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Standard Specification for

GENERAL REQUIREMENTS FOR DELIVERY OF
ROLLED STEEL PLATES, SHAPES, SHEET PILING,
AND BARS FOR STRUCTURAL USE'

This Standard is issued under the fixed designation A 6: 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 by the Department of Defense for listing in the DoD Index of Specifications and Stan-
dards. Future proposed revisions should be coordinated with the Federal Government through the Army Materials and

Mechanics Research Center, Watertown, Mass. 02172.
1. Scope

1.1 This specification? covers a group of
common requirements which, unless otherwise
specified in the purchase order or in an indi-
vidual specification, apply to rolled steel
plates, shapes, sheet piling, and bars under
each of the following specifications issued by
the American Society for Testing and Mate-
rials:

ASTM

Desig-

nation? Title of Specification
Carbon Steel

A 36 Structural Steel

All3 Structural Steel for Locomotives and Cars
A 131 Structural Steel for Ships
A 283 Low and Intermediate Tensile Strength Carbon

Steel Plates of Structural Quality

A 284 Low and Intermediate Tensile Strength
Carbon-Silicon Steel Plates for Machine
Parts and General Construction

A 328 Steel Sheet Piling

A 529 Structural Steel with 42,000 psi (290 MPa)
Minimum Yield Point (Y2 in. (12.7 mm) Maxi-
mum Thickness)

A 573 Structural Carbon Steel Plates of Improved
Toughness

A 678 Quenched and Tempered Carbon Steel Plates

for Structural Applications

High-Strength and High-Strength Low-Alloy Steel

A 242 High-Strength Low-Alloy Structural Steel

A 440 High-Strength Structural Steel

A 441 High-Strength Low-Alloy Structural Man-
ganese Vanadium Steel

A 572 High-Strength Low-Alloy Columbium-Vana-
dium Steels of Structural Quality

A 588 High-Strength Low-Alloy Structural Steel with
50,000 psi Minimum Yield Point to 4 in.
Thick

A 633 Normalized High-Strength Low-Alloy Struc-
turai Steel

A 656 High-Strength Low-Alloy, Hot-Rolled, Struc-
tural Vanadium-Aluminum-Nitrogen Steel

A 690 High-Strength Low-Alloy Steel H-Piles and

Sheet Piling for Use in Marine Environments

Alloy Steel
ASl4 High-Yield Strength, Quenched and Tempered
Alloy Steel Piate Suitable for Welding
A 699 Low-Carbon Manganese-Molybdenum-Colum-

bium Alloy Steel Plates, Shapes, and Bars

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

2. Description of Terms

2.1 Plates—Flat hot-rolled steel classified
as follows:

2.1.1 When Ordered to Thickness:

2.1.1.1 Over 8 in. in width and 0.230 in. or
over in thickness.

2.1.1.2 Over 48 in. in width and 0.180 in.
or over in thickness.

2.1.2 When Ordered to Weight/ft%:

2.1.2.1 Over 8 in. in width and 9.62 Ib/ft?,
or heavier.

2.1.2.2 Over 48 in. in width and 7.53 1b/ft?,
or heavier.

2.1.2.3 Slabs, sheet bars and skelp, though
frequently falling in the foregoing size ranges,
are not classed as plates.

2.2 Structural-Size Shapes—Rolled flanged
sections having at least one dimension of the
cross-section 3 in. or greater. Structural shape
size groupings used for tensile property classi-
fication are listed in Table A.

2.3 Sheet Piling—Steel sheet piling consists

' 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 A01.02 on
Structural Steel. .

Current edition approved Aug. 30, 1974, Published
November 1974. Originally published as A 6 - 49 T. Last
previous edition A 6 - 73.

2 For ASME Boiler and Pressure Vessel Code applica-
tions see related Specification SA-6 in Section II of that
Code.

31974 Annual Book of ASTM Standards, Part 4.
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of rolled sections which can be interlocked,
forming a continuous wall when individual
pieces are driven side by side.

2.4 Bars—Rounds, squares, and hexagons,
of all sizes; flats '%,4 in. (0.2031 in.) and over
in specified thickness, not over 6 in. in speci-
fied width; and flats 0.230 in. and over in
specified thickness, over 6 to 8 in., incl, in
specified width.

2.5 Bar Size Shapes—Rolled flanged sec-
tions having a maximum dimension of the
cross section less than 3 in.

3. Heat Analysis

3.1 An analysis of each heat shall be made
by the producer to determine the percentage of
carbon, manganese, phosphorus, sulfur and of
any other elements specified or restricted by
the applicable specification. This analysis
shall be made from a test sample preferably
taken during the pouring of the heat. The heat
analysis shall be reported to the purchaser or
his representative and shall conform to the
heat analysis requirements of the applicable
specification.

4. Product Analysis

4.1 The purchaser may analyze finished
material representing each heat. Sampling
shall be in accordance with ASTM Method E
59, Sampling Steel, Cast Iron, Open-Hearth
Iron, and Wrought Iron for Determination of
Chemical Composition.* The chemical com-
position thus determined shall conform to the
requirements of the product specification sub-
ject to the product analysis tolerances in Ta-
bles B, C, D, or E as applicable. If a range is
specified, the determinations of any element
in a heat may not vary both above and below
the specified range. Rimmed or capped steel
is characterized by a lack of homogeneity in
its composition, expecially for the elements
carbon, phosphorus, and sulphur; therefore,
the limitations for these elements shall not be
applicable unless misapplication is clearly in-
dicated.

4.1.1 Plates, Structural Size Shapes, and
Sheet Piling:

4.1.1.1 Carbon steel shall be subject to the
tolerances in Table B.

4.1.1.2 High-strength and high-strength
low-alloy steel shall be subject to the toler-
ances in Table B ,for carbon, manganese,
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phosphorus, sulfur, silicon, and copper (only
when copper is specified as 0.20 percent, min),
and to the tolerances in Table C for other
elements (including copper when a range is
specified ).

4.1.1.3 Alloy steel shall be subject to the
tolerances in Table C.

4.1.2 Bars and Bar Size Shapes:

4.1.2.1 Carbon steel shall be subject to the
tolerances in Table D.

4.1.2.2 High-strength and high-strength
low-alloy steel shall be subject to the toler-
ances in Table D for carbon, manganese,
phosphorus, sulfur, silicon, and copper (only
when copper is specified as 0.20 percent, min)
and to the tolerances in Table E for alloying
elements (including copper when a range is
specified).

5. Permissible Variations in Dimensions or

Weight®

5.1 One cubic inch of rolled steel shall be
assumed to weigh 0.2833 1b (0.1285 kg).

5.2 Plates—The permissible variations for
dimensions shall not exceed the applicable
limits in Tables 1 to 16 inclusive.

5.3 Structural-Size Shapes—The cross sec-
tional area or weight of each structural-size
shape shall not vary more than 2.5 percent
from the theoretical or specified amounts.
The permissible variations from dimensions
for structural-size shapes shall not exceed the
applicable limits in Tables 17 to 26 inclusive.

5.4 Sheet Piling—The weight of each steel
sheet pile shall not vary more than 2.5 percent
from the theoretical or specified weight. The
length of each steel sheet pile shall not vary
more than 5 in. over, and shall not be less than
the length specified.

5.5 Bars and Bar Size Shapes—The varia-
tions from nominal dimensions of hot-rolled
bars and bar size shapes shall not exceed the
applicable limits in Tables 27 to 36 inclusive.

6. Test Specimens

6.1 Location and Condition:

6.1.1 Test specimens shall be prepared for
testing from the material in its delivered con-
dition except that test specimens for heat-
treated material may be from a separate piece

41974 Annual Book of ASTM Standards, Part 12.

5 See Index of Tables of Permissible Variations at end
of text.

O
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of full thickness or full section from the same
heat similarly treated.

6.1.2 Test specimens shall be taken longitu-
dinally and except as specified in 6.3, shall
be the full thickness or full section of the ma-
terial as delivered.

6.1.3 Test specimens shall be selected from
the webs of beams, channels, and zees, from
the legs of angles and bulb angles, and from
the stems of rolled tees.

6.1.4 Tension and bend test specimens for
bars to be used for pins and rollers less than 3
in. in diameter shall be taken so that the axis
is midway, if practicable, between the center
and the surface. Tension and bend test speci-
mens for pins and rollers 3 in. and over in
diameter should be taken so that the axis is 1
in. from the surface.

6.1.5 Test specimens for plates shall be
taken from a corner of the plate.

6.2 Number of Tests—Two tension and
two bend tests shall be made from each heat
and each strength gradation, where applicable.
However, for material 2 in. and under in thick-
ness, when the material from one heat, and
strength gradation, differs % in. or more in
thickness, one tension and one bend test shall
be made from both the thickest and the thin-
nest material rolled in that strength gradation
regardless of weight represented. For material
over 2 in. thick, when the material from heat
and strength differs 1 in. or more in thickness,
one tension and one bend test shall be made
from both the thickest and the thinnest ma-
terial rolled in that strength gradation that is
more than 2 in. thick regardless of the weight
represented.

6.3 Preparation:

6.3.1 Tension test specimens for material
under % in. (19 mm) in thickness may conform
to the requirements of Fig. 4 of Methods and
Definitions A 370, for Mechanical Testing of
Steel Products.® Tension test specimens for
material % in. and over in thickness or diame-
ter may conform to the requirements of either
Fig. 4 or 5 of A 370, except that tension test
specimens for alloy steel plates over 1% in.
(38 mm) in thickness, and for bars to be used
for pins and rollers, shall conform to the re-
quirements of Fig. 5 of A 370. When the
0.500-in. (13-mm) diameter specimen (Fig.
5 of A 370) is used, the axis of the specimen

A6

shall be located as near as practical miaway
between the center of thickness and the top
or bottom surface of the plate.

6.3.2 Tension test specimens for material
over 1%z in. in thickness or diameter, except
bars to be used for pins and rollers and alloy
steel plates, may be machined to a thickness
or diameter of at least % in. for a length of at
least 9 in.

6.3.3 Except as provided in 6.3.4 and 6.3.5,
bend test specimens for shapes, flats, and
plates shall be at least 1% in. in width, with
both edges parallel, and may be machined,
sheared, or gas-cut.

6.3.4 Bend test specimens for alloy steel
plates over % in. in thickness and for other
material over 1% in. in thickness or diameter,
except bars to be used for pins and rollers,
may be machined to a thickness or diameter
of at least % in. or to 1 by % in. in section.
When the test is made on a specimen of re-
duced thickness, the rolled surface shall be on
the outer curve of the bend.

6.3.5 Bend test specimens for bars to be
used for pins and rollers shall be 1 by ¥ in. in
cross section.

6.3.6 The sides of the bend test specimens
may have the corners rounded to a radius not
over Y in. for specimens 2 in. and under in
thickness, and not over % in. for specimens
over 2 in. in thickness.

7. Methods of Test

7.1 All tests shall be conducted in accord-
ance with ASTM Methods and Definitions
A 370,° for Mechanical Testing of Steel Prod-
ucts.

8. Quality

8.1 General—The material shall be free
from injurious defects and shall have a work-
manlike finish.

8.2 Plate Conditioning:

8.2.1 Plates may be conditioned by the
manufacturer for the removal of imperfec-
tions or depressions on the top and bottom
surfaces by grinding, provided the area
ground is well faired without abrupt changes
in contour and the grinding does not reduce

1974 Annual Book of ASTM Standards, Parts 1, 2. 3.
4,5, and 10.
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the thickness of the plate by (/) more than 7
percent under the nominal thickness for plates
ordered to weight per square foot, but in no
case more than Y% in. or, (2) below the per-
missible minimum thickness for plates or-
dered to thickness in inches.

8.2.2 Plates may have imperfections on the
top and bottom surfaces removed by chipping,
grinding or arc-air gouging and then depos-
iting weld metal (see Section 9), subject to
the following limiting conditions:

8.2.2.1 The chipped, ground or gouged area
shall not exceed 2 percent of the area of the
surface being conditioned.

8.2.2.2 After removal of any imperfections
preparatory to welding, the thickness of the
plate at any location must not be reduced by
more than 30 percent of the nominal thick-
ness of the plate. (Specification A 131 restricts
the reduction in thickness to 20 percent max-
imum.)

8.2.3 The edges of plates may be condi-
tioned by the manufacturer to remove inju-
rious imperfections by grinding, chipping, or
arc-air gouging and welding (see Section 9).
Prior to welding, the depth of depression
measured from the plate edge inward shall be
limited to the thickness of the plate, with a
maximum depth of 1 in.

8.3 Structural Size Shapes, Bar Size
Shapes, and Steel Sheet Piling Conditioning:

8.3.1 These products may be conditioned
by the manufacturer for the removal of inju-
rious imperfections or surface depressions by
grinding, or chipping and grinding, provided
the area ground is well faired without abrupt
changes in contour and the depression does
not extend below the rolled surface by more
than (/) '%; in., for material less than 33 in. in
thickness, (2) Y in., for material 3 in. to 2
in. inclusive in thickness, or (3) % in., for
material over 2 in. in thickness.

8.3.2 Imperfections that are greater in
depth than the limits previously listed, may be
removed and then weld metal deposited (see
Section 9), subject to the following limiting
conditions:

8.3.2.1 The total area of the chipped or
ground surface of any piece prior to welding
shall not exceed 2 percent of the total surface
area of that piece.

1/5.6
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8.3.2.2 The reduction of thickness of the
material resulting from removal of imperfec-
tions prior to welding, shall not exceed 30
percent of the nominal thickness at the loca-
tion of the imperfection nor shall the depth of
depression prior to welding exceed 1% in. in
any case except as noted in 8.3.2.3.

8.3.2.3 The toes of angles, beams, chan-
nels, and zees and the stems and toes of tees
may be conditioned by grinding, chipping, or
arc-air gouging and welding (see Section 9).
Prior to welding, the depth of depression,
measured from the toe inward, shall be lim-
ited to the thickness of the material at the
base of the depression, with a maximum
depth limit of % in.

8.3.2.4 The interlock of any sheet piling
section may be conditioned by welding (see
Section 9) and grinding to correct or build up
the interlock at any location not to exceed 2
percent of the total surface area.

8.4 Bar Conditioning:

8.4.1 Bars may be conditioned by the man-
ufacturer for the removal of imperfections by
grinding, chipping, or some other means, pro-
vided the conditioned area is well faired and
the affected sectional area is not reduced by
more than the permissible variations pre-
scribed in the applicable tables of Section 5.

8.4.2 Imperfections which are greater in
depth than the limitations of 8.4.1 may be
removed by chipping or grinding and then
depositing weld metal (see Section 9), subject
to the following limiting conditions:

8.4.2.1 The total area of the chipped or
ground surface of any piece, prior to welding,
shall not exceed 2 percent of the total surface
area of the piece.

8.4.2.2 The reduction of sectional dimen-
sion of a round, square, or hexagon bar, or
the reduction in thickness of a flat bar, re-
sulting from removal of an imperfection, prior
to welding, shall not exceed 5 percent of the
nominal dimension or thickness at the loca-
tion of the imperfection.

8.4.2.3 For the edges of flat bars, the depth
of the conditioning depression prior to
welding shall be measured from the edge in-
ward and shall be limited to a maximum
depth equal to the thickness of the flat bar or
Y2 in., whichever is less.

O
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9. Repair by Welding

9.1 Carbon and High-Strength Low-Alloy
Steels:

9.1.1 All welding on carbon and high-
strength low-alloy steels shall be performed
by competent welders using low hydrogen
welding electrodes conforming to the proper
series of and the latest issue of AWS Specifi-
cation A 5.1, for Mild Steel Covered Arc—
Welding Electrodes or AWS Specification A
5.5, for Low—Alloy Steel Covered Arc—
Welding Electrodes.” The electrodes shall be
protected from moisture during storage and
use.

9.1.2 The manufacturer shall establish and
follow documented welding procedures which
are appropriate for the material being welded.

9.2 Alloy Steel:

9.2.1 When so specified in the purchase
order, prior approval for repair by welding
shall be obtained from the purchaser.

9.2.2 The manufacturer shall establish and
follow the documented welding procedures
which are appropriate for the material being
welded. When specified on the purchase or-
der, such procedures shall be subject to the
approval by the purchaser. The welding oper-
ators shall be competent to follow such proce-
dures.

9.2.3 After removal of any imperfections
and prior to welding, the cavity shall be ex-
amined by a magnetic particle method or a
liquid penetrant method to ensure that the
imperfection has been completely removed.
When magnetic particle examination is em-
ployed, the cavity shall be examined paraliel
and normal to the length of the cavity.

9.2.4 Electrodes shall be protected from
moisture during storage and use.

9.2.5 Electrodes and base metal shall be
free of hydrogen-producing contaminants such
as oil, grease, or other organic materials. The
base metal shall be maintained in a dry condi-
tion during welding.

9.2.6 For material in its heat-treated condi-
tion, all welding shall be performed using ei-
ther the shielded metal-arc (SMA) or gas
metal-arc (GMA) process. For SMA welding,
low hydrogen electrodes conforming to the
latest edition of AWS Specification A 5.5
shall be employed. The electrodes shall be se-
lected to provide weld-metal deposits compat-

A6

ible with the minimum specified base metal
properties. Moisture content shall not exceed
the tolerable level for the steel being welded.
For GMA welding, any composition that pro-
vides weld-metal deposits compatible with the
minimum specified base metal properties may
be employed. Gases used for shielding shall be
of welding quality. When weld repairs by ei-
ther process are to be post-weld heat treated,
special care must be exercised in selection of
electrodes to avoid those compositions which
embrittle as a result of such heat treatment.

9.2.7 The heat-affected zone of quenched
and tempered alloy steels may be affected
adversely by excessive heat input or excessive
preheating, or both. Similarly, insufficient
preheat and heat input in the welding of
quenched and tempered alloy steels may re-
sult in undesirable defects. Therefore, suitable
combinations of heat input and preheat (in-
cluding interpass temperature) shall be em-
ployed.

9.2.8 For material which is to be quenched
and tempered after repair-welding, electrodes
for SMA or GMA welding shall be selected
to provide weld deposits whose mechanical
properties after heat treatment meet the re-
quirements of the base metal.

9.2.9 Repairs on material that is subse-
quently thermally treated at the mill shall be
examined after heat treatment; repairs on
material that is not subsequently thermally
treated at the mill shall be examined no
sooner than 48 h after welding. In either case
the repaired area shall be examined by one of
the methods and in the same manner pre-
scribed in 9.2.3.

9.2.10 The location of weld repairs shall be
marked on the finished piece.

9.3 Repair Quality—The welds and adja-
cent heat affected zone shall be sound and
free of cracks, the weld metal being thor-
oughly fused to all surfaces and edges without
undercutting or overlap. Any visible cracks,
porosity, lack of fusion, or undercut in any
layer shall be removed prior to deposition of
the succeeding layer. Weld metal shall project
at least Y, in. above the rolled surface after
welding, and the projecting metal shall be
removed by chipping or grinding, or both, to

" Available from American Welding Society, 250!
North West 7th St., Miami, Fla. 33125.
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make it flush with the rolled surface, and to
produce a workmanlike finish.

9.4 Inspection of Repair—The manufac-
turer shall maintain an inspection program to
inspect the work to see that:

9.4.1 Imperfections have been completely
removed,

9.4.2 The limitations specified above have
not been exceeded,

9.4.3 Established welding procedures have
been followed, and

9.4.4 Any weld deposit is of acceptable
quality as defined above.

10. Marking

10.1 Plates—Each plate shall be steel die
stamped, marked, or stenciled in one place
with heat number, manufacturer’s name,
brand, or trade mark, size and thickness; ex-
cept that unless otherwise specified, such
marking in the case of secured lifts of plates
% in.® and under in thickness of all sizes, and
of plates 36 in. and under in width in all
thicknesses, may be steel die stamped,
marked or stenciled on only the top piece of
each lift, or may be shown on a substantial
tag attached to each lift. See also 10.5.

10.2 Structural Size Shapes and Bar Size
Shapes—Structural size shapes shall be
marked with the heat number, size of section,
length, and mill identification marks on each
piece. Either the manufacturer’s name, brand,
or trade mark shall be shown in raised letters
at intervals along the length. Small structural
shapes and bar size shapes with the greatest
cross-sectional dimension not greater than 6
in. (152 mm) may be bundied for shipment
with each lift marked or tagged showing the
previously listed identification. See also 10.5.

10.3 Steel Sheet Piling—Carbon steel sheet
piling shall be marked with the heat number,
manufacturer’s name, brand, or trade mark,
size of section, length, and mill identification
marks on each piece.

10.4 Bars—Bars in secured lifts shall be
identified with a tag showing customer’s order
number, grade or specification, size, length,
weight of lift, and heat number. Bars are not
required to be die-stamped.

10.5 Specification Identification—In addi-
tion to the requirements of 10.1 or 10.2 each
plate, shape or lift, when ordered to Specifi-
cations A 242, A 283 (Grade D only), A 440,

1/5.8
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A 441, A 514, A 529, A 572, A 588 and A
633 shall be marked with the applicable speci-
fication number. Color identification shall be
applied as stated in 10.5.1, 10.5.2, and 10.5.3.

10.5.1 Plates—When specified by the pur-
chaser, each plate (except for plates in se-
cured lifts) shall be marked with the color
designated in 10.5.3 along one edge or on the
rolled surface within 12 in. of the heat
number identification. Plates in secured lifts
may have the color identification marked with
a vertical stripe for the full height of the lift.
Each plate in the lift shall be marked by this
stripe. Color markings shall be distinct and of
sufficient size to be clearly visible.

10.5.2 Shapes—Each structural shape or
lift shall be marked with the color designated
in 10.5.3 on one cut end or across the rolled
face of one flange or leg, adjacent to one cut
end. Color markings shall be distinct and of
sufficient size to be clearly visible.

10.5.3 Colors—The following color system
shall be used to identify the individual specifi-
cations:

A 242

A 283 (Grade D)
A 440

A 441

A514

A 529

A 572 Grade 42
A 572 Grade 45
A 572 Grade 50
A 572 Grade 55
A 572 Grade 60
A 572 Grade 65
A 588

A 633 Grades A and B
A 633 Grades C and D
A 633 Grade E

A 656

A 678 Grade A

A 678 Grade B

A 678 Grade C

A 690

A 699 Class |

A 699 Class 2

A 699 Class 3

A 699 Class 4

blue d
orange (j
brown -
yellow

red

black

green and white

green and black

green and yellow

green and brown

green and gray

green and blue

blue and yellow

orange and black

orange and blue

orange and white

yellow and white

red and white

red and black

red and yellow

blue and red

white and blue

white and brown

white and black

white and pink

10.6 Heat Treatment ldentification:

10.6.1 Material that is eventually required
to be heat treated by the material specification,
but that is released on the basis of heat-treated

test specimens, shall be identified with the

¢ For material specified for bridge construction %, in.
applies instead of % in. as given in this paragraph.
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letter **G™ following the specification designa-
tion,

10.6.2 Material that is given, at the mill,
the full heat-treatment required by the mate-
rial specification, shall be identified with the
ietters “MT” following the specification desig-
nation,

11. Inspection and Testing

11.1 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 fur-
nished in accordance with this specification.
All tests (except product analysis) and inspec-
tion shall be made at the place of manufac-
turer prior to shipment, unless otherwise spec-
ified, and shall be conducted so as not to in-
terfere with the operation of the works.

12. Retests

12.1 If any test specimen shows defective
machining or develops flaws, it may be dis-
carded and another specimen substituted.

12.2 If the percentage of elongation of any
tension test specimen is less than that speci-
fied and any part of the fracture is more than
% in. from the center of the gage length of a
2-in. specimen or is outside the middle half of
the gage length of an 8-in. specimen, as indi-
cated by scribe scratches marked on the spec-
imen before testing, a retest shall be allowed.

12.3 If the results on an original tensile
specimen are within 2000 psi of the required
tensile strength, within 1000 psi of the re-
quired yield point, or within 2 percentage
units of the required elongation, a retest shall
be permitted on one random specimen from
the heat or lot. If the results on this retest
specimen meet the specified requirements, the
heat or lot will be accepted.

12.4 If a bend specimen fails due to condi-
tions of bending more severe than required by
the specification, a retest shall be permitted,
either on a duplicate specimen or on a re-
maining portion of the failed specimen.

12.5 Alloy steel plates are subject to the
additional retest requirements contained in

A6

the material specification.

12.6 If a sheared or gas-cut bend test spec-
imen fails due to conditions associated with
the sheared or gas-cut edges, a retest shall be
permitted on a duplicate machined specimen.

13. Rejection

13.1 Unless otherwise specified, any rejec-
tion based on product analysis made in ac-
cordance with the material specification shall
be reported to the manufacturer within five
working days from receipt of samples by the
purchaser.

13.2 Samples that represent rejected mate-
rial shall be preserved for 2 weeks from the
date of the test report. In case of dissatisfac-
tion with the results of the tests, the manufac-
turer may make claim for a rehearing within
that time.

13.3 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.

14. Test Reports

14.1 When test reports are required by the
purchase order, the report shall show the re-
sults of each test required by the material
specification, except that only one test need
be reported when the amount of material
from a heat in a shipment is less than 10 tons,
or when the shipment consists of a single piece
weighing more than 10 tons and when the
thickness variations described in 6.2 are not
exceeded.

14.2 The thickness of the product tested
may not necessarily be the same as an indi-
vidual ordered thickness since it is the heat
that is tested rather than each ordered item.

15. Packaging, Marking, and Loading

15.1 Packaging, marking, and loading for
shipment shall be in accordance with those
procedures recommended by the U.S. Depart-
ment of Commerce in its Simplified Practice
Recommendation R 247-62 (Packaging,
Marking and Loading Methods for Steel
Products for Domestic Shipment).®

° Available from the Clearinghouse for Federal Scien-
tific Information, 5285 Port Royal Road. Springfield, Va.

22151.
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TABLE B Product Analysis Tolerance Carbon and
High-Strength Low-Alloy® Steel Plates, Structural

TABLE D Product Analysis Tolerances, Carbon
and High-Strength Low-Alloy® Steel Bars, and Bar

Size Shapes

Tolerances,
Upper Lit[nsit, orr 4 percent
Element Maximum of Specifie nd v
Range, percent Uminer (r)n aexr
limit limit
Carbon to 0.15, incl 0.02 0.03
over 0.15 to 0.40, incl 0.03 0.04
Manganese to 0.60 incl 0.03 0.03
over 0.60 to 1.15, incl 0.04 0.04
over .15 to 1.65, incl 0.05 0.05
Phosphorus —_ 0.010
Sulfur — 0.010
Silicon to 0.30 incl 0.02 0.03
over 0.30 to 1.00 incl 0.05 0.05
Copper under, minimum only 0.02 _

¢ For product analysis on alloy elements in high-strength

low-alloy steels see Table C.

TABLE C Product Analysis Tolerances— Alloy

Tolerance
Over
) ; l\rz‘z_ixi'mum
Limit or Maximum o imit or
Element Specified Range, percent Under
Minimum
Limit,
percent
Carbon to 0.25, incl 0.02
over 0.25 to 0.55, incl 0.03
Manganese to 0.90, incl 0.03
over 0.90 to 1.65, incl 0.06
Phosphorus over, maximum only 0.008
Sulfur over, maximum only 0.008
Silicon to 0.35, incl 0.02
over 0.35 to 0.60, incl 0.05
Copper under, minimum only 0.02

“ For product analysis on alloy elements in high-strength
low-alloy steels, see Table E.

Steel Plates TABLE E Product Analysis Tolerances, Alloy
Steel Bars and Bar Size Shapes
Tolerance
Over Tograncc
L . Maximum ver
imit, 21 :
Element ol;' rSn[;lec?t{esz)l(émgm. Ll'Jm't ar El Limit, or Maximum of Maximum
nder ement Specified Range, percent or Under
percent Minimum peci ge. p Minimum
Limit, Limits,
percent percent
Carbon to 0.30, incl 0.02 Nickel to 1.00, incl 0.03
Manganese to 0.90, incl 0.04 over 1.00 to 2.00, incl 0.05
over 0.90 to 2.10, incl 0.05 Chromium to 0.90, incl 0.03
Phosphorus over, max only 0.01 over 0.90 to 2.10, incl 0.05
Suifur to 0.060 and over, max only 0.01 Molybdenum to 0.20 incl 0.01
Silicon to 0.40, incl 0.02 over 0.20 to 0.40, incl 0.02
over 0.40 to 2.20, incl 0.06 Copper to 1.00, incl 0.03
Nickel to 1.00 incl 0.03 over 1.00 to 2.00, incl 0.05
over 1.00 to 2.00, incl 0.05 Titanium to 0.10, incl 0.01¢
Chromium to 0.90, incl 0.04 Vanadium to 0.10, incl 0.01¢
over 0.90 to 2.10, incl 0.06 over .10 to 0.25, incl 0.02
Molybdenum 10 0.20, incl 0.01 Columbium to 0.10, incl 0.01¢
over 0.20 to 0.40, incl 0.03 Zirconium to 0.15, incl 0.03
over 0.40 to 1.15, incl 0.04 Nitrogen to 0.030 incl 0.005
Copper to 1.00, incl 0.03
over 1.00 to 2.00, incl 0.05 ¢ If the minimum of the range is 0.01 percent, the under
Titanium to 0.10, incl 0.01¢ tolerance is 0.005 percent.
Vanadium to 0.10, incl 0.01°
over 0.10 to 0.25, incl 0.02
minimum value only speci- 0.0l
fied, check under min
Boron not applicable
Columbium to 0.10, incl’ 0.01°
Zirconium to 0.15, incl 0.03
Nitrogen to 0.030 incl 0.005

¢ If the minimum of the range is 0.01 percent, the under

tolerance is 0.005 percent.
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Reduced Section 3"Min

{Approxa" 9 Min
—
8.00"Q01" e Adarmin | 4
Gage Lengt 18°Min

NoTE 1—When necessary, a narrower specimen may be
used but the reduced portion shall be not less than 1 in. in
width.

NoTE 2—The dimension *‘t’ is the thickness of the test
specimen as provided for in the applicable material specifi-
cations.

NoTE 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.

NoOTE 4—The ends of the specimen shall be symmetrical
with the center line of the reduced section within 0.10 in.

FIG. | Standard Rectangular Tension Test Specimen
with 8-in. Gage Length.

Reduced Section
o——— ol
Min.

|
e e e
- g /‘
0.505":0.005" Rodle"Min.

2.000"t0.005"
Gage Length

NoTe 1—The gage length and fillets shall be as shown,
but the ends may be of any shape to fit the holders of the
testing machine in such a way that the load shall be axial.

NoTe 2—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. 2 Standard Round-Tension Test Specimen with
2-in. Gage Length.
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Index to Tables of Permissible Variations.

Dimension Table
Camber:
Angles and Tees, Split 26
Plates, Alloy, High Strength Low Alloy, and High Strength Steels, Sheared, Gas Cut and Universal Mill 12
Plates, Carbon Steel, Sheared and Gas Cut 13
Plates, Carbon Steel, Universal Mill 12
Shapes, Standard 21
Shapes, Wide Flange 25
Tees, Split 26
Cross Section of Shapes, Bars, and Bar Shapes:
Angles, Split 26
Angles, Bulb Angies, Tees, and Zees, Rolled 18
Angles, Bar Size 27
Beams, Standard; H-Beams: Channels 17
Beams, Wide Flange 22
Channels, Bar Size 28
Hexagons 32
Ovals; Half Ovals: Haif Rounds; Special Bar Size Shapes 33
Rounds and Squares 31
Tees, Rolled, Bar Size 29
TFees, Split 28
Diameter:
Plates, Sheared 7
Plates, Carbon, High Strength Low Alloy, and High Strength Steel, Gas Cut 8
Plates, Alloy Steel, Gas Cut 11
Rounds 31
Ends Out-of-Square:
Shapes, Other Than Wide Flange 20
Shapes, Wide Flange 23
Structural Shapes, Milled 24
Flatness:
Plates, Carbon Steel 14
Plates. High Strength, High Strength Low Alloy, and Alloy Steel 15
Length:
Angles, Split 26
Bars and Bar Size Shapes 35
Bars, Recut 36
Plates, Sheared and Universal Mill 4
Plates, Carbon, High-Strength Low Alloy. and High Strength Steel, Gas Cut 10
Plates. Alloy Steel, Gas Cut 9
Plates, Mill Edge 5
Shapes, Standard 19
Shapes, Wide Flange 23
Tees, Split 26
Structural Shapes, Milled 24
Straightness:
Bars and Bar Size Shapes 34
Sweep:
Shapes, Standard 21
Shapes, Wide Flange 25
Thickness:
Flats 30
Plates. 15 in. and Under in Thickness, Ordered to Thickness 1
Plates. Alloy Steel. Over 2 in. in Thickness 2
Waviness: 16
Weight:
Plates, Ordered to Weight 3
Width:
Flats 30
Plates, Sheared 4
Plates, Universal Mill 6
Plates, Carbon, High Strength Low Alloy, and High Strength Steel, Gas Cut 10
Plates, Alloy Steel, Gas Cut 9
Plates, Mill Edge 5
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TABLE 1 Permissible Variations in Thickness and Weight for Rectangular Sheared Plates and Universal Mill Plates

15 in. and Under in Thickness When Ordered to Thickness ( Applies to All Specifications Listed in Section 1). £

NoTE |—Permissible overweight for lots of circular and sketch plates shall be 1% times the amounts in this table.
NoTE 2—Permissible variations in overweight for single plates shall be 1% times the amounts in this table. -
NoTE 3—Permissible overweight for single circular and sketch plates shall be 124 times the amounts in this table.

NoTE 4—The adopted standard density for rolled steel is 0.2833 1b/in.?

Permissible Excess in Average Weight of Lots® for Widths Given in Inches,
Expressed in Percentages of Nominal Weights

Specified
Thickness.in.! 48  Overd48 60to  72to  84to 96to 108to 120to 132to 14410 168
and to 60, 72, 84, 96, 108, 120, 132, 144, 168, and
under excl excl excl excl excl excl excl excl excl over
To %, excl 6.0 7.0 8.0 8.5 10.5 12.0 14.0 16.0 18.5 .
Y4 10 %s. excl 6.0 6.0 7.0 8.0 8.5 10.5 12.0 14.0 16.5 19.5
%s 10 3, excl 5.0 6.0 6.0 7.0 8.0 8.5 10.5 12.0 15.0 17.0 ..
% 10 Y. excl 4.5 5.0 6.0 6.0 7.0 8.0 8.5 10.5 13.0 15.0 17.0
%o 10 14, excl 4.0 45 5.0 6.0 6.0 7.0 8.0 8.5 11.0 13.0 15.0
14 to %, excl 4.0 4.0 4.5 5.0 6.0 6.0 7.0 8.0 9.5 11.0 13.0
% to %. excl 40 4.0 4.0 45 5.0 6.0 6.0 7.0 8.0 9.0 11.0
%to 1, excl 3.5 4.0 4.0 4.0 4.5 5.0 6.0 6.0 7.0 8.0 9.5
1 to 2. excl 35 3.5 4.0 4.0 4.0 4.5 5.0 6.0 6.0 7.0 8.0
2 10 3, excl 3.5 35 3.5 4.0 4.0 4.5 5.0 6.0 6.0 6.5 7.0
3 to 4, excl 35 3.5 3.5 3.5 4.0 4.0 4.0 4.0 4.0 4.5 5.0
4 to 6, excl 3.0 3.0 30 3.0 30 3.0 3.0 3.0 30 35 4.0
6 10 8, excl 30 30 30 30 3.0 3.0 30 3.0 3.0 30 3.5
8 to 10, excl 3.0 30 30 3.0 3.0 3.0 30 30 3.0 3.0 35
10 to 12, excl 2.5 2.5 3.0 3.0 30 30 3.0 3.0 3.0 3.0 3.0
12 to 15, incl 2. 2.5 2.5 2. 30 3.0 3.0 3.0 30 3.0 3.0

e The term *‘lot’" means all the plates of each tabular width and thickness group represented in each shipment.
® Permissible variation under specified thickness, 0.01 in.

TABLE 2 Permissible Variations in Thickness for Rectangular Mill and Universal Mill Plates Over 2 in. in Thickness
(Applies to Alloy Steel Specifications Only).
NoTe |—Tolerance under specified thickness, 0.01 in.
NoTE 2—These tolerances only apply when the thickness is measured % in. from the longitudinal edges of plates.
NoOTE 3—For overweight tolerances which limit the overall thickness of the plate, see Table 1.

Variations over Specified Thickness for Widths Given, in.

Specified
Thickness, in. To 36, 36 to 60, 60 to 84, 84 to 120, 120 to 132, 132 and
excl excl excl excl excl over
Over 2 to 3, excl Yin %2 Ths % % %
3 to 4, excl %hs Y Ths % % Y
4 incl Ha % %4 Ya %2 Vea

—
L“
i d
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TABLE 4 Permissible Variations in Width and Length for Sheared Plates 1'2 In. and Under in Thickness;
Length Only of Universal Mill Plates 2%z In. and Under in Thickness (Applies to All Specifications Listed
in Section 1)

Specified Dimensions, in.

Variations over Specified Width and Length® for Thick-

nesses, in., and Equivalent Weights, 1b/ft?, Given

©

To %, excl % to %. excl % to 1, excl 1 to 2, incl®
Length Width To 15.3, excl 15.3 to 25.5, excl 25.5 to 40.8, excl 40.8 to 81.6, incl
Width  Length Width  Length Width  Length Width  Length
To 120, excl To 60, excl % YA %o * YA % % 1
60 to 84, excl e % YA Me * % % 1
84 to 108, excl A Y % % % 1 | 1'%
108 and over % % % 1 % 1% 1% 1%
120 to 240, excl To 60, excl % kA A % % 1 % 1%
60 to 84, excl 73 A % % Y% 1 % 1%
84 to 108, excl Ye % e i Yo 14 ! 1%
108 and over % | Y 1% % 1% 1'% 1%
240 to 360, exct  To 60, excl Y | Vs 1% % 1% Y% 1%
60 to 84, excl %) ! % 1Y Y 14 % 1%
84 to 108, excl YKo 1 s 1'% % 1% 1 1%
108 and over W 1% % 1% 1 1% 1% 1%
360 to 480, excl  To 60, excl W 1% Vs 1% % 1% % 1%
60 to 84, excl Y 1% % 1% # 14 % 1%
84 to 108, excl %6 1% Y 1% % 14 1 1%
108 and over % 1% % 114 1 1% 1% 1%
480 to 600, excl  To 60, exc! Yo 1% YA 1% % 1% % 1%
60 to 84, excl a3 1% % 14 4% 1% % 1% T
84 to 108, excl % 1% % LA % 1% 1 1% ;
108 and over % 14 % 1% 1 1% 1'% 1%
600 to 720, exci  To 60, excl % 1% % 1% % 1% % 2%
60 to 84, excl % 1% % 1% % 1% 1 2%
84 10 108, excl % 1% % 1% % 1% 14 2%
108 and over % 1% | 2 % 2% 1% 2'4
720 and over To 60, excl N 2 % 2% % 2% 1 2%
60 to 84, excl % 2 17 2% 1 2% 1% 2%
84 to 108, excl Y 2 8 24 1 2% 1% 2%
108 and over 1 2 1% 2% 1% 2% 1% 3

e Permissible variation under specified width and length, % in.

¢ Permissible variations in length apply also to Universal Mill plates up to 12 in. in width for thicknesses over 2to 2%
in., incl.. except for alloy steel up to 1% in. thick.
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TABLE 5 Permissible Variations in Width for Mill Edge
Plates in Coils and Cut Lengths for Plates Produced on
O Strip Mills (Not Applicable to Alloy Steel ).

Variations over

Specified Width, in. Specified :Nidlh,
in.®
To 14, excl Y
14 to 17, excl Y
17 to 19, excl e
19 to 21, excl %
21 to 24, excl W
24 10 26, excl "He
26 to 28, excl e
28 to 35, excl 1'%
35 to 50, excl 1Y%
50 to 60, excl 1%
60 to 65, excl 1%
65 to 70, excl 1%
70 to 80, excl 1%
80 and over 2

¢ No permissible variation under specified width.
® These variations do not apply to the uncropped ends of
mill-edge plates in coils.

TABLE 6 Permissible Variations in Rolled Width for Universal Mill Plates 15 in. and Under in Thickness
(Applies to All Specifications Listed in Section 1).

Variations over Specified Widthe for Thickness, in..
or Equivalent Weights, 1b/ft,? Given

Specified To %, % to %, % to 1, 1to 2, Over 2 to Over 10 to
Width, in. excl excl excl incl 10, incl 15, incl
To 15.3, 15.3 to 25510 40.8 to 81.6 to 408.0 to
excl 25.5, excl 40.8, excl 81.6, incl 408.0, incl 612.0, incl
Over 8 to 20, excl % % Yo A % 7
20 to 36, excl Yo Y% Ao * N %
36 and over e * e A Yo b

¢ Permissible variation under specified width, ¥ in.

TABLE 7 Permissible Variations in Diameter for
Sheared Circular Plates 1 in. and Under in Thickness
(Applies to All Specifications Listed in Section 1).

Permissible Variations over
Specified Diameter for

Specified Diameters, Thicknesses Given, in.®
in.
To %, Y to % to
excl 5%, excl 1. incl
To 32, excl Y * b
32 1o 84, excl He N e
84 to 108, excl % Y A
108 to 130, excl 1 Ya e
130 and over A % %

¢ No permissible variations under specified diameter.

O
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TABLE 8 Permissible Variations in Diameter for Gas-Cut Circular Plates (Not Applicable to Alloy Steel).

Variations over Specified Diameter for Thicknesses Given, in.® y
Specified Diameter, in. [ )
to 1, excl 1 to 2, excl 2 to 4, excl 4 to 6, excl 6 to 8, excl 8 to 15, incl L
To 32, excl % % a3 YA % %
32 to 84, excl % A V4 % % %
84 to 108, excl A e % % % I
108 to 130, excl YA Yo e % 1 1%
130 and over % % % ] 1% 1%

@ No permissible va iation under specified diameter.

TABLE 9 Permissible Variations in Width and Length TABLE 10 Permissible Variations in Width and
for Rectangular Plates When Gas Cutting is Specified or Length for Rectangular Plates When Gas Cutting is
Required (Applies to Alloy Steel Specifications Only). Specified or Required (Not Applicable to Alloy Steel ).
NoOTE 1—Plates with universal rolled edges will be gas NoTE |—Plates with universal rolled edges will be gas
cut to length only. cut to length only.
Variations Over for Variations Over for
Specified Thickness, in. All Specified Widths Specified Thickness, in. All Specified Widths
or Lengths, in.® or Lengths, in.®
To 2. excl Y% To 2, excl Va
2 to 4, excl 1 2 to 4, excl EZ
4, incl R 4 to 6, excl Ya
6 to 8, excl [
% These variations may be taken all under or divided 8 to 15, incl 1

over and under, if so specified.
9 These variations may be taken all under or divided
over and under, if so specified.

TABLE 11 Permissible Variations in Diameter for Gas-Cut Circular Plates ( Applies to Alloy
Steel Specifications Only).

Variations over Specified Diameter for Thicknesses Given, in.®

Specified Diameter, in.

to 1, excl 1 to 2. excl 2 to 4, excl 410 6, excl 6 to 8, excl 8 to 15, incl
To 32, excl 3 Ly Vs by 1 1
32 to 84, excl ) e 8 1 1Y (R
84 10 108, excl 58 Y 1 1% 1R 1%
108 to 130, incl 8 1 1% 1 1% 1

¢ No permissible tolerance under specified diameter.

TABLE 12 Permissible Camber® for Carbon, Alloy, and High-Strength Low-Alloy Universal Mill Plates
and Alloy and High-Strength Low-Alloy Sheared Special-Cut or Gas-Cut Rectangular Plates

Thickness. Specified Weights, Widths, Camber Tolerances for Thicknesses and
in, 1b/fi2 in. Widths Given
To 2, incl to 81.6. incl all % in. x (no. of feet of length/5)
Over 2 1o 15, inc! 81.6 to 612.0, incl to 30, incl Yo in. x {(no. of feet of length/5)
Over 2 to 15, incl 81.6 to 612.0, incl over 30 4 in. % (no. of feet of length/5)

= Camber as it relates to plates is the horizontal edge curvature in the length, measured over the entire length of the
plate in the flat position.

TABLE 13 Permissible Camber for Sheared Plates and
Gas-Cut Rectangular Plates, All Thicknesses (Applies to
Carbon Steel Only).

Maximum permissible camber, in. =
1g in. x (number of feet of length/5)

4
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TABLE 14 Permissible Variations From Flatness for Carbon Steel Rectangular Sheared Plates, Universal
Mill Plates, and Circular and Sketch Plates ( Applies to Carbon Steel Only).

NoTE 1—When the longer dimension is under 36 in., the permissible variation should not exceed Y4 in. When the
longer dimension is from 36 to 72 in., incl, the permissible variation should not exceed 75 percent of the tabular amount
for the specified width, but in no case less than % in.

NoOTE 2—These variations apply to plates which have a specified minimum tensile strength of not more than 60,000 psi,
or compatible chemistry or hardness. The limits in the table are increased 50 percent for plates specified to a higher min-
imum tensile strength or compatible chemistry or hardness.

NoTE 3—This table and these notes cover the permissible variations for flatness of circular and sketch plates, based on
the maximum dimensions of those plates.

Permissible Variations from a Flat Surface for Specified Widths, in.e:®
Specified Specified
Thickness, Weight, To [36to | 48to| 60to | 72to | B4to|96to|108 to| 120 to | 144 to| 168
in. 1b/ft2 36, | 48, 60, 72, 84, 96, | 108, | 120, 144, 168, | and
excl | excl excl excl excl excl | excl | excl excl excl |Over
To %, excl To 10.2, excl %e | % e 1% 1% 1% 1% 1% 1%
14 to %, excl 10.2 to 15.3, excl Yol % % L7 1% 1% 1% 1A 1%
% to %4, excl 15.3 to 20.4, excl B %e % % % % 1 1% 1% 1% | 2%
% to %, excl 20.4 to 30.6, excl Yo | Y6 % % % 1 1 1% 1% 2
¥ to 1, excl 30.6 to 40.8, excl e | A Yo % % % % % 1 1% | 1%
1 to 2, excl 40.8 to 81.6, excl % | % Y %o Ye % % % e g | 1%
2 to 4, excl 81.6 to 163.2, excl Yo | % %o Y Y Y A Yo % % 14
4 to 6, excl 163.2 to 244.8, excl % | %e A YA %o % % % % % 1
6 to 8, excl 244.8 t0 326.4, excl Yo | Y % e % % % I 1 1
8 to 10, excl 326.4 to 408.0, exc! vl w % e % Y | % e ! 1 I
10 to 12, excl 408.0 to 489.6, excl %l % % He % %6 1 1 1 1 I
12 to 15, incl 489.6 to 612.0, incl % | % He % %6 ] | 1 1 1

9 Flatness Variations for Length—The longer dimension spccified is considered the length, and permissible variations in
flatness along the length should not exceed the tabular amount for the specified width in plates up to 12 ft in length, or in
any 12 ft of longer plates.

® Flatness Variations for Width—The flatness variations across the width should not exceed the tabular amount for the
specified width.

TABLE 15 Permissible Variations From Flatness for High-Strength Low- Alloy and Alloy Steel Rectangular
Sheared Plates, Universal Mill Plates, and Circular and Sketch Plates, Hot Rolled or Thermally Treated
(Not Applicable to Carbon Steel).

NOTE [—When the longer dimension is under 36 in., the variation should not exceed ¥% in. When the larger dimension
is from 36 to 72 in. incl, the variation should not exceed 75 percent of the tabular amount for the specified width.

Note 2—This table and notes cover the tolerances for flatness of circular and sketch plates, based on the maximum
dimensions of those plates.

Flatness Tolerances for Specified Widths, in.:*
Specified Specified
Thickness, Weights, To | 36to | 48to | 60to | 72to | 84to | 96to | 108 to | 120 to | 144 to| 168
in. 1b/ft? 36, 48, 60, 72, 84, 96, 108, 120, 144, 168, | and
excl excl excl excl excl excl excl excl excl excl | Over
To %, excl To 10.2 excl e 1% 1% 1% 2 2% 2% 2% 2%
Y% to %. excl 10.2 to 15.3 excl % %6 1% 1% 1% 1% 2 2% 2%
% to Y%, excl 15.3 to 20.4 excl % % e e 1R7) ¥ 1% 1% 1% 2% 3%
5 to %, excl 20.4 to 30.6 exc! % % Ko % 1 1% 1% 1% 1% 2% 3
¥%to 1, excl 30.6 to 40.8 excl % % % % %6 1 1% 1% 1% 2 2%
| to 2, excl 40.8 to 81.6 excl % % % He % %4 ] 1 1 1% 2%
2 to 4, excl 81.6 10 163.2 excl ) N W % Y% % 4 % 1 1Y% 1%
4 to 6, excl 163.2 to 244.8 excl Yo e % % % % e 14 I% 1% ¥
6 to 8, excl 244 8 to 326.4 excl % % % e 1 1% 1% 1%6 14 14 1%
8 to 10, excl 326.4 to 408.0 excl % N %4 1 1% 1% 1% 1% 1% 1% 1%
10 to 12, excl | 408.0 to 489.6 excl % E 1% 1% 1% 1% 1% 1% 144 1 1'%
12to 15, incl | 489.6 to 612.0 incl % 1 146 194 1% 1% 1% 1% 14 1A 1%

¢ Flatness Variations for Length—The longer dimension specified is considered the length, and variations from a flat
surface along the length should not exceed the tabular amount for the specified width in plates up to 12 ft in length, or in
any 12 ft of longer plates.

® Flatness Variations for Width—The flatness variation across the width should not exceed the tabular amount for the
specified width.
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TABLE 16 Permissible Variations in Waviness for Rectangular Plates, Universal Mill Plates, and Circular and
Sketch Plates
NoTE—Waviness denotes the maximum deviation of the surface of the plate from a plane parallel to the surface of the m
point of measurement and contiguous to the surface of the plate at each of the two adjacent wave peaks, when the plate is X
resting on a flat horizontal surface, as measured in an increment of less than 12 ft (3.66 m) of length.
The waviness tolerance is a function of the flatness tolerance as obtained from Table 14 or 15 as appropriate.

Flatness Waviness Tolerance, in.,

Tolerance, in., When Number of Wavesin 12 ft is
from

Tables 14 or 15 1 2 3 4 5 6 7
Yo Yin Y Yo % % Yie Yie
% ."l 5/I() J/lll J/ll\ % %6 l/l(i
7/]6 7lh 5/Ib I/J %ﬁ % % 'lb
YA % % Yo Yo He % Yie
Y % N Y % Yo % %
% * V % % Yo % %
"ie s A % Yo He Yie Y
% Y% Yo e Yo A He %
He e % Yo Y A He %
% % W P2 * Y4 Yo %
%4 n e YA * e % Yo
1 1 % Yo Yo %o % Yo
14 1% % % A * % Ko
14 1Y% Y Wie A /A % VA
1% 1% 16 Y Yo e Y16 %
1A 1% t% % A A % A
1% 1% 1Y e Wi Y % Yo
1% 1% 146 1 % Yo Yo Yo
1% 1% 1%n e e Ae Yo %o
2 I 1 %4 % % Y %
2% 2% 1% e % n YA %
2% 2Y% 18 1% e Wie Yo * z
2% 2% 1'% 1% | % %o Yo O
2% 2% V% e e He Y N :
2% 2% 2 1% % Ha * Yo
2% 2% 2%4 1% 1% % *% YA
2% 2% 2% 1% e "o Win A
3 3 2% ll%ﬁ I% I5/Ih “/lh 9/]6
3% 3% 2% 1% 146 I Y Yo
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TABLE 17 Permissible Variations in Cross Section for Standard Beams, Standard Mill H-Beams and
O Channels (Not Applicable to Alloy Steel).

A

Standard beams H- beams Channels
*Back of square and center line of web to be parallel T x T' applies when flanges of
when measuring ‘‘out-of-square.”’ channels are toed in or out.
A, Depth, in.® B, Flange Width, in.
T+ T, Out
Section Nominal Size, in. Over Under Over Under of Square per
Theo- Theo- Theo- Theo- Inch of B, in.
Q retical retical retical retical
Standard beams 3to 7, incl Y2 Yie % % s
Over 7 to 14, inc! % ¢ %e %2 Yz
Over 14 ro 24, incl He % Yo He As
Standard mill H-beams 4 Ha Yo % % Az
5 %2 e s %2 ZE
6 and 8 % s Ao He A2
Channels 3to 7. incl Y Yoo % % Y2
Over 7 to 14, incl % %2 % 2 s
Over 14 Hie % % Ko YAz

a 4 is measured at center line of web for beams; and at back of web for channels.
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Angles, Rolled Tees, and Zees (Not Applicable to Alloy Steel ).
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TABLE 18 Permissible Variations in Cross Section for Angles, Bulb

B
| <T
— - —
N ' ~>
5 1Al Tl <T =TT a
oS [T IR E
X 2= / - == 7{_ /T-‘[_ ==
B (4T B l B
Angles Bulb angles Zees Tees
* Back of square and center line of stem to be parallel when measuring ‘‘out-of-square.’’
B, Flange Width
A, Depth, in. or Length of
Leg, in. T, Out of E, Web off
Section Nomijnal Size, in. Square per Center,
Over Under  Over Under Inch of B, in. max, in.
Theo-  Theo-  Theo- Theo-
retical  retical  retical retical
Angles® 3to 4, incl % %a Ha®
Over 4 to 6, incl % % H®
Over 6 Ao % N’
Bulb apgles  (Depth) 3 to 4, incl % Yo % Ha Han®
Over 4 10 6, incl % e % % Hag®
Over 6 Va Yie Ko % Ha® O
Rolled tees  (Stem or Flange) 5 and under %2 Ne % % %a s
(Stem or Flange) over 5 to 7, incl ¥ Ye % % Va2 %
Zees 3 to 4, incl % Y6 % %2 A
Over 4 to 6, incl Ve Yo "% 7 Has®
? For unequal leg angles. longer leg determines classification.
® Y in./in. = 1% deg.
TABLE 19 Permissible Variations in Length for Standard Shapes
(Not Applicable to Alloy Steel).
Variations from Specified Length for Lengths Given, in.
. Over 30 to Over 40 to Over 50 to
To 30 ft. incl 40 ft. incl 50 ft, incl 65 ft, incl Over 65 ft
Over Under Over Under Over Under Over Under Over Under
All standard shapes ) % % Y | Y Y 1% Y
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TABLE 20 Permissible Variations in Ends Out- TABLE 21 Permissible Variations in Straightness
O Of-Square for Standard Shapes (Not Applicable to for Standard Shapes (Not Applicable to Alloy Steel).
Alloy Steel).
Permissible Variations
Shapes Permissible Variations
Camber % in. x
Standard beams, channels Y%a in./in. of depth (number of feet of total length/5)
Standard mill H-beams Sweep Due to the extreme variations in flexibility of
standard beams and channels, straightness
Angles® ¥ in./in. of leg length or 14 tolerances for sweep are subject to negotia-
deg tions between the manufacturer and the pur-
Bulb angles % in./in. of depth or 1% deg chaser for the individual sections involved.
Rolled tees® %a in./in. of flange or stem
Zees #aw in./in. of sum of both

flange lengths

@ Permissible variations for ends out-of-square are deter-
mined on the longer members of the shape.

TABLE 22 Permissible Variations in Cross Section for Wide Flange
Shapes (Not Applicable to Alloy Steel).

£28 28,

—T [ / T
O c C A
T = T T T
y2BE
728 +
A, Depth, in. B, Flange Width, in. C, Maximum
Section T + T, Flanges  E, Web off Depth at any
Nominal Over Under Over Under  Out-of-Square,  Center, max, Cross-Section
Size. Theo- Theo- Theo- Theo- max, in. in.® over Theoretical
in. retical retical retical retical Depth, in.
Up to 12, incl % % Y Yo Y Yo Y
Over 12 % % Y Yo He Y6 Y

A is measured at center line of web.
B is measured parallel to flange.
C is measured paraliel to web.

@ Variation of %, in., max, for sections over 426 lb/ft.

.
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TABLE 23 Permissible Variations in Length for Wide Flange Shapes®:
{Not Applicable to Alloy Steel ).

D

b

Variations from Specified Length for Lengths Given, in. \

Wide Flange Shapes 30 ft and under Over 30 ft.

Over Under Over Under

Beams 24 in. and under in nominal depth % % % plus Y%, for each additional 5 ft or %

fraction thereof
5 plus Y% for each additional 5 ft or Y
fraction thereof

Beams over 24 in. in nominal depth and all columns ' Y

7 When wide flange shapes are used as bearing piles, the length tolerance is plus 5 in. and minus O in.

® The ends out-of-square tolerance for wide flange shapes shall be Y%, in./in. of depth, or of flange width if it is greater
than the depth.

TABLE 24 Permissible Variations for Length and Ends Out-of-Square, Milled Structural Sections
(Not Applicable to Alloy Steel).

Milled Both Ends® Milled One End*

Nominal, o : : : Maximum End
Depth, in. Length, ft Length, in. E\)'(at):)rp_gm End Length, in. Out-of-Square,

utotquare. in., for Milled
Over Under : Over Under End

6to 36 61070 Y2 42 VA2 Yy V4 Y2

¢ Length is measured along center line of web. Measurements are made with the steel and tape at the same temperature.

® Ends out-of-square are measured by (a) squaring from the center line of the web and (b) squaring from the center line
of the flange. The measured variation from true squareness in either plane may not exceed the total tabular amount.

¢ Length variation and out-of-square variation are additive.

TABLE 25 Permissible Variations in Straightness for Wide Flange Shapes (Not Applicable to Alloy Steel). Q
Wide Flange Shapes

Permissible Variation

Camber and sweep
When certain sections® with a flange width approxi-
mately equal to depth are specified on order as
columns:
Lengths of 45 ft and under
Lengths over 45 ft

Y8 in. x (number of feet of total lengthe/10)

Y in. x (number of feet of total length/10) but not over ¥ in.
% in. + [¥ in. x (number of feet of total length ~ 45/10)]

a Sections with a flange width less than 6 in., tolerance for sweep = Y in. X (number of feet of total length/S5).
® Applies only to:

8-in. deep sections 31 Ib/ft and heavier,

10-in. deep sections 49 1b/ft and heavier,

12-in. deep sections 65 Ib/ft and heavier, and

14-in. deep sections 78 1b/ft and heavier.

If other sections are specified on the order as columns, the tolerance will be subject to negotiation with the manufac-
turer.
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TABLE 26 Permissible Variations in Dimensions for Split
Tees and Angles® (Not Applicable to Alloy Steel).

Variations from

Specified Depth, in. Depth,? Over

and Under, in.
To 6, excl (beams and channels) Y%
6 to 16, excl (beams and channels) He
16 to 20, excl (beams and channels) Y
20 to 24, excl (beams) Yo
24 and over (beams) %

@The length tolerance for split tees or angles are the
same as those applicable to the section from which the tees
or angles are split.

® The above tolerances for depth of tees or angles in-
clude the allowable tolerances in depth for the beams or
channels before splitting. Tolerances both for dimensions
and straightness, as set up for the beams or channels from
which these tees or angles are cut, will apply, except

straightness = % in. x (length in feet/5)

A6

TABLE 27 Permissible Variations in Sectional
Dimensions for Standard Bar Size Angles (Not Applicable
to Alloy Steel).

NoTE |—The longer leg of an unequal angle determines
the size for permissible variations.

NOTE 2—Permissible out-of-square in either direction,
12 deg.

Variations from

Thickness for Variations
Thicknesses Given, from
Specified Length Over and Under, in. Length of
of Leg, in. Leg, Over
Over and
%';132? Yo to 0;’;"- Under, in.
u %, incl
1 and under 0.008 0.010 S A2
Over | to 2, incl 0.010 0.010 0.012 Yo
Over 2 to 3, excl 0.012 0.015 0.015 Yie

TABLE 28 Permissible Variations in Sectional
Dimensions for Standard Bar Size Channels (Not
Applicable to Alloy Steel).

NoTE—Measurements for depth of shape and width of

flanges are overall.

Variations from Size,

Over and Under, in.

Permissi-
. ble Out-
Specified Thickness of-Square®
Size of of Web for = F"Fiher
Channel Depth Wi?‘th Thicknesses Flange
. * of o Given
. . Inch
in Section Flanges ” (f; ‘l‘:l::ge
a";a Over Width, in.
under to
1% and Y Yas 0.010 0.015 Yaa
under
Over 12 to Y Yie 0.015 0.020 Yia
3, excl

¢ For channels % in. and under in depth, the permissible
out-of-square is %4 in./in. of depth.

TABLE 29 Permissible Variations in Sectional Dimensions for Standard Bar Size Tees (Not Applicable
to Alloy Steel).

Specified Width or Depth, in.® Thickness of Flange, Thickness of Stem, Stem
Size‘of Tee, n. mn. Out-of-
n. Over Under Over Under Over Under Square, in.
1% and under Yos Yos 0.010 0.010 0.005 0.020 Yo
Over 14 to 2, incl Yo Ve 0.012 0.012 0.010 0.020 Ve
Over 2 to 3, excl K Ha 0.015 0.015 0.015 0.020 K

@ The longer member of an unequal tee determines the size for permissible variations.

® Measurements for both width and depth are overall.

¢ Stem out-of-square is the variation from its true position of the center line of stem. measured at the point.
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TABLE 30 Permissible Variations in Sectional Dimensions for Square Edge and Round Edge Flat Bars

(Not Applicable to Alloy Steel). q
Variations from Thickness, for Thicknesses Given, Variations from o
Over and Under, in. Width, in.

Specified Widths,

in. 0.203 to Over ' Over I Over2
0.230, 0,/2::3;'0 %iln(::l%_‘ to 1, to 2, to 3, Over 3 Over Under
excl a incl incl incl
To 1, incl 0.007 0.007 0.008 0.010 . . . Yoa Vo
Over | to 2, incl 0.007 0.007 0.012 0.015 Yo . - Y Yaa
Over 2 to 4, incl 0.008 0.008 0.015 0.020 Yia Y Yos Yin Yaa
Over 4 to 6, incl 0.009 0.009 0.015 0.020 Vi Yo Ve Ha N
Over 6 to 8, incl a 0.015 0.016 0.025 Yia Yo b Lg? %

2 Flats over 6 to 8 in., incl, in width are not available as hot-rolled carbon steel bars in thickness under 0.230.
® For flats over 6 to 8 in., in width, and over 3 in. in thickness, consult the producer for thickness and width tolerances.

TABLE 31 Permissible Variations in Sectional TABLE 33 Permissible Variations in Sectional

Dimensions for Round and Square Bars and Round- Dimensions for Half-Rounds, Ovals, and other

Cormered Squares (Not Applicable to Alloy Steel). Special Bar Size Shapes (Not Applicable to

Alloy Steel).
Variations Out-of-
Specified Size, from Size, in. Round or Permissible variations in half-rounds, ovals, and other
in. Out-of- special bar size shapes not included in the foregoing tables
Over  Under  Square, in.® are subject to individual negotiation.

To %s, incl 0.005 0.005 0.008
Over %6 to %s, incl 0.006 0.006 0.009
Over 7, to %,.mcl 0.007 0.007 0.010 TABLE 34 Permissible Variations in Straightness for
Over % to 4, incl 0.008 0.008 0.012 Bars and Bar Size Shapes (Not Applicable to Alloy Steel)
Over % to 1, incl 0.009  0.009 0.013 pe Y :
Over I to 14, incl 0.010 0.010 0.015 Maximum Permissible Variation
Over 1% to 1Y%, incl 0.011  o.0fl 0.016 in Straightness. in.
Over 1Y to 1%, incl 0.012 0.012 0.018
Over 1% to 1%, incl 0.014 0.014 0.021 Bars and bar- Y4 in any 5 ft or Y%
Over 1l to 2, incl Yos Yos 0.023 size shapes® x (number of feet of total length/5)
Over 2 to 21, incl Yae 0 0.023
Over 2Y% to 3Y, incl Yhs 0 0.035 @ Permissible variations in straightness do not apply to
Over 34 to 4/4, incl e 0 0.046 hot-rolled bars if any subsequent heating operation has
Over 44 to 5%, incl % 0 0.058 been performed.
Over 54 to 6%, incl % 0 0.070
Over 64 to 8Y%, incl %a 0 0.085
Over 8% to 9%, incl e 0 0.100
Over 9% to 10, incl Y 0 0.120

@ Qut-of-round is the difference between the maximum
and minimum diameters of the bar, measured at the same
cross section. Qut-of-square is the difference in the two
dimensions at the same cross section of a square bar be-
tween opposite faces.

TABLE 32 Permissible Variations in Sectional
Dimensions for Hexagons (Not Applicable to Alloy

Steel).
J Maximum
Specified Sizes p ()\ln‘:r';tz"o"in Difference,
Between Opposite i ‘e, 1. Three Meas-
Sides, in. Over Under ureinr:cams,
5 and under 0.007 0.007 0.011
Over 5 to 1, incl 0.010 0.010 0.015
Over 1 to 14, incl 0.021 0.013 0.025 -
Over 1% to 2, incl Yz You Y2 5
Over 2 to 2%, incl Ys Yes Yoa :
Over 2% to 3%, incl Yie Yos Yo

@ Greatest difference between any two of the three pos-
sible measurements.
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TABLE 35 Permissible Variations in Length for Hot-Cut Carbon Steel Bars (Not Applicable to AlloySteel )®

Specified Sizes of Flats, in.
Specified Sizes of

Permissible Variations over
Specified Length Given in Feet, in.
{(No Variation Under)

Rounds, Squares,

and Hexagons, in. 5to 10 to 20to 30to 40 to
Thickness Width 10 ft, 20 ft, 30 ft, 40 ft, 60 ft,
excl excl excl excl incl
To 1, incl To 1, incl To 3, incl 173 % 1Y 134 2
Over | to 2, incl Over | to 3, incl % 1 [R%) 2 2V,
Over 1 to 2, incl To 1, incl Over 3 to 6, incl 5% I 1 2 25
Over 2 to 35, incl Over 1 Over 3 to 6, incl | IR 1% 24 2%
Over 5 to 10, incl . A 2 2V 234 3 3l
0.230 to 1, incl Over 6 to 8, incl Y 1% 1%4 3l 4
Over | to 3, incl Over 6 to 8, incl 1% 1% 2 3, 4
Bar size sections .. R % 1 1% 2 2V,
Hot Sawing
2t05, incl® | and over 3 and over b 1% 1% 2% 2%
Over 5 to 10, incl ... .. b 21, 23 3 3%

¢ For flats over 6 to 8 in., incl, in width and over 3 in. in thickness, consult the producer for length tolerances.

® Smaller sizes and shorter lengths are not commonly hot sawed.

Al.l

standard.

TABLE 36 Permissible Variations in Length for
Recutting After Straightening (Not Applicable to
Alloy Steel)®: ®

Permissible Variations for

Sizes of Rounds, Specified Length, in.

Squares, Hexagons,
Width of Flats and

Maximum Dir_nensjon To 12 ft, incl Over 12 ft

of Other Section, in. Over Under Over Under
To 3, incl Yo in Y i
Over 3 to 6, incl Y n %- N
Over 6 to 8, incl % e YA Yo
Rounds over 8 to 10, incl % Ye % Yo

¢ For flats over 6 to 8 in., incl, in width, and over 3 in.
in thickness, consult the producer for length tolerances.

® Variations are sometimes required all over or all under
the specified length, in which case the sum of the two toler-
ances applies.

APPENDIX

Al. METRIC EQUIVALENTS

Table Al contains the metric equivalents of the U.S. customary units used in the body of the
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TABLE Al Metric Equivalents

Inches to Millimetres

In. 4 in. Y in. Y% in. Y in. '52in. Ves In. mm DC::]IT}';I‘I.i of
0.127 0.005
0.254 0.010
0.381 0.015
1 0.397 0.015625
1 2 0.794 0.03125
3 1.191 0.046875
1 2 4 1.588 0.0625
5 1.984 0.078125
3 6 2.381 0.09375
7 2.778 0.109375
1 2 4 8 3.175= 0.1250
9 3.572 0.140625
5 10 3.969 0.15625
11 4.366 0.171875
3 6 12 4.762 0.1875
13 5.159 0.203125
7 14 5.556 0.21875
15 5.953 0.234375
1 2 4 8 16 6.350° 0.2500
17 6.747 0.265625
9 18 7.144 0.28125
19 7.541 0.296875
5 10 20 7.938 0.3125
21 8.334 0.328125
11 22 8.731 0.34375
23 9.128 0.359375
3 6 12 24 9.525¢ 0.3750
25 9.922 0.390625
13 26 10.319 0.40625
27 10.716 0.421875
7 14 28 11112 0.4375
29 11.509 0.453125
15 30 11.906 0.46875
31 12.303 0.484375
1 2 4 8 16 32 12.700° 0.5000
5 10 20 40 15.875¢ 0.6250
3 6 12 24 48 19.050° 0.7500
7 14 28 56 22,2250 0.8750
1 2 4 8 16 32 64 25.400° 1.0000
@ Exact.

By publication of this standard no position is taken with respect to the validity of any patent rights in connection there-
with, and the American Society for Testing and Materials does not undertake 1o insure anyone uiilizing the standard
against liability for infringement of any Letters Patent nor assume any such liability.
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Standard Specification for

MILD- TO MEDIUM-STRENGTH CARBON-STEEL
CASTINGS FOR GENERAL APPLICATION!

This Standard is issued under the fixed designation A 27: the number immediately following the designation indicates the
year of original adoption or, in the case of revision, the vear of last revision. A number in parentheses indicutes the yeur of

last reapproval.

This specification has been approved by the Department of Defense fur listing in the DoD Index of Specifications and
Standards. Proposed revisions should be coordinated with the Federal Government through the Army Materials and

Mechanics Research Center, Watertown, Mass. 02172

1. Scope

[.1 This specification covers mild-strength
to medium-strength carbon steel castings for
general application as distinguished from
carbon-steel and alloy-steel castings requiring
a tensile strength in excess of 70,000 psi (483
MPa).

NoTe |—The grades covered by this specifica-
tion represent materials that are recognized us
readily weldable by procedure as established under
the accepted welding rules of such bodies as the
ASME Boiler Code Committee, but these limita-
tions do not imply that material of composition dif-
fering from those specified is not weldable with the
use of proper technique.

NoTE 2—The term ‘‘weldable™ as related to
steel castings does not imply that no special precau-
tions need be taken in welding any or all shupes of
steel castings. Regardless of composition, the
welding of any steel casting or other steel part of
intricate shape or of greatly varying cross sections
may necessitate special welding technique not gen-
erally considered necessary for the welding of parts
of reasonably symmetrical form.

1.2 Seven grades of steel castings are cov-
ered, as indicated below. The grade desired
shall be specified by the purchaser.

1.2.1 Grade N-1—Not required to be me-
chanically tested nor heat treated, except as
conditionally provided in 15.2.

1.2.2 Grade N-2—Not required to be me-
chanically tested but required to be heat
treated as provided in 3.1.

1.2.3 Grade U-60-30—Required to be
mechanically tested but not required to be
heat treated, except as conditionally provided
in 15.2.

1.2.4 Grades 60-30, 65-35, 70-36, and 70-40
—Kequired to be heat treated as provided in
3.1 and to be mechanically tested.

NoOTE 3—The five grades required to be mechun-

ically tested are distinguished in their grade desig-
nations by numerals corresponding to the signifi-
cant numbers of the specified tensile strength and
yield point. For example, grade 60-30 calls for a
minimum tensile strength and yield point of 60,000
and 30,000 psi (414 and 207 MPa), respectively.

NoTk 4—The values stated in U.S. customary
units are to be regarded as the standard.

2. Process

2.1 The steel shall be made by one or more
of the following processes: open-hearth, elec-
tric-furnace, converter, or crucible.

3. Heat Treatment

3.1 All castings of Grades N-2, 60-30, 65-
35, 70-36, and 70-40 shall be heat treated, ei-
ther by full annealing, normalizing, normal-
izing and tempering, or quenching and tem-
pering in accordance with the following 3.2
through 3.8 and ASTM Definitions E 44,
Terms Relating to Heat Treatment of Metals, ?
as indicated. Unless otherwise specified in
the inquiry, contract, or order, the castings
may be heat treated by any of these heat
treatments or combination of these heat treat-
ments at the option of the manufacturer.

3.2 Full Annealing—The procedure for full
annealing shall be as described in Definitions
E 44 which states that castings are to be
heated to a temperature above the transfor-
mation range and, after being held for a
proper time at this temperature they are
cooled slowly to a temperature below the

' 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 Subcommitiee
AO0I.18 on Castings. )

Current edition approved Dec. 27, 1973, Published
March 1974. Originally published as A 27  01. Last
previous edition A 27 71,

* 1974 Annual Book of ASTM Standards. Part 2 and
1973 Annual Book of ASTM Standards, Part 31.
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transformation range. The castings are ordi-
narily allowed to cool slowly in the furnace,
although they may be removed from the fur-
nace and cooled in some medium which as-
sures a slow rate of cooling. Castings may be
removed from the furnace when the entire
furnace charge has fallen to a temperature of
850 F (455 C), or lower.

3.3 Normalizing—The procedure for nor-
malizing shall be as described in Definitions E
44 which states that castings are to be heated
to a temperature above the transformation
range and subsequently cooled in still air at
room temperature.

3.4 Quenching—The procedure for
quenching shall be as described in Definitions
E 44 which states that castings are to receive
a rapid cooling from an elevated temperature
by contact with liquids, gases, or solids.

NoTr 5—The term ‘‘elevated temperature’’ as
used in this paragraph means a temperature above
the critical range.

3.5 Tempering—The procedure for tem-
pering (drawing) shall be as defined in Defini-
tions E 44 which describes the reheating of
hardened or normalized steel to a temperature
below the transformation temperature range,
followed by any desired rate of cooling.

3.6 Stress Relieving—The procedure for
stress relieving shall be as defined in Defini-
tions E 44 which covers the reduction of in-
ternal stresses in a metal object by heating the
object to a suitable temperature and holding
for a proper time at that temperature. This
treatment may be applied to relieve stresses
induced by casting, quenching, normalizing,
machining, cold working, or welding.

4. Temperature Regulation

4.1 Furnace temperatures for heat treating
shall be effectively regulated by the use of
pyrometers.

5. Chemical Requirements

5.1 The steel shall conform to the require-
ments as to chemical composition prescribed
in Table 1.

6. Ladle Analysis

6.1 An analysis of each heat of steel shall
be made by the manufacturer to determine
the percentages of the elements specified in
Table 1. The chemical analysis shall be made

1/5.30
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from a test ingot taken during the pouring of
the heat. If drillings are used they shall be
taken not less than 4 in. (6.4 mm) beneath
the surface. The chemical composition thus
determined shall conform to the requirements
prescribed in Table 1 and when specified in
the inquiry, contract, or order shall be re-
ported to the purchaser or his representative.

7. Product Analysis

7.1 An analysis may be made by the pur-
chaser from a broken tension test specimen or
from a casting representing each heat. If drill-
ings are used, they shall be taken not less than
Y4 in. (6.4 mm) beneath the surface, and in
such manner as not to impair the usefulness
of any casting selected for such check anal-
ysis. The chemical composition thus deter-
mined shall conform to the requirements spe-
cified in Table 1.

7.2 As unspecified alloying elements are
unavoidable in steel, the following restrictions
shall be placed on their concentration in the
welding grades, the determination of which
shall be a matter of agreement between the
manufacturer and the purchaser, and must
have been specified in the inquiry, contract, or
order:

Copper, max, percent 0.30
Nickel, max, percent 0.50
Molybdenum, max, percent 0.20
Chromium, max, percent 0.40

8. Tensile Requirements

8.1 Steel used for castings of the grades
that are required to be mechanically tested
shall conform to the requirements as to tensile
properties (Note 6) prescribed in Table 2.
When specified in the inquiry, contract, or
order, the properties obtained shall be re-
ported to the purchaser or his representative.

NoTE 6—Because it has come to the attention of
Committee A-1 on Steel that the intent of tension
test requirements in some specifications has at
times been misinterpreted, the committee wishes to
make it clear that it is not intended that a max-
imum limit shall be placed on any tensile property
required in this specification.

8.2 Tension tests shall be performed in
accordance with ASTM Methods and Defini-
tions A 370, for Mechanical Testing of Steel
Products.?® The yield point shall be determined

31974 Annual Book of ASTM Siandards, Parts [, 2, 3,
and S and 1973 Annual Book of ASTM Siandards, Part 31.

7/75



7/75

il

by use of one of the following methods at a
rate of separation of the crossheads under
load not to exceed Y in./in. (0.06 mm/mm)
of gage length per min:

8.2.1 Drop of the beam or halt in the gage,

8.2.2 Autographic diagram,

8.2.3 Dividers, or

8.2.4 Total extension under load using an
extensometer.

8.3 The tensile strength shall be determined
at a rate of separation of the crossheads under
load not to exceed '2 in./in. (0.5 mm/mm) of
gage length per min.

9. Test Coupons

9.1 Test coupons from which tension test
specimens are prepared shall be attached to
the castings where practicable. If, in the
opinion of the manufacturer, the design of the
casting is such that test coupons should not be
attached thereon, test coupons shall be cast
attached to separate cast blocks. The test
coupons from which test specimens are to be
prepared shall remain attached to the castings
or blocks they represent until submitted for
inspection, and shall be heat treated with the
castings. Test coupons shall be provided in
sufficient number to furnish the specimens
required in Section 10.

10. Number of Tests

10.1 One tension test shall be made from
each heat in each lot.

NoTt 7—The term “‘lot”" shall be considered as
all castings in a heat subjected to the same heat-
treating procedure.

10.2 If any test specimen shows defective
machining or develops flaws, it may be dis-
carded, and another specimen substituted
from the same lot (Note 7).

10.3 If the percentage of elongation of any
tension test specimen is less than that speci-
fied in Table 2 and any part of the fracture is
more than * in. (19.0 mm) from the center
of the gage length, as indicated by scribe
scratches marked on the specimen before test-
ing, a retest shall be allowed.

10.4 If mutually agreed upon by the manu-
facturer and the purchaser and after accept-
ance (for one or more orders) of ten consecu-
tive heats used for making castings of any one
grade, the manufacturer may assemble the
castings from succeeding melts in groups of

A 27

five heats each. The castings in each such
group shall be accepted on the basis of one
test specimen taken from every fifth heat,
provided that the chemical analysis of all the
heats in the group fall within the range estab-
lished by the first ten consecutive acceptable
heats and all subsequent heats that are physi-
cally tested and found acceptable. If this test
fails, a rehearing shall be granted for the heat
represented by the failed specimen, and the
four other heats in the group shall be tested
individually. The same heat-treating proce-
dure used for the first ten consecutive heats
shall be used for all subsequent heats. This
procedure shall be established for each grade
separately.

11. Retests

1i.1 If the results of the mechanical test
for any lot (Note 7) do not conform to the
requirements specified, the manufacturer may
reheat treat such lot. Retests of an additional
specimen from the same lot shall be made and
shall conform to the requirements specified in
Sections 8 and 10.

12. Radiographic Inspection

12.1 If specified in the inquiry, contract, or
order, and when mutually agreed upon by the
manufacturer and the purchaser, castings
made in accordance with this specification
may be subject to radiographic inspection.

12.2 Areas to be radiographed, number of
pieces made from the same pattern which
shall be radiographed, and standards of ac-
ceptability shall be agreed upon by the manu-
facturer and the purchaser.

NoTE 8—Reference can be made to ASTM Ref-
erence Radiographs E 446, for Steel Castings Up to
2 in. in Thickness,* for X-ray and gamma-ray in-
spection. These stundards are available in the form
of plates in ring binders from ASTM Headyuarters,

1916 Race St., Philadelphia, Pa. 19103. Request
Adjunct No. 12-500710-09.

13. Magnetic Particle Inspection

13.1 When so specified in the inquiry, con-
tract, or order, and when mutually agreed
upon by the manufacturer and the purchaser,
castings made in accordance with this specifi-
cation may be subject to magnetic particle
inspection.

41973 Annual Book of ASTM Standards, Part 31.
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13.2 Areas to be magnetic particle in-
spected, number of pieces made from the
same pattern which shall be magnetic particle
inspected, and standards of acceptability shall
be agreed upon by the manufacturer and the
purchaser.

13.3 When dry magnetic particle inspection
is used it shall be in accordance with ASTM
Method E 109, Dry Powder Magnetic Par-
ticle Inspection,* or ASTM Method E 138,
Wet Magnetic Particle Inspection.* Castings
showing injurious defects, as judged by
ASTM Reference Photographs E 125, for
Magnetic Particle Testing of Ferrous Cast-
ings,* shall be rejected or repaired with the
approval of the purchaser. The circular or coil
method of over-all magnetization or the wet
method of magnetic particle inspection, or
both, may be used if such methods are more
practical.

14. Workmanship

14.1 All castings shall be made in a work-
manlike manner and shall conform substan-
tially to the dimensions on drawings furnished
by the purchaser before manufacture is
started, or to the dimensions predicated by
the pattern supplied by the purchaser, if no
drawing has been provided.

15. Quality

15.1 The surface of the casting shall be
examined visually and shall be free of adher-
ing sand, scale, cracks, and hot tears. Other
surface discontinuities shall meet the visual
acceptance standards specified in the order.
Visual Method MSS SP-55° or other visual
standards may be used to define acceptable
surface discontinuities and finish. Unaccept-
able visual surface discontinuities shall be
removed and their removal verified by visual
examination of the resultant cavities.

16. Repair by Welding

16.1 Repairs shall be made using a welding
procedure and welding operators qualified in
accordance with the requirements of ASTM
Recommended Practice A 488, for Qualifica-
tion of Procedures and Personnel for the Weld-
ing of Steel Castings.® Welds exceeding 20 %
of the wall thickness or 1 in. (25.4 mm), which-
ever is smaller, shall be given a suitable stress
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relief or heat treatment. All welds shall be in-
spected to the same quality standards as are
used to inspect the castings. When magnetic
particle inspection is required for the castings,
all welds shall be inspected by the magnetic
particle method. When radiographic inspec-
tion is required for the castings, all welds shall
be inspected by the magnetic particle method,
except that radiographic inspection shall be
required of those welds whose depth exceeds
20 % of the wall thickness of whose area ex-
ceeds 10 in.%/in. of wall thickness.

17. Marking

17.1 When specified by the purchaser, the
manufacturer’s name or identification mark
and the pattern number shall be cast on all
castings, except those of such small size as to
make such marking impracticable. In addi-
tion, suitable marking of the numbers of the
heats used for pouring the castings, or some
mark that will identify the heats, shall be
made on all castings individually weighing 500
Ib (230 kg) or more.

NoOTE 9—The resistance of a sand mold to the
erosive effect of inflowing metal is aided by smooth
mold surfaces. Cast identification marks are formed
by making indentations on the face of the mold.
For the prevention of small defects caused by dis-
lodged particles of molding sand, there should be

provided the minimum feasible number of cast iden-
tification marks.

18. Inspection

18.1 The inspector representing the pur-
chaser shall have free entry, at all times while
work on the contract of the purchaser is being
gerformed, to all parts of the manufacturer’s
works that concern the manufacture of the
material ordered. The manufacturer shall af-
ford the inspector, without charge, all reason-
able facilities to satisfy him that the castings
are being furnished in accordance with these
specifications. All tests (except check analy-
ses) 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.

18.2 If, in the case of important castings

® Available from the Manufacturers’ Standardization
Society of the Valve and Fittings Industry, 1815 N. Fort
Myer Dr., Arlington, Va. 22209.

* 1974 Annual Book of ASTM Standards, Part 2.
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for special purposes, surface inspection in the
green state is required, this shall be so speci-
fied in the inquiry, contract, or order.

19. Rejection

19.1 Unless otherwise specified, any rejec-
tion based on tests made in accordance with
this specification shall be reported to the
manufacturer within five working days from
the receipt of samples by the purchaser.

19.2 Material that shows injurious defects
subsequent to its original inspection and ac-

A 27

ceptance at the manufacturer’s works will be
rejected, and the manufacturer shall be noti-
fied.

20. Rehearing

20.1 Tested samples representing rejected
material shall be held for two weeks from the
date of the test report. In case of dissatisfac-
tion with the results of the tests, the manufac-
turer may make claim for a rehearing within
that time.

SUPPLEMENTARY REQUIREMENTS

One or more of the following supplementary requirements shall apply only when
specified by the purchaser in the inquiry, contract, or order. Details of these supple-
mentary requirements shall be agreed upon by the manufacturer and the purchaser.

S1. Permissible Variations in Dimensional
Tolerances for Castings Made from
Mounted Patterns

S1.1 Tolerances for commercial steel cast-
ings (Note 10) made from mounted patterns
and the surfaces of which are not to be ma-
chined shall be in accordance with Table 3.
Metal match plate patterns and precise
molding methods can produce closer toler-
ances than the values shown in Table 3. Com-
plex casting designs may require different
permissible variations than those listed in
Table 3.

NoTE 10—The term ‘‘commercial castings’’

does not cover castings requiring special fixtures for
gaging, or finishing castings by grinding to special

TABLE 1 Chemical Requirements

tolerance gages beyond the normal requirements as
listed in Table 3.

S2. Gate and Riser Projections for Castings
Made from Mounted Patterns

S2.1 Castings shall have gates and risers
removed in such a manner that no riser or
gate stub projects or a depression is made
beyond or below the casting design contour in
an amount that would exceed the values given
in Table 4.

S3. Weight Deviation for Castings Made from
Mounted Patterns

S3.1 The allowable deviations from the
average casting weight is shown in Table 5.

TABLE 2 Tensile Requirements

Composition, percent

Grade Car- Man-  Sili- Phos-
bon® ganese,” con, S::llg";r‘ phorus,
max max max max

Grade N-1 0.25 0.75 0.80 0.06 0.05
Grade N-2 0.35 0.60 0.80 0.06 0.05

Grade U-60-30 0.25 0.75 0.80 0.06 0.05
Grade 60-30 0.30 0.60 0.80 0.06 0.05
Grade 65-35 0.30 0.70 0.80 0.06 0.05
Grade 70-36 0.35 0.70 0.80 0.06 0.05
Grade 70-40 0.25 1.20 0.80 0.06 0.05

®For each reduction of 0.01 percent carbon below the
maximum specified, an increase of 0.04 percent manganese
above the maximum specified will be permitted to a max-
imum of 1.40 percent for grade 70-40 and 1.00 percent for
the other grades.

Elonga-
Tensile Yield ugr;;]m Eggugf
Grade St:g?ngth, an.:ml, or 50 Area,
. p . 5. mm, min,
kst (MPa) ksi (MPa) min. percent
percent
Grade U-60-30 60 (414) 30 (207) 22 30
Grade 60-30 60 (414) 30 (207) 24 35
Grade 65-35 65 (448) 35 (241 24 35
Grade 70-36 70 (483) 36 (248) 22 30
Grade 70-40° 70 (483) 40 (276) 22 30

¢ Grade 70-40 may be used to meet the requirement of
Grade 70-36, when agreed upon by the manufacturer and
the purchaser.
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TABLE 3 Normally Expected Deviation of Linear TABLE S5 Allowable Deviation® from Average Casting
Casting Dimensions from Design Dimensions Weight O
Blueprint Dimension, Tolerances, et : Positive  Negative
. in. (mm) in. (mm) Cdsa‘;%kwelghl Deviation, Dev%ation,
g percent percent
Up to 3 (76.2), inc +4%:(3.2) —-%.(2.9)

Over 3 1o 7 (76.2 to 177.8) +%:(4.0) —%,(3.2) Up to 100 (45) 8.0 8.0
Over 7 to 20 (177.8 to 508) +,(4.8) —%,(4.0) Over 100 to 500 (45 to 227) 6.5 5.0
Over 20 to 100 (508 to 2540) +%,(6.4) —%,(4.8) Over 500 to 10,000 (227 to 4540) 5.0 3.0
Over 10,000 (4540) 30 2.5

¢ Deviations do not apply to mass as calculated from a

TABLE 4 Gate and Riser Projection Tolerances . .
design drawing.

Riser or Guate Maximum  Maximum
Maximum Dimension, Projection, Depression,
in. (mm) in. (mm) in. (mm)

Up to 4 (101.6) %(3.2) % (3.2)
Over 4 to 8 (101.6 10 203.2) % (6.4) % (3.2)
Over 8 to 20 (203.2 to 508) % (9.5) % (3.2)
Over 20 to 30 (508 to 762) B (12.7) Y% (6.4)
Over 30 (762) % (19.0) % (6.4)

By publication of this standard no position is taken with respect to the validity of any patent rights in connection there-
with, and the American Society for Testing and Materials does not undertake to insure anyone utilizing the standard
against liability for infringement of any Letters -Patent nor assume any such liability.
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American National Standard G41.5
American National Standards Institute

AMERICAN SOCIETY FOR TESTING AND MATERIALS
1916 Race St., Philadelphia, Pa., 19103
Reprinted from the Annual Book of ASTM Standards, Copyright ASTM

If not listed in the current combined Index. will appear in the next edition.

Standard Specification for
STRUCTURAL STEEL!

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.

1. Scope

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

1.2 Supplemental requirements are pro-
vided where improved notch toughness is
important. These shall apply only when speci-
fied by the purchaser in the order.

NoTe—The values stated in U.S. customary
units are to be 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 an-
chorage purposes shall be subjected to me-
chanical 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 Low-Carbon 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-
ments of the current edition of Specification

A 6, for General Requirements for Delivery of
Rolled Steel Plates, Shapes, Sheet Piling, and
Bars for Structural 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
chemical composition shall confornr to the
requirements 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.

6. Chemical Requirements

6.1 The heat analysis shall conform to the
requirements prescribed in Table 2, except 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 A01.02 on
Structural Steel.

Current edition approved July 29, 1974. Published Sep-
tember 1974. Originally published as A 36 - 60 T. Last
previous edition A 36 - 70a.

*For ASME Boiler and Pressure Vessel Code Applica-
gons see related Specification SA-36 in Section II of that

ode.

1974 Annual Book of ASTM Standards, Part 4.
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specified in 4.2.

6.2 The steel shall conform on product
analysis to the requirements prescribed in
Table 2, subject to the product analysis toler-
ances in Specification A 6, except as specified
in 6.3.

6.3 Product analysis is not applicable for
bar-size shapes or flat bars 3 in. (13 mm) and
under in thickness.

6.4 When tension tests are waived in ac-
cordance with 7.2, chemistry consistent with
the requirements in Table 2, and with the
mechanical properties desired must be ap-
plied.

7. Tensile Requirements

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 prescribed in Table 3.

A 36

7.2 Shapes less than 1 in.? (645 mm?2) in
cross section and bars, other than flats, less
than % in. (13 mm) in thickness or diameter
need not be subjected to tension tests by the
manufacturer.

7.3 For material under ¥%s in. (8 mm) in
thickness or diameter, a deduction from the
percentage of elongation in 8 in. (203 mm),
specified in Table 3, of 1.25% shall be made for
each decrease of %, in. (0.8 mm) of the speci-
fied thickness or diameter below %« in.

8. Bend Test Requirements

8.1 The bend test specimens 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 4.

SUPPLEMENTARY REQUIREMENTS

These requirements shall not apply unless specified in the order.

S1. The material supplied shall be other
than rimmed or capped steel.

1/5.36

S2. The material to be supplied shall be sil-
icon-killed fine-grain practice.
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TABLE 1 Material Specifications

m Material ASTM
-

P Designation®
Plate to be bent or formed cold A 283, Grade C?®
Steel rivets A 502, Grade 1°
Bolts and nuts A 307°, A 325
Cast steel A 27, Grade 65-35°
Forgings (carbon steel) A 235, Class E
Hot-rolled sheets A 570, Grade D
Hot-rolled strip A 570, Grade D
Cold-formed tubing A 500, Grade B
Hot-formed tubing 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 Plate of Structural Quality,?

A 502, Steel Structural Rivets,?

A 307, Low-Carbon Steel Externally and Internally
Threaded Standard Fasteners,?

A 325, High Strength Bolts for Structural Steel Joints
Including Suitable Nuts and Plain Hardened Wash-
ers,®

A 27, Mild- to Medium-Strength Carbon-Steel Castings
for General Application,*

A 235, Carbon Steel Forgings for General Industrial
Use,?

A 570, Hot-Rolled Carbon Steel Sheets and Strip, Struc-
tural 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
O Structural Tubing.®

® These have lower yield point than A 36 steel.

* 1974 Annual Book of ASTM Standards, Part 2.

TABLE 2 Chemical Requirements

Product Shapes® Plates Bars
Over % | Over Over Over % o
To% | tol% | 14to | 24to | To% | toly I%Vj:’ Over
Thickness, in. (mm) | All (19), | (19to | 2%4(38 | 4(64 | SN0 | (19), | (I9t0 |, (i02), | 4 (102)
incl. 38), to 64), |to 102), incl. 38), ; ’
incl. incl. incl. incl. incl.
Carbon, max, percent 0.26 0.25 0.25 0.26 0.27 0.29 0.26 | 0.27 0.28 0.29
Manganese, percent .. e 0.80- 0.80- 0.85- 0.85- . 0.60- 0.60- 0.60-
1.20 1.20 1.20 1.20 0.90 0.90 0.90
Phosphorus, max, per- | 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04
cent
Sulfur, max, percent 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
Silicon, percent R - 0.15 0.15- 0.15
0.30 0.30 0.30
Copper, min, percent, 0.20 0.20 | 0.20 0.20 0.20 0.20 0.20 | 0.20 0.20 0.20
when copper steel is
specified

¢ Manganese content of 0.85-1.35% and silicon content of 0.15-0.30%is required for shapes over 426 1b/ft.
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TABLE .3 Tensile Requirements

A 36

TABLE 4 Bend Test Requirements

Plates, Shapes,® and Bars:

Tensile strength, psi (MPa) 58 000-80 000
(400-550)
Yield point, min, psi (MPa) 36 000 (250)°
Plates and Bars®:
Elongation in 8 in. or 200 mm, 20¢
min, %
Elongation in 2 in. or 50 mm, 23
min, %
Shapes:
Flongation in 8 in. or 200 mm, 20¢
min, %
Elongation in 2 in. or 50 mm, 21
min, %

a For wide flange shapes over 426 1b/ft tensile strength
minimum of 58 000 psi (400 MPa) only and elongation in
2 in. of 19% minimum applies.

® Yield point 32 000 psi (220 MPa) for plates over 8 in.
in thickness.

€ See 7.3.

< Elongation not required to be determined for floor plate.

Ratio of Bend
Diameter to
Thickness of

Thickness of Material, in. (mm) Specimen
for Plates,
Shapes, and

Bars®

% (19) and under %

Over % to 1 (19 to 25), incl 1

Over 1 to 1% (25 to 38), incl 1%

Over 1% to 2 (38 to 51), incl 2%

Over 2 (51) 3

aThese ratios apply to the bending performance of a
test specimen only. This specimen is always taken in the
longitudinal direction and usually has some edge prepara-
tion. Where plates are to be bent in a fabricating operation,
more liberal bend radii must be used, particularly if this
bend axis is in the unfavorable (longitudinal) direction.

By publication of this standard no position is taken with respect to the validity of any patent rights in connection there-
with, and the American Society for Testing and Materials does not undertake to insure anyone utilizing the standard
against liability for infringement of any Letters Patent nor assume any such liability.

1/5.38
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QH]}, Designation: A 53 - 73

American National Standard B125.1
American National Standards Institute

AMERICAN SOCIETY FOR TESTING AND MATERIALS

1916 Race St., Philadelphia, Pa., 19103
Reprinted from the Annual Book of ASTM Standards, Copyright ASTM

Standard Specification for

WELDED AND SEAMLESS STEEL PIPE!

This Standard is issued under the fixed designation A 53; 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 seamless and
welded black and hot-dipped galvanized steel
pipe in nominal sizes s in. to 26 in., incl, with
nominal (average) wall thickness as given in
Tables 5 and 6. Pipe having other dimensions
(Note 1) may be furnished provided such pipe
complies with all other requirements of this
specification.

NOTE 1 —A comprehensive listing of standard-

ized pipe dimensions is contained in American Na-
tional Standard ANSI B 36. 10.

1.2 Pipe may be furnished in the following
types and grades:

1.2.1 Type F—Furnace-butt welded, con-
tinuous welded,

1.2.2 Type E—Electric-resistance welded,
Grades A and B, and

1.2.3 Type S—Seamless, Grades A and B,

NOTE 2—See the Appendix for definition of
types of pipe.

1.3 Pipe ordered under this specification is
suitable for welding, and suitable for forming
operations involving coiling, bending and flang-
ing, subject to the following qualifications:

1.3.1 TypeF is not intended for flanging.

1.3.2 When Types S and E are required for
close coiling or cold bending, Grade A should
be specified. This provision is not intended to
prohibit the cold bending of Grade B pipe.

1.3.3 When pipe is required for close coil-
ing, this should be specified on the order.

1.3.4 Type E may be furnished either non-
expanded or cold expanded at the option of
the manufacturer. When pipe is cold expanded,
the amount of expansion shall not exceed 1%
percent of the outside diameter pipe size.

NoOTE 3—The values stated in U.S. customary
units are to be regarded as the standards. The met-
ric equivalents of U.S. customary units given in the

body of the standard and in the appendix may be
approximate.

2. Basis of Purchase

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 (steel pipe),

2.1.3 Method of manufacture (seamless,
electric-resistance welded or furnace welded),

2.1.4 Type (see 1.2) and Table 2),

2.1.5 Grade (Table 2),

2.1.6 Finish (black or galvanized),

2.1.7 Size (either nominal and weight class
or schedule number or both: or outside di-
ameter, and nominal wall thickness, Tables
A2 and A3),

2.1.8 Length (specific or random, Section
15),

2.1.9 End finish (plain or threaded, Section
16),

2.1.10 Close coiling, if required (see 1.3.3),

2.1.11 Skelp for tensile tests, if permitted
(see 10.2),

2.1.12 Couplings, if threaded (see 16.3): No
couplings, if not desired, or power-tight, if so
desired,

2.1.13 ASTM designation,

2.1.14 End use of material, and

2.1.15 Special requirements.

3. Materials and Manufacture

3.1 The steel for both seamless and welded
pipe shall be made by one or more of the fol-
lowing processes: open-hearth, electric-fur-

! 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 Sept. 27, 1973. Published
December 1973. Originally published as A 53 - 15. Last pre-
vious edition A 53 - 72a.

*For ASME Boiler and Pressure Vessel Code applica-
tions see related Specification SA-53 in Section II of that
Code.
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nace, or basic-oxygen.

3.2 The weld seam of electric-resistance-
welded pipe in Grade B shall be heat treated
after welding to a minimum temperature of
1000 F (540C) or processed in such a manner
that no untempered martensite remains.

4. Chemical Composition

4.1 The steel shall conform to the require-
ments as to chemical composition specified in
Table 1.

5. Check Analysis

5.1 An analysis of two pipes from each lot
of 500 lengths, or fraction thereof, may be
made by the purchaser. Samples for chemical
analysis, except for spectrographic analysis,
shall be taken in accordance with ASTM
Method E 59, Sampling Steel, Cast Iron,
Open-Hearth Iron, and Wrought Iron for De-
termination of Chemical Composition.” The
chemical composition thus determined shall
conform to the requirements specified in Table
1.

5.2 If the analysis of either pipe does not
conform to the requirements specified in Table
1, analyses shall be made on additional pipes
of double the original number from the same
lot, each of which shall conform to the require-
ments specified.

6. Tensile Properties

6.1 The material shall conform to the re-
quirements as to tensile properties prescribed
in Table 2.

6.2 The yield strength corresponding to a
permanent offset of 0.2 percent of the gage
length of the specimen or to a total extension
of 0.5 percent of the gage length under load
shall be determined.

6.3 The test specimen taken across the weld
shall show a tensile strength not less than the
minimum tensile strength specified for the
grade of pipe ordered. This test will not be re-
quired for pipe under 8 in. (203.2 mm) in out-
side diameter.

6.4 Transverse tension test specimens for
electric welded pipe 8% in. (219.1 mm) in
outside diameter and larger shall be taken
opposite the weld. All transverse test speci-
mens shall be approximately 1/, in. (38.1
mm) wide in the gage length, and shall repre-
sent the full wall thickness of the pipe from
which the specimen was cut.

A 53

7. Bending Properties

7.1 For pipe 2 in. and under in nominal di-
ameter, a sufficient length of pipe shall stand
being bent cold through 90 deg around a cy-
lindrical mandrel, the diameter of which is
twelve times the nominal diameter of the
pipe, without developing cracks at any portion
and without opening the weld. When ordered
for close coiling, the pipe shall stand being
bent cold through 180 deg around a cylindrical
mandrel, the diameter of which is eight times
the nominal diameter of the pipe, without
failure. Double-extra-strong pipe over 1/, in.
in diameter need not be subjected to the bend
test.

8. Flattening Test

8.1 The flattening test shall be made on
pipe over 2 in. in nominal diameter with wall
thicknesses extra strong and lighter.

8.2 Seamless Pipe:

8.2.1 For seamless pipe a section not less
than 2Y, 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 or end surfaces shall occur until the
distance between the plates (Table 3) is less
than the value of H calculated as follows:

H =1+ ef(e + t/D)

where:

H = distance between flattening plates, in.
(Note 4),

e = deformation per unit length (constant
for a given grade of steel, 0.09 for Grade
A and 0.07 for Grade B),

t = specified wall thickness, in., and

D = specified outside diameter, in.

8.2.2 During the second step, which is a
test for soundness, the flattening shall be con-
tinued until the specimen breaks or the op-
posite walls of the pipe meet. Evidence of
laminated or unsound material that is revealed
during the entire flattening test shall be cause
for rejection.

NoOTE 4—The H values have been calculated for
standard and extra-heavy weight sizes from 2 in.
to 24 in., inclusive, and are shown in Table A 1.

8.3 Electric-Resistance- Welded  Pipe—A
specimen at least 4 in. (101.6 mm) in length
shall be flattened cold between parallel plates

31974 Annual Book of ASTM-Standards, Part 12.
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in three steps with the weld located either O or
90 deg from the line of direction of force as
required in 8.3.1. 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 cdistance between the plates is
less than two thirds of the original outside di-
ameter of the pipe. As a second step, the flat-
tening shall be continued. During the second
step, which is a test for ductility exclusive of
the weld, no cracks or breaks on the inside or
outside surfaces shall occur until the distance
between the plates is less than one third of the
original outside diameter of the pipe but is
not less than five times the wall thickness of
the pipe. During the third step, which is a test
for soundness, the flattening shall be contin-
ued until the specimen breaks or the opposite
walls of the pipe meet. Evidence of laminated
or unsound material or of incomplete weld that
is revealed during the entire flattening test
shall be cause for rejection.

8.3.1 For pipe produced in single lengths,
the flattening test specified in 8.3 shall be
made on both crop ends cut from each length
of pipe. The tests from each end shall be made
alternately with the weld at 0 deg and at 90
deg from the line of direction of force. For
pipe produced in multiple lengths, the flatten-
ing test shall be made on crop ends represent-
ing the front and back of each coil with the
weld at 90 deg from the line of direction of
force, and on two intermediate rings repre-
senting each coil with the weld 0 deg from the
line of direction of force.

8.4 Butt Welded Pipe—For butt welded
pipe a specimen not less than 4 in. in length
shall be flattened cold between parallel plates
in three steps. The weld shall be located 90
deg from the line of direction of force. During
the first step, which is a test for quality of the
weld, no cracks or breaks on the inside, out-
side, or end surfaces shall occur until the dis-
tance between the plates is less than three
fourths of the original outside diameter for butt
welded pipe. As a second step, the flattening
shall be continued. During the second step,
which is a test for ductility exclusive of the
weld, no cracks or breaks on the inside, out-
side, or end surfaces shall occur until the dis-
tance between the plates is less than 60 per-
cent of the original outside diameter for butt
welded pipe. During the third step, which is a

A 53

test for soundness, the flattening shall be con-
tinued until the specimen breaks or the op-
posite walls of the pipe meet. Evidence of lam-
inated or unsound material or of incomplete
weld that is revealed during the entire flatten-
ing test shall be cause for rejection.

8.5 Surface imperfections in the test speci-
men before flattening, but revealed during the
first step of the flattening test, shall be judged
in accordance with the finish requirements in
Section 18.

8.6 Superficial ruptures as a result of sur-
face imperfections shall not be cause for re-
jection.

9. Hydrostatic Test

9.1 Each length of plain-end pipe shall be
tested at the mill to the hydrostatic pressures
prescribed in Table A 2, and each threaded-
and-coupled length shall be hydrostatically
tested to pressures prescribed in Table A 3.
The hydrostatic test may be applied, at the
discretion of the manufacturer, on pipe with
plain ends, with threads only, or with threads
and couplings and may be applied to pipe in
single lengths or multiple lengths. Welded
pipe 2 in. and larger shall be jarred near one
end while under test pressure.

9.2 The maximum specified hydrostatic test
pressure shall not exceed 2500 psi (1.77 kgf/
mm?) for nominal sizes 3 in. and under, or
2800 psi (1.98 kgf/mm?) for all nominal sizes
over 3 in. The hydrostatic pressure shall be
maintained for not less than 5 s for all sizes of
seamless and electric-welded pipe.

10. Methods of Test

10.1 The test specimens and the tests re-
quired by this specification shall conform to
those described in the latest issue of ASTM
Methods and Definitions A 370, for Mechani-
cal Testing of Steel Products.*

10.2 The longitudinal tension test speci-
men shall be taken from the end of the pipe
or, by agreement between the manufacturer
and the purchaser, may be taken from the
skelp, at a point approximately 90 deg from
the weld, and shall not be flattened between
gage marks. The sides of each specimen shall
be parallel between gage marks. If desired,
the tension test may be made on the full sec-

41974 Annual Book of ASTM Standards, Part 1.
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tion of pipe. When impracticable to pull a test
specimen in full thickness, the standard 2-in.
(50.8 mm) gage length tension test specimen
shown in Fig. 6 of Methods A 370 may be
used.

10.3 Transverse weld test specimens from
electric-welded pipe shall be taken with the
weld at the center of the specimen. All trans-
verse test specimens shall be approximately
1"/ in. (38.1 mm) wide in the gage length
and shall represent the full wall thickness of
the pipe from which the specimen was cut.

10.4 Test specimens for the bend and flat-
tening tests shall consist of sections cut from
a pipe. Specimens for flattening tests shall be
smooth on the ends and free from burrs, ex-
cept when made on crop ends taken with
welded pipe.

10.5 All specimens shall be tested at room
temperature.

11. Number of Tests

11.1 One of each of the tests specified in Sec-
tions 6, 7, and 8, except 8.3 shall be made on
one length of pipe from each lot of 500 lengths,
or fraction thereof, of each size. A length is
defined as the length as ordered, except that
in the case of orders for cut lengths shorter
than single random, the term lot shall apply
to the lengths as rolled, prior to cutting to the
required short lengths.

11.2 The number of flattening tests for elec-
tric-resistance welded pipe shall be in accord-
ance with 8.3.1.

11.3 Each length of pipe shall be subjected
to the hydrostatic test specified in Section 9.

12. Retests

12.1 If the results of the mechanical tests
of any lot do not conform to the requirements
specified in Sections 6, 7 and 8, retests may
be made on additional pipe of double the orig-
inal number from the same lot, each of which
shall conform to the requirements specified.

12.2 If any section of the pipe fails to com-
ply with the requirements of 8.3 for pipe pro-
duced in single lengths, other sections may be
cut from the same end of the same length un-
til satisfactory tests are obtained, except that
the finished pipe shall not be shorter than 80
percent of its length after the original crop-
ping; otherwise the length shall be rejected.
For pipe produced in multiple lengths, retests
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may be cut from each end of each individual
length in the multiple. Such tests shall be
made with the weld alternately 0 deg and 90
deg from the line of direction of force.

13. Dimensions and Weights

13.1 The dimensions and weights of plain-
end pipe included in this specification are
listed in Table A 2. Dimensions and weights
of threaded-and-coupled pipe are listed in
Table A 3.

13.2 The dimensions and weights furnished
under this specification are included in the
American Nat onal Standard for Steel and
Wrought-Iron Pipe (ANSI B36.10).

14. Permissible Variations in Weight and Di-
mensions

14.1 Weight—The weight of the pipe as
specified in Tables A2 and A3 shall not vary
by more than the following amounts:

Extra-strong and lighter wall thickness, 45 percent
Heavier than extra-strong wall thickness, =10 percent

NOTE 5—The weight tolerance of +5 percent or
+10 percent, as the case may be, is determined
from the weights of the customary lifts of pipe as
produced for shipment by the mill, divided by the
number of feet of pipe in the lift. On pipe sizes over
4 in. where individual lengths may be weighed, the
weight tolerance is applicable to the individual
length.

14.2 Diameter—For pipe 1Y/, in. and un-
der in nominal diameter, the outside diameter
at any point shall not vary more than /e, in.
(0.397 mm) over nor more than Y3 in.
(0.794 mm) under the standard specified. For
pipe 2 in. and over in nominal diameter, the
outside diameter shall not vary more than
+1 percent from the standard specified.

14.3 Thickness—The minimum wall thick-
ness at any point shall be not more than 12.5
percent under the nominal wall thickness
specified. The minimum wall thickness on in-
spection shall conform to the requirements in
Table A4.

15. Lengths

15.1 Unless otherwise specified, pipe lengths
shall be in accordance with the following reg-
ular practice:

15.1.1 Pipe of weights lighter than extra-
strong shall be in single-random lengths of 16
to 22 ft (4.88 to 6.71 m), but not more than 5
percent of the total number of threaded

(D
A4
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lengths may be jointers, which are two pieces
coupled together. When ordered with plain
ends, 5 percent may be in lengths of 12 to 16
ft (3.66 to 4.88 m).

15.1.2 Pipe of extra-strong and heavier
weights shall be in random lengths of 12 to
22 ft. Five percent may be in lengths of 6 to
12 ft (1.83 to 3.66 m).

15.1.3 When extra-strong or lighter pipe
is ordered in double-random lengths, the min-
imum lengths shall be not less than 22 ft, with
a minimum average for the order of 35 ft
(10.67 m).

15.1.4 When lengths longer than single ran-
dom are required for wall thicknesses heavier
than extra-strong, the length shall be subject
to negotiation.

16. End Finish

16.1 Plain End—Pipe sizes and weights
shown in Table A2 ordered with plain end
shall be furnished to the following regular
practices, unless otherwise specified:

16.1.1 Pipe of standard or extra-strong
weights, or in wall thicknesses less than 0.500
in., (12.7 mm) other than double-extra-strong
pipe, shall be plain end beveled.

16.1.2 Pipe with wall thicknesses over 0.500
in., and all double-extra-strong pipe, shall be
plain end cut square.

16.2 Threaded End—The sizes and weights
shown in Table A3 may be ordered with
threads and couplings, and when so ordered,
the ends shall be provided with threads in ac-
cordance with the gaging practice and toler-
ances of the American National Standard for
Pipe Threads (ANSI B2.1). For standard-
weight pipe in sizes 6 in. and smaller, refer to
Table AS5 for basic threading data, and Fig. Al
for an illustration of the joint. For standard-
weight pipe in sizes 8 in. and larger and for all
sizes of extra-strong-weight and double-extra-
strong-weight pipe, refer to Table A6 for basic
threading data and Fig. A2 for an illustration
of the joint.

16.3 Couplings—Each length of threaded
pipe shall be provided with one coupling, un-
less otherwise specified. The coupling threads
shall be in accordance with the gaging prac-
tice of the American National Standard for
Pipe Threads (ANSI B2.1). The coupling shall
be applied handling-tight, unless power-tight
is specified on the order. Couplings may be
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wrought-iron or steel. Taper-tapped couplings
shall be furnished on all weights of threaded
pipe 2"/ in. and larger. For sizes 2 in,
and smaller, it is regular practice to furnish
straight-tapped couplings for standard-weight
pipe and taper-tapped couplings for extra-
strong and double-extra-strong pipe, and
standard-weight pipe 8 in. and larger. If taper-
tapped couplings are required for sizes 2 in.
and under on standard-weight pipe, line pipe
in accordance with Specification 5L of the
American Petroleum Institute should be or-
dered. The taper-tapped couplings provided
on line pipe in these sizes may be used on
mill-threaded standard-weight pipe of the
same size.

17. Galvanized Pipe

17.i Galvanized pipe ordered under this
specificution shall be coated with zinc inside
and outside by the hot-dip process. The zinc
used for the coating shall be any grade of
zinc conforming to ASTM Specification B 6,
for Zinc Metal (Slab Zinc).

17.2 Weight of Coating—The weight of
zinc coating shall be not less than 1.8 oz/ft?
(0.55 kg/m?) as determined from the average
results of the two specimens taken for test in the
manner prescribed in 17.5 and not less than
1.6 oz/ft? (0.49 kg/m?2) for either of these
specimens. The weight of coating expressed in
ounces per square foot shall be calculated by
dividing the total weight of zinc, inside plus
outside, by the total area, inside plus outside
of the surface coated.

17.3 Weight of Coating Test—The weight
of zinc coating shall be determined by a
stripping test in accordance with ASTM
Methods A 90, Test for Weight of Coating
on Zinc-Coated (Galvanized) Iron or Steel
Articles.® The total zinc on each specimen
shall be determined in a single stripping
operation.

17.4 Test Specimens—Test  specimens
for determination of weight of coating shall
be cut approximately 4 in. (101.6 mm) in
length.

17.5 Number of Tests—Two test speci-
mens for the determination of weight of
coating shall be taken, one from each end of

51973 Annual Book of ASTM Standards, Part 7.
¢ 1974 Annual Book of ASTM Standards, Part 3.
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one length of galvanized pipe selected at
random from each lot of 500 lengths or frac-
tion thereof, of each size.

17.6 Retests—If the weight of coating of
any lot does not conform to the requirements
specified in 17.2, retests of two additional
pipes from the same lot shall be made, each
of which shall conform to the requirements
specified.

17.7 When pipe ordered under this speci-
fication is to be galvanized, the tension, flat-
tening, and bend tests shall be made on the
base material before galvanizing. When spec-
ified, results of the mechanical tests on the
base material shall be reported to the pur-
chaser. If impracticable to make the me-
chanical tests on the base material before gal-
vanizing, such tests may be made on gal-
vanized samples, and any flaking or cracking
of the zinc coating shall not be considered
cause for rejection. When galvanized pipe is
bent or otherwise fabricated to a degree
which causes the zinc coating to stretch or
compress beyond the limit of elasticity, some
flaking of the coating may occur.

18. Finish

18.1 The finished pipe shall be reasonably
straight and free from injurious defects. All
burrs at the ends of the pipe shall be re-
moved.

19. Marking

19.1 Each length of pipe shall be legibly
marked by rolling, stamping or stenciling to
show: the name or brand of the manufac-
turer; the kind of pipe, that is, furnace-butt-
welded, electric-resistance-welded A, elec-
tric-resistance-welded B, seamless A, or
seamless B; the use of electric-furnace, or basic
oxygen, XS for extra strong, XXS for double
extra strong; ASTM A 53; and the length.
Length shall be marked in feet and tenths of a
foot, unless otherwise specified on the pur-
chase order.

19.2 For pipe sizes 1Y/, in. and smaller
which is bundled, this information may be
marked on a tag securely attached to each
bundle.
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20. Packaging, Marking, and Loading

20.1 When specified on the purchase or-
der, packaging, marking, and loading or
shipment shall be in accordance with those
procedures recommended by the United
States Department of Commerce in its Sim-
plified Practice Recommendation R 247-62
(Packaging, Marking, and Loading Methods
for Steel Products for Domestic Shipment).’

21. Inspection

21.1 The inspector representing the pur-
chaser shall have entry, at all times while
work on the contract of the purchaser is be-
ing performed, to all parts of the manufac-
turer’s works that concern the manufacture
of the material ordered. The manufacturer
shall afford the inspector all reasonable fa-
cilities to satisfy him that the material is
being furnished in accordance with this spec-
ification. All tests (except check analysis)
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 opera-
tion of the works.

22. Rejection

22.1 Each length of pipe 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 herein,
the length may be rejected and the manufac-
turer shall be notified. Disposition of rejected
pipe shall be a matter of agreement between
the manufacturer and the purchaser.

22.2 Pipe found in fabrication or in installa-
tion to be unsuitable for the intended use, un-
der the scope and requirements of this specifi-
cation, may be set aside and the manufacturer
notified. Such pipe shall be subject to mutual
investigation as to the nature and severity of
the deficiency and the forming or installation,
or both, conditions involved. Disposition shall
be a matter for agreement.

" Simplified Practice Recommendation R 247-62 may
be obtained from the National Bureau of Standards, Office
of Engineering Standards Service, Washington, D.C. 20234,
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TABLE 1 Chemical Requirements

A 53

TABLE 3 Flattening Requirements

Composition, max, percent

Kind of Pipe Distance Between Plates, “H”’

Man-  Phos-

Carbon Sulfur
ganese phorus
Type S (seamless pipe)
Open-hearth, electric-furnace or basic-oxygen:
Grade A 0.25 0.95 0.05 0.06
Grade B 0.30 1.20 0.05 0.06
Type E (electric-resistance-welded)
Open-hearth, electric-furnace or basic-oxygen:
Grade A 0.25 0.95 0.05 0.06
Grade B 0.30 1.20 0.05 0.06
Type F (furnace-welded pipe)
Open-hearth,
electric-furnace,
or basic oxygen oo . 0.08 0.06

Butt-welded

Electric-resistance-
welded, Grades A and B

Seamless, Grades A and B to the distance H

60 percent of outside diameter
one-third of outside diameter

TABLE 2 Tensile Requirements

Type F

Types Eand S

Open-Hearth,

Basic Oxygen, Grade A Grade B
or Electric-
Furnace
Tensile strength, min, psi (kgf/mm*) 45 000 (31.6) 48 000 (33.7) 60 000 (42.2)
Yield strength, min, psi (kef/mm?) 25 000 (17.6) 30 000 (21.1) 35 000 (24.6)

Elongation in 2 in.

* The minimum elongation in 2 in. (50.8 mm) shall be that determined by the following equation:
e = 625,000 4/ U"®

where:

e = minimum elongation in 2 in. (50.8 mm) in percent rounded to the nearest 0.5 percent.
A = cross-sectional area of the tension test specimen in square inches, based on specified outside diameter or nominal speci-
men width and specified wall thickness rounded to the nearest 0.01 in.? If the area thus calculated is greater than 0.75

in.?, then the value 0.75 shall be used.
U = specified tensile strength, psi.

®See Table A 7 for minimum elongation values for various size tension specimens and grades.

APPENDIXES

Al. DErINITIONS OF TYPES OF PIPE

Al.l Tvpe F, Furnace-Butt-Welded Pipe, Con-
tinuous- Welded —Pipe produced in continuous
lengths from coiled skelp and subsequently cut into
individual lengths, having its longitudinal butt joint
forge welded by the mechanical pressure developed
in rolling the hot-formed skelp through a set of
round pass welding rolls.

Al1.2 Type E, Electric-Resistance-Welded Pipe
—Pipe produced in individual lengths or in contin-
uous lengths from coiled skelp and subsequently
cut into individual lengths, having a longitudinal

butt joint wherein coalescence is produced by the
heat obtained from resistance of the pipe to the
flow of electric current in a circuit of which the
pipe is a part, and by the application of pressure.

Al.3 Type S, Wrought Steel Seamless Pipe—
Wrought steel seamless pipe is a tubular product
made without a welded seam. It is manufactured
by hot working steel and, if necessary, by subse-
quently cold finishing the hot-worked tubular prod-
uct to produce the desired shape, dimensions, and
properties.

1/5.45



b as3

A2. TABLES FOR DIMENSIONAL AND CERTAIN MECHANICAL REQUIREMENTS

TABLE Al Calculated H Values for Seamless Pipe m
Distance, in Inches,” Between Plates “*H by
Size: Nominal, in. Outside Diameter, in.®  Wall Thickness, in. Formula: H = (1 4 e)T/e + ¢/ D)
Grade A Grade B

2, 2.875 0.203 1.378 1.545
0.276 1.618 1.779

3 3.500 0.216 1.552 1.755
0.300 1..861 2.062

3, 4.000 0.226 1.862 1.912
0.318 2.045 2.276

4 4.500 0.237 1.811 2.067
0.337 2.228 2.489

5 5.563 0.258 2.062 2.372
0.375 2.597 2.920

6 6.625 0.280 2.308 2.669
0.432 3.034 3.419

8 8.625 0.277 2.473 2.902
0.322 2.757 3.210

0.500 3.683 4.181

10 10.750 0.279* 2.623 3.111
0.307 2.823 3.333

0.365 3.210 3.757

0.500 3.993 4.592

12 12.750 0.330 3.105 3.683
0.375 3.423 4.037

0.500 4.218 4.899

14 14.000 0.575 3.500 4.146
0.500 4.336 5.061

16 16.000 0.375 3.603 4.294
0.500 4.494 5.284

18 18.000 0.375 3.688 4.417
0.500 4.628 5.472

20 20.000 0.375 3.758 4.521
0.500 4.740 5.632

24 24.000 0.375 3.869 4.686
0.500 4.918 5.890

“1lin. = 25.4 mm.
* Special order only.
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TABLE A2 Dimensions, Weights, and Test Pressures for Plain End Pipe

O

Nominal Weight

Test Pressure® ? psi

Nominal Outside Wall - Weight Schedule

Size, in.  Diameter in." Thickness, in.* peélr;‘ l;tl’?m Class No. V?:l:it; 4 Grade A Grade B

s 0.405 0.068 0.24 STD 40 700 700 700

0.095 0.31 XS 80 850 850 850

Y4 0.540 0.088 0.42 STD 40 700 700 700

0.119 0.54 XS 80 850 850 850

s 0.675 0.091 0.57 STD 40 700 700 700

0.126 0.74 XS 80 850 850 850

Y2 0.840 0.109 0.85 STD 40 700 700 700

0.147 1.09 XS 80 850 850 850

0.188 1.31 160 900 900 900

0.294 1.71 XXS 1000 1000 1000

e 1.050 0.113 1.13 STD 40 700 700 700

0.154 1.47 XS 80 850 850 850

0.219 1.94 160 950 950 950

0.308 2.44 XXS . 1000 1000 1000

1 1.315 0.133 1.68 STD 40 700 700 700

0.179 2.17 XS 80 850 850 850

0.250 2.84 . 160 950 950 950

0.358 3.66 XXS o 1000 1000 1000

1, 1.660 0.140 2.27 STD 40 1000 1200 1300

0.191 3.00 XS 80 1300 1800 1900

0.250 3.76 160 1350 1900 2000

0.382 5.21 XXS . 1400 2200 2300

1Y, 1.900 0.145 2.72 STD 40 1000 1200 1300

0.200 3.63 XS 80 1300 1800 1900

0.281 4.86 . 160 1350 1950 2050

0.400 6.41 XXS L 1400 2200 2300

2 2.375 0.154 3.65 STD 40 1000 2300 2500

0.218 5.02 XS 80 1300 2500 2500

0.344 7.46 160 1400 2500 2500

0.436 9.03 XXS e 1400 2500 2500

2, 2.875 0.203 5.79 STD 40 1000 2500 2500

0.276 7.66 XS 80 1300 2500 2500

0.375 10.01 ... 160 1400 2500 2500

0.552 13.70 XXS . 1400 2500 2500

3 3.500 0.125 4.51 800 1290 1500

0.156 5.57 1000 1600 1870

0.188 6.65 1000 1930 2260

0.216 7.58 STD 40 1000 2220 2500

0.250 8.68 1300 2500 2500

0.281 9.66 1300 2500 2500

0.300 10.25 XS 80 1300 2500 2500

0.438 14.32 160 2500 2500

0.600 18.58 XXS 2500 2500

3Y, 4.000 0.125 5.17 800 1120 1310

0.156 6.40 1000 1400 1640

0.188 7.65 1200 1690 1970

0.226 9.11 STD 40 1200 2030 2370

0.250 10.01 1300 2250 2500

0.281 11.16 1500 2500 2500

0.318 12.51 XS 80 1700 2800 2800

4 4.500 0.125 5.84 800 1000 1170

0.156 7.24 1000 1250 1460

0.188 8.66 1200 1500 1750

. 0.219 10.01 1200 1750 2040

\_j 0.237 10.79 STD 40 1200 1900 2210

0.250 11.35 1300 2000 2330

0.281 12.66 1400 2250 2620

0.312 13.98 1600 2500 2800

7/75
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TABLE A2

A 53

Continued

Nominal Weight

Test Pressure” ¢, psi

Nominal . Outside . Wall per ft. Plain Weight  Schedule
Size, in. Diameter in.” Thickness, in. End, Ib’ Class No. V\l/a:l:;ed Grade A Grade B

0.337 14.98 XS 80 1700 2700 2800

0.438 19.00 120 2800 2800

0.531 22.51 160 2800 2800

0.674 27.54 XXS . 2800 2800

5 5.563 0.156 9.01 1010 1180
0.188 10.79 o 1220 1420

0.219 12.50 1420 1650

0.258 14.62 STD 40 1670 1950

0.281 15.85 1820 2120

0.312 17.50 2020 2360

0.344 19.17 2230 2600

0.375 20.78 XS 80 2430 2800

0.500 27.04 o 120 2800 2800

0.625 32.96 o 160 2800 2800

0.750 38.55 XXs o 2800 2800

6 6.625 0.188 12.92 1020 1190
0.219 14.98 1190 1390

0.250 17.02 1360 1580

0.280 18.97 STD 40 1520 1780

0.312 21.04 1700 1980

0.344 23.08 1870 2180

0.375 25.03 S o 2040 2380

0.432 28.57 XS 80 2350 2740

0.562 36.39 o 120 2800 2800

0.719 45.35 160 2800 2800

0.864 53.16 XXS L. 2800 2800

8 8.625 0.188 16.94 780 920
0.203 18.26 850 1000

0.219 19.66 910 1070

0.250 22.36 20 1040 1220

0.277 24.70 30 1160 1350

0.312 27.70 1300 1520

0.322 28.55 STD 40 1340 1570

0.344 30.42 . o 1440 1680

0.375 33.04 1570 1830

0.406 35.64 60 1700 2000

0.438 38.30 1830 2130

0.500 43.39 XS 80 2090 2430

0.594 50.95 o 100 2500 2800

0.719 60.71 120 2800 2800

0.812 67.76 . 140 2800 2800

0.875 72.42 XXS S 2800 2800

0.906 74.69 . 160 2800 2800

10 10.750 0.188 21.21 630 730
0.203 22.87 - 680 800

0.219 24,63 . 730 860

0.250 28.04 20 840 980

0.279 31.20 o 930 1090

0.307 34.24 30 1030 1200

0.344 38.23 1150 1340

0.365 40.48 STD 40 1220 1430

0.438 48.19 1470 1710

0.500 54.74 XS 60 1670 1950

0.594 64.43 . 80 1990 2320

0.719 77.03 100 2410 2800

0.844 89.29 o 120 2800 2800

1.000 104.13 XXS 140 2800 2800

1.125 115.65 160 2800 2800

12 12.750 0.203 27.20 570 670
0.219 29.31 620 720

0.250 33.38 20 710 820

0.281 37.42 o 790 930

0.312 41.45 880 1030
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TABLE A2

Continued

O Nominal

Test Pressure™ ®, psi

Nomir Outside Wall Nomr"}?l :]/:.lght Weight  Schedule
. « _a . PO , in -
1ze, in, Diameter in." Thickness, in. peEnd. bt Class No. \hllscul:;ed Grade A Grade B
0.330 43.77 30 930 1090
0.344 45.58 970 1130
0.375 49.56 STD . 1060 1240
0.406 53.52 40 1150 1340
0.438 57.59 1240 1440
0.500 65.42 XS e 1410 1650
0.562 73.15 60 1590 1850
0.688 88.63 80 1940 2270
0.844 107.32 e 100 2390 2780
1.000 125.49 XXS 120 2800 2800
1.125 139.68 e 140 2800 2800
1.312 160.27 160 2800 2800
14 14.000 0.210 30.93 540 630
0.219 32.23 560 660
0.250 36.71 10 640 750
0.281 41.17 720 840
0.312 45.61 20 800 940
0.344 50.17 880 1030
0.375 54.57 STD 30 960 1120
0.438 63.44 40 1130 1310
0.469 67.78 1210 1410
0.500 72.09 XS .. 1290 1500
0.594 85.05 . 60 1530 1790
0.750 106.13 80 1930 2250
0.938 130.85 100 2410 2800
1.094 150.79 120 2800 2800
1.250 170.22 140 2800 2800
1.406 189.11 160 2800 2800
2.000 256.32 e 2800 2800
2.125 269.51 2800 2800
2.200 277.26 2800 2800
2,500 307.05 2800 2800
16 16.000 0.219 36.91 490 570
0.250 42.05 10 560 660
0.281 47.17 630 740
0.312 52.27 20 700 820
0.344 57.52 770 900
0.375 62.58 STD 30 840 980
0.438 72.80 990 1150
0.469 77.79 . e 1060 1230
0.500 82.77 XS 40 1120 1310
0.656 107.50 . 60 1480 1720
0.844 136.62 80 1900 2220
1.031 164.82 100 2320 2710
1.219 192.43 120 2740 2800
1.438 223.64 140 2800 2800
1.594 245.25 160 2800 2800
18 18.000 0.250 47.39 10 500 580
0.281 53.18 . 560 660
0.312 58.94 20 620 730
0.344 64.87 690 800
0.375 70.59 STD e 750 880
0.406 76.29 810 950
0.438 82.15 30 880 1020
0.469 87.81 940 1090
0.500 93.45 XS . 1000 1170
0.562 104.67 40 1120 1310
0.750 138.17 60 1500 1750
0.938 170.92 80 1880 2190
1.156 207.96 100 2310 2700
1.375 244 .14 120 2750 2800
1.562 274,22 140 2800 2800
1.781 308.50 160 2800 2800
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TABLE A2 Continued

Test Pressure” ¢, psi
Nominal Outside Wall Nomrx r;-?l ;:’:i'ﬁm Weight Schedule P
Size, in. Diameter in.* Thickness, in.’° chnd, 1b* Class No. \3‘:":;; 4 Grade A Grade B
20 20.000 0.250 52.73 .. 10 s 450 520
0.281 59.18 510 590
0.312 65.60 560 660
0.344 72.21 620 720
0.375 78.60 STD 20 e 680 790
0.406 84.96 730 850
0.438 91.51 790 920
0.469 97.83 850 950
0.500 104.13 XS 36 900 1050
0.594 123.11 40 1170 1250
0.812 166.40 60 1460 1710
1.031 208.87 80 1860 2170
1.281 256.10 100 2310 2690
1.500 296.37 . 120 . 2700 2800
1.750 341.10 .. 140 . 2800 2800
1.969 379.17 160 2800 2800
24 24.000 0.250 63.41 S 10 L. 380 440
0.281 71.18 420 490
0.312 78.93 470 550
0.344 86.91 520 600
0.375 94.62 STD 20 L. 560 660
0.406 102.31 610 710
0.438 110.22 660 770
0.469 117.86 700 820
0.500 125.49 XS 750 880
0.562 140.68 . 30 S 840 980
0.688 171.29 40 1030 1200
0.938 231.03 1410 1640
0.969 238.85 ... 60 s 1450 1700
1.219 296.58 9% 1830 2130
1.531 367.39 e 100 o 2300 2680
1.812 429.39 . 120 . 2720 2800
2.062 483.12 e 140 e 2800 2800
2.344 542.14 160 2800 2800
26 26.000 0.250 68.75 350 400
0.281 77.18 390 450
0.312 85.60 10 430 500
0.344 94.26 480 560
0.375 102.63 STD .. s 520 610
0.406 110.98 560 660
0.438 119.57 610 710
0.469 127.88 650 760
0.500 136.17 XS 20 690 810
0.562 152.68 780 910

“lin. = 25.4 mm.

' Ib/ft = 1.49 kg/m.

‘1 psi = 6.8948 k%'a.

“ For wall thicknesses of pipe not listed in Table A2, the following procedure shall be followed to determine the re-
quired test pressure:

(I) When the wall thickness for a given diameter is between the lightest and heaviest wall thickness listed:

(a) If the wall thickness is between two wall thicknesses on which the test pressures are identical, use that test
pressure as the required test pressure.

(b) If the test pressure is different for the next lighter and heavier walls listed, interpolate to obtain the required test
pressure, using the ratio of the nominal weight per foot (W = 10.68 (D — 1)) of the desired thickness to the nominal
weight per foot of the next heavier thickness (to the nearest 50 1b).

(2) When the wall thickness is greater than the heaviest wall thickness shown for a given diameter, the test pressure
for the heaviest wall listed shall be the required test pressure.

(3) When the wall thickness is lighter than the lightest shown for a given diameter:

(a) For Grades A and B in sizes 2 in. and larger, determine the test pressure from the following equation:

P =2S5t/D

where:
P = minimum hydrostatic test pressure, psi,
S = 0.60 times the minimum specified yield point, psi,
t = specified wall thickness, in., and
D = specified outside diameter, in.
(b) For Grades A and B in sizes under 2 in. and for all sizes butt welded pipe, use the test pressure given for the
lightest wall thickness of the table for the diameter involved.

1/5.50
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TABLE A3 Dimensions, Weights, and Test Pressures for Threaded and Coupled Pipe

Nominal s
q . . Test Pressure, pst
- : Outside Wall Weight per ft, -
lgi(; :"?:l Diameter, Thigkness, Threads and “Cl‘i;g:;t Sclr::gule Butt-
- in? in. Couplings, 1b® : Welded Grade A Grade B
s 0.405 0.068 0.24 STD 40 700 700 700
0.095 0.32 XS 80 850 850 850
4 0.540 0.088 0.42 STD 40 700 700 760
0.119 0.54 XS 80 850 850 850
Ya 0.675 0.091 0.57 STD 40 700 700 700
0.126 0.74 XS 80 850 850 850
g 0.840 0.109 0.85 STD 40 700 700 700
0.147 1.09 XS 80 850 850 850
0.294 1.72 XXS o 1000 1000 1000
Y4 1.050 0.113 1.13 STD 40 700 700 700
0.154 1.48 XS 80 850 850 850
0.308 2.44 XXS o 1000 1000 1000
1 1.315 0.133 1.68 STD 40 700 700 700
0.179 2.18 XS 80 850 850 850
0.358 3.66 XXS i 1000 1000 1000
1Y, 1.660 0.140 2.28 STD 40 1000 1000 1100
0.191 3.02 Xs 80 1300 1500 1600
0.382 5.22 XXS i 1400 1800 1900
1Y, 1.900 0.145 2.73 STD 40 1000 1000 1100
0.200 3.66 XS 80 1300 1500 1600
0.400 6.41 XXS - 1400 1800 1900
2 2.375 0.154 3.68 STD 40 1000 2300 2500
0.218 5.07 XS 80 1300 2500 2500
0.436 9.03 XXS - 1400 2500 2500
2Y, 2.875 0.203 5.82 STD 40 1000 2500 2500
0.276 7.73 XS 80 1300 2500 2500
0.552 13.70 XXS i 1400 2500 2500
3 3.500 0.216 7.62 STD 40 1000 2200 2500
0.300 10.33 XS 80 1300 2500 2500
0.600 18.57 XXS . 2500 2500
3Y, .4.000 0.226 9.20 STD 40 1200 2000 2400
0.318 12.63 XS 80 1700 2800 2800
4 4.500 0.237 10.89 STD 40 1200 1900 2200
0.337 15.17 XS 80 1700 2700 2800
0.674 27.58 XXS . _ 2800 2800
5 5.563 0.258 1481 STD 40 it 1700 1900
0.375 21.09 XS 80 : 2400 2800
0.750 38.61 XXS . i 2800 2800
6 6.625 0.280 19.18 STD 40 ; 1500 1800
0.432 28.89 XS 80 2300 2700
0.864 53.14 XXS o 2800 2800
8 8.625 0.277 25.55 . 30 1200 1300
0.322 29.35 STD 40 1300 1600
0.500 43.90 XS 80 2100 2400
0.875 72.44 XXS . 2800 2800
10 10.750 0.279 32.75 : 950 1100
0.307 35.75 . 30 1000 1200
0.365 41.85 STD 40 1200 1400
0.500 55.82 XS 60 1700 2000
12 12.750 0.330 45.45 . 30 _ 950 1100
&4 0.375 51.15 STD 1100 1200
0.500 66.71 XS 3 1400 1600

“lin. = 254 mm.
*11b/ft = 1.49 kg/m.
<1 psi = 6.8948 kPa.

7/75 1/5.51



@ ass

TABLE A4 Table of Minimum Wall Thicknesses on Inspection for Nominal (Average) Pipe Wall Thicknesses

NoTE 1—The following equation, upon which this table is based, may be applied to calculate minimum wall thickness
from nominal (average) wall thickness:

th X 0875 = tn

where:
» = nominal (average) wall thickness, in., and
tn = minimum wall thickness, in.

The wall thickness is expressed to three decimal places the fourth decimal place being carried forward or dropped in
accordance with ASTM Recommended Practice E 29, for Indicating Which Places of Figures Are to Be Considered
Significant in Specified Limiting Values.®

NoTe 2—This table is a master table covering wall thicknesses available in the purchase of different classifications of
pipe, but it is not meant to imply that all of the walls listed therein are obtainable under this specification.

Minimum Minimum Minimum
Nominal (Average)  Thickness on Nominal (Average Thickness on Nominal (Average) Thickness on
Thickness (1), in.° Inspection Thickness (1), in. Inspection Thickness (1), in.* Inspection
(ta), in.? (tm), in.* (tn), in.”
0.068 0.060 0.294 0.257 0.750 0.656
0.088 0.077 0.300 0.262 0.812 0.710
0.091 0.080 0.307 0.269 0.844 0.739
0.095 0.083 0.308 0.270 0.864 0.756
0.109 0.095 0.312 0.273 0.875 0.766
0.113 0.099 0.318 0.278 0.906 0.793
0.119 0.104 0.322 0.282 0.938 0.821
0.125 0.109 0.330 0.289 0.968 0.847
0.126 0.110 0.337 0.295 1.000 0.875
0.133 0.116 0.343 0.300 1.031 0.902
0.140 0.122 0.344 0.301 1.062 0.929
0.145 0.127 0.358 0.313 1.094 0.957
0.147 0.129 0.365 0.319 1.125 0.984
0.154 0.135 0.375 0.328 1.156 1.012
0.156 0.136 0.382 0.334 1.219 1.067
0.179 0.157 0.400 0.350 1.250 1.094
0.187 0.164 0.406 0.355 1.281 1121
0.188 0.164 0.432 0.378 1.312 1.148
0.191 0.167 0.436 0.382 1.343 1.175
0.200 0.175 0.437 0.382 1.375 1.203
0.203 0.178 0.438 0.383 1.406 1.230
0.216 0.189 0.500 0.438 1.438 1.258
0.218 0.191 0.531 0.465 1.500 1.312
0.219 0.192 0.552 0.483 1.531 1.340
0.226 0.198 0.562 0.492 1.562 1.367
0.237 0.207 0.594 0.520 1.594 1.395
0.250 0.219 0.600 0.525 1.750 1.531
0.258 0.226 0.625 0.547 1.781 1.558
0.276 0.242 0.656 0.574 1.812 1.586
0.277 0.242 0.674 0.590 1.968 1.722
0.279 0.244 0.688 0.602 2.062 1.804
0.280 0.245 0.719 0.629 2.344 2.051
0.281 0.246

“1in, = 254 mm.

31973 Annual Book of ASTM Standards, Part 30.
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A3. Basic THREADING DATa

TABLE AS Basic Threading Data for Standard-Weight Pipe Sizes 6 in. and Under

NoTe 1—All dimensions in this table are nominal and subject to mill tolerances.
NOTE 2—The taper of threads is %4 in./ft (62.5 mm/m) on the diameter.

Pipe Threads Coupling
End of Pitch Hand
Pipe to Diameter Tight ﬁ”
. Outside  Number Hand Effective Total at Hand Outside Stand-O
Nominal  pigm. per Tight Length, Length, Tight Diam- Le.ngnth. (Number
Size, in.  eger, in, Inch Plane, in." in® Plane, eter, in.° In. 0
in.° in° Threads)
D L, L, L, E, w N, A
s 0.405 27 0.1615 0.2638 0.3924 0.37360 0.563 1 ?/'m 4
Y4 0.540 18 0.2278 0.4018 0.5946 0.49163 0.719 116 5Y,
Ys 0.675 I8 0.240 0.4078 0.6006 0.62701 0.875 1%16 5
Y2 0.840 14 0.320 0.5337 0.7815 0.77843 1.063 1%16 5
Y4 1.050 14 0.339 0.5457 0.7935 0.98887 1.313 1%, 5
1 1.315 11Y, 0.400 0.6828 0.9845 1.23863 1.576 2 5
1Y, 1.660 11Y, 0.420 0.7068 1.0085 1.58338 1.900 216 5
1Y, 1.900 11Y, 0.420 0.7235 1.0252 1.82234 2.200 216 5Y,
2 2.375 11, 0.436 0.7565 1.0582 2.29627 2.750 2Ys 5Y,
2Y, 2.875 8 0.682 1.1375 1.5712 2.76216 3,250 3 5Y,
3 3.500 8 0.766 1.2000 1.6337 3,38850 4.000 3Y. 5',
3Y, 4.000 8 0.821 1.2500 1.6837 3.88881 4.625 3%, 5Y,
4 4.500 8 0.844 1.3000 1.7337 4.38713 5.000 3Y, 5
b) 5.563 8 0.937 1.4063 1.8400 5.44929 6.296 3Y, 5
6 6.625 8 0.958 1.5125 1.9462 6.50597 7.390 4 6

“1lin, = 254 mm.
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TABLE A6 Basic Threading Data for Standard-Weight Pipe in Sizes 8 in. and Larger, and all Sizes :
of Extra-Strong and Double-Extra-Strong Weight f

NoTE—The taper of threads is ¥/, in./ft (62.5 mm/m) on the diameter.

O

Pipe Threads Coupling
lI)E‘n(l of DPitch L N Hand
. ; Number FPipe to ; iameter  Qutsid ength,  Tight
Nominal %qtsnd_e per Hand liﬂ'cctlve L'l;:‘)u::“ at Hand [;liasrln-c in® Sm“i of
Size, in. 1am Inch Tight cngth, e, Tight eter, in.* (Number
eter, 1n. P!alle. mn. m. Plane, » of
in. int Threads)
L, L, L, E w Ny
Ys 0.405 27 0.1615 0.2638 0.3924 0.37360 0.563 116 3
;/. 0.540 18 0.2278 0.4018 0.5946 0.49163 0.719 1%, 3
e 0.675 18 0.240 0.4078 0.6006 0.62701 0.875 1%, 3
;/, 0.840 14 0.320 0.5337 0.7815 0.77843 1.063 2's 3
14 1.050 14l 0.339 0.5457 0.7935 0.98887 1.313 2'Ys 3
1.315 11" 0.400 0.6828 0.9845 1.23863 1.576 2%, 3
1%, 1.660 1/, 0.420 0.7068 1.0085 1.58338 2.054 29, 3
1Y, 1.900 “‘/a 0.420 0.7235 1.0252 1.82234 2.200 2%, 3
2 2.375 11/, 0.436 0.7565 1.0582 2.29627 2.875 27, 3
2%, 2.875 ] 0.682 1.1375 1.5712 2.76216 3.375 4'/, 2
3l 3.500 8 0.766 1.2000 1.6337 3.38850 4.000 4Y, 2
3%, 4.000 8 0.821 1.2500 1.6837 3.88881 4.625 4%, 2
4 4.500 8 0.844 1.3000 1.7337 4.38713 5.200 4, 2
5 5.563 8 0.937 1.4063 1.8400 5.44929 6.296 4%, 2
6 6.625 8 0.958 1.5125 1.9462 6.50597 7.390 47, 2
8 8.625 8 1.063 1.7125 2.1462 8.50003 9.625 5%, 2
10 10.750 8 1.210 1.9250 2.3587 10.620%94 11.750 5% 2
12 12.750 8 1.360 2.1250 2.5587 12.61781 14.000 6's 2
14: 14.000 8 1.562 2.2500 2.6837 13.87263 15.000 65 2
16 16.000 8 1.812 2.4500 2.8837 15.87575 17.000 64 2
18* 18.000 8 2.000 2.6500 3.0837 17.87500 19.000 7Ys 2
20° 20.000 8 2.125 2.8500 3.2837 19.87031 21.000 7%, 2

°1in. = 254 mm.
* Nominal size is outside diameter.

TABLE A7 Elongation Values ]
Ad4.1 Tabulated in Table A7 are the minimum elongation values calculated by the equation given in

Table 2.
Tension Test Specimen Elongation in 2 in. min, pércent
Specified Wall Thickness, in.!
A::a, T pe Specified Tensile Strength, psi
. /4-in. 1-in, 1Y/zin,
in.2® 4 5 2
: Specimen Specimen Specimen 45000 48 000 50 000 60 000

0.75 and 0.994 and 0.746 and 0.497 and 38.5 36.0 35.0 29.5

greater greater greater greater
0.74 0.980-0.993 0.735-0.745 0.490-0.496 38.0 36.0 4.5 29.5
0.73 0.967-0.979 0.726-0.734 0.484-0.489 38.0 36.0 34.5 29.5
0.72 0.954-0.966 0.715-0.725 0.477-0.483 38.0 36.0 34.5 29.5
0.71 0.941-0.953 0.706-0.714 0.471-0.476 38.0 35.5 4.5 29.0
0.70 0.927-0.940 0.695-0.705 0.464-0.470 38.0 35.5 34.5 29.0
0.69 0.914-0.926 0.686-0.694 0.457-0.463 37.5 35.5 34.0 29.0
0.68 0.900-0.913 0.675-0.685 0.450-0.456 37.5 35.5 34.0 29.0
0.67 0.887-0.899 0.666-0.674 0.444-0.449 37.5 35.5 34.0 29.0
0.66 0.874-0.886 0.655-0.665 0.437-0.443 37.5 35.0 34.0 29.0
0.65 0.861-0.873 0.646-0.654 0.431-0.436 37.0 35.0 34.0 28.5
0.64 0.847-0.860 0.635-0.645 0.424-0.430 37.0 35.0 33.5 28.5
0.63 0.834-0.846 0.626-0.634 0.417-0.423 37.0 35.0 33.5 28.5
0.62 0.820-0.833 0.615-0.625 0.410-0.416 37.0 35.0 33.5 28.5
0.61 0.807-0.819 0.606-0.614 0.404-0.409 36.5 4.5 33.5 28.5
0.60 0.794-0.806 0.595-0.605 0.397-0.403 36.5 34.5 33.5 28.5

°1in.? = 645.16 mm’.

'1in. = 25.4 mm.
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TABLE A7—Continued

O Tension Test Specimen

Elongation in 2 in. min, percent

Specified Wall Thickness, in.
Ar:a, — P = P— Specified Tensile Strength, psi
S /¢in. 1-in. 1'/2-in.
n. Specimen Specimen Specimen 45000 48000 50 000 60 000
0.59 0.781-0.793 0.586-0.594 0.391-0.396 36.5 34.5 33.0 28.0
0.58 0.767-0.780 0.575-0.585 0.384-0.390 36.5 34.5 33.0 28.0
0.57 0.754-0.766 0.566-0.574 0.377-0.383 36.0 34.0 33.0 28.0
0.56 0.740-0.753 0.555-0.565 0.370-0.376 36.0 34.0 33.0 28.0
0.55 0.727-0.739 0.546-0.554 0.364-0.369 36.0 .0 32.5 28.0
0.54 0.714-0.726 0.535-0.545 0.357-0.363 36.0 .0 32.5 27.5
0.53 0.701-0.713 0.526-0.534 0.351-0.356 35.5 ) 32.5 27.5
0.52 0.687-0.700 0.515-0.525 0.344-0.350 35.5 .5 32.5 27.5
0.51 0.674-0.686 0.506-0.514 0.337-0.343 35.5 .5 32.0 27.5
0.50 0.660-0.673 0.495-0.505 0.330-0.336 35.5 .5 32.0 27.0
0.49 0.647-0.659 0.486-0.494 0.324-0.329 35.0 .0 32.0 27.0
0.48 0.634-0.646 0.475-0.485 0.317-0.323 35.0 .0 32.0 27.0
0.47 0.621-0.633 0.466-0.474 0.311-0.316 35.0 .0 31.5 27.0
0.46 0.607-0.620 0.455-0.465 0.304-0.310 34.5 .0 31.5 27.0
0.45 0.594-0.606 0.446-0.454 0.297-0.303 34.5 .5 31.5 26.5
0.44 0.580-0.593 0.435-0.445 0.290-0.296 4.5 .5 31.5 26.5
0.43 0.567-0.579 0.426-0.434 0.284-0.289 34.5 .5 31.0 26.5
0.42 0.554-0.566 0.415-0.425 0.277-0.283 34.0 .0 31.0 26.5
0.41 0.541-0.553 0.406-0.414 0.271-0.276 34.0 .0 31.0 26.0
0.40 0.527-0.540 0.395-0.405 0.264-0.270 34.0 .0 30.5 26.0
0.39 0.514-0.526 0.386-0.394 0.257-0.263 33.5 .5 30.5 26.0
0.38 0.500-0.513 0.375-0.385 0.250-0.256 33.5 .5 30.5 26.0
0.37 0.487-0.499 0.366-0.374 0.244-0.249 33.0 .5 30.0 25.5
0.36 0.474-0.486 0.355-0.365 0.237-0.243 33.0 .0 30.0 25.5
0.35 0.461-0.473 0.346-0.354 0.231-0.236 33.0 .0 30.0 25.5
0.34 0.447-0.460 0.335-0.345 0.224-0.230 32.5 .0 29.5 25.0
0.33 0.434-0.446 0.326-0.334 0.217-0.223 32.5 . 29.5 25.0
0.32 0.420-0.433 0.315-0.325 0.210-0.216 32.5 . 29.5 25.0
0.31 0.407-0.419 0.306-0.314 0.204-0.209 32.0 . 29.0 25.0
0.30 0.394-0.406 0.295-0.305 0.197-0.203 32.0 . 29.0 24.5
0.29 0.381-0.393 0.286-0.294 0.191-0.196 31.5 30.0 29.0 24.5
0.28 0.367-0.380 0.275-0.285 0.184-0.190 31.5 29.5 28.5 24.5
0.27 0.354-0.366 0.266-0.274 0.177-0.183 31.0 29.5 28.5 24.0
0.26 0.340-0.353 0.255-0.265 0.170-0.176 31.0 29.0 28.0 24.0
0.25 0.327-0.339 0.246-0.254 0.164-0.169 30.5 29.0 28.0 23.5
0.24 0.314-0.326 0.235-0.245 0.157-0.163 30.5 29.0 27.5 23.5
0.23 0.301-0.313 0.226-0.234 0.151-0.156 30.0 28.5 27.5 23.5
0.22 0.287-0.300 0.215-0.225 0.144-0.150 30.0 28.5 27.0 23.0
0.21 0.274-0.286 0.206-0.214 0.137-0.143 29.5 28.0 27.0 23.0
0.20 0.260-0.273 0.195-0.205 0.130-0.136 29.5 27.5 26.5 22.5
0.19 0.247-0.259 0.186-0.194 0.124-0.129 29.0 27.5 26.5 22.5
0.18 0.234-0.246 0.175-0.185 0.117-0.123 29.0 27.0 26.0 22.0
0.17 0.221-0.233 0.166-0.174 0.111-0.116 28.5 27.0 26.0 22.0
0.16 0.207-0.220 0.155-0.165 0.104-0.110 28.0 26.5 25.5 21.5
0.15 0.194-0.206 0.146-0.154 0.097-0.103 27.5 26.0 25.0 21.5
0.14 0.180-0.193 0.135-0.145 0.091-0.096 27.5 26.0 25.0 21.0
0.13 0.167-0.179 0.126-0.134 0.084-0.090 27.0 25.5 24.5 21.0
0.12 0.154-0.166 0.115-0.125 0.077-0.083 26.5 25.0 24.0 20.5
0.11 0.141-0.153 0.106-0.114 0.071-0.076 26.0 24.5 23.5 20.0
0.10 0.127-0.140 0.095-0.105 0.064-0.070 25.5 24.0 23.5 19.5
0.09 0.114-0.126 0.086-0.094 0.057-0.063 25.0 23.5 23.0 19.5
0.08 0.100-0.113 0.075-0.085 0.050-0.056 24.5 23.0 22.5 19.0
0.07 0.087-0.099 0.066-0.074 0.044-0.049 24.0 22.5 21.5 18.5
0.06 0.074-0.086 0.055-0.065 0.037-0.043 23.0 22.0 21.0 18.0
0.05 0.061-0.073 0.046-0.054 0.031-0,036 22.5 21.0 20.5 17.0
0.04 0.047-0.060 0.035-0.045 0.024-0.030 21.5 20.0 19.5 16.5
0.03 0.034-0.046 0.026-0.034 0.017-0.023 20.0 19.0 18.5 15.5
0.02 0.020-0.033 0.015-0.025 0.010-0.016 18.5 17.5 17.0 14.5
0.01 and 0.019 and 0.014 and 0.009 and 16.0 15.0 14.5 12.5
less less less less
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FIG. A1 Dimensions of Hand Tight Assembly for Use with Table AS.

=

FIG. A2 Dimensions of Hand Tight Assembly for Use with Table A6.

By publication of this standard no position is taken with respect 1o the validity of any patent rights in connection there-
with, and the American Society for Testing and Materials does not undertake to insure anyone utilizing the standard
against liability for infringement of any Letters Patent nor assume any such liability. ()
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45") Designation: A 108 - 73

AMERICAN SOCIETY FOR TESTING AND MATERIALS

1916 Race St., Philadelphia, Pa., 19103
Reprinted from the Annual Book of ASTM Standards, Copyright ASTM

Standard Specification for

STEEL BARS, CARBON, COLD FINISHED,

STANDARD QUALITY!

This Standard is issued under the fixed designation A 108; 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 by the Department of Defense for listing in the DoD Index of Specifications and
Standards. Proposed revisions should be coordinated with the Federal Government through the Army Materials and

Mechanics Research Center, Watertown, Mass. 02172.

1. Scope

1.1 This specification covers standard qual-
ity cold-finished carbon steel bars produced to
chemical compositions. Standard quality cold-
finished bars are suitable for heat treatment, for
machining into components, or for use in the
as-finished condition as shafting, or in con-
structional applications, or for other similar
purposes (Note 1). Grades of steel are identified
by grade numbers or by chemical composition.

NoTE 1—A guide for the selection of steel bars is
contained in Recommended Practice A 400, for Se-
lection of Steel Bar Compositions.?

1.2 Material furnished under this specifi-
cation shall conform to the applicable re-
quirements of the current edition of Specifi-
cation A 29.

1.3 Some end uses may require material
superior to standard quality involving one or
more of the available designations shown under
Supplementary Requirements. Supplementary
requirements shall apply only when specified
individually by the purchaser.

2. Applicable Documents

2.1 ASTM Standards:

A 29 Specification for General Require-
ments for Hot-Rolled and Cold-Finished
Carbon and Alloy Steel Bars?

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

A 510 Specification for General Require-
ments for Wire Rods and Coarse Round
Wire, Carbon Steel?

A 576 Specification for Special Quality Hot-

Rolled Carbon Steel Bars?

E 45 Recommended Practice for Deter-
mining the Inclusion Content of Steel*

E 112 Estimating the Average Grain Size of
Metals*

2.2 Other Documents:

SAE Handbook?®

Federal Standard 66 C Steel, Chemical
Composition and Hardenability®

AISI Steel Product Manual for Cold Fin-
ished Bars’

3. Definitions

3.1 standard quality—cold-finished carbon
steel bars produced from special quality hot-
rolled carbon steel bars or rods of equivalent
quality.

3.1.1 Bars of standard quality are commonly
produced in standard chemical grade composi-
tions or to mechanical property specifications
and are subject to product analysis tolerances.

3.1.2 The available sections and sizes are
covered by Specification A 29. The bars are

' 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.15 on
Bar Steels.

Current edition approved July 27, 1973. Published
October 1973. Originally published as A 108 - 26 T. Last
previous edition A 108 - 69.

2 Annual Book of ASTM Standards, Part 3.

3 Annual Book of ASTM Standards, Parts 1, 2,3, 4, 31.

* Annual Book of ASTM Standards, Part 31.

® Available from Society of Automotive Engineers, 2
Pennsylvania Plaza, New York, N.Y. 10001.

8 Available from the Naval Publications and Forms
Center, 5801 Tabor Ave., Philadelphia, Pa. 19120.

7 Available from the American Iron and Steel Institute,
150 East 42nd St., New York, N.Y. 10017.
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normally produced in cut lengths but some
small sizes are supplied in coils. The producer
should be consulted regarding sections and sizes
available in coils.

4. Basis of Purchase

4.1 Orders for cold-finished bars to this
specification shall include the following items
to adequately describe the material:

4.1.1 Name of material,

4.1.2 ASTM specification number and date
of issue,

4.1.3 Chemical composition grade designa-
tion or limits,

4.1.4 Silicon, if required,

4.1.5 Condition,

4.1.6 Quantity,

4.1.7 Shape (round, hex, square, etc.), size,
and length,

4.1.8 Report of heat analysis, if required,

4.1.9 End use,

4.1.10 Additions to the specification and
special or supplementary requirements, if re-
quired, and

4.1.11 For coiled product, the coil weights,
ID and OD limitations, when required.

NoOTE 2—A typical ordering description is as
follows: Steel Bar, ASTM A 108; SAE 1117; Coarse
Grain; Cold Drawn; 6000 Ib of 1.500 in. diameter by

10.0 to 12.0 ft long; Heat Analysis Required; Screw
Machine Parts.

5. Materials and Manufacture

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

5.2 Deoxidation:

5.2.1 Unless otherwise specified, the steel
may be rimmed, capped, semi-killed, or killed
at the manufacturer’s option.

5.2.2 When required, the deoxidation prac-
tice, including killed steel, may be specified.

5.3 Discard—Sufficient discard shall be
made to ensure freedom from pipe and undue
segregation.

5.4 Redraw Stock—The bars shall be pro-
duced from special quality hot-rolled carbon
steel bars (Specification A 576) or from hot-
rolled rods designated for cold finished bars
(Specification A 510).

5.5 Condition—The bars shall be furnished
in one of the following conditions as specified
by the purchaser:
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5.5.1 Rounds:

5.5.1.1 Cold drawn,

5.5.1.2 Cold drawn, turned, and polished,

5.5.1.3 Cold drawn, ground, and polished,

5.5.1.4 Hot rolled, turned, and polished, or
5.5.1.5 Hot rolled, turned, ground, and pol-
ished.

5.5.2 Squares, Hexagons—Cold drawn.

5.5.3 Flats:

5.5.3.1 Cold drawn or

5.5.3.2 Cold rolled.

5.6 Heat Treatment:

5.6.1 Unless otherwise specified, the bars
shall be furnished as cold finished except that
when the maximum of the carbon range is over
0.55 % they shall be annealed for cold finishing.

5.6.2 When property characteristics are re-
quired that are not available for the specified
grade as developed in the as-rolled cold-finished
condition, the following thermal treatments can
be ordered:

5.6.2.1 Annealed and cold finished,

5.6.2.2 Normalized and cold finished,

5.6.2.3 Cold drawn and stress relieved, or

5.6.2.4 Carbon restoration anneal to over-
come surface decarburization on cold-drawn
bars. (For round bars produced by turning,
surface decarburization is removed during the
manufacturing process.)

6. Chemical Requirements

6.1 Chemical Composition:

6.1.1 The steel shall conform to the chemi-
cal composition limits specified in Table 1 for
the grade specified by the purchaser.

6.1.2 Carbon steels not listed in Table 1 can
be specified. Steels may be selected from Speci-
fications A 576 and A 510; Federal Standard 66
; the SAE Handbook; or the AISI Steel
Products Manual for Carbon Steel Bars.

6.1.3 When a steel cannot be identified by a
standard grade number in accordance with
6.1.1 and 6.1.2, the limits for each required
element may be specified using the chemical
ranges shown in Table 3 of Specification A 29.

6.2 Heat Analysis—An analysis of each heat
shall be made by the manufacturer to determine
the percentages of the elements specified. The
analysis shall be made from a test sample
preferably taken during the pouring of the heat.
The chemical composition thus determined
shall be reported to the purchaser or his

7/75
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representative when required by the purchase
order, and shall conform to the specified re-
quirements.

6.3 Product Analysis—A product analysis
may be made by the purchaser. The chemical
composition thus determined, as to elements
required or restricted, shall conform to the
ordered chemical composition subject to the
permissible variations on product analysis of
Table 5 in Specification A 29,

7. Workmanship, Finish, and Appearance

7.} Workmanship—The bars shall be free of
pipe, cracks, and flakes. Within the limits of
good manufacturing and inspection practices,
the bars shall be free of injurious seams, laps,
segregation, or other imperfections which, due
to their nature, degree, or extent, will interfere
with the use of the material in machining or
fabrication of suitable parts.

7.2 Finish:

7.2.1 Unless otherwise specified, the bars

A 108

shall have a commercial bright smooth surface
finish obtained by conventional cold-finishing
operations such as cold drawing, cold rolling, or
turning and polishing.

7.2.2 When required, bars may be specified
to be ground and polished, turned and polished,
or turned, ground, and polished.

7.2.3 Bars that are thermal treated after cold
finishing may have a discolored or oxidized
surface.

7.3 Oiling—The bars shall be given a surface
coating of oil or other rust inhibitor to protect
against rust during shipment.

8. Certification

8.1 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
together with a report of the test results shall be
furnished at the time of shipment.

SUPPLEMENTARY REQUIREMENTS

One or more of the following supplementary requirements shall be applied only when specified
by the purchaser in the inquiry, contract, or order. Details of these supplementary requirements
shall be agreed upon in writing by the manufacturer and purchaser. Supplementary requirements
shall in no way negate any requirement of the specification itself.

S1. Cold-Heading and Cold-Forging Quality

S1.1 Bars for cold-heading and cold-forging
applications are subject to severe cold plastic
deformation by upsetting, heading, or forging.
Such processing requires sound steel and free-
dom from harmful surface imperfections.

S1.2 If the type of steel or chemical compo-
sition does not have adequate cold-heading or
cold-forging characteristics in the cold-finished
condition, appropriate thermal treatment
should be specified.

S1.3 When Supplementary Requirement S1
is specified, the bars shall be produced by
manufacturing practices and subjected to mill
tests and inspection procedures to assure inter-
nal soundness, uniformity of chemical composi-
tion, and freedom from injurious surface de-
fects to the extent that the bars shall be suitable
for the manufacture of identified parts.

S2. Cold Extrusion Quality

S2.1 Cold-finished bars of this quality are
used in the production of solid or hollow shapes
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by means of severe cold plastic deformation in-
volving forward or backward extrusion, or
both, with or without expansion.

S2.2 The quality requirements of individual
applications vary.

S2.3 When ultimate plasticity is required for
the desired grade and cold-finished condition,
annealing or spheroidize annealing should be
specified.

S2.4 When Supplementary Requirement S2
is specified, the bars shall be produced by
manufacturing practices and subjected to mill
tests and inspection procedures to assure inter-
nal soundness, uniformity of chemical composi-
tion, and freedom from injurious surface de-
fects to the extent that the bars shall be suitable
for the manufacture of identified parts.

S3. Special Surface Quality

S3.1 Special surface steels are produced with
exacting control and appropriate inspection and
surface preparation to minimize the frequency
and degree of seams and other surface imper-
fections.

S4. Special Internal Soundness Requirement

S4.1 Special internal soundness is relative
freedom from segregation and porosity, as
evaluated by means of a macroetch test which
is performed on representative billet or bar
samples. The test consists of deep etching a
cross section in a hot acid solution and exami-
nation to evaluate soundness. An alternative
method consists of fracturing a billet section
and examination of the fracture to evaluate
soundness.

S5. Nonmetallic Inclusion Requirements

S5.1 The nonmetallic inclusion require-
ment comprises a metallographic examination
of longitudinal sections to determine the nature
and frequency of the nonmetallic inclusions.
Experience indicates that samples taken mid-
way between the center and surface of the
bloom, billet, slab, or bar are most representa-
tive of the average inclusion content of the Int
involved. The test specimen is generally heated
and quenched to harden it before being polished
to avoid polishing pits. The specimen is ex-
amined at 100 diameters. Methods for deter-
mining the nonmetallic inclusion content of
steel are described in Recommended Practice
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S5.2 For resulfurized steels, much of the
sulfur is present as sulfide inclusions. For this
reason, those steels are not generally produced
to inclusion rating.

S6. Special Heat-Treating Requirements

S6.1 Special heat treating (hardenability) is
a term used when the purchaser specifies as a
requirement the ability of a steel to heat treat to
specified mechanical property values that the
purchaser must meet after his heat treatment.
Care should be taken so that the desired
mechanical property values are compatible with
the chemical composition, size, and cross sec-
tion of the steel.

S6.2 Hardenability band limits have been
established for 1038H, 1045H, and 1041H and
are published in the SAE handbook.

S7. Grain Size

S7.1 When required, austenitic grain size
may be specified in killed steels as either coarse
(grain size 1 to 5, inclusive) or fine (grain size 5
to 8, inclusive); to be determined in accordance
with Method E 112. The grain structure shall
be considered satisfactory if 70 % is within the
specified limits.

S7.2 Certain elements, or combinations of
elements, such as manganese, sulfur, and lead
tend to produce grain refinement and it is
technically inappropriate to assure coarse grain
size as measured by the McQuaid-Ehn test on
high manganese, high sulfur, and leaded steels
such as 1144, 1151 and 11L41.

S8. Restricted Incidental Elements

S8.1 The purchaser may specify maximum
requirements for copper, nickel, chromium,
molybdenum, or other elements.

S9. Thermal Treatment

S9.1 When required, the purchaser may
specify that the material be stress relieved,
annealed to specified structure, annealed to no
specified structure, or normalized.

S10. Mechanical Properties

S10.1 When required, cold-finished bars can
be supplied to mechanical properties. Mechani-
cal properties shall be determined in accord-
ance with Methods and Definitions A 370.

O
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TABLE 1 Composition of Cold-Finished Carbon Steel Bars

O NoTE—Grade designations and compositions correspond to the respective AISI designations and compositions.
Grade Carbon, % Manganese, % Phosphorus, % Sulfur, %
Designation ' g ’ p , ,

Open-Hearth, Basic-Oxygen, and Electric-Furnace Grades® ®

1008 0.10 max 0.30-0.50 0.040 max 0.050 max
1010 0.08-0.13 0.30-0.60 0.040 max 0.050 max
1015 0.13-0.18 0.30-0.60 0.040 max 0.050 max
1016 0.13.0.18 0.60-0.90 0.040 max 0.050 max
1018 0.15-0.20 0.60-0.90 0.040 max 0.050 max
1020 0.18-0.23 0.30-0.60 0.040 max 0.050 max
1022 0.18-0.23 0.70-1.00 0.040 max 0.050 max
1025 0.22-0.28 0.30-0.60 0.040 max 0.050 max
1030 0.28-0.34 0.60-0.90 0.040 max 0.050 max
1035 0.32-0.38 0.60-0.90 0.040 max 0.050 max
1040 0.37-0.44 0.60-0.90 0.040 max 0.050 max
1045 0.43-0.50 0.60-0.90 0.040 max 0.050 max
1050 0.48-0.55 0.60 0.90 0.040 max 0.050 max
1095 0.90-1.03 0.30-0.50 0.040 max 0.050 max
1117 0.14-0.20 1.00-1.30 0.040 max 0.08-0.13
1118 0.14-0.20 1.30-1.60 0.040 max 0.08-0.13
1137 0.32-0.39 1.35-1.65 0.040 max 0.08-0.13
1141 0.37-0.45 1.35-1.65 0.040 max 0.08-0.13
1144 0.40-0.48 1.35-1.65 0.040 max 0.24-0.33
1151 0.48-0.55 0.70-1.00 0.040 max 0.08-0.13
1211 0.13 max 0.60-0.90 0.07-0.12 0.10 0.15
1212 0.13 max 0.70-1.00 0.07-0.12 0.16-0.23
1213 0.13 max 0.70-1.00 0.07-0.12 0.24-0.33
12L14¢ 0.15 max 0.85-1.15 0.04-0.09 0.26-0.35
1215 0.09 max 0.75-1.05 0.04-0.09 0.26-0.35
O @ When silicon is required, the following ranges and limits are commonly specified: 0.10% max, 0.10% -0.20%, 0.15% -0.30%,

or 0.20%-0.40%. N

® When required, lead is specified as an added element to a standard steel. A range from 0.15 to 0.35%, inclusive, is
commonly specified. Such a steel is identified by inserting the letter “L" between the second and third numeral of the grade
number, for example, 11L17. Heat analysis for lead is not determinable since lead is added to the ladle stream while each ingot
is poured.

¢ Grades 1211, 1212, 1213, 12L14 and 1215 are not supplied with a specified silicon content.

4 Lead content shall be 0.15-0.35%.

_ By publication of this standard no position is taken with respect to the validity of any patent rights in connection there-
with, and the American Society for Testing and Materials does not undertake to insure anyone utilizing the standard
against liability for infringement of any Letters Patent nor assume any such liability.
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If not listed in the current combined Index, will appear in the next edition.

Standard Specification for

HIGH-STRENGTH LOW-ALLOY STRUCTURAL

STEEL'

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

last reapproval.

1. Scope

1.1 This specification covers high-strength
low-allow structural steel shapes, plates and
bars for welded, riveted, or bolted construc-
tion intended primarily for use as structural
members where savings in weight or added
durability are important. These steels have
enhanced atmospheric corrosion resistance of
at least two times that of carbon structural
steels with copper (Note 1). Welding tech-
nique 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 |—Two times carbon structural steel with
copper is equivalent to four times carbon structural
steel without copper (copper 0.02 max.).

NoTeE 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 Speci-
fication A 6, General Requirements for De-
livery of 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.

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 proper-
ties 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 % 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. (203.2 mm) specified in Table 2 shall be
made for each decrease of !4; in. (0.8 mm) 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 Subcommittee A01.02
on Structural Steel.

Current edition approved July 29, 1974. Published Sep-
tember 1974. Originally published as A 242 - 41 T. Last
previous edition A 242 - 70a.

21974 Annual Book of ASTM Standards, Part 4.
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the specified thickness or diameter below %, being bent cold through 180 deg without
in. 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
as Table 3.

A 242

6. Bend Test Requirements
6.1 The bend test specimens shall stand

TABLE 1 Chemical Requirements (Heat Analysis)
Composition, %
Element
Type | Type 2
Carbon, max 0.15 0.20
Manganese, max 1.00 1.35
Phosphorus, max 0.15 0.04
Sulfur, max 0.05 0.05
Copper, min 0.20 0.20°

¢ 1f 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 Thickne Thickne
. icknesses icknesses
Enicnkn(el%els over % to over 12 to Groups 1 Group 3 Groups 4
mm), and | 1%in. (19.1| 4in (38.1 to and 2 P and 5
un('ier to 38.1 mm), 101.6 mm),
incl. incl. -
Tensile strength, min, | 70 000 (480) | 67 000 (460) | 63 000 (435) | 70 000 (480) [ 67 000 (460) | 63 000 (435) ( )
psi (MPa) =
Yield point, min, psi [ 50 000 (345)| 46 000 (315) | 42 000 (290) | 50 000 (345) | 46 000 (315) | 42 000 (290)
(MPa)
Elongation in 8 in. or | 18 ¢ 18¢ 18¢ 18« 18 18
200 mm, min, %
Elongation in 2 in. or 21 21 21°
50 mm, min, %

®See 5.2

® For wide flange shapes over 426 Ib/ft elongation in 2 in. or 50 mm of 18% minimum applies.
¢ Elongation not required to be determined for floor plate.

TABLE 3 Bend Test Requirements

Ratio of Bend

Thickness of Material, Diaméter to
in. (mm) Thickness of
Specimen
To % (19.1), incl 1
Over % to 1 (19.1 to 25.4), incl 1%
Over 1 to 1% (25.4 to 38.1), incl 2
Over 12 to 2 (38.1 to 50.8), incl 2V
Over 2 to 4 (50.8 to 101.6), incl 3

By publication of this standard no position is taken with respect o the validity of any patent rights in connection there-
with, and the American Society for Testing and Materials does not undertake to insure anyone utilizing the standard
against liability for infringement of any Letters Patent nor assume any such liability.
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Standard Specification for

WELDED AND SEAMLESS STEEL PIPE PILES'

This Standard is issued under the fixed designation A 252; 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 approval.

1. Scope

1.1 This specification covers nominal (av-
erage) wall steel pipe piles of cylindrical
shape and applies to pipe piles in which the
steel cylinder acts as a permanent load-
carrying member, or as a shell to form cast-
in-place concrete piles.

2. Basis of Purchase

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 (steel pipe piles),

2.1.3 Method of manufacture (seamless or
welded),

2.1.4 Grade (Table 1),

2.1.5 Size (outside diameter and nominal
wall size),

2.1.6 Length (Section 14),

2.1.7 End finish (Section 15), and

2.1.8 ASTM designation.

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 pipe piles may be made by any of
the following processes: seamless, electric re-
sistance welded, flash welded, fusion welded.
For welded pipe piles, the seams may be
straight, spiral-butt or spiral-lap construction
and shall be welded in such a manner that the
full driving column and containment proper-
ties designed into the pile are assured.

5. Chemical Requirements
5.1 The steel shall conform to the following

requirements as to chemical composition:

Phosphorus,
Max,
percent

Seamless and welded pipe:
Open-hearth, electric-furnace, or basic ox-
ygen

0.050

6. Heat Analysis

6.1 An analysis of each heat shall be made
by the manufacturer to determine the percent-
ages of the elements specified. When re-
quested by the purchaser, the chemical com-
position thus determined shall be reported to
the purchaser or his representative and shall
conform to the requirements specified.

7. Product Analysis

7.1 Samples for chemical analysis, except
for spectrographic analysis, shall be taken in
accordance with ASTM Method E 59, Sam-
pling Steel, Cast Iron, Open-Hearth Iron, and
Wrought Iron for Determination of Chemical
Composition.?

7.2 An analysis may be made by the pur-
chaser on samples from lots of pipe piles as
follows:

Pipe Size Outside
Diameter, in.

Number of Samples and
Size of Lot

Under 14 2 from 200 pipe or fraction thereof
14 to 36, incl 2 from 100 pipe or fraction thereof
Over 36 2 from 3000 ft or fraction thereof

The chemical composition thus determined
shall conform to the requirements specified in
Section 5.

! 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 29, 1974. Published Sep-
tember 1974. Originally published as A 252 -44 T. Last
previous edition A 252 - 73.

* 1974 Annual Book of ASTM Standards, Part 12.
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7.3 If the analysis of either pipe does not
conform to the requirements specified in Sec-
tion 5, analysis shall be made on additional
pipe of double the original number from the
same lot, each of which shall conform to the
requirements specified.

8. Tensile Requirements

8.1 The material shall conform to the re-
quirements as to tensile properties prescribed
in Table 1.

8.2 The yield point shall be determined by
the drop of the beam, by the halt in the gage
of the testing machine, by the use of dividers,
or by other approved methods. When a defi-
nite yield point is not exhibited, the yield
strength corresponding to a permanent offset
of 0.2 percent of the gage length of the speci-
men, or to a total extension of 0.5 percent of
the gage length under load shall be deter-
mined.

9. Test Specimens and Methods of Test

9.1 The specimens and the mechanical tests
required shall be in accordance with ASTM
Methods and Definitions A 370, Mechanical
Testing of Steel Products,® especially Supple-
ment Il thereof.

9.2 Specimens for the tension test may be
cut either longitudinally or transversely at the
option of the manufacturer. Longitudinal
specimens shall not be flattened between gage
marks. Unless otherwise specified, the tension
test specimen may be taken from the skelp.
The width of the specimens within the gage
length shall be 1% in. At the option of the
manufacturer, the specimens shall have either
the 2 or 8-in. gage lengths indicated in Table 1.
The sides of the specimens shall be paraliel
between gage marks.

9.3 For welded pipe piles the tension test
specimens shall be taken as follows:

9.3.1 For straight-seam pipe piles, the lon-
gitudinal specimen shall be taken 90 deg from
the weld and the transverse specimen opposite
the weld.

9.3.2 For spiral-seam pipe piles, the longi-
tudinal specimen shall be parallel to the axis
of the pipe and at such a location that the
center of the specimen is located at least one
quarter of the sheet or plate width between
weld convolutions. The transverse specimen

1/5.66
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shall be 90 deg to the axis of the pipe with the
center of the specimen located approximately
half the distance between adjacent weld con-
volutions.

9.4 Specimens shail be tested at room tem-
perature.

10. Number of Tests

10.1 One tension test shall be made on one
length of pile from each lot of 200 lengths or
fraction thereof of each size.

10.2 If the percentage of elongation of any
tension test specimen is less than that pre-
scribed in Table 1, and any part of the frac-
ture is more than 3% in. from the center of the
gage length of a 2-in. specimen, or is outside
of the middle third of the gage length of an 8-
in. specimen, as indicated by scribe scratches
marked on the specimen before testing, a re-
test shall be allowed. If a specimen breaks in
an inside or outside surface flaw, a retest shall
be allowed.

10.3 If any test specimen shows defective
machining or develops flaws, it may be dis-
carded and another specimen substituted.

11. Retests

11.1 If the results of the mechanical tests
of any lot do not conform to the requirements
prescribed in Table 1, retests shall be made on
additional lengths of double the original
number from the same lot, each of which
shall conform to the requirements specified.

12. Standard Weights

12.1 The standard weights with the corre-
sponding wall thicknesses for steel pipe piles
of various outside diameters are prescribed in
Table 2.

12.2 The calculated weight per foot, based
upon a specified average wall thickness, for
sizes not listed in Table 2 shall be determined
as follows:

W = 10.68(D — 1)t

where:

W = weight, Ib/ft,

D specified outside diameter, in., and
t = specified average wall thickness, in.

* 1974 Annual Book of ASTM Standards, Parts 1, 2, 3,4,
5,and 10.

O

=N
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13. Permissible Variations in Weights and
Dimensions

13.1 Weight—The weight of any length of
pile shall not vary more than 15 percent over
or 5 percent under that prescribed in Table 2.
Each length shall be weighed separately.

13.2 Diameter—The outside diameter of
steel pipe piles shall not vary more than +1
percent from the diameter specified.

13.3 Thickness—The minimum wall thick-
ness at any point shall not be more than 12.5
percent under the nominal wall thickness
specified.

NOTE-—The minimum wall thickness on inspec-
tion is shown in Table Al (Appendix).

14. Lengths

14.1 Pipe piles shall be ordered either in
single or double random lengths, or in uni-
form lengths, and shall be furnished in ac-
cordance with the following practice:

16 to 25 ft, incl

over 25 ft with a minimum av-
erage of 35 ft

length as specified with a tel-
erance of =1 in.

14.2 Lengths that have been spliced at the
mill by welding shall be acceptable as the
equivalent of unspliced lengths provided ten-
sion test specimens cut from sample splices
conform to the tensile strength requirements
prescribed in Table 1. The welding bead shall
not be removed for this test. Such specimens
shall be made in accordance with the provi-
sions specified in Sections 9, 10, and 11.

15. Ends

15.1 Unless otherwise specified, material
shall be furnished with either flame or ma-
chine cut plain ends. When ends are specified
to be beveled, they shall be beveled to an
angle of 30 +5, —0 deg. All burrs at the ends
shall be removed.

16. Finish

16.1 The finished pipe piles shall be reason-
ably straight and shall not contain imperfec-
tions in such number or of such character as
to render the pipe unsuitable for pipe piles.

16.2 Surface defects, the depth of which
does not exceed 25 percent of the nominal
wall thickness, shall be permitted. These may
be explored by grinding or filing to establish
the depth.

Single random lengths
Double random lengths

Uniform lengths

A 252

16.3 Surface defects, the depth of which
exceeds 25 percent of the nominal wall thick-
ness, may be considered as injurious defects.
Welding of injurious defects will be permitted
when the depth of the defect does not exceed
33Y% percent of the nominal wall thickness.
Before welding, the defect shall be completely
removed.

17. Marking

17.1 Each length of pipe pile shall be leg-
ibly marked by stenciling, stamping, or rolling
to show: the name or brand of the manufac-
turer; heat number; the kind of pipe, that is
seamless, flash welded, fusion welded, electric
resistance welded, spiral lap welded or spiral
butt welded seams; the size, weight, length,
and wall thickness; and ASTM A 252 and the
grade.

18. Inspection

18.1 The inspector representing the pur-
chaser shall have entry, at all times while
work on the contract of the purchaser is being
performed, to all parts of the manufacturer’s
works that concern the manufacture of the
material ordered. The manufacturer shall af-
ford the inspector all reasonable facilities to
satisfy him that the material is being fur-
nished in accordance with this specification.
All tests and inspection shall be made at the
place of manufacture prior to shipment and,
unless otherwise specified, shall be so con-
ducted as not to interfere unnecessarily with
the operation of the works.

19. Certification

19.1 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 ten-
sile tests shall be furnished.

20. Rejection

20.1 Each length of pipe 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 herein,
the length may be rejected and the manufac-
turer shall be notified. Disposition of re-
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jected pipe shall be a matter of agreement

A 252

facturer notified. Such pipe shall be subject

between the manufacturer and the purchaser.  to mutual investigation as to the nature and I/“\)
20.2 Pipe found in fabrication or in instal- severity of the deficiency and the forming or Y
lation to be unsuitable for the intended use, installation, or both, conditions involved.
under the scope and requirements of this Disposition shall be a matter for agreement.
specification, may be set aside and the manu-
TABLE 1 Tensile Requirements
Grade | Grade 2 Grade 3
Tensile strength, min, psi 50 000 60 000 66 000
Yield point, min, psi 30 000 35 000 45 000
Basic minimum elongation for walls % in. and over in
thickness:
Elongation in 8 in., min, percent 18 14 ..
Elongation in 2 in., min, percent 30 25 20
For walls less than ¥%s in. in thickness a deduction for each }rin. decrease 1.50° 1.25¢ 1.0°
in wall thickness below %s in. from the basic minimum elongation of
the following percentage points
¢ The following table gives the computed minimum values:
Elongation in 2 in., min, percent
Wall Thickness, in.
Grade | Grade 2 Grade 3
%e (0.312) 30.00 25.00 20.00
%2 (0.281) 28.50 23.75 19.00
% (0.250) 27.00 22.50 18.00
%2 (0.219) 25.50 21.25 17.00
%6 (0.188) 24.00 20.00 16.00 .
11%44(0.172) 23.25 19.50 15.50 \
%2 (0.156) 22.50 18.75 15.00 ’/)
% (0.141) 21.75 18.25 14.50
% (0.125) 21.00 17.50 14.00
% (0.109) 20.25 16.75 13.50
NoTE—The above table gives the calculated minimum elongation vatues for each Yzin. decrease in wall thickness.
Where the wall thickness lies between two values shown above, the minimum elongation value shall be determined as fol-
lows:
Grade
1 = 48¢ + 15.00
2 = 40r + 12.50
3 = 32t + 10.00
where:
E = elongation in 2 in., percent, and
t = actual thickness of specimen, in.
{Jr' "
o
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TABLE 2 Common Sizes and Weight Per Foot of Welded and Seamless Steel Pipe Piles®

Outside
Diameter, in.

Nominal
Thickness, in.

Weight per
Linear Foot
(Plain Ends), 1b

Outside
Diameter, in.

Nominal
Thickness, in.

Weight per
Linear Foot

(Plain Ends), 1b

6

8%

10%

0.134
0.141
0.156
0.164
0.172

0.141
0.172

0.109
0.141
0.172
0.188
0.203
0.219
0.250
0.277
0.312
0.322
0.344
0.375
0.438
0.500

0.109
0.120
0.134
0.141
0.150
0.164
0.172
0.179
0.188
0.203
0.219
0.230
0.250

0.109
0.120
0.134
0.141
0.150
0.164
0.172
0.179
0.188
0.203
0.219
0.230
0.250
0.279
0.307
0.344
0.365
0.438
0.500

8.40
8.80
9.74
10.28
10.70

11.80
14.36

9.95
12.74
15.20
16.90
18.26
19.64
22.36
24.70
27.74
28.55
30.40
33.04
38.26
43.39

11.51
12.62
14.17
14.81
15.73
17.27
18.04
18.81
19.65
21.25
22.85
24.00
26.03

12.43
13.58
15.25
15.93
16.93
18.59
19.42
20.24
21.15
22.88
24.60
25.84
28.04
31.20
34.24
38.20
40.48
48.19
54.74

12

12%

0.134
0.141
0.150
0.164
0.172
0.179
0.188
0.203
0.219
0.230
0.250
0.281
0.312

0.109
0.134
0.141
0.150
0.164
0.172
0.179
0.188
0.203
0.219
0.230
0.250
0.281
0.312
0.330
0.344
0.375
0.438
0.500

0.134
0.141
0.150
0.164
0.172
0.179
0.188
0.203
0.219
0.230
0.250
0.281
0.312
0.344
0.375
0.438
0.469
0.500

0.134
0.141
0.150
0.164

17.04
17.81
18.92
20.78
21N
22.60
23.72
25.57
27.56
28.98
31.87
35.17
38.95

14.77
18.12
18.94
20.12
22.10
23.09
24.07
25.16
27.20
29.28
30.75
33.38
37.45
41.51
43.77
45.55
49.56
57.53
65.44

19.92
20.82
22.11
24.29
25.38
26.47
27.66
29.93
32.20
33.82
36.71
41.21
45.68
50.14
54.57
63.37
67.78
72.00

22.19
23.82
25.31
27.80
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TABLE 2 Continued

: : Weight per : : Weight per ﬁ
Outside Nominal . Outside Nominal . . \
Diameter, in. Thickness, in. (P};il;\egngg;),tlb Diameter, in. Thickness, in. (PE&c%nggftlb )
16 0.172 29.06 20 0.188 39.67
0.179 30.30 0.219 46.21
0.250 52.73
0.188 31.66 0.281 59.23
0.203 34.27 0.312 65.71
0.219 36.87 0.344 72.16
0.230 38.74 0.375 78.60
0.250 42.05 0.438 91.41
0.281 47.22 0.469 97.78
0.312 52.36 0.500 104.13
0.344 57.48
0.375 62.58 22 0.172 40.07
0.438 72.72 0.188 43.68
0.469 71.75 0.219 50.88
0.500 82.77 0.250 58.07
0.281 65.24
18 0.141 26.82 0.312 72.38
0.172 32.73 0.375 86.61
0.188 35.67 0.438 100.75
0.219 41.54 0.469 107.79
0.230 43.65 0.500 114.81
0.250 47.39
0.281 53.22 24 0.172 43.74
0.312 59.03 0.188 47.68
0.344 64.82 0.219 55.56
0.375 70.59 0.250 63.41
0.438 82.06 0.281 71.25
0.469 87.77 0.312 79.06 =
0.500 93.45 0.375 94.62 C)
0.438 110.10 =
20 0.141 29.83 0.469 117.81
0.172 36.40 0.500 125.49

s Sizes and weights smaller or greater than those listed may be furnished by special agreement between the manufac-
turer and the purchaser.
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APPENDIX

TABLE Al Table of Minimum Wall Thicknesses on Inspection for Nominal (Average) Pipe Wall Thicknesses

Note 1—The following equation, upon which this table is based, may be applied to calculate minimum wall thickness
from nominal (average) wall thickness:

1, x 0.875 = t,,

where:
!, = nominal (average) wall thickness, in., and

!, = minimum wall thickness, in.

The wall thickness is expressed to three decimal places, the fourth decimal place being carried forward or dropped, in
accordance with ASTM Recommended Practice E 29, Indicating Which Places of Figures Are to Be Considered Significant
in Specified Limiting Values.?

NOTE 2—This table is a master table covering wall thicknesses available in the purchase of different classifications of
pipe, but it is not meant to imply that all of the walls listed therein are obtainable under this specification.

. Minimum . Minimum . Minimum
Nominal . Nominal . Nominal .
-(r/?IYe;age) Thl(:)l:‘ness %Yeiage) Thu(:)l;ness {I’_\hl’c;age) Thu(:)l;ness

ickness . ickness . ickness -

(1) in tnspection (1), in. Inspection (1) in Inspection

0.068 0.060 0.276 0.242 0.674 0.590
0.088 0.077 0.277 0.242 0.687 0.601
0.091 0.080 0.279 0.244 0.719 0.629
0.095 0.083 0.280 0.245 0.750 0.656
0.109 0.095 0.281 0.246 0.812 0.710
0.113 0.099 0.294 0.257 0.843 0.738
0.119 0.104 0.300 0.262 0.864 0.756
0.120 0.105 0.307 0.269 0.875 0.766
0.125 0.109 0.308 0.270 0.906 0.793
0.126 0.110 0.312 0.273 0.937 0.820
0.133 0.116 0.318 0.278 0.968 0.847
0.134 0.117 0.322 0.282 1.000 0.875
0.140 0.122 0.330 0.289 1.031 0.902
0.141 0.123 0.337 0.295 1.062 0.929
0.145 0.127 0.343 0.300 1.093 0.956
0.147 0.129 0.344 0.301 1.125 0.984
0.150 0.131 0.358 0.313 1.156 1.012
0.154 0.135 0.365 0.319 1.218 1.066
0.156 0.136 0.375 0.328 1.250 1.094
0.164 0.143 0.382 0.334 1.281 1.121
0.172 0.150 0.400 0.350 1.312 1.148
0.179 0.157 0.406 0.355 1.343 1.175
0.187 0.164 0.432 0.378 1.375 1.203
0.188 0.164 0.436 0.382 1.406 1.230
0.191 0.167 0.437 0.382 1.438 1.258
0.200 0.175 0.438 0.383 1.500 1.312
0.203 0.178 0.469 0.410 1.531 1.340
0.216 0.189 0.500 0.438 1.562 1.367
0.218 0.191 0.531 0.465 1.593 1.394
0.219 0.192 0.552 0.483 1.750 1.531
0.226 0.198 0.562 0.492 1.781 1.558
0.230 0.201 0.593 0.519 1.812 1.586
0.237 0.207 0.600 0.525 1.968 1.722
0.250 0.219 0.625 0.547 2.062 1.804
0.258 0.226 0.656 0.574 2.343 2.050

The American Society for Testing and Materials takes no position respecting the validity of any patent righls’ 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.
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QH”) Designation: A 296-74

American National Standard G81.10
American National Standards Institute

AMERICAN SOCIETY FOR TESTING AND MATERIALS
1916 Race St., Philadelphia, Pa., 19103
Reprinted from the Annual Book of ASTM Standards, Copyright ASTM
If not listed in the current combined Index, will appear 1n the next edition

Standard Specification for

CORROSION-RESISTANT IRON-CHROMIUM, IRON-
CHROMIUM-NICKEL, AND NICKEL BASE ALLOY
CASTINGS FOR GENERAL APPLICATION'

This Standard is issued under the fixed designation A 296; 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 approval.

1. Scope

1.1 This specification covers iron-chro-
mium, iron-chromium-nickel, nickel-molybde-
num, nickel, and nickel-copper alloy castings
for corrosion-resistant service. The grades
covered by this specification represent types
of alloy castings suitable for broad ranges of
application which are intended for a wide va-
riety of corrosion-resistant applications.

NoTe |—For general heat-resistant alloy cast-
ings, reference should be made to ASTM Specifica-
tion A 297, for Heat-Resistant Iron-Chromium and
Iron-Chromium-Nickel Alloy Castings for General
Application.?

NOTE 2—The intergranular corrosion test is not
required unless it is specified in the purchase order.
If so specified, the test shall be performed by the
manufacturer in accordance with the appropriate
ASTM recommended practice for the particular
grade involved, as listed in ASTM Recommended
Practices A 262, for Detecting Susceptibility to In-
tergranular Attack in Stainless Steels,® or as agreed
upon with the purchaser. Intergranular corrosion
tests on stabilized or 0.03 percent carbon maximum
grades (CF-3, CF-3M and CF-8C) shall be made
on sensitized specimens. On all other grades of
chromium-nickel steels, intergranular corrosion
tests shall be made on specimens representative of
the as-shipped condition. In cutting a sample of the
material to convenient testing size, bear in mind
that the specimen should represent as nearly as
practical the surface of the material as it will be
used in service. Only such surface finishing should
be performed as is necessary to remove foreign
material and obtain a uniform standard finish as
called for in the appropriate Recommended Prac-
tice A 262.

NoOTE 3—The values stated in U.S. customary
units are to be regarded as the standard.

2. Basis of Purchase
2.1 Purchase orders under this specification

shall specify grade of alloy desired, including
standards of acceptance where necessary.
Where weldability of Grade M-35 is desired
this shall be stipulated on the purchase order
and the casting shall be marked M-35W,

3. Process

3.1 Alloys shall be made by the following
processes: electric arc, electric induction, or
other approved processes.

4. Heat Treatment

4.1 All corrosion-resistant castings shall be
heat treated according to the requirements
shown in Table 1, unless otherwise agreed
upon by the manufacturer and the purchaser.

S. Chemical Requirements

5.1 Alloys shall conform to the require-
ments as to chemical composition prescribed
in Table 2.

6. Ladle Analysis

6.1 An analysis of each melt shall be made
by the manufacturer to determine the percent-
ages of the elements specified in Table 2. The
analysis shall be made from drillings taken

'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  A01.18 on  Castings.

Current edition approved June 28, 1974. Published Au-
gust 1974, Originally published as A 296 -46T. Last
previous edition A 296 - 72.

21974 Annual Book of ASTM Standards, Part 2.

31974 Annual Book of ASTM Standards, Part 3.
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not less than Y in. (6.4 mm) beneath the sur-
face of the test ingot made during the pouring
of the heat. Chemical composition shall con-
form to the requirements prescribed in Table
2 and when specified in the inquiry, contract,
or order shall be reported to the purchaser or
his representative.

7. Check Analysis

7.1 An analysis may be made by the pur-
chaser from a broken tension test specimen or
from a casting representing each melt. Drill-
ings for analysis shall be taken not less than 1
in. (6.4 mm) beneath the surface, and in such
manner as not to impair the usefulness of any
casting selected. The chemical composition
thus determined shall conform to the require-
ments specified in Table 2.

8. Tensile Properties

8.1 Tension tests shall be required only
when specified in the inquiry, contract, or
order. When so specified, the properties ob-
tained shall be reported to the purchaser or
his representative and shall conform to the
requirements prescribed in Table 3.

8.2 Tension tests shall be performed in
accordance with ASTM Methods and Defini-
tions A 370, for Mechanical Testing of Steel
Products.*

9. Hardness Tests

9.1 Unless otherwise specified in the in-
quiry, contract, or order, Grades CA-15, CA-
15M, CB-30, and CC-50 shall have a Brinell
hardness of 241 maximum.

NOTE 4—Hardness tests are not considered a
satisfactory index of quality for the other grades.

9.2 Hardness tests may be made on the
ends of tension specimens or when so stated
in the inquiry, contract, or order, on the cast-
ings, preferably on a rectangular boss of ap-
proximately % by 1'% in. (19.0 by 25.4 mm),
so located on the castings as to permit proper
mounting in the Brinell machine. The location
where the hardness reading is to be taken
shall be properly prepared to eliminate the
effect of surface variables.

9.3 The frequency of such Brinell hardness
inspection on the castings shall be established
by agreement between the manufacturer and
the purchaser and shall be indicated in the
inquiry, contract, or order.

1/5.74
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10. Test Specimens

10.1 Test coupons, if required, from which
tension test specimens are prepared, shall be
attached to the castings where practicable. If
in the opinion of the manufacturer the design
of the casting is such that test coupons should
not be attached thereon, test coupons shall be
cast attached to separately cast blocks. The
test coupons from which test specimens are to
be prepared shall remain attached to the cast-
ings or blocks they represent until submitted
for inspection, and shall be heat treated with
the castings. Test coupons shall be provided in
sufficient number to furnish specimens re-
quired in Section 11.

10.2 Tension test specimens shall be ma-
chined by the manufacturer and shall conform
to the form and dimensions of the standard
round 2-in. or 50-mm, gage length specimen
shown in Fig.5 of Methods A 370.

11. Number of Tests

11.1 One tension test, if required, shall be
made from each melt in each lot (Note 5).

11.2 If any test specimen shows defective
machining or develops flaws, it may be dis-
carded, and another specimen substituted
from the same lot (Note 5).

11.3 If the percentage of elongation of any
tension test specimen is less than that speci-
fied in Table 3 and any part of the fracture is
more than % in. (19.0 mm) from the center
of the gage length, as indicated by scribe
scratches marked on the specimen before test-
ing, a retest shall be allowed.

NOTE 5—The term ‘‘lot’’ shall be considered as
all castings in a melt subjected to the same heat-
treating procedure.

12. Retests

12.1 If the results of the physical tests for
any lot do not conform to the requirements
specified, the manufacturer may reheat treat
such lot. Retests of an additional specimen
from the same lot shall be made and shall
conform to the requirements specified in Sec-
tions 7 to 10.

13. Nondestructive Inspection
13.1 If specified in the inquiry, contract, or

‘1974 Annual Book of ASTM Standards, Part 1, 2, 3,

4,and 5 and /973 Annual Book of ASTM Siandards, Part
31.

P H‘\J
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order and when mutually agreed upon by the
manufacturer and the purchaser, castings
made to these specifications may be subject to
radiographic or other methods of nondestruc-
tive inspection.

13.2 Magnetic particle inspection may be
used for the ferritic grades, CA-6NM, CA-15,
CA-15M. CA-40, CB-30, CC-50.

13.3 Methods of procedure and number of
pieces and areas to be inspected shall be
agreed upon by the manufacturer and the
purchaser.

NoOTE 6—Reference can be made to ASTM Ref-
erence Radiographs E 446, for Steel Castings Up to
2 In. in Thickness,® for X-ray and gamma ray
inspection.

14. Workmanship

14.1 All castings shall be made in a work-
manlike manner and shall conform substan-
tially to the dimensions on drawings furnished
by the purchaser before manufacture is
started, or if the pattern is supplied by the
purchaser to the dimensions predicated by the
pattern.

15. Quality

15.1 The surface of the casting shall be
examined visually and shall be free of adher-
ing sand, scale, cracks, and hot tears. Other
surface discontinuities shall meet the visual
acceptance standards specified in the order.
Visual Method MSS SP-55° or other visual
standards may be used to define acceptable
surface discontinuities and finish. Unaccept-
able visual surface discontinuities shall be
removed and their removal verified by visual
examination of the resultant cavities. When
methods involving high temperature are used
in the removal of discontinuities, castings shall
be preheated to at least the minimum tempera-

tures in Table 4.
15.2 When specified by the purchaser,

magnetic-particle or liquid-penetrant exami-
nation of cavities prepared for welding shall be
performed to verify removal of those disconti-
nuities found unacceptable by the inspection
method specified for the casting. Unless other
degrees of shrinkage or types of discontinuities
found in the cavities are specified, Type 11,
Internal Shrinkage, of ASTM Reference Pho-
tographs E 125, for Magnetic Particle Indica-
tions on Ferrous Castings,® of Degree 2 in sec-
tions up to 2 in. (50.8 mm) thick and of Degree

A 296

3 in sections over 2 in. thick shall be accept-
able.

16. Repair by Welding

16.1 Make repairs by using a welding
procedure and operators capable of producing
sound welds of similar composition as the
casting. The composition of the deposited
weld metal shall approximate that of the
casting itself, unless otherwise agreed upon by
the manufacturer and the purchaser. Heat
treat the austenitio grades in accordance with
Table 1 after all repairs. Heat treat Grades
CB-30 and CC-50 in accordance with Table 1
after welding of major defects, but heat treat-
ment is not required after welding of minor
defects except by agreement between the

manufacturer and the purchaser.
16.2 Retemper castings of Grades CA-

6NM, CA-15, CA-15M, and CA-40 after
completion of weld repairing as provided in
Section 3, except that local tempering will be
permitted if, in the opinion of the manufac-
turer furnace heat treating will be damaging
to the finished surface of a machined casting.
Heat treatment of Grades CA-6NM, CA-15,
CA-15M, and CA-40 after weld repair, other
than tempering, is required only when agreed
upon between manufacturer and the pur-
chaser.

16.3 Permissible Repairs:

16.3.1 Weld repairs shall be considered
major in the case of a casting which had
leaked on hydrostatic test or when the depth
of the cavity after preparation for repair ex-
ceeds 20 percent of the actual wall thickness,
or 1 in. (25.4 mm), whichever is smaller, or
when the extent of the cavity exceeds approxi-
mately 10 in.? (64.5 cm?). When specified on
the purchase order or inquiry, such weld re-
pairs shall be subject to the prior approval of
the purchaser. When mutually agreed upon by
the purchaser and the manufacturer, major
weld repairs may be examined at the manu-
facturer’s expense by magnetic particle
inspection for Grades CA-6NM, CA-15, CA-
15M, CA-40, CB-30 and CC-50, by fluid pen-
etrant or by radiography or a combination to
check the adequacy of the repair.

51973 Annual Book of ASTM Standards, Part 31.

% Available from the Manufacturers Standardization
Society of the Valve and Fittings Industry, 1815 N. Fort
Myer Drive, Arlington, Va. 22209.
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16.3.2 All other weld repairs shall be con-
sidered minor and mgay be made at the discre-
tion of the manufacturer without prior ap-
proval of the purchaser. Minor weld repairs
shall be subjected to the same inspection
standard as the casting.

17. Marking

17.1 When specified by the purchaser, the
manufacturer’s name or identification mark
and the pattern number shall be cast or
stamped on all castings, except those of such
small size as to make such marking imprac-
tical. For the prevention of small defects
caused by dislodged particles of molding sand,
there should be provided the minimum fea-
sible number of cast identification marks. The
marking of melt numbers on individual cast-
ings shall be subject to agreement by the man-
ufacturer and the purchaser and so stated in
the inquiry, contract, or order.

18. Inspection

18.1 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 which concern the manufacture of the
material ordered. The manufacturer shall af-
ford the inspector, without charge, all reason-
able facilities to satisfy him.that the material

A 296

is being furnished in accordance with these
specifications. All tests (except check ana-
lysis) and inspection shall be made at the
place of manufacture prior to shipment, un-
less otherwise specified, and shall be so con-
ducted as not to interfere unnecessarily with
the operation of the works.

18.2 If in the case of important castings for
special purposes surface inspection in the
green state is required, this shall be so speci-
fied in the inquiry, contract, or order.

19. Rejection

19.1 Unless otherwise specified, any rejec-
tion based on tests made in accordance with
these specifications shall be reported to the
manufacturer within 5 working days from the
receipt of samples by the purchaser.

19.2 Material that shows injurious defects
following original inspection and acceptance
at the manufacturer’s works will be rejected,
and the manufacturer shall be notified.

20. Rehearing

20.1 Tested samples representing rejected
material shall be held for 2 weeks from the
date of the test report. In case of dissatisfac-
tion with the results of the tests, the manufac-
turer may make claim for a rehearing within
that time.

TABLE 1 Heat Treatment Requirements

Grade

Heat Treatment

CF-8, CG-8M, CG-12, CF-20, CF-8M,
CF-8C, CF-16F, CF-16Fa

Heat to 1900 F (1038 C), min, hold for sufficient time to heat casting to
temperature, quench in water or rapid cool by other means so as to de-

velop acceptable corrosion resistance.

CH-20, CE-30, CK-20

Heat to 2000 F (1093 C), min, hold for sufficient time to heat casting to

temperature, quench in water or rapid cool by other means so as to de-
velop acceptable corrosion resistance.

CA-15, CA-15M, CA-40
min, or

(1) Heat to 1750 F (954 C), min, air cool and temper at 1100 F (593 C),

(2) Anneal at 1450 F (788 C), min.

CB-30, CC-50

(I) Heat to 1450 F (788 C), min, and air cool, or

(2) Heat to 1450 F (788 C), min, and furnace cool.

CF-3, CF-3M

(1) Heat to 1900 F (1038 C), min, hold for sufficient time to heat casting to

temperature, and cool rapidly so as to develop acceptable corrosion resist-

ance, or

(2) As cast if corrosion resistance is acceptable.

CN-7M, CN-7TMS

Heat to 2050 F (1121 C), min, hold for sufficient time to heat casting to

temperature, quench in water or rapid cool by other means so as to de-
velop acceptable corrosion resistance.

CY-40, M-35, CZ-100
CW-12M, N-12M

As cast.

As agreed upon by the manufacturer and the purchaser so as to develop ac-

ceptable corrosion resistance.

CA-6NM

Heat to 1750 F (954 C), min, air cool and temper at 1100 F (593 C), min.
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TABLE 3 Tensile Requirements

Elongation

Tensile Strength, min Yield Point, min in2im. or Reduction .
Grade Type 50 mm., ofnll\i;ca, (‘)
ksi MPa ksi MPa p::;lc?:‘nt percent
CF-8 19 Chromium, 65 448 28 193 35
9 Nickel
CG-12 22 Chromium, 70 483 28 193 35
12 Nickel
CF-20 19 Chromium, 70 483 30 207 30
9 Nickel
CF-8M 19 Chromium, 70 483 30 207 30
10 Nickel, with
Molybdenum
CF-8C 19 Chromium, 70 483 30 207 30
10 Nickel, with
Columbium
CF-16 F and 19 Chromium, 70 483 30 207 25
CF-16Fa 9 Nickel, Free
Machining
CH-20 and 25 Chromium, 70° 4830 30 207 30
CH-10 12 Nickel .
CK-20 25 Chromium, 65 448 28 193 30
20 Nickel
CE-30 29 Chromium, 80 552 40 276 10
9 Nickel
CA-15 and 12 Chromium 90 621 65 448 18 30
Ca-15M
CB-30 20 Chromium 65 448 30 207
CC-50 28 Chromium 55 379 - - . .
CA-40 12 Chromium 100 689 70 483 15 25
CF-3 19 Chromium, 65 448 28 193 35 .
9 Nickel :
CF-3M 19 Chromium, 70 483 30 207 30 o
10 Nickel, with -
Molybdenum
CG-8M 19 Chromium, 75 517 35 241 25
11 Nickel, with
Molybdenum
CN-TM 20 Chromium, 62.5 430 25 172 35
29 Nickel, with
Copper and
Molybdenum
CN-7TMS 19 Chromium, 70 483 30 207 35
24 Nickel, with
Copper and
Molybdenum
CW-12M Nickel, 72 496 46 317 4.0
Molybdenum,
Chromium
CY-40 Nickel, 70 483 28 193 30
Chromium,
Iron
CZ-100 Nickel Alloy 50 345 18 124 10
M-35 Nickel-Copper 65 448 30 207 25
Alloy
N-12M Nickel-Molybdenum 72 496 46 317 6
Alloy
CA-6NM .. 110 758 80 552 15 35

% When adequate weldability is stipulated the silicon content may have to be lowered, in which case the minimum re-
quired yield strength shall be 26 ksi (179 MPa).
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TABLE 4 Minimum Preheat Temperatures

Minimum
Grade Preheat Temperature
deg F deg C
CA-15 400 204
CA-15M 400 204
CA-40 400 204
Others 50 10

By publication of this standard no position is taken with respect to the validity of any patent rights in connection there-
with, and the American Society for Testing and Materials does not undertake to insure anyone utilizing the standard
against liability for infringement of any Letters Patent nor assume any such liability.
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Standard Specification for

CARBON STEEL EXTERNALLY AND
INTERNALLY 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.

1. Scope

1.1 This specification? covers the chemical
and mechanical requirements of two grades of
carbon steel externally and internally threaded
standard fasteners, in sizes Y in. (6.35 mm)
through 4 in. (104 mm). This specification
does not cover requirements for externally
threaded fasteners having heads with slotted
or recessed drives. 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 ASTM Specification A 36, for Structural
Steel,® with tension tests to be made on the
bolt body or on the bar stock used for making
the anchor bolts.

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

2. Materials and Manufacture

2.1 Steel for bolts shall be made by the
open-hearth, basic-oxygen, or electric-furnace
process.

2.2 Steel for nuts shall be made by the
open-hearth, basic-oxygen, electric-furnace, or
bessemer process.

2.3 Bolts may be produced by hot or cold
forging of the heads or machining from bar
stock.

2.4 Bolt threads may be rolled or cut.

2.5 Nuts may be produced by hot pressing,
cold punching, cold forging, or machining
from bar stock.

3. Chemical Requirements

3.1 Steel for bolts and nuts shall conform
to the following chemical requirements:

Grade A Grade B

Bolts Nuts Bolts Nuts

Phosphorus, max, percent  0.06 0.13 004 0.2
Sulfur, max, percent 0.15 023 005 0.15

3.2 Resulfurized material is not subject to
rejection based on check analysis for sulfur.

3.3 Bolts and nuts are customarily fur-
nished from stock, in which case individual
heats of steel cannot be identified.

4. Mechanical Requirements

4.1 Bolts shall meet the hardness require-
ments specified in Table 1. This shall be the
only requirement for bolts which are too short
or which have insufficient threads for tension
testing or which have drilled or undersize
heads that are weaker than the threaded sec-
tion of the bolt. The hardness of Grade A
bolts, except those tested by the wedge tension
test, shall not exceed 241 Brinell (100 Rock-
well B).

4.2 Bolts, other than those excepted in 4.1,
shall be subject to a tension test as specified

'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 A01.26 on
Bolting.

Current edition approved July 29, 1974. Published Sep-
tember 1974. Originally published as A 307 - 47 T. Last
previous edition A 307 - 68.

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

Code.
31974 Annual Book of ASTM Standards, Part 4.
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in Section 6. Where both hardness and ten-
sion tests are performed, acceptance on the
basis of the tensile requirements shall take
precedence where the minimum requirements
are the subject of controversy.

4.3 Bolts 1's8 in. and under in diameter
when tested in full size shall meet the require-
ments for tensile strength specified in Table 2.

4.4 Bolts 1Y to 3 in. in diameter, inclusive,
shall be tested preferably in full size and shall
meet the requirements for tensile strength
specified in Table 2. But when equipment of
sufficient capacity for such tests is not availa-
ble, they shall meet the following require-
ments on machined specimen tension tests:

Elonga-

tion in

Tensile 2in. or

Strength, 50 mm,

ksi (MPa) percent

Grade A and Grade B bolts 60 (414) min 18 min
Grade B bolts only 100 (689) max

4.5 Nuts shall meet the hardness require-
ment specified in Table 3. Hardness shall be
the only requirement for jam, slotted, and
castle nuts and for nuts larger than 12 in. in
size.

4.6 Nuts 18 in. and under in size shall
meet the proof loads specified in Table 3.

4.7 Nuts 1Y to 1'% in., inciusive, in size
shall preferably meet the requirements for
proof load specified in Table 3, but when
equipment of sufficient capacity for such tests
is not available they shall meet the hardness
requirements specified in Table 3.

5. Dimensions

5.1 Unless otherwise specified, threads
shall be the Coarse Thread Series as specified
in the latest issue of the American National
Standard for Unified Screw Threads (ANSI
B1.1), having a Class 2A tolerance for bolts
and Class 2B tolerance for nuts.

5.2 Unless otherwise specified, Grade A
bolts shall be hex bolts with dimensions as
given in the latest issue of the American Na-
tional Standard for Square and Hex Bolts and
Screws (ANSI B18.2.1). Unless otherwise
specified, Grade B bolts shall be heavy hex
bolts with dimensions as given in the latest
issue of American National Standard B18.2.1.

5.3 Unless otherwise specified, nuts for
Grade A bolts shall be hex nuts, and nuts for
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Grade B bolts shall be heavy hex nuts with
dimensions as given in the latest issue of
American National Standard for Square and
Hex Nuts (ANSI B18.2.2).

6. Methods of Test

6.1 The material shall be tested in accord-
ance with Supplement III of ASTM Methods
and Definitions A 370, for Mechanical
Testing of Steel Products.*

6.2 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.

6.3 Nuts shall be tested by the axial proof
load method.

6.4 Speed of testing as determined with a
free running crosshead shall be a maximum of
| in. (25.4 mm)/min for the tensile strength
tests of bolts and the proof load determina-
tion on nuts.

7. Number of Tests and Retests

7.1 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. Addi-
tional tests of individual shipments of mate-
rial are not ordinarily contemplated. Indi-
vidual heats of steel are not identified in the
finished product.

7.2 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.

7.3 When additional tests are specified on
the purchase order, a lot, for purposes of se-
lecting test samples, shall consist of all mate-
rial offered for inspection at one time that has
the following common characteristics:

7.3.1 One type of item, that is, bolts or
nuts,

7.3.2 One nominal size, and

7.3.3 One nominal length of bolts.

* 1974 Annual Book of ASTM Standards, Parts 1, 2, 3,
4, 5, and 10.
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7.4 From each lot, the number of tests for
each requirement shall be as follows:

Number of Pieces Number
in Lot of Samples

800 and under 1

801 to 8 000 2

8 001 to 22 000 3

Over 22 000 5

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

7.6 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.

8. Marking

8.1 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.

9. Inspection
9.1 If the inspection described in 9.2 is

A 307

required by the purchaser it shall be specified
in the inquiry, order, or contract.

9.2 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 check analysis)
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 opera-
tion of the works.

10. Rejection

10.1 Unless otherwise specified, any rejec-
tion based on tests specified herein shall be
reported to the manufacturer within 30
working days from the receipt of samples by
the purchaser.

TABLE 1 Hardness Requirements for Bolts
Hardness
Bolt Size, in.  Grade Brineil Rockwell B
min  max min  max
All A 121 e 69

121 207 6 95
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TABLE 2 Tensile Requirements for Full-Size Bolts

Tensile Strength, 1bf*

TABLE 3 Hardness and Proof Load Requirements for

Nuts (\

Bolt
Size, Th".:ad; Stress Area®, G o es Grade
in. per inc in’ A and B, B only,
min¢ max*?
Y4 20 0.0318 1 900 3 180
%e 18 0.0524 3 100 5 240
% 16 0.0775 4 650 7 750
Vs 14 0.1063 6 350 10 630
) 13 0.1419 8 500 14 190
e 12 0.182 i1 000 18 200
% 11 0.226 13 550 22 600
% 10 0.334 20 050 33 400
3 9 0.462 27 700 46 200
1 8 0.606 36 350 60 600
1% 7 0.763 45 800 76 300
1% 7 0.969 58 150 96 900
1% 6 1.155 69 300 115 500
1§73 6 1.405 84 300 140 500
1% 5 1.90 114 000 190 000
2 4% 2.50 150 000 250 000
2% 4% 3.25 195 000 325 000
2% 4 4.00 240 000 400 000
2% 4 493 295 800 493 000
3 4 5.97 358 200 597 000
3% 4 7.10 426 000 710 000
3% 4 8.33 499 800 833 000
3% 4 9.66 579 600 966 000
4 4 11.08 664 800 1 108 000

Nut Size, in. Threads Proof hoad, E{:;gl_l
per Inch Ibf ness, min
Y 20 2 850
e 18 4 700
% 16 7 000
N 14 9 550
A 13 12 750
%6 12 16 400
% 11 20 350
% 10 30 050
% 9 41 600
1 8 54 550
1% 7 68 650
1% 7 87 200 104
1% 6 103 950 104
14 6 126 450 104
1% to 4, incl. 104

% Area calculated from the formula:

where:
A
D
n

A, = 0.7854 [D — (0.9743/n)]*

stress area,

nominal diameter of bolt, and

threads per inch.

®11bf = 4.448 N.

¢ Based on 60 ksi (414 MPa).
¢ Based on 100 ksi (689 MPa).

@ Based on 90 ksi (621 MPa) mandrel stress for nut sizes
Y% to 2% in., inclusive; 77 ksi (531 MPa) for 3 in.; and 67
ksi (462 MPa) for 3% to 4 in., inclusive.

®11bf = 4.448 N.

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.
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Standard Specification for
HIGH-STRENGTH
STEEL JOINTS,

BOLTS
INCLUDING SUITABLE

STRUCTURAL
NUTS

FOR

AND PLAIN HARDENED WASHERS!

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.

1. Scope

1.1 This specification® covers the chemical
and mechanical requirements of various types
of quenched and tempercd 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 1Y, in., inclu-
sive, in diameter.

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

1.1.3 Type 3—Bolts, /, to 1Y, in., inclu-
sive, in diameter having atmospheric corro-
sion resistance and weathering characteristics
comparable to that of the steels covered in
ASTM Specification A 588, for High-
Strength Low-Alloy Structural Steel with
50,000 psi Minimum Yield Point to 4 in.
Thick,' and ASTM Specification A 242, for
High-Strength Low-Alloy Structural Steel*
(these steels have atmospheric corrosion re-
sistance approximately two times that of car-
bon structural steel with copper). Nuts and
washers used in assemblies with these bolts
shall also have comparable atmospheric corro-
sion resistance and weathering characteristics.

NoOTE |1 —Bolts for general applications, includ-
ing anchor bolts, are covered by ASTM Specitica-

tion A 449, for Quenched and Tempered Steel
Bolts and Studs.*

1.2 When the type of bolts is not specified,
Type 1 bolts shall be supplied. Type 2 and
Type 3 bolts may be supplied by the manufac-
turers if agreed upon by the purchaser.

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

1.4 Suitable nuts and plain hardened wash-
ers are also covered by this specification.

1.5 This specification provides that heavy
hex structural bolts and heavy hex nuts shall
be furnished unless other dimensional require-
ments are stipulated in the purchase inquiry
and order. Dimensions of washers are limited
to those in the Specification for Structural
Joints Using ASTM A 325 or A 490 bolts
cited in 1.1.

1.6 When galvanized high-strength struc-
tural bolts are specified, the bolts shall be
Type 1 unless otherwise approved by the
purchaser, the nuts shall be Grade DH of
ASTM Specification A 563, for Carbon Steel
Nuts,* * or Grade 2H of ASTM Specification
A 194, for Carbon and Alloy Steel Nuts'
for Bolts for High-Pressure and High-Tem-

' 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 A01.26 on
Bolting.

Current edition approved July 29, 1974. Published Sep-
tember 1974, Originaf]y published as A 325 - 49 T. Last
previous edition A 325 - 7la.

* For ASME Boiler and Pressure Vessel Code applica-
tions see related Specification SA-325 in Section 11 of that
Code.

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

* 1974 Annual Book of ASTM Standards, Part 4.
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perature Service,’ and washers shall be
quenched and tempered. Galvanized bolts and
nuts shall be shipped in the same container.

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

2. Materials and Manufacture

2.1 Steel for bolts, nuts, and washers shall
be made by the open-hearth, basic-oxygen, or
electric-furnace process.

2.2 Bolts shall be heat treated by quenching
in a liquid medium from above the austenitiz-
ing temperature and then tempering by re-
heating to a temperature of at least 800°F
(427°C).

2.3 Threads of bolts may be cut or rolled.

2.4 Washers shall preferably be through
quenched and tempered. Alternatively, car-
burized, quenched, and tempered washers
may be furnished for use with Type | and
Type 2 bolts.

2.5 Galvanized bolts, nuts, and washers
shall be hot-dip galvanized in accordance with
the requirements of ASTM Specification
A 153, Class C, for Zinc Coating (Hot-Dip)
on Iron and Steel Hardware.® Nuts shall be
tapped oversize, after galvanizing, by the
minimum diametral amounts specified in
Specification A 563. Nuts shall be provided
with an additional lubricant which shall be
clean and dry to the touch,

2.6 If heat treatment is performed by a sub-
contractor the heat-treated material shall be
returned to the manufacturer for testing.

3. Chemical Requirements

3.1 Type 1 and 2 bolts, nuts, and washers
shall conform to the requirements as to chem-
ical composition prescribed in Table 1.

3.2 Type 3 bolts, nuts, and washers shall
conform to one of the chemical compositions
prescribed in Table 2. The selection of the
chemical composition, A, B, C, D, or E, sha'l
be at the option of the bolt manufacturer.

3.3 Product analyses may be made by the
purchaser from finished material representing
each lot of bolts, nuts;, or washers. The chemi-
cal composition thus determined shall con-
form to the requirements prescribed in 2.1 or
2.2, except that resulfurized material is not
subject to rejection based on product analysis
for sulfur.
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4. Mechanical Requirements

4.1 Bolts shall not exceed the maximum
hardness specified in Table 3. Bolts that are
too short for tension testing shall meet or ex-
ceed the minimum hardness specified in Ta-
ble 3.

4.2 Bolts other than those too short for ten-
sion testing shall be subject to tension tests
specified in 4.3 and 4.4 and in Section 6.

4.3 Bolts 1Y in. and under in diameter
shall be tested in full size and shall meet the
requirements for tensile strength and proof
load or alternate proof load specified in Ta-
ble 4.

4.4 Bolts 14, 1%s, and 1Y/ in. in diameter,
shall preferably be tested in full size and when
so tested shall meet the requirements for ten-
sile strength and proof load or alternate proof
load specified in Table 4, but when equipment
of sufficient capacity for such tests is not
available, the bolts shall meet the require-
ments for machined specimens specified in
Table 5.

4.5 Nuts 1Y in. and under in size shall
meet the proof load and hardness require-
ments specified in Table 6.

4.6 Nuts 14, 1¥s, and 1. in. in size shall
meet the requirements for proof load and
maximum hardness specified in Table 6, ex-
cept when equipment of sufficient capacity for
such tests is not available, they shall meet the
hardness requirements specified in Table 6.

4.7 Quenched and tempered washers shall
have a Rockwell hardness of C38 to C45.
Carburized, quenched, and tempered washers
shall have the equivalent Rockwell A hard-
ness of A69 to A73 or RI5SN hardness of
15N79 to 15N83, and shall be carburized to a
minimum depth of 0.015 in. (0.38 mm). Wash-
ers, if hot-dip galvanized, shall have a Rockwell

hardness of C26 to C45.
4.8 In addition, galvanized bolts and nuts

shall be tested full size in an assembled
joint as specified in 6.5. After initial tighten-
ing the nut shall be capable of being turned
360 deg with respect to the bolt without
producing failure.

5 1974 Annual Book of ASTM Standards, Part .
® 1974 Annual Book of ASTM Standards, Part 3.

AR
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5. Dimensions

5.1 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).

5.2 Unless otherwise specified, heavy hex
nuts shall conform to the dimensions for
heavy hex nuts specified in the American
National Standard for Square and Hex Nuts
(ANSI B18.2.2).

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

5.4 Dimensions of washers shall conform to
those shown in the latest issue of the Specifi-
cations for Structural Joints Using ASTM A
325 Bolts issued by the Research Council on
Riveted and Bolted Structural Joints of the
Engineering Foundation. Unless otherwise
specified, circular washers shall be furnished.

6. Methods of Test

6.1 Tests shall be conducted in accordance
with Supplement IIT of ASTM Methods and
Definitions A 370, for Mechanical Testing of
Steel Products.”

6.2 For tension tests a proof load determi-
nation is preferred conducted in accordance
with Method 1, Length Measurement, of
Supplement 111 of Methods A 370.

6.3 Bolts tested in full size shall be tested
in accordance with the Wedge Test method
described in S11.1.5, Supplement Il of
Methods A 370. Fracture shall be in the body
or threads of the bolt, without any fracture at
the junction of the head and body.

6.4 The speed of testing as determined with
a free-running cross head shall be a maximum
of ¥ in. (3.18 mm)/min for the bolt proof-load
determination, and a maximum of 1 in. (25.4
mm)/min for the bolt tensile-strength deter-
mination and nut proof-load determination.

6.5 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 thickness, including the washer,
such that 3 to 5 full threads of the bolt are
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located between the bearing 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 initial tightening of the
nut shall produce a load in the bolt not less
than 10 % of the specified proof load.® After
this initial tightening, the nut position shall be
marked, and this marking shall serve as the
base from which the rotation requirements of
4.8 shall be measured. During nut rotation the
bolt head shall be restrained from turning.

7. Quality Assurance of Mechanical Re-
quirements

7.1 Nuts and Washers:

7.1.1 The requirements of this specification
for nuts and washers shall be met in continuous
mass production for stock, and the manufac-
turer shall make sample inspections to ensure
that the product conforms to the specified re-
quirements. Additional tests of individual ship-
ments of material are not ordinarily contem-
plated. Individual heats of steel are not identi-
fied in the finished product.

7.1.2 If the purchaser requires that addi-
tional tests be performed by the manufacturer
to determine that the properties of nuts or
washers in an individual shipment are in con-
formance with the requirements of this speci-
fication, the purchaser shall specify the testing
requirements, including sampling plan and
basis of acceptance, in the original inquiry and
purchase order.

7.2 Bolts:

7.2.1 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 inspection tested prior to shipment in
accordance with one of the two quality assur-
ance procedures described in 7.3 and 7.4, re-
spectively. The manufacturer shall have the
option of which procedure will be followed
when furnishing bolts to any single purchase
order.

7.2.2 The purpose of a lot inspection testing
program is to ensure that each lot conforms to
the requirements of this specification and that

"1974 Annual Book of ASTM Standards, Parts 1, 2,
3, 4, and S, and /973 Annual Book of ASTM Standards,
Part 31.

® Use of the torque value obtained in a Skidmore-Wil-
helm or equivalent calibrator may be used in meeting this
requirement.
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delivered bolts are free of known defects. 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 serv-
ice application.

7.3 Production Lot Method:

7.3.1 All bolts shall be processed in accord-
ance with a lot identification-control quality
assurance plan. The manufacturer shall iden-
tify and maintain the integrity of each produc-
tion lot of bolts from raw-material selection
through all processing operations and treat-
ments to final packing and shipment. Each lot
shall be assigned its own lot-identification num-
ber, each lot shall be tested, and the inspection
test reports for each lot shall be retained.

7.3.2 A production lot, for purposes of
assigning an identification number and from
which test samples shall be selected, shall con-
sist of all bolts processed essentially together
through all operations to the shipping container
that are of the same nominal size, the same
nominal length, and produced from the same
mill heat of steel.

7.3.3 The manufacturer shall make tests for
proof load, tensile strength (wedge test), and
hardness of each lot of bolts. Alternatively, in
accordance with 4.4, tests may be tensile
strength, yield strength, reduction of area,
elongation, and hardness.

7.3.4 From each production lot, the mini-
mum number of tests of each required property
shall be as follows:

Number of Pieces Number of
in Production Lot Specimens
800 and less I
801 to 8.000 2
8.001 to 35,000 3
35,001 to 150.000 8
150,001 and over 13

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

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

7.3.7 A copy of the inspection test report for
each production lot from which bolts are sup-
plied to fill the requirements of a shipment
shall be furnished to the purchaser when speci-
fied in the order. Individual heats of steel need
not be identified on the test report.
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7.4 Shipping Lot Method:

7.4.1 In-process inspection during all manu-
facturing operations and treatments and stor-
age of manufactured bolts shall be in accord-
ance with the practices of the individual manu-

facturer. )
7.4.2 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.

7.4.3 The manufacturer shall make tests for
proof load, tensile strength (wedge test), and
hardness of each lot of bolts. Alternatively, in
accordance with 4.4 tests may be tensile
strength, yield strength, reduction of area, elon-
gation, and hardness.

7.4.4 From each shipping lot, the minimum
number of tests of each required property shall
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

7.4.5 If any test specimen shows defective
machining it may be discarded and another

specimen substituted. _
7.4.6 A copy of the inspection test report for

each shipping lot shall be furnished to the pur-
chaser when specified in the order. Individual
heats of steel are not identified in the finished
product.

8. Marking

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

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

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

8.4 In addition Type 3 bolts shall have the
A 325 underlined, and the manufacturer may
add other distinguishing marks indicating that
the bolt is atmospheric corrosion resistant and
of a weathering type.
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8.5 All markings shall be located on the top
of the bolt head and may be either raised or
depressed, at the option of the manufacturer.

8.6 Heavy hex nuts for Type 1, Type 2, and
Type 3 bolts shall be marked on one face with
three equally spaced circumferential lines.
In addition heavy hex nuts for Type 3 bolts
shall be marked on one face with the numeral 3,
and the manufacturer may add other
distinguishing marks indicating that the nut is
atmospheric corrosion resistant and of a
weathering type. Markings may be raised or
depressed at the option of the manufacturer.
However, if markings are applied to the bear-
ing surface, they shall be depressed.

8.7 Washers for use with the Type 3 bolts
shall be marked on one face near the outer
edge with the numeral 3. In addition, at the
manufacturers’ option, other distinguishing
marks may be added, indicating that the
washer is atmospheric corrosion resistant and
of a weathering type. Markings on top or bot-
tom surfaces shall be depressed.

NoOTE 3—Heavy hex nuts conforming to require-
ments for Grade 2 or 2H of ASTM Specifications A
194 for Carbon and Alloy Steel Nuts for High-
Pressure and High-Temperature Service,® may be
supplied as an alternative for use with Type 1 and
Type 2 bolts. Grade C, D, or DH of ASTM Spec-
ification A 563, for Carbon Steel Nuts,* ® are also an
acceptable alternative. Such nuts are marked C, D,
or DH in the case of nuts of Specification A 563 and
are marked 2 or 2H and the manufacturers’ symbol
for nuts of Specification A 194,

9. Inspection
9.1 If the inspection described in 9.2 is

A 325

required by the purchaser, it shall be specified
in the inquiry and contract or order.

9.2 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 to
satisfy him that the material is being fur-
nished in accordance with this specification.
All tests (except product ‘analysis) and inspec-
tion 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.

10. Rejection

10.1 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.

11. Certification

11.1 Nuts and Washers:

11.1.1 When specified on 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.

11.2.1 When specified on the order the man-
ufacturer shall furnish the test reports described
in 7.3.7 or 7.4.6, depending on whether the bolts
are furnished by the production lot or shipping
lot method.
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TABLE 1 Chemical Requirements for Types 1 and 2 Bolts, Nuts, and Washers

Composition, % (—\)

Element Washers
Type 1 Bolts Type 2 Bolts® Nuts
Ql-’lf::;:i?eznd Carburized
Carbon:
Heat analysis 0.30 min 0.15-0.23 ’
Product analysis 0.27 min 0.13-0.25
Manganese, min:
Heat analysis 0.50 0.70 . . 1.00 max
Product analysis 0.47 0.67 S . 1.00 max
Phosphorus, max:
Heat analysis 0.040 0.040 0.120 0.040 0.040
Product analysis 0.048 0.048 0.128 0.050 0.050
Sulfur, max:
Heat analysis 0.050 0.050 0.23 0.050 0.050
Product analysis 0.058 0.058 A 0.060 0.060
Boron, min:
Heat analysis S 0.0005
Product analysis - 0.0005

* Type 2 bolts shall be fully killed, fine grain steel.
® The stock used for manufacture of carburized washers shall not contain over 0.25 % carbon.
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TABLE 2 Chemical Requirements for Type 3 Boits, Nuts, and Washers

O Composition, percent

Element Type 3 Bolts® Type 03 Type 3 )
A B C D E F Nuts Washers
Carbon:
Heat analysis 0.33-040 0.38-048 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 0.035max 0.040 max 0.040 max 0.040 max 0.07-0.15 0.040 max
Product analysis  0.045 max 0.06-0.125 0.040 max 0.045 max 0.045max 0.045 max 0.07-0.155 0.045 max

Sulifur:
Heat analysis 0.050 max 0.050 max 0.040 max 0.050 max 0.040 max 0.040 max 0.050 max 0.050 max
Product analysis  0.055 max 0.055 max 0.045max 0.055max 0.045max 0.045 max 0.055 max 0.055 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 0.20-0.90 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 0.15-0.95 0.13-0.32

Copper:
Heat analysis 0.25-045 0.20-0.40 0.20-0.50 0.30-0.50 0.30-0.60 0.20-0.40 0.25-0.55 0.25-0.45
Product analysis  0.22-0.48 0.17-043 0.17-0.53 0.27-0.53 0.27 0.63 0.17-0.43 0.22-0.58 0.22-0.48

Nickel:
Heat analysis 0.25-0.45 0.50-0.80 0.25-0.50 0.50-0.80 0.30-0.60 020 040 1.00max 0.25-0.45
O Product analysis  0.22-0.48 0.47-0.83 0.22-0.53 047 0.83 0.27-063 0.17-043 1.03max 0.22-0.48
Chromium:
Heat analysis 045-0.65 0.50-0.75 0.30-0.50 0.50-1.00 0.60 090 0.45-0.65 0.30-1.25 0.45-0.65
Product analysis 0.42-0.68 0.47 0.83 0.27 0.53 0.45-1.05 0.55 095 042 0.68 0.25-1.30 0.42-0.68
Vanadium:
Heat analysis . e 0.020 min
Product analysis ... B 0.010 min
Molybdenum:
Heat analysis . 0.06 max ... 0.10 max
Product analysis ... 0.07 max ... 0.11 max
Titanium:
Heat analysis S e e 0.05 max

Product analysis

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

® Nuts or washers may also be made of any of the above listed bolt material classes. Selection of the class shall be at the
option of the manufacturer.

TABLE 3 Hardness Requirements for Bolts

Hardness Number
Bolt Size, in. Brinell Rockwell C
Min Max Min  Max
% to 1, incl 241 331 23 35
9 ) 1510 11, incl 223 293 19 31

e
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TABLE 4 Tensile Requirements for Full-Size Bolts

Alternate Proof

Proof Load,
Load.? Yield Strength

Bolt Size, Threads per
Length Measure-

Inch and Series

©

Tensile Strength®

a;: 32 2
Stress Area,” in.? (cm?) min, 1bf (kN)

Designation ment Method, Ibf (kN) Method, min, Ibf (kN)
Column | Column 2 Column 3 Column 4 Column 5
'/2- 13 UNC 0.142 (0.92) 17 050 (76) 12 050 (54) 13 050 (58)
%s- 11 UNC U.226 (1.46) 27 100 (121) 19 200 (85) 20 800 (93)
%4 -10 UNC 0.334 (2.15) 40 100 (178) 28 400 (126) 30 700 (137)
7s-9 UNC 0.462 (2.98) 55 450 (247) 39 250 (175) 42 500 (189)
1 -8 UNC 0.606 (3.91) 72 700 (323) 51 500 (229) 55 750 (248)
1'5-7 UNC 0.763 (4.92) 80 100 (356) 56 450 (251) 61 800 (275)
1'/s-8 UN 0.790 (5.10) 82 950 (369) 58 450 (260) 64 000 (285)
1'Y4-7 UNC 0.969 (6.25) 101 700 (452) 71 700 (319) 78 500 (349)
1Y,-8 UN 1.000 (6.45) 105 000 (467) 74 000 (329) 81 000 (360)
1%5-6 UNC 1.155 (7.45) 121 300 (540) 85 450 (380) 93 550 (416)
1%s-8 UN 1.233 (7.95) 129 500 (576) 91 250 (406) 99 870 (444)
1/2-6 UNC 1.405 (9.06) 147 500 (656) 104 000 (463) 113 800 (506)
1Y,-8 UN 1.492 (9.63) 156 700 (697) 110 400 (491) 120 850 (538)
“ The stress area is calculated as follows:
A, = 0.7854 [D — (0.9743/m)}}
where:
A, = stress area, in.?,
D = nominal bolt size, and
n = threads per inch.
* Loads tabulated are based on the following:
Bolt Size Column 3 Column 4 Column §
/5, t0 1 incl 120 000 psi (825 MPa) 85 000 psi (585 MPa) 92 000 psi (635 MPa) -

1Ysto 1Y, incl

105 000 psi (725 MPa)

74 000

psi (510 MPa)

81 000 psi (560 MPa)

TABLE 5 Tensile Requirements for Specimens

TABLE 6 Proof Load and Hardness Requirements for

Machined from Bolts Nuts
Yield Elonga- p 4, Nut Size, Threads Brinell
.5 - , per  Proof Load
o Tensile Sz(r)e;ggtbh tz'?: oy tionof Inch, and Series min, Ibf Hardness
Bolt Size, in. Snt‘l;;:‘ng;shi, Of:fset) 50 n'lm. /l\nriena, Designation (kNYy min max
i min, psi  min, !
(MP2)  “(MPa) 4 % Y,- 13 UNC 20 450 (91) 352
5
17, 1%sand 1, 105000 81000 14 35 ge 1 UNC Jra el 12
« 1 7gan 2 /«- 10 UNC 48 100 (214) 352
(725) (560) s-9 UNC 66 550 (296) 352
1-8 UNC 87 250 (388) 352
1'/5-7UNC 109 900 (489) 352
15 -8 UN 113 800 (506) 352
1',-7UNC 139 500 (621) 143 352
1,-8 UN 144 000 (641) 143 352
1% - 6 UNC 166 300 (740) 143 352
1%s-8 UN 177 600 (790) 143 352
172 - 6 UNC 202 300 (900) 143 352
17,-8 UN 214 800 (955) 143 352

By publication of this standard no position is taken with respect 1o the validity of any patent rights in connection there-
with, and the American Society for Testing and Materials does not undertake to insure anyone utilizing the standard

e .Bascd on 144,000 psi (990 MPa) on stress area of test

mandrel or test bolt.

against liability for infringement of any Letters Patent nor assume any such liability.
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AMERICAN SOCIETY FOR TESTING AND MATERIALS

1916 Race St., Philadelphia, Pa., 19103
Reprinted from the Annual Book of ASTM Standards, Copyright ASTM

AMERICAN NATIONAL STANDARD G59.1-1971
APPROVED JULY 14, 1971

BY AMERICAN NATIONAL STANDARDS INSTITUTE

Standard Specification for

STEEL SHEET PILING'

ASTM Designation: A 328 - 70¢

This Standard of the American Society for Testing and Materials is issued under
the fixed designation A 328; the number immediately following the designa-
tion 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—Sections 7 and 8 were deleted editorially in October
1971 due to revision of ASTM Specification A 6.

1. Scope

1.1 This specification covers carbon
steel® sheet piling of structural quality
for use in the construction of dock walls,
sea walls, cofferdams, excavations, and
like applications.

1.2 When the steel is used in welded
construction, it is presupposed that
welding procedures will be suitable for
the materials being welded. All welding
shall be performed using a low-hydrogen
process.

NoTe—The values stated in U. S. customary
units are to be regarded as the standard. The
metric equivalents of U. S. customary units
given in the standard may be approximate.

2. General Requirements for Delivery
2.1 Material furnished under this

1 Under the standardization procedure of the
Society, this specification is under the jurisdic-
tion of the ASTM Committee A-1 on Steel, and
is the direct responsibility of Subcommittee
A01.02 on Structural Steel.

Current edition effective Oct. 2, 1970. Origi-
nally issued 1950. Replaces A 328 - 69,

¥8ee ASTM specification A 572, for High-
Strength Low-Alloy Columbium-Vanadium
Steels of Structural Quality.?

specification shall conform to the ap-
plicable requirements of the current
edition of ASTM Specification A 6,
General Requirements for Delivery of
Rolled Steel Plates, Shapes, Sheet Piling,
and Bars for Structural Use.?

3. Appurtenant Materials

3.1 Unless otherwise provided in the
order, the current edition of the specifi-
cations of the American Society for
Testing and Materials listed in Table 1
shall govern delivery of otherwise un-
specified appurtenant materials when
included with material purchased under
this specification.

4. Process

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

5. Chemical Composition

5.1 The heat analysis shall conform to
the requirements prescribed in Table 2.

3 Annual Book of ASTM Standards, Part 4.

24-86
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5.2 The steel shall conform on prod-
uct analysis to the requirements pre-
scribed in Table 2, subject to the prod-
uct analysis tolerances in Specification
A6.

6. Mechanical Properties

6.1 The material, as represented by
the test specimens, shall conform to the
requirements as to tensile properties
prescribed in Table 3.

TABLE 1—APPURTENANT MATERIAL
SPECIFICATIONS.

ASTM Specification of
Material® to be Furnished

Commodity
with Steel Sheet Piling

Plates, bars, struc-

tural shapes. . .. A 36
Rivets........... A 502,
Grade 1°
Bolts............ A 307,
Grade A°

% These designations refer to the following
Specifications® of the American Society for
Testing and Materials:

A 36, Structural Steel,

A 307, Low-Carbon B8teel Externally and

Internally Threaded Standard Fasteners,
and

A 502, Steel Structural Rivets.

» ASTM A 502, Grade 2, may be specified if
desired.

¢ ASTM Specification A 325, for High-
Strength Bolts for Structural Steel Joints In-
cluding Suitable Nuts and Plain Hardened
Washers,® may be specified where required.

6.2 The bend test specimen shall stand
being bent cold through 180 deg to an
inside diameter of two times the thick-

ness of the specimen without cracking
on the outside of the bent portion.

NoTe—This ratio applies to the bending per-

SPECIFICATION FOR STEEL SHEET PILING (A 328)

formance of a test specimen only. This specimen
is always taken in the longitudinal direction and
usually has some edge preparation. When sheet
piles are to be bent in a fabricating operation,
more liberal bend radii must be used.

6.3 A minimum tensile strength of
60,000 psi (42.0 kgf/mm?) and a mini-
mum yield point of 36,000 psi (25.5
kgf/mm?) shall be permitted for piling
sections used in the fabrication of cold-
formed connections.

TABLE 2—CHEMICAL REQUIREMENTS.

Composition, per cent
Element

Heat Analysis

Phosphorus, max. .. .. 0.04
Sulfur, max.......... 0.05
Copper (when speci-

fied), min.......... 0.20

TABLE 3—TENSILE REQUIREMENTS.

Tensile strength, min, psi 70 000
(kgf/mm?) (49.2)
Yield point, min, psi (kgf/mm?) 38 500
27.1)

Elongation in 8 in. (203.2 mm), 17

min, per cent

SUPPLEMENTARY REQUIREMENT

The following supplementary require-
ment shall apply only when specified in
in the purchase order.

S1. The minimum strength of the
interlocked joint required for certain
services may be specified for certain
sheet piling sections subject to specific
agreement between the material pur-
chaser and the manufacturer.

By publicalion of this standard no position is taken with respect to the validity of any patent rights in
connection therewith, and the American Society for Testing and Malerials does not undertake to insure
anyone utilizing the standard against liability for infringement of any Lelters Patent nor assume any

such liability.

24-29 X
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American National Standard G38.10
American National Sandards Institute

AMERICAN SOCIETY FOR TESTING AND MATERIALS
1916 Race St., Philadelphia, Pa., 19103
Reprinted from the Annual Book of ASTM Standards, Copyright ASTM

If not histed in the current combined Index. will appear in the next edition.

Standard Specification for

QUENCHED AND TEMPERED ALLOY STEEL BOLTS,
STUDS, AND OTHER EXTERNALLY THREADED

FASTENERS'

This Standard is issued under the fixed designation A 354; 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 the chemical
and mechanical requirements of quenched and
tempered alloy steel bolts, studs, and other
externally threaded fasteners 4 in. and under in
diameter for application at normal atmospheric
temperatures, where high strength is required
and for limited application at elevated tem-
peratures (Note 1). Any alloy steel capable of
meeting the minimum mechanical and chemi-
cal properties set forth in this specification
may be used.

NoTe 1—For bolts, studs, or other externally
threaded fasteners, to be used at elevated tempera-

tures, reference should be made to Specification
A 193,

1.2 Two levels of bolting strength are cov-
ered, designated Grades BC and BD. Selection
will depend upon design and the stresses and
service for which the product is to be used.

NoTE 2—Quenched and tempered alloy steel bolts
for structural steel joints up through 1%-in. in
diameter are covered in Specification A 490. Alloy
steel bolts, studs, and other externally threaded
fasteners (that is, heavy hex-structural bolts over 12
in., hex bolts, anchor bolts, and countersunk bolts)
exhibiting similar mechanical properties to bolts
conforming to Specification A 490 shall be covered
by Grade BD of this specification.

1.3 Suitable nuts are covered by reference to
Specifications A 194, A 325, and A 563.

1.4 When nuts are used with bolts, studs, and
other externally threaded fasteners described in

this specification, they shall conform with
Table 1.

NoTe 3—The values stated in U.S. customary
units are to be regarded as the standard.

2. Applicable Documents

2.1 The following documents of the issue in
effect on date of material procurement form a
part of this specification to the extent refer-
enced herein:

2.1.1 ASTM Standards:

A 153 Specification for Zinc Coating (Hot-

Dip) on Iron and Steel Hardware?

A 193 Specification for Alloy-Steel and
Stainless Steel Bolting Materials for High-
Temperature Service®

A 194 Specification for Carbon and Alloy
Steel Nuts for Bolts for High-Pressure and
High-Temperature Service?

A 325 Specification for High Strength Bolts
for Structural Steel Joints Including Suita-
ble Nuts and Plain Hardened Washers*

A 370 Methods and Definitions for Mechani-
cal Testing of Steel Products®

A 490 Specification for Quenched and Temp-
ered Alloy Steel Bolts for Structural Steel
Joints*

A 563 Specification for Carbon Steel Nuts® *

2.1.2 ANSI 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 A01.26 on
Bolting.

Current edition approved May 27, 1974. Published Au-
gust 1974, Originally published as A 354 -52T. Last pre-
vious edition A 354 - 66.

2 1974 Annual Book of ASTM Standards, Part 3.

31974 Annual Book of ASTM Standards, Part 1.

41974 Annual Book of ASTM Standards, Part 4.

5 1974 Annual Book of ASTM Standards, Parts 1, 2, 3, 4,
5 and 10.

¢ Available from American National Standards Institute,
1430 Broadway, New York, N. Y. 10018.
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B1.1 Unified Screw Threads
B18.2.2 Square and Hex Nuts

3. Material and Manufacture

3.1 The steel shall be made by the open-
hearth, electric-furnace, or basic-oxygen proc-
ess.

3.2 All fasteners shall be heat-treated by
quenching in a liquid medium (except Grade
BD must be quenched in oil) from above the
transformation temperature and then temper-
ing by reheating to a temperature of not less
than 850°F (455°C) for Grade BC and 900°F
(480°C) for Grade BD.

3.3 When used, suitable plain-hardened
washers shall be quenched and tempered (non-
carburized) as described in Specification
A 325.

3.4 Galvanized fasteners (including nuts and
washers if used) shall be hot-dip galvanized in
accordance with the requirements for Class C
Specification A 153. Nuts shall be tapped over-
size after galvanizing by at least the minimum
diametral amounts specified in Specification
A 563. Nuts shall be provided with an addi-
tional lubricant which shall be clean and dry to
the touch.

3.5 Galvanized bolts and nuts shall be
shipped in the same container unless specifi-
cally requested otherwise by the purchaser.

4. Chemical Requirements

4.1 All fasteners shall be made from alloy
steel conforming to the chemical composition
requirements given in Table 2. The steel shall
contain sufficient alloying elements to qualify it
as an alloy steel.

NoOTE 4—Steel is classified as alloy steel by the
American Iron and Steel Institute when the max-
imum of the range specified for the content of
alloying elements exceeds one or more of the follow-
ing limits: 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 recog-
nized commercial field of alloy steels; aluminum,
boron, and chromium up to 3.99 %, cobalt, columbi-
um, molybdenum, nickel, titanium, tungsten, vanadi-
um, zirconium, or any other alloying element added
to obtain a desired alloying effect.

4.2 Product analysis may be made by the
purchaser from finished material representing
each lot of fasteners. The chemical composition
thus determined shall conform to the require-
ments given in Table 2. Choice of alloy steel

1/5.98
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composition necessary to assure meeting the
specified mechanical requirements shall be
made by the manufacturer and shall be re-
ported to the purchaser for information pur-
poses only.

5. Mechanical Requirements

5.1 All fasteners regardless of size or shape,
shall meet the hardness requirements specified
in Table 3. This shall be the only requirement
for fasteners which are too short or are too
long, or which have insufficient threads for
tension testing or which have drilled or under-
size heads that are weaker than the threaded
section.

5.2 All fasteners 1Y in. in diameter or less,
shall be tested full size and shall conform to the
tensile strength and proof load (or yield
strength) in Table 4 (see 5.1).

5.3 All fasteners larger than | Y in. in diam-
eter shall preferably be tested full size and shall
conform to the tensile strength and proof load
(or yield strength) in Table 4 (see 5.1). When
equipment of sufficient capacity for such test is
not available, machined test specimens may be
used which shall conform to the requirements in
Table 5.

5.4 For fasteners on which both hardness
and tension tests are performed, acceptance
shall be based on tension tests in the event a
discrepancy between minimum hardness and
tension tests exists.

5.5 When used, washers shall be in accord-
ance with 4.7 of Specification A 325, which
states in part that quenched and tempered
washers shall have a Rockwell hardness of C 38
to 45. Hot-dip galvanized washers shall have a
Rockwell hardness of 26 to 45 HRC.

6. Dimensions

6.1 Threads shall be the Unified Coarse
Thread Series as specified in ANSI Bl1.1, and
shall have Class 2A tolerances for bolts and
Class 2B tolerances for nuts. When specified,
8-Pitch Thread Series shall be used on bolts
over | in. in diameter.

6.2 Washers—Dimensions of washers shall
conform to those shown in the latest issue of the
Specification for Structural Joints Using
ASTM A 325 or A 490 Bolts, approved by the
Research Council on Riveted and Bolted
Structural Joints, of the Engineering Founda-
tion.

O
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6.3 Nuts—Unless otherwise specified, nuts
for use with bolts and studs shall conform to the
dimensions for heavy hex nuts specified in
ANSI Standard B18.2.2.

7. Methods of Test

7.1 Methods of test shall be in accordance
with Supplement III of Methods and Defini-
tions A 370.

7.2 Proof load, rather than yield strength
determination is preferred and shall be the
arbitration method for fasteners 1Y% in. and
under in diameter.

7.3 Hexagon bolts shall be tested by the
wedge tension method. Fracture shail be in the
body or threads of the bolt without any fracture
at the junction of the head and body.

7.3.1 At the option of the manufacturer, the
yield strength test (see S11.1.3.1 of Methods
A 370) and the wedge tension test (S11.1.5)
may be accomplished concurrently to satisfy
7.2 and 7.3.

7.4 Studs and bolts other than those in 7.4
shall be tested by the axial tension method.

7.4.1 At the option of the manufacturer, the
yield strength test and the axial tension test
may be accomplished concurrently to satisfy
7.2 and 7.4.

7.5 The speed of testing determined with a
free running crosshead shall be a maximum of
Y8 in. (3.2 mm)/min for the bolt proof load (or
yield strength) determination and a maximum
of 1in. (25.4 mm)/min for the tensile strength
determination.

8. Number of Mechanical Tests

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 purchase order, the
manufacturer shall furnish a test report certi-

fied to be the last completed set of mechanical
tests for each stock size in each shipment.

8.3 When additional mechanical 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:

A 354

8.3.1 One type of item, bolts, studs, etc.,

8.3.2 One nominal diameter, and

8.3.3 One nominal length.

8.4 From each lot, the number of tests for
each required property shall be as follows:

Number of Pieces Number of
in Lot Samples

800 and under 1

801to08 000 2

8 001to22 000 3

Over 22 000 5

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

9. Markings

9.1 All products shall be marked with the
manufacturer’s identification symbol. Marks
may be raised or depressed at the manufactur-
er’s option, on the top of the head for bolts and
on one end for studs.

9.2 All products shall also be marked with
the grade symbol except Grade BD bolts 4
through 12 in. in diameter, which shall be
marked with six radial lines 60 deg apart on the
top of the head.

10. Inspection

10.1 If the inspection described in 10.2 is
required by the purchaser, it shall be specified
in the inquiry and contract or purchase 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, with-
out charge, to satisfy him that the material is
being furnished in accordance with this specifi-
cation. All tests (except product analysis) and
inspection shall be made at the place of manu-
facture prior to shipment, unless otherwise
specified, and shall be so conducted as not to
interfere unnecessarily with the operation of the
works.

11. Rejection

11.1 Unless otherwise, specified, any rejec-
tion based on tests specified herein shall be
reported to the manufacturer within 30 working
days from the receipt of samples by the pur-
chaser.
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TABLE 1 Bolt-Nut Suitability TABLE 3 Hardness Requirements for Full-Size Fasteners
Grade of Specification, Grade, and Hardness (\.
Fastener Size of Nuts )
Size, in. Grade Brinell Rockwell C
BC A 194 Grade 2 or 2H ¥ to 4 in. incl. - -
A 563 Grade C %2 to 1% in. incl. Min | Max | Min | Max
A 563 Grade D Y to 4 in. incl.
A 563 Grade DH V4 to 4 in. incl. Y102V BC 255 | 331 25 4 36
A 325 Vato 1 Y2 in. incl. QOver 2% BC 241 311 22 33
BD A 194 Grade 2H Y% to 4 in. incl. Yito 2 BD 3| 352 32 38
A 563 Grade DH Y% to 4 in. incl. Over 2'2 BD 285 | 352 30 38
Hot-Dip Galvanized:
BC and BD A 194 Grade 2 H Y4 to 4 in. incl.

A 563 Grade DH Y to 4 in. incl.

TABLE 2 Chemical Requirements

Heat Product
Element Analysis, Analysis,
% %
Carbon:
For sizes through 0.30t00.53 0.28t0 0.55
1Y2 in.
For sizes larger 0.35t00.53 0.33t00.55
than 12 in.
Phosphorus, max 0.035 0.040
Sulfur, max 0.040 0.045

1/5.100 7/75
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TABLE 4 Tensile Requirements for All Full-Size Fasteners— U.S. Customary Units

Grade BC Grade BD
Bolt | Threads | Stress . B
. . Yield . Yield
S | per | A | Jeie | proorLond | suenan | Tk | proorboss | sueng
. . ; lbf"’ min, 1bf* | (0.2% offset), min. b min, 1bf* (0.2% offset),
min, min, Ibf* » min, 1bf’

1 2 3 4 5 6 7 8 9
Ya 20 0.0318 4 000 3 350 3 450 4 750 3 800 4 100
N 18 0.0524 6 550 5 500 5 700 7 850 6 300 6 800
% 16 0.0775 9 700 8 150 8 450 11 650 9 300 10 075
Ye 14 0.1063 13 300 11 150 11 600 15 950 12 750 13 850
% 13 0.1419 17 750 14 900 15 450 21 300 17 050 18 500
Ne 12 0.182 22 750 19 100 19 850 27 300 21 850 23 600
% 11 0.226 28 250 23 750 24 650 33 900 27 100 29 400
% 10 0.334 41 750 35 050 36 400 50 100 40 100 43 400
% 9 0.462 57 750 48 500 50 350 69 300 55 450 60 100
1 8 0.606 75 750 63 650 66 050 90 900 72 700 78 800
1% 7 0.763 95 400 80 100 83 150 114 450 91 550 99 200
1% 8 0.790 98 750 82 950 86 200 118 500 94 800 102 700
1% 7 0.969 121 150 101 750 105 600 145 350 116 300 126 000
1% 8 1.000 125 000 105 000 109 000 150 000 120 000 130 000
1% 6 1.155 144 400 121 300 125 900 173 250 138 600 150 200
1% 8 1.233 154 150 129 450 134 400 185 000 148 000 160 300
1% 6 1.405 175 650 147 550 153 150 210 750 168 600 182 500
1% 8 1.492 186 500 156 650 162 250 233 800 175 050 194 000
1% 5 1.90 237 500 199 500 207 100 285 000 228 000 247 000
1% 8 2.08 260 000 218 400 226 700 312 000 249 600 270 000
2 41 2.50 312 500 262 500 272 500 375 000 300 000 325 000
2 8 2.1 346 250 290 850 301 950 415 500 332 400 360 000
2% 414 3.25 406 250 341 250 354 250 487 500 390 000 422 500
2Y% 8 3.56 445 000 373 800 388 050 534 000 422 200 462 800
24 4 4.00 500 000 420 000 436 000 600 000 480 000 520 000
2% 8 4.44 550 000 466 200 483 950 666 000 532 800 577 200
2% 4 4.93 566 950 468 350 488 050 690 200 517 650 566 950
2% 8 5.43 624 450 515 850 537 550 750 200 570 150 624 450
3 4 5.97 686 550 567 150 591 050 835 800 626 850 686 550
3 8 6.51 748 650 618 450 644 500 911 400 683 550 748 650
3% 4 7.10 816 500 674 500 702 900 994 000 745 500 816 500
3% 8 7.69 884 350 730 550 761 300 1 076 600 807 450 884 350
3% 4 8.33 957 950 791 350 824 650 1 166 200 874 650 957 950
3% 8 8.96 1 030 400 851 200 887 050 1 254 400 940 800 1 030 400
3% 4 9.66 1 110 900 917 700 956 350 I 352 400 1 014 300 1 110 900
3% 8 10.34 1 199 100 983 300 1 023 650 1 447 600 1 085 700 1 189 100
4 4 11.08 1 274 200 1 052 600 1 096 900 1 551 200 1 163 400 1 274 200
4 8 11.81 1 358 200 1 122 000 1 169 200 1 653 400 1 240 050 1 358 150

@ Based on 125 000 psi for sizes % to 2 in., incl, and on 115 000 psi for sizes over 2!4 to 4 in., incl.
® Based on 105 000 psi for sizes % to 2!% in., incl, and on 95 000 psi for sizes over 24 to 4 in., incl.
¢ Based on 109 000 psi for sizes % to 2% in., incl, and on 99 000 psi for sizes over 2% to 4 in., incl.
¢ Based on 150 000 psi for sizes ! to 2% in., incl, and on 140 000 psi for sizes over 24 to 4 n. incl.
¢ Based on 120 000 psi for sizes % to 2% in., incl, and on 105 000 psi for sizes over 2 to 4 in. incl.
 Based on 125 000 psi for sizes !4 to 2!4 in., incl, and on 115 000 psi for sizes over 2! to 4 in. incl.
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TABLE 4a Tensile Requirements for All Full-Size Fasteners—SI Units

dilh A3sa

Grade BC Grade BD
Yield Yield
Bolt Size, Threads Stress Tensile Proof Strength Tensile Proof Strength

in, per Inch Area,in.? | Strength, Load 0.2% Strength, Load (0.2%

min, N°@ min, N°® offset), min, N¢ min, N¢ offset),

min, N° min, N/

1 2 3 4 5 6 7 8 9

Y 20 0.0318 28 23 24 33 26 28
e 18 0.0524 45 38 39 54 43 45
% 16 0.0775 67 56 58 80 64 67
Yo 14 0.1063 92 77 80 110 88 92
% 13 0.1419 122 103 107 147 118 122
%6 12 0.182 157 132 137 188 151 157
% 11 0.226 195 164 170 234 187 195
% 10 0.334 288 242 251 345 276 288
% 9 0.462 398 334 347 478 382 398
1 8 0.606 522 439 455 627 501 522
1% 7 0.763 658 552 573 789 631 658
1% 8 0.790 681 572 594 817 654 681
1% 7 0.969 835 702 728 1002 802 835
1% 8 1.000 862 724 752 1034 827 862
1% 6 1.155 996 836 868 1195 956 996
1% 8 1.233 1063 893 927 1276 1020 1063
1% 6 1.405 1211 1017 1056 1453 1162 1211
1% 8 1.492 1286 1080 1119 1543 1207 1286
1% 5 1.90 1638 1376 1428 1964 1571 1702
1% 8 2.08 1793 1506 1563 2150 1720 1863
2 4% 2.50 2155 1810 1879 2584 2067 2239
2 8 2.77 2387 2005 2082 2863 2290 2480
2Y 4% 3.25 2801 2353 2442 3359 2687 2911
2% 8 3.56 3068 2577 2676 3679 2909 3189
2% 4 4.00 3447 2896 3006 4134 3307 3583
2% 8 4.44 3792 3214 3337 4589 3671 3977
2% 4 4.93 3909 3229 3365 4755 3567 3906
2% 8 5.43 4305 3557 3706 5169 3928 4302
3 4 5.97 4734 3909 4075 5759 4319 4730
3 8 6.51 5162 4264 4444 6280 4710 5158
3% 4 7.10 5630 4651 4846 6849 5136 5626
3% 8 7.69 6097 5037 5249 7418 5563 6093
3% 4 8.33 6605 5456 5685 8035 6026 6600
3% 8 8.96 7104 5869 6116 8643 6482 7099
3% 4 9.66 7659 6327 6594 9318 6989 7654
3% 8 10.34 8268 6780 7058 9974 7480 8193
4 4 11.08 8785 7257 7563 10 688 8016 8779
4 8 11.81 9365 7736 8061 11 392 8544 9358

¢ Based on 862 MPa for sizes ! to 2% in., incl, and on 793 MPa for sizes over 2'4 to 4 in., incl.
® Based on 724 MPa for sizes ! to 2Y% in., incl, and on 655 MPa for sizes over 2! to 4 in., incl.
“ Based on 752 MPa for sizes % to 2! in., incl, and on 683 MPa for sizes over 2% to 4 in., incl.

@ Based on 1034 MPa for sizes Y% to 2 V2 in., incl, and on 965 M Pa for sizes over 2 ¥ to 4 in. incl.
* Based on 827 MPa for sizes % to 2% in., incl, and on 724 MPa for sizes over 2% to 4 in. incl.
 Based on 862 MPa for sizes % to 2 in., incl, and on 793 MPa for sizes over 2% to 4 in. incl.

1/5.102

7/75



b A354

TABLE S Mechanical Requirements for Machined Specimens

. Elongation .
. Yield Strength . Reduction
O Grade Size, in. T:lr;;'le sSit(rfgggh 0.2% offsetg), ";g ::ljnor of Area,
P min, psi (kPa) min, % min, %
BC Vs to 2V% incl. 125 000 (862) 109 000 (752) 16 50
BC Over2Ya 115 000 (793) 99 000 (683) 16 45
BD Y4 to 22 incl. 150 000 (1034) 130 000 (896) 14 40
BD Over2Ve 140 000 (965) 115 000(793) 14 40

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.
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45"9 Designation: A 440 - 74

American National Standard G41.3
American National Standards Institute

AMERICAN SOCIETY FOR TESTING AND MATERIALS
1916 Race St., Philadelphia, Pa., 19103
Reprinted from the Annual Book of ASTM Standards, Copyright ASTM

If not listed in the current combined Index. will appear in the next edition

Standard Specification for

HIGH-STRENGTH STRUCTURAL STEEL'

This Standard is issued under the fixed designation A 440; 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 high-strength
steel shapes, plates, and bars of structural
quality intended primarily for use in the con-
struction of riveted or bolted bridges and
buildings and for other special structural pur-
poses, where saving in weight is important.
The atmospheric corrosion resistance of this
steel is approximately twice that of structural
carbon steel. This specification is limited to
material up to 4 in. (102 mm) inclusive in
thickness.

NoOTE 1—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 Specification
A 6 for General Requirements for Delivery of
Rolled Steel Plates, Shapes, Sheet Piling, and
Bars for Structural Use.?

2.2 Welding of defects shall be done with a
welding electrode conforming to classification
E7015 or E7016 of AWS Specifications A 5.1
for Mild Steel Covered Arc-Welding Elec-
trodes.?

3. Process

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

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 Properties

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 3%, in. (7.94 mm)
in thickness or diameter, as represented by
the test specimen, a deduction from the per-
centage elongation in 8 in. (200 mm), speci-
fied in Table 2, of 1.25% shall be made for each
decrease of !4, in. (0.79 mm) of the specified
thickness or diameter below % in.

6. Bending Properties

6.1 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.

' 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 July 29, 1974. Published Sep-
tember 1974. Originally published as A 440 - 59 T. Last
previous edition A 440 - 70a.

2 1974 Annual Book of ASTM Standards, Part 4.

3 Available from American Welding Society, 2501 North
West 7th St., Miami, Fla. 33125.
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TABLE 1 Chemical Requirements

Heat Analysis,

%
Carbon, max 0.28
Manganese 1.10-1.60
Phosphorus, max 0.04
Sulfur, max 0.05
Silicon, max 0.30
Copper, min 0.20

TABLE 2 Tensile Requirements

Plates and Bars

Structural Shapes

For Thickne Thickn
. icknesses icknesses
Thl:;‘kril:sses over % to over 1 %2 to Groups Group 3° Groups
(19 mr'n) 11/:238in. (19 41in. (38 1 and 2° roup 4 and 5°
to 38 mm), to 102 mm),
and under incl incl
Tensile strength min, psi| 70 000 (485) | 67 000 (460) | 63 000 (435) | 70 000 (485) | 67 000 (460) | 63 000 (435)
(MPa)
Yield point min, psi| S0 000 (345) | 46 000 (315) | 42 000 (290) | 50 000 (345) | 46 000 (315) | 42 000 (290)
(MPa)
Elongation in 8 in. or 200| 18%¢ 184 184 18° 18¢ 18
mm, min, %
Elongation in 2 in. or 50 ... 214 214 21¢

mm, min, %

¢ See Specification A 6, Table A.

bSee 5.2.

€ For wide flange shapes over 426 1b/ft elongation in 2 in. (50 mm) of 19% minimum applies.
¢ Elongation not required to be determined for floor plate.

TABLE 3 Bend Test Requirements

Thickness of Material, in. (mm)

Ratio of Bend
Diameter to
Thickness of

Specimen®
To % (19), incl 1
Over % to 1 (19 to 25), incl 1%
Over 1 to 1% (25 to 38), incl 2
Over 12 to 2 (38 to 51), incl 2Vs
Over 2 to 4 (51 to 102), incl 3

%The above ratios apply to the bending performance of
a test specimen only. This specimen is always taken in the
longitudinal direction and usually has some edge prepara-
tion. Where plates are to be bent in a fabricating operation,
more liberal bend radii must be used, particularly if this
bend axis is in the unfavorable (longitudinal) direction.

By publication of this standard no position is taken with respect to the validity of any patent rights in connection there-
with, and the American Society for Testing and Materials does not undertake to insure anyone utilizing the standard
against liability for infringement of any Letters Patent nor assume any such liability.
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American National Standard G41.4
American National Standards Institute

AMERICAN SOCIETY FOR TESTING AND MATERIALS
1916 Race St., Philadelphia, Pa., 19103
Reprinted from the Annual Book of ASTM Standards, Copyright ASTM

If not listed in the current combined Index. will appear in the next edition

Standard Specification for

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.

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 |—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 Specification
A 6 for General Requirements for Delivery of
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 8 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.

6. Bending Properties

6.1 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 based on the thickness of
the specimen as prescribed in Table 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 July 29, 1974. Published Sep-
tember 1974. Originally published as A 441 - 60 T. Last
previous edition A 441 - 70a.

+ 1974 Annual Book of ASTM Standards, Part 4.
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Chemical Requirements

Heat Analysis,

%

Carbon, max
Manganese

Phosphorus, max

Sulfur, max
Silicon, max
Copper, min
Vanadium, min

0.22
0.85
0.04
0.05
0.30
0.20
0.02

1.25

TABLE 2 Tensile Requirements

Plates and Bars

Structural Shapes

For _For _For _For
Thicknesses Thicknesses Thlcknqsses Thicknesses
Y% in. over % to | over 12 to over 4108 Groups Group 3¢ Groups
(19 mm) 1% in. (19 4 in. (38 in. (102 | and 2° 4 and 5°
and under to 3§ mm), | to IQZ mm), | to ZQ3 mm),
incl incl incl
Tensile 70 000 (485) | 67 000 (460) | 63 000 (435) | 60 000 (415) | 70 000 (485){ 67 000 (460)| 63 000 (435)
min, psi (MPa)?
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%¢ 184 184 18¢ 18 18
or 200 mm, min,
%
Elongation in 2 in/|... 214 214 214 21¢
or 50 mm, min,
%

@ See Specification A 6, Table A.

® When the material is normalized the minimum yield point and minimum tensile strength required shali be reduced
5000 psi (35 MPa).
“See 5.2.

? Elongation not required to be determined for floor plate.
¢ For wide flange shapes over 426 1b/ft elongation in 2 in. or 50 mm of 19% minimum applies.

By publication of this standard no position is 1aken with respect to the validity of any patent rights in connection there-
with, and the American Society for Testing and Materials does not undertake to insure anyone utilizing the standard

TABLE 3 Bend Test Requirements

Thickness of Material, in. (mm)

Ratio of Bend
Diameter to
Thickness of

Specimen®

To % (19), incl

Over % to 1 (19 to 25), incl

Over | to 1% (25 to 38), incl
Over 1 Y2 to 2 (38 to 51), incl

Over 2 to 4 (51

to 102), incl

¢ The above ratios apply to the bending performance of
a test specimen only. This specimen is always taken in the
longitudinal direction and usually has some edge prepara-
tion. Where plates are to be bent in a fabricating operation,
more liberal bend radii must be used, particularly if this
bend axis is in the unfavorable (longitudinal) direction.

against liability for infringement of any Letters Patent nor assume any such liability.
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qmp Designation: A 435 - 74a

American National Standard G60.2
American National Standards Institute

AMERICAN SOCIETY FOR TESTING AND MATERIALS
1916 Race St., Philadelphia, Pa., 19103
Reprinted from the Annual Book of ASTM Standards, Copyright ASTM
If not listed in the current combined Index. will appear in the next edition.

Standard Specification for

STRAIGHT-BEAM ULTRASONIC EXAMINATION
OF STEEL PLATES FOR PRESSURE VESSELS'

This Standard is issued under the fixed designation A 435; the nymber 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 the procedure
and acceptance standards for straight-beam,
pulse-echo, ultrasonic examination of rolled
carbon and alloy steel plates, Y2 in. (12.7 mm)
and over in thickness, of fully killed pres-
sure vessel quality. It was developed to as-
sure delivery of steel plates free of gross in-
ternal discontinuities such as pipe, ruptures,
or laminations and is to be used whenever the
inquiry, contract, order, or specification states
that the plates are to be subjected to ultra-
sonic examination.

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

2. Apparatus

2.1 The manufacturer shall furnish suitable
ultrasonic equipment and qualified personnel
necessary for performing the test. The equip-
ment shall be of the pulse-echo straight beam
type. The transducer shall be | to 1 Ys-in. (25.4
to 28.6-mm) diameter or 1-in. (25.4-mm)
square. The test shall be performed by one of
the following methods: direct contact, im-
mersion, or liquid column coupling.

2.2 Other search units may be used for eval-
uating and pinpointing indications.

3. Test Conditions

3.1 Conduct the examination in an area
free of operations that interfere with proper
functioning of the equipment.

3.2 Clean and smooth the plate surface suf-
ficiently to maintain a reference back reflec-
tion from the opposite side of the plate at
least 50% of full scale during scanning.

3.3 The surface of plates inspected by this
method may be expected to contain a residue
of oil or rust oy both. Any specified identifica-

tion which is removed when grinding to
achieve proper surface smoothness shall be
restored.

4. Procedure

4.1 Ultrasonic examination shall be made
on either major surface of the plate. Accept-
ance of defects in close proximity may require
inspection from the second major surface.
Plates ordered in the quenched and tempered
condition shall be tested following heat treat-
ment.

4.2 A nominal test frequency of 2% MHz
is recommended. Thickness, grain size, or
microstructure of the material and nature of
the equipment or method may require a
higher or lower test frequency. However, fre-
quencies less than | MHz may be used only on
agreement with the purchaser. A clear, easily
interpreted trace pattern should be produced
during the examination.

4.3 Conduct the examination with a test fre-
quency and instrument adjustment that will
produce a minimum 50 to a maximum 75%
of full scale reference back reflection from the
opposite side of a sound area of the plate.

4.4 Scanning shall be continuous along
perpendicular grid lines on nominal 9-in.
(230-mm) centers, or at the manufacturer’s
option, shall be continuous along parallel
paths, transverse to the major plate axis, on

'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
AO01.11 on Steel for Boilers and Pressure Vessels.

Current edition approved Sept. 27, 1974. Published No-
vember 1974. Originally published as A 435 - 59 T. Last
previous edition A 435 - 74,

2For ASME Boiler and Pressure Vessel Code applica-
tions see related Specification SA-435 in Section II of that
Code.
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nominal 4-in. (100-mm) centers, or shall be
continuous along parallel paths parallel to the
major plate axis, on 3-in. (75-mm) or smaller
Centers. A suitable couplant such as water,
soluble oil, or glycerin, shall be used.

4.5 Scanning lines shall be measured from
the center or one corner of the plate. An addi-
tional path shall be scanned within 2 in. (50
mm) of all edges of the plate on the scanning
surface.

4.6 Where grid scanning is performed and
complete loss of back reflection accompanied
by continuous indications is detected along a
given grid line, the entire surface area of the
squares adjacent to this indication shall be
scanned continuously. Where parallel path
scanning is performed and complete loss of
back reflection accompanied by continuous
indications is detected, the entire surface
area of a 9 by 9-in (230 by 230-mm) square
centered on this indication shall be scanned
continuously. The true boundaries where this
condition exists shall be established in either
method by the following technique: Move the
transducer away from the center of the dis-
continuity until the heights of the back re-
flection and discontinuity indications are
equal. Mark the plate at a point equivalent

A 435

to the center of the transducer. Repeat the
operation to establish the boundary.

5. Acceptance Standards

5.1 Any discontinuity indication causing a
total loss of back reflection which cannot be
contained within a circle, the diameter of
which is 3 in. (75 mm) or one half of the
plate thickness, whichever is greater, is unac-
ceptable.

5.2 The manufacturer reserves the right to
discuss rejectable ultrasonically tested plates
with the purchaser with the object of possible
repair of the ultrasonically indicated defect
before rejection of the plate.

5.3 The purchaser’s representative may
witness the test.

6. Marking

6.1 Plates accepted in accordance with
this specification shall be identified by stamp-
ing or stenciling UT 435 adjacent to marking
required by ASTM Specification A 20, for
General Requirements for Delivery of Steel
Plates for Pressure Vessels.*

31974 Annual Book of ASTM Standards, Part 4.

SUPPLEMENTARY REQUIREMENTS

The following shall apply only if specified in the order:

S1. Instead of the scanning procedure speci-
fied by 4.4 and 4.5, and as agreed upon between
manufacturer and purchaser, 100% of one
major plate surface shall be scanned. Scanning

shall be continuous along parallel paths, trans-
verse or parallel to the major plate axis, with
not less than 10% overlap between each path.

By publication of this standard no position is taken with respect to the validity of any patent rights in connection there-
with, and the American Society for Testing and Materials does not undertake 1o insure an yone utilizing the standard
against liability for infringement of any Letters Patent nor assume any such liability.
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4 oesonnion: A a3 - 2

American National Standard G827
American National Standards Institute

AMERICAN SOCIETY FOR TESTING AND MATERIALS

1916 Race St., Philadelphia, Pa., 19103
Reprinted from the Annual Book of ASTM Standards, Copyright ASTM

Standard Specification for

STEEL SHEET, ZINC COATED (GALVANIZED) BY
THE HOT-DIP PROCESS, PHYSICAL
(STRUCTURAL) QUALITY"'

This Standard is issued under the fixed designation A 446; 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 steel sheet of
physical (structural) quality in coils and cut
lengths, zinc coated (galvanized). Sheet of
this quality is intended primarily where me-
chanical or structural properties of the base
metal are specified or required. Such proper-
ties or values include those indicated by ten-
sion, hardness, or other commonly accepted
mechanical tests. Sheet of this quality can be
produced in six grades, A through F, ac-
cording to the base metal mechanical require-
ments prescribed in Table 2. Physical (struc-
tural) quality galvanized sheet is produced
with any of the types of coating and coating
designations listed in the latest revision of
Specification A 525.

1.2 Sheet supplied under this specification
shall meet all applicable requirements of the
last revision of Specification A 525 unless
otherwise specified herein.

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 525 Specification for Steel Sheet, Zinc
Coated (Galvanized) by the Hot-Dip
Process, General Requirements.?

3. Basis of Purchase

3.1 Galvanized sheet in coils and cut
lengths is produced to decimal thickness only
and thickness tolerances apply. The thickness
of the sheet includes both the base metal and
the coating.

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

3.2.1 Name of material (steel sheet, zinc
coated (galvanized) of physical (structural)
quality),

3.2.2 ASTM designation number, date of
issue, and grade of product,

3.2.3 Coating designation and type of coat-
ing,

3.2.4 Specify whether chemically treated or
non-chemically treated,

3.2.5 Specify whether oiled or not oiled,

3.2.6 Extra smooth (if required),

3.2.7 Phosphatized (if required),

3.2.8 Dimensions (show thickness, width,
and length, if cut lengths),

3.2.9 Coil-size requirements (specify maxi-
mum outside diameter (OD), acceptable inside
diameter (ID), and maximum weight),

3.2.10 End use (show part identification and
description), and

3.2.11 Exceptions to the specification or
special requirements.

NOTE 2—A typical ordering description is as fol-
lows: Galvanized Sheet, Physical (Structural) Qual-
ity, ASTM A 446 (date) Grade A, Coating Desig-
nation G 90, Minimized Spangle, Chemically
Treated, Oiled. 0.0387 in. by 36.25 in. by Coil. 24
in. ID, 20,000 1b Maximum for Roof Deck.

' This specification is under the jurisdiction of ASTM
Committee A-5 on Metallic-Coated Iron and Steel Prod-
ucts,

Current edition approved Oct. 27, 1972. Published
December 1972. Originally published as A 446 - 60 T. Last
previous edition A 446 - 71.

2 Annual Book of ASTM Siandards, Part 3.
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4. Chemical Requirements

4.1 Cast or Heat Analysis—The base metal
shall conform to the requirements of chemical
composition by cast or heat (formerly ladle)
analysis prescribed in Table 1.

S. Mechanical Requirements

5.1 The base metal shall conform to the
tensile properties prescribed in Table 2.

5.2 The base metal bend test shall be made
on coated material. The specimen shall be
capable of being bent at room temperature
through 180 deg, longitudinal or transverse
without major cracking of the base metal on
the outside of the bent portion. The inside
diameter of the bend shall have a relation to
the thickness of the specimen as prescribed in
Table 3. Due to the limited ductility of
Grades D, E, and F, there are no bend test
requirements, but they will withstand limited
forming.

5.3 Two tension tests and two bend tests
for base metal shall be made on random spec-
imens of finished material from each heat.
These specimens are prepared and tested in
accordance with the methods specified in
Specification A 525. 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.

TABLE 1 Chemical Requirements

A 446

6. Coating Bend Test

6.1 Material of this quality in Grades A,
B, and C with coatings designated by the pre-
fix “G” shall be capable of being bent through
180 deg in any direction without flaking of the
coating on the outside of the bend only. The
radius of the bend is determined by the num-
ber of pieces (or mandrel equivalent) as shown
in Table 4. Flaking of coating within ! in.
(6.4 mm) of the edge of the bend specimen shall
not be cause of rejection.

6.2 Since the base metal of Grades D, E, and
F is not subject to the bend test, there are no
coating bend requirements assigned to these
grades.

6.3 Coating bend test specimens shall be
2to 4 in. (51 to 102 mm) wide. The specimen
shall be cut not less than 2 in. (51 mm) from
the edges of the test sheet.

7. Dimensions and Tolerances

7.1 Except for flatness tolerances, all di-
mensions and tolerances are subject to the
requirements of Specification A 525. Flatness
tolerances of material supplied as physical
(structural) quality shall conform to those
prescribed in Table 5.

EXPLANATORY NOTE

NoOTE 1—The retest provisions of Specification
A 525 are applicable to both base metal and coating
tests.

TABLE 2 Mechanical Requirements, Base Metal

Composition, percent Yield Point, Tensile Strength, El&"g'}:‘io"
Grade Grade min min or 50 mm,
A B C D E F psi (MPa) psi (MPa) Tl

Carbon, max 0.20 0.20 0.25 0.40 0.20 0.50 A 33 000 (228) 45 000 (310) 20
Phosphorus, max 004 0.10 0.10 0.20 0.04 0.04 B 37 000 (255) 52 000 (359) 18
Sulfur, max 0.04 0.04 004 0.04 0.04 0.04 C 40 000 (276) 55 000 (380) 16
Copper, when copper 0.20 0.20 0.20 0.20 0.20 0.20 D 50 000 (345) 65 000 (448) 12
stgcl is specified, E 80 000° (552) 82 000 (565) ...
min F 50 000 (345) 70 000 (483) 12
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%The yicld point approaches the tensile strength and
since there is no halt in the gage or drop in the beam, the
yield point should be taken as the stress at 0.5 percent
elongation, under load.
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TABLE 3 Base Metal Bend Tests TABLE 5§ Flatmess Tolerances® * ©
ly, not ified to stretcher leveled
O Ratio of the Bend (Cut lengths ons)t(a::ar:p:;_:lnﬁne;)s retcher levele
) Grade Diameter to Thickness
of the Specimen Flatness
A 1% Specified (&oler&cg
pecifi : . ax Devia-
B 2 Thickness, Spec;ﬁe(z “)I'dth‘ tion From a
C 2% in. (mm) n.{m Horizontal
D @ Flat Surface,
E a in. (mm)
F 0.0606 (1.54)  To 60 (1.52) incl, ¥ (12.7)
° Base metal bend tests arc not required for Grades D, and thicker  Over 60 (1.52) to 72 % (19.1)
E, and F. (1.83) incl
0.0605 (1.53)  To 36 (0.91) incl, 2 (12.7)
TABLE 4 Coatlng Bend Teat and thinner  Over 36 (0.91) to 60 Y (19.1)
NoTe—Since the base metal of Grades D, E, and F is (1.52) incl
not subject to the bend test, there are no coating bend re-
quirements assigned to these grades. Over 60 (1.52) to 72 1(25.4)
. - (1.83) incl
. Ratio of the Bend Diameter to
DeCs?;t:::igon Thickness of the Specimen 2 This table also applies to sheets cut to length from
Grade A Grade B Grade C coils by the consumer when adequate flattening measures
are performed.
G 235 3 3 3 * For Grade D and F use 1% times the values given in
G 210 2 2 2% this table.
G 185 2 2 2% ¢ For Grade E, there are no defined flatness standards.
G 165 2 2 2%
G 140 2 2 2%
G 115 1% 2 2%
— G 9% 1'%4 2 2%
B G 60 1%4 2 2%
4 G 01 3% 2 2%

By publication of this standard no position is taken with respect to the validity of any patent rights in connection there-
with, and the American Society for Testing and Materials does not undertake to insure anyone utilizing the standard
against liability for infringement of any Letters Patent nor assume any such liability.
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