Test.

629

are considered suitable for use with this specifi-
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Lo ‘ TABLE: 1 ' Chemicai Requirements : - - . - i i

gy e o Element . ... . . .. GradeA, % Grade C, % Grade D, % Grade E,; %"}
-Carbon;.max . P T R ATE SR © 018 0.20 020 0.2
Manganese: . BRI Lo

, %2 in. (38.1 mm) and under in thickness " 1.00-1.35 - 1.15-1. 50”i .1 0.70-1:35 L.15-1.50

" Over 1% in.{o 4 in. (102 mim), incl- * - © L00-135 1. 15 1so* 100-1 60 ' 1.15-1.50

Over 4in. 10 6 in: (152 mm),incl .-, . : e 1.15-1.50*
Phosphorus, max L . 004 0.04 W ’0.04\ © 004 L
Sulfur, max o ) 0.05 ., 003 . 005 . | 0.05 « 3
Silicon © 0.15-0.50 . 0.15-0.50 0.i15-0.50 ;7 0.15-0. 50 '
Vanadium SRR 004—011
Columbium oo ¢ 0..0,05 max 0,01-0.05 o ‘
Nitrogen ) T e ) ; 001—0 03
Coppef, max ~ .: . - . 035
Nickel, max: .. . . e Lot © 025 coooh
Chromium, max ’ o o T cp oo 025 T e
Molybdenum, max AN Pan e 008 .. . .,

* Columbium may | be present in the amount of 0 01—0 05 %. i : : : :
* For Grade C manganese contenl may be mcreased o'l 60.% maximum. prov1ded the carbon contem does not exceed
0. 18%. ‘i B £
‘For.Grade E the mmlmum total alummum content shall be 0018 %, or the vanaduﬂn nm'ogen ratio shall be 4 i
nummum - . . . ;

et . .. % ;- .TABLE:2 Tensile Requlrements" .

; Vi . Dogids

T “ei U GradéA GradesCandD "' Grade E i

Yieid pomt min, Ks{ (MPay o ' ‘ L
2.5in. (89 mm)and under ‘ " 42 (290) 50 (345) " 60 (415)

Over 2.5 in. to 4 in. (102 mm), incl 42 (290) 46 (315) 60 (415)
Over4in.to6in. (152 mm),inel ... o 55 (380)
Tensile strength, ksi (MPa): o R TR R ey T e
2.5in. and under 63 to 83 (430 to 570) 70 to 90 (480 to 620) 80 to 100 (550 to 690)
Over2.5in.to 4in., incl ‘ 63 to 83 (430 to 570) 65 to 85 (450 to 590) 80 to 100 (550 to 690)
Ovér 4in. to 6 in., incl . s : 75 to 95 (520 to 660)
Elongation in 8 in. or200 mm, min; %% - i18- .. I 18 ., 18 ;
Elongation in 2 in, or 50 mm, min, % °, ) 23 o 23 . ’ 23

e
il

e Fog plates wider than 24 in, (610 mm), the test speclmen is taker in the transverse direction. Seé 11.2 of Speclﬁca-
tion A !

¢ For material under 3¢ in. (8§ mm) in thickness, a deduction of 1.25 percentage points shall be made for cach decrease of
Y2 in. (0.8 mm) in thickness under %s in.

¢ For plates wider than 24 in. (610 mm), the elongation requirement is reduced two percentage pomts

[t o
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A 633

APPENDIX

X1. CHARPY V-NOTCH IMPACT TEST

X1.1 The values shown in Table X1 are included  of the values listed is a matter for agreement between
only as information as to the guarantees which are  the purchaser and the manufacturer.
generally available. Mandatory conformance to any

TABLE X1 Charpy V-Notch Impact Test Minimum Energy
Values (Average of Three Specimens)

Test Longitudinai Transverse

Temperature, Specimens, Specimens,
°F (°C) fIbf () ft-16f (J)
~75 (-59) 15 (20) 15 (20)
—60 (-51) 20 (27) 15 (20)
—-350 (~-46) 25 (34) 20 (27)
—-40 (-40) 25 (34) 20 (27)
-30 (~34) 30 (41) 25 (34)
0(-18) 40 (54) 30 (41)
32 (0 45 (61) 30 41)
75 (24) 50 (68) 30 (41)

The American Socaety 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, is entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical commitiee 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, 1916 Race St., Philadelphia, Pa.

19103, which will schedule a further hearing regarding your comments. Failing satisfaction there, you may appeal to the
ASTM Board of Directors.
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Designation: B 21 - 83b

' Standard Specification for

Naval Brass 'Rq'd,' Bar, and Shapes’

B Thls standard is lssued under the fixed desngnatlon B 21; the number immediately following the designation indicates the year of
ongmal adoption or, i ‘the case of revision, the year ‘of last revision. A number in parentheses indicates the year of last reapproval, A
superscrlpt épsilon (¢) indicates an edltonal change since the last revision or reapproval

Thls spectf cation has been approved for use by agencies of the Department of Defense andfor Itstmg in the DoD Index of Specifications

and Standards.

1. Scope

1.1 This specification covers naval brass rod, bar, and
shapes. The following five alloys are covered:

Previously Used
Copper Alloy UNS No.“4 Designation
C46200 Alloy D
C46400 Alloy A
¢ C47940 B
48200 ‘Alloy B
C48500 Alloy C

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

Note 1-—Material for hot forging is covered by Specification B 124,

3.1.3 Form: cross section such as round, hexagonal,
square, etc. (9.2 and 9.3)

3.1.4 Diameter or distance between parallel surfaces (9.2),
.1.5 Length (9.4),
Edge contours (9.6),
Piston finish rod or shafting, if required (Section 11),
Weight: total for each size,
9 ASTM designation and year of issue,

3.1.10 Certification, 1f requlred (see Specification B 249
Section 13), and

3.1.11 Mill ‘test ‘report, if required (sée Spemﬁcatlon
B 249, Section 14).

3.2 When material is purchased for agencws of the U. S.
Government, this shall be specified in the contract or

3.1
3.1.6
3.1.7
3.1.8
3.1.

* purchase order, and the material shall conform to the

NoTE 2—A completermetric companion to-Specification B21 has -
been developed—B 2 1M; therefore, no metric equivalents are presented =

in this specification.

2. Referenced Documents

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

2.1.1 ASTM Standards:

B 124 Specification for Copper and Copper-Alloy Forging
Rod, Bar, and Shapes®

B 154 Method of Mercurous Nitrate Test for Copper and
Copper Alloys?

B 249 Specification for General Requirements for
Wrought Copper and Copper-Alloy Rod, Bar, and
Shapes®

B 601 Practice for Temper Designations for Copper and
Copper Alloys—Wrought and Cast?

E 8 Methods of Tension Testing of Metallic Materials®

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

3. Ordering Information

3.1 Orders for material under this specification shall
include the following information:

3.1.1 Copper Alloy UNS No. (Section 1.1),

3.1.2 Temper (Section 6),

! This specification is under the jurisdiction of the ASTM Committee B-5 on
Copper and Copper Alloys and is the direct responsibility of Subcommittee B05.02
on Rods, Bars, and Shapes.

Current edition approved Nov. 28, 1983. Published February 1984, Originally
published as B 21 - 18 T. Last previous edition B 21 - 83a.

2 Annual Book of ASTM Standards, Vol 02.01.

3 Annual Book of ASTM Standards, Vols 02.01 and 03.01.

4 Annual Book of ASTM Standards, Vols 01.01 and 02.01.

Supplementary Requirements as defined in the current issue
of Specification B 249.

' '4. Generil Requlrements

36

4.1 ‘Material furnished.under this. speclﬁcatlon shall con-
form to the applicable’ requiremént of the current edition of
Specification B 249.

5. Chemical Composition

5.1 The material shall conform to the chemical require-
ments of Table 1.

5.2 These specification limits do not preclude the possible
presence of other unnamed elements. However, analysis
shall regularly be made only for the minor elements listed in
the table, plus all major elements except one. The major
element that is not analyzed shall be determined by differ-
ence between the sum of those elements analyzed and
100 %. By agreement between manufacturer and purchaser,
analysis may be required and limits established for elements
not specified.

6. Temper

6.1 Tempers available under this specification and as
prescribed in Practice B 601 are as follows:

Temper Designation

Standard Former
M30 as-hot extruded
050 light anneal
060 soft anncal
H50 extruded and drawn
H60 cold heading, forming
HO02 half hard
HO04 hard
H50 extruded and drawn
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TABLE 1 Chemical Requirements

B 21

Copper Alioy UNS No.

Element, %
: 46200 C46400 C48200 48500 C47940
Copper 62.0-65.0 59.0-62.0 59.0-62.0 59.0-62.0 63.0-66.0
Tin 0.50-1.0 0.50-1.0 0.50-1.0 0.50-1.0 1.2-2.0
Lead 0.20 max 0.20 max 0.40-1.0 1.3-2.2 1.0-2.0
Zinc remainder remainder remainder remainder remainder
Iron 0.15 max 0.15 max 0.15 max 0.15 max 0.10-1.0
Nicke! e 0.10-0.50
TABLE 2 Tensile Requirements
Yield )
Temper Designation . Tensie izrgggt,? /Elongatlon in4x
iameter or Distance Between Strength, Extension Diameter of
Parallel Surfaces, in. min. Ksi A Under Thickness of S%ec-
Standard Former ' Load, imen, min, %
min, ksi4
Copper Alloy UNS No G46200
M30 as-hot extruded all forms, all sizes 50 20 30
060 soft anneal rods and bars, all sizes 48 16 30
H60 cold heading rods, all sizes 48 18 22
HO02 or 050 half-hard or light anneal rods and bars: 58 27 22
. ‘ 0.500 and under 56 27 25
over 0.500 to 1.000, inc! 54 26 25
over 1.000 to 2.000, incl 52 25 - 27
over 2.000 to 3.000, incl 50 22 30
over 3.000 to 4.000, incl 50 20 30
over 4.000 '
Ho4 hard rods and bars: .
0.500 and under 64 40 13
over 0.500 to 1.000, incl 62 38 13
over 1.000 to 2.000, incl 58 - 34 18 -
. Copper Alloy UNS No. C46400 .
M30 as-hot extruded all forms, all sizes 52 20 30
060 - soft anneal rods and bars: . o
1.000 and under 54 20 30
over 1.000 to 2.000, incl 52 L 20 30
over 2.000 50 20 30
) shapes, all sizes 52 20 30
H50 extruded and drawn® shapes, all sizes 58 28 20
HO2 or 050 half-hard or light anneal rods and bars: . o
0.500 and under 60 .. . 27 22
over 0.500 to 1.000, incl 60 27 25
over 1.000 to 2.000, inct 58 26 25
over 2.000 to 3.000, incl ' 54 : 25 25
over 3.000 to 4.000, incl 54 22 27
o ~ over 4.000 654 22 30
Ho4 hard rods and bars:
1.000 and under 67 45 13, -
over 1.000 to 2.000, incl 62 a7 18 -
Copper Alloy UNS No. C47940 .
M30 as extruded all forms, all sizes 50 20 30
060 soft anneal s rods and bars, all sizes 48 20 30
" H50 extruded and drawn shapes, all sizes 56 25 20
*"050 or H02 half hard or light anneal rods and bars: 58 © 80 18
.0.500 and under 56 30 20
: over 0.500 to 1,000, incl . 54 .- 25 22
over 1.000 to 2.000, incl 50 25 25
over 2.000
HO4 hard rods and bars:
; . 0.500 and under 70 65 - 10
over 0.500 to 1,000, incl 65 52 13
over 1.000 to 2.000, incl 62 45 15
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TABLE 2::Continued , #.;

Yield
Temper Designation’. . I;.I e Tensio 2;’3“59;2 Elongation in 4 X
ameter or Distance Between Strength Extension Diameter of Thick-
. Parallel Surfaces, in. PR rengtt A - ; ness of Spéclmen
S i AR min, ksi Under. in. %8
Standard: . Load " min,
: e - min, ksi* :
L e copper Alloy UNS Nos. C48200 and é48500 ’ C48200 48500
- M30 as-hot extruded all forms, all sizes - - : 52 20 - 25 - 20- -
060 soft anneal rods and bars:
1.000 and under 54 20 25 20
over 1.000 to 2.000, inc! 52 20 25 20
over 2.000 50 20 25 20
shapes, all sizes 52 20 25 20
H50 extruded and drawn® shapes, all sizes 58 25 15 15
HO2 or 050 half-hard or light anneal rods and bars: 60 27 18 12
1.000 and under 58 26 20 20
over 1.000 to 2.000, inc! 54 25 20 20
over 2.000 to 3.000, inc! =~ 54 22 20 20
over 3.000 t6:4.000, incl- < 54 22 25 20
over 4.000 ' o ’ ) ’ h T
HO4 hard rods and bars: . .
T e 1.000 and under 67 45 1 10

A sl = 1000 psi. :
Bn any case, a minimum gage Iength of 1in. shall be used.
¢ Shapes, extruded and drawn; donot apply to hollow shapes.

7. Tensile.Requirements

7.1 The material shall conform to the requirements as to

tensile properties prescribed‘ in Table 2.

8. Mercurous Nitrate Test

Norte 3: Cautlon——Mercury is a definite health hazard, and therefore: .

equipment for the detection and removal of mercury vapor produced in
volatilization is recommended The use of rubber gloves in testing is
advisable.

g
£

8.1 Thé test specimens, cut at least ,6 in. in length,.,shallj be b

totally immersed for 30 min in the standard mé‘ﬁcurqu_s
nitrate solution prescribedtin Method B 154. There shall be

no cracks in the specimen when examined immediately after

it is removed from the solutlon rmsed and wiped.

Note 4—Bars that have bee,n properly strarghtened or sprung will

have internal stresses so broken up as not to be in danger of splitting or , - .

cracking. The mercurous nitrate test is designed to determine whether
the internal stresses have been prOperly brokerr up and rendered safe. -

9. Dlmensmns and Permlssrble Varratrons

9.1 The dimensions and"tolerances for material covered"‘" '

by this specification shall be as prescribed in the current

edition of Specification B 249, with particular referencetvo

Section 5 and the following tables_of tifat specification:
9.2 Diameter or Distance Between Parallel Surfates:

9.2.1 R‘o : Round, Hexagonal Octagonal—-—See 5.2, Table*-

1.
9.2.2 Rod M30 (As-Hot, Extruded)—See 5.2, Table 4.
9.2.3 Piston-Finish Rod~-See 5.2, Table 3.

924 Barr Rectangular and Square—See 5.2, Tables 8 and\

10.
9.2.5 Bar, M30 (As-Hot Extruded)—See 5.2, Table 4.

9.3 Shazﬁes—The dimensional tolerances for shapes shall”

be as agreed upon by the supplier and the purchaser‘ ah
shall- be specified in the order.

" ssubje

e 1

~ over 1.000'to 2.000, ihcl " - 62 37 15 18

9 4 Length of Rod, Bar, and Shapes—-—See 5.3, Tables 12
and 13.:
9.5, Strazghtness

-+ 9.5.1 ‘Rod and Bar—See 5.4.1, Table 15.

9 5.2 ‘Shafting Rod—See 5.4.2, Table 16.

.9.5. 3 M30 (as-hot extruded) rod, bar, and shapes shall be
commercrally straight.
96 ‘Edge Contours—See 5.5.

10 Test Specrmens

10:1' In the tension test all materlal shall be pulled in full
size when practicable. Full-size:or machined test specimens
'shall bg as specified in Methods E 8. Whenever tension test

" results are obtained from both full-size and from machined

‘test -specimens and they differ, the results obtained from
fullusize test specimens shall be used to determine conform-
ance to the specification, requlrements .

,NO'QE\ 5—The tensron test specimens shall conform to the dimen-

- si‘c)r':ls prescribed in Section 4 of Methods E 8.

: 0 2" Mercurous nitrate test specimens shall be of the full
size of the material, and without bending, springing,.pol-

ishing, or any other preparation.

" 11, Piston-Finish Rod and Shafting

“11.I' When so specified in the’contract or order, rOund
..rods.over 4 in, in diameter shall be furnished -as piston-
ﬁmsh rods or shafting.

" 1182 Piston-finish rods shall have a special surface pro-
duced by turning or grinding and shall comply with the
. §pecial diameter tolerances prescribed in.9.2.3. s
+*11,3} The straightness tolerances for piston-finish rod are
ect to agreement between the manufacturer and the
purchaser : - .
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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 valldlty 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 committes and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are Invited elther for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will recelve 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 Cormittee on Standards, 1916 Race Sl Phlladelphia, PA 19103.
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Designation: B 85 - 84

Standard Specification for

-Aluminum-Alloy. Die .Castings’ ..

3

This standard is issued under the fixed designation B 85; the number immediately following the designation indicates the year of

original adoptlon or, in the case of revision, the year, of last revision. A number in parentheses md.lcates the year of last reapproval. A
superscript ¢psilon (¢) indicates an edltorial change smce the last revision or reapproval.’

This specification has been approved for use by agenctes of the Department of Defense and for listing in the DoD Index of Specifications

and Standards.

1. Scope .
1.1 This spemﬁcatlon covers aluminum-alloy die castmgs

TR

Ten alloy composmons aré spec;ﬁed des1gnated as.shown I m, o

Table 1. — .

1.2 The values stated m lnch-pound umts are the stan—

dard. The SI values in parentheses are for informatiori only.

2. Referenced Documents

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

2.2 ASTM Standards:

B 179 Specification for Aluminum Alloys in Ingot Form
for Sand Castings, Permanent Mold Castings, and Die
Castings?

B 275 Practice for Codification of Certain Nonferrous
Metals and Alloys, Cast and Wrought?

E 8 Methods of Tension Testing of Metallic Materials®

E 23 Method for Notched-Bar Impact Testing of Metallic
Materials®

E 29 Recommended Practice for Indicating Which Places
of Figures Are to Be Considered Significant in Specified
Limiting Values®

E 34 Method for Chemical Analysis of Aluminum and
Aluminum Alloys®

E 88 Practice for Sampling Nonferrous Metals and Alloys
in Csast Form for Determination of Chemical Composi-
tion

E 101 Method for Spectrographic Analysis of Aluminum
and Aluminum Alloys by the Poini-to-Plane Tech-
nique®

E 227 Method for Optical Emission Spectrometric Anal-
ysis of Aluminum and Aluminum Alloys by the Point-
to-Plane Technique®

E 505 Reference Radiographs for Inspection of Alu-
minum and Magnesium Die Castings’

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

2.3 American National Standards Institute:

! This specification is under the jurisdiction of ASTM Committee B-6 on
Die-Cast Metals and Alloys, and is the direct responsibility of Subcommittee
B06.01 on Aluminum Die Castings.

Current edition approved March 30, 1984. Published May 1984. Originally
published as B 85 - 31 T. Last previous edition B 85 ~ 82a.

2 Annual Book of ASTM Standards, Vol 02,02.

3 Annual Book of ASTM Standards, Vol 03.01.

4 Annual Book of ASTM Standards, Vol 14.02,

3 Annual Book of ASTM Standards, Vol 03.05.

S Annual Book of ASTM Standards, Vol 03.06.

7 Annual Book of ASTM Standards, Vol 03.03.
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H35.1::Alloy. and- Temper Designation Systems for
Aluminum?

24 - American Die Casting Institute: -

“E” Seties Product Standards for Die Castlngs

' 2.5 Federal Standards: ‘

Fed. Std: No. 123 Marking for Shipment (Civil Agencies)?

Fed. Std. No. 184 Identification Marking of Aluminum,
Magnesium and Titanium?®

2.6 Military Standards:

MIL-STD-129 Marking for Shipment and Storage (Mil-
itary Agencies)®

MIL-STD-649 Preparation for Storage and Shipment of
Aluminum and Magnesium Products®

3. Definitions

3.1 die casting—a metal object produced by the introduc-
tion of molten metal under substantial pressure into a metal
die and characterized by a high degree of fidelity to the die
cavity.

4. Ordering Information

4.1 Orders for die castings shall include the following
basic information:

4.1.1 This specification number and date,

4.1.2 Quantity and delivery schedule, as required,

4.1.3 Part name and number,

4.1.4 Alloy (Table 1), and

4.1.5 Drawing of die casting, when required, giving all
necessary dimensions and showing latest revisions and allow-
ances for machining, if any. Location of ejector pin marks or
parting lines shall be at the option of the producer; unless
specifically designated on the drawing,.

4.2 Additional tests, options and special inspection re-
quirements as provided below should be justified only on the
basis of need. These shall be specified in the contract or
purchase order, as additional procedures and extended
delivery time may be involved.

4.2.1 Chemical analysis (7.1.1),

4.2.2 Quality assurance (Section 6),

4.2.3 Special proof tests or mechanical properties (Section
8),

4.2.4 General quality options for internal soundness or for
finish (Section 10),

4.2.5 Source inspection (Section 11),

4.2.6 Certification (Section 12),

8 Available from Naval Publications and Forms Center, 5801 Tabor Ave.,
Philadelphia, PA 19120,
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TABLE 1 Chemical Requirements #:5:¢
Alloy® Composition %
Other Consti-
ANSI ASTM  UNS Slicon  Iron  Copper g';":‘:s‘e o MEGhe Nickel Zinc T :,'f;’“ t“e,{mf‘ﬁﬁfpt Aluminum
(Total)
360.0  SG100B A03600 9.0-100 20 06 035 040-06 050 050 0.15 0.25 remainder
A360.0  SGI00A  A13600 9.0-100 13 06 0.35 040-06 050 050 0.15 0.25 remainder
3800  SC84B  A03800 75-95 20 8.0-40 0.50 0.10 050 30 035 0.50 remainder
A380.05  SCBAA  A13800 75-95 13 3.0-40 0.50 0.10 050 30 035 0.50 remainder
383.06  SC102A  A03830 95-115 13 2.0-30 0.50 0.10 030 80 015 0.50 remainder
3840  SC114A A03840  105-120 13 3.0-45 0.50 0.10 050 30 035 ... 0.50 remainder
3900  SC174A A03900  16.0-180 1.3  4.0-5.0 0.10 0.45-0.65 ... 010 0.20 0.20 remainder
B390.0  SC174B A23900  16.0-18.0 13 4.0-5.0 0.50 045-065 010 15 ... 0.10 0.20 remainder
3920 . S19 A03920  18.0-200 15 040-0.80°  020-060 0.80-120 050 050 0.30 0.20 0.50 remainder
#4130  S12B A04130  11.0-130 20 1.0 0.35 0.10 050 050 015 ... 0.25 remainder
A4130  S12A  A14180  11.0-130 13 1.0 0.35 0.10 050 050 '0.15 0.25 remainder
C4430  S5C A34430 4560 20 06 0.35 0.10 050 050 0.15 0.25 remainder
5180  GBA A05180 0.35 18 025 0.35 7.5-8.5 015 015 0.5 0.25 remainder

A Analysis shall ordinarily be made only for the elements mentioned in this table. If, however, the presence of other elements is suspected, or indicated in the course of
routine analysis, further analysis shall be made to determine that the total of these other elements are not present in excess of specified limits.

B For purposes of acceptance and rejection, the observed value or calculated value obtained from analysis should be rounded off to the nearest unit in the Iast
right-hand place of figures, used in expressing the specified limit, in accordance with the rounding procedure prescribed in Section 3 of Recommended Practice E 29.

C Limits are in percent maximum unless shown otherwise.

D Alloys 360.0, 380.0, 413.0, C443.0 and 518.0 are suitable for the production of die casting by either the hot-chamber or the cold-chamber process Die castings of

alloys A360.0, A380.0, 383,0, 384.0 and A413.0 may be made only in cold-chamber machines.
ASTM designations were established in accordance with Recommended Practice B 275. ANSI deslgnatlons were establlshed in accordance with ANSI H35. 1 UNS

designations were established in accordance with Recommended Practice E 527.

E With respect to mechanical properties, alloys A380.0, 383.0 and 384.0 are substantially interchangeable.

4.2.7 Marking for identification (Section 14), and
4.2.8 Special packaging (Section 15).

5. Materials

'5.1 The aluminum alloys used for the manufacture of die
castings shall be such that the die castings produced will
conform to the chemical composition requirements of this
specification.

6. Quality Assurance

6.1 Responsibility for Inspection—When specified in the
contract or purchase order, the producer or supplier is
responsible for the performance of all inspection and test
requlrements specified herein. Except as otherwise specified
in the contract or order, the producer or supplier may use his
own or any other suitable facilities for the performance of the
inspection ang test requirements specified herein, unless
disapproved by the purchaser. The purchaser shall have the
right to perform any of the inspections and tests set forth in
this specification. Quality assurance standards shall be agreed
upon between the producen or supplier and purchaser at the
time a contract or order is placed.

6.2 Lot Definition—An inspection lot shall be deﬁned as
follows:

6.2.1 An inspection lot shall consist of the productlon
from each die or compound die on each machine for each 24
h during the first week of normal operation and the
production for each 48 h thereafter of normal operation. Any
significant change in the machine, composition, die or
continuity of operation shall be considered as the start of a
new lot. Die castings inspected by this method shall be so
marked or handled during the ﬁmshmg operatlons as not to
lose their identity. -

6.2.2 Each die casting of a randomly selected sample shall
be examined to determine conformance to the requirements
with -respect to general quality, dimensions, and identifica-
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tion marking. The producer or supplier'may use a System of
statistical quality control for such examinations. :

7. Chemlcal Requlrements

7.1 Limits—The die castings shall conform to the require-
ments as to chemical composition prescribed in Table 1.
Conformance shall be determined by the producer by
analyzing samples taken at the time castings are made. If the
producer has determined the chemical composition of-the
metal during the course of manufacture, he shall not be
required to sample and anatyze the finished product.

* 7.1.1 When a detailed chemical analysis is required with a
shipment, ‘it shall be called for in the contract or purchase
order.

"7.1.2 If the producer’s or supplier’s method of composi-
tion control is acceptable, sampling for chemical analysis
may be waived at the discretion of the purchaser. -

7.2 Number of Samples—When required, samples for
determination of chemical composmon shall be taken to
represent the following:

7.2.1 A sample shall be taken from each of two represen-
tative castings selected from each lot defined in 6.2.1.

7.3 Methods of Sampling—Samples from die castings for
determination of chemical composition shall be taken in
accordance with one of the following methods:

7.3.1 Samples for chemical analysis shall be taken from
the material by drilling, sawing, milling, turning, or clipping
a representative piece or pieces to obtain a weight of
prepared sample not less than 75 g. Samphng shall be in
accordance with Practice E 88.

7.3.2 By agreement, an appropriate spectrographic sample
may be prepared at time of manufacture.

7.3.3 The method of sampling cast products for
spectrochemical and other methods of analysis shall be
suitable for the form of material bemg analyzed and the type
of analytical method used.
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7.4 Method of Analysis—The determination-of chemical
composition shall B¢ made in accordance;with .suitable
chemical (Methods E 34), spectrochemical (Method E 101 or
E 227), or.other methods. In case of dl,spute, the results
secured by Methods E 34 shall be the basis of acceptance.

8. Mechamcal Properties and Tests

8 1 Unless specified in the contract or purchase order or
specifically guaranteed by the manufacturer, acceptance of

. and:producer.or supplier as part of the contract or purchase

order.
11.2 When such inspection or witness of 1nspectron and

- testing is agreed upon, the producer or supplier shall afford

the purchaser’s representative all reasonable facilities to
satisfy him that the product meets the requirements of this

specrﬁcatron Inspectlon and tests shall be conducted so there

"is no unnécessary mterference wrth the producers opera-
- tions. . ‘ - :

die' castings under these specifications shall not depend on

mechanical properties determinied by terision or impact tests.
Table . X1.1 shows typical mechanical properties. When

tensiofi ‘'or impact tests are made, the tension:test specimen'

shoWn in Fig. 18 of Methods E8 and the impact test
specimen shown in Fig. 6 of Methods E,23 shall be used.

8:2 When specified in the'contract or purchase order, die
castings shall withstand. proof tests without failure as defined
by agreement between the purchaser and the producer or
suppher s

9. Permissible Variations:in Dimensions . Lo e

9.1 Permissible. variations in drmensrons shall be wrthm‘

12, Lertmcatmn

12.1°. The producer or suppher shall when called for in'the
contract -or purchase order furnish to the’ purchaser a
certificate  of mspectron statmg that each, lot has been

sampled, tested, and inspected in accordance with this speci-

fication, and has been:found to ‘meet the requlrements

. specrﬁed _ R

o "13 Rejectron and Retest -2 2, e e

13.1 When one or more samples dependmg on the

- approved sampling plan, fail to' mect the: requrrements of this
. specification, the. repreSented lotv is subject to reJectron except

the limits specified on the drawings or in the contract or -

purchase order.

9.1.1 Any dimensions for which a tolerance is not specr-

fied.shall -be in accordance with ADCI Product Standard
Series E 1 to E 16 inclusive.

9.2 Dimensional tolerance deviations warved by the pur-
chaser shall be confirmed in writing to the producer or
supplier. ., .

1 H RN

Vg

10. General Qualrty -

10. 1 Internal SoundnessTWhen specrﬁed the soundness
of die castmgs shall - conform to standards or requrrements
agreed upon between the producer or suppher and : the
purchaser. The number and extent of imperfections shall not
exceed those specified by the purchaser. The standards or
requrrements may consist,of radiographs,in accordance with
Method E 505, photographs or sectioned die castings. .

10.2 Imperfections inherent in die castings shall not be
cause for rejectron provtded it is demonstrated that the die
castings are in accordance wrth ,the requirements and stand-
ards. agreed upon. ,

. 103 Workmansth——Dre castmgs shall be of umform
quality, free of injurious d1scont1nu1t1es _that: will adversely
affect their serviceability, - - :

10.4 - Finish—When specrﬁed in the contract or purchase
order the as-cast. surface finish, requrred shall conform to
standards agreed upon between  the purchaser and.,the
producer or -supplier, or-as: .prescribed. in - ADCI Product
Standard E 18. ‘

10.5 Pressure nghtness——When specrﬁcd in the contract
or purchase order. the pressure tightness of d1e castings shall
conform to standards agreed.-upon between the purchaser
and the producer or suppher or as preseribed. in ADCI
Product Standard E 17. . s
11. Source Inspectlon \ ‘ e

1141 If the purchaser desires. that his representatrve 1nspect
or witness.the inspection and testing of the product prior to
shipment, such agreement shall be.made by the. purchaser

34

‘ as otherwise provided in.13.2.

-+ 13.2 Lots rejected for failure to meet the requtrements of
this specification may be resubmitted for test provided:

13.2.1. The producer has removed the, nonconforming
material or the producer has reworked-the: rejected: lot as
necessary to correct the deficiencies.

13.3 Individual castings that show injurious imperfections
during, subsequent manufacturing -operations; may: be - re-
jected. The producer or supplier shall be respons1ble only for
replacement of the. rejected castings to the, purchaser. As
much of the rejected original material as possible. shall “be
returned to the producer or supplier.

14. Identification Marking

14 1. When specrﬁed in. the contract or. purchase order, all
castmgs shall be properly marked, for 1dent1ﬁcat10n with the
part number, name or brand of ‘,the producer as agreed

upon, Government apphcatrons shall be marked in accord-

ance with Fed. Std..No. 184.

i

,15 Preparatlon for Delrvery

15 1 Packaging—Unless otherW1se specrﬁed, the die cast-
ings shall be packaged to- provide adequate protection during
normal handling .and.transportation. Each -package shall
contain only one type of item: unless: otherwise,agreed. upon.
The,type,of‘packaging and gross weight of containers-shall,
unless otherwise agreed upon, be at the producer’s discretion,
provided. they are such as to ensure acceptance by .common
‘or other carriers for safe transportatront at the lowest rate.to
the delivery-point:. . : .-y '

15,2 :Marking—Each shlpplng contamer shall be legrbly
marked -with.-the purchase order number, gross and,.net
weights; and the supplier’s name or trademark: Marking for
shipment shall be in.accordance with Fed. Std. No. 123.for

.civil agencies-and MIL-STD-129 for Military agencies.

15.3 Preservation—Material intended. :for .. prolonged
storage in,unheated locations shall be adequately. packed and
protected to avoid deterioration and damage. When specified
in the contract or-purchase ordey, material shall be preserved,
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packaged, and packed in accordance with the requirements characteristics are rated from (1) to (5), (1) being the best and
of MIL-STD-649. The applicable levels shall be as specified ~ (5) being the least desirable alloy. In applying these ratings, it

in the contract or order. should be noted that all the alloys have sufficiently good
. . . . characteristics to be accepted by users and producers of die
16. Characteristics of Die Casting Alloys castings. Hence a rating of (5) indicates a commercial alloy,

16.1 Table X1.1 shows certain casting and other out-  jajthough in certain cases its application may be limited or its
standing characteristics which are usually considered in  manufacture may be restricted to relatively simple castings.
selecting a die-casting alloy for a specific application. The

APPENDIXES
(Nonmandatory Information)

X1. CHARACTERISTICS

X1.1 Table X1.1 shows certain casting and other out-  selecting a die casting alloy for a specific application, .
standing characteristics which are usually considered in :

TABLE X1.1 Die Casting and Other Characteristics :
Note—~Rating System—the various alloys are rated 1 to 5 according to the positive to negative qualities in the listed categories. A rating of 1 gives the best
performance, 5 the poorest performance. No one alloy is best in all categories. A rating of 6 in any one or more categories does not rule an alloy out of commercial
usefulness if its other attributes are especially favorable. However, ratings of 5 may present manufacturing difficulties. .

Alloy Die Casting Characteristics ’ Other Characteristics"
Approxi- - Strength
mate Melt- o Resist- . Anodii Ct&en:jlcal of Ele-
UNSL - ing Temper- Resistance po. o DieFil- Anti-Sok ooty \achin. Polish- Electro- ANOdiZing  Oxide vated

(Appear-  Coating . Tempera-

ANSI-  ASTM: to Hot ing Ca- dering to s gy e
H;]tguer:a of . Cracking” Tightness pacity® the Die® gi(;':o,; ng ing”  plating ance)” (Protec- tures?
' . tion)’
360.0 SG100B A03600 1035-1105 1 2 3 2 2 3 3 2 ‘3 3 1
A360.0 SG100A A13600 1035-1105 1 2 3 " 2 2. 3’ 3 2 ‘3 3 1
380.0 SC84B  A03800 1000-1100 2 2 2 1 4 ] 3 1 3 4 "3
A380.0 SC84A A13800 1000-1100 2 2 2 1 4 3 3 1 3 4 3
383.0 SC102A A03830 960-1080 1 2 1 2 3 2 3 1 3 4 2
384.0 SC114A A03840 960-1080 2 2 1 2 5 3 3 2 4 5 2
390.0 SC174A A03900 945-1200 4 4 1 2 3 5 5 3 5 5 3
B390.0 SC174B A23900 950-1200 4 4 1 2 3 5 5 3 5 5 3
392.0 S19 A03920 1025-1245 4 3 1 2 2 5 5 3 5 5 3
413.0 S12B A04130 1065-1080 1 1 1. 1 2 4 5 3. 5 3 3
A4130 S12A A14130 1065-1080 1 1 1 1 2 4 5 3" 5 3 3
C443.0 S5C A34430 1065-1170 3 3 4 4 2 5 4 2 2 2 ‘5
5180 GB8A A05180 995-1150 5 5 5 5 1. 1 1 5 1. 1 4

A Ability of alloy to withstand stresses from contraction while cooling through hot-short or brittle temperature range.

B Ability of molten alloy to flow readily In die and fill thin sections.

S Ability of molten alloy to flow without sticking to the die surfaces. Ratings glven for antlsoldenng are based on nominal iron compositions of apprommately 1

D Based on resistance of alloy in standard type salt spray test.

£ Composite rating based on ease of cutting, chip characteristics, quality of finish and tool fife.

F Composite rating based on ease and speed of polishing and quality of.finish provided by typical polishing procedure.

G Ability of the alloy to take and hold an electroplate applied by present standard methods.

H Rated on lightness of color, brightness and uniformity of clear anodized coating applied in sulphuric acid electrolyte. Generally aluminum die castings are unsuitable
for light color anodizing where pleasing appearance is required.

/ Rated on combined resistance of coating and base alloy to corrosion.

7 Rating based on tenslle and yield strengths at temperature up to 500°F (260°C), after prolonged heating at testing temperature.

K Die castings are not usually solution heat treated. Low temperature aging treatments may be used for stress relief or dlmen3|onal stablllty Die castings are not
generally gas or arc welded or brazed.

L ASTM designations were established in accordance with Recommended Practice B 275. ANSI deslgnatlons were establlshed in accordance wlth ANSI H 35.1, UNS
designations were established in accordance with Recommended Practice E 527.
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X2 { The data in Table X2 1 do not constltute a ‘part of
thls spemﬁcatron because the data only mdlcates mechanical
pr pemes that may be exﬁ)eeted of test specrmens wheh cast
in“a separate tensile tést bar di¢ and that“conformto the
chemical composition specified. Different machines and dies
continue to be necessary for die castings and test bars.
Comparison between static breakdown or proof tests and the
mechanical properties of separately die cast test bars will

X2, MECHANICAL PROPERTIES -

B85

show that test bars made in:a differerit machine in.a different
die have. no correlation w1th\ ,the die_casting other than a
common: ehemlcal composition. It, should be, thoroughly
understood that 1 ‘the da;a in Table X2 1 represent die-cast test
specimens and not spec1mens cut from commercial die-cast
parts. For this reason, it is considered that the only practical
method for mechanical property control is proof testing the
whole die casting.

TABLE X2.1 Typical Mechanical Properties Test Specimens”

Fatigue Strength
Alloy +  Tensile - _.Yield Strength Elongation in Shear (R. R. Moore
— UNSB Strength, ksi (0.2 % Offset), 2in. or 50 Strength, Specimen),
ANSIA ASTME e (MPa) ksl (MPa) mm, % ksi (MPa) - 500,000,000
. cycles, ksi (MPa)
360.0 SG100B A03600 44(300) 25(170) 25 28(190) 20(140)
A360.0 SG100A A13600 46(320) 24(170) 3.5 26(180) 18(120)
380.0 SC84B A03800 4 46(320) 23(160) - 25 28(190) 20(140)
. A3800., SC84A | A13800 47(320) 23(160) 35 27(190) 20(140)
Y3830 * SC102A° A03830 45(310) 22(150) 35, L ...
3840 SC114A A03840 48(330) " 24(170) 35 " 29(200) 20(140)
390.0 SC174A A03900 . 40.5(280) 35.0(240) <1 AN L
B390.0 SC174B ;. A23900 46.0(320) 36.0(250) <1
302 0 . S19 A03920 42.0(290) 39.0(270) <1 . .
4130 $128. A04130 43(300), . 21(140) 25 25(170) 19(130)
“ A413.0 $12a. A14130 42(200) 19(130) 35 25(170) 19(130)
C443.0 . S56C A34430 33(230) | 14(100) 9.0 19(130) 17(120)
-518.0 G8A A05180 45(310) 28(190) ) 29(200) 20(140)

A See Appendlx X3 for explanation of SI unit MPa.

5

B ASTM designations were established In accordance with Recommend Practice B 275. ANSI designations were established in accordance wlth ANSI H35 1. UNS

designations were establlshed in accordance with Recommended Practice E 527.

X3 METRIC

X3 1 The SI unit for strength properties (MPa) is in
accordance with the International System of Units (SI). The.
derived SI unit for force is the newton (N), which is defined
as that force which when applied to a body having a mass of
one kilogram gives it an acceleration of one metre per second
squared (N = kg-m/s?). The derived SI unit for pressure or’

The American Society for Testlrig and-Materlals takes no position réspecting the validity of any paterit rights asserted in connection
with any item mentioned in this standard. Users of this standérd are expressly advised that determination of the valldlty of any such
patent rights, ahdthe sk of infringement of such rights, arb-efitirely thelr owh responslblllty ’ :

This standard is sybject to revision at apy.time by the responsible technlcal commmee and. must be rev/ewed every. ﬂye 'years and )
ur. comments are Invited elther foy, reyision of this standard or for addition

- {f.not revised, either reapproved or witharawi

EQUIVALENTS

stress is the newton per square metre (N/mz) whlch has been
named the pascal ,(Pa) by the: General Conference: on
Weights and Measures. Since ‘1 ksi-=%6 894 757 Pa the
metric equlvalents are expressed ass megapascal (MPa), which
is the same as MN/m and N/mm

S

i

ndards

and should be addressed to ASTM Headquarters Your comments will receive careful consideration at a meetlng of the responslble‘;

(echnical committes, which you may attend. If. you feel that your, comments have not recejved a falr hear[ng you should make your

views known to the ASTM Commiitee on Standards 1916 Race

St., Phlladelph!a, PA 19103

Ve
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Designation: B 209 — 96

Standard Specification for

Aluminum and Aluminum-Alloy Sheet and Plate’

This standard is issued under the fixed designation B 209; 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 (€) 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 aluminum and aluminum-
alloy flat sheet, coiled sheet, and plate, in the alloys (Note 1)
and tempers shown in Tables 2 and 3, and in the following
finishes:

1.1.1 Plate in all alloys and sheet in heat-treatable alloys:
mill finish.

1.1.2 Sheet in nonheat-treatable alloys: mill finish, one-side
bright mill finish, standard one-side bright finish, and standard
two-sides bright finish.

Note 1—Throughout this specification use of the term alloy in the

general sense includes aluminum as well as aluminum alloy.
Note 2—See Specification B 632 for tread plate.

1.2 Alloy and temper designations are in accordance with
ANSI H35.1. The equivalent Unified Numbering System alloy
designations are those of Table 1 preceded by A9, for example,
A91100 for aluminum 1100 in accordance with Practice E 527.

1.3 A complete metric companion to Specification B 209
has been developed—B 209 M; therefore, no metric equiva-
lents are presented in this specification.

1.4 For acceptance criteria for inclusion of new aluminum
and aluminum alloys in this specification, see Annex A2.

2. Referenced Documents

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

2.2 ASTM Standards:

B 548 Method for Ultrasonic Inspection of Aluminum-

Alloy Plate for Pressure Vessels?
B 557 Test Methods of Tension Testing Wrought and Cast
Aluminum- and Magnesium-Alloy Products®

! This specification is under the jurisdiction of ASTM Committee B-7 on Light
Metals and Alloys, and is the direct responsibility of Subcommittee B07.03 on
Aluminum-Alloy Wrought Products.

Current edition approved Aug. 10, 1996. Published September 1996. Originally
published as B 209 — 46 T. Last previous edition B 209 — 95.

2 For ASME Boiler and Pressure Vessel Code applications see related Specifi-
cation SB-209 in Section II of that Code.

3 Annual Book of ASTM Standards, Vol 02.02.

B 594 Practice for Ulirasonic Inspection of Aluminum-
Alloy Wrought Products for Aerospace Applications?

B 597 Practice for Heat Treatment of Aluminum Alloys?

B 660 Practices for Packaging/Packing of Aluminum and
Magnesium Products®

B 666/B 666M Practice for Identification Marking of Alu-
minum Products?

E 3 Methods of Preparation of Metallographic Specimens

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

E 34 Test Methods for Chemical Analysis of Aluminum and
Aluminum-Base Alloys®

E 55 Practice for Sampling Wrought Nonferrous Metals and
Alloys for Determination of Chemical Composition®

E 101 Test Method for Spectrographic Analysis of Alumi-
num and Aluminum Alloys by the Point-to-Plane Tech-
nique’

E 227 Test Method for Optical Emission Spectrometric
Analysis of Aluminum and Aluminum Alloys by the
Point-to-Plane Technique$

E 290 Test Method for Semi-Guided Bend Test for Ductility
of Metallic Materials*

E 407 Test Methods for Microetching Metals and Alloys*

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

E 607 Test Method for Optical Emission Spectrometric
Analysis of Aluminum and Aluminum Alloys by the
Point-to-Plane Technique, Nitrogen Atmosphere’

E 716 Practices for Sampling Aluminum and Aluminum
Alloys for Spectrochemical Analysis®

E 1004 Test Method for Electromagnetic (Eddy-Current)
Measurements of Electrical Conductivity'©

E 1251 Test Method for Optical Emission Spectrometric
Analysis of Aluminum and Aluminum Alloys by the Argon

4

4 Annual Book of ASTM Standards, Vol 03.01.
3 Annual Book of ASTM Standards, Vol 14.02.
¢ Annual Book of ASTM Standards, Vol 03.05.
7 Discontinued. See 1995 Annual Book of ASTM Standards, Vol 03.05.
8 Annual Book of ASTM Standards, Vol 01.01.
® Annual Book of ASTM Standards, Vol 03.06.
19 Annual Book of ASTM Standards, Vol 03.03.

*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.
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Atmosphere, Point-to-Plane, Unipolar Self-Initiating Ca-
pacitor Discharge®

G 47 Test Method for Determining Susceptibility to Stress-
Corrosion Cracking of High Strength Aluminum Alloy
Products!!

G 66 Test Method for Visual Assessment of Exfoliation
Corrosion Susceptibility of 5XXX Series Aluminum Al-
loys (Asset Test)!!

Method of Test for Exfoliation Corrosion Susceptibility in
7XXX Series Copper-Containing Aluminum Alloys (Exco
Test) (G34-72)'2

2.3 ANSI Standards:

H35.1 Alloy and Temper Designation Systems for Alumi-
num??

H35.2 Dimensional Tolerances for Aluminum Mill Prod-
ucts!3

2.4  Military Standard:

MIL-STD-129 Marking for Shipment and Storage'#

2.5 Military Specification:

MIL-H-6088 Heat Treatment of Aluminum Alloys'*

2.6 Federal Standard:

Fed. Std. No. 123 Marking for Shipment (Civil Agencies)*

3. Terminology

3.1 Definitions:

3.1.1 sheet—a rolled product that is rectangular in cross
section with thickness less than 0.250 in. but not less than
0.006 in. and with slit, sheared, or sawed edges.

3.1.2 alclad sheet—composite sheet comprised of an
aluminum-alloy core having on both surfaces (if on one side
only, alclad one-side sheet) a metallurgically bonded aluminum
or aluminum-alloy coating that is anodic to the core, thus
electrolytically protecting the core against corrosion.

3.1.3 coiled sheet—sheet in coils with slit edges.

3.1.4 flat sheet—sheet with sheared, slit, or sawed edges,
which has been flattened or leveled.

3.1.5 mill finish sheet—sheet having a nonuniform finish
which may vary from sheet to sheet and within a sheet, and
may not be entirely free from stains or oil.

3.1.6 one-side bright mill finish sheet—sheet having a
moderate degree of brightness on one side, and a mill finish on
the other.

3.1.7 standard one-side bright finish sheet— sheet having a
uniform bright finish on one side, and a mill finish on the other.

3.1.8 standard two-sides bright finish sheet— sheet having a
uniform bright finish on both sides.

3.1.9 plate—a rolled product that is rectangular in cross
section with thickness not less than 0.250 in., and with sheared
or sawed edges.

3.1.10 alclad plate—composite plate comprised of an
aluminum-alloy core having on both surfaces (if on one side

Y Annual Book of ASTM Standards, Vol 03.02.

12 The applicable edition in the use of this specification is G34— 72—available in
the Related Materials section (gray pages) of the Annual Book of ASTM Standards,
Vol 02.02.

13 Available in the Related Materials section (gray pages) of the Annual Book of
ASTM Standards, Vol 02.02.

14 Available from Standardization Documents Order Desk, Bldg. 4 Section D,
700 Robbins Ave., Philadelphia, PA 19111-5094, Attn: NPODS.

only, alclad one-side plate) a metallurgically bonded aluminum
or aluminum alloy coating that is anodic to the core, thus
electrolytically protecting the core against corrosion.

3.1.11 parent coil or plate—a coil of sheet or a plate that has
been processed to final temper as a single unit and subse-
quently cut into two or more smaller coils or individual sheets
or into smaller plates to provide the required width or length,
or both.

3.1.12 producer—the primary manufacturer of the material.

3.1.13 supplier—includes only the category of jobbers and
distributors as distinct from producers.

3.2 Definitions of Terms Specific to This Standard:

3.2.1 capable of—The term capable of as used in this
specification means that the test need not be performed by the
producer of the material. However, should testing by the
purchaser establish that the material does not meet these
requirements, the material shall be subject to rejection.

4. Ordering Information

4.1 Orders for material to this specification shall include the
following information:

4.1.1 This specification designation (which includes the
number, the year, and the revision letter, if applicable),

4.1.2 Quantity in pieces or pounds,

4.1.3 Alloy (7.1),

4.1.4 Temper (9.1),

4.1.5 Finish for sheet in nonheat-treatable alloys (Section
D,

4.1.6 For sheet, whether flat or coiled,

4.1.7 Dimensions (thickness, width, and length or coil size),

4.1.8 Tensile property limits and dimensional tolerances for
sizes not covered in Table 2 or Table 3 of this specification and
in ANSI H35.2, respectively.

4.2 Additionally, orders for material to this specification
shall include the following information when required by the
purchaser:

4.2.1 Whether supply of one of the pairs of tempers where
shown in Table 2, H14 or H24, H34 or H24 is specifically
excluded (Table 2, footnote D),

4.2.2 Whether heat treatment in accordance with Practice
B 597 is required (8.2),

4.2.3 Whether bend tests are required (12.1),

4.2.4 Whether testing for stress-corrosion cracking resis-
tance of alloy 2124-T851 is required (13.1),

4.2.5 Whether ultrasonic inspection for aerospace or pres-
sure vessel applications is required (Section 17),

4.2.6 Whether inspection or witness of inspection and tests
by the purchaser’s representative is required prior to material
shipment (18.1),

4.2.7 Whether certification is required (Section 22),

4.2.8 Whether marking for identification is required (20.1),
and

4.2.9 Whether Practices B 660 applies and, if so, the levels
of preservation, packaging, and packing required (23.121.1).

5. Responsibility for Quality Assurance

5.1 Responsibility for Inspection and Tests—Unless other-
wise specified in the contract or purchase order, the producer is
responsible for the performance of all inspection and test
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TABLE 1 Chemical Composition Limits*2 -:©

Other Elements®

Alloy Silicon Iron Copper  Manganese Magnesium Chromium Zinc Titanium —————————— Aluminum
Each  Total®
1060 0.25 0.35 0.05 0.03 0.03 0.05 0.03 0.03F .. 99.60 min®
1100 0.95 Si + Fe 0.05-0.20 0.05 0.10 0.05 0.15 99.00 min®
12301 0.70 Si + Fe 0.10 0.05 0.05 0.10 0.03 0.03F .. 99.30 min¢
2014 0.50-1.2 0.7 3.9-5.0 0.40-1.2 0.20-0.8 0.10 0.25 0.15 0.05 0.15 remainder
Alclad 2014 2014 clad with 6003
2024 0.50 0.50 3.8-4.9 0.30-0.2 1.2-1.8 0.10 0.25 0.15 0.05 0.15 remainder
Alclad 2024 2024 clad with 1230
2124 0.20 0.30 3.8-4.9 0.30-0.9 1.2-1.8 0.10 0.25 0.15 0.05 0.15 remainder
2219 0.20 0.30 5.8-6.8 0.20-0.40 0.02 0.10 0.02-0.10  0.05' 0.15' remainder
Alclad 2219 2219 clad with 7072
3003 0.6 0.7 0.05-0.20 1.0-1.5 0.10 0.05 0.156 remainder
Alclad 3003 3008 clad with 7072
3004 0.30 0.7 0.25 1.0-15 0.8-1.3 0.25 0.05 0.15 remainder
Alclad 3004 3004 clad with 7072
3005 0.6 0.7 0.30 1.0-1.5 0.20-0.6 0.10 0.25 0.10 0.05 0.15 remainder
3105 0.6 0.7 0.30 0.30-0.8 0.20-0.8 0.20 0.40 0.10 0.05 0.15 remainder
5005 0.30 0.7 0.20 0.20 0.50-1.1 0.10 0.25 0.05 0.15 remainder
5010 0.40 0.7 0.25 0.10-0.30 0.20-0.6 0.15 0.30 0.10 0.05 0.15 remainder
5050 0.40 0.7 0.20 0.10 1.1-1.8 0.10 0.25 0.05 0.15 remainder
5052 0.25 0.40 0.10 0.10 22-28 0.15-0.35 0.10 0.05 0.15 remainder
5083 0.40 0.40 0.10 0.40-1.0 4.0-4.9 0.05-0.25 0.25 0.15 0.05 0.15 remainder
5086 0.40 0.50 0.10 0.20-0.7 3.5-45 0.05-0.25 0.25 0.15 0.05 0.15 remainder
5154 0.256 0.40 0.10 0.10 3.1-39 0.15-0.35 0.20 0.20 0.05 0.15 remainder
5252 0.08 0.10 0.10 0.10 2.2-28 0.05 0.08"  0.10°  remainder
5254 0.45 Si + Fe 0.05 0.01 3.1-3.9 0.15-0.35 0.20 0.05 0.05 0.15 remainder
5454 0.25 0.40 0.10 0.50-1.0 24-3.0 0.05-0.20 0.25 0.20 0.05 0.15 remainder
5456 0.25 0.40 0.10 0.50-1.0 4.7-565 0.05-0.20 0.26 0.20 0.05 0.15 remainder
5457 0.08 0.10 0.20 0.15-0.45 0.8-1.2 0.05 0.03F 0.10F  remainder
5652 0.40 Si + Fe 0.04 0.01 2228 0.15-0.35 0.10 0.05 0.15 remainder
5657 0.08 0.10 0.10 0.03 0.6-1.0 0.05 0.02Y 0.05Y remainder
6003" 0.35-1.0 0.6 0.10 0.8 0.8-1.5 0.35 0.20 0.10 0.05 0.15 remainder
6061 0.40-0.8 0.7 0.15-040 0.15 0.8-1.2 0.04-0.35 0.256 0.15 0.05 0.15 remainder
Alciad 6061 6061 clad with 7072
7008+ 0.10 0.10 0.05 0.05 0.7-1.4 0.12-0.25 4.5-55 0.05 0.05 0.10 remainder
70114 0.15 0.20 0.05 0.10-0.30 1.0-1.6 0.05-0.20 4.0-55 0.05 0.05 0.15 remainder
7072+ 0.7 Si+Fe 0.10 0.10 0.10 08-13 .. 0.05 0.15 remainder
7075 0.40 0.50 1.2-2.0 0.30 21-2.9 0.18-0.28 5.1-6.1 0.20 0.05 0.15 remainder
Alclad 7075 7075 clad with 7072
7008 Alclad 7075 7075 clad with 7008
7011 Alclad 7075 7075 clad with 7011
7178 0.40 0.50 1.6-2.4 0.30 2.4-31 0.18-0.28 6.3-7.3 0.20 0.05 0.15 remainder
Alclad 7178 7178 clad with 7072

A Limits are in weight percent maximum unless shown as a range or stated otherwise.

B Analysis shall be made for the elements for which limits are shown in this table.

€ For purposes of determining conformance to these limits, an observed value or a calculated value attained from analysis shall be rounded to the nearest unit in the
last righthand place of figures used in expressing the specified limit, in accordance with the rounding-off method of Practice E 29.

D Others includes listed elements for which no specific limit is shown as well as unlisted metallic elements. The producer may analyze samples for trace elements not
specified in the specification. However, such analysis is not required and may not cover all metallic Others elements. Should any analysis by the producer or the purchaser
establish that an Others element exceeds the limit of Each or that the aggregate of several Others elements exceeds the limit of Total, the material shall be considered
nonconforming.

£ Other Elements—Total shall be the sum of unspecified metallic elements 0.010 % or more, rounded to the second decimal before determining the sum.

F Vanadium 0.05 max. The total for other elements does not include vanadium.

@ The aluminum content shall be calculated by subtracting from 100.00 % the sum of all metallic elements present in amounts of 0.010 % or more each, rounded to the
second decimal before determining the sum.

H Composition of cladding alloy as applied during the course of manufacture. Samples from finished sheet or plate shall not be required to conform to these limits.

 Vanadium 0.05-0.15, zirconium 0.10-0.25. The total for other elements does not include vanadium and zirconium.

7 Gallium 0.03 max, vanadium 0.05 max. The total for other elements does not include vanadium or gallium.

requirements specified herein. The producer may use his own 5.2 Lot Definition— An inspection lot shall be defined as
or any other suitable facilities for the performance of the  follows:
inspection and test requirements specified herein, unless dis- 5.2.1 For heat-treated tempers, an inspection lot shall con-

approved by the purchaser in the order or at the time of contract
signing. The purchaser shall have the right to perform any of
the inspections and tests set forth in this specification where
such inspections are deemed necessary to ensure that material
conforms to prescribed requirements.

sist of an identifiable quantity of material of the same mill
form, alloy, temper, and thickness traceable to a heat-treat lot
or lots, and subjected to inspection at one time.
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5.2.2 For nonheat-treated tempers, an inspection lot shall
consist of an identifiable quantity of material of the same mill
form, alloy, temper, and thickness subjected to inspection at
one time.

6. General Quality

6.1 Unless otherwise specified, the material shall be sup-
plied in the mill finish and shall be uniform as defined by the
requirements of this specification and shall be commercially
sound. Any requirement not so covered is subject to negotia-
tion between producer and purchaser.

6.2 Each sheet and plate shall be examined to determine
conformance to this specification with respect to gencral
quality and identification marking. On approval of the pur-
chaser, however, the producer may use a system of statistical
quality control for such examinations.

7. Chemical Composition

7.1 Limits—The sheet and plate shall conform to the chemi-
cal composition limits specified in Table 1. Conformance shall
be determined by the producer by analyzing samples taken at
the time the ingots are poured, or samples taken from the
finished or semifinished product. If the producer has deter-
mined the chemical composition of the material during the
course of manufacture, he shall not be required to sample and
analyze the finished product.

Nowe 3—It is standard practice in the United States aluminum industry
to determine conformance to the chemical composition limits prior to
further processing of ingots into wrought products. Due to the continuous
nature of the process, it is not practical to keep a specific ingot analysis
identified with a specific quantity of finished material.

7.2 Number of Samples—The number of samples taken for
determination of chemical composition shall be as follows:

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

7.2.2 When samples are taken from the finished or semifin-
ished product, a sample shall be taken to represent each 4000
Ib, or fraction thereof, of material in the lot, except that not
more than one sample shall be required per piece.

7.3 Methods of Sampling—Samples for determination of
chemical composition shall be taken in accordance with one of
the following methods:

7.3.1 Samples for chemical analysis shall be taken by
drilling, sawing, milling, turning, or clipping a representative
piece or pieces to obtain a prepared sample of not less than 75
g. Sampling shall be in accordance with Practice E 55.

7.3.2 Sampling for spectrochemical analysis shall be in
accordance with Practices E 716. Samples for other methods of
analysis shall be suitable for the form of material being
analyzed and the type of analytical method used.

Nore 4—It is difficult to obtain a reliable analysis of each of the
components of clad materials using material in its finished state. A
reasonably accurate determination of the core composition can be made if
the cladding is substantially removed prior to analysis. The cladding
composition is more difficult to determine because of the relatively thin
layer and because of diffusion of core elements to the cladding. The
correctness of cladding alloy used can usually be verified by a combina-
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tion of metallographic examination and spectrochemical analysis of the
surface at several widely separated points.

7.4 Methods of Analysis—The determination of chemical
composition shall be made in accordance with suitable chemi-
cal (Test Methods E 34), or spectrochemical (Test Methods
E 101, E227, E607, and E 1251) methods. Other methods
may be used only when no published ASTM method is
available. In case of dispute, the methods of analysis shall be
agreed upon between the producer and purchaser.

8. Heat Treatment

8.1 Unless specified in 8.2, producer or supplier heat treat-
ment for the applicable tempers in Table 3 shall be in
accordance with MIL-H-6088.

8.2 When specified, heat treatment of applicable tempers in
Table 3 shall be in accordance with Practice B 597.

9. Tensile Properties of Material as Supplied
9.1 Limits—The sheet and plate shall conform to the re-

‘quirements for tensile properties as specified in Table 2 and

Table 3 for nonheat-treatable and heat-treatable alloys, respec-
tively.

9.1.1 Tensile property limits for sizes not covered in Table 2
or Table 3 shall be as agreed upon between the producer and
purchaser and shall be so specified in the contract or purchase
order.

9.2 Number of Samples—One sample shall be taken from
each end of each parent coil, or parent plate, but no more than
one sample per 2000 Ib of sheet or 4000 Ib of plate, or part
thereof, in a lot shall be required. Other procedures for
selecting samples may be employed if agreed upon between the
producer and purchaser.

9.3 Test Specimens— Geometry of test specimens and the
location in the product from which they are taken shall be as
specified in Test Methods B 557.

9.4 Test Methods— The tension test shall be made in
accordance with Test Methods B 557.

10. Producer Confirmation of Heat-Treat Response

10.1 In addition to the requirements of 9.1, material in the O
or F temper of alloys 2014, Alclad 2014, 2024, Alclad 2024,
12 % Alclad 2024, Alclad one-side 2024, 14 % Alclad
one-side 2024, 6061, and Alclad 6061 shall, upon proper
solution heat treatment and natural aging at room temperature,
develop the properties specified in Table 3 for T42 temper
material. The natural aging period at room temperature shall be
not less than 4 days, but samples of material may be tested
prior to 4 days aging, and if the material fails to conform to the
requirements of T42 temper material, the tests may be repeated
after completion of 4 days aging without prejudice.

10.2 Also, material in the O or F temper of alloys 2219,
Alclad 2219, 6061, 7075, Alclad 7075, Alclad one-side 7075,
7008 Alclad 7075, 7178, and Alclad 7178 shall, upon proper
solution heat treatment and precipitation heat treatment, de-
velop the properties specified in Table 3 for T62 temper
material.

10.3 Mill-produced material in the O or F tempers of 7008
Alclad 7075 shall, upon proper solution heat treatment and
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stabilizing, be capable of attaining the properties specified in
Table 3 for the T76 temper.

10.4 Number of Specimens—The number of specimens
from each lot of O temper material and F temper material to be
tested to verify conformance with 10.1-10.3 shall be as
specified in 9.2.

11. Heat Treatment and Reheat-Treatment Capability

11.1 Mill-produced material in the O or F temper of alloys
2014, Alclad 2014, 2024, Alclad 2024, 1¥2 % Alclad 2024,
Alclad one-side 2024, 1Y2 % Alclad one-side 2024, 6061, and
Alclad 6061 (without the subsequent imposition of cold work
or forming operations) shall, upon proper solution heat treat-
ment and natural aging at room temperature, develop the
properties specified in Table 3 for T42 temper material. The
natural aging period at room temperature shall be not less than
4 days, but samples of material may be tested prior to 4 days
aging, and if the material fails to conform to the requirements
of T42 temper material, the tests may be repeated after
completion of 4 days aging without prejudice.

11.2 Mill-produced material in the O or F temper of alloys
2219, Alclad 2219, 6061, 7075, Alclad 7075, Alclad one-side
7075, 7008 Alclad 7075, 7178, and Alclad 7178 (without the
subsequent imposition of cold work or forming operations)
shall, upon proper solution heat treatment and precipitation
heat treatment, develop the properties specified in Table 3 for
T62 temper material.

11.3 Mill-produced material in the O or F temper of 7008
Alclad 7075 (without the subsequent imposition of cold work
or forming operations) shall, upon proper solution heat treat-
ment and stabilizing, be capable of attaining the properties
specified in Table 3 for the T76 temper.

11.4 Mill-produced material in the following alloys and
tempers shall, after proper resolution heat treatment and natural
aging for four days at room temperature, be capable of
attaining the properties specified in Table 3 for the T42 temper.

Alloys Tempers

2014 and Alclad 2014
2024 and Alclad 2024 T3, T4, T351, T81,
T851

1¥2 % Alclad 2024, Alclad One-side 2024 and T3, T351, T81, T851

12 % Alclad One-side 2024

Note 5—Beginning with the 1974 revision 6061 and Alclad 6061 T4,
T451, T6, and T651 were deleted from this paragraph because experience
has shown that reheat-treated material may develop large recrystallized
grains and may fail to develop the tensile properties shown in Table 3.

11.5 Mill-produced material in the following alloys and
tempers shall, after proper resolution heat treatment and
precipitation heat treatment, be capable of attaining the prop-
erties specified in Table 3 for the T62 temper.

Alloys Tempers

2219 and Alclad 2219
7075
Alclad 7075, 7008 Alclad 7075,

7178, and Alclad 7178
Alclad One-side 7075

T31, T351, T81, T851
T6, T651, T73, T7351, T76, T7651
T6, T651, T76, T7651

T6, T651

11.6 Mill-produced material in the following alloys and
tempers and T42 temper material shall, after proper precipita-

T3, T4, T451, T6, T651
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tion heat treatment, be capable of attaining the properties
specified in Table 3 for the aged tempers listed below.

Alloy and Temper Temper after Aging
2014 and Alclad 2014-T3, T4, T42, T451 T6, T6, T respectively
2024, Alclad 2024, 114 % Alclad 2024, Alclad T81, T851, T861, T62 or T72,
One-side 2024 and 1% % Alclad One- respectively
side
2024-T3, T351, T361, T42
2219 and Alclad 2219-T31, T351, T37
6061 and Alclad 6061-T4, T451, T42

T81, T851, T87, respectively
T6, T651, T62, respectively

12. Bend Properties

12.1 Limits—Sheet and plate shall be capable of being bent
cold through an angle of 180° around a pin having a diameter
equal to N times the thickness of the sheet or plate without
cracking, the value of N being as prescribed in Table 2 for the
different alloys, tempers, and thicknesses. The test need not be
conducted unless specified on the purchase order.

12.2 Test Specimens— When bend tests are made, the
specimens for sheet shall be the full thickness of the material,
approximately ¥ in. in width, and when practical, at least 6 in.
in length. Such specimens may be taken in any direction and
their edges may be rounded to a radius of approximately %16 in.
if desired. For sheet less than %4 in. in width, the specimens
should be the full width of the material.

12.3 Test Methods— The bend tests shall be made in
accordance with Test Method E 290 except as stated otherwise
in 12.2.

13. Stress-Corrosion Resistance

13.1 When specified on the purchase order or contract, alloy
2124-T851, 2219-T851, and 2219-T87 plate shall be subjected
to the test specified in 13.3 and shall exhibit no evidence of
stress-corrosion cracking. One sample shall be taken from each
parent plate in each lot and a minimum of three adjacent
replicate specimens from this sample shall be tested. The
producer shall maintain records of all lot acceptance test results
and make them available for examination at the producer’s
facility.

13.2 Alloy 7075 in the T73-type and T76-type tempers, and
alloys Alclad 7075, 7008 Alclad 7075, 7178, and Alclad 7178
in the T76-type tempers, shall be capable of exhibiting no
evidence of stress-corrosion cracking when subjected to the
test specified in 13.3.

13.2.1 For lot-acceptance purposes, resistance to stress-
corrosion cracking for each lot of material shall be established
by testing the previously selected tension-test samples to the
criteria shown in Table 4.

13.2.2 For surveillance purposes, each month the producer
shall perform at least one test for stress-corrosion resistance in
accordance with 13.3 on each applicable alloy-temper for each
thickness range 0.750 in. and over listed in Table 3, produced
that month. Each sample shall be taken from material consid-
ered acceptable in accordance with lot-acceptance criteria of
Table 4. A minimum of three adjacent replicate specimens shall
be taken from each sample and tested. The producer shall
maintain records of all lots so tested and make them available
for examination at the producer’s facility.

13.3 The stress-corrosion cracking test shall be performed
on plate 0.750 in. and over in thickness as follows:
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13.3.1 Specimens shall be stressed in tension in the short
transverse direction with respect to grain flow and held at
constant strain. For alloy 2124-T851, the stress levels shall be
50 % of the specified minimum long transverse yield strength.
For alloy 2219-T851 and T87, the stress levels shall be 75 % of
the specified minimum long transverse yield strength. For
T73-type tempers, the stress level shall be 75 % of the specified
minimum yield strength and for T76-type it shall be 25 ksi.

13.3.2 The stress-corrosion test shall be made in accordance
with Test Method G 47.

13.3.3 There shall be no visual evidence of stress-corrosion
cracking in any specimen, except that the retest provisions of
19.2 shall apply.

14. Exfoliation-Corrosion Resistance

14.1 Alloys 5083, 5086, and 5456 in the H116 temper shall
be capable of exhibiting no evidence of exfoliation corrosion
when subjected to the test described in Test Method G 66.

Note 6—Alloys 5083, 5086, and 5456 should not be used for continu-
ous service at temperatures exceeding 150°F because of susceptibility to
stress corrosion cracking. In addition, stress corrosion susceptibility is
increased by cold forming.

14.1.1 For lot-acceptance purposes, the acceptability of
each lot of material in the alloys and temper listed in 14.1 shall
be determined by the producer by metallographic examination
of one sample per lot selected from midsection at one end of a
random sheet or plate. The microstructure of the sample from
each production lot shall be compared to that of a producer-
cestablished reference photomicrograph of acceptable material
in the same thickness range which is characterized by being
predominantly free of a continuous grain boundary network of
aluminum-magnesium (Mg ,Al) precipitate. A reference pho-
tomicrograph taken at 500X shall be established for each of the
thickness ranges shown in Table 2 in which materials are
produced and shall be taken from a sample within that
thickness range. A longitudinal section perpendicular to the
rolled surface shall be prepared for metallographic examination
(see Methods E 3, symbol E in Fig. 1) and shall be microetched
for metallographic examination using 40 % phosphoric acid
etch for 3 min at 95°F or using etchant No. 6 in accordance
with Test Methods E 407, Table 2, for 2 min. The metallo-
graphic examination shall be conducted at 500X magnifica-
tion. If the microstructure shows evidence of aluminum-
magnesium precipitate in excess of the producer-established
reference photomicrograph of acceptable material, the lot is
either rejected or tested for exfoliation-corrosion resistance in
accordance with 14.1. The sample for corrosion test should be
selected in the same manner specified for metallographic tests
and shall be taken from the same sheet or plate used for
metallographic test. Specimens prepared from the sample shall
be full section thickness, except that for material 0.101 in. or
more in thickness, 10 % of the thickness shall be removed, by
machining, from one as-rolled surface. Both the machined
surface and the remaining as-rolled surface shall be evaluated
after exposure to the test solution. Production practices shall
not be changed after establishment of the reference micrograph
except as provided in 14.1.3.

14.1.2 The producer shall maintain at the producing facility
all records relating to the establishment of reference photomi-
crographs and production practices.

14.1.3 Significant changes in production practices that alter
the microstructures of the alloy shall require qualification of
the practice in accordance with 14.1.1.

14.2 Alloys 7075, Alclad 7075, 7008 Alclad 7075, 7178,
and Alclad 7178, in the T76-type tempers, shall be capable of
exhibiting no evidence of exfoliation corrosion equivalent to or
in excess of that illustrated by Category B in Fig. 2 of Method
of Test for Exfoliation Corrosion Susceptibility in 7XXX
Series Copper Containing Aluminum Alloys (Exco Test) (G34-
72)'* when subjected to the test in 14.3.

14.2.1 For lot-acceptance purposes, resistance to exfoliation
corrosion for each lot of material in the alloys and tempers
listed in 14.2 shall be established by testing the previously
selected tension-test samples to the criteria shown in Table 4.

14.2.2 For surveillance purposes, each month the producer
shall perform at least one test for exfoliation-corrosion resis-
tance for each alloy for each thickness range listed in Table 3,
produced that month. The samples for test shall be selected at
random from material considered acceptable in accordance
with the lot-acceptance criteria of Table 4. The producer shall
maintain records of all surveillance test results and make them
available for examination.

14.3 The test for exfoliation-corrosion resistance shall be
made in accordance with Method of Test for Exfoliation
Corrosion Susceptibility in 7XXX Series Copper Containing
Aluminum Alloys (Exco Test) (G34-72)'* and the following:

14.3.1 The specimens shall be a minimum of 2 in. by 4 in.
with the 4-in. dimension in a plane parallel to the direction of
final rolling. They shall be full-section thickness specimens of
the material except that for material 0.101 in. or more in
thickness, 10 % of the thickness shall be removed by machin-
ing one surface. The cladding of alclad sheet of any thickness
shall be removed by machining the test surface; the cladding on
the back side (nontest surface) of the specimen for any
thickness of alclad material shall also either be removed or
masked off. For machined specimens, the machined surface
shall be evaluated by exposure to the test solution.

15. Cladding

15.1 Preparatory to rolling alclad sheet and plate to the
specified thickness, the aluminum or aluminum-alloy plates
which are bonded to the alloy ingot or slab shall be of the
composition shown in Table 1 and shall each have a thickness
not less than that shown in Table 5 for the alloy specified.

15.2 When the thickness of the cladding is to be determined
on finished material, not less than one transverse sample
approximately % in. in length shall be taken from each edge
and from the center width of the material. Samples shall be
mounted to expose a transverse cross section and shall be
polished for examination with a metallurgical microscope.
Using 100X magnification, the maximum and minimum clad-
ding thickness on each surface shall be measured in each of
five fields approximately 0.1 in. apart for each sample. The
average of the ten values (five minima plus five maxima) on
each sample surface is the average cladding thickness and shall
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meet the minimum average and, when applicable, the maxi-
mum average specified in Table 5.

16. Dimensional Tolerances

16.1 Thickness—The thickness of flat sheet, coiled sheet,
and plate shall not vary from that specified by more than the
respective permissible variations prescribed in Tables 3.1 and
Tables 3.13 of ANSI H35.2. Permissible variations in thickness
of plate specified in thicknesses exceeding 6 in. shall be the
subject of agreement between the purchaser and the producer
or the supplier at the time the order is placed.

16.2 Length, Width, Lateral Bow, Squareness, and
Flatness—Coiled sheet shall not vary in width or in lateral bow
from that specified by more than the permissible variations
prescribed in Tables 3.5 and Tables 3.6, respectively, of ANSI
H35.2. Flat sheet and plate shall not vary in width, length,
lateral bow, squareness, or flatness by more than the permis-
sible variations prescribed in the following tables of ANSI
H35.2 except that where the tolerances for sizes ordered are not
covered by this standard the permissible variations shall be the
subject of agreement between the purchaser and the producer
or the supplier at the time the order is placed:

Table No. Title
3.2 width, sheared flat sheet and plate
3.3 width and length, sawed flat sheet and plate
34 length, sheared flat sheet and plate
3.7 lateral bow, flat sheet and plate
3.8 squareness, flat sheet and plate
3.1 flatness, flat sheet
3.12 flatness, sawed or sheared plate

16.3 Dimensional tolerances for sizes not covered in ANSI
H35.2 shall be as agreed upon between the producer and
purchaser and shall be so specified in the contract or purchase
order.

16.4 Sampling for Inspection—Examination for dimen-
sional conformance shall be made to ensure conformance to the
tolerance specified.

17. Internal Quality

17.1 When specified by the purchaser at the time of placing
the order, plate 0.500 in. to 4.500 in. in thickness and up to
2000 Ib in maximum weight in alloys 2014, 2024, 2124, 2219,
7075, and 7178, both bare and Alclad where applicable, shall
be tested in accordance with Practice B 594 to the discontinuity
acceptance limits of Table 6.

17.2 When specified by the purchaser at the time of placing
the order, plate 0.500 in. in thickness and greater for ASME
pressure vessel applications in alloys 1060, 1100, 3003, Alclad
3003, 3004, Alclad-3004, 5052, 5083, 5086, 5154, 5254, 5454,
5456, 5652, 6061, and Alclad 6061 shall be tested in accor-
dance with Method B 548. In such cases the material will be
subject to rejection if the following limits are exceeded unless
it is determined by the purchaser that the area of the plate
containing significant discontinuities will be removed during
the subsequent fabrication process or that the plate may be
repaired by welding:

17.2.1 If the longest dimension of the marked area repre-
senting a discontinuity causing a complete loss of back
reflection (95 % or greater) exceeds 1.0 in.

17.2.2 If the length of the marked area representing a
discontinuity causing an isolated ultrasonic indication without
a complete loss of back reflection (95 % or greater) exceeds 3.0
in.

17.2.3 If each of two marked areas representing two adja-
cent discontinuities causing isolated ultrasonic indications
without a complete loss of back reflection (95 % or greater) is
longer than 1.0 in., and if they are located within 3.0 in. of each
other.

18. Source Inspection

18.1 If the purchaser desires that his representative inspect
or witness the inspection and testing of the material prior to
shipment, such agreement shall be made by the purchaser and
producer as part of the purchase contract.

18.2 When such inspection or witness of inspection and
testing is agreed upon, the producer shall afford the purchaser’s
representative all reasonable facilities to satisfy him that the
material meets the requirements of this specification. Inspec-
tion and tests shall be conducted so there is no unnecessary
interference with the producer’s operations.

19. Retest and Rejection

19.1 If any material fails to conform to all of the applicable
requirements of this specification, the inspection lot shall be
rejected.

19.2 When there is evidence that a failed specimen was not
representative of the inspection lot and when no other sampling
plan is provided or approved by the purchaser through the
contract or purchase order, at least two additional specimens
shall be selected to replace each test specimen that failed. All
specimens so selected for retest shall meet the requirements of
the specification or the lot shall be subject to rejection.

19.3 Material in which defects are discovered subsequent to
inspection may be rejected.

19.4 If material is rejected by the purchaser, the producer or
supplier is responsible only for replacement of material to the
purchaser. As much as possible of the rejected material shall be
returned to the producer or supplier by the purchaser.

20. Identification Marking of Product

20.1 When specified on the purchase order or contract, all
sheet and plate shall be marked in accordance with Practice
B 666.

20.2 In addition, alloys in the 2000 and 7000 series in the
T3-, T4-, T6-, T7-, and T8-type tempers and, when specified,
6061-T6 and T651 shall be marked with the lot number in at
least one location on each piece.

20.3 The requirements specified in 20.1 and 20.2 are mini-
mum; marking systems that involve added information, larger
characters, and greater frequencies are acceptable under this
specification.

21. Packaging and Package Marking

21.1 The material shall be packaged to provide adequate
protection during normal handling and transportation and each
package shall contain only one size, alloy, and temper of
material unless otherwise agreed. The type of packaging and
gross weight of containers shall, unless otherwise agreed, be at
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the producer’s or supplier’s discretion, provided that they are
such as to ensure acceptance by common or other carriers for
safe fransportation at the lowest rate to the delivery point.

21.2 Each shipping container shall be marked with the
purchase order number, material size, specification number,
alloy and temper, gross and net weights, and the producer’s
name or trademark.

21.3 When specified in the contract or purchase order,

22. Certification

22.1 The producer or supplier shall, on request, furnish
tothe purchaser a certificate stating that each lot has been
sampled, tested, and inspected in accordance with this speci-
fication, and has met the requirements.

23. Keywords

material shall be preserved, packaged, and packed in accor- 23.1 aluminum alloy; aluminum-alloy plate; aluminum-
dance with the requirements of Practices B 660. The applicable alloy sheet
levels shall be as specified in the contract or order. Marking for
shipment of such material shall be in accordance with Fed. Std.
No. 123 for civil agencies and MIL-STD-129 for military
agencies.
TABLE 2 Mechanical Property Limits for Nonheat-Treatable AIonA B
Tensile Strength, ksi Yield Strength (0.2 % offset), ksi Elongation in Bend
" . 2in.or4 x Diameter
Temper Specified Thickness, in. o~ — " - Diameter, Factor, N
min, %
Aluminum 1060
o] 0.006-0.019 8.0 14.0 25 15
0.020-0.050 8.0 14.0 25 22
0.051-3.000 8.0 14.0 25 25
H12¢ 0.017-0.050 11.0 16.0 9.0 6
or 0.051-2.000 11.0 16.0 9.0 12
Ha2¢
H14¢ 0.009-0.019 12.0 17.0 10.0 1
or 0.020-0.050 12.0 17.0 10.0 5
H24¢ 0.051-1.000 12.0 17.0 10.0 10
H16° 0.006-0.019 14.0 19.0 1.0 1
or 0.020-0.050 14.0 19.0 11.0 4
H26¢ 0.051-0.162 14.0 19.0 11.0 5
H18¢ 0.006-0.019 16.0 12.0 1
or 0.020-0.050 16.0 12.0 3
H28¢ 0.051-0.128 16.0 12.0 4
H112 0.250-0.499 11.0 7.0 10
0.500-1.000 10.0 5.0 20
1.001-3.000 9.0 4.0 25
F 0.250-3.000
Aluminum 1100
0 0.006-0.019 11.0 15.5 35 15 0
0.020~0.031 11.0 15.5 3.5 20 0
0.032-0.050 1.0 15.5 3.5 25 0
0.051-0.249 11.0 15.5 3.5 30 0
0.250~3.000 11.0 15.5 35 28 0
H12¢ 0.017-0.019 14.0 19.0 1.0 3 0
or 0.020-0.031 14.0 19.0 11.0 4 0
H22¢ 0.032-0.050 14.0 19.0 11.0 6 0
0.051-0.113 14.0 19.0 11.0 8 0
0.114-0.499 14.0 19.0 11.0 9 0
0.500-2.000 14.0 19.0 11.0 12 0
H14¢ 0.009-0.012 16.0 21.0 14.0 1 0
or 0.013-0.019 16.0 21.0 14.0 2 0
H24¢ 0.020-0.031 16.0 21.0 14.0 3 0
0.032-0.050 16.0 21.0 14.0 4 0
0.051-0.113 16.0 21.0 14.0 5 0
0.114-0.499 16.0 21.0 14.0 6 0
0.500~1.000 16.0 21.0 14.0 10 0
H16° 0.006-0.019 19.0 24.0 17.0 1 4
303
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B 209 - 96

TABLE 2 Continued

Tensile Strength, ksi Yield Strength (0.2 % offset), ksi Elongation in Bend
- . . 2in. or 4 X Diameter
Temper Specified Thickness, in. o p— o -~ Diameter, Fagtor, N
min, %
or 0.020-0.031 19.0 24.0 17.0 2 4
H26¢ 0.032-0.050 19.0 24.0 17.0 3 4
0.051-0.162 19.0 24.0 17.0 4 4
H18¢ 0.006-0.019 220 1
or 0.020-0.031 22.0 2
H28¢ 0.032-0.050 22.0 3
0.051-0.128 22.0 4
H112 0.250-0.499 13.0 7.0 9
0.500-2.000 12.0 5.0 14
2.001-3.000 1.5 4.0 20
FP 0.250-3.000
Alloy 3003
0 0.006-0.007 14.0 19.0 5.0 14 0
0.008-0.012 14.0 19.0 5.0 18 0
0.013-0.031 14.0 19.0 5.0 20 0
0.032-0.050 14.0 19.0 5.0 23 0
0.051-0.249 14.0 19.0 5.0 25 0
0.250-3.000 14.0 19.0 5.0 23
H12¢ 0.017-0.019 17.0 23.0 12.0 3 0
or 0.020-0.031 17.0 23.0 12.0 4 0
H22¢ 0.032-0.050 17.0 23.0 12.0 5 0
0.051-0.113 17.0 23.0 12.0 6 0
0.114-0.161 17.0 23.0 12.0 7 0
0.162-0.249 17.0 23.0 12.0 8 0
0.250-0.499 17.0 23.0 12.0 9
0.500-2.000 17.0 23.0 12.0 10
H14¢ 0.009-0.012 20.0 26.0 17.0 1 0
or 0.013-0.019 20.0 26.0 17.0 2 0
H24¢ 0.020-0.031 20.0 26.0 17.0 3 0
0.032-0.050 20.0 26.0 17.0 4 0
0.051-0.113 20.0 26.0 17.0 5 0
0.114-0.161 20.0 26.0 17.0 6 2
0.162-0.249 20.0 26.0 17.0 7 2
0.250-0.499 20.0 26.0 17.0 8
0.500-1.000 20.0 26.0 17.0 10
H16¢ 0.006-0.019 24.0 30.0 21.0 1 4
or 0.020-0.031 24.0 30.0 21.0 2 4
H26¢ 0.032-0.050 24.0 30.0 21.0 3 4
0.051-0.162 24.0 30.0 21.0 4 6
Hi8¢ 0.006-0.019 27.0 24.0 1
or 0.020-0.031 27.0 24.0 2
H2g¢ 0.032-0.050 27.0 24.0 3
0.051-0.128 27.0 24.0 4
H112 0.250-0.499 17.0 10.0 8
0.500-2.000 15.0 6.0 12
2.001-3.000 145 6.0 18
F? 0.250-3.000
Alclad Alloy 3003
[¢] 0.006-0.007 13.0 18.0 4.5 14
0.008-0.012 13.0 18.0 45 18
0.013-0.031 13.0 18.0 4.5 20
0.032-0.050 13.0 18.0 45 23
0.051-0.249 13.0 18.0 4.5 25
0.250-0.499 13.0 18.0 4.5 23
0.500-3.000 14.08 19.08 5.06 23
H12¢ 0.017-0.031 16.0 22,0 11.0 4
or 0.032-0.050 16.0 22,0 11.0 5
H22¢ 0.051-0.113 16.0 22,0 11.0 6
0.114-0.161 16.0 22,0 11.0 7
0.162-0.249 16.0 22,0 11.0 8
304
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B 209 — 96
TABLE 2 Continued
Tensile Strength, ksi Yield Strength (0.2 % offset), ksi Elongation in Bend
" . . 2in. or4 X Diameter
Temper Specified Thickness, in. o — o o Diameter, Factor, N
min, %
0.250-0.499 16.0 22,0 11.0 9
0.500-2.000 17.05 23.05 12.0% 10
H14¢ 0.009-0.012 19.0 25.0 16.0 1
or 0.013-0.019 19.0 25.0 16.0 2
H24¢ 0.020-0.031 19.0 25.0 16.0 3
0.032-0.050 19.0 25.0 16.0 4
0.051-0.113 19.0 25.0 16.0 5
0.114-0.161 19.0 25,0 16.0 6
0.162-0.249 19.0 25,0 16.0 7
0.250-0.499 19.0 25.0 16.0 8
0.500~1.000 20.05 26.05 17.08 10
H16¢ 0.006-0.019 23.0 29.0 20.0 1
or 0.020-0.031 23.0 29.0 20.0 2
H26¢ 0.032-0.050 23.0 29.0 20.0 3
0.051-0.162 23.0 29.0 20.0 4
H18 0.006-0.019 26.0 1
0.020-0.031 26.0 2
0.032-0.050 26.0 3
0.051-0.128 26.0 4
H112 0.250-0.499 16.0 9.0 8
0.500-2.000 15.0% 60 £ 12
2.001-3.000 14.55 6.0F 18
FP 0.250-3.000
Alloy 3004
o 0.006-0.007 22.0 29.0 8.5
0.008-0.019 22.0 29.0 8.5 10 0
0.020-0.031 22.0 29.0 8.5 14 0
0.032-0.050 22,0 29.0 8.5 16 0
0.051-0.249 22,0 29.0 8.5 18 0
0.250-3.000 22,0 29.0 8.5 16
H32¢ 0.017-0.019 28.0 35.0 21.0 1 0
or 0.020-0.031 28.0 35.0 21.0 3 1
H22¢ 0.032-0.050 28.0 35.0 21.0 4 1
0.051-0.113 28.0 35.0 21.0 5 2
0.114-2.000 28.0 35.0 21.0 6
H34¢ 0.009-0.019 32.0 38.0 25.0 1 2
or 0.020-0.050 32.0 38.0 25.0 3 3
H24¢ 0.051-0.113 32.0 38.0 25.0 4 4
0.114-1.000 32.0 38.0 25.0 5
H36¢ 0.006-0.007 35.0 41.0 28.0
or 0.008-0.019 35.0 41.0 28.0 1 6
H26¢ 0.020-0.031 35.0 41.0 28.0 2 6
0.032-0.050 35.0 41.0 28.0 3 6
0.051-0.162 35.0 41.0 28.0 4 8
H3gc 0.006-0.007 38.0 31.0
or 0.008-0.019 38.0 31.0 1
H28¢ 0.020-0.031 38.0 31.0 2
0.032-0.050 38.0 31.0 3
0.051-0.128 38.0 31.0 4
H112 0.250-3.000 23.0 9.0 7
FP 0.250-3.000
Alclad Alloy 3004
0 0.006-0.007 21.0 28.0 8.0
0.008-0.019 21.0 28.0 8.0 10
0.020-0.031 21.0 28.0 8.0 14
0.032-0.050 21.0 28.0 8.0 16
0.051-0.249 21.0 28.0 8.0 18
0.250-0.499 21.0 28.0 8.0 16
0.500-3.000 22,0 29.0% 8.5 16
305
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TABLE 2 Continued

Tensile Strength, ksi Yield Strength (0.2 % offset), ksi Elongation in Bend
- . . 2in. or4 x Diameter
Temper Specified Thickness, in. o ax o -~ Diameter, Factor, N
min, %
H32¢ 0.017-0.019 27.0 34.0 20.0 1
or 0.020-0.031 27.0 34.0 20.0 3
H22¢ 0.032-0.050 27.0 34.0 200 4
0.051-0.113 27.0 34.0 20.0 5
0.114-0.249 27.0 34.0 20.0 6
0.250-0.499 27.0 34.0 20.0 6
0.500-2.000 28.05 35.05 21.05 6
H34¢ 0.009-0.019 31.0 37.0 24.0 1
or 0.020-0.050 31.0 37.0 24.0 3
H24¢ 0.051-0.113 31.0 37.0 24.0 4
0.114-0.249 31.0 37.0 24.0 5
0.250-0.499 31.0 37.0 24.0 5
0.500-1.000 32.05 38.0F 25.0% 5
H36° 0.006-0.007 34.0 40.0 27.0
or 0.008-0.019 34.0 40.0 27.0 1
H26¢ 0.020-0.031 34.0 40.0 27.0 2
0.032-0.050 34.0 40.0 27.0 3
0.051-0.162 34.0 40.0 27.0 4
H38 0.006-0.007 37.0
0.008-0.019 37.0 1
0.020-0.031 37.0 2
0.032-0.050 37.0 3
0.051-0.128 37.0 4
H112 0.250-0.499 22.0 8.5 7
0.500-3.000 23.05 9.0 7
Fo 0.250-3.000
Alloy 3005
o 0.006-0.007 17.0 24.0 6.5 10
0.008-0.012 17.0 24.0 6.5 12
0.013-0.019 17.0 24.0 6.5 14
0.020-0.031 17.0 24.0 6.5 16
0.032-0.050 17.0 24.0 6.5 18
0.051-0.249 17.0 24.0 6.5 20
H12 0.017-0.019 20.0 27.0 17.0 1
0.020-0.050 20.0 27.0 17.0 2
0.051-0.113 20.0 27.0 17.0 3
0.114-0.161 20.0 27.0 17.0 4
0.162-0.249 20.0 27.0 17.0 5
Hi4 0.009-0.031 24.0 31.0 21.0 1
0.032-0.050 24.0 31.0 21.0 2
0.051-0.113 24.0 31.0 21.0 3
0.114-0.249 24.0 31.0 21.0 4
H16 0.006-0.031 28.0 35.0 25.0 1
0.032-0.113 28.0 35.0 25.0 2
0.114-0.162 28.0 35.0 25.0 3
H18 0.006-0.031 32.0 29.0 1
0.032-0.128 32.0 29.0 2
H19 0.006-0.012 34.0
0.013-0.063 34.0 1
H25 0.016-0.019 26.0 34.0 22.0 1
0.020-0.031 26.0 34.0 22.0 2
0.032-0.050 26.0 34.0 220 3
0.051-0.080 26.0 34.0 22,0 4
H27 0.016-0.019 29.5 37.5 255 1
0.020-0.031 29.5 37.5 25,5 2
0.032-0.050 29.5 37.5 255 3
0.051-0.080 29.5 37.5 255 4
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TABLE 2 Continued

Tensile Strength, ksi Yield Strength (0.2 % offset), ksi Elongation in Bend
" . 2in.or4 X Diameter
Temper Specified Thickness, in. o o o o Diameter, Factor, N
min, %
H28 0.016-0.019 31.0 27.0 1
0.020-0.031 31.0 27.0 2
0.032-0.050 31.0 27.0 3
0.051-0.080 31.0 27.0 4
H29 0.025-0.031 33.0 28.0 1
0.032-0.050 33.0 28.0 2
0.051-0.071 33.0 28.0 3
Alloy 3105
(o] 0.013-0.019 14.0 21.0 5.0 16
0.020-0.031 14.0 21.0 5.0 18
0.032-0.080 14.0 21.0 5.0 20
H12 0.017-0.019 19.0 26.0 15.0 1
0.020-0.031 19.0 26.0 15.0 1
0.032-0.050 19.0 26.0 15.0 2
0.051-0.080 19.0 26.0 16.0 3
H14 0.013-0.019 22.0 29.0 18.0 1
0.020-0.031 22.0 29.0 18.0 1
0.032-0.050 22.0 29.0 18.0 2
0.051-0.080 22.0 29.0 18.0 2
H16 0.013-0.031 25.0 32.0 21.0 1
0.032-0.050 25.0 32.0 21.0 2
0.051-0.080 25.0 32.0 21.0 2
H18 0.013-0.031 28.0 24.0 1
0.032-0.050 28.0 24.0 1
0.051-0.080 28.0 24.0
H25 0.013-0.019 23.0 19.0 2
0.020-0.031 23.0 19.0 3
0.032-0.050 23.0 19.0 4
0.051-0.080 23.0 19.0 6
Alloy 5005
(o} 0.006-0.007 15.0 21.0 5.0 12
0.008-0.012 15.0 21.0 5.0 14
0.013-0.019 15.0 21.0 5.0 16
0.020-0.031 15.0 21.0 5.0 18
0.032-0.050 15.0 21.0 5.0 20
0.051-0.113 15.0 21.0 5.0 21
0.114-0.249 15.0 21.0 5.0 22
0.250-3.000 156.0 21.0 5.0 22
H12 0.017-0.019 18.0 24.0 14.0 2
0.020-0.031 18.0 24.0 14.0 3
0.032-0.050 18.0 24.0 14.0 4
0.051-0.113 18.0 24.0 14.0 6
0.114-0.161 18.0 24.0 14.0 7
0.162-0.249 18.0 24.0 14.0 8
0.250-0.499 18.0 24.0 14.0 9
0.500~-2.000 18.0 24.0 14.0 10
H14 0.009-0.031 21.0 27.0 17.0 1
0.032-0.050 21.0 27.0 17.0 2
0.051-0.113 21.0 27.0 17.0 3
0.114-0.161 21.0 27.0 17.0 5
0.162-0.249 21.0 27.0 17.0 6
0.250-0.499 21.0 27.0 17.0 8
0.500-1.000 21.0 27.0 17.0 10
H16 0.006-0.031 24,0 30.0 20.0 1
0.032-0.050 24.0 30.0 20.0 2
0.051-0.162 24.0 30.0 20.0 3
H18 0.006-0.031 27.0 1
0.032-0.050 27.0 2
0.051-0.128 27.0 3
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TABLE 2 Continued

Tensile Strength, ksi Yield Strength (0.2 % offset), ksi Elongation in Bend
- N . 2in. or4 x Diameter
Temper Specified Thickness, in. o o o o Diameter, Factor, N
min, %
H32¢ 0.017-0.019 17.0 23.0 12.0 3
or 0.020-0.031 17.0 23.0 12.0 4
H22¢ 0.032-0.050 17.0 23.0 12.0 5
0.051-0.113 17.0 23.0 12.0 7
0.114~-0.161 17.0 23.0 12.0 8
0.162-0.249 17.0 23.0 i12.0 9
0.250-~2.000 17.0 23.0 12.0 10
H34¢ 0.009-0.012 20.0 26.0 16.0 2
or 0.013-0.031 20.0 26.0 15.0 3
H24¢ 0.032-0.050 20.0 26.0 15.0 4
0.051-0.113 20.0 26.0 15.0 5
0.114-0.161 20.0 26.0 156.0 6
0.162-0.249 20.0 26.0 15.0 7
0.250-0.499 20.0 26.0 15.0 8
0.500-1.000 20.0 26.0 15.0 10
H36¢ 0.006-0.007 23.0 29.0 18.0 1
or 0.008-0.019 23.0 29.0 18.0 2
H26¢ 0.020-0.031 23.0 29.0 18.0 3
0.032-0.162 23.0 29.0 18.0 4
H38 0.006-0.012 26.0 1
0.013-0.019 26.0 2
0.020-0.031 26.0 3
0.032-0.128 26.0 4
H112 0.250-0.499 17.0 8
0.500-2.000 15.0 12
2.001-3.000 145 18
FP 0.250-3.000
Alloy 5010
(o] 0.010-0.070 15.0 21.0 5.0 3
H22 0.010-0.070 17.0 23.0 14.0 2
H24 0.010-0.070 20.0 26.0 17.0 1
H26 0.010-0.070 23.0 29.0 21.0 1
H28 0.010-0.070 26.0
Alloy 5050
o} 0.006-0.007 18.0 24.0 6.0 1]
0.008-0.019 18.0 24.0 6.0 16 [o]
0.020-0.031 18.0 24.0 6.0 18 0
0.032-0.050 18.0 24.0 6.0 20 0
0.051-0.113 18.0 24.0 6.0 20 0
0.114-0.249 18.0 24.0 6.0 22 0
0.250-3.000 18.0 24.0 6.0 20 2
H32¢ 0.017-0.050 22.0 28.0 16.0 4 1
or 0.051-0.249 22.0 28.0 16.0 6 2
H22¢
H34¢ 0.009-0.031 25.0 31.0 20.0 3 1
or 0.032-0.050 25.0 31.0 20.0 4 1
He4¢ 0.051-0.249 25.0 31.0 20.0 5 3
H36¢ 0.006-0.019 27.0 33.0 22,0 2 3
or 0.020-0.050 27.0 33.0 22.0 3 3
H26¢ 0.051-0.162 27.0 33.0 22.0 4 4
H38 0.006-0.007 29.0
0.008-0.031 29.0 2
0.032-0.050 29.0 3
0.051-0.128 29.0 4
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TABLE 2 Continued

Tensile Strength, ksi Yield Strength (0.2 % offset), ksl Elongation in Bend
- . 2in.or4 x Diameter
Temper Specified Thickness, in. — o . o Diameter, Factor, N
min, %
H112 0.250-3.000 20.0 8.0 12
Fo 0.250-3.000
Alloy 5052
o] 0.006-0.007 25.0 31.0 9.5 0
0.008-0.012 25.0 31.0 9.5 14 0
0.013-0.019 25.0 31.0 9.5 15 0
0.020-0.031 25.0 31.0 9.5 16 0
0.032-0.050 25.0 31.0 9.5 18 0
0.051-0.113 25.0 31.0 9.5 19 0
0.114-0.249 25.0 31.0 9.5 20 0
0.250-3.000 25,0 31.0 9.5 18
H32¢ 0.017-0.019 31.0 38.0 23,0 4 0
or 0.020-0.050 31.0 38.0 23.0 5 1
H22¢ 0.051-0.113 31.0 38.0 23.0 7 2
0.114-0.249 31.0 38.0 23,0 9 3
0.250-0,499 31.0 38.0 23.0 1
0.500-2.000 31.0 38.0 23.0 12
H34¢ 0.009-0.019 34.0 41.0 26.0 3 1
or 0.020-0.050 34.0 41.0 26.0 4 2
H24¢ 0.051-0.113 34.0 41.0 26.0 6 3
0.114-0.249 34.0 41.0 26.0 7 4
0.250~1.000 34.0 41.0 26.0 10
H3c 0.006-0.007 37.0 44,0 29.0 2 4
or 0.008-0.031 37.0 44,0 29.0 3 4
H26¢ 0.032-0.162 37.0 44.0 29.0 4 5
H38° 0.006-0.007 39.0 32.0 2
or 0.008-0.031 39.0 32,0 3
Hog® 0.032-0.128 30.0 32.0 4
H112 0.250~0.499 28.0 16.0 7
0.500-2.000 25.0 9.5 12
2.001-3.000 25.0 9.5 16
FP 0.250-3.000
Alloy 5083
o] 0.051-1.500 40.0 51.0 18.0 29.0 16
1.501-3.000 39.0 50.0 17.0 29.0 16
3.001-4.000 38.0 16.0 16
4.001-5.000 38.0 16.0 14
5.001-7.000 37.0 16.0 14
7.001-8.000 36.0 14.0 12
H321 0.188-1.500 44,0 56.0 31.0 43,0 12
1.501-3.000 41.0 56.0 29.0 43.0 12
H112 0.250-1.500 40.0 18.0 12
1.501-3.000 39.0 17.0 12
Hit16" 0.063-0.499 44.0 31.0 10
0.500-1.250 440 31.0 12
1.251-1.500 440 31.0 12
1.501-3.000 410 29.0 12
FP 0.250-8.000
Alloy 5086
o] 0.020-0.050 35.0 44,0 14.0 15
0.051-0.249 35.0 44.0 14.0 18
0.250-2.000 35.0 44,0 14.0 16
H32¢ 0.020-0.050 40.0 47.0 28.0 6
or 0.051-0.249 40.0 47.0 28.0 8
H22¢ 0.250-2.000 40.0 47.0 28.0 12
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TABLE 2 Continued

Tensile Strength, ksi Yield Strength (0.2 % offset), ksi Elongation in Bend
Temper Specified Thickness, in. 2 in. or 4x Diameter
min max min max Diameter, Factor, N
min, %
H34¢ 0.009-0.019 44.0 51.0 34.0 4
or 0.020-0.050 44.0 51.0 34.0 5
H24¢ 0.051-0.249 44,0 51.0 34.0 6
0.250-1.000 44,0 51.0 34.0 10
H36¢ 0.006-0.019 47.0 54.0 38.0 3
or 0.020-0.050 47.0 54.0 38.0 4
H26¢ 0.051-0.162 47.0 54.0 38.0 6
H38¢ 0.006-0.020 50.0 41.0 3
or
H28¢
H112 0.188~0.499 36.0 18.0 8
0.500-1.000 35.0 16.0 10
1.001-2.000 35.0 14.0 14
2.001-3.000 34.0 14.0 14
Hi16F 0.063-0.249 40.0 28.0 8
0.250-0.499 40.0 28.0 10
0.500-1.250 40.0 28.0 10
1.251-2.000 40.0 28.0 10
F2 0.250-3.000
Alloy 5154
o 0.020-0.031 30.0 41.0 11.0 12
0.032-0.050 30.0 41.0 1.0 14
0.051-0.113 30.0 41.0 1.0 16
0.114-3.000 30.0 41.0 1.0 18
H32¢ 0.020-0.050 36.0 43.0 26.0 5
or 0.051-0.249 36.0 43.0 26.0 8
H22¢ 0.250-2.000 36.0 43.0 26.0 12
H34¢ 0.009-0.050 39.0 46.0 29.0 4
or 0.051-0.161 39.0 46.0 29.0 6
H24¢ 0.162-0.249 39.0 46.0 29.0 7
0.250-1.000 39.0 46.0 29.0 10
H36¢ 0.006-0.050 420 49.0 32.0 3
or 0.051-0.113 420 49.0 32.0 4
H26¢ 0.114-0.162 42.0 49.0 32.0 5
H38¢ 0.006-0.050 45.0 35.0 3
or 0.051-0.113 45.0 35.0 4
H2g°c 0.114-0.128 45.0 35.0 5
H112 0.250-0.499 32,0 18.0 8
0.500-2.000 30.0 1.0 1
2.001-3.000 30.0 11.0 15
FP 0.250-3.000
Alloy 5252
H24 0.030-0.090 30.0 38.0 10
H25 0.030-0.090 31.0 39.0 9
H28 0.030-0.090 38.0 3
Alloy 5254
o] 0.051-0.113 30.0 41.0 11.0 16
0.114-3.000 30.0 41.0 1.0 18
H32¢ 0.051-0.249 36.0 43.0 26.0 8
or 0.250-2.000 36.0 43.0 26.0 12
H22¢
H34¢ 0.051-0.161 39.0 46.0 29.0 6
or 0.162-0.249 39.0 46.0 29.0 7
H24¢ 0.250-1.000 30.0 46.0 29.0 10
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TABLE 2 Continued

Tensile Strength, ksi Yield Strength (0.2 % offset), ksi Elongation in Bend
- . . 2in.or4 x Diameter
Temper Specified Thickness, in. i - n - Diameter, Fagctor, N
min, %
H36¢ 0.051-0.113 42.0 49.0 32.0 4
or 0.114-0.162 42.0 49.0 32.0 5
H26¢
H3s® 0.051-0.113 45.0 35.0 4
or 0.114-0.128 45.0 35.0 5
Hogc
H112 0.250-0.499 32.0 18.0 8
0.500-2.000 30.0 11.0 11
2.001-3.000 30.0 11.0 15
Fo 0.250-3.000
Alloy 5454
(0] 0.020-0,031 31.0 41.0 12.0 12
0.032-0.050 31.0 41,0 12.0 14
0.051-0.113 31.0 41.0 12.0 16
0.114-3.000 31.0 41.0 12.0 18
H32¢ 0.020-0.050 36.0 44.0 26.0 5
or 0.051-0.249 36.0 44.0 26.0 8
H22¢ 0.250-2.000 36.0 44.0 26.0 12
H34¢ 0.020-0.050 39.0 47.0 29.0 4
or 0.051-0.161 39.0 47.0 29.0 6
H24¢ 0,162-0.249 39.0 47.0 29.0 7
0.250-1.000 39.0 47.0 29.0 10
H112 0.250-0.499 32.0 18.0
0.500-2.000 31.0 12.0 11
2.001-3.000 31.0 12.0 15
F¢ 0.250-3.000
Alloy 5456
(o] 0.051-1.500 42.0 53.0 19.0 30.0 16
1.501-3.000 41.0 52.0 18.0 30.0 16
3.001-5.000 40.0 17.0 14
5.001-7.000 39.0 - 16.0 14
7.001-8.000 38.0 15.0 12
H321 0.188-0.499 46.0 59.0 33.0 46.0 12
0.500-1.500 44.0 56.0 31.0 44.0 12
1.501-3.000 41.0 54.0 29.0 43.0 12
H112 0.250-1.500 42.0 19.0 12
1.501-3.000 41.0 18.0 12
H116" 0.063-0.499 46.0 33.0 10
0.500-1.250 46.0 33.0 12
1.251-1.500 44.0 31.0 12
1.501-3.000 41.0 29.0 12
3.001-4.000 40.0 25.0 12
F¢ 0.250-8.000
Alloy 5457
0] 0.030-0.090 16.0 22.0 20
Alloy 5652
(6] 0.051-0.113 25.0 31.0 9.5 19 0
0.114-0.249 25.0 31.0 9.5 20 0
0.250-3.000 25.0 31.0 9.5 18
H32P 0.051-0.113 31.0 38.0 23.0 7 2
or 0.114-0.249 31.0 38.0 23.0 9 3
H22P 0.250-0.499 31.0 38.0 23.0 11
0.500-2.000 31.0 38.0 23.0 12
H34P 0.051-0.113 34.0 41.0 26.0 6 3
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Tensile Strength, ksi Yield Strength (0.2 % offset), ksi Elongation in Bend

i . . 2in.or4 x Diameter

Temper Specified Thickness, in. o — o o Diameter, Factor, N
min, %
or 0.114-0.249 34.0 41.0 26.0 7 4

H24P 0.250-1.000 34.0 41.0 26.0 10
H112 0.250-0.499 28.0 16.0 7

0.500-2.000 25.0 9.5 12

2.001-3.000 25.0 9.5 16
FC 0.250-3.000

Alloy 5657

H2416 0.030-0.020 18.0 26.0 13
H25 0.030-0.090 20.0 28.0 8
H26 0.030-0.090 22.0 30.0 7
H28 0.030-0.090 25.0 5

ATo determine conformance to this specification each value for tensile strength and for yield strength shall be rounded to the nearest 0.1 ksi and each value for
elongation to the nearest 0.5 %, both in accordance with the rounding method of Practice E 29.
8 The basis for establishment of mechanical property limits is shown in Annex A1.
© Material in either of these tempers (H32 or H22), (H34 or H24), (H36 or H26), (H38 or H28), (H12 or H22), (H14 or H24), (H16 or H26), (H18 or H28), may be supplied
at the option of the suppiier, unless one is specifically excluded by the contract or purchase order. When ordered as H2x tempers, the maximum tensile strength and
minimum yield strength do not apply. When H2x tempers are supplied instead of ordered H1x or H3x tempers, the supplied H2x temper material shall meet the respective
H1x or H3x temper tensile property limits.
P Tests of F temper plate for tensile properties are not required.
EThe tension test specimen from plate 0.500 in. and thicker is machined from the core and does not include the cladding alloy.
FThe -H116 temper designation now also applies to products previously designated -H117.

TABLE 3 Tensile Property Limits for Heat-Treatable Alloys” '

Tensile Strength, ksi Yield Strength (0.2 % offset), ksi Elongation in Bend
. . . 2in.or4 x Diameter
Temper Specified Thickness, in. i — o -~ Diameter, Factor, N
min, %
Alloy 2014
(o] 0.020-0.124 32.0 16.0 16 0
0.125-0.249 32.0 16.0 16 1
0.250-0.499 32.0 16.0 16 2
T3 0.020-0.039 59.0 35.0 14 3
0.040-0.124 59.0 36.0 14 3
0.125-0.249 59.0 36.0 14 4
T4¢ 0.020-0.124 59.0 35.0 14 3
0.125-0.249 59.0 35.0 14 4
T42°P 0.020-0.124 58.0 34.0 14 3
0.125-0.249 58.0 34.0 14 4
0.250-0.499 58.0 34.0 14 5
0.500-1.000 58.0 34.0 14
T4515 0.250-1.000 58.0 36.0 14
1.001-2.000 58.0 36.0 12
2.001-3.000 57.0 36.0 8
T6, T62P 0.020-0.039 64.0 57.0 6 4
0.040-0.050 66.0 58.0 7 5
0.051-0.124 66.0 58.0 7 6
0.125-0.249 66.0 58.0 7 8
T62P, 0.250-0.499 67.0 59.0 7 10
T6515
0.500-1.000 67.0 59.0 6
1.001-2.000 67.0 59.0 4
2.001-2.500 65.0 58.0 2
2.501-3.000 63.0 57.0 2
3.001-4.000 59.0 55.0 1
FF 0.250-1.000
312
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TABLE 3 Continued

Tensile Strength, ksi Yield Strength (0.2 % offset), ksi Elongation in Bend
. . R 2in. or 4 X Diameter
Temper Specified Thickness, in. _— — i - Diameter, Fagtor, N
min, %
Alclad Alloy 2014
o] 0.020-0.499 30.0 14,0 16
0.500-1.000 32,09 10
T3 0.020-0.039 54.0 33.0 14
0.040-0.124 55.0 34.0 14
0.125-0.249 57.0 35.0 15
T4¢ 0.020-0.124 54.0 31.0 14
0.125-0.249 55.0 32.0 14
0.040-0.249 57.0 34.0 15
T42P 0.020-0.124 54.0 31.0 14
0.125-0.249 55.0 32.0 14
0.250-0.499 57.0 34.0 15
0.500-1.000 58.0¢ 34,06 14
T451F 0.250-0.499 57.0 36.0 15
0.500-1.000 58.0¢9 36.0¢ 14
1.001-2.000 58.0¢ 36.09 12
2.001-3.000 57.0¢ 36.0¢ 8
T6, T62° 0.020-0.039 62.0 54.0 7
0.040-0.050 63.0 55.0 7
0.051-0.124 64.0 57.0 8
0.125-0.249
T622, 0.250-0.499 64.0 57.0 8
T6515
0.500-1.000 67.06 59.0¢ 6
1.001-2.000 67.0¢ 59.0¢ 4
2.001-2.500 65.0¢ 58.0¢ 2
2.501-3.000 63.09 57.0¢ 2
3.001-4.000 59.0¢ 55.0¢ 1
FF 0.250-1.000
Alloy 2024
[e} 0.010-0.032 32.0 14.0 12 0
0.033-0.063 32.0 14.0 12 1
0.064-0.128 32.0 14.0 12 4
0.129-0.499 32.0 14.0 12 6
T3 0.008-0.009 63.0 42.0 10 4
0.010-0.020 63.0 42.0 12 4
0.021-0.051 63.0 42.0 15 5
0.052-0.128 63.0 42,0 i5 6
0.129-0.249 64.0 42,0 15 8
T351% 0.250-0.499 64.0 42.0 12
0.500-1.000 63.0 42,0 8
1.001-1.500 62.0 42.0 7
1.501-2.000 62.0 42,0 6
2.001-3.000 60.0 42.0 4
3.001-4.000 57.0 41.0 4
T3614 0.020-0.051 67.0 50.0 8 4
0.052-0.062 67.0 50.0 8 8
0.063-0.249 68.0 51.0 9 8
0.250-0.499 66.0 49.0 9
0.500 66.0 49.0 10
T4¢ 0.010-0.020 62.0 40.0 12 4
0.021-0.051 62.0 40.0 15 5
0.052-0.128 62.0 40.0 15 6
0.129-0.249 62.0 40.0 i5 8
T42P 0.010-0.020 62.0 38.0 12 4
0.021-0.051 62.0 38.0 15 5
0.052-0.128 62.0 38.0 15 6
0.129-0.249 62.0 38.0 15 8
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TABLE 3 Continued

Tensile Strength, ksi Yield Strength (0.2 % offset), ksi Elongation in Bend

- N . 2in.or4 x Diameter

Temper Specified Thickness, in. o — o -~ Diameter, Factor, N

min, %

0.250-0.499 62.0 38.0 12 10
0.500-1.000 61.0 38.0 8
1.001-1.500 60.0 38.0 7
1.501-2.000 60.0 38.0 6
2.001-3.000 58.0 38.0 4

T62° 0.010-0.499 64.0 50.0 5
0.500-2.000 63.0 50.0 5

T720 0.010-0.249 60.0 46.0 5

T81 0.010-0.249 67.0 58.0 5

T851€ 0.250-0.499 67.0 58.0 5
0.500-1.000 66.0 58.0 5
1.001-1.499 66.0 57.0 5

T861 0.020-0.062 70.0 62.0 3
0.063-0.249 71.0 66.0 4
0.250-0.499 70.0 64.0 4
0.500 70.0 64.0 4

FF 0.250-3.000

Alclad Alloy 2024

(¢] 0.008-0.009 30.0 14.0 10 0
0.010-0.032 30.0 14.0 12 0
0.033-0.062 ’ 30.0 14.0 12 1
0.063-0.249 32.0 14.0 12 2
0.250-0.499 32.0 14.0 12 3
0.500-1.750 32.0¢ 12

T3 0.008-0.009 58.0 39.0 10 4
0.010-0.020 59.0 39.0 12 4
0.021-0.040 59.0 39.0 15 4
0.041-0.062 59.0 39.0 15 5
0.063-0.128 61.0 40.0 15 5
0.129-0.249 62.0 40.0 15 8

T3515 0.250-0.499 62.0 40.0 12
0.500-1.000 63.0¢ 42.0¢ 8
1.001-1.500 62.06 4206 7
1.601-2.000 62.0¢ 42.0¢ 6
2.001-3.000 60.0° 42.0¢ 4
3.001-4.000 57.0¢ 41.0¢ 4

T361H 0.020-0.062 61.0 47.0 8 4
0.063-0.187 64.0 48.0 9 6
0.188-0.249 64.0 48.0 9 8
0.250-0.499 64.0 48.0 9
0.500 66.0¢ 49.0¢ 10

T4¢ 0.010-0.020 58.0 36.0 12 4
0.021-0.040 58.0 36.0 15 4
0.041-0.062 58.0 36.0 15 5
0.063-0.128 61.0 38.0 15 5

Ta2P 0.008-0.009 55.0 34.0 10 4
0.010-0.020 57.0 34.0 12 4
0.021-0.040 57.0 34.0 15 4
0.041-0.062 57.0 34.0 15 5
0.063-0.128 60.0 36.0 15 5
0.129-0.187 60.0 36.0 15 8
0.188-0.249 60.0 36.0 15 8
0.250-0.499 60.0 36.0 12 10
0.500-1.000 61.0¢ 38.0¢ 8
1.001-1.500 60.0¢ 38.0¢ 7
1.501-2.000 60.0¢ 38.0¢ 6
2.001-3.000 58.09 38.09 4

T62P 0.010-0.062 60.0 47.0 5
0.063-0.499 62.0 49.0 5
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TABLE 3 Continued

Tensile Strength, ksi Yield Strength (0.2 % offset), ksi Elongation in Bend
) . 2in. or 4 X Diameter
Temper Specified Thickness, in. o - s - Diameter, Factor, N
min, %
T720 0.010-0.062 56.0 43.0 5
0.063-0.249 58.0 45.0 5
T8l 0.010-0.062 62.0 54.0 5
0.063-0.249 65.0 56.0 5
T8515 0.250-0.499 65.0 56.0 5
0.500-1.000 66.0¢ 58.06 5
T861H 0.020-0.062 64.0 58.0 3
0.063-0.187 69.0 64.0 4
0.188-0.249 69.0 64.0 4
0.250-0.499 68.0 62.0 4
0.500 70.0¢ 64.0¢ 4
FF 0.250-3.000
112 % Alclad Alloy 2024
o] 0.188-0.499 32.0 14.0 12
0.500-1.750 32.0¢ 12
T3 0.188-0.249 63.0 41.0 15
T361 0.188-0.249 65.0 49.0 9
0.250-0.499 65.0 48.0 9
0.500 66.0¢ 49.0¢ 10
T351E 0.250-0.499 63.0 41.0 12
0.500-1.000 63.0¢ 42,06 8
1.001-1.500 62.0¢ 42,09 7
1.501-2.000 62.0¢ 42,06 6
2.001-3.000 60.0¢ 42,08 4
3.001-4.000 57.0¢ 41.06 4
T42P 0.188-0.249 61.0 37.0 15
0.250-0.499 61.0 37.0 12
0.500~1.000 61.09 38.0¢ 8
1.001-1.500 60.0¢ 38.0¢ 7
1.501-2.000 60.0° 38.0¢ 6
2.001-3.000 58.09 38.09 4
T620 0.188-0.499 62.0 49.0 5
T720! 0.188-0.249 59.0 45.0 5
T81 0.188-0.249 66.0 57.0 5
T8515 0.250-0.499 66.0 57.0 5
0.500~1.000 66.09 58.06 5
T861 0.188-0.249 70.0 65.0 4
0.250-0.499 69.0 63.0 4
0.500 70.0¢ 64.0¢ 4
FF 0.250-3.000
Alclad One-Side Alloy 2024
o 0.008-0.009 31.0 14.0 10
0.010-0.062 31.0 14,0 12
0.063-0.499 32.0 14.0 12
T3 0.010-0.020 81.0 40.0 12
0.021-0.062 61.0 40.0 15
0.063-0.128 62.0 41.0 15
0.129-0.249 63.0 41.0 15
T3515 0.250-0.499 63.0 41.0 12
T361 0.020-0.062 64.0 48.0 8
0.063-0.249 66.0 49.0 9
0.250-0.499 65.0 48.0 9
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TABLE 3 Continued

Tensile Strength, ksi Yield Strength (0.2 % offset), ksi Elongation in Bend
" . R 2in.or4 x Diameter
Temper Specified Thickness, in. s — " — Diameter, Factor, N
min, %
T42P 0.010-0.020 59.0 35.0 12
0.021-0.062 59.0 36.0 15
0.063~0.249 61.0 37.0 15
0.250-0.499 61.0 37.0 12
T62P 0.010-0.062 62.0 48.0 5
0.063-0.249 63.0 49.0 5
T720 0.010-0.062 58.0 44.0 5
0.063-0.499 59.0 45.0 5
T81 0.010-0.062 64.0 56.0 5
0.063-0.249 66.0 57.0 5
T8515 0.260-0.499 66.0 57.0 5
T861 0.020-0.062 67.0 60.0 3
0.063-0.249 70.0 65.0 4
0.260-0.499 69.0 63.0 4
FF 0.250-0.499
1%%2 % Alclad One-Side Alloy 2024
o) ) 0.188-0.499 32.0 14.0 12
T3 0.188-0.249 63.0 41.0 15
T3515 0.250-0.499 63.0 41.0 12
T361 0.188-0.249 66.0 49.0 9
0.250-0.499 65.0 48.0 9
T42°P 0.188-0.249 61.0 37.0 15
0.250-0.499 61.0 37.0 12
T62° 0.188-0.499 63.0 49.0 5
T720! 0.188-0.249 59.0 45.0 5
T81 0.188-0.249 66.0 57.0 5
T851E 0.250-0.499 66.0 57.0 5
T861 0.188-0.249 70.0 65.0 4
0.250-0.499 69.0 63.0 4
F~ 0.250-0.499
Tensile Strength, ksi Yield Strength (0.2 % Elongation in Bend
Temper Specified Axis of offset), ksi 2in.or4 x Diameter
P Thickness, in. Test Specimen Diameter, Factor. N
min max min max min, % actor,
Alloy 2124
T8515 1.000-2.000 Longitudinal 66.0 57.0 6
Long Transverse 66.0 57.0 5
Short Transverse 64.0 55.0 1.5
2.001-3.000 Longitudinal 65.0 57.0 5
Long Transverse 65.0 57.0 4
Short Transverse 63.0 55.0 1.5
3.001-4.000 Longitudinal 65.0 56.0 5
Long Transverse 65.0 56.0 4
Short Transverse 62.0 54.0 15
4,001-5.000 Longitudinal 64.0 55.0 5
Long Transverse 64.0 55.0 4
Short Transverse 61.0 53.0 15
5.001-6.000 Longitudinal 63.0 54.0 5
Long Transverse 63.0 54.0 4
Short Transverse 58.0 51.0 1.5
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TABLE 3 Continued

Temper Specified Tensile Strength, ksi Yield Strength (0.2 % offset), ksi Elongation in Bend
Thickness, in. 2in. or 4 X Diameter
min max min max Diameter, Factor, N
min, %
Alloy 2219
0 0.020-0.250 32,0 16.0 12 4
0.251-0,750 32.0 16.0 12 6
0.751-1.000 32.0 16.0 12 8
1.001-2.000 32,0 16.0 12
0.020-0.039 46.0 29.0 8
T31X (flat 0.040-0.249 46.0 28.0 10
sheet)
T3515X plate 0.250-2.000 46.0 28.0 10
(formerly T31
plate) 2.001-3.000 44,0 28.0 10
3.001-4.000 42.0 27.0 9
4,001-5.000 40.0 26.0 9
5.001-6.000 39.0 25.0 8
T37% 0.020-0.039 49.0 38.0 6
0.040-2.500 49.0 37.0 6
2,501-3.000 47.0 36.0 6
3.001-4.000 45.0 35.0 5
4.001-5.000 43.0 34.0 4
Te2P 0.020-0.039 54.0 36.0 6
0.040-0.249 54.0 36.0 7
0.250-1.000 54.0 36.0 8
1.001-2.000 54,0 36.0 7
T81 sheet 0.020-0.039 62.0 46.0 6
0.040-0.249 62.0 46.0 7
T851F plate 0.250-1.000 62.0 46.0 8
(formerly T81
plate) 1.001-2.000 62.0 46.0 7
2.001-3.000 62.0 45.0 6
3.001-4.000 60.0 44.0 5
4,001-5.000 59.0 43.0 5
5.001-6.000 57.0 42.0 4
T87 0.020-0.039 64.0 52.0 5
0.040-0.249 64.0 52.0 6
0.250-1.000 64.0 51.0 7
1.001-2.000 64.0 51.0 6
2.001-3.000 64.0 51.0 6
3.001-4.000 62.0 50.0 4
4.001-5.000 61.0 49.0 3
FF 0.250-2.000
Alclad Alloy 2219
o] 0.020-0.200 32.09 16.0¢ 12
T31 (flat 0.040-0.099 42.0 25.0 10
sheet)® 0.100-0.249 44.0 26.0 10
T3515K plate 0.250-0.499 44.0 26.0 10
(formerly T31
plate)
T37%¢ 0.040-0.099 45.0 34.0 6
0.100-0.499 47.0 35.0 6
T62° 0.020-0.039 44.0 29.0 6
0.040-0.099 49.0 32.0 7
0.100-0.249 51.0 34.0 7
0.250-0.499 51.0 34.0 8
0.500-1.000 54.0¢ 36.0¢ 8
1.001-2.000 54,06 36.0¢ 7
T81 (flat 0.020-0.039 49.0 37.0 6
sheet) 0.040-0.099 55.0 41.0 7
0.100-0.249 58.0 43.0 7
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TABLE 3 Continued

Temper Specified Tensile Strength, ksi Yield Strength (0.2 % offset), ksi Elongation in Bend
Thickness, in. 2in.or4 x Diameter
min max min max Diameter, Factor, N
min, %
T851F plate 0.250-0.499 58.0 42.0 8
(formerly T81
plate)
T87 0.040-0.099 57.0 46.0 6
0.100-0.249 60.0 48.0 6
0.250-0.499 60.0 48.0 7
F* 0.250-2.000
Alioy 6061
(o] 0.006-0.007 22.0 12.0 10 0
0.008-0.009 22.0 i2.0 12 0
0.010-0.020 22.0 12.0 14 0
0.021-0.128 22.0 12.0 16 1
0.129-0.249 22.0 12.0 18 2
0.250-0.499 22.0 12.0 18 3
0.500-1.000 22.0 18
1.001-3.000 22.0 16
T4 0.006-0.007 30.0 16.0 10 2
0.008-0.009 30.0 16.0 12 2
0.010-0.020 30.0 16.0 14 2
0.021-0.249 30.0 16.0 16 3
T4515 0.250-0.499 30.0 16.0 18 4
0.500-1.000 30.0 16.0 18
1.001-3.000 30.0 16.0 16
T42P 0.006-0.007 30.0 14.0 10 2
0.008-0.009 30.0 14.0 12 2
0.010-0.020 30.0 14.0 14 2
0.021-0.249 30.0 14.0 16 3
0.250-0.499 30.0 14.0 18 4
0.500-1.000 30.0 14.0 18
1.001-3.000 30.0 14.0 16
Te, T62P 0.006-0.007 42.0 35.0 4 2
0.008-0.009 42.0 35.0 6 2
0.010-0.020 42.0 35.0 8 2
0.021-0.036 42.0 35.0 10 3
0.037-0.064 42.0 35.0 10 4
0.065-0.128 42.0 35.0 10 5
0.129-0.249 42.0 35.0 10 6
T625, T6515 0.250-0.499 42.0 35.0 10 7
0.500-1.000 42.0 35.0 9
1.001-2.000 42.0 35.0 8
2.001-4.000 42.0 35.0 6
4.001-6.000 40.0 35.0 6
FF 0.250-3.000
Alclad Alloy 6061
(o) 0.010-0.020 20.0 12.0 14
0.021-0.128 20.0 12.0 16
0.129-0.499 20.0 12.0 18
0.500-1.000 22,0¢ 18
1.001-3.000 22.0¢ 16
T4 0.010-0.020 27.0 14.0 14
0.021-0.249 27.0 14.0 16
T451F 0.250-0.499 27.0 14.0 18
0.500-1.000 30.0¢ 16.09 18
1.001-3.000 30.0¢ 16.0¢ 16
T42°P 0.010-0.020 27.0 12.0 14
0.021-0.249 27.0 12.0 16
0.250~0.499 27.0 12.0 18
0.500-1.000 30.0¢ 14.0¢ 18
318

283



B 209 - 96

TABLE 3 Continued

Temper Specified Tensile Strength, ksi Yield Strength (0.2 % offset), ksi Elongation in Bend

Thickness, in. 2in.or 4 X Diameter
min max min max Diameter, Factor, N
min, %

1.001-3.000 30.06 14.06 16

T6, T62° 0.010-0.020 38.0 32.0 8
0.021-0.249 38.0 32.0 10

T62°, T6515 0.250-0.499 38.0 32.0 10
0.500-1.000 42,09 35.0¢ 9
1.001-2.000 42,09 35.0% 8
2.001--4.000 42,06 35.0¢ 6
4.001-5.000 40.0¢ 35,09 6

=4 0.250-3.000

Alloy 7075

[¢] 0.015-0.020 40.0 21.0 10 1
0.021-0.062 40.0 21.0 10 2
0.063-0.091 40.0 21.0 10 3
0.092-0.125 40.0 21.0 10 4
0.126-0.249 40.0 21.0 10 5
0.250-0.499 40.0 21.0 10 6
0.500-2.000 40.0 10

T6, T62° 0.008-0.011 74.0 63.0 5 7
0.012-0.020 76.0 67.0 7 7
0.021-0.039 76.0 67.0 7 8
0.040-0.062 78.0 68.0 8 8
0.063-0.091 78.0 68.0 8 9
0.092-0.125 78.0 68.0 8 10
0.126-0.249 78.0 69.0 8 1

T622, T6515 0.250-0.499 78.0 67.0 9 14
0.500-1.000 78.0 68.0 7
1.001-2.000 77.0 67.0 6
2.001-2.500 76.0 64.0 5
2.501-3.000 72.0 61.0 5
3.001-3.500 71.0 58.0 5
3.501-4.000 67.0 54.0 3

T73 sheet 0.040-0.249 67.0 56.0 8

T7351€ plate 0.250-1.000 69.0 57.0 7
1.001-2.000 69.0 57.0 6
2,001-2.500 66.0 52.0 6
2.501--3.000 64.0 49.0 6
3.001-4.000 61.0 48.0 6

T76 sheet 0.063-0.124 73.0 62.0 8
0.125-0.249 73.0 62.0 8

T7651 plate® 0.250-0.499 72.0 61.0 8
0.500-1.000 71.0 60.0 6
1.001-2.000 71.0 60.0 5

FF 0.250-4.000

Alclad Alloy 7075

0 0.008-0.014 36.0 20.0 9 1
0.015-0.032 36.0 20.0 10 1
0.033-0.062 36.0 20.0 10 2
0.063-0.125 38.0 20.0 10 3
0.126-0.187 38.0 20.0 10 4
0.188-0.249 39.0 21.0 10 4
0.250-0.499 39.0 21.0 10 6
0.500~1.000 40.0¢ 10

T6, T62P 0.008-0.011 68.0 58.0 5 6
0.012-0.020 70.0 60.0 7 6
0.021-0.039 70.0 60.0 7 7
0.040-0.062 72.0 62.0 8 7
0.063-0.091 73.0 63.0 8 8
0.092-0.125 73.0 63.0 8 9
0.126-0.187 73.0 63.0 8 10
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TABLE 3 Continued

Temper Specified Tensile Strength, ksi Yield Strength (0.2 % offset), ksi Elongation in Bend
Thickness, in. 2in.or4 x Diameter
min max min max Diameter, Factor, N
min, %
0.188-0.249 75.0 64.0 8 10
T625, T6515 0.250-0.499 75.0 65.0 9 12
0.500-1.000 78.0¢ 68.0¢ 7
1.001-2.000 77.0¢ 67.0¢ 6
2.001-2.500 76.0¢ 64.0¢ 5
2,501-3.000 72.0¢ 61.0¢ 5
3.001-3.500 71.0¢ 58.0¢ 5
3.501-4.000 67.0¢ 54.0¢ 3
T76 sheet 0.040-0.062 67.0 56.0 8
0.063-0.124 68.0 57.0 8
0.125-0.187 68.0 57.0 8
0.188-0.249 70.0 59.0 8
T7651F plate 0.250-0.499 69.0 58.0 8
0.500-1.000 71.0¢ 60.0° 6
FF 0.250-4.000
Alclad One Side Alloy 7075
[e) 0.015-0.032 38.0 21.0 10 1
0.033-0.062 38.0 21.0 10 2
0.063-0.091 39.0 21.0 10 3
0.092-0.125 39.0 21.0 10 4
0.126-0.187 39.0 21.0 10 5
0.188-0.249 39.0 21.0 10 5
0.250-0.499 39.0 21.0 10 6
0.500-1.000 40.0¢ 10
T6, T62° 0.008-0.011 71.0 60.0 5
0.012-0.014 74.0 64.0 8
0.015-0.032 74.0 64.0 8 7
0.033-0.039 74.0 64.0 8 8
0.040-0.062 75.0 65.0 9 8
0.063-0.091 76.0 66.0 9 9
0.092-0.125 76.0 66.0 9 10
0.126-0.187 77.0 67.0 9 1
0.188-0.249 78.0 67.0 9 1
T625, T6515 0.250-0.499 76.0 66.0 9 13
0.500-1.000 78.0¢ 68.0¢ 7
1.001-2.000 77.0¢ 67.0¢ 6
FF 0.250-2.000
7008 Alclad Alloy 7075
o] 0.015-0.499 40.0 21.0 10
0.500-2.000 40.0¢ 10
T6, T62P 0.015-0.039 73.0 63.0 7
0.040-0.187 75.0 65.0 8
0.188-0.249 76.0 66.0 8
T62°, T6515 0.250-0.499 76.0 66.0 9
0.500-1.000 78.0¢ 68.06 7
1.001-2.000 77.0¢ 67.0¢ 6
2.001-2.500 76.0¢ 64.0° 5
2.501-3.000 72.0¢ 61.06 5
3.001-3.500 71.0¢ 58.0° 5
3.501-4.000 67.0¢ 54.0¢ 3
T76 sheet 0.040-0.062 70.0 59.0 8
0.063-0.187 71.0 60.0 8
0.188-0.249 72.0 61.0 8
T7651F plate 0.250-0.499 71.0 60.0 8
0.500-1.000 71.06 60.0¢ 6
FF 0.250-4.000

7011 Alclad Alloy 7075
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Temper Specified Tensile Strength, ksi Yield Strength (0.2 % offset), ksi Elongation in Bend
Thickness, in. 2in.or4 x Diameter
min max min max Diameter, Factor, N
min, %
o 0.015-0.020 40.0 21.0 10 1
0.021-0.062 40.0 - 21.0 10 2
0.063-0.091 40,0 21.0 10 3
0.092-0.125 40.0 21.0 10 4
0.126-0.249 40.0 21.0 10 5
0.250-0.499 40.0 21.0 10 6
0.500-2.000 40.0¢ 21,09 10
T6, T62° 0.015-0.020 73,0 63.0 7 7
0.021-0.039 73.0 63.0 7 8
0.040-0.062 75.0 65.0 8 8
0.063-0.091 75.0 65.0 8 9
0.092-0.125 75.0 65.0 8 10
0.126-0.187 75.0 65.0 8 "
0.188-0.249 76.0 66.0 8 11
T62°, T651 0.250-0.499 76.0 66.0 9 14
0.500-1.000 78.0¢ 68.0¢ 7
1.001-2.000 77.0¢ 67.09 6
2.001-2.500 76.09 64.0¢ 5
2.501-3.000 72.0¢ 61,09 5
3.001--3.500 71.0¢ 58.09 5
3.501-4.000 67.0¢ 54.09 3
76 0.040-0.062 70.0 59.0 8 8
0.063-0.091 71.0 60.0 8 9
0.092-0.125 71.0 60.0 8 10
0.126-0.187 71.0 60.0 8 i
0.188-0.249 72.0 61.0 8 1
17651 0.250-0.499 71.0 60.0 8
0.500-1.000 71.06 60.0¢ 6
F All
Alloy 7178
0 0.015-0.499 40.0 21.0 10
0.500 40.0 10
T6, T62° 0.015-0.044 83.0 72.0 7
0.045-0.249 84.0 73.0 8
T62°,T6515 0.250-0.499 84.0 73.0 8
0.500-1.000 84.0 73.0 6
1.001-1.500 84.0 73.0 4
1.501-2.000 80.0 70.0 3
176 0.045-0.249 75.0 64.0 8
176515 0.250-0.499 74.0 63.0 8
0.500-1.000 73.0 62.0 6
F*F 0.250-2.000
Alclad Alloy 7178
o) 0.015-0.062 36.0 20.0 10
0.063-0.187 38.0 20.0 10
0.188-0.499 40.0 21.0 10
0.500 40.0¢ 10
T6, T62P 0.015-0.044 76.0 66.0 7
0.045-0.062 78.0 68.0 8
0.063-0.187 80.0 70.0 8
0.188-0.249 82.0 71.0 8
T625, Te515 0.250-0.499 82.0 71.0 8
0.500-1.000 84.0¢ 73.0¢ 6
1.001-1.500 84.0¢ 73.0¢ 4
1.501-2.000 80.0¢ 70.0¢ 3
176 0.045-0.062 71.0 60.0 8
0.063-0.187 71.0 60.0 8
0.188-0.249 73.0 61.0 8
T76515 0.250-0.499 72.0 60.0 8
0.500-1.000 73.0¢ 62.0¢ 6
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TABLE 3 Continued

Temper Specified Tensile Strength, ksi Yield Strength (0.2 % offset), ksi Elongation in Bend
Thickness, in. 2in.or4 x Diameter
min max min max Diameter, Factor, N
min, %
FF 0.250-2.000

7011 Alclad Alloy 7178

o] 0.015-0.020 40.0 21.0 10 1
0.021-0.062 40.0 21.0 10 2
0.063-0.091 40.0 21.0 10 3
0.092-0.125 40.0 21.0 10 4
0.126-0.249 40.0 21.0 10 5
0.250-0.499 40.0 21.0 10 6
0.500-2.000 40.0¢ 10

Te, T62° 0.015-0.020 79.0 69.0 7 7
0.021-0.044 79.0 69.0 7 8
0.045-0.062 81.0 70.0 8 8
0.063-0.091 82.0 71.0 8 9
0.092-0.125 82.0 71.0 8 10
0.126-0.187 82.0 71.0 8 1
0.188-0.249 83.0 72.0 8 14

T622, Tes1 0.250-0.499 83.0 72.0 8 14
0.500-1.000 84.0¢ 73.0¢ 6
1.001-1.500 84.0¢ 73.0¢ 4
1.501-2.000 80.0¢ 70.0¢ 3

T76 0.045-0.062 73.0 62.0 8 8
0.063-0.091 73.0 62.0 8 9
0.092-0.125 73.0 62.0 8 10
0.126-0.187 73.0 62.0 8 i
0.188-0.249 74.0 63.0 8 1

17651 0.250~0.499 73.0 61.0 8
0.500~1.000 73.0¢ 62.09 6

F All

A To determine conformance to this specification, each value for tensile strength and for yield strength shall be rounded to the nearest 0.1 ksi and each value for
elongation to the nearest 0.5 %, both in accordance with the rounding method of Practice E 29.

B The basis for establishment of mechanical property limits is shown in Annex A1.

€ Coiled sheet.

D Material in the T42, T62, and T72 tempers is not available from the material producer.

E For stress-relieved tempers (T351, T451, T651, T7351, T7651, and T851), characteristics and properties other than those specified may differ somewhat from the
corresponding characteristics and properties of material in the basic temper.

F Test for tensile properties in the F temper are not required.

@ The tension test specimen from plate 0.500 in. and thicker is machined from the core and does not include the cladding.

H Applicable to flat sheet and plate only.

"The T72 temper is applicable only to Alloys 2024 and Alclad 2024 sheet solution heat treated and artificially overaged by the user to develop increased resistance to
stress-~corrosion cracking.

7 Short transverse tensile property limits are not applicable to material less than 1.500 in. in thickness.

K Use of Alloys 2219 and Alclad 2219 in the T31, T351, and T37 tempers for finished products is not recommended.

L The properties for this thickness apply only to the T651 temper.
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TABLE 4 Lot Acceptance Criteria for Resistance to Stress Corrosion and Exfoliation Corrosion

Lot Acceptance Criteria

Lot Acceptance

Alloy and Temper ity A
Electrlca})l Conductivity, Level of Mechanical Properties Status
%, IACS
7075-T73 and T7351 40.0 or greater per specified requirements acceptable
38.0 through 39.9 per specified requirements yield strength does not acceptable
exceed minimum by more than 11.9 ksi
38.0 through 39.9 per specified requirements but yield strength exceeds unacceptable®
minimum by 12.0 ksi or more
less than 38.0 any level unacceptable®
38.0 or greater per specified requirements acceptable
70751776 and 77651 ) N 5
Alclad 2075_ T76 and T7651 36.0 through 37.9 per specified requirements unacceptable’
an
7008 Alclad 7075— T76 and less than 36.0 any level unacceptable®
7178—7T76 and T7651 38.0 or greater per specified requirements acceptable
{Alclad 7178—T76 and T7651 35.0 through 37.9 per specified requirements unacceptable®
7011 Alclad 7178-T76 and T7651 less than 35.0 any level unacceptable®
AThe electrical conductivity shall be determined in accordance with Test Method E 1004 in the following locations:
Alloy-Temper Thickness, in. Location
7075-T73 and T7351 all surface of tension-test sample
7075— 776 and 77651 up through 0.100 surface of tension-test sample
7178—T76 and 77651} 0.101 and over sub-surface after removal of approximately

10 % of the thickness
For alcad products, the cladding must be removed and the electrical conductivity determined on the core alloy.

B When material is found to be unacceptable, it shall be reprocessed (additional precipitation heat treatment or re-solution heat treatment, stress relieving and precipi-
tation heat treatment, when applicable)..

TABLE 5 Components of Clad Products

Component Alloys* ! Cladding Thickness per Side, percent
Total Composite Thickness of Composite Thickness
Alloy Core Cladding of Finished Slheet Sides Clad Average®
and Plate, in. Nominal
min max
Alclad 2014 2014 6003 up through 0.024 both 10 8
0.025-0.039 both - 75 6
0.040-0.099 both 5 4
0.100 and over both 2.5 2
Alclad 2024 2024 1230 up through 0.062 both 5 4
0.063 and over both 25 2
12 % Alclad 2024 2024 1230 . 0.188 and over both 1.5 1.2 3¢
Alclad one-side 2024 2024 1230 up through 0.062 one 5 4
0.063 and over one 25
1% % Alclad one-side 2024 1230 0.188 and over one 1.5 1.2 3¢
2024
Alclad 2219 2219 7072 up through 0.039 both 10 8
0.040-0.099 both 5 4
0.100 and over both 25 2
Alclad 3003 3003 7072 all both 5 4 6°
Alclad 3004 3004 7072 all both 5 4 62
Alclad 6061 6061 7072 all both 5 4 6°
Alclad 7075 and 7075 7072 both 4 3.2
7008 Alclad 7075 7075 7008 up throligh 9.062 both 25 2
0.188 and over both 1.5 1.2 3¢
Alclad one-side 7075 7075 7072 up through 0.062 one 4 3.2
0.063-0.187 one 25 2
0.188 and over ong 1.5 1.2 3¢
Alclad 7178 7178 7072 both 4 3.2
7011 Alclad 7178 7178 7011 up ihiough 0.062 both 25 2
0.188 and over both 1.5 1.2 3¢

A Cladding composition is applicable only to the aluminum alloy bonded to the alloy ingot or slab preparatory to rolling to the specified composite product. The
composition of the cladding may be altered subsequently by diffusion between the core and cladding due to thermal treatment.

B Average thickness per side as determined by averaging cladding thickness measurements when determined in accordance with the procedure specified in 15.2.

CFor thicknesses of 0.500 in. and over with 1.5 % of nominal cladding thickness, the average maximum thickness of cladding per side after rolling to the specified
thickness of plate shall be 3 % of the thickness of the plate as determined by averaging cladding thickness measurements taken at a magnification of 100 diameters on
the cross section of a transverse sample polished and etched for examination with a metallurgical microscope.

D Applicable for thicknesses of 0.500 in. and greater.
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TABLE 6 Ultrasonic Discontinuity Limits for Plate”

Alloy Thickness, in. Maximum W‘latx)%ht Per Piece, Discontinuity Class®
20147 0.500-1.499 2000 B

2024°

2124 1.500-3.000 2000 A

2219°

70752 3.001-6.000 2000 B

7178°

A Discontinuities in excess of those listed in this table shall be allowed if it is established that they will be removed by machining or that they are in noncritical areas.
B The maximum weight is either the ordered weight of a plate of rectangular shape or the planned weight of a rectangular plate prior to removing metal to produce a

part or plate shape to a drawing.
©The discontinuity class limits are defined in Section 11 of Practice B 594.
P Also applies for alclad plate.

ANNEXES

(Mandatory Information)

Al. BASIS FOR INCLUSION OF PROPERTY LIMITS

Al.1 Limits are established at a level at which a statistical
evaluation of the data indicates that 99 % of the population
obtained from all standard material meets the limit with 95 %
confidence. For the products described, mechanical property
limits for the respective size ranges are based on the analyses
of at least 100 data from standard production material with no

more than ten data from a given lot. All tests are performed in
accordance with the appropriate ASTM test methods. For
informational purposes, refer to “Statistical Aspects of Me-
chanical Property Assurance” in the Related Material section of
the Annual Book of ASTM Standards, Vol 02.02.

A2. ACCEPTANCE CRITERIA FOR INCLUSION OF NEW ALUMINUM AND ALUMINUM
ALLOYS IN THIS SPECIFICATION

A2.1 Prior to acceptance for inclusion in this specification,
the composition of wrought or cast aluminum or aluminum
alloy shall be registered in accordance with ANSI H35.1. The
Aluminum Association'® holds the Secretariat of ANSI H35
Committee and administers the criteria and procedures for
registration.

A2.2 If it is documented that the Aluminum Association
could not or would not register a given composition, an
alternative procedure and the criteria for acceptance shall be as
follows:

A2.2.1 The designation submitted for inclusion does not
utilize the same designation system as described in ANSI
H35.1. A designation not in conflict with other designation
systems or a trade name is acceptable.

A2.2.2 The aluminum or aluminum alloy has been offered
for sale in commercial quantities within the prior twelve
months to at least three identifiable users.

A2.2.3 The complete chemical composition limits are sub-
mitted.

A2.2.4 The composition is, in the judgment of the respon-
sible subcommittee, significantly different from that of any
other aluminum or aluminum alloy already in the specification.

!5 The Aluminum Association, 900 19th Street, NW, Washington, DC 20006,

A2.2.5 For codification purposes, an alloying element is any
element intentionally added for any purpose other than grain
refinement and for which minimum and maximum limits are
specified. Unalloyed aluminum contains a minimum of
99.00 % aluminum.

A2.2.6 Standard limits for alloying elements and impurities
are expressed to the following decimal places:

Less than 0.001 % 0.000X
0.001 to but less than 0.01 % 0.00X
0.01 to but less than 0.10 %

Unalloyed aluminum made by a refining process 0.0XX

Alloys and unalloyed aluminum not made by a refining process  0.0X

0.10 through 0.56 % 0.XX
(It is customary to express limits of 0.30 through 0.55 % as
0.X0 or 0.X5.)
Over 0.55 % 0.X, X.X, etc.

(except that combined Si + Fe limits for 99.00 % minimum
aluminum must be expressed as 0.XX or 1.XX)

A2.2.7 Standard limits for alloying elements and impurities
are expressed in the following sequence: Silicon; Iron; Copper;
Manganese; Magnesium; Chromium; Nickel; Zinc (Note
A2.1); Titanium; Other Elements, Each; Other Elements, Total;
Aluminum (Note A2.2).

Norz A2.]—Additional specified elements having limits are inserted in
alphabetical order of their chemical symbols between zinc and titanium, or
are specified in footnotes.

Notre A2.2—Aluminum is specified as mininum for unalloyed alumi-
num and as a remainder for aluminum alloys.
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B 209 - 96

SUMMARY OF CHANGES

This section identifies the principal changes to this standard
that have been incorporated since the last issue.

(1) Paragraphs 4.1.8, 9.1.1 and 16.3 have been added.

(2) Paragraph 11.2 has been revised to add alloy 6061.

(3) Paragraphs 13.1 and 13.3.1 have been revised to add
2219-T851 and -T87.

(4) Note 6 has been added under 14.1.

(5) Paragraph 20.2 has been revised to add T3, T4, and
6061-T6 and T651.

(6) Table 2, bend diameter factors have been added for several
alloy-temper-thickness combinations.

(7) Table 3, bend diameter factors have been added for many
heat-treatable alloys.

(8) Table 3, superscript “K” has been added to T361 and T861
tempers for 2024 and Alclad 2024.

(9) Table 3, minimum elongation for Alclad 2024-T4,
0.021-0.062 in. has been revised.

(10) Table 3, 2124-T851 thickness range has been extended
downward to 1.000 in.

(11) Table 3, 7075-T7351 tensile property limits have been
added for 3.001-4.000 in.

(12) Table 3, 7011 Alclad 7075 and 7011 Alclad 7178 have
been added.

(13) Table 6, plate thickness for ultrasonic inspection has been
extended to 6.000 in.

(14) The tensile property limits for 7075-T76 sheet 0.063-
0.124 in., 7075-T7651 plate 1.001-2.000 in., and Alclad
7075-T76 sheet 0.040-0.124 in. have been added.

(15) The tensile property limits for Alclad One Side 7075-T6
and T62 have been 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 committes 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 Conshohacken, 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 setvice@astm.org (e-mall); or through the ASTM website

(www.astm.org).
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Designation: B 224 - 80

Standard Classification of
COPPERS'

This standard is issued under the fixed designation B 224; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval.
A superseript epsilon (¢) indicates an editorial change since the last revision or reapproval.

This classification has been approved for use by agencies of the Department of Defense and for listing in the DoD Index of

Specifications and Standards.

“ Note—Reference to “lake copper” has been deleted from Table Al in Qctober 1982 because such terminology is no longer used.

1. Scope

1.1 This is a classification of the various types
of copper currently available in refinery shapes
and wrought products in commercial quantities.
It is not a specification for the various types of
copper.

1.2 In this classification, use is made of the
standard copper designations in use by the copper
industry.

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

1.4 This classification does not attempt to dif-
ferentiate between all compositions that could be
termed either coppers or copper-base alloys, but
in conformance with general usage in the trade,
includes those coppers in which the copper is
specified as 99.85% or more, silver being
counted as copper.

Note 1—Coppers may contain small amounts of
certain -elements intentionally permitted to impart
specific properties, without excessively lowering elec-
trical conductivity, The total copper plus specific
permitted elements is usually specified as 99.85 % or
more. These intentionally permitted elements nor-
mally include, but are not limited to, arsenic, cad-
mium, chromium, lead, magnesium, silver, sulfur,
tellurium, tin, zinc, and zirconium, plus deoxidizers,
up to specific levels adopted by the International
Standards Organization.

2. Applicable Documents

2.1 ASTM Standards:

B 30 Specification for Copper-Base Alloys in
Ingot Form®

B 170 Specification for Oxygen-Free Elec-
trolytic Copper—Refinery Shapes®

200

B 379 Specification for Phosphorized Cop-
pers—Refinery Shapes®

B 584 Specification for Copper Alloy Sand
Castings for General Applications®

E 527 Practice for Numbering Metals and Al-
loys (UNS)*

3. Basis of Classification

3.1 Table Al lists the standard designations,
and the refinery shapes and fabricators’ prod-
ucts currently produced. The listed coppers are
not necessarily available in the complete range
of sizes in the form shown, nor from any one
supplier in all forms.

3.2 Existing ASTM specifications for refin-
ery copper and for wrought copper products
may cover more than one of the coppers listed
in Table Al or may include only part of the
range covered by any one of the coppers shown
in this classification.

4, Description of Terms

4.1 Appendix A2 describes the terms used in
designating the various coppers listed.

4,2 Appendix A3 describes the refinery
shapes.

4.3 Appendix A4 describes the fabricators’
forms.

! This classification is under the jurisdiction of ASTM Com-
mittee B-2 on Nonferrous Metals and Alloys and is the direct
responsibility of Subcommittee B02.01 on Refined Copper.

Current edition approved Jan. 25, 1980. Published March
1980. Originally published as B 224 - 48 T. Last previous edi-
tion B 224 - 73.

® Annual Book of ASTM Standards, Vol 02.01.

3 Annual Book of ASTM Standards, Vol 02.04.

* Annnal Book of ASTM Standards, Vols 02,01, 02.02, 02.03,
02.04, 02,05, and 03.01.
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NOTE 2—Coppef, as applied to castings other than
_refinery cast shapes, cakes, billets, wire bars, ingots,

B 224

and ingot bars, is described in Spec1ﬁcat10ns B30
and B 584. , :

APPENDIXES *

Al. CLASSIFICATION OF COPPERS.

All Table Al lists the standard designations,
refinery shapes, and fabricator’s products.

A2. TERMS USED TO DESIGNATE THE ‘COPPERS

(Alphabetical listing of these terms does not necessarily indicate relative order of commercial importance.)

A2.1 Terms Relating to Method of Refining

A2.1.1 chemically refined copper—copper  re-
covered from an aqueous solution by other than
electrolytic means. Usually when this term is used
alone it refers to chemically refined tough pitch cop-.
per. This designation applies to the following: ‘

A2.1.1.1 Copper cast in refinery shapes suitable
for hot or cold working or both, and by extension, to’
fabricators products made therefrom. | '

A2.1.1.2 Ingots or ingot bars suitable for remelt-
ing. : ,
A2.1.2 electrolytic copper—copper of any origin,
refined by electrolytic deposition including electro-
winning, Usually when this term is used alone it
refers to electrolytic tough pitch copper. This desig-
nation applies to the following: .

A2.12.1 Cathodes that are the direct product of
the refining operation.

A2.1.2.2 Electrodeposited copper cast in reﬁnery
shapes suitable for hot or cold working or both, and
by extension, to fabncators products made there-
from.

A2.1.2.3 Electrodeposited copper cast mto mgots
or ingot bars suitable for remelting,

A2.13 fire-refined copper—copper of any orlgm
or type finished by furnace refining without having
been processed at any stage by electrolytic or chem-
ical refining. Usually when the term fire-refined cop-
per is used alone it refers to fire-refined tough pitch
copper. This designation applies to the followiug:

A2.13.1 Copper cast in refinery shapes suitable
for hot or cold working or both, and by extension, to
fabricators’ products made therefrom.

A2.1.3.2 Ingots or ingot bars suitable for remelt-
ing.

A2.2 Terms Relating to Characteristics Determined
by Method of Casting or Processing

A2.2.1 deoxidized copper—copper cast in the form
of refinery shapes, produced free of cuprous oxide,
asdetermined by metallographic examination at 75X
under polarized light, by the use of metallic or me-
talloidal deoxidizers. Oxygen may be present as re-
sidual deoxidation products. By extension, the term
applies to fabricators’ products made therefrom.

201

A22.2 oxygen-free copper—electrolytic copper
produced free of cuprous oxide, as determined by
metallographic examination at 75X under polarized
light, without the use of metallic or metalloidal deox-
idizers. By extension, the term applies to fabricators”
products made therefrom.

A2.2.3 tough pitch copper—copper of any origin
cast in the form of refinery shapes, containing a
controlled amount of oxygen in the form of cuprous
oxide. By extension the term is also applicable to
fabncators products made therefrom.

A23 Terms Relating to Specific Kinds of Copper-

and to Products Made Therefrom
" A23.1 deoxidized :copper, high-residual phaspho-

“rus—copper deoxidized with phosphorus residual in

amounts 0.015 to 0.04 %. The copper is not suscepti-
ble to hydrogen embrittlement, as determined in
Specification B 379. The copper is of relatively low-
electrical conductivity due to. the amount .of phos-
phorus present.

NoTeE—International Standards = Organization
specifications permit up to 0.050 % phosphorus.

A23.2 deoxidized copper, low-residual phospho-
rus—copper deoxidized with phosphorous residual in
amounts 0.004 to 0.012 %. The copper is not readily
susceptible to hydrogen embrittlement, as determined
in Specification B 379. The copper in the annealed
condition has a minimum conductivity of 98.16 %
IACS.

A2.3.3 high-conductivity copper—copper that in
the annealed condition has a minimum electrical
conductivity of 100 % IACS.

A2.3.4 oxygen-free electronic copper—high-purity,
high-conductivity oxygen-free copper normaﬁy in-
tended for electronic applications. The copper has
high resistance to hydrogen embrittlement, as deter-
mined in Specification B 170, The copper in tbe
annealed condition has a minimum electrical con-
ductivity of 101 % IACS.

A23.5 oxygen-free copper, extra low phosphorus—
oxygen-free copper containing 0.001 to 0.005 % phos-
phorus. The copper is not readily susceptible to hy-
drogen embrittlement, as determined in Specification
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B 379. The copper in the annealed condition has a
minimum conductivity of 98.16 % IACS.

A2.3.6 oxygen-free copper, low phosphorus—oxy-
gen-free copper containing 0.005 to 0.012 % phospho-
rus. The copper is not susceptible to hydrogen ém-
brittlement, as determined in Specification B 379.
The copper in the annealed condition has a minimm
conductivity of 90 % IACS.

A2.3.7 deoxidized, phosphorus-arsenical copper.

A2.3.8 arsenical, tough-pitch copper.

A2.3.9 silver-bearing copper.

A23.10 sulfur-bearing copper.

A23.11 deoxidized, phosphorus-tellurium copper.
A2.3.12 zirconium-bearing copper.

Note—Coppers listed in A2.3.7 through A2.3.12
contain the desigmated element or elements in
amounts as agreed upon between the manufacturer
or supplier and the purchaser.

A3. DEFINITIONS OF REFINERY SHAPES

A3.1 billet—refinery shape used for piercing or
extrusion into tubular products or for extrusion into
rods, bars, and shapes. Circular in cross section,
usually 3 to 16 in. (76 to 406 mm) in diameter,
normally ranging in weight from 100 to 4200 1b (45
to 1905 kg). _

A3.2 cake—refinery shape used for rolling into
plate, Sheet, strip, or shape. Rectangular in cross
section and of various:sizes, normally ranging in
weight from 140 to: 62 000 1b (63 to 28 200 kg).

A3.3. cathode—unmelted, electrodeposited, and
somewhat rough flat plate normally used for melting.
The customary size is about 3 ft (0.914 m) square,
about ¥ to % in. (12.7 to 22.2 mm) thick, weighing

up to about 300 ib (136 kg), and may have hanging
loops attached. Cathodes may also be cut to smaller
dimensions.

A3.4 ingot and ingot bar—refinery shapes used for
remelting (not fabrication). Ingots normally range in
weight from 20 to 35.1b- (9 to. 16 kg) and ingot bars
from 50 to 70 1b (23 to 32 kg). Both are usually
notched fo facilitate breaking into smaller pieces.

- A3.5 wire bar—refinéry shape used for rolling into
rod or flat product fof subsequent processing into
wire, strip, or shape. Approximately 3% to 5 in. (89
to 127 mim) square in cross section, usually 54 in.
(1.56'm) in'length and ranging in weight from 200 to
420 Ib (91 to 191 kg). Usually tapered at both ends.

Ad. DEFINITIONS OF FABRICATORS’ COPPER PRODUCTS

A4.1 flat product—a rectangular or square solid
section of relatively great length in propertion to
thickness. Included in the-designation “flat product™
depending on the width and thickness, are plate,
sheet, strip, and bar. Also included is the product
known as “flat wire.”

A4.2 pipe—tube conforming to the particular di-
mensions commerically known as “Standard Pipe
Sizes.”

A4.3 rod—a solid section, round, hexagonal, or
octagonal in straight lengths. Round rod for further
processing into wire (kmown as “hot-rolled rod,”

202

“wire-rod,” “redraw wire,” or “drawing stock™) is
furnished coiled,

Ad4.4 shape—a solid section, other than flat prod-
uct, rod or wire, furnished in straight lengths. Shapes
are usually made by extrusion but may also be fab-
ricated by drawing,. ,

A4.5 tube—a unidirectionally elongated hollow
product of uniform round or other cross section
having a continuous periphery. v

A4.6 wire-—a solid section, including rectangula
flat wire but excluding other flat products, furnished
in coils or on spools, reels, or bucks.
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Designation: B 557 - 84

Standard Methods of

TENSION TESTING WROUGHT AND CAST ALUMINUM- AND
MAGNESIUM-ALLOY PRODUCTS'

This standard is issued under the fixed designation B 557; 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 () indicates an editorial change since the last revision or reapproval.

These methods have been approved for use by agencies of the Department of Defense and for listing in the DoD Index of Specifications

and Standards.

1. Scope

1.1 These methods cover the tension testing
of wrought and cast aluminum- and magnesium-
alloy products, excepting aluminum foil.

1.2 This standard may involve hazardous ma-
terials, operations, and equipment. This standard
does not purport to address all of the safety prob-
lems associated with its use. It is the responsibil-
ity of whoever uses this standard to consult and
establish appropriate safety and health practices
and determine the applicability of regulatory limi-
tations prior to use.

Note 1—Exceptions to the provisions of these
methods may need to be made in individual specifica-
- tions or test methods for a particular material.
~ .NOTE 2—A complete metric companion to Meth-
ods B 557 has been developed—Methods B 557M;

therefore, no metric equivalents are presented in these
methods.

2. Applicable Documents

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

2.1.1 ASTM Standards:

E 4 Methods of Load Verification of Testing

Machines?

E 6 Definitions of Terms Relating to Methods
of Mechanical Testing*

E 8 Methods of Tension Testing of Metallic
Materials*

E 29 Recommended Practice for Indicating
Which Places of Figures Are to Be Consid-
ered Significant in Specified Limiting
Values®

E 83 Method of Verification and Classification
of Extensometers*

AA

E 345 Methods of Tension Testing of Metallic
Foil*

3. Significance

3.1 Tension tests provide information on the
strength and ductility of materials under uniaxial
tensile stresses. This information may be useful
in comparisons. of materials, alloy development,
quality control, and design under certain circum-
stances. ,

3.2 The results of tension tests of specimens
machined to standardized dimensions from se-
lected portions of a part or material may not
totally represent the strength and ductility prop-
erties of the entire end product or its in-service
behavior in different environments.

3.3 For quality control purposes, results de-
rived from standardized tension test specimens
can be considered to be indicative of the re-
sponse of the material from which they were
taken to processing and heat treatment.

4. Definitions

4.1 The definitions of terms relating to ten-
sion testing appearing in Definitions E 6 shall
be considered as applying to the terms used in
these methods.

! These methods are under the jurisdiction of ASTM Com-
mittee B-7 on Light Metals and Alloys and are the direct
responsibility of Subcommittee B07.05 on Testing.

Current edition approved Feb. 24, 1984. Published April
1984. Originally published as B 557 — 71. Last previous edition
B 557 - 81.

2 For methods of tension testing of aluminum foil, see Meth-
ods E 345.

3 Annual Book of ASTM Standards, Vol 04.02.

* Annual Book of ASTM Standards, Vol 03.01.

3 Annual Book of ASTM Standards, Vol 14.02.

v
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3. Apparatus

5.1 Testing Machines:

5.1.1 Machines used for tension testing shall
conform to the requirements of Methods E 4.
The loads used in determining tensile strength
and yield strength shall be within the loading
range of the testing machine as defined in
Methods E 4. _

5.2 Gripping Devices:

5.2.1 General—Varioustypes of gripping de-
vices may be used to transmit the measured
load applied by the testing machine to the test
specimens. To ensure axial tensile stress within
the gage length, the axis of the test specimen
must coincide with the center line of the heads
of the testing machine. Any departure from this
requirement may introduce bending stresses
that are not included in the usual stress com-
putation (load divided by cross-sectional area).

Note 3—The effect of this eccentric loading may
be illustrated by calculating the bending moment and
stress thus added. For a standard 0.500-in. diameter
specimen, the stress increase is 1.5 percentage points
for each 0.001 in. of eccentricity. This error increases
to 2.24 percentage points/0.001 in. for a £ >.7-*n.

diameter specimen and to 3.17 percentage points/
0.001 in. for a 0.250-in. diameter specimen.

5.2.2 Wedge Grips—Testing machines usu-
ally 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 be-
hind the wedges, they must be of the same

" thickness and their faces must be flat and par-
allel. For best results, the wedges should be
supported over their entire length 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 grip-
ping, it is desirable that the entire length of the
serrated face of each wedge be in contact with
the specimen. Proper alignment of wedge grips
and liners is illustrated in Fig. 1. For short
specimens it is generally necessary to use ma-
chined test specimens and to use a special
means of gripping to ensure that the specimens,
when under load, shall be as nearly as possible
in uniformly distributed pure axial tension (see
5.2.3,5.24, and 5.2.5).

5.2.3 Grips for Threaded and Shouldered

65

Specimens—A schematic diagram of a gripping
device for threaded-end specimens is shown in
Fig. 2, while Fig. 3 shows a device for gripping
specimens with shouldered ends. Both of these
gripping devices should be attached to the
heads of the testing machine through properly
lubricated spherical-seated bearings. The dis-
tance between spherical bearings should be as
large as feasible.

5.2.4 Grips for Sheet Materials—The self-ad-
justing grips shown in Fig. 4 have proved sat-
isfactory for testing sheet materials that cannot
be tested satisfactorily in the usual type of
wedge grips.

5.2.5 Grips for Wire—Grips of either the
wedge or snubbing types as shown in Figs. 4
and 5 or flat wedge grips may be used.

5.3 Dimension-Measuring Devices—Mi-
crometers and other devices used for measuring
linear dimensions shall be accurate to at least
one half the smallest unit to which the individ-
ual dimension is required to be measured.

6. Test Specimens

6.1 General:

6.1.1 Test specimens shall be of the full sec-
tion of the material whenever practical. Other-
wise, machined specimens of rectangular or
round cross section shall be used.

6.1.2 Rectangular specimens shall be 0.500
in. wide in accordance with Fig. 6 or Fig. 12
(for tubular products), and shall be of the full
thickness of the material when practical. When
necessary, 0.250-in. wide subsize specimens as
shown in Fig. 6 may be used, but elongation
values from such specimens are not applicable
to specification requirements.

6.1.2.1 Pin ends as shown in Fig. 7 may be
used. In order to avoid buckling in tests of thin
and high-strength materials, it may be neces-
sary to use stlffenmg plates at the grip ends.

6.1.3 Round specimens shall be the standard
0.500-in. diameter specimen in Fig. 8, except
when the dimensions of the product make this
impossible. In such cases, small-size specimens
proportional to the standard specimen shown in
Fig. 8 may be used. Unless otherwise specified in
the product specification, the selection of round
tension specimens shall be as specified in Table
1. Unless permitted by the product specification,
the dimensions of the smallest specimen used
shall not be less than the following:
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Wrought  Cast

Diameter of reduced section, in. - 0.160 0.250
Length of reduced section, in. % 1%
Radius of fillet, in. e %e
Diameter of end section, in. 194 Y
Over-all length, in. i .

‘With shouldered ends 1% 2%

‘With threaded ends 2 3

With plain cylindrical ends 3 4

6.1.3.1 The shape of the ends of the speci-
mens outside of the gage length shall be suitable
to the material and of a shape to fit the holders
or grips of the testing machine so that the loads
are applied axially. Figure 9 shows specimens
with various types of ends that have -given
satisfactory results. : ‘

6.1.4 Special care is required in the manu-
facture and testing of smaller specimens be-
cause the effects of machining (for example,
the amount of end load applied and the amount
of heat generated) and testing (for example,
eccentricity and gage marking) variables are
greater upon them than upon larger specimens.
Therefore, the largest practical specimen shall
always be used. With some types of materials,
notably castings, the result of tests of small
specimens may be more variable due to the
increasing significance of variations in metallic
structure or the character of the surfaces. Low
values derived from small specimens should be
carefully evaluated in accordance with 8.1 to
be certain that the results are valid.

6.1.5 While tensile strengths and yield

o -strengths can properly be compared with results

derived from test specimens of various dimen-
sions, elongation values may vary with speci-
men size and type. Therefore elongation values
should be obtained with specimens of the type
from which the published tensile properties
were established. ,

6.2 Type, Direction, and Location in Prod-
ucts: :
6.2.1 Sheet and Plate:

6.2.1.1 Rectangular specimens shall be used
for thicknesses less than 0.500 in., and round
specimens for all others.

6.2.1.2 For thicknesses 0.500 in. through
1.500 in., specimens shall be taken from the
center of the thickness; for larger thicknesses,
they shall be taken midway from the center to
the surface.

6.2.1.3 For nonheat-treatable aluminum al-
loys, specimens shall be taken parallel to the
direction of rolling.

6.2.1.4 For heat-treatable aluminum alloys,

specimens shall be taken perpendicular to the -
direction of rolling (long-transverse). For
widths too narrow for long-transverse standard
rectangular or 0.500-in. diameter specimens,
specimens shall be taken parallel to the direc-
tion of rolling. -

6.2.1.5 For magnesium alloys, specimens
shall be taken parallel to the direction of roll-
ing.
6.2.2 Wire, Rod, and Bar:

6.2.2.1 Full-section specimens shall be used
when practical. It is permissible to reduce the
section slightly throughout the test section in
order to ensure fracture within the gage length.
Otherwise, round specimens shall be used, ex-
cept that for rectangles less than 0.500 in. thick
rectangular specimens of the full thickness may
be used. ‘

6.2.2.2 All specimens shall be longitudinal.
The specimens shall be taken from the locations
specified in Table 2.

6.2.3 Shapes: .

6.2.3.1 Round specimens shall be used when-
ever it.is not practical to use full-section speci-
mens, except that for shapes less than 0.500 in.
thick, rectangular specimens may be used.

6.2.3.2 All specimens shall be taken in the
longitudinal direction from the predominant sec-
tion of the shape. The specimens shall be taken
from a location that most nearly satisfies the
intent of Table 2.

6.2.4 Tube and Pipe—All specimens shall be
longitudinal.

6.2.4.1 For all small tube (Note 4), particu-
larly sizes 1 in. and under in nominal outside
diameter, and frequently for larger sizes, except
as limited by the testing equipment, it is stand-
ard practice to use tension test specimens of
full-size tubular sections. Snug-fitting metal
plugs shall be inserted far enough into the ends
of such tubular specimens to permit the testing
machine jaws to grip the specimens properly.
The plugs shall not extend into that part of the

specimen on which the elongation is measured.

Figure 10 shows a suitable form of plug, the
location of the plugs in the specimen, and the
location of the specimen in the grips of the
testing machine.

Note 4—The term “tube” is used to indicate tu-
bular products in general, and includes pipe, tube,
and tubing.

6.2.4.2 When it is not practical to test full-
section specimens, 0.500-in. wide specimens in
accordance with Fig. 12 taken as in Fig. 11

302



:,shall be used if practical. Otherwise, round
_specimens shall be taken from the center of
. wall thicknesses through 1.500 in.; for thick-
_ nesses over 1.500 in., they shall be taken mid-
way from center of thickness to surface.

6.2.5 Die Forgings—Round specimens shall
be used for section thicknesses 0.500 in. and
greater. Either subsize round or rectangular
specimens may be used for section thicknesses
from 0.312 to 0.499 in. Rectangular specimens
. shall be used for section thicknesses less than
. 0.312 in. The axis of the specimen shall be
substantially parallel to the direction of grain
~ flow, unless specimens in other directions are
- required. Specimens shall be taken from the
center of the predominant or thickest part of
the forging from which a coupon can be ob-
tained, from a prolongation of the forging, or
from coupons separately forged from the same
stock used to produce the forgings.

6.2.6 Hand Forgings—Round specimens
shall be used. They shall be taken in the long-
transverse direction, and when specified, in the
longitudinal and short-tranverse directions. A
longitudinal specimen shall be taken so that its
- axis coincides with the longitudinal center line
of the forging. A long-transverse or short-trans-
verse specimen shall be taken so that the mid-
- point of its axis lies on the longitudinal center

line of the forging. Each specimen shall be so
~chosen that the distance from the midpoint of
- it$ axis to the end of the forging is at least half
the thickness of the forging. '

6.3 Type of Specimen from Castings:

6.3.1 Test specimens shall be separately cast
or, if called for by product specification or
customer requirements, machined from the
casting itself.

6.3.2 Cast Test Specimens—The test section
_of any separately cast test specimen shall be
consistent with Fig. 8.

6.3.3 Specimens Machined from Castings: -

6.3.3.1 Round specimens in accordance with
Fig. 8 shall be used for section thicknesses 0.500
" in. and greater.

6.3.3.2 Either small-size round specimens
proportional to the standard specimen in Fig. 8
or rectangular specimens in accordance with Fig.
6 may be used for section thicknesses from 0.312
to 0.499 in., except as limited by 6.1.3.

6.3.3.3 Rectangular specimens in accordance
with Fig. 6 shall be used for section thicknesses
less than 0.312 in.

6.3.3.4 All test specimens must have a ma-
chined finish of 63 micro in. RMS (57 micro-in.
AA) or smoother.

6.4 Specimen for Die Castings:

6.4.1 For testing die castings the test specimen
shown in Fig. 13 shall be used unless otherwise
provided in the product specifications.

6.5 Specimens for Powdered Metals:

6.5.1 For testing powdered metals the test
specimens shown in Figs. 14 and 15 shall be
used, unless otherwise provided in the product
specifications.

7. Procedures

7.1 Measurement of Dimensions of Test Spec-
imens:

7.1.1 To determine the cross-sectional area of
a tension test specimen, measure the dimensions
of the cross section at the center of the reduced
section except that for referee testing of speci-
mens under % in. in their least dimension,
measure the dimensions where the least cross-
sectional area is found. Measure and record the
cross-sectional dimensions of tension test speci-
mens 0.200 in. and over to the nearest 0.001 in.;
the cross-sectional dimensions less than 0.200 in.
and not less than 0.100 in. to the nearest 0.0005
in.; the cross-sectional dimensions less than 0.100
in. and not less than 0.020 in., to the nearest
0.0001 in.; and when practical, the cross-sec-
tional dimensions less than 0.020 in., to at least
the nearest 1 % but in all cases to at least the
nearest 0.0001 in.

NoOTE 5—Measurements of dimensions presume
smooth surface finishes for the specimens. Rough sur-
faces due to the manufacturing process such as hot
rolling, metallic coating, etc., may lead to inaccuracy
of the computed arcas greater than the measured di-
mensions would indicate. Therefore, cross-sectional di-
mensions of tension test specimens with rough surfaces

" due to processing may be measured and recorded to

the nearest 0.001 in.

7.1.2 Determine cross-sectional areas of -full-
size tension test specimens of nonsymmetrical
cross sections by weighing a length not less than
20 times the largest cross-sectional dimension
and using the value of density of the material.
Determine the weight to the nearest 0.5 % or less.

7.1.3 When using specimens of the type
shown in Figure 12 from tubes, the cross-sec-
tional area shall be determined using the follow-
ing formula:
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W w? w
A: — 2 - 2, —_—
[2 \/ R* 7 + R*. ARCSIN :]
\/2 2 
[2 / re— —4— + r‘-ARCSINE

A = cross-section area,

D = outside diameter,

d = inside diameter,

R = outside radius,

r = inside radius, and

W = width of specimen reduced section.

7.2 Speed of Testing:

7.2.1 Speed of testing may be defined (a) in
terms of free-running crosshead speed (rate of
movement of the crosshead of the testing ma-
chine when not under load), (b) in terms of
rate of separation of the two heads of the testing
machine during a test, (¢) in terms of the
elapsed time for completing part or all of the
test, (d) in terms of rate of stressing the speci-
men, or (e) in terms of rate of straining the
specimen. For some materials the first of these,
which is the least accurate, may be adequate,
while for other materials one of the others,
listed in increasing order of precision, may be
necessary in order to obtain test values within
acceptable limits. Suitable limits for speed of
testing should be specified for materials for
which the differences resulting from the use of
different speeds are of such magnitude that the

~ test results are unsatisfactory for determining

the acceptability of the material. In such in-
stances, depending upon the material and the
use for which it is intended, one or more of the
methods described in the following paragraphs
is recommended for specifying speed of testing.

7.2.2 Free-Running Crosshead Speed—The
allowable limits for the rate of movement of
the crosshead of the testing machine, when not
under load, shall be specified in inches per inch
of length of reduced section (or distance between
grips for specimens not having reduced sections)
per minute. The limits for the crosshead speed
may be further qualified by specifying different
limits for various types and sizes of specimens.

. The average crosshead speed can be experimen-

tally determined by using a suitable measuring
device and a timing device.

7.2.3 Rate of Separation of Heads During
Tests—The allowable limits for rate of separation
of the heads of the testing machine during a test
shall be specified in inches per inch of length of

reduced section (or distance between grips for
specimens not having reduced sections) per min=
ute. The limits for the rate of separation may be
further qualified by specifying different limits for
various types and sizes of specimen. Many testing‘f
machines are equipped with pacing or indicating
devices for the measurement and control of the

. rate of separation of the heads of the machine

during a test, but in the absence of such a device

‘the average rate of separation of the heads can

be experimentally determined by using a suitable
length-measuring device and a timing device. =

7.2.4 Elapsed Time—The allowable limits
for the elapsed time from the beginning of
loading (or from some specified stress) to the
instant of fracture, to the maximum load, or to
some other stated stress, shall be specified in
minutes or seconds. The elapsed time can be
determined with a timing device.

7.2.5 Rate of Stressing—The allowable limits
for rate of stressing shall be specified in pounds
per square inch per minute. Many testing ma-
chines are equipped with pacing devices for the
measurement and control of the rate of stress-
ing, but in the absence of such a device the
average rate of stressing can be determined
with a timing device by observing the time
required to apply a known increment of stress.

7.2.6 Rate of Straining—The allowable limits
for rate of straining shall be specified in inches
per inch per minute. Some testing machines are
equipped with pacing or indicating devices for
the measurement and control of rate of straining,
but in the absence of such a device the average

rate of straining can be determined with a timing

device by observing the time required to effect a
known increment of strain.

7.2.7 Unless otherwise specified, any con-
venient speed of testing may be used up to one
half the specified yield strength, or up to one
quarter the specified tensile strength, whichever
is smaller. The speed above this point shall be
within the limits specified. If different speed
limitations are required for use in determining
yield strength, tensile strength, and elongation,
they should be stated in the product specifica-
tions. In the absence of any more specified
limitations on speed of testing the following
general rules shall apply:
~ 7.27.1 The speed of testing shall be such
that the loads and strains used in obtaining the
test results are accurately indicated.

7.2.7.2 During the conduct of the test to
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determine yield strength the rate of stress ap-
plication shall not exceed 100 000 psi/min.
The speed may be increased -after removal of
the extensometer, but it shall not exceed 0.5
./in. of gage length (or distance between grips
o1 specimens not having reduced sections) per
ainute. :

15 Rounding—Round each value _of
strength to the nearest 0.1 ksi. Round each
value of elongation determined in accordance
with 7.6.1 to the nearest 0.5 %, unless specified
otherwise. Perform rounding according to the
rounding method of Recommended Practice
E 29.

7.3.1 If elongation is determined in accord-
ance with 7.6.4, round each value in accordance
with 7.6.4.4.

7.4 Yield  Strength—Determine  yield
strength by the offset method at an offset of 0.2
%. Acceptance or rejection of material may be
decided on the basis of Extension-Under-Load
Method. For referee testing, the offset method
shall be used.

7.4.1 Offset Method—To determine the yield
strength by the “offset method,” it is necessary
to secure data (autographic or numerical) from
which a stress-strain diagram may be drawn.
Then on the stress-strain diagram (Fig. 16) lay
off Om equal to the specified value of the set,
draw mn parallel to OA4, and thus locate 7, the
intersection of mn with the stress-strain dia-
gram. (Note 7). In reporting values of yield
strength obtained by this method, the specified
value of “offset” used should be stated in pa-
rentheses after the term yield strength. Thus:

Yield strength (offset = 0.2 %) = 52 000 psi

In using this method a Class B2 extensometer
(see Methods E 83) would be sufficiently sen-
sitive for most materials.

NoTE 6—Automatic devices are available that de-
termine offset yield strength without plotting a stress-
strain curve. Such devices may be used if their ac-
curacy has been demonstrated to be satisfactory.

Note 7—If the load drops before the specified offset
is reached, technically the material does not have a
yield strength (for that offset), but the stress at the
maximum load attained before the specified offset is
reached may be reported instead of the yield strength.

7.4.2 - Extension-Under-Load Method—For
tests to determine the acceptance or rejection
of material whose stress-strain characteristics
are well known from previous tests of similar
material in which stress-strain diagrams were

0

plotted, the total strain corresponding to the
stress at which the specified offset occurs will
be known within satisfactory limits; therefore,
in such tests a specified total strain may be
used, and the stress on the specimen, when this
total strain is reached, is taken to be the value
of the yield strength (Fig. 17). The total strain
can be obtained satisfactorily by use of a Class
B2 extensometer. It is recommended that this
approximate method be used only after agree-
ment between the manufacturer and the pur-

. chaser, with the understanding that check tests

be made for obtaining stress-strain diagrams
for use with the offset method to settle any
misunderstandings.

7.5 Tensile Strength:

7.5.1 Calculate the tensile strength by divid-
ing the maximum load carried by the specimen
during a tension test by the original cross-sec-
tional area of the specimen.

7.6 Elongation:

7.6.1 Fit ends of the fractured specimen to-
gether carefully and measure the distance be-
tween the gage marks to the nearest 0.01 in. A
percentage scale reading to 0.5 % of the gage
length may be used. The elongation is the
increase in length of the gage length, expressed
as a percentage of the original gage length. In
reporting elongation values, give both the per-
centage increase and the original gage length.

7.6.2 If any part of the fracture takes place
outside of the middle half of the gage length or
in a punched or scribed mark within the re-
duced section, the elongation value obtained
may not be representative of the material. If
the elongation so measured meets the minimum
requirements specified, no further testing is
required, but the location of fracture shall be

-noted. If the elongation is less than the mini-

mum requirements, discard the test and test a
replacement specimen as allowed in 8.1.1.

7.6.3 In determining extension at fracture
(elastic plus plastic extension), autographic or
automated methods using extensometers may be
employed.

7.6.3.1 In determining percent elongation
from extension at fracture, only the plastic exten-
sion shall be used. The elastic portion can be
estimated graphically or by calculation and sub-
tracted from the total extension at fracture.

7.6.4 When required by the material specifi-
cation, or when making retests or for referee tests
of products other than wire and the specified
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elongation is less than 3 % or the elongation
measured in the usual manner is less than 4 %,
determine the elongation of a round specimen as
follows:

7.6.4.1 Mark the original gage length of the
specimen and measure to an accuracy of +0.002
in. :

7.6.42 Remove any partly torn fragments
that might influence the final measurement
from the broken ends of the specimen.

7.6.4.3 Match the broken ends together to
obtain an integral fit, and apply an end load of
approximately 2 ksi. If desired, the load may
then be removed carefully, provided the speci-
men remains intact. '

7.6.4.4 Measure the final gage length to at
least the nearest 0.002 in., and report the elon-
gation to at least the nearest 0.1 % in 2 in. or
0.2 % in shorter gage lengths.

7.6.5 Measure elongations of %-in. wide rec-
tangular specimens and of full-section speci-
mens from tube and pipe in 2 in.

7.6.6 Measure elongation of round speci-
mens taken from products 0.125 in. or larger in
4D except die casting and wire for electric con-
ductors. ~

7.6.7 For wire for electric conductors the
gage length shall be in 10 in. and elongation
shall be measured and reported to the nearest
0.1 %.

7.6.8 Measure elongation of die cast speci-

- _mens in 8D (see Fig. 13).

7.6.9 Measurement of elongation of shapes
less than 0.062 in. in thickness and of wire,
other than electric conductors, 0.125 in. and
less in diameter is not required.

8. Replacement Tests

8.1 A test specimen may be discarded and a
replacement specimen selected from the same
lot of material when (/) the specimen had a
poorly machined surface, was not of the proper
dimensions, or had its properties changed by
poor machining practice; (2) the test procedure
was incorrect or the test equipment malfunc-
tioned; or (3) the fracture was outside the mid-
dle half of the gage length, and the elongation
was below the specified value.

8.2 In the case of specimens machined from
wrought products or castings, discontinuities
such as cracks, ruptures, flakes and porosity
revealed in the fracture that are considered
indicative of inferior or defective material are

not reasons for the selection of a replacement
test specimen. ‘
8.3 In the case of separately cast test speci-
mens, flaws other than gas porosity, such as
cracks or inclusions, are not the cause of rejec
tion of the castings based upon tensile prope:
ties, and so the presence of such flaws in th
fracture is justification for replacement testing

9. Retests

9.1 If one or more test specimens fail to
conform to the requirements of the product
specification, the lot represented by the speci-
men or specimens shall be subject to rejection
except as provided below.

9.2 If a material lot is subject to rejection,
retests of that lot will be permitted by:

9.2.1 Testing, for each specimen that failed,
at least two additional specimens from an area -
in the original sample adjacent to the area
represented by the failure or failures, or

9.2.2 Testing an additional specimen from -

the specified location in each of at least two

other samples for each sample that failed from
the same lot.

9.2.3 In the case of separately cast test spec-
imens, testing two additional cast speciments
from the same lot for each specimen that failed.

9.3 If any retest fails, the lot shall be subject
to rejection, except that the lot may be resub-
mitted for testing provided the producer has
reworked the lot, as necessary, to correct the
deficiencies or has removed the nonconforming
material.

10. Precision and Bias

10.1 Precision—The degree of agreement
within the results obtained in tests made to eval-
uate a particular property in accordance with the
procedures stated in this standard.

10.1.1 Precision is influenced by the homo-
geneity of specimens. By homogeneity, the ma-
terial itself, the specimen shape, the gripping
methods and measurement methods are meant.

10.1.2 Precision is related to-laboratories, the
design and condition of the machines and auxil-
iary equipment and to the skill used by operators.

10.1.3 Results obtained under single operator,
single-machine testing can represent the opti-
mum precision.

10.2 Bias—The accuracy of the results in
tension testing is the degree of agreement be-
tween the property defined by the results and an
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accepted standard which is the average of a num-
ber of observations obtained by operators using
the highest skills; using the most suitable ma-
:chines and equipment and by laboratories having
-‘the highest degree of supervision.
=*10.2.1 Testing machine load accuracy influ-
2ences accuracy of properties related to force.
-fSpecimen geometry, symmetry and alignment
influence stress accuracy and strain uniformity.
Accuracy of extensometry influences strain mag-
nitude. Gripping devices, qualifications of oper-
ators and speed of testing may influence accu-
racy.

TABLE 1 Guidelines for Selecting Round Tensile Specimens

Min. Me_xte—
Specified Material Thick- “Ta}lniffn‘écs’;‘ Specimen Di-
ness, in. Length or ameter, in.
Width, in.
0.250 through 0.374 1 0.160
0.375 through 0.499 W 0.250
0.500 through 0.624 3 0.350
0.625 and over 4% 0.500

10.3 Statistical methods and procedures exist
to calculate precision, establish bias and make
statistical judgement that numbers defining prop-
erties are different only by chance.

Note 8—Test results that can be used for statistical
evaluation to establish the precision of these methods
are not available but are being solicited by ASTM
Committee B-7.

NOTE 9—At this time, statements of the accuracy of
the results in tension testing should be limited to the
documented performance of particular laboratories.

TABLE 2 Location of Axis of Specimens in Rod, Bar, and
Shapes

Location of Axis of Specimen with

Section Diameter, Respect to-Thickness (7°) and

- - Width (W) of Bar and Shapes or
Thick: Wi X
1c ncsisx:)r idth, Diameter (D) of Rod
Thickness Width Diameter
Up through 1.500, incl T/2 w/2 D)2
Over 1.500 T/4 w/4 D/4
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Wedge Grips Upper Head of
/\ Testing Machine
—
~Liners-Thickness Varied
According to Specimen Thick-
Flat Specimen—{ | from Protruding Above or
Below Head of Testing

L

FIG. 1 Wedge Grips with Liners for Fiat Specimens

Spherical
Bearing

Upper Head
of
Testing

Machine

I

Specimen
with
Threaded
Ends

FIG. 2 Gripping Device for Threaded-End Specimens
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FIG. 3 Gripping Device for Shoulilered-End Specimens
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Section A-A— for Wire
- FIG. 4 Gripping Devices for Sheet and Wire Specimens
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FIG. 5 Snubbing Device for Testing Wire
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Dimensions, in.
Standard Specimen Sheet- Subsize Specimen

Type, ¥%-in. Wide Y4-in. Wide
G— Gage length - ' 2.000 % 0.005 1000 + 0.003
W—Width (Notes 1 and 2) ' 0.500 £ 0.010 . 0.250 + 0.002
T— Thickness (Note 3) thickness of material thickness of material
R— Radius of fillet, min Yo Ya
L— Over-all length, min (Note 4) - 8 4
A— Length of reduced section, min 2% 1%
B— Length of grip section, min (Note 5) 2 ’ 1%
C— Width of grip section, approximate % %

(Notes 2 and 6)

NoTE 1—The ends of the reduced section shall not differ in width by more than 0.002 in. for the 2.00-in. gage length
specimen or 0.001 in. for the 1.00-in. gage length specimen. There may be a gradual taper in width from the ends of the
reduced section to the center, but the width at each end shall not be more than 1 % greater than the width at the center.

Note 2—For each of the specimens, narrower widths (W and C) may be used when necessary. In such cases the width of
the reduced section should be as large as the width of the material being tested permits; however, unless stated specifically, the
requirements for elongation in a product specification shall not apply when these narrower specimens are used. If the width
of the material is less than W, the sides may be parallel throughout the length of the specimen.

Note 3—The dimension T is the thickness of the test specimen as stated in the applicable material specifications.
Maximum nominal thicknesses of %-in. and %-in. wide specimens shall be % in. and % in., respectively.

NoTe 4—To aid in obtaining axial loading during testing of s-in. wide specimens, the over-all length should be as large
as the material will permit, up to 8 in.

NotEe 5—It is desirable, if possible, to make the length of the grip section large enough to allow the specimen to extend
into the grips a distance equal to two thirds or more of the length of the grips. If the thickness of 2-in. wide specimens is over
% in., longer grips and correspondingly longer grip sections of the specimen may be necessary to prevent failure in the grip
section. ‘

- NoTe 6—The ends of the specimen shall be symmetrical with the center line of the reduced section within 0.01 and 0.005
" in., respectively.

FIG. 6 Rectangular Tension Test Specimens

TA
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Dimensions, in.

G— Gage length 2.000 + 0.005
W—Width (Note 1) 0.500 + 0.010
T— Thickness, max (Note 2) %

R— Radius of fillet, min (Note 3) - %

L— Over-all length, min 8

A— Length of reduced section, min 2%

B— Length of grip section, min 2

C— Width of grip section, approximate 2

D— Diameter of hole for pin, min (Note 4) Yo

E— Edge distance from pin, approximate 1%

F— Distance from hole to fillet, min ) Yo

Note 1-—The ends of the reduced section shall differ in width by not more than 0.002 in. There may be a gradual taper
in width from the ends of the reduced section to the center, but the width at each end shall be not more than 1 % greater than
the width at the center.

Note 2—The dimension T is the thickness of the test spemmen as stated in the applicable product specifications.

NoTe 3—For some materials, a fillet radius R larger than % in. may be needed.

NoTe 4—Holes must be on center line of reduced section, within +0.002 in.

NoTE 5—Variations of dimensions C, D, E, F, and L may be used that will permit failure within the gage length.

FIG. 7 Pin-Loaded Tension Test Specimen with 2-in. Gage Length

"8
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Note—The diameter of the plug shall have a slight taper
from the line limiting the testing machine jaws to the curved
section.

FIG. 10 Maetal Plugs for Testing Tubular Specimens,
Proper Location of Plugs in Specimen and of Specimen in

Note—The edges of the specimen shall be cut parallel to
each other.
FIG. 11 Location from Which Longitudinal Tension Test
Specimens Are to Be Cut from Large-Diameter Tube

Heads of Testing Machine
s -l lL A " l__ B __l
. " ==
— _ W — _ Cc T— |
6 R
Dimensions, in.

W— Width (Note 1) 0.500 + 0.010

. G— Gage length 2.000 £ 0.005
. T— Thickness Note 2

R— Radius of fillet, min Y

A— Length of reduced section, min 2Ys

B— Length of grip section, min (Note 3) -3

C— Width of grip section, approximate (Note 4) Wie

l

Note 1—The ends of the reduced section shall not differ in width by more than 0.002 in. There may be a gradual taper in
width from the ends of the reduced section to the center, but the width at each end shall not be more than 1 % greater than the

width at the center.

NoTe 2—The dimension T is the thickness of the tubular section as provided for in the applicable material specifications.

NoTE 3—It is desirable, if possible, to make the length of the grip section great enough to allow the specimen to extend into the
grips a distance equal to two thirds or more of the length of the grips.-

NoTE 4—The ends of the specimen shall be symmetrical with the center line of the reduced section within 0.05 in.

Note 5—For circular segment, the cross-sectional area shall be calculated using the formula shown in 7.1.3.

FIG. 12 Longitudinal Tension Test Spécimens for Large-Diameter Tubular Products
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Dimensions, in.

G— Gage length

D—Diameter (see Note)

R—Radius of filet, min

A— Length of reduced section, min

L— Over-all length, min

B— Distance between grips, min

C— Diameter of end section, approximate

2.000 % 0.005
0.250 + 0.005
3

2%

9

4%

%

Note—The reduced section may have a gradual taper from the ends toward the center, with the ends not more than 0.005

in. larger in diameter than the center. |

FIG. 13 Standard Tension Test Specimen for Die Castings
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Pressing Area = 1.00 in.”

_ Dimensions Specified except G, are Those of the Die.

Dimensions, in.

G— Gage length

D— Width at cénter

W— Width at end of reduced section
T— Compact to this thickness
R— Radius of fillet

A— Half-length of reduced section
B— Grip length

L— Over-all length

C— Width of grip section

F— Half width of grip section
E— End radius

1.000 = 0.005
0.225 + 0.001
0.235 = 0.001
0.200 to 0.250
1

%

3.187 = 0.001
3.529 = 0.001
0.343 £ 0.001
0.1715 % 0.0010
0.171 = 0.001

FIG. 14 Standard Tension Test Specimen for Powdered Metal Products—Flat Unmachined Tension Test Specimen
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Pressing Area of Unmachined Compact = 1.5 in.?

1.
2.

3.
4.

Machining Recommendations

Rough Machine to %s in. d1a

Finish Turn 0.250 in. dia with Radii and
Taper

Polish with 00 Emery Cloth

Lap with Crocus Cloth

Dimensions, in.

G— Gage length " 1.000 + 0.005
D— Diameter at center of reduced section 0.250 + 0.001
H— Diameter at ends of gage length D + 0.001 to 0.002 in.
R— Radius of fillet Ya

A— Length of reduced section 1%

L— Over-all length (die cavity length) 3

B— Length of end section Y

C— Compact to this end thickness 0.500-+ 0.050
W— Die cavity width Ya

E— Length of shoulder and fillet Y

F— Diameter of shoulder %6

J— End fillet radius, max Y6

Note—The gage length and fillets of the specimen shall be as shown. The ends as shown are designed to provide a total
pressing area of 1.00 in.” Other end designs are acceptable, and in some cases are required for high-strength sintered materials.
Some suggested alternative end designs include:

1. Longer ends, of the same general shape and conﬁguratxon as the standard, provide more surface area for gnppmg

2. Shallow transverse grooves, or ridges, may be pressed in the ends to be gripped by jaws machined to fit the specimen
contour.

FIG. 15 Standard Tension Test Specimen for Powdered Metal Products—Round Machined Tension Test Specimen
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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 valldtty
of any such patent rights, and the risk of infrin gement 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 Headgquarters. 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, 1916 Race St., Philadelphia, Pa. 19103.
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Designation: B 580 - 79

]

00y

This” standard 15 T8ued ndiér 't

original adoption or, in the case of revision, the'yéar bf list Fevision.

An American National Standard

‘hilriber' R barenthiéses indicatés the year of st reapproval A

superscnpt eps1lon (e) mdlcates an editorial change smce the last revision or reapproval

1. Scope

1.1 This specification covers requlrements for electroly‘u—
cally formed porous oxide coatings on aluminum and
aluminum alloy parts where appearance, abrasion resistance,
electrical properties, and protection against corrosion are
important. Nonporous, barrier layer anodic coatings used for
electrical capacitors are not covered. Seven types of coatings
as shown in Table 1 are provided. Definitions and typical
examples of service conditions are provided in Appendix X1.

NoOTE 1—TIt is recognized that uses exist in which modifications of the
coatings covered by this specification may be required. In such cases the
particular properties desired by the purchaser should be the subject of
agreement between the purchaser and the manufacturer.

2. Referenced Documents

2.1 ASTM Standards:

B 110 Test Method for Dielectric Strength of Anodically
Coated Aluminum?

B 117 Method of Salt Spray (Fog) Testing®

B 136 Method for Measurement of Stain Resistance of
Anodic Coatings on Aluminum3

B 137 Method for Measurement of Weight of Coating on
Anodically Coated Aluminum?

B 244 Method for Measurement of Thickness of Anodic
Coatings on Aluminum and of Other Nonconductive
Coatings on Nonmagnetic Basis Metals with Eddy-
Current Instruments®

B 368 Method for Copper-Accelerated Acetic Acid-Salt
Spray (Fog) Testing (CASS Test)?

B 457 Method for Measurement of Impedance of Anodic
Coatings on Aluminum?

B 487 Method for Measurement of Metal and Oxide
Coating Thicknesses by Microscopical Examination of a
Cross Section?

B 538 Method of FACT (Ford Anodized Aluminum
Corrosion Test) Testing®

B 602 Test Method for Attribute Sampling of Metallic and
Inorganic Coatings?

D658 Test Method for Abrasion Resistance of Organic
Coatings by the Air Blast Abrasive Test*

! This specification is under the jurisdiction of ASTM Committec B-8 on
Metallic and Inorganic Coatings and is the direct responsibility of Subcommittee
B08.06 on Anodic and Chemical Conversion Coatings on Aluminum and
Magnesium Alloys.

Current edition approved May 25, 1979. Published August 1979. Originally
published as B 580 — 73. Last previous edition B 580 - 73,

2 Discontinued, see 1981 Annual Book of ASTM Standards, Part 9.

3 Annual Book of ASTM Standards, Vol 02.05.

4 Annual Book of ASTM Standards, Vol 06.01.
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10d. for Measureinignt.
ﬂectlng Charactenstlcs of Metallic Surfaces Using Inte-
grating Sphere Instruments®

E 430 Method for Measurement of Gloss of High-Gloss
Surfaces by Goniophotometry®

2.2 Other Standards:

MIL-STD-105 Sampling Procedures and Tables for In-
spection by Attributes®

MIL-STD-414 Sampling Procedures and Tables for In-
spection by Variables for Percent Defective®

3. Manufacture

3.1 Defects in the surface of the basis metal, such as
scratches, porosity, inclusions, roll and die marks, cold shuts,
and cracks, will adversely affect the appearance and perform-
ance of applied coatings despite the observance of best
anodizing practices. Accordingly, defects in the coating that
result from such conditions shall not be cause for rejection.

Note 2—To minimize problems of this sort, the specifications
covering the basis material or the item to be anodized should contain
appropriate limitations on such basis metal conditions.

3.2 The basis metal shall be subjected to such mechanical
finishing operations, cleaning, and chemical or electrolytic
pretreatments as are necessary to yield anodic coatings with
the final quality and appearance specified by the purchaser.

3.3 Except where specifically excluded, anodized parts
shall be sealed in water or aqueous chemical solutions of
such purity, composition, pH, and temperature, as to impart
the properties specified herein.

4. Significant Surfaces

4.1 Significant surfaces are defined as those normally
visible (directly or by reflection) which are essential to the
appearance of serviceability of the article when assembled in
normal position; or those surfaces which can be the source of
corrosion products that will deface visible surfaces and
interfere with functional surfaces on the assembled article.
When necessary, the significant surfaces shall be the subject
of agreement between purchaser and manufacturer and shall
be indicated on the drawings of the parts, or by the provision
of suitably marked samples.

Note 3—When significant surfaces are involved on which the
specified thickness or density of the coating cannot readily be controlled,
such as threads, holes, deep recesses, and similar areas, the purchaser

5 Annual Book of ASTM Standards, Vol 14.02.
6 Available from the Naval Publications and Forms Center, 5801 Tabor Ave.,
Philadelphia, PA 19120.
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and the manufacturer should recognize the necessity for either thicker
films on the more accessible surfaces or for special racking.

5. Manner of Specifying Requirements

5.1 Coating Description—When ordering articles to be
finished in accordance with this specification, the purchaser
shall state:

5.1.1 The ASTM designation number,

5.1.2 The coating type and description (see Table 1),

5.1.3 The minimum anodic film thickness, '

5.1.4 Special post anodic treatments,

5.1.5" Applicable quality assurance fequirements (sec Sec-
tion 6),

5.1.6 Significant surface appearance requirements such as
color, texture, or reflectivity, and '

5.1.7 The alloy to which the coating is to be apphed

5.2 Supplementary Coating—Any supplementary coating
that is required in addition to normal or special sealing must
either be described in detail along with its requirements or
the appropriate specification(s) must be referenced.

6. Quality Assurance

6.1 Anodic oxide coatings can be produced to haye many
different characteristics. No single coating can be expected to
have all of these. characteristics. Therefore, the quality

to control those properties necessary to the expected end usé
for the product.

Type A coatings.
" 7. Workmanship and Appearance |

- tant to the function of the part.

* pearance (bright, dull, or satin) shall be a reasonably close
" approximation to that’ of -a° sample ‘consisting of treated

assurance requirements for a given coating should be selected - pieces agreed upon as the standard range by the manufac-

6.2 Anodic coatings supplied under this specification shall =
meet the minimum requirements for ﬁlm thlckness as stated -

in Table 1.

TABLE 1 Anodic Coatings Descriptions

NoTe—Hard coatings may vary in thickness from 12 um to more than 100 um.
If the thickness of Type A is not specified it shall be 50 pm min. Type A coatings
will not be sealed unless so specified.

Type Coating (Industry) Description Minimum Film Thickness (um)

A Engineering Hard Coat 50
B8 Architectural Class | 18
[o] Architectural Class i 10
D Automotive—Exterior 8
E Interior—Moderate Abrasion 5.0
F Interior—Limited Abrasion 3
G Chromic Acid 1

8. Sampling

345

tions, and discontinuities such as pits, breaks and scratches,

6.3 The following ASTM methods are applicable to an-
odic coatings within the scope of this specification: B 110,
B 117, B 136, B 137, B 244, B 368, B 457, B 487, B 538,
D 658, E429, and E 430. The selection of tests to be
required and the level of performance against each test, with
the exception of minimum film thickness, shall be subject to
agreement. between purchaser and manufacturer. The Dye
Stain Test, as described in Method B 136, shall not be
required for Type G coatings or for Types B through F
coatings sealed only in dichromate solutions, or for unsealed

7.1. Workmanship—The anodic coatings shall be continu-
ous, smooth, adherent, uniform in appearance, and shall be
free of powdery areas (burns), loose films, stains, discolora-

or other damage, The size and number of contact marks
shall be the minimum consistent with good practice The
location of contact marks shall be in areas of minimum
exposure to service environmental conditions when 1mpor-

7.2 Appearance—If -applicable, the color and ﬁmsh ap-

turer and the purchaser.

*~NOTE, 4--This range, representing the limits that the manufacturer
w111 supply and that the purchaser will accept, should be established
before any work is performed to meet th1s specrﬁcatlon

8.1 Test methods are time consuming and often destruc-
tive; therefore 100 % inspection is usually impractical. The
purchaser should select a suitable sampling plan for the
acceptance testing of lots of coated items. In order that the |
manufacturer may know the quality standard he is expected
to meet, the plan selected should be made a part of the
purchase contract. |

8.2 Information on sampling procedures is given in l

|
|

Method B 602. Standard sampling plans are suggested in
Military Standards MIL-STD-105 and MIL-STD-414.
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. ’ © ' APPENDIX

T . ) (Nonmandatory Informatmn) SRR PRI I Nk

TABLE X1 1 Defmmons of Serwce Condnions and Examples of Typical Appllcatuons and Appllcable Coatmg T ypes:

electronlc components

T : 2 . Appllcable A
SCNo. ! Deflnition Typical Applicalions ’ . Coating
I v s g E Types -
Very Severe (5) Exposure to atmospheric weathering that can be expected Unmamtamed exterior archltectura| facades machlnery Aand B
to extend for many years or to prolonged high bearing load * * parts, tarine  ~ =
wear conditions.: B
Severe (4) ' Exposure that lncludes likely damage from dentmg, ) 1-Automotlve-—exteﬂor 2-ma|ntalned archltectural exterior Cand D
. -+ '$oratchihg, and' abrasive wear coupied wlth corroslve facades, windows ’
* ... enyiropments.t o« . -
_Moderete ) : 'Exposure that i§ IIker to Inc!ude occaswnal wemng With ,nghting reflectors-—exterlor, athletic equipment, ‘ E
R -ooatlng sub]eot to' moderate wear of ‘abrasion. appliances nameplates lawn fumiture "’
Mild (2) o ExpOSure mdoors ln normally dry atmospheres wnh coating Automotlve——lnterior, houseware items, lighting B Fo.
' ) subject to mlnlmum wear or abrasnon . reflectors—enclosed
Crevice Condition (1)  Exposure to. himid‘atmosphieres with:little or no abrasive _ Spot-welded or riveted assemblies such as alrcraft and G

. ‘oondltuon Particularly for lap joints: .
; i i

TS

The Amer/can Soclety fqr Tesrlng and Matenals takes no position respecting the validity of any patent rights asserted In connettion
wlth any item mentlaned In this standard. Users of this standard aré expressly advised that determination of, the valldlty of any-such
patent rights, and the risk of Infrlngement of such rights, are entlrely thelr own responsibility.

- This:standard Is subject to revision.at any. time by the responsible technical committee and must be reviewed every five years and
o it 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‘recelve carefill consideration at a meeting of the responsible
tachnical committes, which you may attend. If you fesl that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, 1916 Race St., Philadelphia, PA 19103.

R
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Deslgnatlon. B 694 - 86

Cy an«_- T

F T R R
o R

Standard Speclflcatlon for

1. Sc‘ope R L R A

* 1.1 This specrf' cation er , elected copper, copper alloy,
and copper-clad’ stainless steel materrals sheet ‘and strip, in
various thicknesses, for use as electrostatic.or electromag-
netic sh1eld1ng for 1nsulated Dower, control, mstrumentatron
and communication ”"bles .

Note 1—See:Specificatioti ‘B 736 for related ‘stafidards for aluml-
num-based shielding materials.

1.2 The materials covered are the followmg

Copper or; Copper
Alloy UNS NoA "™ . Type of Matenal .
; CllOOO,:‘ T \ cop_per o e
Cl19400 """ " coppér-iron alloy "
~hC22000 et T “‘commercial bronze
C66400 copper-zinc-iron-cobalt alloy
C66410 .U cOppétizinictiron alloy
. ,cupro-niclgel.ZO% .

c71000,, . .

' 4 Th¢ UNS system"for copper and copper alloys (see’ PraCflce E 527)i isa srmple
expansion oF the forimer standatd desighation systeri accomplished’ by the additién
of a prefix “C” and a suffix “00.” The sufﬁx ‘can be uséd to accommodate
composmon variations of the,base alloy "

CE Claddlng rath mus pemﬁed (See 3 l 7 5 13 5 and Appendlx X3 )

13 The values stated in, 1noh-pound units- are to be
regarded- .as- standard.;; SI values Hin parentheses are for
1nformatlon only

'; ents of the i 1ssue in efl‘ect on date
‘a part of thls speclﬁc:;atlop1 fo the

A 1-76 Specification for Stalnless and Heat Res1stmg Chro- ’

mium Stegl Plate, ‘Sheet,” o .
B 152 Spe01ﬁcat1on ‘for’ Copper ‘Sheet, Stn , Plate,, aj
Rolled Bar®
B 193 Test Method for Resrstlvlty of Electncal Conductor
Materials*:.
B 248 Specrﬁcatlon

and Rolled Bar?

! This specification is under the jurisdiction of ASTM Committee B-5 on
Copper and Copper Alloys and is the direct responsibility of Subcommittee B05.01
on Plate, Sheet, and Strip.

Current edition approved Jan. 31, 1986. Published March 1986. Originally
published as B 694 - 81. Last previous edition B 694 - 83€!

2 Annual Book of ASTM Standards, Vol 01.03.

3 Annual Book of ASTM Standards, Vol 02.01.

4 Annual Book of ASTM Standards, Vols 02.01 and 02.03.

~....Copper, Copper Alloy, and Copper-CIad Stalnless Steel
B »and Stnp for Electrlcal Cable Shleldmg el

s ndard is isshed under the ﬁxed d srgnatlon B.694; the number immediately following the designation indicates the yea f
Pl -'orlgmal ‘adoption of; in the’ case of revision; the year of last tevision. A number in parentheses indicates the year of last reapproval: A
Pl superseript epsilon (¢). mdlcates an*edrtonal change since: the last revision or reapproval, e g

’ Wil General’v

A B
*for General Requlrements for

" Specrﬁcatlon B 48
Wrought Copper and' Copper-Alloy Plate, Sheet, Strip, - .

. ‘B 601. Practice for . Temper: De51gnat10ns for Copper: and
Copper Alloys—Wrought:and.Cast? .+ 10y
E:527 Practice: for*Numbering Metals: and Alloys: (UNS)5
B 736lspecrﬁoat10n for Aluminuin,. Alumifium Alloy and
Alummum-Clad Steel Cable Sh1eld1ng Stock

3 Deﬁmtlon " ésf-,zr DTS ST I

- 339 cladding ratzo—ratlo by ercent’ thlckness of the
component layers, for exatmple; 2 /60/20 e Fe

¥ e

4. Ordering Information - 4t .0 S . ¢
4.1 ‘Otdersfor midterial undéf thls spec'l,catlon should
1nc1ude the following information: v
" 4.1.1" Quantity: total for each'ite ’f‘n, pounds (or’ kllograrns),
"'4.1.2"Name of material: cable sh1eld1ng (or “cable wrap )
3 Form of matenal: '

w4,
4
(see B et
Alloy* number when appropnate (see 1.2),°
Temper (see Section, 8),
i D1mens10n' ] cl(ness and w1dth (see Sectlon 13),

4 furni: ed colls (rolls), traverse wound on reels

R

4
1.2);
4.1.5
4.16
4.

j_-._.._.._.,_._.._r

( for any 1tem
R Nt 0€C01l drmensrdn mner orﬂouterl co1l dlameter 11m1-
tdtion; orboth, if required, | LI ‘
4,111 Weight of coils coﬂ welghts or co1l srze hmltatrons
if required,
»4,1.12 Cladding ratio When apprbprrate (see 7 5), ‘
4.1, 13 Certification,- if requited, et
4,114 Mill'test veport, if réquired; T e
4.1.15 Specification designation and year of issue, and
. 4.1, 16 Specral tests or, exceptlons, 1f any

Requlrements i

3.1 Material furnished to this. specification shall conform
" applicble requlrerne 1S urrent edition of

6 Materlals and Manufacture

6.1 The material shall be of such quality that it conforms
to the properties and characteristics prescribed in this speci-
fication.

6.2 Cladding metals as appropriate may be bonded to the
specified base metal by any method that will produce a clad

5 Annual Book of ASTM Standards, Vols 01,01 and 02.01.
S Annual Book of ASTM Standards, Vol 02.02.
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TABLE 1 'Chemical Requirements

Composition, % Copper Coating of Bimetallic Copper
Element Copper or Copper Alloy UNS No. or Copper Alloy UNS No.
C11000 C19400 C22000 C66400 C66410 G71000 C10300 C12200
Copper (incl silver) 99.90 min 97.0 min 89.00-91.0 remainder remainder 74.0 min 99.95 min# 99.9 min
Iron . 2.1-2.6 0.05 max 1.3-1.7 1.8-2.3 1.0 max ces
Lead, max 0.03 0.05 0.015 0.0156 0.05
Tin . s 0.05 max 0.05max ..,
Zinc 0.05-0.20 remainder 11.0-12.0 11.0-12.0 1.0 max
Nickel (incl cobalt) v e 0.05 max  19.0-23.0
Manganese e 0.05 max 1.0 max . e
Phosphorus 0,015-0.15 e 0.02 max . 0.001-0.005 0.015-0.040
Cobalt e 0.30-0.7 v s . .
Silver N 0.05 max
Silicon 0.05 max
Aluminum 0.05 max

A Copper + silver + phosphorus, min.

material that will conform to this specification.

7. Chemical Composition

7.1 Homogeneous copper-bearing materials shall conform
to the chemical requirements prescribed in Table 1.

7.2 Copper cladding shall be, unless otherwise specified, a

copper conforming in chemical composition to that covered
by Specification B 152, Copper UNS No. C10300 (Table 1).
By agreement between manufacturer or supplier and pur-

chaser, Copper UNS No. C12200 (Table 1) may be supplied. =

7.3 The specification limits do not preclude the presence
of other elements. Limits for unnamed elements may be
established by agreement between manufacturer or supplier
and purchaser.

7.4 For copper alloys in Table 1, copper may be taken as
the difference between all the elements analyzed and 100 %.

7.4.1 Alloys C19400 and C22000—When all the elements
in Table 1 are analyzed, their sum shall be 99.8 % min.

7.4.2 Alloys C66400, 664100, and C71000—When all the

elements in Table 1 are analyzed thelr sum shall be 99.5-% -

min,

7.5 Clad cores shall be a stainless steel conforming in
chemical composition to any of those covered by Specifica-
tion A 176. Unless otherwise specified, stainless steel in
accordance with UNS No. S43000 (Type 430) shall be
‘supplied.

7.6 Unless otherwise stated (4 1.12), the. claddmg ratio
shall ‘be one of the standard ratios listed in Tables 2 and
X2.1, and shall be. expressed as XX/XX/XX copper/
stalnless steel/copper.

8. Temper

-8.1 Materials furmshed to thJS spemﬁcatlon shall be an-
nealed or cold-rolled to.the temper specified (4.1.6), The
standard designations as defined in Practice B 601 are
shown. Standard tempers commonly available are listed in
Table 2; special:or nonstandard tempers are subject to
negotiation between manufacturer or. suppher and pur-
chaser. .

9, Mechanlcal Propertles of Cold-Rolled and Annealed Tem-
pers
9.1 The tension .t'est’_shallk be tli_lev‘”s}?ndqrd test for all

v

721

'testmg the steel.

tempers of cold rolled strip and for annealed Copper UNS
No. C11000 and Copper Alloy UNS Nos. C19400, C66400,
and C66410 and acceptance or rejection shall depend only
on the tensile properties which shall conform to the appli-
cable requirements prescribed in Table 2. Tension test
specimens shall be taken so the longitudinal axis of such
specimens is parallel to the direction of rolling, -

9.2 The mechanical properties of copper-clad steel mate-
rial in tempers other than fully annealed and with cladding
ratios other than listed in Tables 2 and X3.1 shall be as
agreed upon between purchaser and supplier. -

10. Grain Size Requirements of Annealed Tempers

10.1 Grain size shall be the standard test for annealed
strip of Copper Alloy UNS Nos. C22000 and C71000, and
acceptance or rejection shall depend only on the grain size.
The average grain size of each of two samples of annealed
material, as determined on a plane parallel to the surface of
the strip, shall be within the limits prescribed in Table 3.

10,2 Although no minimum grain size is' prescribed for
fully annealed copper-clad steel material, it shall be fully
recrystallized in both cladding and core.

11. Rockwell Hardness . ;

11.1" Since ‘Rockwell hardness tests offer a quick and
convenient method of checking the conformity of the
material to the requirements for tensile strength or grain size,
the approximate Rockwell hardness values are given in Table

-2 for general information and assistance in testing but shall

not be used as a basis for rejection. For copper-clad material,
copper should be etched off with suitable reagent prior to

12. Electrlcal Conductmty

12.1 When specified in the order, the electrlcal conduc-
tivity determined on annealed samples shall have the fol-
lowing value when tested at a temperature of 20°C (68°F):.

Material or UNS No. Electrical Conductivity,

min, % IACS * -
C11000 "~ 100.00
C19400 * 60
122000 40
C66400 - 30
;.30

66410
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TABLE 2 Tensile Strength Requirements and Approximate Hardness Values for Shielding Materials In_yCommenly Ordered Tempers

Tensile Strength, ksi® Approximate Rockwell

Descrlptlon Temper Desigr‘rehon (MPa") Hardi ness
Copper or Type of R . e Other Scales Superflclal 30T
Capper-Alloy M’;‘: erial Standard Former Min © Max Thicknesses Thicknesses
UNS No,* 0 . N : o : >0.020 in. -~ 30.012'in.
" Cold-Rolied Tempers: . e
C11000 Copper HOO eighth hard . 32 (220) 40 (275) F 54-82 up'to 49.7
HO1, . quarter hard’ 34 (235) 42 (290) F 60-84 18-51 .
“HO2 ) half hard 37 (2565) 46 (315) F 77-89 43-57
T Ahnealed Tempers: SN
© 061 annealed .34 (235)
CE ' i " Ahnealed Tempers: '
C19400 Copper-iron 061 .. annealed® - 45 (310) 55 (380)
alloy 050 I|ght annealed® 50 (345) 60 (415) e e
HO2 - " half hard 53 (365) 63 (435) B 49-69 52-63
) * ‘Cold-Rolled Tempers: ’
C22000 Commercial HO1 quarter hard 40 (275) 50 (345) B . 127-52 38-53
bronze H02 half hard 47 (325) 57 (395) B 50-63 52-61
Annealed Tempers:
. 081 . ‘quérter hard 39 (270) 46 (315)
o S : : - Annealed Temper:
C66400 . Copper-zinc- . 060 . soﬁ 53 (365) 60 (415)
/ iron-cobalt o h
B alloy+ (N : I S T
- C66410 Copper-zinc- 060 150t 53 (365) 60 (415) .
, iron alloy . . . ) .
e e - * Cold-Rolled Tempers: ' '
C71000 - Cuproshickel -~ " “HO1 quarter hard 47 (325) 63 (435)° B 45-72 46-65
120 % E < HO2 haif hard 56385 . 70485 - B 64-78 59-69
. o o Annealed Tempers: . ! S k
.. : 08035 0.035-mm grain size 52 (355) B  18-35 28-40
Copper-Clad Steel 08015 0.015- -mm grain size 53 (365) B 3§ §8 40-58
Total
cu;ggrg 177 Thickness 7
g e dndom) Annedled Ternpers '
.-20/60/20 :0,0040.10) * 061 annealed? .. 51(350) - 15T .-89 max,
16/68/16 0.005(0.13). . . . 061 .anneajed® 55 (380) 68 (470) 15T 89 max
33.3/33.3/ . P v L ‘
-~ 833 0.006 (0.15) 061 ~ annealed® 44 (305) - 18T "89max - T
AKsl ='1000 psi. L 7 B X S n
~ B-See ‘Appendix X4. ! o TR gy

C:There Is'no grain size: requlrement but all annealed metal shall be fully recrystalhzed

b:Rockwell values normally apply as follows; The B and.F scales apply to métal 0.020 to 0. 036 In (0.5 0 0.91 mm) in thickness The Superflclal 30-T scale applies to

metal 0.012 to 0.028 in, (0.30 10 0. 71.mm) In thmknees

‘Bledttical Contuctivity,
min, % JACS

Material or UNS No.

«, C71000
Copper-clad steel

) "4 Conductnvnty for preferred thlcknesses and claddmg rauos shall be as shown
i “Table X3:1, Conductmty for other thlcknesses or for othef claddmg rauos shall
be as agreed upon between purchaser and supplier ’

122 The electrlcal res1st1v1ty of the matenal shall be
determined in accordance with Test Method B 193; the
conductivity shall be calculated in accordance w1th Explan-
atory Notes 3 and 4 of Test Method B 193,

e

13. Dimensnons and Permissible Variations

13.1 "General—-—For the purpose of determining conform-
ance with, the dimensional requirements prescribed in this
specification, any measured value outside .the specified
limiting values for any dimension may be cause for rejection.

13.2 Thzckness—-—The standard method of specifying
thickness shall be in decimal fractions of an inch. For
material 0.021 in. (0.53 mm) and under in thickness, it is
recommended that the nominal thicknesses be stated not

722

. TA;B”LE 3 ;Grain Size Requirem‘ents‘ for Annealed Material

Copper Alloy’” _ Temper Dasignation Average Grain Size, mm
UNSNo.  standard Former Nominal  Min - Max-
€22000 08010 - ‘ 0010 A 0020
C71000' 08015: ;annealed -+ 0.015 A 0.025

e “A Although no - mirimum graln sizé is réquired, this matenal must be fully

recrystallized.

closer than the nearest half-thousandth, (For example
specify 0.006' or 0.0065: in. :(0.15 010,165 mm), ‘but not
0.0063 in. (0:160° mm).) A- list -of preferred thlcknesses is

‘showii*in Appendix X1. The thlckness tolerance shall be

those shown in Tables4(d) and 4(b). "

13.3- Width—The width toleratices' shall be those requ1red
by’ “Specificition B 248, Paragraph 5.3, ‘unless otherw15e
stated in the purchase order.

13.4 Straightness—The. straightness tolerances shall be
those required by Specification B 248, paragraph 5.5, unless
otherwise stated in the purchase order.

13.5 Cladding Ratzo—Claddlng ratios shall be within
+10 % of nominal; test method shall be metallurgical
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TABLE 4(a) Thickness Tolerances

Material

Thickness, in. (mm)

Tolerance, plus and minus in. (mm)

Over 12 in. (305 mm)
and up to 24 in.
(610 mm) in width

12 in. (305 mm) and
under in Width

Copper and copper alloys

Copper-ciad steel

0.004 (0.102) and under
Over 0.004 to 0.005 (0.127), incl
Over 0.005 to 0.009 (0.229), incl
Over 0.009 to 0.013 (0.330), incl
0.004 (0.102) and under
Over 0.004 to 0.006 (0.152), inc!
Over 0.006 to 0.009 (0.229), incl

0.0003 (0.0076) 0.0008 (0.015)
0.0004 (0.010) 0.0008 (0.020)
0.0005 (0.013) 0.001 {0.025)
0.0008 (0.020) 0.0015 (0.038)
0.0005 (0.013)

0.0006 (0.015)

microsection of at least three samples per lot. See Appendix
X3 for preferred cladding ratios.

14. Workmanship, Finish, and Appearance

14.1 All material shall be uniform in quality and condi-
tion, sound and free of internal and external defects of a

nature that interferes with normal fabrication or the per-
formance of the cable shielding. It shall be well-cleaned and
free of dirt. A superficial film of residual light lubricant is
permissible, unless otherwise specified.

14.2 Copper-clad material shall be free of defects in-
cluding unbond or delamination of a nature that interferes
with normal commercial operations.

" TABLE 4(b) Width Tolerances for Slit Metal and Slit Metal with
Rolled Edges

(Applicable to all materials listed in 1.2)

Width, in. (mm)

Width Tolerances,? plus and minus

For All Thicknesses *

2 (50.8) and under
. Over 2 to 12 (50.8 to 305), incl
Over 12 to 24 (305 to 610), incl

in. mm
0.005 0.13
0.008 . 0.20
0.015 0.38

A If tolerances are specified as all plus or all minus, double the values given.

APPENDIXES

(Nonmandatory Information)

X1. EXPLANATORY NOTE—CABLE SHIELDING

X1.1 Cable shielding or “cable wrap” is normally used by .

manufacturers of electrical insulated wire and cable in strips
of various widths. The material is wrapped around an
insulated wire or group of wires, and may be applied over an
intervening layer of wrapping material or over a jacket. The
material may be applied in various configurations depending
upon the requirements of the finished cable: :

X1.1.1 Helical wrap—overlapped, butted, or gapped

X1.1.2 Longitudinal application—corrugated or smooth,
overlapped, butted, gapped, or welded/soldered. -

X1.2 The selection of the particular material and of the

upon the specification requirements for the finished wire or
cable. Military and Federal Specifications, Rural Electrifica-
tion Administration (REA) specifications, ICEA (Insulated
Cable Engineers Association) specxﬁcatlons among others,
typically apply.

X1.3 Electrical conductlvlty of the material is an lmpor-
tant characteristic considered in the selection process, and is
affected by the material, its thickness, and the method of
application. Corrosion resistance is important for various
environments. Physical strength requirements may include

* such features as resistance to tensile stress, resistance to

thickness of the material to be used is dependent largely

723

bending stress (including repeated bending), resistance to
gopher attack, etc.
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X2. PREFERRED THICKNESSES
X2.1' It is recommended that“v‘i)ﬁ'eré‘w)qr possible, material  listed in Table X2.1.
purchased to-this specification be .ordered in a thickness as .. oov ¢

G, nnn D
M

3ss, Nominal

TABLE X2.1 Preféited Thigknes
.0 . Thickness,in, (mm)

» 1 -Material or UNS No.

_ SRR TR0 0081(0.43)
C11000 0.010 (0.25)
0.006 (0.15)
how oy O19400 L0007 (018) - ST
B T AT LI SR 0.005 (0.13) : ' o
L. et 022000 g .o 0.007 (0.18)
§ o e e e 0.010 (0.25)
o o e . OB6400 0.0085 (0.14) . i
4 Gog g CEB410.-ow . (0.0085(0.14) . .
: <C71000 ¢ - ©so- 0 0,005 (0:18) . o
0.004 (0.10)*
Copper-clad steel 0.005 (0.13)4
0.006 (0.15)

A Total:thickiigss of strip. See Table X8.1 for preferréd cladding ratio.

N ) i
Bt R

X3. PREFERRED CLADDING RATIOS FOR COPPER-CLAD STEEL

X3.1 It is recommended that wherevgr possible, material ‘cladding ratios‘&s‘,listed in Table X3.1. Conductivity for these
purchased to this specification be ordered in thicknesses-and recommended materials is indicated.

o 3

TABLE 'X3.1 Preferred CIau‘&dIngA Ratios—éopﬁé:?éiéd Steel

Nominal Total Thickness of

Nominal Thickness, in. (mm) Conductivity, % IACS
Strip Cladding Ratio, Cu/ss/Cu
in. mm Cop;_)_edr‘_h s Steel Copper nominal min
0.004 0.10 20/60/20 0.000'8'(6.‘/62) U 0.0024 (0.06) 0.0008 (0.02) 32 30
0.005 0.13 16/68/16 0.0008 (0.02) 0.0034 (0.09) 0.0008 (0.02) 30 28
0.006 0.15 33.3/33.3/33.3 150,002+ (0.05) - ..~ .0.002 (0.05) 0.002 (0.05) 61 60
Lo e U METRIC EQUIVALENTS L

perties now showni is in  siress is the newton per squiare mietre (N/m®2), which has been

nits (SI). The  ‘namied the ‘pascal (Pa) by the Geéral ‘Conference on

derived SI unit for force is the newton (N), which is defined ~ ‘Weights 4tid Measures: Sinte 1'ksi = 6 894 757 Pa the metri¢
as that force which when applied to a body having a mass,of  equivalents are expressed as mégapascal (MPa), which is thé
ne kilogram givesiit an acceleration, of.one metre per second  same as MN/m? dnd N/mm?, =+ e

squared (N = ;’kg'qn}/&z);.T he derived-SI unit,for pressure or Lo o Ty
i . - - . oeee . . i e W ! e v . AN v
P B . T RS T e . . i e . *
vy :The.American Socjety for, Testing and Matorlals takes no position respecting the valldity of.any patent rights asserted In conneotion - S

.. with any'j item mentloned in this standard, Users of this standard are expressly, advised that determination of the yalldity of any syjch
" patent rights, and the'risk of intringenient of stich rights, are entirely thelr own responsibliity.
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1
- i

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 falr hearing you should make your
views known to the ASTM Committee on Standards, 1916 Race St., Philadelphia, PA 19103.
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Standard Specification for

Designation: C 5 — 79 (Reapproved 1997)

Quicklime for Structural Purposes’

This standard is issued under the fixed designation C 5; the number immediately following the designation indicates the year of original
adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A superscript
epsilon (€) 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 all classes of quicklime such as
crushed lime, granular lime, ground lime, lump lime, pebble
lime, and pulverized lime, used for structural purposes.

2. Referenced Documents

2.1 ASTM Standards:

C 25 Test Methods for Chemical Analysis of Limestone,
Quicklime, and Hydrated Lime?

C 50 Practice for Sampling, Inspection, Packing, and Mark-
ing of Lime and Limestone Products®

C 51 Terminology Relating to Lime and Limestone (As
Used by the Industry)?

C 110 Test Methods for Physical Testing of Quicklime,
Hydrated Lime, and Limestone*

E 11 Specification for Wire-Cloth Sieves for Testing Pur-
poses?

3. Terminology

3.1 Definitions—Unless otherwise specified, for definitions
of terms used in this standard, refer to Terminology C 51.

4. Chemical Composition

4.1 The quicklime shall conform to the following require-
ments as to chemical composition, calculated on a nonvolatile
basis:

! This specification is under the jurisdiction of ASTM Committee C-7 on Lime
and is the direct responsibility of Subcommittee C07.02 on Structural Lime.

Current edition approved Nov. 30, 1979. Published January 1980. Originally
published as C 5 — 13 T. Last previous edition C 5 — 59 (1974).

2 Annual Book of ASTM Standards, Vol 04.01.

3 Annual Book of ASTM Standards, Vol 14.02.

Calcium Lime Magnesium Lime
Calcium oxide, min, % 75
Magnesium oxide, min, % 20
Calcium and magnesium oxide, 95 95
min, %
Silica, alumina, and oxide of iron, 5 5
max, %
Carbon dioxide, max, %:
If sample is taken at place of 3 3
manufacture
If sample is taken at any other 10 10
place

5. Residue

5.1 The quicklime shall contain no more than 15 weight %
of residue.

6. General Requirements

6.1 Quicklime shall be slaked and aged in accordance with
the printed directions of the manufacturer. The resulting lime
putty shall be stored until cool.

6.2 Lime putty prepared in accordance with X1.4.2 and
adjusted to standard consistency in accordance with Test
Methods C 110, shall show no pops or pits when tested in
accordance with Test Methods C 110.

6.3 Lime putty prepared as above shall have a plasticity
figure of not less than 200.

7. Sampling, Inspection, etc.

7.1 The sampling, inspection, rejection, retesting, packing,
and marking shall be conducted in accordance with Methods
C 50.

8. Test Methods

8.1 Conformance to chemical requirements shall be deter-
mined in accordance with Test Methods C 25.

8.2 Conformance to plasticity and residue requirements
shall be determined in accordance with Test Methods C 110.

9. Keywords

9.1 building (structural); calcium oxide; dolomitic lime;
high calcium lime; lime putty; magnesium oxide; plasticity;
quicklime; residue; slaking

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohacken, PA 19428-2959, United States.
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C5-79 (1997)
APPENDIX

(Nonmandatory Information)

X1. SLAKING AND PREPARATION OF LIME PUTTY

X1.1 Introduction

X1.1.1 Quicklime can never be used as such for structural
purposes; it must always be slaked first. Since the method of
slaking is an important factor in determining the quality of the
finished product, the following directions for the preparation of
lime putty are given, not as a part of the specification, but as
information for the further protection of the purchaser.

X1.1.2 Different kinds of lime vary considerably in the way
in which they behave with water. A little supervision over the
operation of slaking will amply pay for itself by ensuring the
production of the greatest possible quantity and the best
possible quality of putty. To find out how to slake a new lot of
lime, it is safest to try a little of it and see how it works. Since
different lots of the same brand of lime vary somewhat, and
sincc the weather conditions at the time have a decided
influence, it is wise to try a sample from each lot used, whether
familiar with the brand or not.

X1.2 Classification of Limes

X1.2.1 In abucket, put two or three lumps of lime about the
size of one’s fist, or, in the case of granular lime, an equivalent
amount. Add sufficient water to just barely cover the lime, and
note how long it takes for slaking to begin. Slaking has begun
when pieces split off from the lumps or when the lumps
crumble. Water of the same temperature should be used for test
and field practice.

X1.2.2 If slaking begins in less than 5 min, the lime is quick
slaking; from 5 to 30 min, medium slaking; over 30 min, slow
slaking.

X1.3 Directions for Slaking

X1.3.1 Slake quicklime in accordance with the printed
directions of the manufacturer. When such directions are not
provided, proceed as follows:

X1.3.2 For quick-slaking lime, always add the lime to the
water, not the water to the lime. Have sufficient water at first to
cover all the lime completely. Have a plentiful supply of water

available for immediate use—a hose throwing a good stream,
if possible. Watch the lime constantly. At the slightest appear-
ance of escaping steam, hoe thoroughly and quickly, and add
enough water to stop the steaming. Do not be afraid of using
too much water with this kind of lime.

X1.3.3 For medium-slaking lime, add the water to the lime.
Add enough water so that the lime is about half submerged.
Hoe occasionally if steam starts to escape. Add a little water
now and then if necessary to prevent the putty from becoming
dry and crumbly. Be careful not to add any more water than
required, and not too much at a time,

X1.3.4 For slow-slaking lime, add enough water to the lime
to moisten it thoroughly. Let it stand until the reaction has
started. Cautiously add more water, a little at a time, taking
care that the mass is not cooled by the fresh water. Do not hoe
until the slaking is practically complete. If the weather is very
cold, it is preferable to use hot water, but if this is not available,
the mortar box may be covered in some way to retain the heat.

X1.4 Preparation of Putty for Use

X1.4.1 After slaking, prepare putty for use as follows:

X1.4.2 White Coat—After slaking and aging finishing
quicklime in accordance with the printed directions of the
manufacturer, store the putty until cool. If no printed directions
are provided by the manufacturer, prepare the putty for use as
follows: After the action has ceased, run off the putty through
a No. 10 (2.00-mm) sieve conforming to Specification E 11,
and store for a minimum of 2 weeks.

X1.4.3 Base Coats—After the action has ceased, run off the
putty through a No. 8 (2.36-mm) sieve conforming to Speci-
fication E 11. Add sand up to equal parts by weight, all of the
hair or other fibers required, and store for a minimum of 2
weeks.

X1.4.4 Masons’ Mortar—After the action has ceased, add
part or all of the sand required, and store for a minimum of 24
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 revislon 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: C 150 — 99a

Standard Specification for
Portland Cement’

This standard is issued under the fixed designation C 150; 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 () 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 eight types of portland cement,
as follows (see Note 1):

1.1.1 Type I—For use when the special properties specified
for any other type are not required.

1.1.2 Type IA—Air-entraining cement for the same uses as
Type I, where air-entrainment is desired.

1.1.3 Type II—For general use, more especially when mod-
erate sulfate resistance or moderate, heat of hydration is
desired.

1.1.4 Type IIA—Air-entraining cement for the same uses as
Type II, where air-entrainment is desired.

1.1.5 Type III—For use when high early strength is desired.

1.1.6 Type IIIA—Air-entraining cement for the same use as
Type III, where air-entrainment is desired.

1.1.7 Type IV—For use when a low heat of hydration is
desired.

1.1.8 Type V—For use when high sulfate resistance is
desired.

1.2 When both SI and inch-pound units are present, the SI
units are the standard. The inch-pound units are approxima-
tions listed for information only.

1.3 The text of this standard references notes and footnotes
which provide explanatory material. These notes and footnotes
(excluding those in tables and figures) shall not be considered
as requirements of the standard.

2. Referenced Documents

2.1 ASTM Standards:

C 33 Specification for Concrete Aggregates®

C 109/C 109M Test Method for Compressive Strength of
Hydraulic Cement Mortars (Using 2-in. or 50-mm Cube
Specimens)?

C 114 Test Methods for Chemical Analysis of Hydraulic
Cement’

C 115 Test Method for Fineness of Portland Cement by the
Turbidimeter3

! This specification is under the jurisdiction of ASTM Committee C-1 on Cement
and is the direct responsibility of Subcommittee C01.10 on Portland Cement.

Current edition approved Oct. 10, 1999. Published November 1999. Originally
published as C 150 — 40 T. Last previous edition C 150 — 99.

2 Annual Book of ASTM Standards, Vol 04.02.

3 Annual Book of ASTM Standards, Vol 04.01.

C 151 Test Method for Autoclave Expansion of Portland
Cement?

C 183 Practice for Sampling and the Amount of Testing of
Hydraulic Cement® .

C 185 Test Method for Air Content of Hydraulic Cement
Mortar®

C 186 Test Method for Heat of Hydration of Hydraulic
Cement®

C 191 Test Method for Time of Setting of Hydraulic Ce-
ment by Vicat Needle?

C 204 Test Method for Fineness of Hydraulic Cement by
Air Permeability Apparatus?

C 226 Specification for Air-Entraining Additions for Use in
the Manufacture of Air-Entraining Portland Cement?

C 266 Test Method for Time of Setting of Hydraulic Ce-
ment Paste by Gillmore Needles?

C 451 Test Method for Early Stiffening of Hydraulic Ce-
ment (Paste Method)?

C 452 Test Method for Potential Expansion of Portland
Cement Mortars Exposed to Sulfate®

C 465 Specification for Processing Additions for Use in the
Manufacture of Hydraulic Cements>

C 563 Test Method for Optimum SOj5 in Hydraulic Cement
Using 24-h Compressive Strength® _

C 1038 Test Method for Expansion of Portland Cement

~ Mortar Bars Stored in Water?

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

3. Terminology

3.1 Definitions:

3.1.1 portiand cement—a hydraulic cement produced by
pulverizing clinker consisting essentially of hydraulic calcium
silicates, . usually containing one or more of the forms of
calcium sulfate as an interground addition.

3.1.2 air-entraining portland cement—a hydraulic cement
produced by pulverizing clinker consisting essentially of hy-
draulic calcium silicates, usually containing one or more of the
forms of calcium sulfate as an interground addition, and with
which there has been interground an air-entraining addition.

* Annual Book of ASTM Standards, Vol 14.02.

Caopyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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4. Ordering Information 5.1.3 Air-entraining portland cement shall contain an inter-
4.1 Orders for material under this specification shall include ground addition conforming to the requirements of Specifica-
the following: tion C 226.

4.1.1 This specification number and date, . .
4.1.2 Type or types allowable. If no type is specified, Type 6. Chemical Composition

I shall be supplie?d, ) ) ) 6.1 Portland cement of each of the eight types shown in
4.13 Any optional chemical requirements from Table 2, if  Section 1 shall conform to the respective standard chemical
desired, requirements prescribed in Table 1. In addition, optional

4.1.4 Type of setting-time test required, Vicat or Gillmore.  chemical requirements are shown in Table 2.
If not specified, the Vicat shall be used,
4.1.5 Any optional physical requirements from Table 3, if Note 2—When comparing oxide analyses and calculated compounds
desired. from different sources or from different historic times, be aware that they
~ may not have been reported on exactly the same basis. Chemical data
Note 1-—Cement conforming to the requirements for all types are not obtained by Reference and Alternate Test Methods of Test Methods C 114

carried in stock in some areas. In advance of specifying the use of cement (wet chemistry) may include titania and phosphorus as alumina unless
other than Type I, determine whether the proposed type of cement is, or  proper correction has been made (see Test Methods C 114), while data
can be made, available. obtained by rapid instrumental methods usually do not. This can result in

e small differences in the calculated compounds. Such differences are
5. Additions usually within the precision of the analytical methods, even when the

5.1 The cement covered by this specification shall contain ~ methods are properly qualified under the requirements of Test Methods
no addition except as follows: C 114,

5.1.1 Water or calcium sulfate, or both, if added, shall be in
amounts such that the limits shown in Table 1 for sulfur
trioxide and loss-on-ignition are not exceeded. 7.1 Portland cement of each of the eight types shown in

5.1.2 Processing additions used in the manufacture of the Section 1 shall conform to the respective standard physical
cement shall have been shown to meet the requirements of  requirements prescribed in Table 3. In addition, optional
Specification C 465 in the amounts used or greater. physical requirements are shown in Table 4.

7. Physical Properties

TABLE 1 Standard Chemical Requirements

Cement Type” land IA Il and 1A Il and HIA \% \Y
Silicon dioxide (SiO,), min, % 20.05:¢
Aluminum oxide (Al;03), max, % 6.0
Ferric oxide (Fe,05), max, % 6.05.¢ 6.5
Magnesium oxide (MgO), max, % 6.0 6.0 6.0 6.0 6.0
Sulfur trioxide (SO3),? max, %

When (CzA)E is 8 % o less 3.0 3.0 35 2.3 2.3
When (C,A)~ is more than 8 % 35 F 45 e F
Loss on ignition, max, % 3.0 3.0 3.0 25 3.0
Insoluble residue, max, % 0.75 0.75 0.756 0.75 0.75
Tricalcium silicate (C5S),F max, % 358
Dicalcium silicate (C,S),Z min, % 408
Tricalcium aluminate (CzA)E max, % 8 15 78 56
Tetracalcium aluminoferrite plus twice the tricalcium aluminate® (C,AF + 2(C5A)), 25¢

or solid solution (C,AF + C,F), as applicable, max, %
A See Note 1.

5 Does not apply when the heat of hydration limit in Table 4 is specified.

“Does not apply when the sulfate resistance limit in Table 4 is specified.

P There are cases where optimum SO(using Test Method C 5683) for a particular cement is close to or in excess of the limit in this specification. In such cases where
properties of a cement can be improved by exceeding the SO; limits stated in this table, it is permissible to exceed the values in the table, provided it has been
demonstrated by Test Method C 1038 that the cement with the increased SO, will not develop expansion in water exceeding 0.020 % at 14 days. When the manufacturer
supplies cement under this provision, he shall, upon request, supply supporting data to the purchaser.

£ All values calculated as described in this note shall be rounded according to Practice E 29. When evaluating conformance to a specification, round values to the same
number of places as the corresponding table entry before making comparisons. The expressing of chemical limitations by means of calculated assumed compounds does
not necessarily mean that the oxides ate actually or entirely present as such compounds.

When expressing compounds, C = Ca0, S = SiO,, A = Al,O3, F = Fe,04. For example, C,A = 3Ca0-Al,0,.

Titanium dioxide and phosphorus pentoxide (TiO, and P,Og) shall not be included with the Al,O5 content. See Note 2.

When the ratio of percentages of aluminum oxide to ferric oxide Is 0.64 or more, the percentages of tricalcium silicate, dicalcium silicate, tricalcium aluminate, and
tetracalcium aluminoferrite shall be calculated from the chemical analysis as follows:

Tricalcium silicate = (4.071 X % CaQ) - (7.600 X % SiO,) - (6.718 X % Al,O3) ~ (1.430 X % Fey03) ~ (2.852 X % SO,)

Dicalcium silicate = (2.867 X % SiO,) - (0.7544 X % C;3S)

Tricalcium aluminate = (2.650 X % Al;0g) — (1.692 X % Fe,O3)

Tetracalcium aluminoferrite = 3.043 X % Fe,04

When the alumina-ferric oxide ratio is less than 0.64, a calcium aluminoferrite solid solution (expressed as ss(C4AF + C,F)) Is formed. Contents of this solid solution and
of tricalcium silicate shall be calculated by the following formulas:

88(C4AF + CoF) = (2,100 X % Al,Oy) + (1.702 X % Fe,0;)

Tricalcium silicate = (4.071 X % CaO) - (7.600 X % SiO,) — (4.479 X % Al,Og) — (2.859 X % Fe,03) — (2.852 X % SOj).

No tricalcium aluminate will be present in cements of this composition. Dicalcium silicate shall be calculated as previously shown.

*Not applicable.
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TABLE 2 Optional Chemical Requirements”

| and Il and Il and
Cement Type A A 1A v A Remarks
Tricalcium aluminate (CgA),? max, % 8 for moderate sulfate resistance
5 for high sulfate resistance

Tricalcium aluminate (CgA),? max, %
Sum of tricalcium silicate and tricalcium

aluminate,® max, %
Equivalent Alkalies (Na,O + 0.658K,0), max, % 0.80° 0.60° 0.60° 0.60° 0.60° low-alkali cement

A These optional requirements apply only when specifically requested. Verify availability before ordering. See Note 1 in Section 4.

B All values calculated as described In this note shall be rounded according to Practice E 29, When evaluating conformance to a specification, round values to the same
number of places as the corresponding table entry before making comparisons. The expressing of chemical limitations by means of calculated assumed compounds does
not necessarily mean that the oxides are actually or entirely present as such compounds.

When expressing compounds, C = Ca0, S = SiOj, A = Al,O,, F = Fe,03. For example, C3A = 3Ca0-Al,05.

Titanium dioxide and phosphorus pentoxide (TiO, and P,Og) shall not be included with the Al,O5 content. See Note 2.

When the ratio of percentages of aluminum oxide to ferric oxide is 0.64 or more, the percentages of tricalcium silicate, dicalcium silicate, tricalcium aluminate, and
tetracalcium aluminoferrite shall be calculated from the chemical analysis as follows:

Tricalcium silicate = (4.071 X % CaO) - (7.600 X % SiOy) - (6.718 X % Al,Oz) — (1,430 X % Fe,0j) — (2.852 X % SOj)

Dicalcium silicate = (2.867 X % SiO,) — (0.7544 X % C3S)

Tricalcium aluminate = (2.650 X % Al,Og) - (1.692 X % Fey03)

Tetracalcium aluminoferrite = 3.043 X % Fey04

When the alumina-ferric oxide ratio is less than 0.64, a calcium aluminoferrite solid solution (expressed as ss (C4AF + CoF)) Is formed. Contents of this solid solution
and of tricalcium silicate shall be calculated by the following formulas:

8S(C4AF + CoF) = (2.100 X % AlOg) + (1.702 X % Fe,0j)

Tricalcium silicate = (4.071 X % CaO) - (7.600 X% SiOy) ~ (4.479 X % Al,O3) — (2.859 X % Fe,Og) - (2.852 X % SOg).

No tricalcium aluminate will be present in cements of this composition. Dicalcium silicate shall be calcutated as previously shown.

© The optional limit for heat of hydration in Table 4 shall not be requested when this optional limit is requested.

D gpecify this limit when the cement is to be used in concrete with aggregates that are potentially reactive and no other provisions have been made to protect the concrete
from deleteriously reactive aggregates. Refer to Specification C 33 for information on potential reactivity of aggregates.

58¢ for moderate heat of hydration

TABLE 3 Standard Physical Requirements

Cement Type” | 1A 1] A 1} A \ v
Air content of mortar,? volume %: .
max 12 22 12 22 12 22 12 12
min 16 16 16
Fineness,© specific surface, m?/kg (alternative methods):
Turbidimeter test, min 160 160 160 160 160 160
Air permeability test, min 280 280 280 280 280 280
Autoclave expansion, max, % - 0.80 0.80 0.80 0.80 0.80 0.80 0.80 0.80

Strength, not less than the values shown for the ages
indicated as follows:”
Compressive strength, MPa (psi):

1 day 12.0 10.0
(1740) (1450)
3 days 12.0 10.0 10.0 8.0 24.0 19.0 8.0
(1740) (1450) (1450) (1160) (3480) (2760) (1160)
7.0 6.05
(1020)€  (870)F
7 days 19.0 16.0 17.0 14.0 7.0 15.0
(2760) (2320) (2470) (2030) (1020) (2180)
12.05 9.0%
(174005 (1310)F
28 days 17.0 21.0
(2470) (3050)
Time of setting (alternative methods):”
Gillmore test:
Initial set, min, not less than 60 60 60 60 60 60 60 60
Final set, min, not more than 600 600 600 600 600 600 600 600
Vicat test:®
Time of setting, min, not less than 45 45 45 45 45 45 45 45
Time of setting, min, not more than 375 376 375 375 375 375 375 375
4 See Note 1.

B8 Compliance with the requirements of this specification does not necessarily ensure that the desired air content will be obtained in concrete.

CThe testing laboratory shall select the fineness method to be used. However, when the sample fails to meet the requirements of the air-permeability test, the
turbidimeter test shall be used, and the requirements in this table for the turbidimetric method shall govern.

D The strength at any speclfied test age shall be not less than that attained at any previous specified test age.

EWhen the optional heat of hydration or the chemical limit on the sum of the tricalcium silicate and tricalcium aluminate is specified.

FThe time-of-setting test required shall be specified by the purchaser. In case he does not so specify, the requirements of the Vicat test only shall govern.

G The time of setting is that described as Initial setting time in Test Method C 191.
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TABLE 4 Optional Physical Requirements”

Cement Type” | 1A ] 1A 1l IMA v \
False set, final penetration, min, % 50 50 50 50 50 50 50 50
Heat of hydration:
7 days, max, kd/kg (cal/g) 290 (70)% 290 (70)2 250 (60)°
28 days, max, kJ/kg (cal/g) 290 (70)¢
Strength, not less than the values shown:
Compressive strength, MPa (psi)
28 days 28.0 22.0 28.0 22.0
(4060) (3190) (4060) (3190)
22,08 18.08
(3190)2 (2610)°
Sulfate resistance,” 14 days, max, % expansion WE WE 0.040

“ These optional requirements apply only when specifically requested. Verify availability before ordering. See Note 1 in Section 4.

B The optional limit for the sum of the tricalcium silicate and tricalcium aluminate in Table 2 shall not be requested when this optional limit is requested. These strength
requirements apply when either heat of hydration or the sum of tricalcium silicate and tricalcium aluminate requirements are requested.

€ When the heat of hydration limit is specified, it shall be instead of the limits of C33, C28, C3A, SiO,, and FeyOj listed in Table 1.

P When the sulfate resistance is specified, it shall be instead of the limits of CaA, C,AF + 2 CaA, SiOp, and Fe,0, listed in Table 1.

£ Cement meeting the high sulfate resistance limit for Type V are deemed to meet the moderate sulfate resistance requirement of Type II.

8. Sampling

8.1 When the purchaser desires that the cement be sampled
and tested to verify compliance with this specification, perform
sampling and testing in accordance with Practice C 183.

8.2 Practice C 183 is not designed for manufacturing quality
control and is not required for manufacturer’s certification.

9. Test Methods

9.1 Determine the applicable properties enumerated in this
specification in accordance with the following test methods:

9.1.1 Air Content of Mortar—Test Method C 185.

9.1.2 Chemical Analysis—Test Methods C 114.

9.1.3 Strength—Test Method C 109.

9.1.4 False Set—Test Method C 451.

9.1.5 Fineness by Air Permeability—Test Method C 204.

9.1.6 Fineness by Turbidimeter—Test Method C 115.

9.1.7 Heat of Hydration—Test Method C 186.

9.1.8 Autoclave Expansion—Test Method C 151.

9.1.9 Time of Setting by Gillmore Needles—Test Method
C 266.

9.1.10 Time of Setting by Vicat Needles—Test Method
C 191.

9.1.11 Sulfate Resistance—Test Method C 452 (sulfate ex-
pansion).

9.1.12 Calcium Sulfate (expansion of) Mortar—Test
Method C 1038.

9.1.13 Optimum SO;—Test Method C 563.

10. Inspection

10.1 Inspection of the material shall be made as agreed upon
between the purchaser and the seller as part of the purchase
contract.

11. Rejection

11.1 The cement shall be rejected if it fails to meet any of
the requirements of this specification.

11.2 At the option of the purchaser, retest, before using,
cement remaining in bulk storage for more than 6 months or
cement in bags in local storage in the custody of a vendor for
more than 3 months after completion of tests and reject the
cement if it fails to conform to any of the requirements of this

specification. Cement so rejected shall be the responsibility of
the owner of record at the time of resampling for retest.

11.3 Packages shall identify the mass contained as net
weight. At the option of the purchaser, packages more than 2 %
below the mass marked thereon shall be rejected and if the
average mass of packages in any shipment, as shown by
determining the mass of 50 packages selected at random, is less
than that marked on the packages, the entire shipment shall be
rejected.

12. Manufacturer’s Statement

12.1 At the request of the purchaser, the manufacturer shall
state in writing the nature, amount, and identity of any
air-entraining addition and of any processing addition used,
and also, if requested, shall supply test data showing compli-
ance of such air-entraining addition with Specification C 226
and of such processing addition with Specification C 465.

13. Packaging and Package Marking

13.1 When the cement is delivered in packages, the words*
Portland Cement,” the type of cement, the name and brand of
the manufacturer, and the mass of the cement contained therein
shall be plainly marked on each package. When the cement is
an air-entraining type, the words “air-entraining” shall be

- plainly marked on each package. Similar information shall be

provided in the shipping documents accompanying the ship-
ment of packaged or bulk cement. All packages shall be in
good condition at the time of inspection.

Nore 3—With the change to SI units, it is desirable to establish a
standard SI package for portland cements. To that end 42 kg (92.59 Ib)
provides a convenient, even-numbered mass reasonably similar to the
traditional 94-Ib (42.6384-kg) package.

14. Storage

14.1 The cement shall be stored in such a manner as to
permit easy access for proper inspection and identification of
each shipment, and in a suitable weather-tight building that
will protect the cement from dampness and minimize ware-
house set.
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15. Manufacturer’s Certification 16. Keywords

15.1 Upon request of the purchaser in the contract or order,

a manufacturer’s report shall be furnished at the time of
shipment stating the results of tests made on samples of the
material taken during production or transfer and certifying that
the cement conforms to applicable requirements of this speci-

fication.

ASTM International takes no position respecting the validity of any patent rights asserted in connectlon 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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