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L]
INTERNATIONAL

ﬁg:[») Designation: A 106/A 106M — 04b
ull

Standard Specification for

Used in USDOE-NE standards

Seamless Carbon Steel Pipe for High-Temperature Service'

This standard is issued under the fixed designation A 106/A 106M; the number immediately following the designation indicates the year
of original adoption or, in the case of revision, the year of last revision. A nurber in parentheses indicates the year of last reapproval.
A superscript epsilon (e) indicates an editorial change since the last revision or reapproval,

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

1. Scope®

1.1 This specification? covers seamless carbon steel pipe for
high-temperature service (Note 1) in NPS % to NPS 48 [DN 6
to DN 1200] (Note 2) inclusive, with nominal (average) wall
thickness as given in ASME B 36.10M. It shall be permissible
to furnish pipe having other dimensions provided such pipe
complies with all other requirements of this specification. Pipe
ordered under this specification shall be suitable for bending,
flanging, and similar forming operations, and for welding.
When the steel is to be welded, it is presupposed that a welding
procedure suitable to the grade of steel and intended use or
service will be utilized.

Note 1—It is suggested, consideration be given to possible graphitiza-
tion.

Note 2—The dimensionless designator NPS (nominal pipe size) [DN
(diameter nominal)] has been substituted in this standard for such
traditional terms as “nominal diameter,” “size,” and “nominal size.”

1.2 Supplementary requirements of an optional nature are
provided for seamless pipe intended for use in applications
where a superior grade of pipe is required. These supplemen-
tary requirements call for additional tests to be made and when
desired shall be so stated in the order.

1.3 The values stated in either SI units or inch-pound units
are to be regarded separately as standard. The values stated in
each system may not be exact equivalents. Therefore, each
system is to be used independently of the other.

1.4 The following precautionary caveat pertains only to the
test method portion, Sections 11, 12, 13, 14, and 15, of this
specification: This standard does not purport to address all of
the safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

! This specification is under the jurisdiction of Committee AOl on Steel,
Stainless Steel and Related Alloys and is the direct responsibility of Subcommittee
AQ1.09 on Carbon Steel Tubular Products.

Current edition approved Oct. 1, 2004. Published October 2004. Originally
approved in 1926. Last previous edition in 2004 as A 106/A 106M — O4a.

* For ASME Boiler and Pressure Vessel Code applications see related Specifi-
cations SA-106 in Section IT of that Code.

2. Referenced Documents

2.1 ASTM Standards: 3

A 530/A 530M Specification for General Requirements for
Specialized Carbon and Alloy Steel Pipe

E 213 Practice for Ultrasonic Examination of Metal Pipe
and Tubing

E 309 Practice for Eddy-Current Examination of Steel Tu-
bular Products Using Magnetic Saturation

E 381 Method of Macroetch Testing Steel Bars, Billets,
Blooms, and Forgings

E 570 Practice for Flux Leakage Examination of Ferromag-
netic Steel Tubular Products

22 ASME Standard:

ASME B 36.10M Welded and Seamless Wrought Steel
Pipe*

2.3 Military Standards:

MIL-STD-129 Marking for Shipment and Storage’

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

2.4 Federal Standard:

Fed. Std. No. 123 Marking for Shipments (Civil Agencies)’

Fed. Std. No. 183 Continuous Identification Marking of Iron
and Steel Products®

2.5 Other Standards:

SSPC-SP 6 Swrface Preparation Specification No. 65

3. Ordering Information

3.1 The inclusion of the following, as required will describe
the desired material adequately, when ordered under this
specification:

3.1.1 Quantity (feet, metres, or number of lengths),

3 For referenced ASTM standards, visit the ASTM website, www.astm.org, or
contact ASTM Customer Service at service@astm.org. For Annual Book of ASTM
Standards volume information, refer to the standard’s Document Summary page on
the ASTM website,

* Available from American Society of Mechanical Engineers (ASME), ASME
International Headquarters, Three Pack Ave., New York, NY 10016-5990.

3 Available from Standardization Documents Order Desk, DODSSE, Bldg, 4,
Section D, 700 Robbins Ave., Philadelphia, PA 19111.5098.

9 Available from Steel Structures Painting Council (SSPC), 40 24th St., 6th
Floor, Pittsburgh, PA 15222-4656.

*A Summary of Changes section appears at the end of this standard,
Copyright ® ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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3.1.2 Name of material (seamless carbon steel pipe),

3.1.3 Grade (Table 1),

3.1.4 Manufacture (hot-finished or cold-drawn),

3.1.5 Size (NPS [DN] and weight class or schedule number,
or both; outside diameter and nominal wall thickness; or inside
diameter and nominal wall thickness),

3.1.6 Special outside diameter tolerance pipe (16.2.2),

3.1.7 Inside diameter tolerance pipe, over 10 in. [250 mm)]

ID (16.2.3),

3.1.8 Length (specific or random, Section 20),

3.1.9 Optional requirements (Section 9 and S1 to S8),

3.1.10 Test report required (Section om Certification of
Specification A 530/A 530M),

3.1.11 Specification designation (A 106 or A 106M, includ-
ing year-date),

3.1.12 End use of material,

3.1.13 Hydrostatic test in accordance with Specification
A 530/A 530M or 13.3 of this specification, or NDE in
accordance with Section 14 of this specification,

3.1.14 Special requirements.

4, Process

4.1 The steel shall be killed steel, with the primary melting
process being open-hearth, basic-oxygen, or electric-furnace,
possibly combined with separate degassing or refining. If
secondary melting, using electroslag remelting or vacuum-arc
remelting is subsequently employed, the heat shall be defined
as all of the ingots remelted from a single primary heat,

4.2 Steel cast in ingots or strand cast is permissible, When
steels of different grades are sequentially strand cast, identifi-
cation of the resultant transition material is required. The
producer shall remove the transition material by any estab-
lished procedure that positively séparates the grades.

4.3 For pipe NPS 1% [DN 40] and under, it shall be
permissible to furnish hot finished or cold drawn,

4.4 Unless otherwise specified, pipe NPS 2 [DN 50] and
over shall be furnished hot finished. When agreed upon
between the manufacturer and the purchaser, it is permissible
to furnish cold-drawn pipe.

5. Heat Treatment

5.1 Hot-finished pipe need not be heat treated, Cold-drawn.

pipe shall be heat treated after the final cold draw pass at a
temperature of 1200 °F (650 °C) or higher.

TABLE 1 Chemical Requirements
Composition, %

Grade A Grade B Grade C
Carbon, max® 0.25 0.30 0.35
Manganese 0.27-0.93 0.29-1,06 0.20-1.06
Phosphaorus, max 0.035 0.035 0,085
Sulfur, max 0.035 0.035 0.035
Silicon, min 0.10 0.10 0.10
Chrome, max® 0.40 0.40 0.40
Copper, max® 0.40 0.40 040
Molybdenum, max? 0.18 0.15 0.15
Nickel, max?® 0.40 0.40 0.40
Vanadium, max® 0.08 0.08 0.08

“AFor each reduction of 0.01 % below the specified carbon maximum, an
increase of 0.06 % manganese above the specified maximum will be permitted up
o a maximum of 1.35 %,

ZThess five elements combined shall not exceed 1 %.

6. General Requirements

6.1 Material furnished to this specification shall conform to
the applicable requirements of the current edition of Specifi-
cation A 530/A 530M unless otherwise provided herein.

7. Chemical Composition
7.1 The steel shall conform to the requirements as to

. chemical composition prescribed in.Table 1...

8. Heat Analysis ‘

8.1 An analysis of each heat of steel shall be made by the
steel manufacturer to determine the percentages of the ele-
ments specified in Section 7. If the secondary melting pro-
cesses of 5.1 are employed, the heat analysis shall be obtained
from one remelted ingot or the product of one remelted ingot
of each primary melt. The chemical composition thus deter-
mined, or that determined from a product analysis made by the
manufacturer, if the latter has not manufactured the steel, shall
be reported to the purchaser or the purchaser’s representative,
and shall conform to the requirements specified in Section 7.

9. Product Analysis

9.1 At the request of the purchaser, analyses of two pipes
from each lot (Note 3) of 400 lengths or fraction thereof, of
each size up to, but not including, NPS 6 [DN 150], and from
each lot of 200 lengths or fraction thereof of each size NPS 6
[DN 150] and over, shall be made by the manufacturer from the
finished pipe. The results of these analyses shall be reported to
the purchaser or the purchaser’s representative and shall
conform (o the requirements specified in Section 7,

9.2 1If the analysis of one of the tests specified in 9.1 does
not conform to the requirements specified in Section 7,
analyses shall be made on additional pipes of double the
original number from the same lot, each of which shall
conform to requirements specified.

Note 3-—A lot shall consist of the number of lengths specified in
Sections 9 and 21 of the same size and wall thickness from any one heat
of steel. ) :

10. Tensile Requirements
10.1 The material shall conform to the requirements as to
tensile properties given in Table 2. :

11. Bending Réquirements

11.1 For pipe NPS 2 [DN 50] and under, a sufficient length
of pipe shall stand being bent cold through 90° around a
cylindrical mandrel, the diameter of which is twelve times the
outside diameter (as shown in ASME B-36.10M) of the pipe,
without developing cracks. When ordered for close coiling, the
pipe shall stand being bent cold through 180° around a
cylindrical mandrel, the diameter of which is eight times the
outside diameter (as shown in ASME B 36.10M) of the pipe,
without failure.

11.2 Subject to the approval of the purchaser, for pipe
whose diameter exceeds 10 in. [250 mmy], it shall be permis-
sible for the bend test to be substituted for the flattening test
described in Section 12. The bend test specimens shall be bent
at room temperature through 180° with the inside diameter of

PRO_00079102
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TABLE 2 Tensile Requirements

Grade A Grade B Grade C
Tensile strength, min, psi [MPa] 48 000 [330] 60 000 [415] 70 000 [485]
Yield strength, min, psi [MPa] 30 000 [205] 35 000 [240] 40 000 [275]
Longitu- Transverse Longitu- Transverse Longitu- Transverse
dinal dinal dinal
Elongation in 2 in. [50 mm], min, %:
Basic minimurn elongation transverse strip tests, and for all small 35 25 30 16.8 30 18.5
sizes tested in full section
When standard round 2-in. [50-mim] gage length test specimen is 28 20 22 12 20 12
used
For longitudinal strip tests A A A
For transverse strip tests, a deduction for each Vaz-in. [0.8-mm] 1.25 1.00 1,00

decrease in wall thickness below % in. [7.9 mm] from the basic
minimum elongation of the following percentage shall be made

AThe minimumn elongation in 2 in. [50 mm] shall be determined by the following equation:
e =625 0004°2/ UO®

for Sl units, and

e=1 9404 JU°*

for inch-pound units,

minimum elongation in 2 in. [0 mm], %, rounded to the nearest 0.5 %,

= cross-sectional area of the tension test specimen, in.2 [mm?], based upon specified outside diameter or nominal specimen width and specitied wall thicknass,

rounded to the nearest 0.01 in. 2 [1 mm2], (If the area thus caleulated s equal to or greater than 0.75 in. 2 [500 mm?, then the value 0.76 in.# [500 mm?] shall

be used.), and
= specified tensile strength, psi [MPal.

the bend being 1 in. {25 mm)], without cracking on the outside
portion of the bent portion.

11.3 For pipe whose diameter exceeds 25 in. [635 mm] and
whose diameter to wall thickness ratio is 7.0 or less, the bend
test described in 11.2 shall be conducted instead of the
flattening test.

Note 4—Diameter to wall thickness ratio = specified outside diamster/
nominal wall thickness.

Example: For 28 in, [711 mm] diameter 5.000 in. [127 mm)] thick pipe
the diameter to wall thickness ratio = 28/5 = 5.6 [711/127 = 5.6].

12. Flattening Tests

12,1 Except as allowed by 11.2, for pipe over NPS 2 [DN
50], a section of pipe not less than 2V% in. [63.5 mmy] in length
shall be flattened cold between parallel plates until the opposite
walls of the pipe meet. Flattening tests shall be in accordance
with Specification A 530/A 530M, except that in the formula
used to calculate the “H” value, the following “e” constants
shall be used:

0.08 for Grade A
0.07 for Grades B and C

12.2 When low D-to-¢ ratio tubulars are tested, because the
strain imposed due to geometry is unreasonably high on the
inside surface at the six and twelve o’clock locations, cracks at
these locations shall not be cause for rejection if the D-to-¢ ratio
is less than ten.

13. Hydrostatic Test

13.1 Except as allowed by 13.2, 13.3, and 13.4, each length
of pipe shall be subjected to the hydrostatic test without
leakage through the pipe wall.

13.2 As an alternative to the hydrostatic test at the option of
the manufacturer or where specified in the purchase order, it

30

shall be permissible for the full body of each pipe to be tested
with a nondestructive electric test described in Section 14,

13.3 Where specified in the purchase order, it shall be
permissible for pipe to be furnished without the hydrostatic test
and without the nondestructive electric test in Section 14; in
this case, each length so furnished shall include the mandatory
marking of the letters “NH.” It shall be permissible for pipe
meeting the requirements of 13.1 or 13.2 to be furnished where
pipe without either the hydrostatic or nondestructive electric
test has been specified in the purchase order; in this case, such
pipe need not be marked with the letters “NH.” Pipe that has
failed either the hydrostatic test of 13.1 or the nondestructive
electric test of 13.2 shall not be furnished as “NH” pipe.

13.4 Where the hydrostatic test and the nondestructive
electric test are omitted and the lengths marked with the letters
“NH,” the certification, where required, shall clearly state “Not
Hydrostatically Tested,” and the letters “NH” shall be ap-
pended to the product specification number and material grade
shown on the certification.

14. Nondestructive Electric Test

14.1 As an alternative to the hydrostatic test at the option of
the manufacturer or where specified in the purchase order as an
alternative or addition to the hydrostatic test, the full body of
each pipe shall be tested with a nondestructive electric test in
accordance with Practice E 213, E 309, or E 570. In such cases,
the marking of each length of pipe so furnished shall include
the letters “NDE.” It is the intent of this nondestructive electric
test to reject pipe with imperfections that produce test signals
equal to or greater than that produced by the applicable
calibration standard.

PRO_00079103
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14.2 ‘Where the nondestructive electric test is performed, the
lengths shall be marked with the letters “NDE.” The certifica-
tion, where required, shall state “Nondestructive Electric
Tested” and shall indicate which of the tests was applied. Also,
the letters “NDE” shall be appended to the product specifica-
tion number and material grade shown on the certification.

14.3 The following information is for the benefit of the user

. of this specification:

14.3.1 The reference standards defined in 14.4 through 14.6
are convenient standards for calibralion of nondestructive
testing equipment. The dimensions of such standards are not to
be construed as the minimum sizes of imperfections detectable
by such equipment.

14.3.2 The ultrasonic testing referred to in this specification
is capable of detecting the presence and location of significant
longitudinally or circumferentially oriented imperfections:
however, different techniques need to be employed for the
detection of such differently oriented imperfections. Ultrasonic
testing is not necessarily capable of detecting short, deep
imperfections.

1433 The eddy cwrent examination referenced in this
specification has the capability of detecting significant imper-
fections, especially of the short abrupt type.

14.3.4 The flux leakage examination referred to in this
specification is capable of detecting the presence and location
of significant longitudinally or transversely oriented imperfec-
tions: however, different techniques need to be employed for
the detection of such differently oriented imperfections.

14.3.5 The hydrostatic test referred to in Section 13 has the
capability of finding defects of a size permitting the test fluid
to leak through the tube wall and may be either visually seen
or detected by a loss of pressure. Hydrostatic testing is not
necessarily capable of detecting very tight, through-the-wall
imperfections or imperfections that extend an appreciable
distance into the wall without complete penetration,

14.3.6 A purchaser interested in ascertaining the nature
(type, size, location, and orientation) of discontinuities that can
be detected in the specific applications of these examinations is
directed to discuss this with the manufacturer of the tubular
product.

14.4 For ultrasonic testing, the calibration reference notches
shall be, at the option of the producer, any one of the three
common notch shapes shown in Practice E 213, The depth of
notch shall not exceed 12%4 % of the specified wall thickness
of the pipe or 0.004 in. [0.1 mm], whichever is greater.

14.5 For eddy current testing, the calibration pipe shall
contain, at the option of the producer, any one of the following
discontinuities to establish a minimum sensitivity level for
rejection:

14.5.1 Drilled Hole—The calibration pipe shall contain
depending upon the pipe diameter three holes spaced 120°
apart or four holes spaced 90° apart and sufficiently separated
longitadinally to ensure separately distinguishable responses.
The holes shall be drilled radially and completely through the
pipe wall, care being taken to avoid distortion of the pipe while
drilling. Depending upon the pipe diameter the calibration pipe
shall contain the following hole:

31

Diameter of
NPS DN Drilled Hole
= e =15 0.039 in. [1 mm]
> =1 > 15 = 32 0.055 in. {1.4
mm]
>1Va=2 > 32 =50 0.071 In. [1.8
mrn]
»2=5 = 50 =125 0.087 in. [2.2
mrm]
- »5 » 125 0.106-in. [2.7
mm]

14.5.2 Transverse Tangential Notch—Using a round tool or
file with a Yi-in. [6-mm] diameter, a notch shall be filed or
milled tangential to the surface and transverse to the longitu-
dinal axis of the pipe. The notch shall have-a depth not
exceeding 12 %2 % of the specified wall thickness of the pipe
or 0.004 in. [0.1 mm], whichever is greater.

14.5.3 Longitudinal Notch—A notch 0,031 in. [0.8 mm)] or
less in width shall be machined in a radial plane parallel to the
tube axis on the outside surface of the pipe, to have a depth not
exceeding 12 %2 % of the specified wall thickness of the tube
or 0.004 in, [0.1 mm], whichever is greater. The length of the
notch shall be compatible with the testing method.

14.5.4 Compatibility—The discontinuity in the calibration
pipe shall be compatible with the testing equipment and the
method being used.

14.6 For flux leakage testing, the longitudinal calibration
reference notches shall be straight-sided notches machined in a
radial plane parallel to the pipe axis. For wall thicknesses under
Y5 in. [12.7 mm], outside and inside notches shall be used; for
wall thicknesses equal to and above Y2 in. [12.7 mmy], only an
outside notch shall be used. Notch depth shall not exceed 1214
% of the specified wall thickness, or 0.004 in. [0.1 mm],
whichever is greater. Notch length shall not exceed 1 in. [25
mm)], and the width shall not exceed the depth. Outside
diameter and inside diameter notches shall be located suffi-
ciently apart to allow separation and identification of the
signals.

14.7 Pipe containing one or more imperfections that pro-
duce a signal equal to or greater than the signal produced by the
calibration standard shall be rejected or the area producing the
signal shall be reexamined. ‘

14.7.1 Test signals produced by imperfections which cannot
be identified, ot produced by cracks or crack-like imperfections
shall result in rejection of the pipe, unless it is repaired and
retested. To be accepted, the pipe must pass the same specifi-
cation test to which it was originally subjected, provided that
the remaining wall thickness is not decreased below that
permitted by this specification. The OD at the point of gundmg
may be reduced by the amount so reduced.

14.7.2 Test signals produced by visual imperfections such as
those listed below may be evaluated in accordance with the
provisions of Section 18:

14.7.2.1 Dinges,

14.7.2.2 Straightener marks,

14.7.2.3 Catting chips,

14.7.2.4 Scratches,

14.7.2.5 Steel die stamps,

14.7.2.6 Stop marks, or

PRO_00079104
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14.7.2.7 Pipe reducer ripple.

14.8 The test methods described in this section are not
necessarily capable of inspecting the end portion of pipes, a
condition referred to as “end effect.” The length of such end
effect shall be determined by the manufacturer and, when
specified in the purchase order, reported to the purchaser.

15. Nipples

15.1 Nipples shall be cut from pipe of the same dimensions
and quality described in this specification.

16. Dimensions, Mass, and Permissible Variations

16.1 Mass—The mass of any length of pipe shall not vary
more than 10 % over and 3.5 % under that specified. Unless
otherwise agreed upon between the manufacturer and the
purchaser, pipe in NPS 4 [DN 100] and smaller may be
weighed in convenient lots; pipe larger than NPS 4 [DN 100]
shall be weighed separately.

16.2 Diameter—The tolerances for diameter shall be in
accordance with the following:

16.2.1 Except for pipe ordered as special outside diameter
tolerance pipe or as inside diameter tolerance pipe, variations
in outside diameter shall not exceed those given in Table 3.

16.2.2 For pipe over 10 in. [250 mm] OD ordered as special
outside diameter tolerance pipe, the outside diameter shall not
vary more than 1 % over or 1 % under the specified outside
diameter.

16.2.3 For pipe over 10 in. {250 mm] ID ordered as inside
diameter tolerance pipe, the inside diameter shall not vary
more than 1 % over or 1 % under the specified inside diameter.

16.3 Thickness—The minimum wall thickness at any point
shall not be more than 12.5 % under the specified wall
thickness.

17. Lengths

17.1 Pipe lengths shall be in accordance with the following
regular practice:

17.1.1 The lengths required shall be specified in the order,
and

17.1.2 No jointers are permitted unless otherwise specified.

TABLE 3 Variations in Outside Diameter

Pammigsible Variations in
Qutside Diameter

NPS [DN Designator]

QOver Under

in. mm in. mm
Y& to 112 (6 to 40], Yes (0.015) 0.4 Yas (0.015) 0.4
incl
Over 112 t0 4 [40 to ez (0.031) 0.8 a2 (0.031) 0.8
100], incl
Over 4 to 8 [100 to Vie (0.062) 1.6 Va2 (0.081) 0.8
200, incl
Over 810 18 [200t0 %2 (0.093) 24 Yee (0.081) 0.8
450), incl
Over 18t0 26 [450to V& (0.125) 3.2 Yea (0.031) 0.8
650], incl
Over 26 to 34 [650 to %42 (0.156) 4.0 Ve (0.081) 0.8
850}, incl
Over 34 to 48 [850to  %e (0.187) 4.8 a2 (0.031) 0.8
1200], incl

32

17.1.3 If definite lengths are not required, pipe may be
ordered in single random lengths of 16 to 22 ft [4.8 to 6.7 m]
with 5 % 12 to 16 ft [3.7 to 4.8 m], or in double random lengths
with a minimum average of 35 ft [10.7 m] and a minimum
length of 22 ft [6.7 m] with 5 % 16 to 22 ft [4.8 to 6.7 m].

18. Workmanship, Finish and Appearance

18.1 The pipe manufacturer shall explore a sufficient num-
ber of viswal surface imperfections to provide reasonable
assurance that they have been properly evaluated with respect
to depth. Exploration of all surface imperfections is not
required but consideration should be given to the necessity of
exploring all surface imperfections to assure compliance with
18.2.

18.2 Surface imperfections that penetrate more than 122 %
of the nominal wall thickness or encroach on the minimum
wall thickness shall be considered defects. Pipe with such
defects shall be given one of the following dispositions:

18.2.1 The defect shall be removed by grinding, provided
that the remaining wall thickness is within the limits specified
in 16.3.

18.2.2 Repaired in accordance with the repair welding
provisions of 18.6.

18.2.3 The section of pipe containing the defect may be cut
off within the limits of requirements on length.

18.2.4 Rejected.

18.3 To provide a workmanlike finish and basis for evalu-
ating conformance with 18.2 the pipe manufacturer shall
remove by grinding the following noninjurious imperfections:

18.3.1 Mechanical marks, abrasions (Note 5) and pits, any
of which imperfections are deeper than ¥is in. [1.6 mm].

18.3.2 Visual impetfections commonly referred to as scabs,
seams, laps, tears, or slivers found by exploration in accor-
dance with 18.1 to be deeper than 5 % of the nominal wall
thickness.

18.4 At the purchaser’s discretion, pipe shall be subjected to
rejection if surface imperfections acceptable under 18.2 are not
scattered, but appear over a large area in excess of what is
considered a workmanlike finish. Disposition of such pipe shall
be a matter of agreement between the manufacturer and the
purchaser.

18.5 When imperfections or defects are removed by grind-
ing, a smooth curved surface shall be maintained, and the wall
thickness shall not be decreased below that permitted by this
specification. The outside diameter at the point of grinding is
permitted to be reduced by the amount so removed.

18.5.1 Wall thickness measurements shall be made with a
mechanical caliper or with a properly calibrated nondestructive
testing device of appropriate accuracy. In case of dispute, the
measurement determined by use of the mechanical caliper shall
govern.

18.6 Weld repair shall be permitted only subject to the
approval of the purchaser and in accordance with Specification
A 530/A 530M.

18.7 The finished pipe shall be reasonably straight.

Note 5—Marks and abrasions are defined as cable marks, dinges, guide
marks, roll marks, ball scratches, scores, die marks, etc.

PRO_00079105
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19. End Finish )

19.1 The Pipe shall be furnished to the following practice;
unless otherwise specified.

19.1.1 NPS 1% [DN 40] and Smaller—All walls shall be
either plain-end square cut, or plain-end beveled at the option
of the manufacturer.

19.1.2 NES 2 [DN 50] and Larger—Walls through extra

. strong weights, shall be plain-end-beveled,

19.1.3 NPS 2 [DN 50] and Larger—Walls over extra strong

weights, shall be plain-end square cut,

Notz 6—Plain-end beveled is defined as plain-end pipe having a bevel
angle of 30°, +5° or -0°, as measured from a line drawn perpendicular to
the axis of the pipe with a root face of Vis = V4 in. [1.6 % 0.8 mm)]. Other
bevel angles may be specified by agresment between the purchaser and the
manufacturer.

20. Number of Tests

20.1 The tensile requirements specified in Section 7 shall be
determined on one length of pipe from each lot (Note 3) of 400
lengths or fraction thereof of each size under NPS 6 [DN 150],
and from each lot of 200 lengths or fraction thereof of each size
NPS 6 [DN 150] and over.

20.2 For pipe NPS 2, [DN 50] and under, the bend test

specified in 11.1 shall be made on one pipe from each lot of ,

400 lengths or fraction thereof of each size. The bend test,
where used as permitted by 11.2 or required by 11.3, shall be
made on one end of 5 % of the pipe from each lot. For small
lots, at least one pipe shall be tested.

20.3 The flattening test specified in Section 12 shall be
made on one length of pipe from each lot of 400 lengths or
fraction thereof of each size over NPS 2 [DN 50), up to but not
including NPS 6 [DN 1501, and from each lot of 200 lengths or
fraction thereof, of each size NPS 6 [DN 150} and over.

20.4 If any test specimen shows flaws or defective machin-
ing, it shall be permissible to discard it and substitute another
test specimen.

21. Retests

21.1 If the percentage of elongation of any tension test
specimen is less than that given in Table 1 and any part of the
fracture is more than % in. [19 mm] from the center of the
gage length of a 2-in. [50-mm] specimen as indicated by scribe
scratches marked on the specimen before testing, a retest shall
be allowed. If a specimen breaks in an inside or outside surface
flaw, a retest shall be allowed.

212 Should a crop end of a finished pipe fail in the
flattening test, one retest is permitted to be made from the
failed end. Pipe shall be normalized either before or after the
first test, but pipe shall be subjected to only two normalizing
treatments.

- 22, Test Specimens and Test Methods

22.1 On NPS 8 [DN 200] and larger, specimens cut either
longitudinally or transversely shall be acceptable for the
tension test. On sizes smaller than NPS 8 [DN 200], the
longitudinal test only shall be used. ’

22.2 When round tension test specimens are used for pipe
wall thicknesses over 1.0 in. [25.4 mm], the mid-length of the

33

longitudinal axis of such test specimens shall be from a

location midway between the inside and outside surfaces of the

pipe.

22.3 Test specimens for the bend test specified in Section 11
and for the flattening tests shall consist of sections cut from a
pipe. Specimens for flattening tests shall be smooth on the ends
and free from burrs, except when made on crop ends.

22.4 Test specimens for the bend test specified in 11.2 and.

11.3 shall be cut from one end of the pipe and, unless otherwise
specified, shall be taken in a transverse direction. One test
specimen shall be taken as close to the outer surface as possible
and another from as close to the inner surface as possible. The
specimens shall be either Y2 by ¥ in. [12.5 by 12.5 mm)] in
section ar 1 by %2 in. [25 by 12.5 mm] in section with the
corners rounded to a radius not over Yie in. [1.6 mm] and need
not exceed 6 in. [150 mm] in length. The side of the samples
placed in tension during the bend shall be the side closest to the
inner and outer surface of the pipe respectively,

22.5 Allroutine check tests shall be made at room tempera-
ture.

23. Certification

23.1 When test reports are requested, in addition to the
requirements of Specification A 530/A 530M, the producer or

supplier shall furnish to the purchaser a chemical analysis

report for the elements specified in Table 1.

24, Product Marking

24.1 In addition to the marking prescribed in Specification
A 530/A 530M, the marking shall include heat number, the
information as per Table 4, an additional symbol “S” if one or
more of the supplementary requirements apply; the length, OD
1 %, if ordered as special outside diameter tolerance pipe; ID
1 %, if ordered as special inside diameter tolerance pipe; the
schedule number, weight class, or nominal wall thickness; and,

for sizes larger than NPS 4 [DN 100], the weight. Length shall
be marked in feet and tenths of a foot [metres to two decimal’

places], depending on the units to which the material was
ordered, or other marking subject to agreement. For sizes NPS
1%, 1%, 1, and % [DN 40, 32, 25, and 20], each length shall
be marked as prescribed in Specification A 530/A 530M. These
sizes shall be bundled in accordance with standard mill practice
and the total bundle footage marked on the bundle tag;
individual lengths of pipe need not be marked with footage.
For sizes less than NPS % [DN 20], all the required markings
shall be on the bundle tag or on each length of pipe and shall
include the total footage; individual lengths of pipe need not be
marked with footage. If not marked on the bundle tag, all
required marking shall be on each length.

24.2 When pipe sections are cut into shorter lengths by a
subsequent processor for resale as material, the processor shall

TABLE 4 Marking

Hydro NDE Marking

Yes No Test Pressure
Na Yas NDE

No .~ No NH

Yes Test Pressure/NDE

Yes
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transfer complete identifying information, including the name
or brand of the manufacturer to each unmarked cut length, or
to metal tags securely attached to bundles of unmarked small
diameter pipe. The same material designation shall be included
with the information transferred, and the processor’s name,
trademark, or brand shall be added.

24.3 Bar Coding—Iri addition to the requirements in 24.1
and 24.2, bar coding is acceptable as a supplementary identi-
fication method. The purchaser may specify in the order a
specific bar coding system to be used.

25. Government Procurement

25.1 When specified in the contract, material shall be
preserved, packaged, and packed in accordance with the
requirements of MIL-STD-163. The applicable levels shall be
as specified in the contract. Marking for the shipment of such

material shall be in accordance with Fed. Std. No. 123 for civil
agencies and MIL-STD-129 or Fed. Std. No. 183 if continuous
marking is required for military agencies.

25.2 Inspection—Unless otherwise specified in the contract,
the producer is responsible for the performance of ail inspec-
tion and test requirements specified herein. Except as otherwise
specified in the contract, the producer shall use his own, or any
other suitable facilities for the performance of the inspection
and test requirements specified herein, unless disapproved by
the purchaser. The purchaser shall have the right to perform
any of the inspections and tests set forth in this specification
where such inspections are deemed necessary to ensure that the
materjal conforms to the prescribed requirements.

26. Keywords
26.1 carbon steel pipe; seamless steel pipe; steel pipe

SUPPLEMENTARY REQUIREMENTS

One or more of the following supplementary requirements shall apply only when specified in the
purchase order. The purchaser may specify a different frequency of test or analysis than is provided
in the supplementary requirement. Subject to agreement between the purchaser and manufacturer,
retest and retreatment provisions of these supplementary requirements may also be modified.

S1. Product Analysis

S1.1 Product analysis shall be made on each length of pipe.
Individual lengths failing to conform to the chemical compo-
sition requirements shall be rejected.

S2. Transverse Tension Test

S2.1 A transverse tension test shall be made on a specimen
from one end or both ends of each pipe NPS 8 [DN 2001 and
over. If this supplementary requirement is specified, the num-
ber of tests per pipe shall also be specified. If a specimen from
any length fails to meet the required tensile properties (tensile,
yield, and elongation), that length shall be rejected subject to
retreatment in accordance with Specification A 530/A 530M
and satisfactory retest,

S3. Flattening Test

83.1 The flattening test of Specification A 530/A 530M
shail be made on a specimen from one end or both ends of each
pipe. Crop ends may be used. If this supplementary require-
ment is specified, the number of tests per pipe shall also be
specified. If a specimen from any length fails because of lack
of ductility prior to satisfactory completion of the first step of
the flattening test requirement, that pipe shall be rejected
subject to retreatment in accordance with Specification A 530/
A 530M and satisfactory retest. If a specimen from any length
of pipe fails because of a lack of soundness, that length shall be
rejected, unless subsequent retesting indicates that the remain-
ing length is sound.

$4. Metal Structure and Etching Test

34.1 The steel shall be homogeneous as shown by etching
tests conducted in accordance with the appropriate sections of
Method E 381. Btching tests shall be made on a cross section

34

from one end or both ends of each pipe and shall show sound
and reasonably uniform material free from injurious lamina-
tions, cracks, and similar objectionable defects. If this supple-
mentary requirement is specified, the number of tests per pipe
required shall also be specified. If a specimen from any length
shows objectionable defects, the length shall be rejected,
subject to removal of the defective end and subsequent retests
indicating the remainder of the length to be sound and
reasonably uniform material.

S5. Carbon Equivalent

85.1 The steel shall conform to a carbon equivalent (CE) of
0.50 maximum as determined by the following formula:

BMn  %Cr + %Mo + BV %N+ %Cu

6 5 T3

S5.2 A lower CE maximum may be agreed upon between
the purchaser and the producer.

85.3 The CE shall be reported on the test report.

CE = %C +

+

$6. Heat Treated Test Specimens

86.1 At the request of the purchaser, one tensile test shall be
performed by the manufacturer on a test specimen from each
heat of steel furnished which has been either stress relieved at
1250 °F or normalized at 1650 °F, as specified by the
purchaser. Other stress relief or annealing temperatures, as
appropriate to the analysis, may be specified by agreement
between the purchaser and the manufacturer. The results of this
test shall meet the requirements of Table 1.

$7. Internal Cleanliness—Government Orders

§7.1 The internal surface of hot finished ferritic steel pipe
and tube shall be manufactured to a free of scale condition

PRO_00079107
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equivalent to the visual standard listed in SSPC-SP6. Cleaning 58.4 Based upon heat analysis in mass percent, the vana-
shall be performed in accordance with a written procedure that dium content shall not exceed 0.02 %, the niobium content
has been shown to be effective. This procedure shall be shall not exceed 0.02 %, and the sum of the vanadium and
available for audit, niobium contents shall not exceed 0.03 %.

S8.5 Based upon heat analysis in mass percent, the sum of

! . . fluori
58. Requirements for Carbon Steel Pipe for Hydrofluoric the nickel and copper contents shall not exceed 0.15 %.

Acid Alkylation Service
~88.1 Pipe shall be provided in the normalized heat-treated
condition.
$8.2 The carbon eqmvalenl (CE), based upon heat analysis,
shall not exceed 0.43 % if the specified wall thickness is equal

content shall not be less than 0.18 %.

$8.7 Welding consumables of repair welds shall be of low
hydrogen type. E60XX electrodes shall not be used and the
to or less than 1 in. [25.4 mm] or 0.45 % if the specified wall ~ resultant weld chemical composition shall meet the chemical
thickness is greater than 1 in. [25.4 mm]. composition requirements specified for the pipe.

S8.3 The carbon equivalent (CE) shall be determined using 58.8 The designation “HF-N” shall be stamped or marked

the following formula: ‘ on each pipe to signify that the pipe complies with this
CE =C +Mn/6 + (Cr + Mo + V)/5 + (Ni + Cu)/15 supplementary requirement.
SUMMARY OF CHANGES

Committee A0l has identified the location of selected changes to this specification since the last issue,
A 106 — 044, that may impact the use of this specification. (Approved October 1, 2004)

(1) Revised 1.2 to delete the number of Supplementary  (2) Revised 13.3 to permit the supply .of hydrostatically tested
Requirements. or nondestructively tested pipe, and to prohibit the supply of
’ pipe that has failed either test, both when NH pipe has been
ordered.
Committee AO1 has identified the location of selected changes to this specification since the last issue,
A 106 — 04, that may impact the use of this specification. (Approved July 1, 2004) ‘

(1) Editorially revised Supplementary Requirements S8.

Committee AO1 has identified the location of selected changes to this specification siﬁce the last issue,
A 106 —02a, that may impact the use of this specification, (Approved March 1, 2004).

(1) Deleted Note 2 in 1.1, ‘ (%) Added Supplementaly Requlrements S8 for HF ac1d
(2) Deleted Tables 3 and 4 and renumbered subsequent tables.  alkylation service. ‘

(3) Deleted Appendixes X1 and X2.

(4) Included rationalized SI units throughout, cxeatmg a com-

bined standard.

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

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

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box G700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), €10-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org),

35

58.6 Based upon heat analysis in mass percem the carbon
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_ American Association State
Highway and Transportation Officials
Standard AASHTO MNo: M 55

WELDED STEEL WIRE FABRIC FOR CONCRETE

REINFORCEMENT"

This standard is issued under the fixed designation A 185; the number immediately following the designation indicates the
year of original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last

reapproval.

1. Scope

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

NotE |—The values stated in'inch-pound units
are fo be regarded as the standard.

2. Applicable Documents

2.1 ASTM Standards:
A 82 Specification for Cold-Drawn Steel
Wire for Concrete Reinforcement?

A 700 Recommended Practices for Packag-
ing, Marking, and Loading Methods for
Steel Products for Domestlc Slnpm«:nt2

2.2 Military Standard®;

MIL-STD-129 Marking for Shipment and
Storage

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

2.3 Federal Standard®:

Fed Std No. 123 Marking for Shlpments,
Civil Agencies

3. Description of Term

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

4, Ordering Information
4.1 Orders for material to this specification

173

shall include the following information:
4.1.1 Quantity (weight or square area),
4.1.2 Name of material (welded steel wire
fabric for concrete reinforcement),
4.1.3 Wire spacing and sizes,
4.14 Length and width of sheets or rolls,
4.1.5 Packaging (see Section 18), and
4.1.6 ASTM designation and date of issue

NoTg 2—A typlcal ordering description is as fol-

“lows: 10 000 fi? welded steel wire fabric for concrete
-reinforcement, 4 x 12-W20 x Wé, in flat sheets 96 in.

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

5. Grade of Wire

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

6. Fabrication

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

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

! This specification is under the jurisdiction of ASTM
Committee A~l on Steel, Stainless Steel and Related Alloy
and is the direct responsmbxhty of Subcommittee AQLOS on

" Steel Reinforcement.

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

2 dnnual Book of ASTM Standards, Part 4,

* Available from Naval Publications and Forms Center,
5801 Tabor Ave., Philadelphia, Pa, 19120 i
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6.3 Wite of propex grade and quality wheén
fabncated in the manner herein required shall
result in a strong, serviceable mesh-type prod-
uct having substantially square or rectangular
openings. It shall be fabricated and finished in
a workmanlike manner, shall be free from in-
jurious defects, and shall conform to this spec-
ification.

7. Mechanical Requiréments’* *

7.1 All wire of the finished fabric shall meet
the minimum requirements for tensile proper-
‘ties ‘and shiall also withistand the beid test as
‘préscribed for the wire before fabridtion in
Specification A 82.

7.2 In order to. assure adequate weld-shear
strength between 10ng1tud1na1 and transverse

wires, weld-shear tests as desenbed in 8.3 shall
be made. The. minimum ayerage shear, value i in
pounds-force shall not be, less than 35 000 mul—
tiplied by the nommal area, of the larger wire
in square. mches (or in newtons shallnot be Jess
than .241 multxphed by the‘ nommal area in
square mﬂlunetres) where the “smaller w1re is
not less than sizg W12 an as an area of 40
_percent,or more of;the area of the, larger wire.
“Typical ‘examples ‘of the 40" percentor more

wire size differential are as follows: B
Larger o Smaller, ..o -

. SizeNo. W0 . SizeNo W8
* ""*-si“ze‘Na; w15~”—~‘ T BibE NGWE
- Size No, W10 »  Size NosWa 1t

7. 3 Fabric havmg a relatlonshlp “of I Ohgita-
dinal and transverse wires other than. those

percent of thb‘samples ‘tested shé’ll -bé _abr
Weld ke { ﬂi“‘»,’ syl
8.2 Reduction of area may be determined by
asuring:the ruptured-s «sectmnuof a ‘specnmen

Wi

“the welds. However, in tlie case of & specmlen
swhich: has ‘beeit {ésted acrass a weld :
‘stirémeént shalf be made only when Fuptire,
occurred ata: sufﬁcwnt‘dnstance‘ from the-center
O the Weld 16 peTiti it an ac__ra_ meas’qrement
of the fractured section. o

{Jﬁl‘}lshﬁd fe._b‘rlc,

f6t " delermination. -of
conformance to the requirements of 7.2 shall
be conducted using a fixture as described in
Section. 11.

8.3.1 Four welds selected at random from a
specimen representing the entire width of the
fabric shall be tested for weld shear strength.
The niaterial shall be deeiried t6 conform to the
;. requirements for weld “shear 'strength if the
average of the four samples complies with the
values stipulafed in 7.2, If thi§ average fails to
meet the prescnbed minimum value, all the
welds acioss the: speciméti shall then be tested.
"The fabric will be acceptable if the'; average ‘of
all weld shear test values across the specimen
meets the prescribed minimum value,

83Weld-shear : “te'S'ts FO

9 “Bend ‘Tésts *

9.1 Thié berd test shall be'rmhdé on a spec:«
men between the welds

eI ‘H.‘ "“’_{" P RO

10. Test Specimeéns '~

10.1 Test specimens;for. testing: tensile, prop-
erties shall be obtamed by cuttmg from the
lZ

e the welded jOll‘lt
_n.enter of the wire

"

welded Jomt shall extend approxunately 1 in.
(55 mm) beyond each side of the welded jc
lO 3, Test. speclmens for. deter_

.one transverse wire, across thekentue width of
"the sheet or roll’ From this specimen four welds
shall be selected at random for testmg The
transverse wire of each test specimen shall ex-
tend approxunately ! in. (25, mm).on each.side
,pf the longitudinal wire, The 10ng1tud_1,‘d?.], wire
of each te°.t specn’nen shall be of ‘such e:ggth
: iré 50, te bea‘equ -E‘l
. n:

rolls.
10.5 If any test specimen. shows; defects or

“ develops ﬂaws 1t may be ghscarded ;md another
‘ substituted.

174
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11. Weld Shear Test Apparatus and Methods

11.1 As the welds in welded wire fabric con-
tribute to the bonding and anchorage value of
the wires in concrete, it is imperative that the
weld acceptance tests be made in a jig which
will stress the weld in 2 manner similar to
which it is stressed in concrete. In order to
accomplish this the longitudinal wire in the jig
must be stressed in-an axis close to its center
line. Also the transverse wire must be held
closely to the longitudinal wire, and in the same
relative position, so as to prevent rotation of
the transverse wire.

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

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

12. Number of Tests

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

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

13. Gages, Spacing, and Dimensions

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

14. Width of Fabric
14.1 The width of fabric shall be considered

175
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to be the center-to-center distance between out-
side longitudinal wires. The permissible varia-
tion shall not exceed % in. (13 mm) greater or
less than the specified width,

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

14.3 When transverse wires are specified to
project a specific length beyond the center line
of 2 longitudinal edge wire, the permissible
variation shall not exceed % in. (13 mm) greater
or less than the specified length; however, the
over-all width (total of projection one side plus
width plus projection other side) shall not ex-
ceed 1 in. (25 mm) greater or less than specified.

15, Permissible Variations in Wire Diameter

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

16. Spacings

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

17. Overall Dimersions

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

17.2 In case the width of flat sheets or rolls
is specified as the overall width (tip-to-tip
length of cross wires), the width shall not be
more than £1 in. (25.4 mm) of the specified
width.

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

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

19, Packagmg

‘19.1 When fabrié is fumrshed in ﬂat sheets,
it shall be assembled in bundles of.convenient
size containing not.more than 150 shsets and
securely fastened together. . P

. 192 When fabric is furnished in rolls, each
roll shall be secured so as to'prevent unwmdmg
duting shipping and handlmg

19.3 When specified in.the purchase order,
packagmg shiall be in.accordance with 'the pro-
cedures i in Recomrnended Practrces A 700

20 Markmg

20.1 Each bundle of ﬂat sheets and each rol
shall lidve attached thereto 4 suitablé thg bear-
ing the name of the manufacturer, déscription
of the material and such other information: as
may be specified by the purchaser. . i

- 20.2. For': Government: Procurement: Only==

~ When specified in the contract; material:shall
be preserved, packaged, and packed in accord-
ance with the requirements of MIL-STD: 163
The "applicable:levels shall-be as: spécified. in

. the  contract.. Markmg for shipment of such
material shall be in accordance with Fed. Std:
No, 123 for civil agencies and MIL STD-129
for imlrtary agencrcs Cale )
21 Il’lSpeCthll O T AT PR PR
211 The inspector representmg the ‘pur-
chaser shall have frée entry at all times swhil¢
wotk ofi the'contiact of the piirchaser is being
performed to all parts of the manufictuieils
works that concern the manufacture of the
materral ordered The manufacturer shall af-
saﬂsfy hrm that the miaterial is bemg furmshed
in accordance'with: this specifiéation:- 7y = -
© 21.2 Except for yield strength, ‘all tesfs and
inspection shall be'ihade at the place of ‘man-
ufactute - prior 'to ‘shipment; inles$- otherwise
specified. Such tests shall be $o-condiicted- 4§

not to interfere unnecessarity with the opera:’

tion of the works,

21.3 If the purchaser consideis it desirable
tordetermine complidrice with the yield strength
requirements. of Specification A 82, he may
have yield strength tests made in a recognrzed
laboratary, ‘or his representative may make the

tést-at thé mill if such test§ do ot interfere
unnecessarlly with, the mill operations

. 21.4 For Government . Procurement Qnly—
Exccpt as otherwrse specrﬁed in the contract,
contractor is responsible for the performance
of all inspection and test requirements spemﬁed
herem Except as otherwise specified in the
contract, the contractor may use his own or any
other suitable facilities for the performance of
the inspection and test requirements, specified
herein, unless disapproved by the purchaser at
the time of purchase The purchaser shail have
the right to perform any of the mspectlons and
tests at the same frequency as set forth in this
specnﬂcatron where  such inspections are
deemed necessary to assure that material con-
forms to prescribed requirements.

2. Rejection and Retests

22.1 Material that does not meet the requzre-
ments. of -this :specification ‘may -be rejected.
Unless otherwise specified; any: rejection shall
be reported: to the nanufacturer within 5 days
from the time:of selection-of test.specimens.i:

¢1222: In: ¢ase a’specimen. fails 'to imeet the
tensmn or benid test, the material ‘sliall not: be
rejected until two additional specimens taken
from other wires in'the same sheét orroll, have
been tested. The material shall beiconsidered
as meeting.this specification in respect t0 any
prescribed tensile propetty; provided the-tested
average for the three spécimens, including the
specimen originally .tested, is at least equal:to
the required minimum for the particular prop-
erty in question and provided fiurther thatnone
of the three specimens. develops less than.80
percent of the requued minimum for the tensile
property in question, The materral shall be
considered as meeting this specification. in re-
spect to bend test requirements, provided both
additional specimens satisfactorily pass the pre-,
scrrbed bend test. . gyt

223 Any matenal that shows m_;unous de-
fects subsequent to its acceptance at the man-
ufacturer's;works may be rejected and the man-
ufacturer shall be promptly notified.

1224 Welded joints shall wrrthstarrd normal
sh ping and handlmg withotit bécoming bro-
kén; but the presenicé of broken welds, regard”
less of cause, shall ‘not constitute cause fof
rejection unless the number of broken welds
per. sheet exceeds 1 percent of the total number
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of joints in a sheet, or if the material is fur-
nished in rolls, 1 percent of the total noumber of
joints in 150 ft” (14 m?) of fabric and, further-
more, provided not more than one half the
permissible maximum number of broken welds
are located on any one wire.

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

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

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

177

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

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

23. Rehearing

23.1 Rejected materials shall be preserved
for a period of at least two weeks from the date
of inspection, during which time the manufac-
turer may make claim for a rehearing and
retesting.
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FIG. 1 Welded Wire Fabric Weld Tester.

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

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years
and if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional
standards and should be addressed to ASTM Headgquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known lo the ASTM Committee on Standards, 1916 Race St Philadelphia, Pa, 19103, which will schedule a

Sfurther hearing regarding your comments, Failing satisfuction: there, you may appeal to the ASTM Board of Directors.
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QHIN AMER;%SI@BONAL ANS'/ASTM A242 - 79 .1 Adiertcan’ Association State

Standard Specification for

nghway and Transportation Officials
Standard AASHTO Na.: M 161

HIGH-STRENGTH LOW-ALLOY STHUCTURAL STEEL1

This standard is issued under the fixed designation A 242; the number immediately following the designation indicates the
year of origindl 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 construction
intended primarily for use as structural mem-
bers where savings in weight or added durabil-
ity are important. These steéls have enhanced
atmospheric corrosion resistance of approxi-
mately two times that of carbon structural steels
with copper (Note 1). Welding technique is of
fundamental importance, and it is presupposed
that welding procedure will be in accordance
with approved methods. This specification is
limited to material up to 4 in. (101.6 mm),
inclusive, in thickness,

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

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

2. General Requirements for Delivery

2.1 Material furnished under this specifica-
tion shall conform to the applicable require-
ments of the current edition of ASTM Specifi-
cation A 6, General Requirements for Rolled
Steel Plates, Shapcs, 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, ot electric-furnace.

4. Chemical Requirements

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

TN
NERRR ST

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

4,3 Choice and use of alloying elements,
combined with carbon, manganese, phospho-
rus, sulfur, and copper within the limits pre-
scribed in 4.1 to give the mechanical properties
prescribed in Section 5 and to provide the
atmospheric corrosion resistance of 1.1, shall
be made by the manufacturer and included and
reported in the heat analysis to identify the
type of steel applied. Elements commonly
added include: chromium, nickel, silicon, va-
nadium, titanium, and zirconium.

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

5, Tensile Requirements

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

5.2 For material under %e 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 %2 in. (0.8 mm) of the specified
thickness or diameter flow below %s in,

! This specification is under the jurisdiction of ASTM
Committee A-1 on Steel, Stainless Stcel and Related Alloys,
and is the direct responmbxlny of Subcommittee A01.02 on
Structural Steel.

Current edition approved July 27, 1979, Published Sep-
tember 1979, Originally published as A 242 — 41 T. Last pre-
v10us edition A 242 - 75.

¥ Annual Book of ASTM Standards, Part 4,
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SUPPLEMENTARY REQUIREMENTS

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

S6. Drop Weight Test,

88. Ultrasonic Examination,

S14. Bend Test, and

S15. Reduction of Area Measurement,

52, Product Analysis,

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

$5. Charpy V-Notch Impact Test,

TABLE 1 Chemical Requirements (Heat Analysis)

Composition, %
Element

Type 1 Type 2

Carbon, max 0.15 0.20

Manganese, max 1.00 1.35

Phosphorous, max 0.15 0.04

Sulfur, max 0.05 0.05
Copper, min 0.20 0.20°

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

TABLE 2 Tensile Requirements

Plates and Bars®

Structural Shapes

For Thick- For Thick- For Thick-
nesses nesses over % | nesses over 1%
#in, (19.1 | to 1%in, (19.1 jto 4 in, (38.1to|Groups t and2| Group3 | Groups4and3
mm), and to 38.1 mm), 101.6 mm), . ‘
under inel. inel. .
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| 30 000 (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, % '
21¢ 21° 21

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

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

“ See 5.2.

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

The American Saéiety Jor Testing and Materigls takes no position respec!ing the validity of any patent rights asserted in
connection with any ltem mentioned in this standard. Users of this standard are expressly advised that determination of the vaiidity
of any such patent rights, and the risk of infringement of such rights, are entirely their own responsibility.

This standard is subject Yo revision at any time by the responsible technical committee and must be reviewed every five years

and if not revised, either reapproved or withdrawn. Your comments are lnvited either for revision of this standard or for additional
standards and should be addressed to ASTM Headguarters, Your comments will receive careful consideration ar a meeting of the
responsible technical committee; which you may attend. If you feel that your comments have not received. a fair hearing you should
make your views known to the ASTM Committee on Standards, 1916 Race St., Philadelphia, Pa. 19103, which will schedule a
Jurther hearing regarding your comments, Failing satisfaction there, you may appeal to the ASTM Board of Directors,
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AMERICAN NATIONAL] ANSI/ASTM A 307 78°

CARBON STEEL EXTERNALLY THREADED STANDARD

FASTENERS?

This standard is issued under the fixed designation A 307; the number immediately following the designation indicates the
year of original adoption or, in the case of revision, the year of last revision, A number in parentheses indicates the year of last

reapproval.

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

in November 1979,

1. Scope

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

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

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

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

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

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

follows:
Fastener Grade and Size

A, Yato i,
A, over 1Y2t0 4 in. A, heavy hex
B, Yato 4 in. A, heavy hex

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

Nut Grade and Style!
A, hex

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

2. Applicable Documents

2.1 ASTM Standards:

A 36 Specification for Structural Stezl®

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

A370 Methods and Definitions for Me-
chanical Testing of Steel Products”

A 563 Specification for Carbon and Alloy
Steel Nuts®

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

2.2 American National Standards:®

ANSI B1.1 Unified Screw Threads

ANSI B18.2.1 Square and Hex Bolts and
Screws

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

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

process.

1Th:s specification is under the jurisdiction of ASTM
Committee F-16 on Fasteners, and is the direct responsi-
bility of Subcommittee F 16. 02 on Steel Bolting.

Current edition dpproved Qct. 27, 1978. Published
December 1978, lﬁll‘lﬂlly pubhshed as A 307 -47°T.
Last revious edition A 307 -

or ASME Boiler and Pressure Vessel Code applica-
%olas see related Specification SA-307 in Section II of that
nde.

? Annual Book of ASTM Standards, Part 4.

* Annual Book of ASTM Standards, Part 3.

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

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

c;,"mmml Baok of ASTM Standards, Parts 1, 2,3, 4, 5,
and 10

8 May be abtained from American National Standard
Institute, In¢., 1430 Broadway, New, York N. Y. 10018.
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3.2 Bolts may be produced by hot or cold *

forging of the heads or machining from bar
stock.

3.3 Bolt threads may be rolled or cut,

3.4 When specified, galvanjzed bolts shall
be hot-dip zinc coated in accordance with the
requirements of Class C of Specification
A 1353, When specified by the purchaser to be

mechanidally galvahizéd , bolts covered by this -

specification shall be mechanically zinc coated
and the coating and coated fasteners shall
conform to the reqmremants for Class 50 of

; Spec1flcaﬁon B 454, or to.the codfing thick- , .-

ness, adherence, and quallty requxrements for
Class C of Specification A 153;

[N S

4. Chemical Requirements
4.1 Steel shall conform to the fallowing
chémical’ requlrements
GrgideA Grach

"Bolts Balts
Phosphorus, max, % .. .. 0.06 . 0,04
Sulfur, max, %, ., . . 015, .0.05

4.2 Resulfurized material is not subject to
rejection baged on-produet analysis for sulfur,

4.3 Bolts are customarily -furnished from
stock it which. case! md1v1dual heats of steel
cannot be identified.”

4.4 Application of heats of steel to which
bismuth, - selenium, tellurium, or lead has
been:intentionally added shalt not be permit-
ted for Glade B bolts ‘

5. Mechanical Requlrements

5.1 Bolts shall not' exceed the maximum
hardness required in Table 1. Bolfs Iess than
three diameters in length; or bolts with drilled
or undersize heads shall have hardness values
not less thar. the minimum nof more than the
maximum hardness limits required in Table 1,
as hardness is the only requirement.

5.2 Bolts 1%/s in. in diameter or less, other
than those: excepted in4. 1, shall be tested full
size and shall conform to the réquirements for
tensile strength spemflsd in Table 2.

. 3.3 Bolts larger than 1%/s in. it diaimeter,
other than those excepted: in.4.1, shall pref-
erably be tested full size and when so fested,
shall conform to the réequirements for tensile
strength specified in Table 2. When equip-
ment of sufficient capacity .for full-size bolt
testing is not available, or when the length of

262

the bolt makes full-mze testmg 1mpra

A 307. e . e

cal,
machined specxmens shall be tested and shall
conform to the requiréments shown below:

Tensile t}?;?]niiai
Strength, ksi in. or 50
(MPa) S
mm, %
Grade A and CGrgde B-bolts "~ 60 (415) min 18 min
Grade B bolts only 100 (690) max

In the évent that bolts are testéd" by both full
size and by macline tést specimeén methods,
the full-size test shall govern if a controversy
between the two methods exists. .. . . >

* 54 For bolts'on ‘whichboth hardness and
tension tests are performed, acceptance baséd

- ontensile requirements shall take precedence

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

6. Dimensions

6.1 Unless otherwise specified, threads
shall be the Coarse Thread Series as spec1f1ed
in the latest isstie of ANSI B1 1, havmg a
Class 2A tolefance.

6.2 Unless otherwise specified, Grade A

. bolts shall be hex bolts with dlmensmns as
given in the latest issue yof ANSI B 18.2.1.

Uiiless otherwise specr.fl L, ‘Grade B balts

shall be heavy hex bolts with dlmensmns as

given in the latest issue of ANSI B 18.2:1.
6.3 Unless otherwise specificd, bolts to be
used with nuts or tapped holes whlch have

‘been tapped ovetsize, in accordance with

Specification A 563, shall héve Class 2A
threads before hot dip or mechamcal galvan-
izing. Afte1 galvamzmg, the max1mum limit
of pitch and thajor diametsér mdy exceed the
Class 2A limit by the following amount:

Dlametcr in. Oversize Llrmt in. (mm)4

. Up 10 7/16, inel 0.016 (0.41)
Over 7/16 to 1, incl 0.021 (0.53)
Over: L 0.031(0.79)

4 These values are the same as the minimum overtap-
ping required for galvamzed nuts in Spemflcatmrl A 563.

. 6.4 The. gang «llm1t_ f01 ,b‘olts shall ;be
verified during manufacture .or use by assem-

bly, of a nut tapped as-nearly as practical to

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

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

7. Test Methods

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

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

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

8. Number of Tests and Retests

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

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

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

8.3.1 One type of item.

8.3.2 One nominal size, and

8.3.3 One nominal length of belts,

8.4 From each lot, the number of tests for
each requirement shall be as follows:

263
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Number of Pieces in Lot Number of Samples
800 and under 1
801 to 8 000 2
8 001 to 22 000 3
Qver 22 000 5

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

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

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

or depressed mark at the option of the manu- -

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

10. Inspection ‘

10,1 If the inspection described in 10.2 is
required by the purchaser it shall be specified
in the inguiry, order, or contract.

10.2 The inspector representing the pur-
chaser shall have free entry, at all times while
work on the contract of the purchaser is being
performed, to all parts of the manufacturer’s
works that concern the manufacture of the
material ordered. The manufacturer shall af-
ford the inspector all reasonable facil\ities,
without charge, to satisfy him that the mate-
rial is being furnished in accordance with this
specification. All tests (except product analy-
sis) and inspection shall be made at the place
of manufacture prior to shipment, unless oth-
erwise specified, and shall be so conducted as
not to interfere unnecessarily with the opera-
tion of the works.

11. Rejection 4

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

PRO_00082375
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TABLE 1 Hardness Requirements for Bolts TABLE. 3 * Sample Sjzes and Acceptance Numbers for
; Inspection of Hot Dip or Mechanjcally Galvanized Threads
) dedness : D : PR
Bnlgﬂ%iz% Grade Brmell : g 7P:oc]@well]:‘ﬂ ’ Lot“Si%é‘ A - Samplc iSi‘zef" B Aﬁﬁfﬁ;ﬁ;’ge
 min  max ‘ min  max 2'to 90 13 1
All A 121 2412 - 69 1004 Sl 20 2
B 121 22 69 95 to 32 2
: Al A : 281 to 500, 50 . 5
_ 4 Bycept when tested by we’dgcj tensor test. 501 to 1 200 80 7
o : ‘ Lo 1 201'to 3 200 ° 125 10
' 3 201 to 10 Q00 200 14
TABLE, 2 Tensile Requu'ements Eor Full-Slze Bolts . 10 001 and over 315 21
B RN s Tensile Strength ibf# 4 Sample. sizes of acceptdnce numbers are extracted
alt Stress. . from “Single Sampling Plan for Ni | Inspection’ Tabl
Size, Eg.ia:gg Aroas " Grades Grade IIAmMIL—&S e 3 10pS DgP . ar Normal Inspection’ Table
in. . - A and B, B Omk' g Inspect all bolts in the [ot if the lot size is less than the
mm max-
sample size.
s 1°900: . 3 180 .
e - .3 100 5 240
s 4 650 7 750
ié 6350 - 10 630
2 8 500. 14 190
i 11 000 18 200
Sty 13,550 - 22 600
34 20 050 33 400
. 27 7000 46°200
1 36 350 60 600
s ' 45 800+ 76 300
144 58150 96 900
1¥g 69 300 115 500
U B4 300 140 500 :
134 114000 ' 190 000 .
2 150000 . 230 000 k
i, 2Ya . 195 000, - 325 000
“o 340 000 +'400 000 o
“2s s ¢+ 295:800: 493 000 ‘ ) L s
3 L 14358 200 .. 597 000 R LRI TR Gt
3ijs 426 000 710000 C e
34y i 4998007 $.833°000 - |
579,600 -i3:-966 000 P R
C1 108 0000 L, B T
A reajedloulated from the formula: . 1o Comtyhop L
A, = 0.7854[D ~ (0:9743/m) T h S
whcre - :‘)" i mnﬁ il . ’ t:! b
A, = stress area, ) NN
‘D, —\nomlnaldlﬁmeceroﬁbolt gand < i L N I A
;4”’2-—~ threadgpermch By wie e bt ope R T T {3 TOT FIE TR

4 H N " .
G e g P TR TR

81 48N. | ,
1 EBagediion'60 ket (414 MPY b : '
511 D Babed vl 100K (689 MPa)i i1 17t il nn IR T PP I FE RO SIS FYC FENRCI S MR
A :E’ ‘w‘("."r'"‘” . \ll T g B
The American Society for Testing and Materials takes no position respecting the va!xdfty an atcnt rights asserted in
connection with any item mentioned in this standard. Users of this standard are expressly advise az determination of the
validity df any such paten! rights, and the risk of infringement of such rights, is enyirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five
years and if not revised, either reqpproved or withdrawn. Your comments are invited either for revision of this standard or
Jor additional standards and should be addressed to ASTM Headquarters. Your comments will receive carefil consideration
ai a meering of the responsible technical committee, which you may attend. If you feel that your comments have not received
a fair hearing you should make your views known to the ASTM Committee on Standards, 1916 Race S, Philadelphia, Fa.
19103, which will schedule a further hearing regarding your comments. Failing satisfaction there, you may appeal 16 the
ASTM Board of Directors.
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Standard Specification for

ANSI/ASTM A 325-79
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American Association

State Highway and
Trangportation Officials

Standard AASHTO No.: M 164

HIGH-STRENGTH BOLTS FOR STRUCTURAL STEEL

JOINTS!

This standard is issued under the fixed designation A 325; the number immediately following the designation indicates the
year of original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last

reapproval,

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

Specifications and Standards.

1. Scope

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

1.1.1 Type 1 —Bolts made of medium-car-
bon steel, supplied in sizes Y2 to-1Y2 in.,
inclusive, in diameter.

1.1.2 Type 2 —Bolts made from what is
generally described as low-carbon martensite
steel, supplied in sizes /2 to 11/2 in., inclusive,
in diameter.

1.1.3 Type 3 —-Bolts, Y2 to 1'/2 in., inclu-
sive, in diameter having atmospheric corro-
sion resistance and weathering characteristics
comparable to that of the steels covered in
Specification A 588, Specification A 242,
and Specification A 709 (these steels have
atmospheric corrosion resistance approxi-
mately two times that of carbon structural
steel with copper).

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

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

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

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

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

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

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

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

£ For ASME Boiler and Pressure Vessel Code applica-
tions see related Specification $A~325 in Section 11 of that

ode.
? Published by American Institute of Steel Construction,
New York, N. Y.
4 Annual Book of ASTM Stendards, Part 4,
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‘ Bolt Type
1and 2, plain {noncoated) C, plain
1.and 2, galvanized ' DH, galvanized
3 . C3

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

A 194, aré acceptable alternatives for Grade”

DH nuts. Type DH3 nuts are acceptable
alternatives for C3 nuts.
- 1.7 Suitable hardened washers are cavéred
in Specification F 436. Unléss othérwise spec-
ified, galvanized washers shall be furnished
whén galvanized Holts aré specified, and Type
3 weathering steel washers shall be furnished
when: Type 3 bolts are specified.

« Nots 2—A complete’ metric comparion to'Spec-
1ﬁcat10n A 325 . has been- developed—-Specification

A 325M; therefore no metric equtvalents are pre-
sented in this Spemﬂcatmn o

2: Appllcable D(wuments L

2.1 ASTM Standards:

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

~Ax194 Specification for Carbon and Alloy
Steel Nuts for Bolts for High-Pressure
and High-Temperature Service® .

A 242 Specification for High- Strength Low-
“Alloy Structural Stegl* ‘

A 370 Methods-and: Definitions for Me-
chahical Testifig:of Steel Products’

" A490 Specification for - Quenched - and
Tempered Alloy -Stéel Bolts for Struc:—
tural Steel Joints*"

A 563 Spécification for’ Car‘bon and Alloy
Steél Nuts** -

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

- A 709 Spécification for Structural Steel for
Bridges* .

B 454 Specification for Mechamcally De-
..posited Coatings of Cadmium and ch

. on Ferrous Metals® ‘

F 436 - Specification for Hardened Steel
Washers. for Use w1th Htgh-Strength
“Bolts* '

2 2 American Natzonal Smndmds 9

ANSI B1.1 Unified Screw Threads

ANSI B18.2.1 Square and Hex Bolts and
Screws

o w

266

Nut Grade and Finish ~

A 325

2 3 leztai y Standard :1°
MIL-STD-105D Sampling. Procedure and
Tables for Inspection by Attributes

3. Ordering Information

3.1 Orders for products under this specifi-
cation shall include the, followmg
3141 Quantlty (number of pieces of bolts

“and accessofies),

3.1.2 Name of products mcludmg acces-
sories such as nuts and washers when desired,
3.1.3 Coating if required (that is, hot dip

: galvamzed, ‘'or mechanical galvanized),

3.1.4 Dimensions including nominal bolt

. diameter and length. For bolts of dimensional

requirements other than*heéavy hex structaral
bolts (see 1.4) it is normally necessary to
specify grip length,

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

‘316 ASTM demgnauon and date of i 1ssue,
and -

3.1.7 Any spe(:lal rcqmrements

NOTE 3 —Two examples of mdenng descnptnons
follow: (1) 1000 pieces, Heavy Hex structutal bolts,
each with ore hardened washer, ASTM F 436 and
one heavy hex nut, ASTM. 563 Grade C, Hot-dip
galvanized, 1 by 4, ASTM A 325 dated .. (2)

000 pieces, heav 9; hex structural Bolts, no nuts or

washers s by 2%a Type 1, ASTM A 325 dated
for hot-dip galvanizing, :

4. Materials and Manufacture

4.1 Steel for bolts shall be miade by .the
open—hearth basm-oxygen or electnc—fumace
process.

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

4.3 Threads of balts may be cut or rolled.

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

5 Aphual Book of ASTM Standards, Part 3

S Annual Book of ASTM Smndmds Part 1. _

7 Annugl Book afASTM Standards Partsl 2, 3 4 5
@ ?A(i)mual Boak ofASTM Starzdards Parts44nd 9. -

® May be obtained from American National Standards
Institute, Iné., 1430 Broadway, New York,'N.Y. 10018,

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

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

5. Chemical Requirements

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

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

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

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

6. Mechanical Requirements

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

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

6.3 Bolts larger than 1Y4 in. in diameter,
other than those excepted in'6.1, shall pref-
erably be tested full size and when so tested
shall conform to the tensile strength and
either the proof load or alternative proof load
requirements specified in Table 4. When
equipment of sufficient capacity for full-size
testing is not available, or when the length of
the bolt makes full-size testing impractical,
machined specimens shall be tested and shall
conform to the requirements of Table 5. In
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the event that bolts are tested by both full-size
and by the machined test specimen methods,
the full-size test shall govern if a controversy
between the two methods exists.

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

6.5 In addition, when galvanized bolts and
nuts are supplied, the bolt/nut assembly shall
be tested full size in an assembled joint as
specified in 8.3. After the tightening test, the
assemnbly shall show no signs of failure.

6.6 When hot-dip galvanized Type 2 bolts
are supplied, they shall be tension tested after
galvanizing in accordance with 6.2 or 6,3 de-
pending on the diameter. The number of tests
from each lot shall be in accordance with 9.2.4
or 9.3.4.

7. Dimensions

7.1 Bolts with hex heads shall be full-body
bolts conforming to the dimensions for heavy
hex structural bolts specified in the American
National Standard for Square and Hex Bolts
and Screws (ANSIB18.2.1).

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

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

Diameter, in" "Oversize Limit, in,
Up to e, incl 0.016
" Over e to 1, incl 0.021
Over | 0.031

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

7.4 The gaging limit for bolts shall be
verified during manufacture or use by assem-
bly.of a nut tapped as nearly as practical to
the amount oversize shown above. In case of
dispute, a calibrated thread ring gage of that

267
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same,size (Class X tolerance, gage tolerance
plus) is to be used. A'asembly of the gage, ot
the nut described above, must be pos'ﬂble
with hand effort following apphcatlon of light
machine oil to prevent galling and damage to
the gage. These ingpections; when performed
to resolve, dlsputea are tobe pcrformed at the
frequency and quahty deqcubed in Table 6

8. Test Methods.

8.1 Tests shall be condiicted in decordarice
w1th Supplement HI of Methods and- Def1m~
tions:A, 370, .

8.2 For tension tests a proof load determi-
nation is preferred conducted in -accordance
with Method 1, Length Measurement of Sup~
plement TIT of Methods A 370

8.3 Bolts tested in full size shall bg: tested
in” dceordatice with'-the wedge test method
described in S$11.1.5, Supplement TII of
Methods A 370. Fracture shall be in the body
or threads of the bolt, without-any fractiire at
the junction of the head and body.. -

8.4 The speed of testing as detef.mi:ned
with a free:running cross. head shall be .a
maximum of % in./min for the'bolt proofdoad
determination, and a maximum of 1 in./tin
for the bolt tensile-strength determination.

8.5 The galvanized bolt shall be placed in
a steel joint and assembled with a galvanized
washer and a galvanized nut. The joint shall
be one.or more flat structural steel plates with
a total. thickness; including the, washer. such
that,3 to 5 full threads of the bolt are located
between the bearmg sutfaces of the bolt hiead
and nut, The hole in the joint shall have-the
same nommal diameter-as the hole .in. the
washer The initial tightening of the nut.shall
pxoduce a [oad in the bolt not;less than 10-%
of the specified proof load.!! After:initial
tightening, the nut position shall be -marked
relative to the bolt, and the rotation shown in
Table 8 shall be applied. During rotétion, the
bolt head shall be restrained fr'o"r’n tur‘ni'n‘g.

9. Quallty ASSurance of Mechhmcal Requlre-
ments® '

9.1 The manufacturer shall make sample
ingpections of evety lot of bolista ensure that
properties of bolts are i conformance with
theireqmrements of ! thlS spemflcatlon All
bolts shall be inspection tested prior to ship-
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ment ,in accordance with one .of the two
quahty assurance procedures described in 9.2
and 9.3, respectively. The manufacturer, shall
have the option of: which procedure will. be
followed when furmshmg belts to any. smgle
purchase order.

- 9.1:1 The purpose of alot mspectlon test—
mg pronram is to ensure that each lot con-
forms to. the requirements of this specifica-
tion., For such a plan to be fulIy effective it is
essential that following delivery the purchaser
continue; to: maintain. the identification and
integrity: of each lot until:the product is in-
stalled in its service application.

9.2 Production Lot Method:

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

92,2 A production lot for purposes of
assigning an identification number and from
which test samples shall be selected, .shall
consist of all bolfs processed essentlally to-
gether through all“operations to the shxppmg
container that are 6f'the same nominal size,
the same notitinal length, and produced from
the same mill heéat of steel.

- 9.2.3 The manufacturer shall make t‘esis
for proof load, tensile strength (wedge test),
and hardness of each lot of bolts. Alterna-
tively, i aceordande with 6.3, tests may be
tetisile- stiength; yield strength reductmn of
arés, elofigation;-and hardness. ‘

*9.2.4 From each production lot, the mini:
mum numbér of tests of each requlred prop—
erty shall bé a3 follows:

NumberJ of Pieces ) Number of
‘ ir‘rPi‘"odl'u‘c'Eidr‘l”Lot R Specunens )
BV 1800 Hid less < v i o oy Vi
Do wBOLtor8,000 ¢ v ire Ty e or 2 vk
8,000 635,000 ;o I
35001t0150000 N
o1 )

i T 13

s AH Use of 'the torque value obtamed in.-al Sk!dmore~.
Wilhelm or equwalent cahbr&tor may bc us.ecl in meetmg
this requirerient,
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9.2.5 If any test specimen shows defective
machining it may be discarded and another
specimen substituted,

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

9.2.7 A copy of the inspection test report
for each production lot from which bolts are
supplied to fill the requirements of a shipment
shall be furnished to the purchaser when

specified in the order. Individual heats of steel -

need not be identified on the test report.

9.3 Shipping Lot Method:

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

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

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

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

Number of Pieces
in Shipping Lot

150 and less
151 to 280

281 to 500

501 to 1,200
1,201 to 3,200
3,201 to 10,000
10,001 and over 2

Number of
Specimens

O Lo L Wy

"

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

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

Case 1:13-cv-01215-TSC Document 198-15 Filed 10/07/19 Page 36 of 141

A 325

10. Marking

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

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

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

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

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

| 11. Visual Inspection for Head Bursts

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

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

11.3 A lot, for the purposes of visual in-
spection, shall consist of all bolts of one type
having the same nominal diameter and length
offered for inspection at one time. No lot shall
contain more than 10 000 pieces.

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

269
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12, Inspection

+ 12,1 If the mspection’ descrlbed in, 1?2 2 is
requlred by the purchaser, it shall be specified
in the inquiry and-contract or order. -+ .
12.2 The inspector representing the pur-
«.chaser shall have frec entry, at all times while
work on the contract of the purchaser is being
performed;.to all.parts of the manufacturer’s
works that ‘concérn; the manufaeture of, the
madterial ordered. The manufacturer shall af-
ford the inspector.all reasonable facilities to
satisfy him that the material is being furnished
yin accordance with this specification. All tests
(except product analysis) and inspection,shall
be made at: the. place of manufacture. prior to
shipmerit, unless otherwise speciﬁed, and

-shall be so conducted as not to nterfere
unnecessarily with the operation of the works,
13. Rejection . = o

13.1 Unless otherwise specified, any rejec-
'tion based on tésty specitied Herein shallbe
reported to the, ménufacturer withiti 30 work-
ing days from the IeCelpt of samples by’ the
purchase:. o ;

,14 Certlficatmn

' '14.1 Bolts~When specified on the order
the manufacturetr shall furhiish the testréports
described in 9:2.7 or 9.3.6, depending on
‘whether the'bolts are fiirnished by the produc—

‘fion IOtJm Shlppmg lot méthod.

TABLE 1 Chemical Reqmrements for Types 1 and 2
Bolts.

Composntlon %

Element

Type 1 Bolts ' Typé 2 Bolts! ut e

Carbon:.
- Heat analysis -
Product analysis ©

Marganese, mi:
. . - Hedt analysis
PO BRI Product analysis

Phosphoris, max:
Heat analysis
. . ¢« :;Product analysis

Sualfar, max:
‘Heat analysis
. Produit analysis
. Boron, min,
2" Heatanalysis
+: Praduct analysis -

0:30min . 0.15-0: 23 o
027min 0.13-0.25
0.50 0.70 e
07 0,67
0.040 . 0.040
0.048 - 0.048
0.050 0.050
0.058- 0,058 K
0.0005
. 0.0005

U TR
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TABLE 2 Chemical Requirements for Type 3 Bolts

Composition, %

Element Type 3 Bolts*
A B c D E F

Carbon:

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

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

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

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

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

Product analysis 0.045 max 0.06-0.125 0.040 max 0.045 max 0.045 max 0,045 max
Sulfur:

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

Product analysis 0.055 max 0.055 max 0.045 max 0,055 max 0.045 max 0.043 max
Silicon:

Heat analysis 0.15-0.30 0.30-0.50 0.15-0,30 0.25-0.50 0.15-0.30 0.15-0.30

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

Heat analysis 0.25-045 0.20-0.40 0.20-0.50 0.30-0.50 0.30-0.60 0.20-0.40

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

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

Product analysis 0.22-0.48 0.47-0.83 0.22-0,53 . 0.47-0.83 0.27-0.63 0.17-0.43
Chromium:

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

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

Heat analysis e Cee 0.020 min

Product analysis .. o 0.010 min
Molybdenum:

Heat analysis v 0.06 max 0.10 max

Product analysis e 0.07 max 0.11max
Titanium:

Heat analysis
Product analysis

0.05 max

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

manufacturer.

TABLE 3 Hardness Requirements for Bolts

Hardness Number

Bolt Size, in. Brinell Rockwell C
Min Max Min Max
Yato 1, incl 248 331 24 35"
1Y/s to 1/2, incl 223 293 19 31
271
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TABLE 4 Tensile Requirements for Full Size Bolts

Bolt Size, ‘Threads per . B B Alternative Proof
Inch and Series Desig-  Stress Area,4 in2 Tensile Strength Proof Load, "Length 1 . B yie1 Strength
nation : . min, lbf Measurement Method ‘Method, min s
Column 1 Column2 " Column 3 Column 4 Column 5
W13 UNC 0.142 17 050 12 050 13 030
%-11 UNC 0.226 27 100 19 200 20 800
%=-10 UNC . 0334 . 40 100 28 400 30 700
%~9 UNC 0.462 55 450 39 250 42, 500_
1-8 UNC 0.606 72 700 51 500 55 750
1%-7 UNC 0,763 | 80 100 ] 56 450 61 800
148 UN 0,790 82 950 58 450 ‘ 64 000
1%-7 UNC 0.96% = 101 700 71 700 C 18 500
1%-8 UN 1.000 105 000 74 000 81 000
%-6UNC LI5S 121 300 85 450 193 550
1%-8 UN 1.233 129 500 91 250 99 870
1%—6 UNC 1.405 147 500 104 000 113 800
1%-8 UN 1492 156 700 110 400 120 850
4 The stress ared is calculated as follows:
A, = 0.7854 [D — (0.9743/n)]
wheére:
A, = stresg area, in .2,
D = nominal bolt size, and
n = threads per inch.
. ¥ Loads tabulated are based on the following; ‘
Bolt Size Column 3 Colurmm 4 Column 5
%, to 1 incl 120 000 psi 85 000 psi 92 000 psi
1% to 1%, incl 105 000 pm 74 000 psi 81 000 psi

TABLE 5 Tensile Requirements for Specimens

TABLE 6 Sample Sizes and Acceptance Numbexs for

Machined from Bolts Inspection of Hot Dip or Mechanically Galvanized Threads
Yield ; ; Acceptance
Tensile Strength g;gnﬁai It}gdnu:f- Lot Size Sample Size? © I‘Iun[l,be’r{1l

Bolt Size, in.  Strength, (0.2% In, min, Are, 7 to 90 13 1
min, psi  Offce) "6 min, % 91 to 150 20 2
P 151 to 280 32 .3
13, 1% and 105000 81000 14 35 | 281 t0 500 50 5
1% . a01to1 200 80 = 7
1 201t03 200 125 10
3 201 to 10 000 200 14
10 001 and over 315 21

4 Sample sizes of acceptance numbers are extracted
. from “Single _Sa_mopling Plan for Normal Ingpection” Table
ITA, MIL-STD-105D.
8 Inspect all bolts in the lot if the lot size is less than the
sample size.
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TABLE 7 Sample Sizes and Acceptance Numbers for TABLE 8  Test for Galvanized Bolts !
Inspection of Bursts Nominal Nut Rete-

Lot Size Sg:mﬁlg Acceptanc: Num- Bolt Length Diameter, in. tion, deg (turn)
Size ber Up to and including 4 300 (3/s) ‘
1 to 150 5 0 Over 4, but not exceeding 8 360 (1) |
151 to 500 20 1 Over 8 420 (1'/16) ;
501 to1 200 32 2 ‘
1 201 to3 200 50 3 |
3 201 to 10 000 80 5 :

4 Sample sizes and acceptance numbers are extracted

from “Single Sampling Plan for Normal Inspection’ Table , |

11A, MIL-STD-105D. |
# Inspect all bolts in the lot if the lot size is tess than the

sample size.

The American Society for Testing and Materials takes no position rezrpecting 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
validily of any such patent rights, and the risk of infringement of such vights, is entirely their own responsibility.

Thiy standard is subject to revision at any time by the responsible technical commitiee and must be reviewed every five
years and if not revised, either reapproved or withdrawn, Your comments are invited either for revisian of this standard or
Jfor additional standards and should be addressed to ASTM Headquarters. Your comments will receive careful consideration
at a meeting of the responsible technical committee, which you may attend. If you feel that yotir comments have not received
a fair hearing you shauld make your views known to the ASTM Committee on Standards, 1916 Race St., Philadelphia, Fa.
19103, which will schedule a further hearing regarding your comments. Failing satisfaction there, you may appeal to the
ASTM Board of Directors.
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QH."V) Designation: A 333/A 333M - 94

Standard Specmcatlon for

Seamless and Welded Steel Pipe for Low Temperature

Service!

’

This standard is issued under the fixed designation A 333/A 333M; the number immediétély‘ following the designationi indicates the
year of original adoption or, in the case of revision, the year of last revision, A number in parentheses indicates the year of last
reapproval. A superscript epsilon (¢) indicates an editorial change since the last revision or reapproval.

1. Scope

1.1 This specification? covers nominal (average) wall
seamless and welded carbon and alloy steel pipe intended for
use at low temperatures. Several grades of ferritic steel are
included as listed in Table 1. Some product sizes may not be
available under this specification because heavier wall thick-
nesses have an adverse affect on low-temperature impact
properties.

1.2 Supplementary Requirement S1 of an optional nature
is provided. This shall apply only when specified by the
purchaser,

1.3 The values stated in either inch-pound units or SI
units are to be regarded separately as standard. Within the
text, the SI units are shown in brackets. The values stated in
each system are not exact equivalents; therefore, each system
must be used independently of the other. Combining values
from the two systems may result in nonconformance with
the specification. The inch-pound units shall apply unless the
“M” designation of this specification is specified in the order.

Note 1—The dimensionless designator NPS (nominal pipe size) has
been substituted in this standard for such traditional terms as “nominal
diameter,” “size,” and “nominal size.”

2. Referenced Documents

2.1 ASTM Standards:

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

A 530/A 530M Specification for General Requirements
for Specialized Carbon and Alloy Steel Pipe*

A 671 Specification for Electric-Fusion-Welded Steel Pipe
for Atmospheric and Lower Temperatures®

E 23 Test Methods for Notched Bar Impact Testing of
Metallic Materialg®

3. General Requirements

3.1 Material furnished to this specification shall conform
to the applicable requirements of the current edition of
Specification A 530/A 530M unless otherwise provided
herein.

I This specification is under the jurisdiction of ASTM Committee A- on Sieel,
Stainless Steel, and Related Alloys and is the direct responsibility of Subcommittee
A01,10 on Tubing.

Current edition approved Aug. 15, 1994, Published October 1994. Originally
published as A 333 - 50 T, Last previous edition A 333/A 333M - 91a,

2 For ASME Boiler and Pressure Vessel Code applications see related Specifi-
cation SA-333 in Section IT of that Code.

3 Annual Book of ASTM Standards, Vol 01,03

4 Annual Book of ASTM Standards, Vol 01.01.

5 Annual Baok of ASTM Standards, Vol 03.01.

4, Ordering Information

4.1 Orders for material under this specification should
include the following, as required, to describe the material
adequately:

4.1.1 Quantity (feet, centimetres, or number of lengths),

4.1.2 Name of material (seamless or welded pipe),

4.1.3 Grade (Table 1),

4.1.4 Size (NPS or outside diameter and schedule number
of average wall thickness),

4.1.5 Length (specific or random), (Section 12) (Permis-
sible Variations in Length Section of Specification A 530/
A 530M),

4.1.6 End finish (Ends Section of Specification A 530/
A 530M),

4.1.7 Optional requirements, (heat analysis requirement
in the Chemical composition Section of AS530/A530M;
13.1.1 other temperatures for impact tests; 5.3.4 stress
relieving; (see Hydrostatic Test Requirements Section of
Specification A 530/A 530M); and 11.6 repair by welding),

4.1.8 Test report required, (Certification Section of Spec-
ification A 530/A 530M),

4.1.9 Specification designation, and

4.1.10 Special requirements or exceptions to this specifi-
cation.

5, Materials and Manufacture

5.1 Manufacture—The pipe shall be made by the seamless
or welding process with the addition of no filler metal in the
welding operation, Grade 4 shall be made by the seamless
process.

Norte 2——For ¢lectric-fusion-welded pipe, with filler metal added, see
Specification A 671.

5.2 Heat Treatment:

5.2.1 All seamless and welded pipe, other than Grades 8
and 11, shall be treated to control their microstructure in
accordance with one of the following methods:

5.2.1.1 Normalize by heating to a uniform temperature of
not less than 1500°F [815°C] and cool in air or in the cooling
chamber of an atmosphere controlled furnace.

5.2.1.2 Normalize as in 5.2.1.1, and, at the discretion of
the manufacturer, reheat to a suitable tempering temperature.

5.2.1.3 For the seamless process only, reheat and control
hot working and the temperature of the hot-finishing opera-
tion to a finishing temperature range from 1550 to 1750°F
[845 to 945°C] and cool in a controlled atmosphere furnace
from an initial temperature of not less than 1550°F [845°C).
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TABLE 1 Chemical Requirements

Composition, %

Element

Crade 14 Grade 3 Grade 4 *  Grade 64 Grade 7 Grade 8 Grade 8 Grade 10 Grade 11
Carbon, max 0.30 0.19 012 0.30 0.19 013 0.20 0.20 Q.10
Manganese ¢ 0.40~1.08 " 0.31-0.64 :0.50~-1.05 0.29~1.06 0.90 max 0.90 max 0.40-1.06 1.15-1.60 0.60 max
Phosphorus, max 0.025 0.025 0.025 0.025 0.025 0.025 0.0256 0.035 0025
Sulfur, max 0,025 0.025 0.025 0.025 0.025 0.025 0.025 0.015 0.025
Sllicon Vi 0.18-0.37 0.08-0.37 0,10 min 0.13-0.32 0,13-0.32 e 0.10-0.35 (.35 max
Nickel 3.18-3.82 0.47-0.98 2.038-2.57 8.40-9.60 1.60-2.24 0.25 max 35.0-37.0
Chromium e 0.44-1.01 oo s v 0.156 max 0.50 max
Copper 0.40-0.75 0.75-1.25 0.15 max .
Aluminum 0.04-0.30 Vs 0.06 max
Vanadium, max e . 012
Columbium, max 005 L
Molybdenum, max " 005 0.50 max

0.50 riax

Cobait

5.2.1.4 Treat as in 5.2.1.3 and, at the discretion of the
manufacturer, reheat to a suitable tempering temperature.

3.2.1.5 Seamless pipe of Grades 1, 6, and 10 may be heat
treated by heating to a uniform temperature of not less than
1500°F [815°C], followed by quenching in liquid and re-
heating to a suitable tempering temperature, in place of any
of the other heat treatments provided for in 5.2.1.

5.2.2 Grade 8 pipe shall be heat treated by the manufac-
turer by either of the following methods:

5.2.2.1 Quenched and Tempered—Heat to a uniform
temperature of 1475 =+ 25°F [800 x 15°C]; hold at this
temperature for a minimum time in the ratio of 1 h/in. [2
min/mm] of thickness, but in no case less than 15 min;
quench by immersion in circulating water. Reheat until the
pipe attains a uniform temperature within the range from

4 Far each reduction of 0.01 % carbon below 0.30 %, an increase of 0.05 % manganese above 1.06 % would be permitted to a maximum of 1.35 % manganese.

TABLE 2 Stress Relieving of Test Pieces
Metal Temperature4 &

Minimum Holding Time,

Grades 1,3, 6,7, and 10 Grade 4¢ hfin. [min/mm] of
o “c F = Thickness
1100 600 ° " 1150, ¢ 620 1[24] -
1050 565 1100 600 2.[4.7]
1000 540 1050 565 31711

AFar intermediate témperatures, the holding time shall be determxned by
straight-ling interpolation.

8 Grade 8 shall be stress relieved at 1025 to 1085°F, [550 to 585°C], held for
a minimum time of 2 h for thickness up to 1.0 in. [25.4 mm], plus a minimurh of 3
h for each additional inch [25.4 mm)] of thickness and cooled at a minimum rate of

. 300°F [165°C]/h in air or water o a temperature not exceeding 600°F [315°C], .

1050 to 1125°F [565 to 605°C]; hold at this temperature fora
minimum time in the ratio of 1 h/in. [2 min/mm] of

thickness, but in no case less than {5 min; cool in air or
water quench at a rate no less than 300°F [165°C]/h.

5.2.2.2 Double Normalized and Tempered—Heat to. a
uniform temperature of 1650-+ 25°F [900 + 15°C]; hold at
this temperature for a minimum time in the ratio of 1 h/m
[2 min/mm)] of thickness, but in no case less than |5 min;

€ Unless otherwise specmed Grade 4 shall be stress relleved at 1150°F
[620°]. :
period of time in accordance with Table 2, and then furnace
cooled at a temperature not exceeding 600°F [315°C]. Grade
8 shall be cooled at a minimum rate of 300°F [165°C]/h in
air or water to a temperature not exceedmg 600°F [315° C]

6. Chemical Composntmn C
6.1 The steel shall conform to the requirements as to

" chemical composition prescribed in Table 1.

cool in air. Reheat until the pipe attains a uniform tempera- -

ture of 1450 = 25°F [790 =+ 15°C]; hold at this temperature
for a minimum time in the ratio of 1 h/in. [2 min/mm)] of
thickness, but in no case less than 15 min; cool in air. Rehicat
to a uniform temperature within the range from 1050 to

1125°F [565 to 605°C]; hold at this temperature for a -

minimum time of [ h/in, {2 min/mm] of thickness but in no
case less than 15 min; cool in air or.water quench ata rate
not less than 300°F [165°C]/h.

6.2 When Grades 1, 6, or 10 are ordered under this
specification, supplying an alloy grade that specifically re-
quires the addition of any element other than those listed for:

- the ordered grade in Table 1 is not permitted. However, the
;addltlon of elements required for the dcox1dat10n of the steel

5.2.3 Whether to anneal Grade [ pipe is per agreement ’
between purchaser and supplier. . When Grade 11 pipe is -

annealed, it shall be normalized in the range ‘of 1400 to
1600°F [760 to §70°C].

5.2.4 Material from which test specimens are obtained ‘

shall be in the same condition of heat treatment as the pipe
furnished. Material from which specimens are to be taken
shall be heat treated prior to preparation of the specimens.
5.2.5 When specified in the order the test specimens shall
be taken from full thickness test pieces which have been stress
relieved after having been removed from the heat-treated
pipe. The test pieces shall be gradually and uniformly heated
to the prescribed temperature, held at that temperature for a

18 permitted.

7. Product Analysis

7.1 At the request of the purchaser, an analysis of one
billet or two samples of flat-rolled stock from each heat or of
two pipes from each lot shall be made by the manufacturer.
A lot of pipe shall consist of the following:

NPS Designator Length of Pipe in Lot

Under 2 400 or fraction thereof
266 200 or fraction thereof
Over 6 100 or fraction thereof

7.2 The results of these analyses shall be reported to the
purchaser. or the purchaser’s representative and shall con-
form to the requirements specified.

7.3 1f the analysis of one of the tests specified in 7.1 does
not conform to the requirements specified, an analysis of
each billet or pipe from the same heat or lot may be made,
and all billets or pipe conforming to the requirements shall
be accepted.

185:

PRO_00082442



Case 1:13-cv-01215-TSC Document 198-15 Filed 10/07/19 Page 45 of 141

{h.:A 333/A 333M

TABLE 8., Tensile:Requirements
Grade 1 Grade 3 Grade 4 - CGrade 6 Grade 7 Grade 8 Grade 9 Grade 10 Grade 11
S ['MPe | psi [ MPa | psi | MPa| psi [-MPa| psi | MPa | psi<] MPa | psi | MPa| psi | MPa | psi | MPa
Tensile strength, min . |55 000] 380 ’65 000| 450 leo 000] 415 |60 000] 415.:J85 000| 450 |1oo’o‘og 690 ‘63 000 435 [s0 oo 550 |8s ooo‘ 450

Yield strength, min ... . |30 000] 205 [35 000] 240 [35 000, 240 |35 000| 24035 000|.240 |75 00D 515.)46 000] 315 |65 000] 450 (35 Q00| 240
Longi- | Trans- Longl Trans- | Longi- T”rans- Longl- | Trans-| Longi- Trans- Longi- | Traris- | Longi- | Trans- | Longi- | Trans- Longi-
tudinal | verse |tudinal | verse |tudinal| verse |tudinal | verse |tudinal | verse [tudinal| verss |tudinat| verse |tudinal| verse tudinal

Elongation in 2 in. or 50
mm, (or 40), min, %: '
Basic minimum elon-| 35 25 30 20 30 16.5 |30 185 |30 22 22 Lo 28 L. |22 184
gation for walls s
in. {8 mm} and over s
in thickness, sirip
tests, and for all
small sizes tested in
full section I
Wheén standard round| 28 20 22 ¢+ (145 (22 12 22 12 22 |14 18 ..o 18
2-in. or 50-mm gage
length or proportion-
ally smaller size test .
specimen  with - the ' , ' ' |
gage length equal to .
4D (4 times the di-
ameter) is used '
For strip tests, a de-| 1.758 [ 1.258 | 1,502 [ 1.00% | 1.502 | 1.008 | 1.508 | 1.002 | 1.505°| 1,008 [1.268 | ... |1.508| ... |1.258
duction for-each Va2 .
in. [0:8 mm] de-
crease in wall thick-
ness below e in. o
[8 mm] from the )
basic minimum elon-|
gation of the follow-| . ‘ )
Ing pércentage. g ' ‘ ‘ ’ Y

A Elongation of Grade 11 is far all walls and small sizes tested in full section.
8The following table gives the calculated minimum values

Elongation int 2 in, ar 80 mm, riin, %€
Wall Thickness - N et - T 7
Grade 1 Grade 3 Grade 4 Grade6 |  Grade? Grade8 |  Grade9 .| . vGrade 10,
' in mm‘ “HSngi- Trans- | Longi- | Trans- | Longi- | Trans- Longi- | Trans- Long| Trans- | Longi- | Trans- | Longi- | Trans- Longl- Trans;
' tudinal | verse tudmal verse | tudinal | verse | tudinal verse tudlnal vérse | tudinal verse | tudinal | verse tudmal _verse
$he (0.312) 8 35 25" [ 80 20 30 186 30 16 30 22 22 28 e | e i
Ve (0.281) 7.2 a3 24 28 19 28 18 28 15 28 21 21 o] 26 B 21
4 (0.250) | 6.4 32 23 27 18 27 15 27 15 a7 20 20 SUT -T: T R o
a2 (0.219) | 6.8 30 26 26 26 26 18 24 e |18
%6 (0.188) 4.8 28 24 24 24 24 17 22 P
az (0.1586) 4 26 PR - 22 22 22 16 20 16
6:(0.125) 32 |- 257 21 21 21 21 18 19 15
¥a2(0.094) 2.4 23 20 s 20 .| ... 20 20 18 18 13
148 (0.062) 1.6 21 1 .., | 18 cee L) 18 T 18 o ] 12 16 12

. @ Calculated slongation requirements shall be rounded to' the nearest whole numbet. .
NoTe—The precedlng table gives the computed minimum elongatlon values for each 1/:4z-|n [O 80~mm] decrease in wall thlckness Where the wall thickness lies between
twa valugs showri above, the miinimum eélongation value is determlned by the followmg equahon

Grade Direction of Test T Equat[on ‘
1 Lonitudinal - E = 56t + 17,50 13 2.-191‘ + 17 ,50]
. Transverse E = 40t + 12.50 [E =1.56t + 12, 50]
3 Longitudinal E = 48t + 15.00 [£ = 1.87¢ + 15.00]
' ’ ' Transverse E = 32t + 10.00 [E = 1.25¢ + 10.00]
4 Longitudinal E =48t + 15,00 [F = 1.87¢ + 15.00]
Transverse E=32t+ 650[F=125t+ 650]
6 Langitudinal E = 48t.+ 15,00 [E = 1.87t + 15.00]
Transverse E=32t-+ 6.50 [E = 1.25t + '6:50]
7 Longitudinal E = 48¢ -+ 15.00 [ = 1.87t + 15.00]
Transverse E =32t + 11.00[E = 1.25¢ + 11.00] )
gand 10 Longitudinal E =40t + '9.50 [E = 1.56t + 9.50] ™" o
9 Longitudinal E =48t -+ 18.00 [E = 1.87¢ + 18.00] o
Wher&; ‘ o ‘

elongétloh in 21n. or's0 rarm, in %, and o
-actual thickness of specimen; in. [mm].

¢

- E
t

JI Il

186

PRO_00082443



Case 1:13-cv-01215-TSC Document 198-15 Filed 10/07/19 Page 46 of 141

{ih A 333/A 333Mm

8. Tensile Requirements

8.1 The material shall conform to the requirements as to
tensile properties prescribed in Table 3.

9. Impact Requirements

9.1 For Grades 1, 3, 4, 6, 7, 9, and 10, the notched-bar
Impact properties of each set of three impact specimens,
including specimens for the welded joint in welded pipe with
wall thicknesses of 0.120 in. [3 mm] and larger, when tested
at temperatures in conformance with 14.1 shall be not less
than the values prescribed in Table 4. The impact test is not
required for Grade 11.

9.1.1 If the impact value of one specimen is below the
minimum value, or the impact values of two specimens are
less than the minimum average value but not below the
minimum value permitted on a single specimen, a retest
shall be allowed. The retest shall consist of breaking three
additional specimens and each specimen must equal or
exceed the required average value. When an erratic result is
caused by a defective specimen, or there is uncertainty in test
procedures, a retest will be allowed,

9.2 For Grade 8 each of the notched bar impact speci-
mens shall display a lateral expansion opp051te the notch of
not less than 0.015 in. [0.38 mm],

9.2.1 When the average lateral expansion value for the
three impact specimens equals or exceeds 0.015 in. [0.38
mm] and the value for one specimen is below 0.015 in. [0.38
mm] but not below 0.010 in. [0.25 mm], a retest of three
additional specimens may be made: The lateral expansion of
each of the retest specimens must equal or exceed 0.015 in.
[0.38 mm].

9.2.2 Lateral expansion values shall be determined by the
procedure in Test Methods and Definitions A 370. N

9.2.3 The values of absorbed energy in foot-pounds and
the fracture appearance in percentage shear shall be recorded
for information. A record of these values shall be retained for
a period of at least 2 years. -

10. Lengths

10,1 If definite lengths are not required, pipe may be
ordered in single random lengths of 16 to 22 ft (Note 3) with
5% 12 to 16 ft (Note 4), or in double random lengths with a
minimum average of 35 ft (Note 4) and a minimum length
of 22 ft (N‘ote 4) with 5 % 16 to 22 ft (Note 3).

NoTE 3—This value(s) applies when the inch-pound designation of

this specification is the basis of purchase. When the “M” designation of -

this specnﬁcatlon is the bas:s of purchase,- the correspondmg metric

TABLE 4 Impact Flequlrements for Grades 1, 3,4,6,7,
Mlmmum Average Notched Minimum Notched Bar:
) Bar Impact Value of Impact Value of One
Size of 'Each Set of Thres Specimen Only of
Specimen, mm Specimens? a SetA
ft-Ibf J ft-Ibf J
10 by 10 13 18 10 14
10 by 7.5 10 14 ' 8 1
10 by 6.67 9 12 7 9
10 by 5 7 9 A 7
10 by 3.33 5 7 3 4
10 by 2.5 4 5 o a 4

, A Straight line interpolation for intermediate values is permitted.

value(s) shall be agreed upon between the manufacturer and purchaser.

11. Workmanship, Finish, and Appearance

11.1 The pipe manufacturer shall explore a sufficient
number of visual surface imperfections to provide reasonable
assurance that they have been properly evaluated with
respect to depth. Exploration of all surface imperfections is
not required but may be necessary to assure compliance with.
11.2.

11.2 Surface 1mperfect10ns that penetrate more than
1212 % of the nominal wall thickness or encroach on the
minimum wall thickness shall be considered defects. Pipe
with such defects. shall be given .one of the following
dispositions:

11.2.1 The defect may be removed by grinding pr0v1ded
that the remaining wall thickness is within specxﬁed limits,

[1.2.2 Repaired in -accordance with the repair weldmg
provisions of 11.6.

11.2.3 The section of pipe contammg the defect may be
cut off within the limits of requirements on length.

11.2.4 The defective pipe may be rejected.

11.3 To provide a workmanlike finish and basis for
evaluating conformance with 11.2, the pipe manufacturer
shall remove by grinding the following:

11.3.1 Mechanical marks, abrasions and pits, any of
which imperfections are deeper than Yie in. [1.6 mm), and |

11.3.2 Visual imperfections commonly referred to as
scabs, seams, laps, tears, or slivers found by exploration in
accordance with 11.1 to be deeper than 5 % of the nominal
wall thickness.

11.4 At the purchaser’s discretion, pipe shall be subject to
rejection if surface imperfections acceptable under 11.2 are
not scattered, but appear over a large area in excess of what is
considered a workmanlike finish, Disposition of such pipe
shall be a matter of agreement between the manufacturer‘
and the purchaser

11.5 When imperfections or defects are removed by
grinding, a smooth curved surface shall be maintained, and
the wall thickness shall not be decreased below that per-
mitted by this specification. The outside. diameter at the
point of grinding may be reduced by the amount so
removed.

11.5.1 Wall thickness measurements shall be made with a
mechanical caliper or with a properly calibrated nonde-
structive testing device of appropriate accuracy. In case of
dispute, the measurement determined by use of the mechan-
ical caliper shall govern.

. 11.6 ‘Weld repair shall be permltted only subject to the
approval of the purchaser and in accordance with Specifica-
tion A 530/A 530M.

11.7 The finished pipe shall be Leasonably straight.

12. Number of Tests Required y

12.1 Transverse -or Longitudinal Tensile Test -and Flat-
tening Test—For material heat treated in a batch-type
furnace, tests shall be made on 5 % of the pipe from each lot.
When heat treated by the continuous process, tests shall be
made on a sufficient number of pipe to constitute 5 % of the
lot, but in no case less than 2 pipes. ‘

‘Note 4—The term “lot” applies to all pipe of the same nominal size
and wall thickness (or schedule) which is produced from the same heat:
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of steel and subjected to the same finishing treatment in a continuous
furnace. When final heat treatment is in a batch-type furnace, the lot
shall include only that: pipe which is heat treated in’ the same furnace
charge.

12.2° Hydrostatic' Test—Each length of pipe shall be
subjected to the hydrostatic test.

1 12.3 Impact’ Test—One notched bar impaét test, con-
sisting of breaking three specimens, shall be made from each
heat represented in a heat-treatment load on specimens
taken from the finished pipe. This test shall represent only
pipe from the same heat and the sathé heat-treatmient load,
the wall thicknesses of which do not exceed by more than Vs
in, [6.3 mm] the wall thicknesses of the pige from which the
test specimens are taken. If heat treatment is performed in
continuous or batch-type furnaces controlled within a 50°F
[30°C] range and equipped with recording pyrometers so that
complete records of heat tréatment are available, then one
test from each heat in a continuous run only shall be
required instead:of one test from each heat in each heat-
treatment load.

12.4 Impact Tests (Welded Pipe)—On welded pipe, addi-
tional impact tests of the saine number as required in 12.3 or
12.4 shall be made to test the weld.,

12.5 Specimens showing defects while being machined or
prior to testihg may be discarded and replacements shall be
conmdered as original specimens.

+12:6 Results obtained: from these tests shall be reported to
the purchaser or his representative.

13. Specimens for Impact Test

13.1 Notchéd bar impact specimens shall be of the simple
beam, Charpy-type, in accordance with Test Methods E 23,
Type A with a V notch. Standard specimens 10 by 10 mm in
cross section shall be used unless the material to be tested is
of insufficient thickness, in whi¢h case the largest obtainable
subsize specimens shall be used. Charpy specimens of width
along the notch’ larger than 0.394 in. {10 mm] or smaller
than 0:099 in. [2.5 mm] are not provided for in this
specification. S

13.2 Test specimens shall be obtained so that the longitu-
dinal axis of the specimen is parallel to the lorgitudinal axis
of the pipe while the axis of the notch shall be perpendicular
to the suiface. On wall thicknesses of [ in. [25 mm] or less,
the specimiens shall be obtained with their axial plane located
at the midpoint; on-wall thickriesses ovér 1 in. [25 mm], the
specimens shall be obtained with their ax1al plane located /2

n. [12.5 mm] from the outer surface.

13 3 When testing welds the specimen shall be, whenever
diameter and thickness permit, transverse to the longitudinal
axis of the pipe with the notch of the specimen in the welded
joint and perpendicular to the surface. When diameter and
thickness do not permit obtaining transverse specimens,
longitudinal specimens in accordance with 13.2 shall be
obtained; the bottom of the notch shall be located at the weld
joint,

14. Impact Test

' 14.1 Except when the-size of the finished pipe is insuffi-
cient to permit obtaining subsize impact specimens, all
material furnished to this specification and marked in
accordance with- Section 15 shall be tested for impact

188

resistance at the minimum temperature for the respective
grades as shown in Table 3.

14.1.1 Special impact-tests on individual lots of material
may be made at other temperatures as agreed upon between
the manufacturer and the purchaser.:

14.1.2 When subsize Charpy impact specimens are used
and the width along the notch. is less than 80,% of the actual
wall thickness of the original material, the specified Charpy
impact test temperature for. Grades 1, 3,4,6,7,9, and 10
shall be lower than thé minimum temperature shown. in
Table 5 for the respective grade. Under these circumstances
the temperature reduction values shall be by an amount
equal to the difference (as shown in Table 6) between the
temperature reduction correspondugg to the actual material
thickness and the temperature reduction corresponding to
the Charpy specimen width actually tested. Appendix X1
shows some examples of how the temperature reductions are
determined. )

14.2 The notched bar impact test shall be made in
accordance with the procedure for the simple beam, Charpy-
type test of Methods E 23. .

14.3 Impact tests specified for temperatures lower than
70°F [20°C] should be made with the followmg precautions.
The impact test specimens as well as the handling tongs shall
be cooled a sufficient time in a suitable container so that
both reach the desired temperature. The temperature shall be
measured with thermocouples, thermometers, or any other
suitable devices and shall be controlled within 3°F [2°C]. The
specimens shall be quickly transferred from the cooling
device to the anvil of the Charpy impact testing machine and
broken with a time lapse of not more than 5 s.

15. Product Marking
15.1 Except as modified in 15.1.1, in addmon to the

TABLE 5 Impact Temperature
Minimum Impact Test Termnperature
Grade
OF GC
1 =50 —45
3 -1580 =100
4 -150 -100
6 =50 —45
7 -100 ~75
8 -320 =195
9 =100 =75
10 =75 —-60
TABLE 6 Impact Temperature Reduction

Specimen Width Along Notch or Actual
Material Thickness

Temperature Reduction, Degrees
Colder A

fn. mm i °F °C
0.394 10 (standard size) 0 0
0.354 9. 0 0
0.315 8 0 0
0.285 7.5 (¥4 std. size) 5 3
0.276 7 8 4
0.262 6.67 (%2 std. size) 10 5
0.236 6 15 8
0.197 5 (2 std. size) 20 11
0.158 4 30 17
0.131 3.33 (Vs std, size) 35 19
0.118 3 40 22
0.099 2.5 (Va std. size) 50 28

A Stralght iine interpolation for intermediate values is permitted,
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marking prescribed in Specification A 530/A 530M, the
marking shall include whether hot finished, cold drawn,
seamless or welded, the schedule number and the letters
“LT” followed by the temperature at which the impact tests
were made, except when a lower test temperature is required
because of reduced specimen size, in which case, the higher
impact test temperature applicable to a full-size specimen
should be marked.

15.1.1 When the size of the finished pipe is insufficient to
obtain subsize impact specimens, the marking shall not

include the letters LT followed by an indicated test temper-
ature unless Supplementary Requirement S1 is specified.

15.1.2 When the pipe is furnished in the quenched and
tempered condition, the marking shall include the letters
“QT”, and the heat treatment condition shall be reported to
the purchaser or his representative,

- 16. Keywords

16.1 low temperature service; seamless steel pipe; stainless
steel pipe; steel pipe; temperature service applications, low

SUPPLEMENTARY REQUIREMENTS

The following supplementary requ1remem shall apply only when specified by the pulchaser in the contract

ot order,

S1. Subsnze Impact Specimens

S1.1 When the size of the finished pipe is msufﬁment to
permit obtaining subsize impact specimens, testing shall be a

matter of agreement between the manufacturer and the
purchaser.

~ APPENDIX.

(Nonmandatory Information)

X1. DETERMINATION OF TEMPERATURE REDUCTIONS

X1.1 Under the circumstances staled in 14.1.2, the im-
pact test temperatures specified in Table 5 must be lowered.
The following examples are offered to describe the applica-
tion of the provisions of 14.1.2,

X1.1.1 When subsize specimens are used (see 11.1)-and
the width along the notch of the subsize specimen in 80 % or

greater of the actual wall thickness of the original matenall

the provisions of 14.1.2 do not apply. °
X1.1.1.1 For example, if the actual wall thlckness of pipe

was 0.200 in, [5.0 mm)] and the width along the notch of the-

largest subsize specimen obtainable is 0.160 m [4 mm] or
greater, no reduction in test temperature is reQuired.
X1.1.2 When the width along the subsize specimen notch

The American Sociéty for Testing and Materlals takes no position respacting the validity of any patent rights asserted in connection

is less than 80 % of the actual wall thickness of the plpe the
required reduction in test temperature is computed by taking

the difference between the temperature reduction values.
shown in Table 6 for the actual p1pe thickness and theﬂ

specimen width used.
X1.1.2.1 For example, if the pipe were 0262 in. [6 67

mm] thick and the width along the Charpy specimen notch.

was 3.33 mm (1/3 standard size), the test temperature would
have to be lowered by 25°F [14°C]. That is, the temperature
reduction corresponding to -the subsize specimen is 33°F
[19°C]; the temperature reduction .corresponding to the
actual pipe thickness is 10°F [5°C]; the difference between
these two values is the required reduction in test:tempera-
ture,

&)

withr any item rmentioned In this ‘standard. Users of this standard are expressly advised that determination of the validity of any such
palent rights, and the risk of infringement of such rights, are entirely thelr own responsibility.

Thls standa/d is sub/ect to revision at any time by the responsible technical committes and must be reviewed every five'years.and
. if not revised, either reapproved or withdrawn, Your comments are invited either for revision of this standard or for additional standards .
" and should be addressed to ASTM Headquarters. Your cominents will receive caretul cansideration at @ meeting of the responsible
technical committee, which you may attend. If you feel that your comments-have not received a fair hearing you should make your
- views known to the ASTM Committee oh Standards, 1916 Race St., Philadelphia, PA 197103,
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By Authority Of
" THE UNITED STATES OF AMERICA |

Legally Binding Document

By the Authority Vested By Part 5 of the United States Code § g52(a) and
Part 1 of the Code of Regulations § §1 the attached document has been duly
INCORPORATED BY REFERENCE and shall be considered legally
binding upon all citizens and residents of the United States of America.

HEED THIS NOTICE

Criminal penalties may apply for noncompliance.

Document Name:

CFR Section(s):

Standards Body:

Official Incortorator:

THE EXECUTIVE DIRECTOR
OFFICE OF 'THE FEDERAL REGISTER
WASHINGTON,; D.C.
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qsnj AMERICAN NATIONAL) ANS1/ASTM A 36 - 772

STANDARD

Standard Specification for
STRUCTURAL STEEL'
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American Association State
Highway and Transportation Officials
Standard AASHTO No.: M 183

This standard is issued under the fixed designation A 36; the number immediately following the designation indicates the year
of original adoption or, in the case of revision, the year of last revision, A number in parentheses indicates the year of last

reapproval.

‘NoTe--Supplementary Requirement 85 was added editorially in August 1979.

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

Spectfications and Standards,

1. Scope

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

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

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

2. Appurtenant Materials

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

- listed in Table 1 shall govern the delivery of

otherwise unspecified appurtenant materials
when included with material purchased under
this specification, Unless otherwise specified,
all plain and threaded bars used for anchorage
purposes shall be subjected to mechanical tests
and shall conform to the tensile requirements

of Section 7; headed bolts used for anchorage.

purposes, and all nuts, shall conform to the
requirements of Specification A 307, for Car-
bon Steel Externally and Internaily Threaded
Standard Fasteners.”

3. General Requirements for Delivery

3.1 Material furnished under this specifica-
tion shall conform to the applicable require-

135

ments of the current edition of Specification
A6, for General Requirements for Rolled Steel
Plates, Shapes, Sheet Piling, and Bars for Struc-
tural Use.!

4. Bearing Plates

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

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

5. Process

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

5.2 No rimmed or capped steel shall be used

"This specification is under the jurisdiction of ASTM
Committee A-1-on Steel, Stainless Steel and Related Alloys,
and is the direct responsibility of Subcommittee A01.02 on
Structural Steel. «

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

? For ASME Boiler and Pressure Vessel Code Applica-
tions see related Specifications SA-36 in Section I1 of that
Code.

 Annual Baok of ASTM Standards, Part 4.
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for plates.and bars over % in. (13 mm) thick or
for shapes other than Group 1,

6. Chemical Requirements

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

6.2 The steel shall conform on product anal-
ysis to the requirements prescribed in Table 2,
subject to the product analysls tolerances in
Specification A6, except as specified in 6.3,

6.3 Product analys1s is not applicable for

bar-size shapes or flat bars % in. (13 mm) and
. fperccntage of clongation‘in § in. (203 mm),
" specified in Table 3, of 1.25% shall be made for

under in thickness.

- 6:4 " When terisioli tests are waived'in accord-
_ance with 7.2, chemistry consistent with the
Tequirements in Table 2, and with the mechan-
ical propertles desnred must be apphed

i

.

SUPPLEMEf\'ITA‘RY fREQU-IREMENTS' D e e

A36

SRR
;

A,
by

7 Tens:le Requlremenfs

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

7.2 -Shapes:léss thanlin.’ ? (645 mim®) in cross
section and bars, other than flats, less than %
in. (13 mm) i thickness or diameter need not
be subjected to tens1on tests by the manufac~

. turer.

73 For material under %e in, . (8 mm) in
thickness or d1ametcr a deductxon from the

each decrease of %z in. (0.8 mm) of the specified
thickness or diameter below %s in.

;i These reqmrements shall not apply unless Spemﬁed in the order R
.Standardi ed supplementaly requiremeénts foruse' atithe option of the purchasen'are

listed in Speclﬁcatlon A 6. Those which are: canmdercd smfable for use w1th this

’ spec1f1cat10n are hsted below by utle

85 Charpy V-Notch Impact Test.

. 1
Ll “

e : : - T T

* §14. Bend Test.

C ADDED SUPPLEMENTARY REQUIREMENTS "

In addmon, the following optnonal supplementary requuements are a.lso smtablc t‘or

use w1th this speclﬁcatmn

81, The material supphed shall be other
than rlmmed or capped steel ‘

82, The matenal to be supphed shall be

s111con-k111ed ﬁne graln practlce A

RN K | TR
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TABLE I Material Specifications

. ASTM

Material ‘ Designation®
Plite 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 668, Class D
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 Plates of Structural Quality,”

A 502, Steel Structural Rivets,”

A 307, Carbon Steel Externally and Internally Threaded
Standard Fasteners,”

A 325, High-Strength Bolts for Structural Steel Joints In-
cluding Suitable Nuts and Plain Hardened Washers,®

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

A 668, Stesl For’%ings, Carbon and Alloy, for General
Industrial Use,

A 570, Hot-Rolled Carbon Steel Sheet and Strip, Structural
Quality,” S

A 500, Cold-Formed Welded and Seamless Carbon Steel
Structural Tubing in Rounds and Shapes,® and

A 501, Hot-Formed Welded and Seamless Carbon Steel
Structural Tubing.”

“ These have lower yield point than A 36 steel.

* Annual Book of ASTM Standards, Part 2.
* Annual Book of ASTM Standards, Part 5.

TABLE 2 Chemical Requirements

Product Shapes® 'Plates ‘Bars
Over%  Qver = Over ‘ Over# (4 o0
To¥  toll llzto 2%to4d To % to 1l
Thickness, in. (mm) Al (19), (19t 24(38 (64to Cz]’gg)“ (9, (19to '('/fo‘;)"’ ?;’gzﬂ_)“
incl. 33), to 64), 102), ingl, 38), incl !
incl. incl. incl. incl. :
Carhon, max, % 0.26 0.25 0.25 0.26 0.27 029 0.26 0.27 0.28 0.29
Manganese, % . . 0.80- 080- 085~ 085~ ... - 060- 060- 0.60-
1.20 1.20 1.20 1.20 0.90 0.90 0.90
Phosphorus, max, % 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04
Sulfur, max, % | 0.05 0.05 0.05 0.03 0.05 0.05 0.05 0.05 0.05 0.05
Silicon, % P 0.15- 0.15- 0.15- L ‘e
0.40 0.40 0.40
0.20 0.20 0.20 020 b.20 0.20 0.20 0,20 0.20

Copper, min, % when 020
copper steel is spec-
ified

“* Manganese content of 0.85-135 % and silicon content of 0.15-0.40 % is required for shapes over 426 [b/fl.

137
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TABLE 3 Téusile Requiremeits®
Plates, Shapes,” and Bars:

58 000-80 000

Tensile strénpth, psi (MPa)
SRR , - (400-550). -
Yield point, min, pst (MPa) 36 000 (250)°
Plates and -Bars®':
*Elongation in 8 .in. or 200 rmm, 27
min; % ¢ . -
Elongation in 2 in. or 50 mm, 23
-min, % :
Shapes: . : Co
Elongation in 8 .in. or 200 mm, C207 .
min, % -
" Elongatidn in2'i) ot '50' fam, - - 21* .
f miﬂ».% o S : o

% For pl.ites wider than 24 in. (610 mm), the test specimen
is taken in the transverse direction. See 11:2 of Specification
Ab. o : I i Yo

® For wide flange shapes over 426 lb/ft tensile strength
minimum of 38 600 psi (400 MPa) only and elongation in 2
in, of 19 % minimum applies. DU

.. ¢ Yield point 32 000 psi (220 MPa) for plates over 8 in, in
thickness. W ‘
- “See T . : . ‘
¢ Elongation not required to be determined for floor plate.
!For.plates wider than 24 in, (610 mm), the elongation

requitement is reduced two percentage points.

shooon
v

The American Society for Testing and Materials iakes no’ position respecting. the validity of any patent rights asserted in
connection with any ftem mentioned in this standard, Users of this standard are expressly advised that determination of the validity
of any such patent rights, and the risk of inftingement of such rights, are entirely-their-own Fesponsibility.

This standard is subfect to revision at any time by the fespbnsfble technical comnitiee and must be reviewed every five years
and if not revised, either reapproved or withdrawn. Your commeils are invited eithier for revision of this standard or for additional
standards and should be addressed 10 ASTM Headguarters. Your comments will receive carefil consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your commenits have not received a fair hearing you should
malke your views known to the ASTM Commitiée oh Standards, 1916 Race St; Philadelphia, Pa, 19103, which will schedule a
Juriher hearing regarding your comments. Failing satigfaction there, you may appeal to the ASTM Board of Dirgcrors, ,

Bt
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By Authority Of
" THE UNITED STATES OF AMERICA |

Legally Binding Document

By the Authority Vested By Part 5 of the United States Code § g52(a) and
Part 1 of the Code of Regulations § §1 the attached document has been duly
INCORPORATED BY REFERENCE and shall be considered legally
binding upon all citizens and residents of the United States of America.

HEED THIS NOTICE

Criminal penalties may apply for noncompliance.

Document Name:

CFR Section(s):

Standards Body:

Official Incortorator:

THE EXECUTIVE DIRECTOR
OFFICE OF 'THE FEDERAL REGISTER
WASHINGTON,; D.C.
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Qan) Designation: A 36/A 36M — 97a¢’

)

Standard Specification for
Carbon Structural Steel

15 Filed 10/07/19 Page 57 of 141

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

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

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

1. Scope :

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

1.2 Supplementary reqmrements are provrded f01 use where
additional testing or additional restrictions are required by the
purchaset. Such requirements apply only when specified in the
purchase order.

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

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

1.5 The values stated in either inch-pound units or SI units
are to be regarded separately as standard. Within the text, the
ST units are shown in brackets. The values stated in each
system are not sxact equivalents; therefore, each system is to
be used independently of the other, without combining values
in any way.

1.6 The text of this spemﬁcatlon contains notes or footnotes,
or both, that provide explanatory material. Such notes and
footnotes, excluding those in tables and ﬁgures, do not contain
any mandatory requirentents.

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

2. Referenced Documents

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

) RN <

! This specification is under the jurisdiction of ASTM Comrmittee A-1 on Steel,
Stainless Steel, and Related Alloys, and is the direct responsibility of Subcormmittee
A01.02 on Structural Steel for Bridges, Buildings, Rolling Stock, and Ships.

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

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

Copyright ® ASTM, 100 Barr Haror Drive, West Conshohocken, PA 19428-2959, United States.

103

< 4., General Reqmrements for Deliver y

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

A21A2IM Specrﬁcatron for Steel Castings, Czubon for
General Application® -

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

A'325 Specification for Structural Bolts, Steel, Heat
Treated, 120/105 ksi Minimum Tensile Strength5 ‘

A 325M Specification for High-Strength Bolls for Struc—
tural Steel Joints [Metric]’
A 500 Specification for Cold-Formed Welded and Sea.mless
Carbon Stee] Structural Tubing in Rounds and Shapes®
A 501 Specification for Hot-Formed Welded and Seamless
Carbon Steel Structural Tubing®

A-502. Specification for Steel Structural Rivets

A 563 Specification for Carbon and Alloy Steel Nuts® -

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

A 570/A570M  Specification for Steel, Sheet and Strip,
Carbon, Hot-Rolled, Structural Quality” -- :

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

F568M Specification for Carbon and Alloy Steel Extemally
"Threaded Metric Fasteners

3. Appurtenant Materials
- 3.1 When components of a steel structure are identified with

“this ASTM designation but the product form is not listed in the

scope of this specification, the material shall conform to one of
the standards listed in Table 1 unless otherwise specified by the
purchaser. : ‘ ,

4.1 Material furpished under this specrﬂcatlon shall con-
form to the requirements of the cutrent edition of Specrﬁcaﬁron
A 6/A 6M, for the ordered material, unless a conflict exists in

® Annual Book of ASTM Standards, Vol 01.04.
* Anpual Book of ASTM Standards, Vol 01.02.
3 Annual Boak of ASTM Standards, Vol 15.08.
S Annual Book of ASTM Standards, Vol 01.01.
7 Annual Book of ASTM Standards, Yol 01,03,
8 Annual Book of ASTM Standards, Vol 01.05.
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TABLE 1 Appurtenant Material Specifications

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

Material ASTM Dasignation
Steal rivets A 502, Grade 1
Bolts A 307, Grade A or F 368M, Class 4.8
High-strength bolts A 325 or A 325M
Steel nuts A 563 or A 563M
Cast steel A 27/A 27M, Grade 8535 [450-240]

Forgings (carbon steel)
Hot-rolled sheets and strip
Cold-formad tubing
Hot-formed tubing

Arnchor bolts

A 668, Class D

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

A 501

F 1654

which case this specification shall prevail.

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

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

5. Bearing Plates

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

'

conform to the tensile requirements of Section 8.

5.2 Unless otherwise specified, mechanical tests shall not be
required for plates over 1%4 in. [40 mum] in thickness used as
bearing pldtes it structures otbier than bridges, subject to the
requirernént that they shall contain 0.20 to 0.33 % carbon by
heat analysis, that the chemical composition shall conform to
the requirements of Table 2 in phosphorus and sulfur content,
and -that a sufficient discard shall be made to secure sound
platés.

6. Process

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

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

7. Chemical Requirements

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

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

8. Tensile Requirements

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

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

TABLE 2 Chemical Requiréments

Notg 1— Where “,, .’
in the heat analysis section of Specification A 6/A 6M.

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

Product Shapes? Platas? Bars .
1 ) 3 1

Thickness, In. [mm] Al Tg:{" ?;/e;r;/-t Ot;e; 1/2/2 Ovtzr42 * Qver 4 }203]/1 ?‘\)/61:/2/4 Ovtir‘: . QOver 4

U , il [20 to 40},  [40 to B5], [65 to 100], [100] o [20 to 40],  [100], [100]

‘ incl ~inal incl ' incl inc!
Carbon, max, % 0.26 0.25 0.25 0.26 0.27 0.29 0.26 057 0.28 0.29
Manganese, % - 0.80-1.20 0.80-1.20 0.85-1.20 0.85-1.20 0.60-0.90 0.60-0.90  0.60-0.80
Phosphaorus, max, % 0.04 0.04 0.04 - Q.04 Q.04 0.04 0.04 0.04 0.04 0.04
Sutfur, max, % 0.05 0.05 0.05 0.08 0.05 0.05 0.08 0.08 - 0.0 0.05
Silicon, % 0.40 max. .} 0.40.max  0.40 max 0.15-040 0.15-0.40 0.15-0.40 | 0.40 max  0.40 max 0.40 max Q.40 max
Copper, min, % when cop- 0.20 0.20 0,20 0.20 0.20 0.20 0<20 0.20 0.20 0.20
per stéel is spacified

A Mangahese content of 0.85-1,35 % and silicon content of 0.15—0.40 % is required for shapes over 426 b/t [634 kg/m].
B For each reduction of 0.01 % below the specified carbon maximum, an increase of 0.06 % manganese above the specified maximum will be permitted up to the

maximum of 1.35 %.
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TABLE 3 Tensile Requirements”

Plates, Shapes,® and Bars:

Terslle strength, ksi [MPa] 58-80 [400-850]
Yleld point, min, ksi [MPa] . 36 [2501°
Plates and Bars®~: :
Elongation In 8 in. [200 mm], min, % C 20 \
Elongation in 2 in, [0 mm], min, % - 23
Shapes:
-~ Elongation in- 8-in.-{200 mm]; min, % 20. -
Elongation in 2 in. [50 mm], min, % X L
A See Specimen Orientation under the Tension Tests section of Speclfication. .
A 6/A 6M.

8 For wide flange shapes over 426 b/ft:[634 kg/m], the BO ksi [550 MPa]
maximum tensile strangth does not apply and a minimum elongation in 2 In, {50
mm] of 19 %, applies.

“ Yield point 82 ksi [220 MPa] for plates over 8 In. {200 mm] in thmkness

2 Elongation not required to be determined for floor plate. - H

£ For plates wider than 24 in. [600 mm}; the elongation requirement is reduoed
two percentage points. See elongation requirement adjustments under the Tenston
Tests seotlon of Speciﬂcaﬂon A GIA 6M.

9. Keywords

9.1 bars; bolted construction; bndges, bulldmgs, ca.rbon,
plates; riveted construction; shapes; steel;. structural -steel;
welded construction CoL

SUPPLEMENTARY REQUIREMENTS . =, .

These 1‘equire1rients‘ shall not apply unless specified in the order.
Standardized supplementary requirements for use at the option of the purchaser are listed in-,
Specification A 6/A 6M. Those that are considered suitable for use with this spemﬁcanon are listed by

tltle
S5. Charpy V- Notch Impact Test.
S14. Bend Test. L

o f ol

- SR o ) ADDITIONAL SUPPLEMENTARY REQUIREMENTS

‘ spemﬁcauon

o L
SN

S91. Fine Austenltlc Grain Slze " - . 597. Lmntatlon ont lemed or Capped Steel

+.591.1 The steel shall be kﬂled and have a fme austenitic 897.1 The steel shall be. other than rimmed or capped
grain size. .. L . e
i TR G e o
3 _+ - Tha American Society for Testing and Materials takes no position respecting the validity of any patent rights-dsserted 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 nghts and the r/sk of infrlngement of such nghts are snﬂre!y therr own respons/bmry v

o < This standard ls sub/eot to revision at'any time by the responsible technical committee and must be rswewed ovely five yéars and
. /f not revised, efther reapproved or withdrawn. Your comments are Invited either for revision of this standard or for additional standards
land should be addressed to ASTM Headquarlsrs Your comments will recelve careful consideration at & meeting of the responslbla )
technical committee, which you may attend. If You fesl that your comments have not recéived a fair hearing you sholld make your " '
" views known to the ASTM: Comimittee. ori Standards, 100 Barr Harbor Dnvs, West Conshohocken, PA 19425

Thls standard is copynghted by ASTM, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959, United States. lndlvidual
reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above address or at 610-832-9585
(ohone), 810-832-9555 (fax), or service @astm.org (e-mail); or through the ASTM website (http:/fwww.astm,org).

'
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By Authority Of
" THE UNITED STATES OF AMERICA |

Legally Binding Document

By the Authority Vested By Part 5 of the United States Code § g52(a) and
Part 1 of the Code of Regulations § §1 the attached document has been duly
INCORPORATED BY REFERENCE and shall be considered legally

binding upon all citizens and residents of the United States of America.
HEED THIS NOTICE: Criminal penalties may apply for noncompliance.
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45”} Designation: A 369/A 369M - 92

Standard Specification for

Carbon and Ferritic Alloy Steel Forged and Bored Plpe for

High-Temperature Service'

This standard is issued under the fixed designation A 369/A 369M; the number 1mmed1ately following the designation indicates the
year of ouguml adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last
reapproval, A superscript epsilon (¢) indicates an editorial change since the last revision or reapproval,

1. Scope

1.1 This specification? covers heavy-wall carbon and alloy
steel pipe (Note 1) made from turned and bored forgings and
is intended for high-temperature service. Pipe ordered under
this specification shall be suitable for bending and other
forming operations and for fusion welding. Selection will
depend on design, service conditions, mechanical properties
and high-temperature characteristics.

NOTE 1—The use of the word “pipe” throughout the several sections
of this specification is used in the broad sense and intended to mean pipe
headers, or leads.

NoTE 2—The dimensionless designator NPS (nominal pipe size) has
been substituted in this standard for such traditional terms as “nominal
diameter,” “size,” and “nominal size.”

1.2 Several grades of ferritic steels are covered Their
compositions are given in Table 1.

1.3 Supplementary requirements (S1 to $6) of an optlonal\

nature are provided. These supplementary requirements call
for additional tests to be made, and when desired shall be so
stated in the order, together with the number of such tests
required.

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

Section 1X Welding Qualifications®
2.3 ANSI Standard:
B46.1 Surface Texture®

3. General Requirements

'3.1 Material furnished under this specification shall con-
form to the applicable requirements of the current edition of
Specification A 530/A 530M,
herein,

4. Ordering Information

4.1 Orders for material to this specification should include
the following, as required, to 'describe the desired material
adequately:

4.1.1 Quantity (feet, centimetres, or number of lengths),

- 4.1,2 Name of material (forged and bored pipe),. -

4.1.3 Grade (Table 1),

4.1.4 Size (inside diameter and minimum wall th1ckness),

4.1.5 Length (Permissible Variations in Length Section of
Specification A 530/A 530M),

4.1.6 End finish (Section 12),
4,17 Optional requirements (Sections 8, Supplementary

- Requirements S1 to S6; 13.2),.

from the two systems may result in nonconformance with .

the specification. The inch-pound units shall apply unless the
“M” designation of this specification is specified in the order.

2. Referenced Documents
22,1 ASTM Standards:

4.1.8 Test report required (Certification Section of Speci-
fication A 530/A. 530M),

4.1,9 Specification designation, and

4,1.10 Special requlrements or exceptions to this specifi-

* cation,

A 530/A 530M Specification for General Requ1rements' .

for Specialized Carbon and Alloy Steel Pipe?

E 290 Test Method for Semi-Guided Bend Test for
Ductility of Metallic Materials*

E 381 Method of Macroetch Testing, Inspection, and
Rating Steel Products, Comprising Bars, Billets, Blooms,
and Forgings®

2.2 ASME Boiler and Pressure Vessel Code:

! This specification is under the jurisdiction of ASTM Committee A-1 on Steel,
Stainless Steel, and Related Alloys, and is the direct responsibility of Subcom-
mittee AQL.10 on Tubing,

Current edition approved July 15, 1992, Published September 1992. Originally
published as A 369/A 369M - 53 T. Last previous edition A 369/A 369M - 91a.

2 For ASME Boiler and Pressure Vessel Code applications see related Specifi-
cation 8§A-369 in Section 11 of that Code.

3 Annual Book of ASTM Standards, Vol 01,01,

4 Annual Book of ASTM Standards, Vol 03.01.

5. Materials and Manufacture

5.1 Discard:

5.1.1 A sufficient discard shall be made from each ingot to
secure freedom from injurious defects. The steel shall have a
homogeneous structure.
© 5.2 Manufacture:,

5.2.1 Material for forging shall consist of ingots or of
blooms, billets, or solid-rolled bars forged or rolled from an
ingot, and cut to the. 1equ11ed length by a process that w1ll
not produce injurious defects in the forging.

5.2.2 The material shall be forged (Note 3) by hammenng

* or pressing, and shall be brought as nearly as practicable to

the finished shape and size by hot working.

5 Available from American Society of Mechanical Engineers, 345 E. 47th St.,
New York, NY 10017.

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

217.

unless otherwise provided

PRO_00085149



Case 1:13-cv-01215-TSC Document 198-15 Filed 10/07/19 Page 63 of 141

b Aseo/azeom

Note 3—The cross-sectional area of the solid forging shall have a
reduction by forging or by rolling and forging from that of the ingot in
the ratio of not less than 3 to 1.

5.2.3 Unless otherwise specified, the final forging opera-
tion shall be followed by a treatment suitable to the grade a§
specified in 5.4.

3.3 Machining:

5.3.1 All forgings shall have both the inner and outer
surfaces machined.

5.3.2 After heat treatment, the pipe shall be machined to a
finish with a roughness value no greater than 250-pin.
[6.4-um] arithmetical average deviation .(AA), terms as
defined in ANSI B46.1-1962, unless otherwise specified.

5.4 Heat Treatment:

5.4.1 All pipe of the grades shown in Table 1 other than
FPA, FPB, FP1, FP2, FP12, and FP91 shall be reheated and
furnished in the full-annealed or normalized and tempered
condition. If furnished in the normalized and .tempered
condition (Note 4}, the temperature for tempering shall be
1250°F [680°C] or higher for Grades FP5, FP9, FP21, and
FP22, and 1200°F [650°C} or higher for Grades FP36 and
FP11.

Norg 4—-It is recommended that the temperature for tempering
should be at least 100°F [50°C] abave the intended service temperature;
consequently, the purchaser should advise the manufacturer if the
service temperature is to be over 1100°F [600°C].

5.4.2 Pipe in Grades FPA and FPB as a final heat
treatment shall be eitheér normalized or shall be given a stress
relieving treatment at 1200 to 1300°F [650 to 705°C]. Pipe in
Grades FP1, FP2, and FP12, as a final heat treatment shall
be given a stress-rehevmg treatriient at 1200 to 1300°F [650

to 705°C].

Note 5—Certain of the ferritic steels covered by this specification
tend to harden if cooled rapidly from above their critical temperature.
Some will air harden that i is, become hardened to an undesirable degree
when cooléd in &ir fromi: High temiperattres. Therefore, operations

»involving heating such, steels above their critical temperatures, such as
welding, hot~bendmg and other forming: operatxons, should be followed
by suitable heat treatment.

5.4.3 Except when Supplementary S6 is specified by the
purchaser, Grade FP91 shall be normalized and tempered by
reheating within the temperature range of 1900 to 2000°F
[1040 to 1095°C], followed by air cooling and tempering at a
sub-critical temperature of 1350°F [730°C] minimum.

6. Chemical Composition
6.1 The steel shall conform to the requirements as to
chemical composition prescribed in Table 1.

7. I—Iéat Analysis

7.1 An analysis of each heat of sieel shall be made by the
steel manufacturer to determine the percentages of the
elements specified. If secondary melting processes are em-
ployed, the heat analysis shall be obtained from one remelted
ingot or the product of one remelted ingot of each primary
melt. The chemical composition thus determined, or that
determined from a product analysis made by the tubular
product manufacturer, shall conform to the requirements
specified.

7.2 In the case of large ingots poured from two or more
heats, the weighted average of the chemical determinations
of the several heats, made in accordance with 7.1, shall
conform to the requirements specified in Section 6.

TABLE 1 Chemical Requirements

- Compaosition, % '

Grade ..................... FPA”

FPB ' FP1 FP2
Carbon 0.25 max 0.30 max " 0.10-0.20 0.10-0.20
Manganese 0.27-0.93 0.29-1.06 : + 0.80-0.80 0.30-0.61
Phosphorus, max 0.035 0.035 0,025 0.025
Sulfur, max 0.035 0.035 0.025 0.025
Silicon 0.10 min 0.10 min 0.10-0.50 ' 0.10-0.30
Chromium .. e Ve 0.50-0.81
Moalybdenum e . 0.44-0.65 : 0.44-0.65
Grade . ..................... . . FP5 FP9 Fe11 Fe2
Carbon 0.15 max 0.15 max 0.05-0.15 0.05-0.15
Manganese | 0.30-0.60 0.30-0.60 0.30-0.60 0.30-0.61
Phosphorus, max 0.025 0.030 0.025 ) 0.025
Sulfur, mex . 0.025: 0.030 0.025 0.025
Silicon 0.50 max 0.50-1.00 0.50-1.00 0.50 max
Chromium 4.00-6.00 8.00-10.00 1.00-1.50 0.80-1.25
Malybdenum } 0.45-0.65 0.90-1.10 ! 0.44-0,65 0.44-0.85
Grade. .. ... .. FP21 FP22 . FPY1
Carbon ) 0.05-0.15 0.05-0.15 0.08-0.12
Manganese 0.30-0.60 0.30-0.60 0.30-0.60
Phosphorus, max : 0.025 0.025 0.025
Suifur, max 0.025 0.025 0.025
Silicon - 0.50 max 0.50 max 0.20-0.50
Chromium ‘ 2. 65~3 35 1.90-2.60 8.00-9.50
Molybdenum 0.80--1.06 0.87-1.13 0.85-1.05
Others:

Ni 0.40 max

V 0,18-0.28

Cb 0,06-0.10

N 8.03-0.07

A1 0,04 max
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TABLE 2 Tensile Requirements

Grade FPA FPB - FP1, FP2. . . - FP12 FPg1 All Others
Tensile strength, min; ksi [MPa] 48 [330] 60 [415] 55 [380] 80 [415] 85 [585] 60 [415]
Yield strength, min; ksl [MPa] 30 [210] 35 [240) 30 [210]" 32 [220]. 60 [415] 30[210]
: ) ' Elongation Requirements
FPA FPB FP91 All Others
Grade * Longitu- Trans- Longitu- Trans- Longitu- Trans- Longitu- Trans-
dinal verse dinal verse dinal verse dinal verse
Elongation in 2 in. or 50 mm, min, %: S
Basic minimum elongation for wall 846 in, [8 mm] and over in 35 25 30 17 27 18 30 20
thickness, strip tests, and for all small sizes tested in . ’
full-section : ' : .
When standard round 2-in. or 50-mm gage length test 28 20 22 12 20 13 22 14

specimen is used

8. Product Analysis

8.1 At the request of the purchaser, a product analysis

shall be made by the manufacturer on every heat.

8.2 The results of these analyses shall be reported to the
purchaser or his representatlve, and shall conform to the
requlrements specified in Section 6.

'8.3 If the analysis of one of the tests specified in Section 7

or 8 does not conform to the requirements specified in:

Section 6 an analysis of each billet or pipe from the same
heat may be made, and all billets or pipes conforming to the
requirements shall be accepted.

9. Tensile Requirements

9.1 The material shall conform to the requuements as toA

tensile properties prescribed in Table 2. Tests for acceptance
shall be made after final heat treatment of the forging.

10. Mechanical Tests Required ' ‘ ‘

10,1 Transverse or Longitudinal Tension Test—One test
shall be made on a specimen from cne end of one length of
pipe representing each heat in each heat-treatment lot. |

10.2 Flattening Test—For pipe NPS 14 orless, and. -

diameter to wall thickness ratios of more than 7.0, a
flattening test shall be carried out in accordance with
Specification A 530/A 530M. A test shall be carried out on a
specimen taken from one end of each length of pipe.

10.3 Bend Test--For ‘pipe larger than NPS 14 or NPS
where diameters to wall thickness ratio is 7.0 or less, a bend
test shall be carried out in accordance with Test Method
E 290. Unless otherwise specified, the test specimens shall be
taken in a transverse direction, The diameter of the pin shall
be %t for longitudinal specimens or 1At for transverse
specimens, where ¢ is the specimen thickness, The bend test

specimens shall be bent at room temperature thrdu'gh 180°
without cracking. One bend test shall be taken from one end
of each length of pipe.

11. Workmanship

11.1 The pipe shall conform to the sizes and shapes
specified by the purchaser ‘
12. Ends

12.1 Pipe ends shall be machined as spec1ﬁed in the
purchase order.

13. Finish

[3.1 The firiished pipe shall’ be reasonably stralght and

shall havé-a workmanlike finish, -

13.2 Repair of defects by welding shall be permitted only
subject to the approval of the purchaser. Defects shall be
thoroughly chipped or ground out before welding, Only
qualified operators and procedures in accordance with the
ASME Boiler and Pressure Vessel Code, Section IX, shall be
used. Local or full heat treatment in accordance with 5.4
shall follow welding, Local grinding following welding and

- retreating shall be cons1dered as meetmg the reqmremems of

5.3.

14. Product Marking
14.1 In addition to the marking prescribed in Specifica-

- tion. A530/A 530M,  the marking shall include the wall

219

thickness, piece mark, length, and additional symbol “S” if
the pipe conforms to the supplementary requirements speci-
fied in Supplementary Requirements S1 to S5, and the heat
number or the manufacturer’s number by which the heat can
be identified. Indentation stamping, instead of stenciling,
will be permiited only with the written approval of the
purchaser,
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" SUPPLEMENTARY REQUIREMENTS

*One or miore of the following supplementary requiremhents shall apply only when spec1ﬁed in the purchase
order. The purchaser may specify a different frequency of test or analysis than is provided in the
supplementary requirement. Subject to agreement between thé purchaser and manufacturer, retest and
retreatment provisions of these supplementary requirements may also be modified.

S1. Additional Tension Test

S1.1 An additional tension test shall be made on a
specimen from one or each end of each pipe. If this
supplementary requirement is specified, the number of tests
per pipe required shall be specified. If 4 specimen from any
length fails to meet the required tensile properties (tensile,
yield, and elongatlon), that length shall be rejected subject to
retreatment in accordance with, Specification A 530/A 530M
and sausfactory retest,

S2. Additional Flattening or Bend Tests

82.1 The-appropriate flattening or bend test may be made
on specimens from both ends of each length of pipe. Crop
ends may be used. If the specimen from either end of any
length fails to conform to the specxﬁc requ1rement that
lerigth shall be rejected.,

S3. Ultrasonic Tests

S3.1 Each pipe shall be ultrasonically tested to determine
its soundness throughout the entire length of the plpe Until
suitable standards; are established, the basis for rejection of
material shal] be a matter of agreement between the manu-
facturer and purchaser,

¢

54, Hydrostatlc Test ; .
S4.1 A hydrostatlc pressure test shall be apphed as agreed

X3

upon by the manufacturer and purchaser.

S5. Metal Structure and Etching Tests

55.1 The steel shall b¢ homogeneous as shown by etching
tests conducted in accordance with the appropriate portions
of Method E 381. Eiching tests shall be made on a cross
section from one end or both ends of each pipe and shall
show sound and reasonably uniform material free of inju-
ribus laminations, cracks, and similar objectionable defects.
If this supplementary réquirement is specified, the number of
tests per pipe required shall alsg be specified. If a specimen
from any length shows objectionible defects, the length shall
be rejected, subject to, 1emov'11 of the defective end and
subsequent retests mdlcatmg thé remainder of the length to
be sound and reasonably uniform material.

S6. Alternative Heat Treatment—Grade FP91

S6.1 Grade FP91 shall be normalized in accordance with
5.5.3 and tempered at a temperature, to be specified by the
purchaser, less than [350°F [730°C]. It shall be the pur-
chaser’s respon51b111ty to subsequently temper at 1350°F
[730°C] minimum. All mechamcal tests shail be made on
material heat treated ih accordance with 5.4.3, The certifica-
tion shall reference this supplementary requirement indi-
cating the tempering temperature applied. The notation
“S6” shall be mcluded w1th the requxred marking of the pipe.

The American Society for Tesr/ng and Materials takes 'no position respecting the validity of any patent rights asserfed 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 righls, are entirely thefr own responsibility,

1

Thig stanclard is subject to revision at any time by the respansible rechmca/ comm/ttee and must be rev/ewed every five years and
if not revised, either féapproved or withdrawn, Your comments are invited either for revision of this standard or for additional standards
and should'bé addressed to ASTM Headquarters, Your carments will receive careful considertion at a meeting of the responsible -
technical commitlee; which you may attend. If you fesl that your comments have not received a fair hearing you shou/d make your

| views known to the ASTM Committee on Standards, 1916 Race St., Philadelphia, PA 19108,

220
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By Authority Of
" THE UNITED STATES OF AMERICA |

Legally Binding Document

By the Authority Vested By Part 5 of the United States Code § g52(a) and
Part 1 of the Code of Regulations § §1 the attached document has been duly
INCORPORATED BY REFERENCE and shall be considered legally
binding upon all citizens and residents of the United States of America.

HEED THIS NOTICE

Criminal penalties may apply for noncompliance.

Document Name:

CFR Section(s):

Standards Body:

Official Incortorator:

THE EXECUTIVE DIRECTOR
OFFICE OF 'THE FEDERAL REGISTER
WASHINGTON,; D.C.
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An Amerigan National Standard
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Standard Methods and Deflmtlons for
MECHANICAL TESTING OF STEEL PFiOI'..')UCTS1

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

These methods have been approved for use by agencies of the Department of Defense and for- listing in the DoD lndex of
- Specifications and Standards.

< NOTEmParagraph 18.2 was cchtonally ohanﬂed in May 1979,

< Nm*lz Fig. 21 was editorially corrected in Oct()ber 1980,

1. Scope ‘

1.1 These methods® cover procedures and
definitions for the wmechanical testing of
wrought and cast steel products. The various
mechanical tests herein described are used to
determine properties required in the product
specifications. Variations in testing methods are

© to be avoided and standard methods of testing

arc to be followed to obtain reproducible and
comparable results. In those cases where the
testing requirements for certain products are
unique or at variance with these general pro-
cedures, the product specification. testing re-

© quirements shall control.

1.2 The following mechanical tests are de-
scribed:

Sections
Tension 51013
Bend 14
Hardness: I35
Brinell R - 16 and 17
Rockwell ‘ ‘ 18
Impact 19to 23

1.3 Supplements covering details peculiar
to certain products are appended to" these

methods as follows

Sections

Bar Products. {Supplement [) SltsS4
Tubular Products (Supplement 1) S351089
Fasteners (Supplement {[1) S101w0 818
Round Wire Products (Supplement V) S1610822
Significance of Notched Bar Impact Test-

ing (Supplement V) §23108528
Converting  Percentage ' Elongaiion  of

Round Specimens to Equivalents for Flat .

Specimens (Supplement VI) 52910 831
Testiig Seven Wire Stress-Relieved Strand o

(Supplement VII). S 32108 36

Roundmg Test Data (Supplement VIIT)

1.4 The values stated in inch-pound units are

to be Legardcd as the standard.’

2, Applicable Documents

2.1 ASTM Standards:

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

E 4 Practices for Load Verification ot Testing
Machines*

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

E 8 Methods of Tension Testing of Metalhc
Materials*

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

E 18 Test Methods for Rockwell Hardness and
Rockwell Superficial Ilardncss of Metalhc
Materials® ’

E 23 Methods for Notched chr Impact Teslmg
of Metallic Materials* ~ /

E 83 Method of Verification and Cldsslﬁcatxon
of Extensometers®

E 110 Test Method for Indentation Hardness
of Metallic Materials ‘Ey Portable Hardness
. Testers*

. I:ZOS Method for Conducting Drop-Weight
Test to Determine Nil-Ductility Transition
Temperature of Ferritic Steels?

. ' These methods are under the jurisdiction of ASTM
Committee A-1 on Steel, Stainless Steel and Related Alloys

and are the direct mspcmsnbllnv of Subcommittee A01.13

on Mechanical Testing,

- Current edition approved June 24, 1977. Published

August 1977. Originally published as A370 - 53T, L'tst

previous edition A370 - 76.

~ 2 For ASME Bdiler and Pressure Vessel Code applma—

gcms see related Specification bA—'WU in Section I of that
ode. .

3 Annual Book of|ASTM Standards, Vol 01.04.

* Annual Book of ASTM Standards, Vol 03.01,
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3. -General Precantions -

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

3.2 Improper machining or prcsparal‘ion of
test specimens may give erroneous results.
Care should be exercised fo assure good work-
manship in machining. Improperly machined
specimens should be discarded dl'ld other spec-
imens substituted. ,

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

3.4 If any test specimen fails becausc of
mechanical reasons such as fallu)re of testing
equipment or improper specimen preparation,
it may be discarded and another specimen
taken. :

4. Orientation of Test Specimens

4,1 The terms ‘“longitudinal test” and
“transverse test” are used only in material
specifications for wrought products and are not

" - applicable to castings. When such. reference is

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

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

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

-fined otherwise,
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imen is parallel to the greatest extension
(Fig. 1).

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

_following definitions apply:.

4.2.1 Radial Test, unless specifically de-
slgmﬁes that the lengthwise
axis-of the specimen is perpendicular to the

axis of the product and coincident with one of

the radii of a circle drawn with a point on the "

~axis of the product as a center (Fig. 2(a)).

'4.2.2 Tangential Test, unless specifically de-

fined otherwise, 51gn1hes that the lengthwise
axis of the specimen is perpendicular to a
plane contammg the axis of the product and
tangent to a circle drawn with a point on the
axis of the product as a center (Figs. 2(a),
L(b), 2((:), and 2(d). Co

’Imsxom IE‘ST , .
5.. Description.

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

5.2 In general the testing equipment - and
methods are given-in Methods E 8. However,
there are certain exceptions to Methods E 8

practices’in the testing of steel, and these are

covered in these methods.

6. Test Specimen Parameters

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

6.1.1 Wrought bteelsw-Wrought steel pr0d~

ucts are usually tested in the longitudinal di-
rection, but in some cases, where size permits
and the service justifies it, testing is in the

transverse, radial, or tangential directions (see
Figs. 1 and 2).

6.1.2 Forged Steels—For open die forgings,
the metal for tension testing is usually pro-
vided by allowing extensions or prolongations
on one or both ends of the forgings, either on
all or a representative number as provided by
the applicable product specifications. Test

PRO_00086111
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_specimens are normally taken at mid-radius.
Certain product specifications permit the use
of a representative bar-or the destruction of a
production part for test purposes. For ring or
disk-like forgings test metal is-provided by in-
creasing the diameter, thickness, or length of

- the forging. Upset disk or ring forgings, which
are worked or extended by forging i a direc-
tion perpendicular to the axis of the forging,
usudliy have their principal extension along
concentric circles and for such forgings tan-
gentml tension specimens are obtained from
éxtra metal on the periphery or end of the
forging. For some forgings, such as rotors,
-fadial tension tests are required. In such cases
-the specimens are cut or trepanned from spec-
1ﬁed locations.

4613 Cast Steels—Test coupons for cast-
ings from which tension test specimens are
prepared shall be attached to the castings

- where practicable. If the design of the casting
is. such that test coupons should not be at-
tached thereon, test coupons shall be cast at-
tached to separate cast blocks (Fig. -3 and
-Table 1). )

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

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

“sheared, blanked, sawed, or oxygen-cul, care

shall be taken to remove by machining all dis- -

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

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

A 370

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

6.5 Measurement of Dimensions of' Test
Specimens:

6.5.1 Standard Rec’tangular Tension Test
Specimens—These forms of specimens arc
shown in Fig. 4. To determine the cross-
sectional area, the center width - dimension
shall be measured to the nearest 0.005 in. (0.13
mm). for the 8-in.-(200-mm) gage length speci-
men and 0,001 in. (0.025 mm) for the 2-in.
(50-mm) gage length specimen in Fig. 4. The
center thickness dimension shall be measured
to the nearest 0.001 in. for both specimens.

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

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

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

6.6.2 Tt is desirable to have the cross-sec-
tional area of the specimen smallest at the
center of the gage length to ensure fracture
within the gage length. This is provided for by
the taper in the gage length permitted for

each of the specimens deﬁunbcd in the follow-
ing sections.

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

7. Plate-Type Specimen

7.1 The standard plate-type test specimen
is shown in Fig. 4. This specimen is used for
testing metallic materials in the form of plate,
structural and bar-size shapes, and flat mate-
rial having a nominal thickness of *s in.
(5 mm) or over. When product specifications
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S0 perrmt other types of @pcumens may be
used,
Note {—When called for in the product specifica-

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

8. Sheet-Type Specimen ;

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

in nominal thickness from 0.005 to % in.

(0.13 to 19 mm). When product specifications
$0 permit, other types of specimens may be
used, as provided in Section 7.

9. Round Specimens

9.1 The standard 0.500-in. (12.5-mm) diam-
eter round test specimen shown in Fig. 3 is
used quite generally for testing metallic ma-
terials, both cast and wrought. ,

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

© Fig. 5.

9.3 The shape of the ends of the specimens

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

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

10. Gage Marks

10.1 The specimens shown in Figs. 4, 5, and
7 shall be gage marked with a center punch,
scribe marks, multiple device, or drawn with
ink. The purpose of these gage marks is to de-
termine the percent elongation. Punch marks
shall be light, sharp, and accurately spaced.
The localization of stress at the marks makes
a hard specimen susceptible to starting frac-
ture dt the punch marks. The gage marks for
measuring elongation after fracture shall be
made on the flat or on the edge of the flat ten-
sion test specimen and within the parallel sec-
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4, one or more .scts, of 8 in. gage marks may
be used, intermediate tmarks within the gage

length being optional. Rectangular 2-in. gage

‘length’ specimens, Fig. 4, ‘and round speci-
mens, Fig. 5, are gage marked with a double-
pointed center punch or scribe marks. In bath

“cases the gage points shall be approximately

¢quidistant from thé center of the lengthof

the reduced section. Thesé same precautions:

shall be observed when-the test specimen.is
full section. ~

N

11. Testing Aq)palr.atus and ()peratmm

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

11.2 The tension testing machine shall be :
- maintained in good operating condition, used
only in the proper loading range, and cali- -
brated peviodically in accordance with the 1&t¢€it :

revision of Practices E 4.

Ncm: 2——Many machines are c‘qmpped with stress-

strain recorders for autographic plotting of stress-strain -

curves. It should be noted that some recorders have a
load measwring component entirely separate from the

load indicator of the testing machine. Such recorders

are calibrated separately.

-1L3 Loading—-1t is the function of the grip-
ping or holding device of the testing machine
to transmit the load from the heads of the
machine to the specimen under test. The es-
sential requirement is that the load shall be

transmitted axially, This.implies that the cen-

ters of the action of the grips shall be in align-
ment, insofar as practicable, with the axis of

the specimen at the beginning and during the -

test, and that bending or twisting be held to
a minimum, Gripping of the specimen shall be
restricted fo the section outside the gage
length. In the case of certain sections tested
in full size, nonaxial loading is unavoidable
and in such cases shall be permissible.

11.4 Speed of Tesring—The speed of test-
ing shall not be greater than that at which
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load and strdin readings can. be made accu-
rately. In production testing, speed of testing
is -commonly expressed (/) in terms of free
running crosshead speed (rate of movement of
the¢ crosshead of the testing machine when not

tnder load), or (2)in terms of rate of separa-.

tion of the two heads of the msung machine
urider load, or (3) in terms of rate of stressing
the specimen: Speed of testing may also be
expressed in terms-of rate of straining the
specimen. However, it is not practicable to
control the rate of straining on machines cur-
rently used in production testing. The follow-
ing limitations on the speed :of testing are
recommended as adequate for most ﬁter:‘:l
‘products:

11.4.1" Any convenient speed of testing may
be used up: to one half the specified yield
point or yield strength. When this point' is

réached, the rate of separation of the cross-.

heads under load shall be adjusted so as not
to exceed /.5 in. per min per inch of gage
length, or the distance between the grips for
tést specimens not having reduced sections.
- This speed shall be maintained through the
yield point or vield strength. In determining
the tensile strength, the rate of separation; of
the heads under load shall not exceed Y in.
per min per inch of gage length. In any. event
the minimum speed of testing shall not be less
than_ Yy of the specified maximum rates for
‘ determmmg yield point or yield strcnvth and
tcnsxlc strength,
1.4.2 1t shall be permlss.lble to set the
, spced of the testing machine by adjustmg the
free running crosshead speed o the above

specified values, inasmuch as the rate of sep-.

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

11.4.3 As an alternative, if the machme is
equipped. thh a device to indicate the rate of
loading, the speed of the machine from half
the . specified . yield point or yield strength
through the yield point or yield strength may
be adjusted sc that the rate of stressing does

not exceed. 100,000 psi (690 MPa)/min. How-.

ever, the minimum rate of stressing ‘ahd” not
be less than 10,000 psi. (70 MPa a/mm
12. Deﬁmtmns

12, For dCﬂﬂlthﬂb of terms pcrtamuw m
tension testing, including tensile strength,

A 370

vield point, yield stredgth, elc‘mgaticin, and re--

duction of area, reférence should ‘be made to
Deﬁmtlons E 6.

13, Dotermmatmn of Tensile Propertles

C13.1 Yield Poini- Yield . point is the first
stress in a material, less than the maximum
obtainable stress, at which an increase in strain
occurs without an increase in stress. Yield
point is intended for application only for ma-
terials that may exhibit the unique charactér-
istic of ‘;howmg an increase in strain without
an increase in stress. The stress-strain diagram
is characterized by a sharp knee or discon-
tinuity. Determine yield point by one of the
following methods: ;

13.1.1 Drop of the Beam or Halt of the
Pointer Method—-ln this method  apply an
increasing load to the specimen at a uniform

‘rate. When a lever and poise machine is used,

keep the beam in halance by running out the
poise at approximately a steady rate. When
the yield point of the material is reached, the
increase. of the load will stop, but run the
poise a.trifle beyond the balance, position, and
the beam of the machine will drop for a brief
but appreciable interval of time. When a ma-
chine equipped with a load-indicating dial is

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

ind.,ica_ting nointer corresponding to the drop of
the beam. Note the load at the “drop of the
beam’” or the “halt of the pointer” and record
the corruspondmg stress as the yield point.
13.1.2 Autographic Diagram Method—
When a sharp-kneed stress-strain diagram is
obtained by an autographic recording device,
take-the stress corresponding to the top of the
knee (Fig. 8), or the stress at which the curve
drops as the ylcld point (Fig. 8)
13.1.3 Total. Extension

Under Load

- Method—When testing material, for vyield

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

PRO_00086114



Case 1:13-cv-01215-TSC Document 198-15 Filed 10/07/19 Page 73 of 141

il

corresponding to the load as the vield point, and
remove the extensometer (Fig. 9).

NoTe 3~-Automatic devices are available that de-
termine the load at the specificd total extension without
plotiing a stress-strain curve, Such devices may be used
if their accuracy has been demonstrated. Multiplying
calipers and other such devices are acceptable for use

provided their accuracy has been demonstrated as -

equivalent to a Class C extensometer.

NoTE 4--Reference should be made to Method E 83,
- Note 5—For steel with a yield point specified not
over 80 000 psi (550 MPa), an appropriate value is
0.005 in./in. of gage length. For values above 80 000
psi, this method is not valid unless the limiting total
extension is increased.

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

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

" - In reporting values of yield strength obtained

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

Yield strcngth (0.2% offset)

© e 52000 psi (36() MPa)
In using this mslhOd 4 minimum extensom-
eter magnification of 230 to 1 is required.
A Class Bl extensometer meets this require-
ment (see Note 5). See also Note 7 for aufomatic
devices.

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

when this total strain is reached, is the value of
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the yield strength. The total strain can be ob-
tained satisfactorily by use of a Class Bl extens
someter (Notes 3 and 4).

NotE 6—Automatic devices are available that de-
termine offset yield strength without plotting a stiess-

strain curve. Such devices may be used if their accuracy

has been demonstrated.

Note 7—The appropriate magnitude of the-exten~

sion under load will obviously vary with the strength

range of the particular steel under test. In general, the

value of extension under load applicable to steel at any
strength level may be determined from the sum of the
proportional strain and the plastic strain expected at

the ‘specified yield strength. The following equation is’

used:
Extcnsmn under load, in./in, of gage length

where:
Y'S = specified yield strength, psi or MPa,"
E -
r = limiting plastic strain, in./in.
13.3 Tensile Strength—Calculate the ten-
sile strength by dividing the maximum load

the specimen sustains during a tension test by

= (YS/E) + r

modulus of elasticity, psi or MPa, and

the original cross-sectional area of the speci-

men. :
13.4 Elongation:

13.4.1 Fit the ends of the fractured speci- |
men together carefully and measure the dis-
tance between the gage marks to the nearest .

0.01 in. (0.25 mm) for gage lengths of 2 in.

and under, and to the nearest 0.5 percent of -

the gage length for gage lengths over 2 in. A

percentage scale reading to 0.5 percent of the -
gage length may be used. The elongation is .

the increase in length of the gage length, ex-
pressed as a percentage of the original gage
length. In reporting ¢longation values, give
both the percentage increase and the original
gage length.

" 13.4.2 If any part of the fracture takes

place outside of the middle half of the gage

length or in a punched or scribed mark within
the reduced section, the elongation value ob-
tained may. not be representative of the ma-
terial. 1f the elongation so measured meets
the minimum requirements specified, no fur-
ther testing is indicated, but if the elongation
is less than the minimum requirements, dis-
card the test and retest.

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

centage of the original area, is the reduction

of area. ‘
BenD TEST -
14. Description

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

- quality of the steel specified.

14.2 Unless otherwise specified, it shall be
permissible to age. bend test ‘specimens. The
time-temperature cycle employed must be
such that the effects of previous processing
will not be materially changed. It may be ac-
«complished by aging at room temperature 24
to 48 h, or in shorter time at moderately ele-
vated temperatures by boiling in water, heat-
‘ing in oil, or.in an oven. i
- 143 Bend the test specimen at room tem-
perature 10 an inside diameter, as designated
by the applicable product specifications, to
‘the extent specified without major cracking
on the outside of the bent portion. The speed

.of bending is ordinarily not an important
factor.

HaArDNESS TEST
15. General.

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

16. Brinell Test

16.1 Description. -

16.1.1 A specnhed load is apphcd to a flat
surface of the specimen to.be tested, through
a hard ball of specified diameter. The average

.diameter of the indentation is used as a basis

for calculation of the Brinell hardness number.
The quotient of the apptied load divided by
the area of the surface of the indentation,

_which is assumed to be spherical, is termed

the Brinell hardness number (HB) in accord-
ance with the following equation'
HB = P/[(vrl)/Q)(D D~ d
where:
HB = Brineli hardness number,r

-P. = applied load, kgf,

‘D = diameter of the steel ball, mm, and

d. = average diametér-of the indentation,
mr. ‘ ‘ ‘

"NotE 8—The Brinell hardness number is more con-

veniently secured -from standard tables which show

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

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

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

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

16.2 Apparatus—Equipment shall meet the
following requirements:

16.2.1 Testing Maghine—A Brinell hard-
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ness testing machine is acceptable for use over
a loading range within which its load measur-
ing device is accurate within 3 percent.
. 16.2.2. Micrometer Microscope—The mi-
" crometer microscope or equivalent device for
measuring diameter or depth of indentation is
adjusted so that throughout the range covered
the error of reading does not exceed 0.02 mm.
16.2.3 Standard Ball—The standard ball

for Brinell hardness testing is 10 mm (0.3937 -

in.) in diameter with a deviation from  this
value of not-more than 0.01 mm (0.0004 in.)

~in any diaméter. A ball suitable for use must -

not show a permanent change in diameter
greater - than 0.01° mm (0.0004 in.) when
pressed with a force of 3000 kgf agamst the
test specimen,,

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

16.4 Procedure ' :

16.4.1 ‘Tt is essential that .the applicable

“produet. specifications state clearly the posi-
tion at which Brinell hardness indentations
‘are to be made and the number of such in-
" _dentations required. The distance of the cen-
ter of the indentation from the edge of the
“specimen or edge of anothér indentation must
be at least three times the diameter ot the in-
- dentation.

1642. App}y Lhc load for a minimum oi
: 10 s

16, 4 3 Measure two. dlameterg of the inden-

'7tat10n at right angles to the nearest 0.1 mm,
estimate to the nearest 0.05 mm, and average
to the nearest 0.05 mm. If the two diameters
differ by more than 0.1 mm, discard the read-
mgs* and make a new indentation.

16.4.4 Do not use a steel ball on steels hav«
ing a hardness over 444 HB nor a carbide ball
over 627 HB, The Brinell test is not recom-
mended for: materials having a HB over 627.
- 16.5 - Detailed Procedure-—For detailed re-
quirements of this test, reference shall be

“made to the latest revision of Method E 10,
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17. Portable Hardness Test

17.1 Portable Testers— Under certain cir- -

cumstances, it-may be desirable to subsiitute

a portable Brinell testing instrument, which .

is calibrated to give equivalent results to those

of a standard Brinell machine on a comparison
test bar of approximately the same hardness -

as the material to be tested.

17.2 Detazled Procedure—For detail ed re-
quirements . of - the portable * test,

referenge
shall be made to the latexl revision of Mcthod
E 110,

18. Rockwell Tést
c18.1 Description: .
18.1.1

tained by. using a direct-reading testing ma-

chine which measures hardness by determin-
ing the depth of penetration of a diamond

~point.or.a steel ball into the specimen under

certain’ arbitrarily fixed conditions, A minor
load of 10 kegf is first applied which causes -am
initial -penetration, sets the penetrator on the
material and holds it in position. A major load
which depends on the scale being used is ap-
plied increasing the depth of indentation. The
major load is removed and, with the minor
load still acting, the Rockwell number, which
is proportional to the difference in penetra-
tion between the major and minor ‘loads, is

‘read directly on the dial gage. This is an arbi-

trary number which increases with increasing
hardness. The scales most frequently used are
as follows:

sonle . Major Minar
c;?;?é:] Penetrator Load, Loa(},
) kgf - kef

B Ye-in. steel ball 100 10

C Diamond brale 150 10

18.1.2 Rockwell superficial hardness ma-
chines are used for the testing of very thin
steel or thin surface layers. Loads of 15, 30,
or 45 kgf are applied on a hardened steel ball
or diamond penetrator, to.cover the same
range of hardness values. as for the. heavier
loads. The superficial hardness scales are as

‘ f()]l(.’)W‘-

In this test a hardm% value is ob- -
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Scale ] Major . Minor

_ Symbol . Penetrator Load, ‘Load,

kef kgt
T Yo-in. steel ball 15 3

2307 Ye-1n. steel ball - 30 EIRE
45T Ys-in. steel ball 45 -3

SN Diamond brale (5 R
30N Diamond brale 30 3
45N Diamond brale:  * 45 3

¢ 18.2 Reportmg Ha;dnewmln feporting
hardness values, the hardness number should

always precede the scale symbol, 96 HRB 40 -

HRC, 75 HRJSN or 77 HR30T,

18.3 Tesi Blocks—Machines should be
checked to make certain they are in good or-
der by mecans of sidndarducd Rockwell test
blocks.

- 18.4 Detailed Procedure ~~~~~~~ ‘For detdllcd re-
quirements- of this test, reférence shall be
made to the latest revision of Methods E 18.

CHARPY. IMPACT TESTING

18. Descnptmn

- 19.1 A Charpy 1mpau1 test is a dynamlc‘

test in which a selected specimen, machined
or surface ground -and notched, is struck and
broken by a single blow in a specially designed

testing machine and the energy absorbed. in- .

breaking the specimen is measured. The en-
ergy values determined are qualitative com-
parlsom on a selected specimen and although
frequently specified as an acceptance criterion,
. they cannot be converted into energy figures
that would serve for engineering calculations.
‘Percentage shear fracture and mils of lateral
expansion opposite the notch are other fre-
guently used criteria of acceptance for Charpy
V-notch impact test specimens.

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

19.3 Further information on the signifi-
cance of impact testing appears in Supple-
'mf:nt V. : .

20.- Test Speumena

20, | Selection and Number of Tests:
20] 1. Unless otherwise specified, lorlgltu—
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dinal test specimens shall. be used.with the
notch perpendicular to the surface of the ob-
ject being tested.

20.1.2 An impact test qha!l cansist of three
specimens taken from a Sm{,,le: test coupon or
test location. _ ‘

1 20.2 Size and Type:

20.2.1 The type. of . specimen  desired,

* Charpy V-notch Type A or Charpy keyhole

notch Type B, shown in Fig. 11, should be
specified.

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

10 by 7.5 mm
© 10 by 6.7 mm
10by 5 mm
10 by 3.3 mm
0by 25 mm .
The base of the notch shall be purpcndxcular
to the 10-mm=-wide face. Lo ‘

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

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

20.3 Notch Preparation:- ‘

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

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

21. Testing Apparatus and Conditions

21.1 -Geéneral Characteristics:”

21.1.1 A Charpy impact machine is one in
which a notched specimen is broken by a
single blow of a freely swinging pendulum.
The pendulum is released from a fixed height,
so that the energy of the blow is fixed and
known. The height to which the pendulum
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rises in its swing after breaking the spcmmcn
is measured and used to determine the resid-
ual energy of the pendulum. The specimén is
support‘ed’ Horizontally as a simple beam with
the ‘axis of the notch vertical. It is struck in
the middle of the face opposite the notch,
21.1.2 Charpy machines used for testing
steel ‘generally strike the specimen with an
energy of from 220 to 265 ft-1bf (298 to 359
J} and a linear velocity at the point of impact
of 16 to 19 ft (4.88 to 5.80 m)/s. Sometimes
mau,hmes of lighter capacity are used. ‘
21.2 Calibration (Accuracy and Sensitivity):

21.2.1 Charpy impact machines shall be

calibrated and adjusted 'in accordance with
the requirements of the latest revision of
Methods E 23. ‘

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

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

21.2.4 The dimensions. of the specimen sup-
ports and :atmkm;j edge shall conform 1o Flg

12,
213 T emperamre

21.3.1 The effect of variations in temperaw
ture on Charpy test results is. sometimes very
" great and this variable shall be closely con-
tiolled. The actual temperature at which each
specimen . is. broken shall be reported.

21.3.2 Tests are often specified to be run
at. low temperatures, These low temperatures
can be obtained readily in the laboratory by
the use of chilled liquids such as: water, ice
plus water, dry ice plus organic solvents, liquid
nitrogen, or chilled gases.. Specimens to be
tested at low temperatures shall be held at the
specified temperature for at least 5 min in
liquid coolants and 60 min in gaseous environ-
ments.

21.33 . For. elevatcad-mm perature tests, the
specimens shall preferably be immersed in an
agitated oil, or other suitable fiquid bath and
held. at temperature for at least 10 min; if
ksamplw are heated in-an oven they must be
held in the oven for at least 60 min.

21,34 When tested at temperatures other

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

10
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minimize the change of temperature prlor to

breaking.

21.3.5 Tongs for handling the test speci- .
meng, and, centering devices used to ensure

proper location of the test on the anvil of the
impact tester, shall be at the same relative
temperature as the test specimen prior to each
test so as not to affect the temperature of the
test specimen at the noteh.

22. [‘est Results

22.1 The rc,sult of an 1mpact test shall h@
the average (arithmetic mean) of the results 01‘
the three specinens.

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

22.2.1 Tf more than one speoxmen is below
the specified minimum average, or if one vahie
is below two thirds of the specified minimum
‘average,  a retest of three. additional spect-
mens shall be made, éach of which shall have a
value equal to- or exceeding the spemflcd
minimum average value.

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

22.3.1 If the value on. one specimen fails
below the specified minimum value, and not
below two thirds of the specified minimum
value, and if the average of the three specimens
equals or exceeds the specified minimum value,
-a retest o/f‘ th‘r‘ee additional specimens-shall be
spemmem must @qudl or nxcwd the spcmfmd
minimum value,

23. Acceptance Criteria ‘

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

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

by means of a planimeter; or (4 photograph

‘the fracture surface at a suitable magnification
and measure the percent shear fracture by
‘means of a planimeter.

23.2.2.2 Determination of Transition Tem-
perature—For determining the transition tem-
perature,, break at.least four specimens that
have been taken from .comparable locations.
Break each specimen at. a different temupera-
ture, but in a range of temperature that will
produce fractures within the range of 25
percent of the specified value, n, of shear.
Plot the percent shear fracture against the
test temperature and determine the transition
by graphic mtwpoldtwn (cxtrapolatlon is not

~-permitted). -

which the lateral expansion (increase in speci-

men width on the compression side, opposite
“the notch, of the fractured Charpy V-notch
specimen, Fig. 13) is some specified amount
-measured in thousandths of an inch (mils).
23.2.1 Energy Level—Energy level as de-
termined on the Charpy V-notch impact test
has been shown to have fairly good correlation
with service failures and also with the nil-due-
tility transition temperature determined by
the drop-weight test (Method - E . 208). Spe-
cific requirements should be based on material
capability and either service experience or
correlations with the drop weight test or other

valid tests for fracture toughness: The test
temperature must be specified. o
23.2.2 Fracture  Appearance  Transition

lemperamre FATT,: ;

© 23.2.2.1 Determination of Percent Shear
Fracture=The percentage of shear fracture
may be “determined by any of the following
methods (I} Measure the length and width of
the cleavage portion of the fracture surface, as
“shown in Fig. 14, and determine the percent
“shear from either Table 4 or Table 5 depend-
ing on the units of measuremert; (2) compare
the appearance of the fracture of the specimen
with a fracture appearance chart such as that
shown in Fig. 15; (3) magnify the fracture sur-

23.2.3 Mils of Lateral Expansion:

23.2.3.1 Determination of Lateral Expan-
sion—The method for measuring lateral ex-
pansion must take into account the fact that
the {racture path seldom bisects the point of
maximum expansion on both sides of a speci-
men. One half of a broken specimen may in-
clude the maximum expansion for both sides,
one side only, or neither. The technique used
must therefore prov1de an expansion value
equal to the sum of the higher of the two val-
ues obtained for each side by measuring the
two halves separately. The amount of gxpan-
sion on each side of each half must be meas-
ured relative to the plane defined by the un-
deformed portion of the side of the specimen.
Expansion may be measured by using a gage
similar to that shown in Figs. 16 and 17.
Measure the two broken halves individually.
First, though, check the sides perpendicular
to the notch to ensure that no burrs were
formed on these sides during impact festing;
if such burrs exist, they must be removed, for
‘example, by rubbing on emery cloth, making
sure that the protrusions being measured are
not rubbed during the removal of the burr.
Next, place the halves together so that the
compression sides are facing one another. Take
one half and press it firmly against the refer-
‘ence supports, with the protrusion against the
gage anvil. Note the reading, then repeat this
step with the other broken half, ensuring that
‘the same side of the specimen is measuted.
The larger of the two values is the expansion
of that side of the specimen. Next, repeat this
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procedure to measure the protrusions o the
opposite side, then add the “largér -values
obtained for ecu,h side. Medsute cach spau«
“ e,

NoTE l(lm]:xammc edch fracturc surface to ascer-
tain that the protrusions have not been damaged by
contacting the anvil, machine mountmg surface, etc.
Such 5ample:s should be dlswu ded since t}m, may cause
efroneous readings.

23.0.3.2 Determiniation of ”f/amzlzrm Tern-
perazure«—l“or déetermining the teansition tem-

pcraturc brcdk a sufﬁucnt aumber -of- speu»
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mens over a range of temperatures such that
the temperature producing the specified lat:

eral expansion may be determined by graphic

interpolation (extmpoldtion'is‘ not permilted)
23.3 ‘Report-T
test - tcmpcrature and cncrgy value {fOOt

pounds) for each test specimen broker. Wher

‘specified -in the product specification the per-
‘cent shear fracture or mils of lateral expan-

~sion, of hoth, shall-als¢' be reported for c,ach
t»test Speumen broken

SUPPL FMFNT‘S

I STEEL' BAR PRODUC’ S

' Sl Scope

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

S2. Orientation of Test Specimens

S2.1 ¢ arbon steel bars and bar- wc s‘hapes
due to their relcmvely small cross-séctional
“dimensions, are cus‘tomdnly te%ted in the fon-
gitudinal direction,
- 82.2 Alloy <t661 bars and bar-size shapes
are usually tested in the 10ng,11udmal direction,
In special cases whem size permits and the
fabrication or service of a part Justxﬁes testing
in a transverse direction, the selection and lo-

- cation of test ‘or tests are a matwr of agree-

ment between the: manufacturer and the pur-
chaser.

S3. Tensmn Test.
53 1 Carbon Steel Bars »Carbon steel bars

S5, Scope : .
S5.1 This supplement covers deﬁmtlom
and methods of testing pccuhar to. tubular

products which are not covered in the general
- section of these methods. :

‘ 56 Tensmn Test

S6.1 Longuudmal Test S‘pec:mem (
861 1 It is stdnddrd practice to use ten-
_ ‘sxon test spemmens ot full-size tubular sections
w1thm the limit of the testing equipment (Fig.
'}20 (d)). Snug- ﬁtung metal plugs should be in-
’,serted far enough in the end of such tubular

are not comm(m]y spcuﬁed to tem)lt: require.
“ments in the as-rolled condition for sizes of.
_rounds, squares, hexdgons and .octagons un_v
der Y, in. (13 mm) in diameter or distance
‘betwe(,n parallel tacu nor for other bar»»mze‘

: Se(,tl()t”lb other than flats, less than 1 in. (645'

~mm®) in cross-sectional area.

- 83.2 Alloy Steel Bars—Alloy steel bars are -
usually not tested in the as-rolled condition.
S3.3 When tension tests are specified, the

recommended practice for selecting test speci-
mens for hot-rolled and cold-finished steel bars

Table 7, unless otherwise specified.

S4 Bend Test

54:1 When bend tests:are spcmﬁed the rec-
ommended pradtice for hot-rolled and cold-
finished steel bars Shd“ bé in dwordanue wuh
Fahlc 6

I[. STEEL 'l UBULAR PR,ODUCTS

to permlt the ‘testing machine

specimens
jaws to grip the specimens properly without
crushing, A design that may be used for such

‘plugs is shown in Fig. 18. The plugs shall not
‘extend into that part of the specimen on which
‘the elongation is measured (Fig.

18). Care

should be exercised to see that insofar as

practicable, the load in such"‘cas‘es:is applied
axially.  The length of the full-section speci-

‘men depends on the gage length prescribed

individual

12

for measuring the elongation.
86.1.2 Unless otherwise required by the
prg‘iupy ‘;lwc,ntlua_tmn the gage

‘of various sizes shall be in. accordance with
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Jength for furnace-welded pipe is normally 8
‘in. (200 mm), except that for nominal sizes
¥ in. and smaller, the gﬂge kmgth
as follows:

Nominal Size, in. Gage Lcngth, in, (mm)}

%, and /; 6 (150y
VH and /4 4 (100)
s 2 (50)

$6.1.3 For seamless and  electric-welded
pipe and tubes the gage length is 2 in. How-
ever, for tubing having an cutside diameter of
% in. (10 mm) or less, it is customary to use
a gage length equal to four times the outside
diameter when' elongation values comparable
to larger specimens are required. ‘

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

A = 3.14164D = 1)
where: ‘ N
A = sectional ared, in”

- D = outside diameter, in., and -
t. = thickness of tube wall, ‘in.“

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

850.2, Longitudinal Strip Test Specimens:
“:56.2.1 For larger sizes of tubular products
which cannot be tested in full-sectian, longi-

“tudinal test specimens are obtained from strips
cut from the tube or pipe as indicated in Fig,.
19. For furnace-welded tubes or pipe the 8-in.
gage length specimen as shown in Fig. 20 (b),
or with both edges parallel as in Fig. 20 (a) is
standard, the specimen being located at ap-
proximately 90 deg from the weld. For seam-
less and- electric-welded tubes or pipe, the 2-
in. gage length specimen as shown in Fig. 20
(¢) is standard, :the specimen being located
approximately 90 deg from the weld in the
case of electric-welded tubes. The specimen
shown. in. Fig. 20 (¢} may be used as an alter-
nate for seamless and electric-welded tubes
or pipe. Sspec:lmens of the type shown in Fig.
20 (a), (b),.-(c), may be tested with grips hav-
ing a-surface contour corresponding to the
curvature of the tubes. When grips with curved

hall be

A 370

faces are not dvailable, the ends of the speci-
mens may be - flattened ~ without heating.
Standard tension ‘test specimens, as shown in
specimen No. 4 of Fig. 21,

12 in. (38 mm) wide in the gage length sec-

tion. "'When sub-size specimens are necessary -

due to the dimensions and charactur of the
material to be tested, specimens 1, 2, or 3
shown in Fig. 21 where dpphcablc are con-
‘sidered standard. For tubes % in. (19 mm)
‘and over in wall thickness, the tést specimen
shown in Fig. 5 (Note 12) may be used

NotE 12—Standard round tension test spwmeu
with 2-in. gage length.

56.2.2 The width should be mmxumd at -

each end of the gage length to determine par-
allelism and also-at the center. The thickness
should be measured at the center and used
with the center measurement of the width to
determine the cross-sectional area. The cen-
ter width dimension should be recorded to the
nearest 0.005 in. (0.127 mm), and the thick-
ness measurement to the nearest 0.001 in.
When the specimen shown in Fig. 5 (Note 12) is
used, the diameter is measured at the center of
the specimen to the nearest 0,001 in. (0.025 mm).
56.3 Transverse Test Specimens.

$6.3.1 In general, transverse tension tests
are not recommended for tubular products,
in sizes smaller than 8 in. in nominal diameter.
When required, transverse tension test speci-
mens may be taken from rings cut from ends
~ of tubes or pipe as shown in Fig. 22. Flatten-
ing- of the specimen may be done ¢ither after
separating it from the tube.as.in Fig. 22 {a),
or before separating it as in Fig. 22 (b), and
may be done hot or cold; but if the flattening
is done cold, the specimen may subsequently
be normalized. . Specimens. from: tubes or pipe
for which heat treatment is specified, after be-

ing flattened either hot or cold, shall be given _

the same treatment as the. tubes or pipe. For
tubes or pipe having a wall thickness of less

than % in. (19 mm), the trapsverse test speci-
men shall be of the form and dimensions shown

in Fig. 23 and either or both surfaces may be
machined 1o secure uniform thickness.. For
tubes having a sufficiently heavy wall thick-
ness the test specimen shown in Fig. 5 (Note
12) may be used. The elongation requirements
for the 2-in. gage length in the product specifi-
cation shall apply to the gage length as specified

13:

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

$6.3.2 The width should be measured at
each end of the gage length to determine par-
allelism and also at the center. The thickness
should be measured at the center and used
with the center measurement.of the width to
determine the cross-sectional area. The center
width dimension should be recorded to the
nearest 0.005 in. (0.127 mm), and the thickness
measurement to the nearest 0.001 in. (0.025
mm). When the specimen shown in Fig. 5
(Note 12)-1s used, the diameter is measured at
the center of the specimen 1o the nearest 0.001
.. :

Transverse

57. Determination  of Yield
Strength, Hydr_aulic : Ring-Expansion
Method

-§7.1 Until recently, - the transverse yield
strength, when required on tubular products,
has been determined, as deseribed in the gen-
eral section of these methods, from standard
tension test coupons cut transversely from the
tubular sections. Due to the curvature on such
coupons it is necessary to cold straighten them.
It has long been recognized that the cold work
introduced by straightening changes the me-
chanical. properties so that the yield strength

‘obtained’ is not ‘truly representative of the

yield strength-in-the original tubular section:

The -transverse yield strength is highly impor- -

tant on some classes of tubular products, such
as line pipe, and a method for determining

the true vield stmngth has been desirable for

some fime.

57.2 A testing machine and method for de-
termining the transverse yield strength from
an-annular ring specimen, have heen devel-
oped and described in 57.3 through S7.5.

573 A diagrammatic vertical cross-sec-
tiorial sketch of the tcstmg machme 1s shown
in Fig. 24 : ‘

574 In determining - the transverse yield

strength on this machine, a short ring'(com-~

monly 3 in. (76 mm) in length) test specimen
1s used. After the large circular nut is removed
from - the 'machine, -the wall thickness of the
ring specimen-is determined and the specimen
is telescoped over the oil resistant rubber gas-
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ket. The nut is then replaced, but is not turned.
down tight against the specimen. A slight’
clearance is left between the nut and spegi-

men for the purpose of permitting free radial

moveément of the specimen as it is being tested. -

Oil under pressure is then admitted to thedin-
terior of the rubber gasket through the pres-
sure line under the control of a suitable

to measure oil pressure. Any air in the system
is removed. through the bleeder line. As the
oil pressure is increased, the rubber gasket
expands which in turn stresses the specimen
circumferentially. As the pressure builds up,

the lips of the rubber gasket act as a seal to .
prevent oil leakage. With continued increase -

in pressure, the ring specimen is subjected to
4 tension stress and elongates accordingly.
The entire outside circumference of the ring
specimen is considered as the gage length and
the strain is measured with a suitable exten-
someter which will be described later. When
the desired total strain or extension under
load is reached on the extensometer, the oil
pressure in pounds per square inch is read and
by employing Barlow’s formula, the unit yield
strength is calculated. The yield strength, thus
determined, is a true result since the test
specimen has. not been cold worked by flat-
tening and closely approximates the same con-
dition as the tubular section from which it is
cut. Further, the test closely simulates service
conditions in pipe lines. One testing machine
unit may be used for several different sizes of
pipe by the use ot suuable rubber gaskets and
adaptcrs

Not 13—Barlow’s fc)rmu]a may be stated two
W&VS

() P = 281/D

@) S = PD/2

where:

P = internal hydros.tamc pressure, psi,

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

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

D = outside diameter of the tube in.

57.5 A roller chain type extensometer which
has been found satisfactory for measuring the

elongation of the ring specimen is shown in -

Figs. 25 and 26. Figure 25 shows the exten-
someter in position, but unclamped, on a ring
specimen. A small pin, through which the
strain is transmitted to and measured by

14

valve. .
An accurately calibrated pressure gage serves.
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‘the. dial gage, extends through the hollow
threaded stud. When the extensometer is
clamped, as shown in Fig. 26, the desired ten-
sion which is necessary to hold the instrument
in place and to remove any. slack, is exerted
.on the roller chain by the spring. Tension cn
the spring may be regulated as desired by the
knurled thumb -screw. By removing or adding
rollers, the roller chain may be adapted for
‘different sizes of tubular sections..

88 Hardness Tests

- 58.1 Hardness tests are made mther on the
outside or the inside surfaces on the end of the
tube as appropriate. :

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

S8.3 The Rockwell hardness tests are nor-
-mally made on the inside surface, a flat on the
~outside surface, or on the wall cross-section
“depending upon the product limitation. Rock-
well hardness tests are not performed on tubes

smaller than % in. (7.9 mm) in outside di-
ameter, nor are they performed on the inside
surface of tubes with less than Y4 in. (6.4 mm)
_inside diameter. Rockwell hardness tests are
not performed on annealed tubes with walls
less. than 0.065 in. (1.65 mm) thick or cold
worked or hoat treated tubes ‘with walls less
,thdn 0.049 in. (1.24 mm) thick. For :tubes
with wall thicknesses less than those permiit-
ting the regular Rockwell hardness test, the
Superficial. Rockwell test is sometimes . sub-
stituted. Transverse Rockwell hardness read-
_ings can be made on tubes with a wall thickness
of 0,187 in, (4.75 mm) or grcdtcr The curva-
ture and the wall thickness of the specimen
_impose limitations .on the Rockwell hardness
test. When a compamon is made between
Rockwell determinations made on the outside
surface and determinations made on the inside
surface, adjustment of the readings will be re-
“quired 10, compensate for the effect of curva-
ture. The Rockwell B scale is used on all mate-
rmlq hwmg an expected hardness range of B
0 to B 100. The Rockwell € scale is used on
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material having an expected hardness range of
C20to C68.

S84 Supcrﬁcml Rockwell hardness tests
are normally performed on the outside surface
whenever. possible and whenever excessive
spring back is not encountered. Otherwise,
the tests may be performed on the inside. Su-
perficial Rockwull hardness tests shall not be
performed on. tubes with an inside diameter
.of less than % in. (6.4 mm). The wall thickness

- limitations for the Superficial Rockwell hard-

ness test are given in Tables 8 and 9.
S8.5 When the outside diameter, inside di-
ameter, or wall thickness precludes the ob-

-taining of accurate hardness values, tubular

products shall be specified to tensile proper-
ties and so tested.

' §9. Manipulating Tests

59.1 The following tests are made to prove
ductility of certain tubular products:
S9.1.1 Flartening Test—The flattening test

as commonly made on specimens cut from

tubular products js conducted by subjecting
rings from the tube or pipe to a prescribed de-
gree of flattening between parallel plates (Fig.
22). The severity of the flattening test is meas-
ured by the distance between the parallel
plates and is varied according to- the dimen-
sions of the tube or pipe. The fattening test
specimen should not be less than 2'/, in. (63.5
mm) in length and should be flattened cold to
the extent required by the applicable mate-
rial specifications. '

$9.1.2° Reverse Flattemng Test—The re-
verse flattening test is designed primarily for
application to electric-welded tubing for the

“detection of lack of penetration or overlaps

resulting from flash removal in the weld. The
specimen consists of a length of tubing approx-
imately 4 in. (102 mm) long which is split lon-
gitudinally 90 deg on ecach side of the weld.
The sample is then opened and flattened with
the weld at the point of maximum bend (Fig.
27).

S9.1.3 Crush Test—The crush test, some-
times referred to as an upsetting test, is usu-
ally made on boiler and other pressure tubes,
for evaluating ductility. (Fig. 28). The speci-

-men is a ring cut from the tube, usually about

2% in. (63.5 mm) long. It is placed on end and
crushed endwise by hammer or press to the
distance prescribed by the applicable material
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59.1.4 Flange Test—The ﬂdnge test is in-
tended to determine the ductility of boiler
tubes and their ability to withstand the opera-
tion of bending into a tube sheet. The test is
made on a ring cut from a tube, usually not
- less than 4 in. (100 mm) long and consists of
having a flange turned over at right angles to
the body-of the tube to the width required by
the applicable material  specifications.. The
flaring tool and die block shown in Fig. 29 are

recommended for use in making this test.

89.1.5 Flaring Tesi—For certain types of
pressure tubes, an alternate to the flange test
is made. This test consists of driving a tapered
mandrel having a slope of 1 in 10 as shown
in Fig. 30 (q) or a 60 deg included angle as
shown in Fig. 30 (b) into a section cut from
the tube, approximdtely 4 in. (100 mm) in
length, and thus expanding the specimen until
the inside diameter hds been increased to the
extent required by the applicable materiat

specifications.
$59.1.6 Bend Test—For pipe used for coiling
in sizes 2 in. and under a bend test is made to
-determine its ductility and’ the soundness of

weld. In this test a sufficient length of full-size

pipe is bent cold through 90 deg around a ¢y-

lindrical mandrel having a  diameter 12 times. -

. STEEL

S10. Scope ‘

S10.1 This supplement covers definitions
.and methods of testing peculiar to steel fas-
teners which are not covered in the general
section. of Methods A 370. Standard tests re-
.qu1red by the individual product specifications
are to be performed as outlined in the gcneral
%Ctlm’l of these methods.

'S10.2 These tests are set up to facilitate
~production control testing and acceptance test-
ing with certain more precise tests to be used
for arbitration in case¢ of disagrcement over
test results,

811, Tension Tests -

SiL.1 It is preferred that bolts be tested
“full 'size, and it is customary, when so testing
“bolts to specify a minimum ultimate load in
pounds, rather than a minimum - ultimate
'strength in pounds per square inch. Three
times the bolt nominal diameter has been

16
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the nominal diameter of the pipe. For close

coiling, the pipe is bent cold through 180 deg’
around a mandrel having a diameter 8 umcs :

the nominal.diameter of the pipe. :
89.v.7 Transverse Guided Bend Test of
Welds—This bend test is used to determine
the ductility of fusion welds. The specimens
used are dppnommdtely 1/, in. (38 mm) wide,

at least 6 in. (152 mm) in length with the weld .

at the center, and are machined in-accordance

with Fig. 31(a) for face and root bend tests and -
31(d) for side bend -
tests. The dimensions of the plunger shafl be -
as shown in Fig. 32 and the other dimensions
of the bending jig shall be substantially “as .
given in this same figure. A test shall consist -

in accordance with Fig.

of a face bend specimen and a root bend speci-
men or two side bend specimens. A face bend

test requires bending with the inside surface of -

the pipe against the plunger; a root bend test

requires bending with the outside surface of
‘the pipe against the plunger; and a side bend

test requires bending so that one of the side -

surfaces becomes the convex surface of the
bend specimen.

S9.1.7.1 Failure of the bend test depcnds
upon the appearance of cracks in the area of
the bend, of the nature and extent described
in the product specifications.

FASTENERS

established as the minimum bolt length subject
to the tests described in the remainder of this
section. Sections S11.1.1 through S11.1.3 apply
when testing bolts full size. Section S11.1.4
shall apply where the individual product
specifications permst the use of machined
specimens. _ :
S11.1.1 Proof Load—Due to particular uses

-of certain classes of bolts it is desirable to be

able to stress them, while in use, to a specified
value without obtaining any permanent set.
To be certain of obtaining this quality the
proof load is specified. The proof load test con-

- sists of stressing the bolt with a specified load

which the bolt ‘must withstand without per-
manent set. An aliernate test which deter-
mines vield strength of a full size bolt is also
allowed. FEither of the following Methods, |

or 2, may be used but Method t shall be the.

arbitration method in case of any dmpute as to
acceptance of the bolts.
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S11.1.2 Proof Load Testing Long Bolts—
When full size tests are required, proof load
Method 1 is to be limited in application to
bolts whose length does not exceed 8 in. (203
mm) or' 8 times the nominal diameter, which-
ever is greater. For bolts longer than 8 in. or
8 times the nominal diameter, whichever is
greater, proof load Method 2 shall be used.

o S111.2.1 Method 1, Length Measure-
ment—The overall length of a straight bolt
shall be measured at its true center line with
an instrument capable of measuring changes
in length of 0.0001 in. (0.0025 mm) with an ac-
curacy of 0.0001 in. in any 0.001-in. (0.025-
mm) range. The preferred method of measur-
ing the length shall be between conical centers
machined-on the center line of the bolt, with
mating centers on:the measufing anvils. The
head or body of the bolt shall be marked so
that it can be placed in the same position for
all measurements. The bolt shall be assembled
in the testing equipment as outlined in S11.1.4,
‘and the proof load specified in the product
specification shall be applied. Upon release of
_this load the length of the bolt shall be again
‘measured and shall show no permanent elon-
gation. A tolerance of ==0.0005 in. (0.0127 mm)
"shall be allowed between the measurement
made before loading and that-made-after load-
ing. Variables, such as straightness and thread
ahgnmem {plus measurement error), may result
in' apparent elongation of the fasteners when
_the proof load is initially applied. In such cases,
. the fastener may be retested using a 3 percent
greatei load, and may be considered -satis-
factory if the length after this loading is the
. same ‘as before this loading (within the 0.0005-
in. tolerance for measurement error).

S11.1.3 ProofLoad-sze of Loading-—The

proof load is to be maintained for a period of
10 s before release of load, when using Method
© SI1L.1.3.1 Method 2, Yield Strength—The
bolt shall be assembled in the testing equip-
ment as outlined in ST1.1.4. As the load is ap-
plied, the total elongation of the bolt or any
part' of the bolt which includes the exposed
six threads shall be measured and recorded to
produce a load-strain or a stress-strain dia-
gram. The load or stress at an offset equal to
0.2 percent of the length of bolt occupied by
6 full threads shall be determined by the

method described in 13.2.1 of these methods,
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A 370. This load or stress shall not be iess than
that prescribed in the product specification.

S1.1.4 Axial Tension Testing of Full Size
Bolts—Bolts are 1o be tested in a holder with
the load axially applied between the head and
a nut or suitable fixture (Fig. 33), either -of
which shall have sufficient thread engagemeént
to develop the full strength of the bolt. The nut
or fixture shall be assembled on the bolt leaving
six complete bolt threads unengaged between
the grips, except for heavy hexagon structural
bolts which shall have four complete threads
unengaged between the grips, To meet the re-
quirements of this test there shall be a tensile
failure in the body or threaded section with
no failure at the junction “of the body and
head. If it is necessary to record or report the
tensile strength of bolts as psi values the stress
area shall be calculated from the mean of the
mean root and pitch diameters of Class 3 ex-
ternal threads as follows:

A, = 0.7854 (D — {0.9743)/m)2
where: .

A, = stress area, in.?,
D = pominal diameter, in., and
n = number of threads per inch.

" S11.1.5 Tension Testing of Full-Size Bolts
with a Wedge—The purpose of this test is to
oblain the tensile strength and demonstrate
the **head quality”” and ductility of a bolt with
a standard head by subjecting it to eccentric
loading. The ultimate load on the bolt shall be

determined as described in $11.1.4, except’

that a 10-deg wedge shall be placed under the
same bolt previously tested for the proof load
(see S11.1.1). The bolt head shall be so placed
that no corner of the hexagon or square takes
a bearing load, that is, a flat of the head shall
be aligned with the direction of uniform thick-

_ ness of the wedge (Fig. 34). The wedge shall

have an included angle of 10 deg between its
faces and shall have a thickness of one-half of
the nominal bolt diameter at the short side of

.the hole. The hole in the wedge shall have the

following clearance over the nominal size of
the bolt, and its edges, top and bottom, shall
be rounded to the following radius:

Clearance Radius on
) in Hole, Corners of
Nominal Bolt Size, in, in, {mm) Hole, in. {mm)
Y, to Yy 0.030 (0.76} 0.030 {0.76)
%1810 M4 0.050 (1.3) 0.060 (1.5)
Tato 1 0,063 (1.5) 0.060 (1.5)
175 t0 1Y, 0.063 (1.5) 0.125 (3.2)
1510 15 0.094 (2.4) 0.125 (3.2)
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S11.1.6 Wedge Testing of HT Bolts
Threaded to -Head—For heat-treated bolts
over 100 000 psi (6906 MPa) minimum ten-
sile- strength and that are threaded 1 diam-
eter and closer to the underside of the head,
the wedge angle shall be. 6 deg: for sizésV
through Y% -in.. (6.35:t0 19.0 mm) clIl(l 4 deg
for sizes over % in. L

» 811.0.7. Tension Testing oj Bolts Machmed
10 Round Test Specimens:

i 811.1.7.1 Bolts under 1Y/, in. _(38 mm) in
diameter which require machined tests shall
use a standard “.-in., {13 mm) round 2-in.
(51-mm) gage length test specimen, turned
concentric .with the axis of the bolt, leaving
the head and threaded -section intact as in
Fig. 35 Bolts of small cross»secﬂon which will

not permit taking this standard test specimen
shall have a turned section as large as feasible
.and concentric with the axis of the bolt. The
gage length for measuring the elongation shall
be four times the diameter of the specimen.
Fxgure 36 illustrates examples of these small
size specimens.

S11.1.7.2 For bolts 1/, in. and over in di-
ameter, a standard ‘/:-in. round 2-in. gage
Jength test specimen shall be turned from the
bolt, having its axis midway between the cen-
ter and outside surfdw of the body .of the bolt
as shown in Fig. 37. u

- S11.1.7.3 Machined specimens - are  to be

" wtcsted in tension to determine the properties
prescrlbc‘d‘ by the. product- specifications, The
methods of testing and determination of prop-
erties shall be in accordance with Section 13
~of these methods, A 370,

S12, Speed of Testmg

812 1 Speed of testing shall be as pre%nbed
in, the 1nd1v1dual product specifications.

'S13. Hardness Tests for Bolts

S13.1 When specified; the bolts shall meet
& hardncss test. The Brinell or Rockwell hard-
‘ness__,tcst_ is usually taken on the side or top of
the bolt head. For final arbitration the hard-
ness shall be taken on a transverse section
through the threaded section of the bolt at a

Iv.
S‘:al() "smpe

S1 6\ This supplamcm covers. the appara-

A 370

point one-quarter of the nominal diameter .

from the.axis of the boli. This section shall be
taken at a distance from the end of the boh
which 18 equivalent to the diameter of the bolt.

Due to passible distortion from the Brinell .

load, care shall be taken to see that this test
meets all the provisions of 17.2 of the general
section. of these methods. Where the Brineli
hardness test is impractical, the Rockwell
hardness -test shall be substituted. Rockwell
hardness test procedures shall conform to
Section 18 of these methods.

514, [e%tmg of Nuts |

S14.] Proof Load—A wmple nut shall be
dssembled on a hardened threaded mandrel
or.on a:bolt conformmg to the particular speci-
fication. A load axial with.the mandrel or bolt
and equal to the specified proof load of the nut
shall be applied. The nut shall resist this load
without stripping or rupture. If the threads of
the mandrel are damaged during the test the
individual test shall be discarded. The mandrel
shall be threaded to American National Stand-
ard Class -3 ‘tolerance, ¢
diameter shall be the minimum major diame-
ter with.a tolerance of +-0.002 in. (0.05( mm),

514.2 Hardness Test—Rockwell hardness
of nuts shall be determined on the top or bot-
tom face of the nut. Brinell hardness shall be
determined, on  the. side of the nuts. Either
method may.be used at the option of the man-
ufacturer, taking into account the size and
grade of the nuts under test. When the stand-
ard Brinell hardness test results in deforming
the nut it will.be necessary to use a wminor
load or substitute a Rockwell hardness test.,

S15. Bars Heat Treated or Cold Drawn for
Use in the Manufacture of Studs, Nuts
or Other Bolting Material

S15.1 When the bars as received by the

manufacturer have been processed and proved
to meet certain specified properties, it is not
necessary to test the finished product when
these properties have not been changed by
the process of manufacture employed for the
finished product.

ROUND WIRE PRODUCTS

tus, specimens and methods of testing peculiar
to steel wire products which, are- not covered
In the general section of Methods A 370.

except that the major _
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S17. Apparatus

'S17.1 Gripping Devices-~Grips of either
the wedge or snubbing types as shown in Figs.
38 and 39 shall be used (Note 14). When using
grips of either type, care shall be taken that the
axis of the test specimen-is located approximately
at the center line of the head of the testing
“machine (Note 15). When using wedge grips the

liners used behind the grips Shdll bc of 1he proper

thmkness

N(m: 14~Tt:st1mg mauhmcs uwmlly are equipped
with wedge grips. These wedge grips, irrespective of the
type of testing machine, may be referred to as the “usual
type” of wedge grips. The usual type of wedge grips
generally furnish a satisfactory means of gripping wire.

, For tests of specimens of wire which are Tiable to be cut
at the edges by the “usual type” of wedge grips, the
snubbing type gripping device has proved satisfactory.

- middle third of the

A 370

scale- or other suitable device. The elongation
is the increase in length of the gage length,
expressed as a percentage of the original gage
length. In reporting elongation values, both
the percentage increase and the original gage
length shall be given.
© 519.2 In determining total elongation (elas-
tic plus plastic extension) autographic or ex-
tensometer methods may be emploved.

$19.3 If fracture takes place outside of the
gage length, the clonga-
tion value obtained may not be representative
of the material.

S20. Reduction of Area ‘
$20.1 The ends of the frautun:d specimen

- shall be carefully fitted together and the di-

For testing round wire, the use of cylindrical seat in .

the wedge gripping device is optional.
i NOTE 15—Any defect in a tesSting machine which
" may cause nonaxial application of Joad should be cor-
“recied.

S17.2 Pointed Micrometer-——A micrometer
with a pointed spindle and anvil suitable for
‘reading the dimensions of the wire specimen
at the fractured ends to the nearest 0.001 in.
0.025 mm) after breaking the specimen in the
testing machine shall be used:

'S18. Test Specimens

-518.1 Test specumens having the full cross-
sectional area of the wire they represent shall
be used. The standard gage length of the spec-
Cimens shall be 10 in. (254 mm). However, if
the determination of elongation values is not
required; any convenient gage length is per-
missible. The total length of the specimens
shall be at least equal to the gage length (10
in.) plus twice the length of wire required -for
the full use of the grip employed. For example,
depending upon the type of testing machine
and grips used, the minimum total length of
specimen may vary from 14 to 24.in. (360 to
610 mm) for a 10-in. gage length specimen.
 S18.2 Any specimen breaking in the grips
shall be discarded and a new specimen tested.

$19. Elongation

- S19.1 In determining permanent elonga-
tion, the ends of the fractured specimen shall
be carefully fitted together and the distance
between the gage marks measured to the
nearest 0.01 in, (0.25 mm) with dividers and

LEsY

mensions of the smallest cross section meas-
ured to the nearest 0.001 in, (0.025 mm) with
a pointed micrometer. The difference between

-the area .thus found and the area of the orig-

inal cross section, expressed as a percentage
of the original area, is the reduction of area,

§20.2 The reduction of area test is not rec-
ommended ‘in wire diameters. less than 0,092
in. (2.34 mm) due to the difficulties of meas-
uring the reduced cross sections.

521. Rockwell Hardness T est

S21.1 With the exception of heat treated
wire of diameter 0.100 in. (2.54 mum) and larger,
the Rockwell hardness test is not recommended
for round wire. On such heat-treated wire the
specimen shall be flattened on two parallel
sides by grinding. For round wire the tensile
strength test is greatly to be pleferred to the
Rockwell hardness test.

S22. Wrapping Test

S22.1 This test,-also referred to as a coiling .

test or as a wrap-around bend test, is some-
times used as a means for testing the ductility
of certain kinds of wire. The wrapping may
be done by any hand or power device that will
coil the wire closely about a mandrel of the
specified diameter for a required number of
turns without damage to the wire surface. The
sample shall be considered to have failed if
any cracks occur in the wire after the first com-
plete turn. The test shall be repeated if a crack
accurs in the first turn since the wire may have
been bent locally to a radius less than that
specified.
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§22.2 When the. wrapping test is used to
determine the adherence of coating for coated
wires, the mandrel diameter is commonly

A 370

larger than that used in the test when used as

a measure of ductility.

V N()TEE& ON ‘alGNIl*ICANCE OF NOTCHEDuBAR IMPACT TESTING

S523. Notch Behavior

S23.1 The Charpy and. Izod type tests -
bring out notch. behavior (brittleness versus |
ductility) by applying: a. single overload of

stress. The  energy values determined are
quantitative comparisons on a selected speci-
men but cannot be converted into energy val-

ues that would serve for engineering design

calculations. The notch behavior indicated in
an individual test applies only to'the specimen
size, notch geometry, and testing conditions
involved and cannot be generalized to- othcr
*sizes of specimens and conditions. '
S23.2 The notch behavior of the face-cen-
tered cubic metals and alloys, a large group of
. nonferrous materials and the auvstenitic steels
can be judged from their common tensile prop-
erties. If they are brittle in tension they will
- be brittle when notched, while if they are
ductile in tension, they will be ductile when
notched, except for unusually sharp or deep
notches (much more severe than the standard
Charpy or 1zod specimens). Even low temper-
atures do not alter this characteristic of these
materials. In contrast, the behavior of the fer-
- ritic -steels under notch conditions cannot be
- predicted from their properties as revealed by
" the tension test. For the study of thesé mate-
‘rials the Charpy and Izod type tests are ac-
cordingly: very useful. Some metals that dis-
play normal ductility, in the tension test may
nevertheless . break in brittle fashion when
tested or when used in the notched condition.
“Notched conditions include restraints to de-
formation. in directions -perpendicular to the
major stréss, or multiaxial stresses, and stress
concentrations. [t is in this field that the
~Charpy and’ [zod tests prove useful for deter-
* mining the susceptibility of a steel to notch-
© brittle behavior though they cannot be directly
used to appraise the serviceabili-t‘y\of a struc-
ture, : :
~$23.3 The testing machine itself must ‘be
" sufficiently rigid-or tests on high-streagth low-

la T2

‘ ’energy "materials w1ll result in excessive eld.!y-

tic energy losses either upward through the
pendulum shaft or downward through the basc
of the machine, If the dl’lVﬂ supports, the pen-
dulum striking edge, or the machine founda-
tion bolts are not securely fastened, tests on
ductile materials in the range of 80 ft-lbf

(108 J) may actually indicate values in exccw

of 90 to 100 f1-1bf (122 to 136 J)
524. Notch Effect "

-§24.1 The notch results in a combination of

‘multiaxial stresses associated with restraints
to deformation in directions perpendicular to:

the major stress, and a stress concentration at
the base of the notch, A severely notched con-
dition is generally not desirable, and it be-
cames of real concern in those cases in which
it initiates a sudden and complete failure of
the brittle type. Some metals can be deformed

ih a ductile manner even down to the low tem-

peratures of liquid air, while others may crack.
This difference in behavior can be best un-
derstood by considering the cohesive strength

of a material (or the property that holds it to-

gether) and its relation to the yield point. In

cases of brittle fracture, the cohesive strength.

is exceeded before significant plastic defor-
mation occurs and the fracture appears crys-
talline. In cases of the ductile or shear type of
failure, cénsiderable deformation precedes the

final fracture and the broken surface appears

fibrous instead of crystalline. In intermediate
cases the fracture comes after a moderate

amount of deformation and is part crystalline

and part fibrous in appearance.

$24.2 When a notched bar is loadcd there
"is a normal stress across the base of the notch

which tends to initiate fracture. The property
that Keeps it from cleaving, or holds it to-
gether, is the “cohesive strength.” The bar
fractures when the normal stress exceeds the
cohesive strength. When this occurs without
the bar deforming it is the condition for brit-
tle fracture.

PRO_00086129



Case 1:13-cv-01215-TSC Document 198-15 Filed 10/07/19 Page 88 of 141

dilb

$24.3 In testing, though not in service be-

cause of side effects, it happens more com-

monly that plastic deformation precedes frac-
ture, In addition to the normal stress, the
applied load also sets up shear stresses which
are about 45 deg to the normal stress. The

elastic behavior - terminates as soon as ., the.

shear stress cxceeds the shear strength of the
material and deformation or plastic yielding
sets in. This is the condition for ductile fail:
ure. S ,

$24.4 This behavior, whether - brittle or
"ductlle depends on whether the normal stress
exceeds the cohesive strength before the shear
stress exceeds the shear strength. Several im-

portant facts of notch behavior follow from-

this. If the notch is made sharper or more
drastic, the normal stress at the root of the
notch will be: increased in relation to the shear
stress and the. bar will be more prone to brit-
tle fracture (see Table 10). Also, as the .spu,ed
of deformation increases, .the shear strength
increases and the likelihood of brittle fracture
increases. On the other hand, by raising the
temperature, leaving the notch and the speed

of deformation the same, the shear strength is.

lowered and ductile behavior is promoted,
leading to shear failure,

S24.5 Variations in notch dlmensmns w1ll
seriously affect the results of the tests. Tests
on E4340 steel specimens® have shown the ef-
fect of dimensional variations. on Charpy re-
sults (see Tdble 10)

825, Size Effect

§25.1 Increasing cither the width or the’

depth of the specimen tends to increase the
volume of metal subject to distortion, and by
this factor tends to increase the energy ab-
sorption when breaking the specimen. How-
ever, any increase in size, particularly in width,
also tends to increase the degree of restraint
and by tendmg to induce brittle fracture, may

decrease "the amount of energy absorbed‘

Where a standard-size specimen is on the verge
of brittle fracture, this is particularly true, and
a’double-width §pecimen may actually require
less energy for rupture than one of standard
width.

$25.2 In studies of such effects where the
size of the material precludes the use of the

A 370

standard specimen, as for example when the
material is Y,-in. plate, subsize specimens. are
necessarily used. Such specimens (see. Fig. 6
of Method ‘E 23). are based on the Type A
specimen of Fig. 4 of Method E 23. ..
$25.3 General correlation between the en-
ergy values obtained with specimens of differ-
ent sizeé or shape is not feasible, but limited

correlations may be established for specifica-
tion purposes on the basis of special studies of:

particular materials and particular specimens:
On the other hand, in a study of the relative
effect of process variations, evaluation by use
of some arbitrarily - selected specimen with
some chosen notch will.in most instances place-
the mcthods in their proper order.

526 Effects of Testing Condltmus

S26.1 The testing conditions also affect the
notch behavior. So pronounced is the effect of
temperature on the behavior of steel when

notched that comparisons are frequently made

by examining specimen fractures and by plot-
ting energy value and fracture appearance
versus temperature from tests of notched bars
at a series. of temperatures. When-the test
témperature has been carried low enough to
start cleavage fracture, there may be anm ex-
tremely sharp drop in impact value or there
may be a relatively gradual falling off toward
the lower temperatures. This drop in energy
vialue starts when a specimen begins to ¢x-
hibit some crystalline appearance in the frac-
ture. The transition temperature at which this
embrittling effect takes place. varies consider-
ably with the size of the part or test specimen
and with the notch geometry.

' 826.2 Some of the many definitions of

transition temperature currently being used

are: (1) the lowest temperature at which the
specimen exhibits 100 percent fibrous frac-
ture, (2) the temperature where the fracture
shows a 50 percent crystalline and a 50 per-
cent fibrous appearance, () the temperature
corresponding to the energy value 50 percent
of the difference between values obtained at
100 percent and 0 pcrcem ﬁbrou,s fracture,

¢ Fahey, N H., “Eff@ctq of Variables in Charpy Im-
pact Testing,” Muaterials Research & Standards, MTRSA
Vol 1, No. 11, Nov., 1961, p. 872,
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and {¢) the temperature cmre%pondmg 1o a
specific energy value.

§826.3 A problem peculiar to Charpy-type
tests occurs when high-strength, low-energy
specimens -are tested at low temperatures.
These specimens may not leave the machine
in the direction of the pendulum swing but
rather in a sidewise direction. To ensure that
the broken halves of the specimens do not re-
bound off some component of the machine and
contact the pendulum before it completes its
swing, modifications may be necessary in older
model machines. These modifications differ
with machine design, Nevertheless the basic
problem is the same in"that provisions must
be made to prevent rebounding of the frac-
tured specimens into any part of the swinging
pendulum. Where design permits, the broken
specimens may be deflected out of the sides of
the machine and yet in other designs it may
be necessary to contain the broken specimens
within a- certain area until the: pendulum
passes through the anvils. Some low-energy
high-strength steel specimens leave impact
machines at speeds in excess of 50 ft (15.3 m)/
s although -they were struck by a pendulum
traveling at speeds approximately 17 ft (5.2
m)/s. If the force exerted on the pendulum
by the broken specimens is sufficient, the pen-
dulum will slow down and erroneously high

" _energy values will be recorded. This problem

decounts: for many of the inconsistencies in
Charpy results reported by various investiga-
tors within the 10 to 25-ft.bf (14 to 34 J)
range. Section 5.5 of Methods E 23 discusses

between

A 370

the two basic machine designs and a modifica-

tion -found to be satisfactory in mtmmmmg, _"

jamming.

527. Velocity of Straining.

827.1 Velocity of straining is likewise a
variable that affects the. notch behavior of
steel. The impact test shows somewhat higher
encrgy absorption values than the static tests
above the transition temperature and vet, in
some instances, the reverse is true below the

.transition temperature.

$28. Correlation with Service

S28.1 While Charpy or Izod tests may not
directly prédict the ductile or brittle behavior
of steel as commonly used in large masses or
as components of large structures, these tests

can be used as acceptance tests of identity for

different lots of the same steel or in choosing
different steels, when correlation
with reliable service behavior has been estab-
lished. It may be necessary to make the tests
at properly chosen temperatures other than
room temperature. In this, the service tem-
perature or the transition temperature of full-
scale specimens ‘does not give the desired
transition mmpcratmc% for Charpy or Izod
tests since the size and notch geometry may
be so different. Chemical analysis, tension,
and hardness tests may not indicate the influ-
ence of some of the important processing fac-
tors that affect susceptibility to brittle fracture
nor do they comprehend the effect of low
temperatures in inducing brittle behavior,

- VI, PROCEDURE FOR CONVERTING PERCENTAGE ELONGATION OF
A STANDARD ROUND TENSION TEST SPECIMEN TO EQUIVALENT
PERCENTAGE ELONGATION OF A STANDARD FLAT SPECIMEN

529. Scope

$29.1 This method specifies a procedure for
cofiverting percentage elongation after frac-
ture obtained in a standard 0.500-in. (12.7
mm) diameter by 2-in. (51-mm) gage length
test specimen to standard flat test specimens
/3 in. by 2 in. and ll/z in. by 8 in. (38 1 by
203 mm).

S30. Basic lmquatian
$30.1 The conversion data in this method

are based on an equation by Bertella,'® and
used by Oliver** and others. The relationship
between elongations in the standard 0.500-in.
diameter by 2.0-in. test specimen and other
standard spuumens can be udlaulated as fol-
lows:

¢ = e, (447 VALY

1 Bertela, C. A., Giornale del Genio Civile, Vol 60,

1922, p. 343,

1 Oliver, . A., Proceedings of Institute of Mechani-

cal Engineers, Vol 11, 1928, p. 827,
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wherc
pcmentag,e elongation after fracture on
a standard test specimen having a 2-in.
gage length and 0.500-in. diameter;

e = percentage r::longat,lon after fracture on
a standard test specimen having a gage
length L and a cross-sectional area A,
and

rul

“:ﬂl Appllcatlon o

831.1 In applying the above equation - thu
constant @ Is characteristic of the. test mate-
rial. The value g .= 0.4.has been found to give
satisfactory conversions for carbon, carbon-
manganese, molybdenum, and chromium-
molybdenum steels within the tensile strength
range of 40,000 to 85,000 psi (275 to 585 MPa)
and in the. hot-rolled,. in the hot-rolled and
normalized, or in the annealed condition; with
‘or without tempering. Note that the coid re-
duced and quenched and tempered states are
excluded. For annealed austenitic stainiess
steels, the value. g = 0.127 has been found to
give satisfactory conversions. ‘

S$31.2 Table 11 has been calculated taking
a = 0.4, with the standard 0.500-in. (12.7 mm)
diameter by 2-in. (51 mm) gage length test
specimen as the reference specimen. In the

Vl].r MI* TIIOD OF TESTING {

A 370

case of the subsize specimens 0.350 in. (8.89
mm) in diameter by 1.4 in. (35.6 mm) gage
length and 0.250 (6.35 mm) diameter by 1.0
in. (254 mm) gage length the factor in the

equation is 4.51 inste:a%l of 4.37. The small

error, introduced bv using, I“dble 11 for the

subsized spuumcns may be neglected Table

12 for annealed austenitic steels has bean cal-

culated taking a = 0.127, with the standard
'0.500~in. diameter by 2-in. gage leng,th test

specimer as the reference specimen.

§31.3 Elongation glven for.a standard 0. ‘SO()~
in. diameter by 2-in. gage length 5p€:umen
mdy be- converted .to. elongdtmn for Y3 in. by

2in. or 1Y, in. by 8 in..(38.1 by 203 mm) flat

specimens by multiplying by the mdlcatud fac-
torin Tables 11 and 12.

S31.4 These elongation converslons shall
not be used where the width to thickness ratio

of the test piece exceeds 20, as in sheet speci-

mens under 0.025 in. (0.635 mm) in thickness.

8315 While the conversions are considered
to be reliable within the stated limitations and
may generally be used in specification writing
where it is desirable to show equivalent elon-
gation requirements for the several standard
ASTM tension specimens-covered in Methods
A 370, consideration must be given to the met-
allurgical effects dependent on the thlckncss
o  the material as pmwxscd

UNCOATED SEVEN-WIRE SIRESS»RLL[LVLU

STRAND F()R P‘RISIR[S&[D‘ CONCRE IL

$32. Scope ‘

$32.1 This method provides procedures for
the tension -testing.  of uncoated seven-wire
stress-relieved strand for prestressed concrete.
This method is intended for use in cva‘luating
“the strand for the properties pmsmbcd in
“Specification A 416.

§33. General Precautions

5334 Premature failure of the test speci-
mens may result if there is any appreciable
~notching, cutting, or bending of the specimen
by the gripping devices of the testing machine.

"833.2 Errors in testing may result if the
seven wirés constituting the strand are not
Joaded umformly

$33.3 The ‘mechanical properties of the
strand may be materially affected by exces-
sive heating during specimen preparation.’

§33.4 These difficulties may be minimized
by following the suggested methods’ of grap—
ping described m Smtwn 83‘5 ‘

‘534, Gripping Devices

]

S34.1 The true mechanieal properties of the
strand are determined by a test.in which frac-
ture of the specimen occurs in the free span
between the jaws of the testing machine.
Therefore, it is desirable to establish a test
procedure with suitable apparatus which will
consistently produce such results. Due to in--
herent physical characteristics of individual
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‘machines, it is not practical to recommend a
universal gripping procedure that is suitable
for all testing machines. Therefore, it is nec-
essary to determine which of the methods of
‘gripping described in §34.2 to S34.8 is most
suitable for the testing equipment avallablc

834.2 Standard V-Grips with Serrated Teeih
(Note 16). _

$34.3 Standard V-Grips with Serrdted Teeth
(.Nate 16), Using Cushioning Material—In this
method, some material is placed between the
grips and the specimien to minimize the notch-
inig effect of the teeth. Among the materials
which have been used are lead foil, aluminum
foil, carborundum cloth, bra shims, etc. The
type and thickness-of material required is de-
pendent on the shape, condltmn, and coarse-
ness of the teeth.

S34.4 Standard V-Grips with Serrated Teeth
(Note 16), Using Special Preparation of the
Gripped Portions of the Specimen-—One of the
methods used is tinning, in which the gripped
portions are cleaned, fluxed, and coated by
multiple dips in'molten tin alloy held just above
the melting point. Another method of prepa-
ration is encasing the gripped portions in metal
tubing or flexible conduit, using epoxy resin as
the bonding agent. The encased portion should
be approximately twme the. 1emguh of lay of the
strand.

. 8345 Special Grzps with Smooth Semi- Cym

dindrical Grooves (Note 17)-The grooves and
the gripped portions of the specimen are coated
with an abrasive slurry which holds the speci-
men in the smooth grooves, preventing slip-
page. The slurry consists of abrasive such as
Grade 3-F aluminum oxide and a carrier such
as water or glycerin. .

$34.6 Standard Sockets of the Type Used
far Wn'e Rope—The gnpped portions of the
specimen  are anchored in the sockets with
zinc. The special procedums for sacketing usu-
ally employed in the wire rope mdustrv must
be followed.

" ‘8347 Dead-End Eye Splices—These de-
vices are available i in sizes dwxgncd to fit each
size of strand to be tested.

S34.8 Chucking Devices-Use of chyucking
devices of the type’ generally employed for
applying’ tension to strands in casting hcds is
not rewmmcnded for textmg purposes.

N(m: 16 ~Ihe number of teeth should be Apprc»um

'§36.

A 370

mately 15 to 30 per in., and the minimum effective
gripping length should bc appronmaiely 4 in. (102
mm).
Notg 17—The radius of curvamre of the 2rooves it
approximately the same as the radius of the strand
being tested, and is located %2 in. (0.79 mm) above the
flat face of the grity. This prevents the two grips from
closing tightly when the specimen is in place.

S35. Specimen Preparation

S35.1 Nonuniform loading of the seven
wires in the strand may result if slippage of
the individual wires of the strand, either the
outside wire or the center wire, occur during
the tension test. Wire slippage may be mini-
mized by fusing together the cut ends of the

-spécimen. This fusing can be concurrent with

torch cutting of the specimens,

8352 If the molten-metal . temperatures
employed during hot-dip tinning or socketing
with’ metallic material are too high, over ap-

proximately 700 F (370 C), the specimen may .

be heat affected with a subsequent loss of
strength- and ductility. Careful temperature
controls should be maintained if such methods
of specimen preparation are used,

Prm,edure

S36.1. Yield Szmnmh———For determining the
yield  strength use a Class B-1 extensometer
(Note 18) as described in Method E 83. Apply
an initial load of 10 percent of the expected
minimum breaking strength to the specimen,
then attach the extensometer and adjust it 1o a

© reading of 0.001 in./in. of gage length. Then

increase the load until the extensometer indi-
cates an extension of 1 percent. Record the load
for this extension as the yield strength. The

extensometer may be removed from the speci-

men after the yield strength has been deter-
mined.

536.2 Fl(mgatmn~f*’0r
elongation use a Class D extensometer (Note
18), as described in Method E 83, having a gage
length of not less than 24 in. (610 mm) (Note
19). Apply an initial load of 10 percent of the
required minimum breaking strength to the
specimen, then attach the extensometer (Note

18) and adjust it to a zero reading. The exten-

someter may be removed from 1he speumen
prior to rupture after the spccmed minimum
elongation has been exceeded. It is not neces-
sary to determine the final elongation value.

determining  the -
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v 836.3 Breaking S.trength‘--mbetermine the .

maximum load at which one or more wires of
the strand are fractured. Record this load as
the breaking stremgth of the strand.

Note 18-~The yield-strength extensometer and the -

elongation extensometer may be the same instrument
or two separate instruments. Two separate instruments
are advisable since the more sensitive yield-strength
extensometer, which could be damaged when the strand
fractures, may be removed following the determination
of yield strength. The elongation éxtensometer may be

constructed with less sensitive parts or be constructed

A 370

in such a way that little damage would result if: fracture
occurs while the extensometer is attachéd to the speci-
men.

Norte 19—-—~Spec1mens that break outside thc exten-
someter or in the jaws and yet meet the minimuwm
specified values are considered as meeting the mechan-
ical property requirements of the product Specification
A 416, regardless of what procedure of gripping has
been used. Specimens that break outside of the exten-
someter or in the jaws and do not meet the minimuym
specified values are subject to retest in accordance with
Specification A 416. Specimens that break between the
jaws of the extensometer and do not meet the minimum
specified values are subject to retest as provided in
Section 14 of Specification A 416. -

VHI. ROUNDING OF TEST DATA

$37. Rounding
§37.1 Recommended: levels for rounding

reported values of test data are given in Table

13. These values are designed to prowdc-., uni- -

formity in reporting and data storage, and
should.be used in all cases except where they
conflict-with specific requirements of a pl()d-—
uct specification.

TABLE 1 Details of Test Coupon Design for Casting (See Fig. 3) ) _
Note 1—Test Coupons for Large and Fleavy Steel Castings: The test coupons in Fig, 3 are o be used for Targe and heavy steel
. castings. Howeve:x, at the option of the foundry the cross-sectiorial area and length of the standard coupon may be increased as
demgd Thh pwvwwn does nat apply to A‘%TM ‘ipouﬁcatmn A 356, for Heavy-Walled Carboit and Low Alloy Steet C‘mtmgs for -

Leg Design (125mm)

Riser Design

A 5 in. (125 mm) minimum
length will be used. This

—

L (length)

length may be increased dat

the option of the foundry to
accommodate additional test
bars (see Note 1).

Eatd

. End taper Use of and size of end taper is
at the optien of the foundry.
3. Height 1% in. (32 mm)
4. Width (at top) 1% in. (32 mm) {see Note 1 ).
5. Radius (at bottom) Yin, (13 mm), max
6. Spdcing between A Yin, (13-mm) radius will be
legs used between the legs.
7. Location of test The tensile, bend, and impaci
bars bars will be taken from the
lower portion of the leg (see
Note 2).

8. Number of legs The number of legs attached to
the coupon is at the option of
the foundry providing they
are equispaced according to
Item 6.

9. R, ‘Radius from 0 to approxi-

mately Y in. (2 mm).

1. L (length) “The length of the riser at the
base will be the same as the
top length of the ‘leg. The
length of the riser at the top
therefore depends on the
amount of taper added to the
riser.

The width of the riser at the
base of a multiple-leg coupon
shall be 1 (2'%4) (57 mm) ~ %
(16 mm) where n equals
the number of legs attached
to the coupon. The width of
the riser at the top is there-
fore dependent on the
amount of taper added to the
riser.

2. Width

Use of and size is at the option
of the foundry.

The minimum height of the
riser shall be 2 in. {51 mm).
The maximum height is at
the option of the foundry for
the following reasons: (a)
Many risers are cast oper,
(b) different compositions
may require variation in ris-

3. T (riser taper)

Height

ering for soundness, (¢) dif~ -

ferent pouring temperatures
may require variation in ris-
ering for soundness.
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TABLE 2 Multiplying Factors to Bé Used for Various Diameters of Rdund Test Specimens
Standard Specimen o - Small Size Specimens Proportional to Standard.
" 0.500 in. Round - : 0.350 in. Round 0.250 in. Round
"~ Actual - . Area, inlvi CActual C Aren, Multinlvi Actual Area, inlyi
Diameter, il M%;‘C'}‘gr‘”.g Diameter, - int. Ml}l:lgglg;ng Diameter, in% - :M‘;};‘ggﬁg
Lin L, - dp. . : oo :
- 0.490 .. 0.1886 5.30 0,343 0.0924 10.82 ., . 0.245 (.0471 J21.2L
0,491 - 0.1893 ¢ 5.28 .0.344 - 0.0929" 10.76 - 0.246 0.0475 . 21.04
10.492 0:1801 "7 '5.26 0.345 " 0.0935 . 10.70 0.247 . 0.0479  20.87°
©0.493 0.1909 524 0,346 0.0940 10.64 (.248 ©0.0483 20.70
0.49%4 0.1917 -~ 5,22 0,347 0.0946 °  10.57 0,249 0.0487 - . 20.54
0.495 0.1924 - 520 0.348 '+ 0.0951° ° " 10.51 6.250 © " 0.0491 20.37
0.496 0.1932 5.18 0.349 0.0957 10.45 0.251 0.0495 20.21 -
. : o - (0.03)® (20.0)¢
0.497 (.1940 5.15 6.350 " - 0.0962 1039 ¢ 0.252 0.0499 20.05
0.05)¢ (20.0)«
0.498 - 0.1948 - 513 0.351 0.0968 10,33 0.253 0.0503  19.892
‘ Y o ' 0,05) (20.0)"
0.499 01956 <~ 5.11° 0.352° " 0.0973 . 00.28. 0 0.254-00.0507 19,74
05000 01963, 5.09. . ,0.353. © 9.0979 . 10.22 0.255 0.0511.  19.58
0.501 0. 1971 5.07 0.354 . . 0.0984 10.16 - L A o
0.502 0.1979 5.05° 0.355 0.099%0 - 10.10
0.503 (.1987 5.03 0.356 0.0993 10.05 o
. - 0.1)° 10,0y = o0
0.504 . 01995  ~  5.01 | 0.357 . 0.1001 9.99 .
N (¥ (5.0y¢ ©. 1) (10.0y°
0.55  0.2003 4.99 .
(0.2)¢ 5.0y
0.506 0.2001 . 497
‘ DR (e 0 L ¢ N () L
0.507 0.2019 . 4.95
). 508 0.2027 . 4.9}
+0.509. 0.2035 4.91
0.510 (0. 2043 4.90

.4 The vatucs in parentheses may be used for ease in Ca‘lculatiori‘ of 'stresscs, in_pounds per square inch, as
© permitted in Note 5 of Fig. 5. L
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TABLE 3C Appmxlmate Hardness Conversjon Numbers for Austenitic Steels (Rockwell € to other Hardness
: . Numbers).

Rockwell C
Scale, 150-kgf

Load, Diamond

Penectrator

Rockwell A Scale,
60-kgf Load, Dia-
mond Penetrator

48
47
46

3’)

74.4
73.9
73.4
72.9

72.4 -

71.9

- 71.4

70.9

704
69.9
693

68.8

68.3

67.8
67.3
66.8
66.3
65.8
65.3
64.8
64.3
63.8
63.3
62.8
62.3
61.8
61.3
60.8
60.3

15N Scale, 15-kgf
Load, Diamon

Rockwell Supcrﬁcml IIarduew

Penetmtor
84.1
83.6

"83.1
82.6
82.1
81.6
81.0

. 80.5

- 800

79.5
79.0
78.5
78.0
77.5
77.0
76.5
75.9
75.4
14,9
74.4
73.9
73.4
72.9
72.4
71.9
71.3
70.8
703
69.8 -

30N Scale, 30-kef
Load, Diamond

45N Scale, 45-kgf
Load, Diamond

Penetmtor Penetrator
66.2 - 52.1
65.3 50.9
64.5 49.8
63.6 48.7
62.7 47.5
61.8 46 .4
61.0 452
60.1 44.1
59.2 43.0
58.4 41.8
57.5 40,7
56.6 39.6
557 384

. 54.9 37.3
54.0 36:1
%3.1 35.0
52.3 33.9
51.4 327
50.5 31.6
49.6 304
48.8 29.3
47.9 282
47.0 27.0
46.2 © 259
45.3 24.8 ,
44.4 23.6
43.5 22.5
42.7 21.3
41.8 20.2

TABLE 3D Appmxunate Hardness Lonvarsmn Numbers for Austenitic Steels (Rockwell B m other Hardness

. . Numbers) .
' B Rockwell Supe‘rﬁcial Hardness
Rockwell B o , o " Rockwell A —
- Seale, 100~ Brinell Indenta- = Brinell Hardness, Scale. 60-kef 15T Scale, 30T Scale, 45T Scale,
kgf Load, Yhae- . tion Diameter, - 3000-kgf Load, .y biamc%n d 15-kef 30-kef - 45-kgf

m. (1.588- mm 10-mm Ball Pc;wtmtdr Load, e~ Load, Vi load, {1?«
mm) Ball | ‘ ) e . in. (1 588~ in. (1.588- in. (1.588-
) o ' ‘ © mm)Ball mm)Ball = mm} Ball

100 3.79 256 61.5 91.5 80.4 70.2

99 3.85 248 60.9 91.2 79.7 69.2

98 3.91 240 60.3 90.8 79.0 68.2

97 3.96 233 59.7 90.4 78.3 67.2

96 4.02 226 59.1 90.1 77.7 66.1

95 4.08 219 58.5 89.7 77.0 65.1

94 4.14 213 58.0 89.3 76.3 64.1

93 ©4.20 207 57.4 88.9 75.6 63.1

92 4,24 202 56.8 88.6 74.9 62.1

a1 4.30 197 56.2 88.2 ‘742 61.1

90 4.35 192 55.6 87.8 73.5 60.1

89 4.40 187 55.0 87.5 72.8 59.0

88 4.45 183 54.5 87.1 72.1 58.0

87 4.51 178 53.9 86.7 71.4 57.0

86 4.53 174 .53.3 86.4 70.7 56.0

85 4.60 170 52.7 86.0 70.0 55.0

84 4,65 167 52.1 85.6 69.3 54.0

83 4,70 163 51.5 85.2 68.6 52.9

82 4.74 160 50.9 84.9 67.9 51.9

81 4.79 136 50.4 84.5 67.2 50.9

80 4.84 153 49.8 84.1 66.5 49.9
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TABLE 4 Percent Shear for Meaqurenmms Made in Inches

N’mrww&mce Table 4 i5 set up for finite measurements or dimensions 4 and 8, 106 percent shear is to be reported when -
cither 4 or B is zero,

Dimen- { . Dimension A4, in. ‘
sion S T L e pp—
B,in. | 0.05}0.10]0,12]0.14) 0.16 ] 0.18 020 0221024 10.26 | 0.28 ] 0.30 {0.32 0.34} 0.36 } 0.38 | 0,40
IE—— T O —‘—“‘1 — ﬁ—“_‘ﬁL*\”‘T—“——’_\LM‘_‘“"___"\ >

0.05 98 1 96 1 95 | 94 1 94 1 93 [ 92 | 91 | 90 | 90 | 89 88 | 87 86 § 85 | 85 | 84
0.10 9 | 92 [ 90 | 8 | 87 1 85 | 84 | 8 | 81 7T 76 74 T3] T 69 | 68
0.12 95 | 90 | 88 | 88 | 85 | 83 | .81 A S I S T B K B B 69 | 67 | 65 1 63 | 61
0.14 94 | 89 ) 86 | 84 | 82 1 B0 [ 77T | 75| 13 1 71 68 | 66 ) 64 | 62 | 39 ) 57 | 55
0.16 94 |87 ) 85 | B2 | 79 [ 7T [ 4| 72| 69 | 67 [ 64 | 6l 5% | 56 ( 53] 51 48
0.18 -1 93 L 85 83 L 80 { 77 1 74 1 72 1 68 1 65 { 62 | 59 56 | 54 | 51 48 1 45 | 42
0.20 92 | 84 | 81 771 74 1 72 ) 68 | 65 1 61 38 1 55 520148 ) 45 ) 42 1 39 | 36
0.22 91 82 | 19| 75 72 4 68 | 65 | 6l 57 | 54 ( 50| 47 | 43 | 40 | 36 | 33 | 29
0.24 90 | 81 T 1 73 1 69 | 65 | 61 57 1 54 150 ) 46 {42 | 38 | 34 4 30 | 27 | 23
0.26 90 1 7S 757 67 | 62 | 58 | 54 | S50 | 46 | 41| 37 |33 ] 20 | 25 |20 16
028 |8 | 77 | 73| 68 | 64 | 59 | 55 | 50 | 46 { 41 oL o321 28 {23 18 4 10
0.30 8 | 76 1 7L | 66 | 61 56 |82 ) 4T ;42 ) 37 ) 32 |27 | 23 13 13 9 3
031 | 8 | 75 70 | 65 | 60 | 35 | 50 | 45 { 40 | 35 | 30 |25 | 20 | 18 10 5 Q

TABLIL 5  Percent Shear for Measurcmcnts Made in Millimeters

Notg-Since Table 5 is set up for finite measuremeits or dimensions 4 and B, 100 percent shear is to be reported when
cnhcr A or Biszero,

Dimenw ’ , Dirmension 4, mm
8100 . D e A WAt AT
Boom | 10 ] 1520|2530 35 4045|5055 eo]es]70]75]s0] 85 o0 os] 10
] S - ]

1.0 L9998 | 98197 |06 )96 95|94 9403 {02]o2]alloriovol]sg |8 |ss] 88

155198 [ 97 196 |95 |94 )93 )92 [ 92|91 |9 |8 |8 |87 |8 | 85 |84 |83 {82 81

20 |98 {96 195 (94 {9291 {9 |8 |88 |86 |85 |8 |82 (8& |8 [79]77 |76 75

25 197195794 192|091 |89 1881 86!| 84 )83 |8 |8 |78 )77 | 757372 ]|70] 6

30 196 | 94 192 | 91 | 89 | 87 ) 85 | 83 | 8L | 9 |77 | 76| 74 | 72| 70 | 68 | 66 | 64| 62

35 196193 |91 | 80| 87785 | 82080 | 78 |76 |74 72|69 |67] 65| 63|61 |58 56

40 195192 {90 |8 |85 82 80|77 75(72 70|67 65|62} 6057 |55 |52] 50

45 | 9492 189 )86 | 8 |80 777517269 (66| 63|61 58] 555249 |46] 44

50 (9419t 188 85 /8 {78 75! 72|69 |66 |62 59| 56| 53] 5047|4474 37

.55 193090 |96 |83 79 | 96 72 69 | 66 |62 | 59 | 55| 52| 48 ¢ 45 | 42 | 38 | 35] 31

“. 60 19218 185 | 81 [ 77 [ 74 70 | 66 62 |59 (55 | 51| 47 | 44 40| 36 | 33 | 29| 25

6.5 1 9% B8 {84 | 80 | 76 | 724 670 63| 59 | 85 [ SL | 47| 43 {39} 35| 31 {27 23] 19

70191 | 87 182 |78 |74 | 69 | 65 {61 | 56 |52 |47 | 43 397 34 [ 307 26 | 2| 17| 12

sl ot |8 p 81l rr L1z 67 | 62 ] 58 .53 | 48 |44 [ 39| 34 a0 25|20 | te || 4
800 190 | 85 18D | 75 ;1 70} 65 1 60 | 55.1 50 | 45 |40 1351 30 125120145 |10 [ 5] 0
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“TABLE 6 Recommended Practice for Selecting Bend Test
e Specimens a

NOTE I-~The length of all specimens i3 to.be not less
than 6 in. (150 mm): ) : :

NoTe 2-~The édges of the specimen may be rounded’
to a radius not exceeding Yg in. {1.6 mm),

Flats
Thickness; in. . Width, in. .- . 3 -
(mm) (mm) Recommended Size
Up to ¥ Upto % Full section.
(13), incl (19), incl ~ Full section or machine
Over % (19) to not less than % in.
’ (19 mm) in width by
thickness of spec-
) imen,

Over % (13} Ali “Full section or machine

to 1 by % in. (25 by
13 mm) specimen
from midway be-
tween center and sur-
face.

Rounds, Squares, Hexagons, and Octagons

Diameter or Distance -
Between Parallel - Recommended Size
Faces, in, {mm) ‘
Up:to 1% (38), inct Full section.
Over 14 (38) . Machine to 1 by Y-in. (25 by
. e 13-mm) specimen from
midway between center and
surface.’

PRO_00086142
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TABLE 7 Recommendations for Selecting Tension Test Specimens

NOTE 1-—For bar sections where it is difficult to determine the cross-sectional area by simple measurement, the area in
square inches may be calculated by dividing the weight per linear inch of specimen in pounds by 0.2833 (weight of 1 in.? of
steel) or by dividing the weight per linear foot of specimen by 3.4 (weight.of steel 1 in. square and 1 ft long).

Thickness, in.
(mm)

Width, in.
(mum)

Hot-Rolled Bars

Cold-Finished Bars

Under % (16)

%to 114 (16 to 38},
exel

14 (38) and over

Up to 1%.(38), incl

Over 1% (38)

Up to. 1% (38), incl

Over 1% (38)

Flats

Full section by 8-in, (203-mm)

gage length (Fig. 4).

Full section, or mill to 1Y% in.
(38 . mm) wide by 8-in. (203-
mm) gage length (Fig.. 4).

Full section by &-in. gage
length or machine standard
Yo by 2-in. (13 by 51-mm)
gage length specimen from
center of section (Fig. 5).

Full section, or mill 1% in. (38
mm) width by 8-in. (203-
mm) gage length (Fig. 4) or
machine standard !4 by 2-in.
gage (13 by Sl-mm) gage
length  specimen  from

- midway between edge and
center of section (Fig. 5).

" Full section by 8«in. (203-mm)

gage length, or machine

standard Y% by 2-in. {13 by -

5l-mm) gage length spec-
imen from midway between
surface and center (Fig. 5).

Mill reduced section to 2.in.
(51-mm) gage length and
approximately 25 percent
less than test specimen
width.

Mill reduced section to 2-in.
gage length and 1Y% in. wide.

Mill reduced section to 2-in,
(51-mm) gage length and
approximately 25 pereent
less than test specimen width
or machine -standard % by 2-
in. (13 by S5l-mm) gage
length specimen from center
of section (Fig. 5).

Mill reduced section to 2-in.
gage length and 1Y in. wide
or machine standard % by 2-
in. gage length specimen
from midway between edge
and center of section {Fig. 5)

Machine standard % by 2-in.
(13 by 51-mm}) gage length
specimen from midway be-
tween surface and center
(Fig. 5).

Rounds, Squares, Hexagons, and Octagons

_Diameter or Distance
Between Parallel Faces,
in. (mm)

Hot-Rolled Bars

Cold-¥Finished Bars

Under %

% to 14 (16 to 38),
excl

114 (38) and ovex

Full section by 8-in. (203-mm) gage length or
machine to sub-gize specimen (Fig. 5).

Full section by 8-in. (203-mm) gage length or
machine standard 3 in. by 2-in. (13 by 51-
mm) gage length specimen from center of
section (Fig. 5).

Full section by 8-in. (203-mm) gage length or
machine standard ¥4 in. by 2-in. {13 by 51-
mim) gage length specimen from midway
between surface and center of section (Fig.
5.

Machine to sub-size specimen (Fig. 5).

Machine standard 14 in. by 2-in. gage length
specimen from center of section (Fig, 5).

Maching standard % in, by 2-in. (13 by 51-
mm gage length specimen from midway
between surface and center of seciion (Fig.
).

Other Bar-Size Sections

All sizes

Full section by 8-in. (203-mm) gage length or
prepare test specimen 1% in. (38 mm) wide
(if possible) by S-in. (203-mm) gage
length,

Mill reduced section to 2-in, (51-mm) gage
length and approximately 25 percent less
than test specimen width,
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TABLE 8 Wall Thickness Limitations of Superficial
Hardness Test on Ansealed or Ductile Materials®

cial Hardness
Material®

TABLE 9 Wall Thickness Limitations of Superfi-
Test on Cold Worked or Heat Treated

(“N” Soalc (Dzamond Punetrator))

Wall Thickness, in. (mm}

Load, kaf

(““T™ Scale (Y¢-in. Ball))

‘Wall Thickness, in. (mm)‘ ) .. Load, kgf
Over 0.050 (1.27) 45
Over 0.035 (0.89) R\
0.020 and aver (0.51) 15

“The heaviest load  recormmended for a given wall
p:4

thickness is generally used.

TABLE 18 Effect of Varying Notch Dimensions on Standard Specimens

Over 0.035'(0:89)
Over 0.025 (0.51)

0.015 and gver (0.38)

45
30
15

ness is generally used.

¢ The heaviest 10ad recommended for a given wall thick-

H igh«Fﬁncrg}"
Specimens, ft. lbf 2]

High-Energy
Specimens, ft . [bf (1)

Low-Energy
Specimens, ft -1bf (J)

Specimen with standard dimensions

Depth of noteh, 0.084 in. (2.13 mm)*

Depth of notch, 0.0805 in. (2.04 mm)®

Depth of notch, 0.0775 in. (1.77 mm)*

Depth of notch, 0,074 in. (1,57 mm)®

Radius at base of notch, 0.005 in, (0.127 mm)®
Radius at base of notch, 0,015 in. (0,381 mm)®

76.0 4 3 3(1030 £5.2) 445 £2.2(60.3 £ 3.0) 12.5 2 1.0(16.9 = 1.4)

72.2(97.9)
75.1{101.8)
76.8 (104.1)
79.6 (107.9)
72.3(98.0)
80.0 (108.5)

41.3 (56.0)
42.2(57.2)
45,3 (61.4)
46.0 (62.4)
417 (56.5)
474 (64.3)

11.4(15.5)
12.4(16.8)
12.7(17.2)
12.8(17.3)
10.8.(14.6)
15.8 (21.4)

¢ Standard 0.079 + 0,002 in. (2.00 & 0.05. mm).

b Standard 0.010 & 0.001 in. (0.25 % 0.025 mm)
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TABLE 11 - Carborr and Alloy Steels—Material
Congtant 2 = 0,4, Multiplication Factors for Converting.
Percent Elongation from 2-in. Diameter by 2-in. Gage
Length Standard Tension Test Speciinen to Standard %
by 2-in, and 1% by-8-in. Flat Specimens

A 370

TABLE 12 Annealed. Austenitic Stainless Steels—

Material Copstant a. = 0.127. Multiplication Factors for

Converting  Percent. Elongation from Y:-in. Diameter by

2-in. Gage Length Standard Tension Test Specimen to
Standard Y2 by 2-in. and 1% by 8-in. Flat Specimens

" : Yo by 1% by taby
Thickness, 24in. 8-in. Thickuess,  g.in.
n. Specimen  Specimen . Specimen
0.025 0.574 0.800 0.822
(.030 0.596 0.850 0.832
0.035 0.614 0.900 0.841
0.040 0.631 0.950 0.850
0.045 0.646 1.000 - - 0.859
0.050 0.660 - 1,125 0.880
0.055 0.672 - 1.250 0.898
0.060 0.684 1.375 0.916
0.065 0.695 ‘ 1.500 0.932
0.070 (1.706 1.625 0.947
06.075 0.715 1750 0.961
0.080 0.725 - 1.875 0.974
0.085 0.733 “.000 0.987
0.090 0.742 0.531 2,125 0.999
0.100 0.758 0.542 | "2.250 1.010
0.110 0.772 0.553 2.375 1.021
0.120 0.786 0.562 T 2.500 11,0327
0.130 0.799 0.571 2.625 1.042
0.140  0.310 0.580 2.750 1.052
0.150 0.821 0.588 2.875 1.061
0.160 0.832 0.596 3.000 1.070
0.170 0.843 0.603 3.125 1.079
0.180 (.852 0.610 3.250 1.088
0.190 0.862 0.616 3.375 1.096
0.200 0.870 0.623 3.500 1.104
0.225 0.891 0.638 3.625 1.112
0.250 0.910 0.631 3.750 1.119
0.275 0.928 0.664 3.875 1.127
0.300 0.944 0.675 4.000 1.134
0.325 0.959 0.686
0.350 0.973 0.696
0.375 0.987 0.706
0.400 1.000 0.715
0.425 1.012 0.724 S
0.430 1.024 0.732 .
0.475 1.035 0.740
0.500 1.045° 0.748
0.525 1.056 0.755
0.550 1,066 0.762
0.575 1.075 0.770
0.600 1.084 0.776
0.625 1.093 0.782
{F.650 1.101 0.788
0.675 1.110 o
0.700 1.118 0.800
0.725 1.126 -
0.750 1.134 0.811

Y by 1Y% by

. . 144 by
Thxcfkness, © O 2.n. $-in. Thlgkness-, 8-in.
mn. Specimen - Specimen in. Specimen

0.025 0.839 0.800 0.940
0.030 0.848 0.850 (.943
0.035 0.857 0.900 0.947
0.040 0.864 0.950 0.950
0.045 0.870 1.000 0.953
0.050 0.876 1125 0.960
0.055 0.882 1.250 0.966
0.060 0.886 - 1.375 0.972
0.065 0.891 1.500 0.978
4.070 0,895 1.625 (.983
0.075 0.899 1.750 0.987
0.080 0.903 1.875 0.992
(.085 0.906 . 2.000 0.996
0.090 0.909 0.818 2.125 1.000
0.095 0.913 T 0.821 2.250 1.003
0.100 0.916 0.823 2.375 1.007
0.110 - 0.921 0.828 2.500 1.G10
0.120 0.926 0.833 . 2.625 1.013
0.130 0.931 0.837 2.750 1.016
0.140 0.935 0.841 2.875 1.019
0.150 0.940 0.845 3.000 1.022
G.160 0.943 0.848 3.125 1.024
0.170 0.947 0.852 . 3.230 1.027
(. 180 0.950 0.855 3.375 1.029
0.190 0.954 0.858 3.500 1.032
0.200 0.9537 0.860 3.625 1.034
0.225 0.964 0.867 3.730 1.036
0.250 0.970 0.873 3.875 1.038
0.275 0.976 0.878 4,000 1.041
0.300 0.982 0.883

0.325 0.987 0.887

0.350 0.991 0.892

0.375 0.996 0.8935

0.400 1,000 0.89%

0.425 1.004 0.903

0,450 1.007 0.906

0.475 1.611 0.509

0.500 1.014 0.912

0.523 1.017 0.915

0.550 1.020 0.917

0.575 1.023 0.920

0.600 1.026 0.922

0.625 1.029 0.925

0.6350 1.031 0.927

0.675 1.034 cas

0.700 1.036 0.932

0.725 1.038 -

0.750 1.041 0.936
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TABLE 13 Recommended Valves for Romuding Test Pata

Test Quantity o Test Data Range ‘ ‘ B ’ ijufn.dad Value
: =up to 30 000 psi, exel - 7 - 00 psi
L . =50 000 to 100 000 psi, excl o 500 psi .
Yield Point, - . o L L an T A T L pae P
Yield Strength, - z 100 000 psi and above o 1900 psi
Teosile Strength {up 10500 MPa, excl o 1 MPa
L 500 to 1000 MPa, excl - I 5 MPa. . .
1000 MPa and above 10 MPa
: 0 to 10 %, excl _ 0.5 %
) & > -
longation } 10 % and above 1 %
o C0to 10 %), excl 0.3 %
Reduetion of Area } 10 % and abave 1%
Tmpact Energy . 0 to 240 ft-16t (or 010 325 1) T 1 ftlbf {or 1 1)E
Brinell Hardness . all values: : . tabular value®

Rockwell Hardpess all scales . ‘ 1 Rockwell Number

4 Round test data to the nearest integral multiple of the values in this column. If the ddta value is exactly midway be-
tween two rounded values, round to the higher value.

# These units are not equivalent but the rounding occurs in the same numerical ranges for each. (1 fi-1bf = 1.356 J.)

¢ Round the mean diameter of the Brinell impression to the nearest 0,05 mm and report the corresponding Brinell
hardness number read from the table without further rounding.

LONGITUDINAL
BEND TEST

» INDICATES RQLLING DIRECTION |
OR EATENSION :

LONGITUDINAL
MPACT TEST

TRANSVERSE SPECIMEN
I ™ ! TRANSVERSE FLAT
TENSION TEST

=

. : : - ' I L
7 T e
TRANSVERSE -
BEND TEST s /

TRANSVER SE {

BAPALT TEST

FIG. 1 The Relation of Test Coupons and Test Speci-
mens to Rolliag Direction or Extension (Applicable to Gen-
eral Wrought Products).
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Tangential Prolongation

Test Prolongation

1 @ e——

] ]

pr— — . - 45
. ‘ ,’__‘,.__.m‘-%.s

j ) Longitudinal Test

Radigt Test

,/\

{a) Shafts and Rotors

Prolongation

- J)‘onqenﬂu! Tes

o~y o, -

|
)
Cobmmb e i

‘ Lengitudinal Test
(b) Hollow Forgings.

/Prol‘ongqﬁon
Prolongation

N

e

~

LN
' :
ot S

P ey o

Tongentiol Test
Tongentiol Test

(&) Disk Forgings

Prolongation

1
N

Protongation
3 MNL/
mmmmmmm -
: 1
1
) -
i 7]
uuuuu wd
t
] : -
Tangential Test L

. Tongential Test
(d) Ring Forgings.

FIG. 2 Locations of Test Specimens fbr V‘ariuus Types of Forgings.
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3%6+ 2T ——L427 E——
T~ 37" -7 T | il
e o sl i - I
——— o e ] ,l; lg
n : e : a
6 Yie = ‘5 . % S
e b ZE [l
|
=2
|
' , —————1.{5"Min)
"’ “Taé"‘ — Ay y Side View Keel Block Coupon
d <¢Aarnu ¢‘ esngf\ or Bend Bor | * (@) Design for Double Keel Block Coupon.
S T Lyer
82T U ~ Padding If T I——L(5 Min)
S OO, [ : . . Necessaty /\', -
) ] \
g — - - v “6
18 :
Wy 28 e e 2
- f&‘, ‘ Alternate Design
A CA\J T for Bend Bar .
. Rx/\" " lo"Rad - . - , AR Note: Rodius at. Casting-
\Alfernate Design for Bend Bar: = ' B Coupon Interface at

®) l)esignvf;n" Multiple Keel Block Coupon (4 Legs), . ‘ ‘ Option of Foundry
: el ) ‘ (), Design for “Aitacbcd” Caupan.

Metric Equivalents

. in. e . Y, i VA 2 2 s B 5 L8
semrn 4GS 13 3 A4S e 51 - 57 ... 98 127 213

“FIG. 3 Test Coupons for Castings (see Table 1 for Details of Design).
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 DIMENSIONS

Standard Specimens Subsize Specimen

- Plate-Type, ‘SbeebT;ype,

1 Ya-in, Wide Yo-in. Wide acin. Wide
) in. . mm Sin mm i mm
G—Gage length (Notes 1 and 2) 8.00 = 200 & 2.000 2 500 % 1.000 = 250 &
: 0.01 N 0.23 0.005 0.10 0.003 0. 08
W-~Width (Notes 3, 4, and 5) 1Y + % 40+ 3 0.500 3 12.5 % 0250 & 625 %
: ' -~ =6 0.010 0.25 0,002 0.05
T—Thickness (Note 6) “thickness of material : :
R-—Radius of fillet, min Yy 13 ¥ 13 ) n 6
L—Over-all length, min (Notes 2 and 7) 18 450 8 - 200 4 100
A—Length of reduced section, min 9 225 2% 60 1% 32
B—Y.ength of grip section, min (Note 8) 3 75 2 50 IR 32

C--Width of grip section, approximate 2 50 R/ 20 R 10
(Notes 4, 9, and 10) D

NoTE 1—For the 1 %-in. (40-mm) wide spécimen, putich marks for measuring elongation after fracture shall be made
on the flat or on thc’ edge of the specimen and within the reduced section. Fither a set of nine or more punch marks | in.
{25 mm) apart, or one or more pairs of punch marks 8 in, (200 mun) apart may be used.

. NOTE 2~~When elongation measurements of I Y-in, (40-mm) wide specimens are not required, a gage length (G) of
2.000 in. £ 0.005 in. (500 mm == 0.1 mim) with all other dimensions similar to the plate-type specimen may be used.

NOTE 3~-For the three sizes of specimens, the ends of the reduced section shall not differ in width by more than 0.004,
0.002 or 0.001 in. (0.10, 0.05 or 0.025 mm), respectively. Also, there may be a gradual decrease in width from the ends to
the center, but the width at sither end-shall not be more than 0.015 in., 0.005 in., or 0.003 in. (040, 0.10 or 0.08 mm), re-
spectively, larger than the width at the center.
~ NoTEe 4~For each of the three sizes of specimens, narrower wuhhb (W and C) may be used when necessary. In such
cdses the width of the reduced section shounld be as large as the width of the material being tested permits; however, unless
stated specifically, the requirements for elongation in a product specification shall not apply when these narrower speci-
mens are used. If the width of the material is less than W, the sides may be parallel throughout the length of the specimen.

NoTE 5—The spccmen may be-modified by making the sides paraliel throughout the length of the specimen, the width
and tolerances being the same as those specified above. When necessary a narrower specimen may be used, in which case
the width shoutd be as great as the width of the material being tested permits. If the width is 11 in. (38 mm) or less, the
sides may be parallel throughout the length of the specimen.

Note 6—The dimension T is the thickness of the test specimen as provided for in the applicable material specifications. |
Miniraum nominal thickness of 1Y/2-in. (40-mm) wide specimens shall be ¢ in. (5 mm), except as penmttcd by the
;product specification. Maximum nominal thickness of Y/2-in. (12.5-mm) and "+-in. (6-mm) wide specimens shall be
e in. (19 mm) and /4 in, (6 mm), respectively,

To aid in obtaining axial Toading during testing of Ya-in. (6-mm) wide specimens, the over-alt length should be
as the material will permit.

Note 8—1t is desirable, if possible, to make the length of the grip section large enough to allow the specmu.n to extend
into the grnp& a distance equal to two thirds or more of the length of the grips, If the thickness of Y-in. {(13-mm) wide
specimens is over % in. (l() mm}, longer grips and correspondingly longer grip seulons of the specimen may be necessary
to prevent failure in the grip section.

Nore 9—For standard sheet-type specimens and subsize specimens the ends of the specimen shall e symmetrical with
the ‘center line of the reduced section within 0.01 and 0.003 in. (0.25 and 0.13 mm), respectively. However, for steel
if the ends of the 'o-in. (12.5-mm) wide specimen are symmetrical within 0.05 in. (1.0 mm) a specimen may be con-
sidered satisfactory for all but referee testing. ,

Norg 10--For standard plate-type specitnens the ends of the specimen shall be symmeirical with the center line of the
reduced section within 0.25 in. (6.35 mm) except for referee testing in which case the ends of the specimen shall be sym-
metrical with the center line of the reduced section within 0.10 in. (2.5 mm).

FIG. 4 Rectangnlar Tension Test Specimens,
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DIMENSIONS
Specimen 1 Specimen 2 Specimen 3
in. mm in. mim in. mm
G—Length of parallel ‘ Shall be equal to or greater than diameter D
D—Diameter 0.500 = 125 4+ 0.750 . 20.0 1.25 4 30.0 =+
0.010 0.25 0.015 0.40 0.025 0.60
R—Radius of fillet, min I 25 1 25 2 50
A—Length of reduced section, min 134 32 1L 38 234 60
L—Qver-all length, min 334 95 . 4 106 634 160
B--Length of end section, approxi- 1 25 1 25 134 45
mate ' . S ,
C—Diameter of end section, approxi- 4 20 1 30 174 48
mate - : ‘ ,
E—XLength of shoulder, min W 3 4 - 6 e 8
"Diameter of shoulder COB6 A My 160 13y e 240 TYg o 36.5 ok
' 0.40 %4_ 0.40 Yoa 0.40

NoT1e—The reduced section and ;hguldérs (diménsions A, D, E, F, @, and R) shall be shown, but the ends may be
of any form to fit the holders of the testing machine in such a way that the load shall be axial. Commonly the ends are
threaded and have the dimensions 8 and C given above,

FIG. 7 Siandard Tension Test Specimen for Cast Iron.

|

|
I
. |l
H |

M

™ |1:
5 3
I

I

|

‘ I

Strain W

0 . m

FIG. 8 Stress-Strain Diagram Showing Yield Point
Corresponding with Top of Xnee.
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f; A 0
I 4
) t- 4
R R L '
R G , ’,
. . . /
? /
'
H
]
L]
3
'
V.
b )
g 1
- i .
w i o
1 R
| L.
] L™
1 -
] L2
[}
9
Strain X
]
o hd. s o — e - ——_— — s el m
om=Specified Extension Under Load
FIG. 9 Stress-Strain Diagram Showing Yield Point or ‘
Yield Strength by Extension Under Load Method. ! ‘
, / Strain
Obe "",—Qm

om:=Specified Offset

FIG.10  Stress-Sirain Diagram for Determination of
) Yield Streagth by the Offset Method.

Od i
N (0.3 15 ) 0,25 mm.
Lo — ©0.010"} rod.
A ! (fo',:{;@ -y
S mm. |t L lomm, )
(2968 " = (03947 4"
Tyee A . Smm P
NI L) e mei.
L 7 06799
o, jt
{ 2 (O.j?i’) ¥
w1 N 1 Lene i saweur
(2165 ") CT10.394%) TN T 6mm, (A7) OR LESS

TrPE 8

Note —Permissible variations shall be as follows:
Adjacent sides shall be at
Cross section dimensions
Length of specimen
Angle of notch
Radius of notch
Dimeunstons to bottom of noteh:
Specimen, Type A
Specimen, Type B
Finish "

90 deg -+~ 10 min

40,025 mm (0.001 in.)
+0, —2.5 mm (0.100 in.)
#+1 dcg

#+0.025 mm (0.001 in.)

4 - 0,025 mm (0.315 = 0.001 in.)

face; 125 uin. (3.2 pm) max on other two surfaces

FIG, 11 Simple Beam Impact Test Spe@imems, Types A and B,
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STRIKING EDGE

.

1

g 370

8-mm rad {0.315")

307

0.25-mm rod (0.010")
4mr {0.157%)

SPECIMEN

Ceniu of
Sinks

(0039 }ﬁtxo men {1 574

3

SPECIMEN

9

Q
* 1"
*‘?

2.5:1
Center of
msﬁw
{ws2)

A\R

—
ANVIL-74
/

T

pecimen
Support

All dimensional tolerances shall be - 0.05 mm (0.002

in.) unless otherwise specifi
NOTE |-

ed.

A shall be parallel to B within 2:1000 and

coplanar with B within 0.05 mm (0.002 in.),
Note 2—C shall be parallel to D within 20: 1000 and
coplanar with D within 0.125 mm (0.005 in.).

pin‘

NOTE 3--Finish on unmarked parts shall be 4 pm (125

FI1G. 12 Charpy (Simple-Beam) Impact Test.

Notch

Shear Area

Cleavoge Area
(shiny } —-eren )

Z

(duly) M-_.u,mw\y /

5
B!

/]

A

NoTe 1--Measure average dimensions 4 and B o the

nearest 0.02 in. or 0.5 mm.

Note 2-—Determine the percent shear fracture using

Table 4 or Table 5.
FIG. 14

Determination of percent Shear Fracture,

FIG. 13 Halves of Broken
Specimen Joined for
sion, Dimension A4.

Charpy V-Notch Impact

the Measurement of Lateral Expan-
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Case 1

{h a 370

FIG. 15 Fracture Appearance Charts and percent Shear Fracture Comparator,

eCImens,

FIG. 16 Lateral Expansion Gage for Charpy Impact Sp
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Testing machine jows
should not extend
beyond this limit

™~
rLfr/

r e —

FIG. 18 Metal Plugs for Testing Tubular Specimens,
Proper Location of Plugs in Specimen and of Specimen in
Heads of Testing Machine, i

A 370

o e e e e e e e e —
s ==
"'\.,..Mm.m,....ﬂ*“
I W SO
I S
= PR

FIG. 19 Location of Longitudinal Tension T est Specimens
in Large Diameter Fubing.

Length Test {Welded

—(

(b) Specimen for &in. Gage Length Test,

(a) Specimen for 8-in.

Gage
'Only)‘

() Specimen Tor Full-Section Teast.

FLG. 20 Longitedinal Tension Test Specimens for
Large Diameter Tubing,
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Aih A 370

D
Reduced

Section }‘E

Min

B - ey
L ——T
— " i-wﬂad 1" Min AH-‘—r
Gage ‘
Length
DIMENSIONS

Dimensions, in.

Specimen No.

A B C D
1 Yo % 0,015 "¢ approximately 2 + 0.005 2% min
2 Ya o 0L031 | approximately 2 = 0.003 2% min
4 =+ 0.005 4% min
3 1 = 0.062 1% approximately 2 & 0.005 2% min
4 4 0,005 4% min
4 1% & % 2 approximately 2+ 0010 2% min
4 + 0.015 4% min

8 = 0.020 9 min

+ Editorially corrected.

Note 1—Cross-sectional area may be calenlated by multiplying A and ¢

NOTE 2--The dimension ¢ is the thickness of the test specimen as provided for in the applicable material specifications.

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. .

NOTE 4-~The ends of the specimen shall be symmetrical with the center line of the reduced section within 0.10 in.

NoTte 5—Metric equivalent: 1in. = 25.4 mm.

FIG. 21 Dimensions and Tolerances for Longitudinal Tension Test Specimens for Large Diameter Tubing.

@ —

F1G.22  Location of Transverse Tension Test Specimens
in Ring Cut from Tubular Products.

W/ \\\:{,7/ e Nutt
Spgﬁéﬂ %\\‘% — oske
B:?;e;‘:ier— E\}.‘\\\\ g\

Hydraulic Pressure Line—>

FIG. 24 Testing Machine for Determination of Trans-
verse Yield-Strength from Annular Ring Specimens.

Reduced
Section

Approx 2" L.,z.‘/i‘"lwl”,' iﬁ3"Mn

s

I]

Z\—_Rad 1" Min

2.00010.005"
Gage Length

NoTe 1-The dimension ¢ is the thickness of the test
specimen as provided for in the applicable material speci-
fications.

Note 2—The reduced section shall be parallel within
0.010 in. and may have a gradual taper in width from the
ends toward the center, with the ends not more than 0.010
in. wider than the center,

Notg 3—The ends of the specimen shall be symmetri-
cal with the center line of the reduced section within 0.10
in.

e
e <’.l/ e
1y t7

FIG.23 Transverse Tension Test Specimen Machined

from Ring Cut from Tubular Products.
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¥1G. 25 Roller Chain

ype Extensometer, Unclamped.

&0
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FIG. 27 Reverse Flattening Test.

e e e — e —— — — - o

e o o — - — i —— ——

FIG. 28 Crush Test Specimen, D

&1

PRO_00086160



Case 1:13-cv-01215-TSC Document 198-15 Filed 10/07/19 Page 119 of 141

@b as70

Positron . Position
after Using 53 rmf | after Using
FHoring Too/- 1 Flatter

Lfnra A
A=Outs. Diarm. of Tobe plusgy

B 0ufs. Diam. of Tube less
C=0uls. Diam, of Tube plus

Flaring Tool Die Block

Note—Metric equis.. =t 1 in, = 254 mm, i
FIG. 2¢  Flaring Tool and Die Block for Flange Test.

A«Quts, Diam. of Tube less %"

Included
Angle

‘ 4}-—$Mp¢ Linio
| o
FIG. 30 Tapered Mandrels for Flaring Test,

6" min ; Rod Ya'man . | : &"min ——— Rad g max
-y
I &
T U ( T
[ ,'\ r L
{‘ o - \L’\,‘.\
T _.‘ TJ
U S, Siuhildodnlhnlel bt kel Sndudububig dalahohets NRERAY SN
v - T .
§ U \ Ly 7/ iK;
Face Bend Spacimen. Root Bend Specimam .

‘NOTE~~Metric equivalent; 1 in, = 25.4 mm.

Pipe Wall Thickness (¢), in. 1 o5t Specimen Thickness,

in.
Up to %, incl !
Over % . ) Y - o

FIG. 31(4) Transverse Face- and Root-Bend Test
"7 Specimens T

&Y
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oy asmo

—IF FLAME CUT, NOT LESS THAN -;—"

SMALL BE MACHINED FROM EDGES L -
N £ MIN ] Ry= 5 MAK
USSR B0 S I S
- | — i L R o s e
mmwmmwwwmwmwwwwm;‘f‘ﬁ [{ mieaseemrprons
L B S
~~~~~ o SR T dctotembensooio 5T LN | TN
\!/ o TJ'_ Yarotl ot |
: : L >y, |SEE NOTE
Y ,

— WHEN 1 EXCEEDS 1Yy USE ONE OF THE FOLLOWING:

L CUT ALONG LINE INDICATED BY ARROW. EDGE
MAY BE FLAME CUT AND MAY OR MAY NOT BE
MACHINED, ) ‘

2. SPECIMENS MAY BE CUT INTO APPROXIMATELY
EQUAL STRIPS SETWEEN 3/4” AND i)' WIDE
FOR TESTING DR THE SPECIMENS MAY BE
BENT AT FULL WIOTH {SEE REQUIREMENTS
DN JIG WIDTH N

" NoTE- Mefric equivaleﬁgzvl i, &= 254 mm.
FIG. 31{s) Side-Bend Specimen for If‘eimus Materials

Topped hole to suit Hordened rollers, 1% diom may be
testing maching = o~ substituted for jig shoulders
ey g 4 .
[-As requ(red—-i[ A required
e i
WIH

Plunger member—._ 1

307 | Shoulders hardened |-
ond greased

: o -
- T . \
] ﬂl . gy | arod
/4 “&_" _E
™ oo
D rad—1*Y
" 1 -
N | Brad —
— A7
A SR SN T |, i _I
| | . o « o~
i 1 { T 7
| 2 4 [e—C "
1 "
; Yoke = | b= 42 >
o 3T et | 9" .l
Note: Metric equivalent: | in. = 254 mm. , ) - .
Test Specimen Thickness, in. A B ¢ D
¥ 14 Yoo 2% 1%
H 41 2t 61 + ¥ 31+ Ys

FIG. 32 Guided-Bend Test Jig.

Iy
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L

FIG. 33 Tension Testing Full-Size Bolt,

54
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4 asr0

1
T
{
l ) :
! Il
1 {
! 1
. {
i
H d+c
¢ = Clearance of wedge hole.
d = Diameter.of bolt.
R = Radius,

T = Thickness of wedge at short side of hole equal, to one-half diameter of bolt.
FIG. 34 Wedge Test Details.

Misimum Radiva Recommended
B -in.but not tess thon L.

" Permitted, . L
| . 2]

) Parolia! $ecllon

- ===

Nort--Metric equivalent: | in. = 254 mm.
FIG. 35

Y

N

2"10.005" Goge Length for
Elongation after Frocture

Tension Tesi Specimen for Bolt with Turned-Down Shank,

L
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~4b as70

Reduced Section

0357"10.005" !
140020005 bt 8

3age Length

Reduced Section

" .
‘3" min

0.252740.008™
1.000"£0.00%"

Goge Length
NoTe— Metric equivalent: | in. = 254 mm.

F1G.36 Examples of Small Size Specimens Proportional
to Standard 2-in, Gage Length Specimen. .

VL PRI e i

. . . FIG. 37 Location of Standard Round I.in. Gage
SPHERICAL - Length Tension Test Specimen When Turned from Large
‘ Size Boit. |

CROSS-HEAD o o
0';‘ Tﬁ’f"{“'éw ‘  SPHERICAL
AC ,
BEARING

i
1
A

|

S —— s\
N

s

AN
§ N VEERNeR

SPECIMEN-~]

SECTION A-A ) ‘
FIG. 38  WedgeTypeGrippingDevice. FIG. 39 Snubbing-Type Gripping Device,

The American Saciety for Testing and Materials takes rio position respecting the validity of any patent rights asserted in
connection with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity
of any such patent rights, and the risk of infringement of such rights, are entirély their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years
and if not revised, eiiher reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional
standards and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical commiltee, which you may attend, If you feel that your comments have not received 4 fair hearing you should
make your views known 1o the ASTM Commitiee on Standards, 1916 Race St., Philadelphia, Pa. 19103

R
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" THE UNITED STATES OF AMERICA

HEED THIS NOTICE

Legally Binding Document

Document Name:

CFR Section(s):

Standards Body:

H‘%% i

Q%‘m\ﬁﬂﬁ”%a?ﬁﬁﬁ?

iﬁ
Official Incortorator:

THE EXECUTIVE DIRECTOR
OFFICE OF 'THE FEDERAL REGISTER

phee

568000008

WASHINGTON; D.C.

By the Authority Vested By Part 5 of the United States Code § g52(a) and
Part 1 of the Code of Regulations § §1 the attached document has been duly
INCORPORATED BY REFERENCE and shall be considered legally
binding upon all citizens and residents of the United States of America.
Criminal penalties may apply for noncompliance.
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AMERICAN NATIONAL -
QH“‘) L:swummo ANSI/ASTM A 441 - 79

Standard Specification for

Case 1:13-cv-01215-TSC Document 198-15 Filed 10/07/19 Page 126 of 141

‘ American Association State
Highway and Transpartation Officials Standard
AASHTO No.: M 188

HIGH-STRENGTH LOW-ALLOY STRUCTURAL
MANGANESE VANADIUM STEEL!

This Standard is issuegi under the fixed designation A 441; the number immediately foliowing the designation indicates the
year of original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of

last reapproval,

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

of Specifications and Standards.

1. Scope

1.1 This specification covers high-strength
low alloy structural steel shapes, plates, and
bars for welded, riveted, or bolted construc-
tion but intended primarily for use in welded
bridges and buildings where saving in weight
or added durability are important. The atmos-
pheric corrosion resistance of this steel is ap-
proximately twice that of structural carbon
steel. This specification is limited to material
up to 8 in. (203 mm) incl. in thickness.

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

2. General Requirements for Delivery

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

3. Process

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

4. Chemical Requirements

4.1 The heat analysis shall conform to the
requirements prescribed in Table 1.

4.2 The steel shall conform on product
analysis to the requirements prescribed in
Table 1, subject to the product analysis tolet-
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.

"This specification is under the jurisdiction of ASTM
Committee A-1 on Steel, Stainless Sieel and Related Alloys,

and is the direct responsibility of Subcommittee AD1.02 on.

Structural Steel for Bridges, Buildings, Rolling Stock, and
Ships. C

Current edition approved Nov. 5, 1979. Published January
1980, Originally published as A 441 -60T. Last previous
edition A 441 - 77. ‘

® Annual Book of ASTM Standards, Part 4.

SUPPLEMENTARY REQUIREMENTS

Standardized supplementary requirements for use at the option of the purchaser
are listed in Spedification A 6. Those which are considered suitable for use with this

specification are listed below by title.

S14. Bend Test.

518, Maximum Tensile Strength.

393
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Gl A 441
TABLE 1 Chemical Requlrements ’
Heat Analysis,
%
Carbon, max 0.22
Manganese 0.85-1.25
Phosphorus, max 0.04
Sulfur, max 0.03 .
Silicon, max 040 .7
Copper, min 0.20
0.02

Vanaditm, min

TABLE 2 Tens;iié Requ‘iremeﬁts‘

Plates and Bars® * ‘Structural Shapes®
For _ For _For For
Thicknesses Thicknesses | Thicknesses | Thicknesses
anin, over % to | overi%to | overdta8, | Groups Group 3 ‘Groups
(19 ml:n) 1% in. (19 4 in. (38 in, (102 1 and 2 ; P 4 and 5
and under | 0 38 mmy), | to 102 mm), | t0 203 mm),
mcl mcl incl

Tensile

strength

67 000 (460)

63 000 (435)

70 000 (485)

70 000 (485) 60 000 (415) 67 000 (460)] 63 000 (435)
*min, psi (MPa)® | - o '
Yigld point min, psi}50 000 (345) | 46 000 (315) | 42 000 (290) {40 Q00 (273) {50 000 (345)| 46 00C (315)] 42 000 (290)
(MPay: | | o R
Elongation in 8 in|18%es 1807 1 tger o f1se 18 18
or 200 mim, min,| ’ ‘ ‘ '
) % N r IRy . -t ) N Y . ) . . :‘7
Elongation in 2 inJ... | 218/ el 21er 2180 Caees s S e
or 50 mm, min,

%

¢ For plateSWider than'24 in. (610 min), the test spécimen is taken in the transverse direction. Seg 11,2 of Specification
AG. - ‘

*See Speczf'c.itmn A6, Table A

°When the material is normahzed the mmlmum yield point and minimum tensile strength reqmred shall be. reduced
5000 psi (35 MPd)., k S
4 85ee 5.2, : i
¢ Elongation not required.to be detcrmm:d for floor plate. oELe !
! For plates wider than 24 in, (610 mm), the elcmgatmn requirement is reduced two percentage points,
"¢ For widé lange shapes over 426 lb/ft eldngation in 2in. or 50 mm of 19% mmlmnm applles

B

‘The American Sameiyfor Tesling and Malerials takes no position respecting the validity of dny patent rights asserféd
in connection with any itert 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 infringemenit of such rights, is entirely their own responsibility.

This stana’ard’ is subjfect to revision at any time by the résponsible techmical committee and must be reviewed every Sfive
years and if riot revised, either reapproved or wuhdrawn Your comments are invited either for revision of this stahdard er
for additional standards and should be addressed to ASTM Headguarters, Your comments will receive careful consideration
at a meeting of the responsible technical commitiee, which you may attend. If you feel that your comments have not received
a fair hearing you should make: your views known to.the ASTM Commiltee on Standards, 1916 Race St Philadelphia, Pa.
19103, which will schedule a further hear[ng regarding yaur comments. Failing satisfactmrc there, you may appeal to the
ASTM Board of Dt.recrars

394
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" THE UNITED STATES OF AMERICA

HEED THIS NOTICE

Legally Binding Document

Document Name:

CFR Section(s):

Standards Body:

H‘%% i

Q%‘m\ﬁﬂﬁ”%a?ﬁﬁﬁ?

iﬁ
Official Incortorator:

THE EXECUTIVE DIRECTOR
OFFICE OF 'THE FEDERAL REGISTER

phee

568000008

WASHINGTON; D.C.

By the Authority Vested By Part 5 of the United States Code § g52(a) and
Part 1 of the Code of Regulations § §1 the attached document has been duly
INCORPORATED BY REFERENCE and shall be considered legally
binding upon all citizens and residents of the United States of America.
Criminal penalties may apply for noncompliance.
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AMERICAN NATIONAL
STANDARD

fih &=

L

Standard Specn‘lcatlon for

K

ANSI/ASTM A449 78a.
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e
o /

QUENCHED AND TEMPERED 'STEEL BOLTS AND STL_IDS‘

“This standard is issued under thc fixed designatzon A 449; the number nnmed:ately following the deslgnatlon mdwates the
year of original adoption or, in the case of revision, the year of last fevision, A number | in parentheses mdxcates the year cf last

reapproval,

1. Scope

1.1 This specification covers the chemical
and mechanical requirements for quenched
and tempered, medium carbon steel bolts and
studs 3 in. and under in diameter for general

apphcatlons where high strength. is required. -
*1.2 ‘Suitable nuts 'afe ‘covered in Specifica- !

tion A 363. Unless otherwise ‘specified, the
‘;grade and style of nut shall be as follows;. .

< Nut Grade and
Fastener Size and Surface Finish Style* -

Va\; 10 1% ih,; pliin {of with & coatmg of ‘Byhex

itlsu{ﬁclent thxckness to reqmre over- o

"% thppid niits) - T
over 1% to 3 in., plain (or with a coating A, heavy hex

of insufficient thickness to require

over-tapped nuts)
% to 3 in,, galvanized (or with a coating  C, heavy hex

thickness requiring over-tapped nuts)

A Nuts of other grades and styles having specified proof
load stresses (Specification A 563, Table 3) greater than the
specified grade and style of nut aré suitable,

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

2. Applicable Documents

2.1 ASTM Stondords:

A 133 Specification for Zinc Coating (Hot-
Dip) on Iron and Steel Hardware®

A 370 Methods and Definitions for Mechan-
ical Testing of Steel Products.®

A 563 Specﬁicatzon for Carbon and Alloy
Steel Nuts*

2.2 American National Standards:®

ANSI B1.1 Unified Screw Threads

ANSI B18.2.1 Square and Hex Bolts and

Screws

3. Material and Manufacture

3:1 Steel for bolts and studs shall be made
by the open-hearth, basic-oxygen, or electric-
furnace process.

W

3.2 The bolts and studs shall be heat treated
By queniching in ‘4 liquid medium from. above
the, transformation, temperature and then tem-
pering by reheatmg to a temperature of not less
than 800°F (427°C)."

3.3 Threads of bolts and studs shall be
rolled; cut, ot ground :

3,4 “Whén specified, galvamzcd fasteﬁei‘s
shall be hot-dip galvanized in accordance with

zthe requirernents 0f ‘Class, C of Specification

A 153, When specified by the purchaser to.be

* “mechanically galvanized, fasteners covered: by
. this’ specnﬁcatlon shall be mechamcally zmc-

coated, ‘and the ooatmg ‘shall . conform o re-
quirements for Class 50 of Specification B 454,
or to the coating thickness, adherence, and
quality requirements for Class C of Specifica-
tion A 153,

NoTe 2—When the intended apghcatlon requires
that assembled tension exceeds 50 % of minimum
bolt or stud proof load, an anti-galling lubricant may
be needed. Application of such a Iubricant to nuts
and a test of the lubricant efficiency are provided in
Supplementary Requirement 81 of Specification
A 563 and should be specified when required.

4. Chemical Requirements

4.1 The bolts and studs shall conform to
requirements as to the chemical composition
specified in Table 1.

4.2 Product analyses may be made by the

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

Current edition approved Sept. 29-and Oct, 27, 1978.
Published December 1978, Originally published as A 449 -
63 T. Last previcus edition A 449 - 77.

2 Annual Book of ASTM Standards, Part 3,

2 Annual Book of ASTM Standards, Parts 1 to 5 and 10,

* Annual Book of ASTM Standards, Parts 1 and 4,

% May be obtained from American National Standards

Institute, Inc,, 1430 Broadway, New York, NY 10018,
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purchaser from finished material representing
each lot. The chemical composition thus deter-
mined shall conform to the requirements pre-
scribed for product analysis in Table 1.

4.3 Application of heats of steel to which
bismuth, selenium, tellurium, or lead has been
intentionally added shall not be permitted.

5. Mechanical Requirements

5.1 Bolts and studs shall not exceed the max-
imum hardness specified in Table 2. Bolts less
than three diameters in length and studs less
than four diameters in length shall have hard-
ness values not less than the minimum nor
more than the maximum hardness limits re-
quired in Table 2, as hardness is the only
requirement.

5.2 Bolts and studs 1% in. in diameter or
less, other than those excepted in 4.1, shall be
tested full size and shall conform to the tensile
strength and either the proof load or yield
strength requirements specified in Tables 3 and

53 Bolts and studs larger than 1% in, in
diameter as above, other than those excepted
in 5.1, shall preferably be tested full size and
when so tested, shall conform to the tensile
strength and either the proof lead or yield
strength requirements specified in Tables 3 or
4 respectively. When equipment of sufficient
capacity for full-size testing is not available, or
when the length of the bolt or stud makes full-
size testing impractical, machined specimens
shall be tested and shall conform to the require-
ments of Table 5. In the event that bolts are
tested by both full size and by the machined
test specimen methods, the full-size test shall
govern if a controversy between the two meth-
ods exists.

5,4 For bolts and studs on which both hard-
ness and tension tests are performed, accept-
ance based on tensile requirements shall take
precedence over low readings of hardness tests.

6. Dimensions

6.1 Unless otherwise specified, the bolts
shall be finished hexagon head with dimensions
conforming to the latest issue of ANSIB18.2,1,

6.2 Studs shall have dimensions conforming
to those specified by the purchaser,

6.3 Unless otherwise specified, threads shall
be Coarse Thread Series as specified in the
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latest issue of ANSI B1.1, and shall have Class
2A tolerances.

6.4 Unless otherwise specified, bolts to be
used with nuts or tapped holes that have been
tapped oversize, in accordance with Specifica-
tion A 563, shall have Class 2A threads before
hot dip or mechanical galvanizing. After gal-
vanizing, the maximum lmit of pitch and ma-
jor diameter may exceed the Class 2A limit by
the following amount:

Diameter, in. Oversize Limit, in. (mm)*

Up to He, incl 0.016(0.41)
QOver %e to 1, incl, 0.021(0.53)
OQver | 0.03£(0.79)

“ These values are the same as the minimum overtapping
required for galvanized nuts in Specification A 563,

6.5 The gaging limit for bolts shall be veri-
fied during manufacture or use by assembly of
2 nut tapped as nearly as practical to the
amount oversize shown above. In case of dis-
pute, a calibrated thread ring gage of that same
size (Class X tolerance, gage tolerance plus) is

to be used. Assembly of the gage, or the nut -

described above, must be possible with hand
effort following application of light machine oil
to prevent galling and damage to the gage.
These inspections, when performed to resolve
disputes, are to be performed at the frequency
and quality described in Table 6.

7. Test Methods

7.1 Bolts and studs shall be tested in accord-
ance with Supplement III of Methods A 370,

7.2 The wedge test shall be applicable only
to square and hexagon head bolts.

7.3 Studs shall be tested by the Axial Ten-
sion Method as described in $11.1,3.1, Supple-
ment I of Methods A 370.

8. Number of Tests and Retests

8.1 The requirements of this specification
shall be met in continuous mass production for
stock, and the manufacturer shall make sample
inspections to ensure that the product conforms
te the specified requirements. Additional tests
of individual shipments of material are not
ordinarily contemplated. Individual heats of
steel are not identified in the finished product.

8.2 When specified in the order, the manu-
facturer shall furnish a test report certified to
be the last completed set of mechanical tests for
each stock size in each shipment.
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8:3. When-testing on a lot Basis is specified
on the purchase order, a lot, for purposes of
wselecting test saimples;. shall consist of all iina-
iterial of one typs, that ds, bolts or studs having
thé same riominal diameter and length offered
~for inspection ‘at. one time: Frony:each lot; the
nymber: of tests:for: each spemfied property
shall be: as follows ERERR Y

. . Number ot‘
Number of Picces in Lot .. Samples

800 and less !

"Over 800 td 8 000, incl ot

Over:8 000 to 22 000, incl 3

Over 22 000 : 5" '

-8, 4 Should -any sample fail to meet the re-
quirements of a specified test, dotible the orig-
inal number of samples from the same lot shall
_be retested for the reqmrement(s) in whmh it
failed. All the additioiial satnples shall conform
to the spec1ﬁcatlon or the lot shail be rejected

8.5 If any test specimen shows defective ma-
chmmg, it may be dtscarded and another spec-
.imen substituted. o A .

9 Workmanshlp :

+ 9.1 The bolis-and studs shall be.commier-
c1a11y smooth and free from burrs, laps; seams,
cracks, and other injurious material or manu-
facturing defects. which would make them un-
suitable for the iitended application. . .

10, Marking
10,1 Bolt heads shall be marked w1th 3 radtal

Cay

‘ TABLEI Chemical Requirements

A 449

-lines 120 -deg; apart and with a symbol identi-

-fying the. manufacturer.. Markings may . be
-raised or- depressed at the opt1on of the manu-
facturer TR

1.1 Tf tHe mspectlon descrlbed in 82 is
requned by the purchaser; it shall: be specified
in the inquiry and gontract or order. ., . .

11,2, The mspeetor representmg the _pus-
chaser shall have free entry, at all times whtle
_work on the contract of the purohaser is being
performed to all parts of manufacturer s works
that concern, the manufacture and testing of the
materlal ordered The manufaoturer shalI af-
“ford the inspector all reasonable fao111t1es, with-
out charge, to satlsfy him that the material is
bemg furnished in accordance with this speci-
fication. All tests (except product analysis) and
 inspection shall be made at the place’ of man-
. ufacture prior to shipment, unless otherwise
‘specified, and shall be so conducted as not 10
interfere unnecessarily with the operauon of
the works.

[ RO kb

12 Rejectmn o SR
120 Rejectlons based on requlrements spec-
* ified herein shall be reported to,the manufac-
tiirer within 30 days after recelpt of materlal by
the purchaser. o : :

TA.BLE 2 Hardness Requurements

‘ Composmon. %

Ry

Heat ,Produc_t-,‘;‘,

.. - Analysis Analysis ,
Carbon 0.28-0.55 0.25-0,58
Manganese, min -~ - - 0,60 057
Phosphorus, max 0.040 ~ 0.048

_ e e Hardness
Bolt or Stud Dia’me‘ter, in. - Brinel . ...
Hardness Rockwell C
Number ’ ‘
Yito 1, incl 25510321 251034
' Qver I to 1%, incl 023 to' 285 19 to 30

Sulfur, max- © . < .0:.050. - 0038

T

400

Over 1% to 3, ‘“‘31; o 18310235
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TABLE 3 Tensile Requirements for Coarse-Thread Full-Size Bolts and Studs

A;Iternative Proof
Proof Load, Length Load, Yield Strength

Bolt or S8tud”  Threads s, per Stress Area, Tensile Load Measurament

Diameter, in. inch® in® min, Ibf¢ Method, Ibf® Method (0.2 % Off-
_ set), lbf
Column | Column 2 Column 3 Column 4 Column 5 ‘ Column 6 - -

¥ 20 0.0318 3 800 2 0 2 900
g 18 0.0524 6 300 4450 4 800
% - 16 0.0775 . 9 300 . 6 600. 7 100
e 14 0.1063 12 750 9 050 9 800
% 13 0.1419 17 050 i2 050 13 050
%o 12 0.182 © 21 850 15 450 16 750
% 1 0226 27 100 19 200 20 800
% 0 0334 40 100 28 400 30 700
% 9 0.462 55 450 39 250 42 500
1 3 0.606 72 700 51 500 55 750
1% 7 - 0763 80 100 56 450 61 800
1% 7 0.969 101 700 71 700 78 500
1% 6 1,155 121 300 85 450 . 93 550
1% 6 1.405 147 500 104 000 113 300
1% 5 1.90 171 000 104 500 110 200
2 4% 2,50 225 000 137 500 ‘ 145 000
W 414 . 323 292 500 . 178 750 ) 188 500
2 4 . 4,00 360 000 . 220 000 232 Q00
2% 4 493 ' 443 700 271 150 286.000
3 4 5.97 537 300 328 350 346 200

4 For 8 threads per inch in sizes 1% to 1% in,, incl, stresses of 105,000 psi (725 MPa), 74,000 psi (510 MPa), and 81 000 psi
(560 MPa) shall be used for calculating the values in columns 4, 5, and 6 respectively. »
® Stress area calculated from the formula:

Ay = 0.7854 (D — 0.9743/n)]F

where
As; = stress area, . . . , . _
D = nominal diameter, and = ‘ ’ i

n = threads per inch.
€ Values tabulated are based on the following;

Bolt Size, in, Colurmn 4, psi (MPa) Calumn 5, psi (MPa) Column 6, psi (MPa)

Y to |, incl 120 000 (823) 85 000 (585) 92 000 (635)
1% to 1%, incl 105 000 (725) 74 000 (510) 81 000 (560)
1% to 3, incl 90 000 (620) 55 000 (380) 58 000 (400)

|

|

\"

|

[

|

|
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“TABLE 4: Tensile Requirements for Fine-Thread Full-Size Bolts and Studs
v ' S ‘ “Alternative Proof
Boltor Stud  Threads pér Stress Atea, Tensile Load, -l“)“rol\?{ét;t?rdé er:ee:ﬁgt-h _ Load, Yield Strength
Diameter;in: .- inck - in? min, 1bf®. © . Method (0.2 % Off-
¢ . « Method, Ibf* ;
i . i set), min, 1bf®

Column 1.~ Column 2 Colurin 3 . Column 4 N . _A,-‘C_olumn' 5 ‘4 . “ Céiumn 6
7 ' 8 0.0364 4 350 .. 3100 o 3 500
Hia 24 . 0.0580 6 950 : 4 950 5 350
% 24 0.0878 10 550 7 450 8 100
Y8 20 0.1187 . 14 500 10 100 10 900
% ' 20 0.1599 19 200 - 13 600 14 700
e o 18 0.203 24 330 17 250 18 700
% 18 - 0256 30 700 21 750 23 500
% 16 . 0373 - 44 750 .31 700 ™, 34 300
% 14 0.509 -~ 61 100 43 250 46 800
1 12 0.663 79 550 36 350 61 000
1% 12 ~ 0.856 89 900 63 350 69 350
W 12 - L1073 112 650 79 400 86 900
1% 12 . 1315 138 100 97 300 106 500

.. - 12 , 1.581 166 000 117 000 128 000

4 See footnote? below Table 3,
F See footnote® below Table 3.

TABLE 5 Tensile Requirements for';Spfenélmens Machinéd from Bolts and Studs

. ; Tensile Strength, Yield Strength, min,  Elongation in Reduction of
Bolt o Stud Diameter, in. , ¢ min, psi (MPa) o psi(MPa) - 4 D min, % Area, min, %
¥ 1o L, incl } 120 000 (825) 92 000 (635) 14 35
o Qer [ to 1e,inel . 105.000 (725) 81. 000 (56(); . 4.5 .35,
Over 1% to 3, incl -+ .80 000.(620), .38, 000 (400

4 2

TABLE 6 Sample Slzes and Acceptance Numbers for
Inspection of Hot Dip or Mechanically Galvanized Threads

. Lot Size SampleSize® # Aﬁﬁi%a;:ﬁe o !

2 to 90 13 i

91 to 150 20 ‘ 2

+ 151 to 280 32 3

. 281 to 500 50 5

* 500 to 1 200 80 7

[ 201 to 3 200 125 10

... 3.20L to 10 000 . 200 .. 14
10 001 and over 315 21

4 Sample sizes of acceptance numbers are extracted from
“Single Sampling Plan for Normal Inspection™ Table I1A,
MIL-STD-105D,

B Inspect all bolts in the lot if the lot size is less than the
sample size.

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

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

This standard Is subject to revision ar any time by the responsible technical committee and must be reviewed every five
Yyears and if not revised, either reapproved or withdrawn. Your comments are Invited either for revision of this standard or
Jor additional standards and should be addressed to ASTM Headquarters. Your comments will receive careful consideration
at a meeting of the responsible technical committee, which you may attend. If you feel that your comments have not received
@ fair hearing you should make your views known to the ASTM Committee on Standards, 1916 Race 81, Philadelphia, Pa.

19103, which will schedule a further hearing regarding your comments. Failing satisfaction there, you may appeal to the
ASTM Board of Directors.
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QHH') Designation: A 475 - 78 (Reapproved 1984)"

Standard Speclflcatlon for

Zinc- Coated Steel Wire Strand1l

Filed 10/07/19 Page 137 of 141

“This standard is 1s,sued under the fixed designation A 4733 the oumber immcdiately following the designation indicates the yedr of '
original adoption or, in the case of revision, the year of last revision. A number-in. parentheses indicates the year of last reapproval; A
suparseript epsilon (¢) indicates an editorial change since the last revision or reapproval,

This specification has been approved for use by agencies of the Department of Defense and for Intmg in lhe I)aD Index oj ‘Specifications

- and Standards.

‘1 Notp--Section 2 was added editorially and subsequent sections were renumbered in April 1984

1. Scape

1.1 This specification covers five gmdes of zmc«coated
steel wire strand, composed of a number of round, steel
wires, with four welghts of zinc coatings, suitable for use as
guys, messengers, span wires, and for similar purposes,

1.2 'The five grades covered are as follows:

1.2.1 Utllmes,

1.2.2 Common,

1.2.3 Siemcns~Martin’,

1.2.4 High-Strength, and

1.2.5 Extra High-Strength,

1.2.6 Minimum breaking steengths of stremd for each
grade are specified in Table 1.

1.3 The four weights of zinc coatings are: Type 1 and
Classes A, B, and C. Minimum weights of zinc coatings are
specified in Table 4.

1.4 The values stated in inch-pound units are to be
regarded as the stanidard.

2. Referenced I‘)o(;ument'sy ‘

2.1 ASTM Siandards:

A 90 Test Method for Weight of Coatmg on Zinc-Coated
(Galvanized) Iron or Steel Articles®

B 6 Specification for Zine (Slab Zinc)®

3. Description of Strand

3.1 The designatiori of the finished strand shall be ex-.

pressed as the nominal diameter of the strand, the number of
the wires in the strand, and the minimum breaking strength
of the strand as prescribed in Table 1, and the type or class of
coating as prescribed in Table 4.

4. Ovdering Information

4.1 Orders for material under this specification shall
include the following information:
4.1.1 Quantity of strand in feet,

I This specification is under the jurisdiction of ASTM Committee A-5 on
Metallic Coated Tron and Steel Products and is the direct responsibility of
Subcommittes A05.12 on Wire Specifications.

Current edition approved March 31, 1978, Published May 1978, Originally
published as A 475 - 62 1. Last previous edition A 475 - 72a (1976).

* Annual Book of ASTM Standards, Vol 01.06,

3 dnnual Boaok of ASTM Standards, Vols 02,03 and 02,04,

'4,1.2 Nominal strand diameter, number of wires, grade,
and minimum breaking strength of strand (Section 8 and
Table 1), '

4.1.3 Weight (type and class) of zinc-coating (Section {2
and Table 4), and

4.1.4 Length of strand in coils or on reels (Swtlon 17).

3. Material

5.1 The base metal shall be steel made by the opcn»hcarth
basic-oxygen, or electric-furnace process and of such quality -
and purity that, when drawn to the size of wire specified and
coated with zine, the finished strand and the individual wires
shall be of uniform’ qualuty and bave the properties and
characteristics as prescnbed in thig specification.

5.2 The slab zinc, when used for the coating, shall be any
grade of zinc conforming to Specification B 6.

6. Stranding

6:1 Unless otherwise spemﬂed strand shafl have a left lay.
A left lay is defined as a counter-clockwise. twist away from
the observer. All wires shall be stranded. with. uniform
tension. Stranding shall be sufficiently close to ensure no
appreciable reduction in diameter when ‘;trwed to 10 % of
the specified stxength. v ,

6.2 The 3-wite strand shall consist of: three wires concen-
trically twisted with a uniform pitch of not less than 14 nor
mote than 20% the specified nominal diattter of the strand:

6.3 The 7-wire strand’ s»hdll ¢onsist of a center wire with a
6-wire layer concentrically: twisted over it -with a uniform
pitch of not more tharl 16X the specified nominal diameter
of the strand.

6.4 The 19-wire strand shall consist of a center wire with a
6-wire layer concentrically twisted over it, having a right lay
and a uniform pitch of not more than 16X the nominal
diameter of this 7-wire core. The nominal diameter of this
7-wire core shall be considered to be 3X the nominal
diameter of the wires, A 12-wire outer layer, having a left lay
shall be concentrically twisted over the 7-wire core and shall
have a uniform pitch of not more than 16X the specified
nominal diameter of the strand.

6.5 The 37-wire strand shall consist of a center wire with a
6-wire layer concentrically twisted over it, having a left lay
and a uniform pitch of not more than 16X the nominal
diameter of this 7-wire inner core. The nominal diameter of
this 7-wire inner core shall be considered to be 3X the
nominal diameter of the wire. An intermediate layer of 12
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wires having a right lay shall be concentrically twisted over
this 7-wire core and shall have a uniform pitch of not more
than 16% the nominal diameter of this 19-wire core. The
nominal diameter of this 19-wire core shall be considered as
5% the nominal diameter of the wires, An 18-wire outer
layer, having a left lay shall be concentrically twisted over the
19-wire core and shall have a uniform pitch of not more than
16X the specified nominal diameter of the strand.

6.6 All wires in the strand shall lie naturally in their true
positions in the completed strand and, when. the strand is
cut, the ends shall remain in position or be readily replaced
by hand and then remain in position. This may be accom-
plished by any means or process, such as preforming, post
forming or form setting. '

7. Joints and Splices
7.1 Electric-welded butt joints made prior to the start of

cold drawing of the wire are permitted.
7.2 In 3-wire strand, there shall be no joints made in the

individual finished wire, Tn 7-wire sirand, joints made in

individual finished wires shall be acceptable provided there is
not more than one joint in any 150-ft (45.7-m) section of the
completed strand and the location of each joint is marked on
the strand with paint or some other distinguishing mark.
Factory joints made in the individual finished wires of 19
and 37-wire strand shall be kept well spaced and at a
minimum in number,

7.3 Joints in the wires comiposing the strand shall be either
the brazed-lap type or electric-butt-welded type. When the
brazed type of joint is used, the length of the lap shall be not
less than 3% the diameter of the wire and the overlapping
faces shall be smooth, clean, properly fluxed, and completely
covered by the brazing metal. When the electric-welded type
of joint is used, care shall be taken to prevent injury to the
wire during electric-buit welding., All joints shall be well
made and shall be coated with zinc after completion so that
the joints shall have protection from corrosion equivalent to
that of the zinc-coated wire itself,

7.4 There shall be no strand joints or strand splices in any
length of the completed strand unless specifically permitted
by the purchaser.

8. Breaking Strength and Weight

8.1 The approximate weight per 1000 ft or 305 m, of
strand, and the minimum breaking strength of the finished
strand shall be as specified in Table 1.

8.2 A test in which the breaking strength is below the:

minimum specified and which may have been caused by the

-slipping of the specimen in the jaws of the testing machine,
by breaking within the jaws or within 1 in. (25.4 mam) of the
jaws, or by the improper socketing of a specimen shall be
disregarded and another sample from the same coil or reel
shall be tested. Tests shall be made on lengths of strand that
do not contain wire joints or splices.

9, Elongation

9.1 The elongation of the strand in 24 in, (6 10 mm) shall
be not less than that specified in Table 2

9.2 The elongation shall be dctermined. as the percent
increase in separation between the jaws of the testing
machine from the position after application of the initial

27

load to the position at the initial failure in the test specimen.
The separation of the jaws of the testing machine shall be
approximately 2 ft when under an initial load equal to 10 %
of the required minimum breaking strength of the strand.
The elongation values shall be recorded only for specimens
which break over 1 in, from the jaws of the testing machine.
Additional samples shall be taken from the same coil o reel
when the previous tests are to be disregarded.

9.3 Elongation tests shall be made on lengths of strand
which do not contain wire joints of splices.

10. Pm‘inissible Variations in Size

10.1 The diameter of the zinc-coated wire forming the
strand specified in Table 1 shall be within the limits
prescribed in Table 3.

11, Sampling
11.1 Sampling for determination of wmphame to this
specification shall be performed on each lot of material. A lot
shall consist of all the strand of one size and one grade in
each shipment, The number of samples to be taken shall be
as follows:
Number of

Samples
3000 ft {1524 m) or less 1
Over 5000 to 30 000 ft (1524 to 9144 m) 2
Qver 30 000 td 150 000 ft (9144 to 45 720 m) 3
Over 150 000 ft (45 720 m) 4

11.2 Fach sample taken shall be subjected to all tests
prescribed in Sections 6, 8, and 9. :

11.3 In addition to the strand wbung in 11.2, the indi-
vidual wires shall be tested, The number. of individual wires
to be selected from each sample of strand and tested to
determine compliance with Sections 10 12, 14, and 15 shhll
be as follows:

J-wire strand-—3 wires
7-wire strand-—4 wires
19-wire strand-3 wires from each layer (total of 6 wires)
37-wire strand--3 wires from each layer (total of 9 wires)

Norg 1—Individudl wire samples selected for compliance to Section
10 shall be discarded if aty distortion of the wire occurred during the
stranding operation.

11,4 Instead of testing the wires from the completed
strand in accordance with 11.3, the producer may elect to
establish compliance with Sections 10, 12, 14, and 15 of this
specification by tests made on the wires prior o stranding,
unless otherwise stipylated by the purc,hdser However, if the
producer makes this election, the purchaser still reserves the
right to test wires from the completed strand for compliance.

12. Weight of Coating
12.1 The weight of zine-coating, in ounces per square foot
or grams per square metre of uncoated wire surface, shall not

_be less than that specified in Table 4.

13. Tests of Coating
13.1 The weight of the zinc-coating shall be determined
by a stripping test in accordance with Test Method A 90,
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TABLE 2 Elongation Requirements for Grades of Strand

Elongation in 24

Grade of Strand in. (810 mm),

min, %
Utititles Grada (1) and Gommon Strand 10
Utiiities Grads (2)4 and Siemens-Martin } 8
Utilities Grada (3)* and High-Strength - B
Utiitles Grads (4)? and Extra High-8trength 4

A See Table 1, Footnote 8.

14. Adherence of Coating

14,1 The. zinc-coated wire shall be capable of being
wrapped at a rate not exceeding 15 turns/min in a close helix
of at least two turns around a cylindrical mandrel equal to
3% the nominal diameter of the wire under test, without
cracking or flaking the zinc coating to such an extent that
any zinc can be removed by rubbing with the bare fingers.

Note 2~-Loosening or detachment during the adhesion test of
superficial, small particles of zine formed by mechanical polishing of the
surface of zinc-coated wire shall not be considered cause for rejection,

15, Ductility of Steel

15.1 The zinc-coated wire shall not fracture when
wrapped at a rate not exceeding 15 turns/min in a close helix
of at least 2 turns around a cylindrical mandrel. The mandrel
diameter for testing Common and Siemens-Martin grade
strand shall be equal to the nominal diameter of the
individual wires of the strand. The mandrel diameter for
Utilities, High-Strength, and Extra High-Strength grade
gtrand, shall be equal to 3X the nominal diameter of the
individual wires of the strand.

16. Finish

16.1 The zinc-coated wire shall be free of imperfections
not consistent with good commercial practice. The zinc-
coating shall be continuous and of reasonably uniform
thickness.

17, Packaging and Marking

17.1 Wire strand shall be furnished in standard lengths
(see 17.1.1) and in compact coils or on reels (see 17.1.2) as
specified by the purchaser; otherwise lengths shall be as
agreed upon at the time of purchase. Only one length of
strand shall be furnished in each coil or on each reel. Lengths
of strand may vary between the standard (nominal) length
and 10 % over the standard (nominal) length, unless other-
wise specified by the purchaser.

17.1.1 Standard lengths of strand are as follows: 250, 500,
1000, 2500, and 5000 fi (76, 152, 304, 760, and 1520 m).

TABLE 3 Permissible Variations in Diameter of Individual
Zing-Coated Wires

Permissible Variations,

Nominal Diameter of Coated Wires plus and minus,

in the Strand, in. {mm)

In. {mm)
0.041 to 0.080 (1.04 to 1.52) 0.002 (0.05)
0.061 to 0.090 (1.65 to 2.29) 0.003 (0.08)
0.091 1o 0.120 (2.31 to 3.05) 0.004 (0.10)
0.121 and over (3.07 and over) 0.008 (0.13)

29

TABLE 4 Nominal Diameters and Minimum Weights of Coating
for Zinc-Coated Steel Wires”

Nominal Digi-

f " 2 2 "
oter of Coated Mmlmum Weight of (:oahnéj(.J r?;ég {g/m?) of Uncoated Wire
Wire in the

str(m‘) 0. Type 18 Clags A® Class BY Class GP
0.041(1.04) . 0.15 (46) 040(122) © 080(244)  1.20 (366)
0.052 (1.32) 0.15 (46) 0.40(122) -, 0.80 (244)  1.20 (366)
© 0,062 (1.87) 015 (46) 0.50 (153) : 1.00(305)  1.50 (458}
0.065 (1.65) 0.15 (46) Q.50 (183) 1.00 (306) 1.50 (458)
0,072 (1.83) 0.15 (46) 050 (153)  1.00 (308} 1.50 {468)
0.080 (2.03) 0,30 (92) 0,60 (183) 1.20 (366) 1.80 (548)
0.003 (2.86) 0.30 (92) 070214 1.40(427) 2,10 (641)
0.100 (2.54) 0,30 (92) 0.70 (214) 1.40 (427) 210 (641)
0.104 (2.64) .30 (92) 0.80 (244  1.80(488)  2.40(732)
0.109 (2.77) 0.30 (92) 0.80 (244) 1.60 (488) 2.40 (732)
0.113 (2.87) 0.30 (92) 0.80 (244) 1.60 (488) 2.40 (782)
0.120 {3.08) 0.30 (92) 0.85(269) 170 (519)  2.55 (778)
0.125 (3.18) 0.30 (92) 0.85(268)  1.70 (519)  2.656 (778)
0.130 (3.30) 0.30 (92) 0.85 (259) 1.70 (519) 2.55 (778)
0.148 (3.63) 0.40 (122)  080(275)  1.80 (549)  2.70(824)
0,146 (3.68) 0.40 (122) 0.90 (275) 1.80 (549) 2.70 (824)
0.160 (3.81) 0.40 (122) 0.90 (276) 1.80 (549) 2.70 (824)
0.161 (4.09) 040 (122)  080(275)  1.80 (549) 270 (824)
0.165 (4.19) 0.40 (122) 0.90 (275) 1.80 (549) 2.70 (824)
0177 (4.60) 040 (122)  0.80(275)  1.80(549)  2.70(824)
0,179 (4.55) 0.40 {122) 0.90 {(2756) 1.80 (549) 2,70 (824)
0,188 (4.78) 040(122) . 1.00(305)  2.00 (610)  3.00 (915)
0,200 (5.08) 040 (122)  1.00(305  2.00(610)  3.00(915)
0.207 (5.26) 0.40(122)  1.00(305) 2,00 (810)  3.00 (915)

A Ear intermediate sizes of wire In the strand, the welght designations are the
same as for the next finer size shown in this table.
8 Type 1 (formerly “Galvanized®) coating applies to “Common” Grade of strand

oniy.
€ Class A, ‘Extra Galvanized” and “Doubie Galvanized" are equivalent terms.
2 Class A, Class B, and Class C coatings apply. to all grades of strand.

17.1.2 Standard practice is to furnish all strand %6 in.
(11.11 mm) and over in diameter on reels in lengths of 1000
ft (304 m) and over. Strand lengths of less than 1000 ft are
regularly furnished in coils.

17.2 Each coil or reel shall have a strong weather-resistant
tag securely fastened to it showing the length, nominal
diameter, number of wires, grade of the strand, type, or class
of coating, ASTM designation A 475, and the name or mark
of the manufacturer. If additional information is required on
the tag, it shall be so specified at the time of purchase,

18. Inspection

18.1 The manufacturer shall afford the inspector repre-
senting the purchaser all reasonable facilities to satisfy him
that the material is being furnished in accordance with this
specification. All tests and inspection shall be made at the
place of manufacture prior to shipment, unless otherwise
specified, and shall be so conducted as not to interfere
unnecessarily with the operation of the works.

19. Rejection

19.1 If the wire or strand fails in the first test to meet any
requirement of this specification, two additional tests shall be
made on samples of wire or strand from the same coil or reel.
If failure occurs in either of these tests, the lot of wire or
strand shall be rejected.

PRO_00087620



Case 1:13-cv-01215-TSC Document 198-15 Filed 10/07/19 Page 141 of 141

il Aa7s

The American Sooiety for Testing and Materlals takes no position respecting. the.vallity of any patent rights assarted in connection
with any ltem 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 infringoment of suoh rights, are entirely thelr awn responsibliity, ’

This standard Is-subject to revision at any time by'the responsible technical committee and must be reviewod every five years and
if not tevised, either reapproved or withdrawn. Your comiments are Invited either for revision of this standard or for adaitional standards
and shodld be addressed to ASTM Headguarters. Your comments will receive careful consideration at a meeting of the responaible
techhical committes, which you may-attend. If you fopl that your comments have not received a fair hearing you should make your
vidws known to the ASTM Comimitiee on. Standards, 1978 Race St., Philadeiphia, PA 19103.
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