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a Designation: A 106 A 106M 04b
~ 1

INTERN TION L

Standard Specification for
Seamless Carbon Steel Pipe for High Temperature S

This standard is issued under the fixed designation A 1 61A 106M; the number immediately following the designatio
of original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the yea
A superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

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

1. Scope*
1.1 This specification2 covers seamless carbon steel pipe for

high-temperature service (Note 1 in NPS s to NPS 48 [DN 6
to DN 1200] (Note 2 inclusive, with nominal (average) wall
thickness as given in ASME B 36.lOM. 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, i t is presupposed that a welding
procedure suitable to the grade of steel and intended use or
service will be utilized.

NOTE I  I t 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.

2. Referenced Documents
2.1 ASTM Standards: 3

A 530lA 530M Specification fo
Specialized Carbon and Alloy

E 213 Practice for Ultrasonic 
and Tubing

E 309 Practice for Eddy-Curre
bular Products Using Magnet

E 381 Method of Macroetch 
Blooms, and Forgings

E 570 Practice for Flux Leakag

netic Steel Tubular Products2.2 ASME Standard:
ASME B 36.lOM Welded an

Pipe4

2.3 Military Standards:
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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 unitsare 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 i any associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

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

Current edition approved Oct. I 2004. Published October 2004. Originally
approved in 1926. Last previous edition in 2004 as A 1 61A 106M - 04a.

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

MIL-STD-129 Marking for Sh
MIL-STD-163 Steel Mill Pro

ment and Storage5
2.4 Federal Standard:
Fed. Std. No. 123 Marking for 
Fed. Std. No. 183 Continuous I

and Steel Products5
2.5 Other Standards:
SSPC-SP 6 Surface Preparation

3. Ordering Information
3.1 The inclusion of the follow

the desired material adequately,
specification:

3.1.1 Quantity (feet, metres, or

3 For referenced ASTM standards, visit t
contact ASTM Customer Service at service@
Standards volume information, refer to the st
the ASTM website.

4 Available from American Society of M
International Headquarters, Three Park Ave.,

5 Available from Standardization Docum
Section D, 700 Robbins Ave., Philadelphia,

6 Available from Steel Structures Paintin
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]

6 General Requirements
6.1 Material furnished to this 

the applicable requirements of t
cation A 530/A 530M unless oth

7 Chemical Composition
7.1 The steel shall conform

chemical composition prescribed
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ID (16.2.3),
3.1.8 Length (specific or random, Section 20),
3.1.9 Optional requirements (Section 9 and Sl to S8 ,
3.1.1 0 Test report required (Section on 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 53 lA 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 separates the grades.

4.3 For pipe NPS 1V [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 of (650°C) or higher.

TABLE 1 Chemical Requirements

Composition,

Grade A Grade B Grade C

Carbon, maxA 0.25 0.30 0.35
Manganese 0.27-0.93 0.29-1 .06 0.29-1.06
Phosphorus, max 0.035 0.035 0.035
Sulfur, max 0.035 0.035 0.035
Silicon, min 0.10 0 10 0 10

Chrome, xB 0.40 0.40 0.40
Copper, xB 0.40 0.40 0.40
Molybdenum, maxB 0.15 0.15 0.15
Nickel, maxB 0.40 0.40 0.40
Vanadium, xB 0.08 0.08 0.08

A 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

8 Heat Analysis
8.1 An analysis of each heat

steel manufacturer to determine
ments specified in Section 7.
cesses of 5.1 are employed, the h
from one remelted ingot or the p
of each primary melt. The chem
mined, or that determined from a
manufacturer, if the latter has not

be reported to the purchaser or tand shall conform to the requirem

9 Product Analysis
9.1 At the request of the purc

from each lot (Note 3) of 400 le
each size up to, but not including
each lot of 200 lengths or fractio
[DN 150] and over, shall be made
finished pipe. The results of these
the purchaser or the purchase

conform to the requirements spec
9.2 f the analysis of one of t

not conform to the requiremen
analyses shall be made on add
original number from the sam
conform to requirements specifie

NOTE 3-A lot shall consist of the
Sections 9 and 21 of the same size and
of steel.

10 Tensile Requirements

10.1 The material shall confor
tensile properties given in Table

11 Bending Requirements
11.1 For pipe NPS 2 [DN 50] 

of pipe shall stand being bent 
cylindrical mandrel, the diameter
outside diameter (as shown in AS
without developing cracks. When 
pipe shall stand being bent co
cylindrical mandrel, the diameter
outside diameter (as shown in AS
without failure.

11.2 Subject to the approval
whose diameter exceeds 10 in. [2
sible for the bend test to be subs
described in Section 12. The bend
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to a maximum of 1.35 . '
B These five elements combined shall not exceed 1 .

29

at room temperature through 180°
to a maximum of 1.35 . '

B These five elements combined shall not exceed 1 .

29

at room temperature through 180°

 

o A 106 A 106M 04b

TABLE 2 Tensile Requirements
Grade A Grade B

Tensile strength, min, psi [MPa]
Yield strength, min, psi [MPa]

48 000 [330]
30 000 [205]

60 000 [415] 
35 000 [240]

Elongation in 2 in. [50 mm], min, Yo:

Basic minimum elongation transverse strip tests, and for all small
sizes tested in full section

When standard round 2-in. [50-mm] gage length test specimen is
used

For longitudinal strip tests
For transverse strip tests, a deduction for each Vs2 in. [0.8-mm]

decrease in wall thickness below 5/,6 in. [7.9 mm] from the basic
minimum elongation of the following percentage shall be made

Longitu
dinal

35

28

A

Transverse Longitu-
dinal

25 30

20 22

A

1.25

Transv

16.

12

1.0

A The minimum elongation in 2 in. [50 mm] shall be determined by the following equation:
e = 625 2

/ U 0 9

for 81 units, and
e = 1 94 Ao 2 / 0 9

for inch-pound units,

where:
e minimum elongation in 2 in. [50 mm], %, rounded to the nearest 0.5 %,
A cross-sectional area o f the tension test specimen, in.2 [mm2], based upon specified outside diameter or nominal specimen

rounded to the nearest 0.01 in. 2 [ mm2]. If the area thus calculated is equal to or greater than 0.75 in. 2 [500 mm 2], then
be used.), and
specified tensile strength, psi [MPa].

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--Diame ter to wall thickness ratio= pecified outside diameter/
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].
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TABLE 2 Tensile Requirements
Grade A Grade B

Tensile strength, min, psi [MPa]
Yield strength, min, psi [MPa]

48 000 [330]
30 000 [205]

60 000 [415] 
35 000 [240]
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Longitu
dinal

35

28

A

Transverse Longitu-
dinal

25 30

20 22

A

1.25

Transv

16.

12

1.0

A The minimum elongation in 2 in. [50 mm] shall be determined by the following equation:
e = 625 2

/ U 0 9

for 81 units, and
e = 1 94 Ao 2 / 0 9

for inch-pound units,

where:
e minimum elongation in 2 in. [50 mm], %, rounded to the nearest 0.5 %,
A cross-sectional area o f the tension test specimen, in.2 [mm2], based upon specified outside diameter or nominal specimen

rounded to the nearest 0.01 in. 2 [ mm2]. If the area thus calculated is equal to or greater than 0.75 in. 2 [500 mm 2], then
be used.), and
specified tensile strength, psi [MPa].
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12.1 Except as allowed by 11.2, for pipe over NPS 2 [DN
50], a section of pipe not less than 21/2 in. [63.5 mm] 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 t 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 rejectionif the D to t 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

failed either the hydrostatic test o

electric test of 13.2 shall not e f
13.4 Where the hydrostatic t

electric test are omitted and the len
NH, the certification, where requ

Hydrostatically Tested, and the
pended to the product specificatio
shown on the certification.

14 Nondestructive Electric Tes

14.1 As an alternative to the hy
the manufacturer or where specifie
alternative or addition to the hydr
each pipe shall be tested with a n
accordance with Practice E 213, E
the marking of each length of pip
the letters NDE. t is the intent o
test to reject pipe with impelfectio
equal to or greater than that p
calibration standard.
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14.2 Where the nondestructive electric test is peIiormed, 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 calibration of nondestructive
testing equipment. The dimensions of such standards are not to
be construed as the minimum sizes of impeIiections 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:

NPS DN

:5 :5 15
>V2:51 >15:532

>1 :52 > 32 :5 50

>  :55 > 50 :5 125 

>5 > 125 

14.5.2 Transverse Tangential N
file with a V4 in. [6-mm] diame
milled tangential to the surface a
dinal axis of the pipe. The no
exceeding 12 2 % of the specifi
or 0.004 in. [0.1 mm], whichever
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however, different techniques need to be employed for the
detection of such differently oriented impeIiections. Ultrasonic
testing is not necessarily capable of detecting short, deep
imperfections.

14.3.3 The eddy current 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 impeIiec
tions: however, different techniques need to be employed for
the detection of such differently oriented impeIiections.

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 seenor detected by a loss of pressure. Hydrostatic testing is not
necessarily capable of detecting very tight, through-the-wall
impeIiections or impeIiections 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, anyone of the three
common notch shapes shown in Practice E 213. The depth of
notch shall not exceed 12V2 % 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, anyone 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
longitudinally 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

14.5.3 Longitudinal Notch-A
less in width shall be machined in
tube axis on the outside suIiace o
exceeding 12 2 % of the specifi

or 0.004 in. [0.1 mm], whichevernotch shall be compatible with th
14.5.4 Compatibility The dis

pipe shall be compatible with th
method being used.

14.6 For flux leakage testing,
reference notches shall be straight
radial plane parallel to the pipe axi
V in. [12.7 mm], outside and insi
wall thicknesses equal to and abo
outside notch shall be used. Notch

% of the specified wall thicknewhichever is greater. Notch lengt
mm], and the width shall not 
diameter and inside diameter no
ciently apart to allow separatio
signals.

14.7 Pipe containing one or m
duce a signal equal to or greater th
calibration standard shall be reject
signal shall be reexamined.

14.7.1 Test signals produced by

be identified, or produced by crack
shall result in rejection of the pip
retested. To be accepted, the pipe
cation test to which it was origin
the remaining wall thickness is
permitted by this specification. The
may be reduced by the amount so

14.7.2 Test signals produced by
those listed below may be evalua
provisions of Section 18:

14.7.2.1 Dinges,

14.7.2.2 Straightener marks,
14.7.2.3 Cutting chips,
14.7.2.4 Scratches,
14.7.2.5 Steel die stamps,
14.7.2.6 Stop marks, or

1

\
\
I
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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 endeffect 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

17.1.3 f definite lengths are 
ordered in single random lengths
with 5 % 12 to 16 ft [3.7 to 4.8 m],

with a minimum average of 35 flength of 22 ft [6.7 m] with 5

18. Workmanship Finish and A

18.1 The pipe manufacturer sh
ber of visual surface imperfect
assurance that they have been pro
to depth. Exploration of all su
required but consideration should 
exploring all surface imperfection
18.2.

18.2 Surface imperfections that
of the nominal wall thickness or
wall thickness shall be consider
defects shall be given one of the 

18.2.1 The defect shall be rem
that the remaining wall thickness
in 16.3.

18.2.2 Repaired in accordanc
provisions of 18.6.

18.2.3 The section of pipe cont
off within the limits of requiremen

18.2.4 Rejected.
18.3 To provide a workmanlike

ating conformance with 18.2 th
remove by grinding the following

18.3.1 Mechanical marks, abras
of which imperfections are deeper

18.3.2 Visual imperfections com
seams, laps, tears, or s).ivers fou
dance with 18.1 to be deeper tha
thickness.
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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 n Outside Diameter

Permissible Variations in
Outside Diameter

NPS [ON Designator] Over Under

in. mm in. mm

Va to 1 h [6 to 40]. Va. (0.015) 0.4 Va. (0.015) 0.4
incl
Over 1 12 to 4 [40 to '/32 (0.031) 0.8 V32 0.031) 0.8
100]. incl
Over 4 to 8 [100 to V 6 0.062) 1.6 2 (0.031) 0.8
200], incl
Over 8 to 18 [200 to 2 (0.093) 2.4 2 (0.031) 0.8
450]. incl
Over 18 to 26 [450 to '/s (0.125) 3.2 2 (0.031) 0.8
650]. incl
Over 26 to 34 [650 to 2 (0.156) 4.0 2 (0.031) 0.8
850]. incl
Over 34 to 48 [850 to 3/'6 (0.187) 4.8 '/32 (0.031) 0.8
1200]. incl

32

18.4 At the purchaser's discretirejection if surface imperfections a
scattered, but appear over a large
considered a workmanlike finish. D
be a matter of agreement betwee
purchaser.

18.5 When imperfections or de
ing, a smooth curved surface shall
thickness shall not be decreased b
specification. The outside diamete
permitted to be reduced by the am

18.5.1 Wall thickness measuremmechanical caliper or with a prope
testing device of appropriate accu
measurement determined by use of
govern.

18.6 Weld repair shall be per
approval of the purchaser and in ac
A 530/A 530M.
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and

17.1.2 No jointers are permitted unless otherwise specified.

TABLE 3 Variations n Outside Diameter

Permissible Variations in
Outside Diameter

NPS [ON Designator] Over Under

in. mm in. mm

Va to 1 h [6 to 40]. Va. (0.015) 0.4 Va. (0.015) 0.4
incl
Over 1 12 to 4 [40 to '/32 (0.031) 0.8 V32 0.031) 0.8
100]. incl
Over 4 to 8 [100 to V 6 0.062) 1.6 2 (0.031) 0.8
200], incl
Over 8 to 18 [200 to 2 (0.093) 2.4 2 (0.031) 0.8
450]. incl
Over 18 to 26 [450 to '/s (0.125) 3.2 2 (0.031) 0.8
650]. incl
Over 26 to 34 [650 to 2 (0.156) 4.0 2 (0.031) 0.8
850]. incl
Over 34 to 48 [850 to 3/'6 (0.187) 4.8 '/32 (0.031) 0.8
1200]. incl
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18.4 At the purchaser's discretirejection if surface imperfections a
scattered, but appear over a large
considered a workmanlike finish. D
be a matter of agreement betwee
purchaser.

18.5 When imperfections or de
ing, a smooth curved surface shall
thickness shall not be decreased b
specification. The outside diamete
permitted to be reduced by the am

18.5.1 Wall thickness measuremmechanical caliper or with a prope
testing device of appropriate accu
measurement determined by use of
govern.

18.6 Weld repair shall be per
approval of the purchaser and in ac
A 530/A 530M.

18.7 The finished pipe shall be

NOTE 5-Marks and abrasions are def
marks, roll marks, ball scratches, scores
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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 11/2 [DN 40J and Smaller All walls shall be
either plain-end square cut, or plain-end beveled at the option
of the manufacturer.

19.1.2 NPS 2 [DN 50J and Larger-Walls through extra
strong weights, shall be p l a i n  e n d  b e v e l e d . _

19 1 3 NPS 2 [DN 50J and Larger-Walls over extra strong
weights, shall be plain-end square cut.

NOTE 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 1/16 ± Y3 in. [1.6 ± 0.8 mm]. Other
bevel angles may be specified by agreement between the purchaser and the
manufacturer.

longitudinal axis of such test 
location midway between the insi
pipe.

22.3 Test specimens for the be
and for the flattening tests shall 
pipe. Specimens for flattening tes
and free from burrs, except whe

22.4 Test specimens for the be
11.3 shall be cut from one end of

specified, shall be taken in a tspecimen shall be taken as close t
and another from as close to the 
specimens shall be either liz by
section or 1 by liz in. [25 by 1
corners rounded to a radius not o
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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 150], 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 f 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 scribescratches marked on the specimen before testing, a retest shall
be allowed. f a specimen breaks in an inside or outside surface
flaw, a retest shall be allowed.

21.2 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

not exceed 6 in. [150 mm] in len
placed in tension during the bend 
inner and outer surface of the pip

22.5 All routine check tests sha
ture.

23. Certification
23.1 When test reports are r

requirements of Specification A 5

supplier shall furnish to the pu
report for the elements specified 

24. Product Marking
24.1 In addition to the markin

A 530lA 530M, the marking sha
information as per Table 4, an add
more of the supplementary require
1 , if ordered as special outside
1 , if ordered as special inside 
schedule number, weight c ~ a s s or
for sizes larger than NPS 4 [DN 1
be marked in feet and tenths of a
places], depending on the units 
ordered, or other marking subject
11/2 11/4 1, and [DN 40 32 2
be marked as prescribed in Specifi
sizes shall be bundled in accordanc
and the total bundle footage m
individual lengths of pipe need n
For sizes less than NPS [DN 2
shall be on the bundle tag or on e
include the total footage; individua
marked with footage. If not mar
required marking shall be on each

24.2 When pipe sections are c
subsequent processor for resale as

T BLE 4 M
Hydro NDE 

Yes o
No Yes
No o
Yes Yes
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  A 106 A 106M 04b

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-In 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.
agencies and MIL-STD-129 or Fed. Std. No.
marking is required for military agencies.

25.2 Inspection-Unless otherwise specifi
the producer is responsible for the performa

tion and test requirements specified herein. Exspecified in the contract, the producer shall us
other suitable facilities for the performance 
and test requirements specified herein, unles
the purchaser. The purchaser shall have the
any of the inspections and tests set forth in
where such inspections are deemed necessary
material conforms to the prescribed requirem

26. Keywords
26.1 carbon steel pipe; seamless steel pip

SUPPLEMENTARY REQUIREMENTS

One or more of the following supplementary requirements shall apply only when specified in 
purchase order. The purchaser may specify a different frequency of test or analysis than is provi
in the supplementary requirement. Subject to agreement between the purchaser and manufactu
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 200] and
over. f this supplementary requirement is specified, the num
ber of tests per pipe shall also be specified. f 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
53 1

A 530Mand satisfactory retest.

S3. Flattening Test
S3.1 The flattening test of Specification A 530/A 530M

shall be made on a specimen from one end or both ends of each
pipe. Crop ends may be used. f this supplementary require
ment is specified, the number of tests per pipe shall also be
specified. f 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

from one end or both ends of each pipe and 
and reasonably uniform material free from 
tions, cracks, and similar objectionable defec
mentary requirement is specified, the numbe
required shall also be specified. f a specimen
shows objectionable defects, the length s
subject to removal of the defective end and s
indicating the remainder of the length to
reasonably uniform material.

S5. Carbon Equivalent
S5.1 The steel shall conform to a carbon e

0.50 maximum as determined by the followi
Mn Cr Mo V

CE = C 5

S5.2 A lower CE maximum may be agre
the purchaser and the producer.

S5.3 The CE shall be reported on the test

S6. Heat Treated Test Specimens
S6.1 At the request of the purchaser, one te

performed by the manufacturer on a test· spe
heat of steel furnished which has been either
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subject to retreatment in accordance with Specification A 53 1A 530M and satisfactory retest. f 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.

S4. Metal Structure and Etching Test
S4.1 The steel shall be homogeneous as shown by etching

tests conducted in accordance with the appropriate sections of

Method E 381. Etching tests shall be made on a cross section

34

1250 OF or normalized at 1650 OF as
purchaser. Other stress relief or annealing 
appropriate to the analysis, may be specifi
between the purchaser and the manufacturer. 
test shall meet the requirements of Table 1.

S7. Internal Cleanliness Government Ord
S7.1 The internal surface of hot finished 

and tube shall be manufactured to a free o
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equivalent to the visual standard listed in SSPC SP6. Cleaning
shall be performed in accordance with a written procedure that
has been shown to be effective. This procedure shall be
available for audit.

S8 Requirements for Carbon Steel Pipe for Hydrofluoric
Acid Alkylation Service

S8.1 Pipe shall be provided inthe normalized heat-treated
- condition.

S8.2 The carbon equivalent (CE), based upon heat analysis,
shall not exceed 0.43 if the specified wall thickness is equal
to or less than 1 in. [25.4 mm] or 0.45 % if the specified wall
thickness is greater than 1 in. [25.4 mm].

S8.3 The carbon equivalent (CE) shall be determined using
the following formula: -

CE = C + Mn/6 + (Cr + Mo + V)/5 + (Ni + Cu)/15

S8.4 Based upon heat analysis in mass p
dium content shall not exceed 0.02 , the
shall not exceed 0.02 , and the sum of t
niobium contents shall not exceed 0.03 .

S8.5 Based upon heat analysis in mass pe
the nickel and copper contents shall not exc

S8.6 Based upon heat analysis in mass pe
contentshall not be less than 0.18 .

S8.7 Welding consumables of repair weld
hydrogen type. E60XX electrodes shall not

resultant weld chemical composition shall mcomposition requirements specified for the p
S8.8 The designation "HF-N" shall be st

on each pipe to signify that the pipe co
supplementary requirement.

SUMMARY OF CHANGES

Committee A01 has identified the location of selected changes to this specification since the la

A 106 - 04a, that may impact the use
of

this specification. (Approved October
1,

2004)

(1) Revised 1.2 to delete the number of Supplementary
Requiremen s.

(2) Revised 13.3 to permit the supply of hyd
or nondestructively tested pipe, and to prohi
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pipe that has failed either test, both when N

ordered.

Committee A01 has identified the location of selected changes to this specification since the la
A 106 - 04, that may impact the use of this specification. (Approved July 1, 2004)

(1) Editorially revised Supplementary Requirements S8.
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AMERICANAMERICAN NATIONALNATIONAL ANSI/ASTM AANSI/ASTM A 416 74416 74
STANDARDSTANDARD

AA
Highway and TranspHighway and Transp

tandardtandard pecificationpecification forfor

UNCOATEDUNCOATED SEVEN WIRESEVEN WIRE STRESS RELIESTRESS RELIE

STRANDSTRAND
FORFOR

PRESTRESSEDPRESTRESSED CONCRETCONCRET

ThiThis Standars Standardd isis issuedissued under theunder the fixedfixed designation Adesignation A 416;416; the number immediately rollowing the desithe number immediately rollowing the desi
or original adoption or,or original adoption or, inin the case or revision, the year or last revision. A numberthe case or revision, the year or last revision. A number inin parentheses parentheses 
reapproval.reapproval.

ThisThis specification hasspecification has beenbeen approved forapproved for useuse by agenciesby agencies ooff the Departmentthe Department ooff DefenseDefense forfor listinlistin
SpecifSpecificatiications ons and and Standards.Standards.

1.1. ScopeScope

1.11.1 ThTh isis specification covers two gradesspecification covers two grades ooff
seven-wire,seven-wire, uncoated,uncoated, stress-relieved steelstress-relieved steel
strandstrand for use in pretensioned and post-tenfor use in pretensioned and post-ten
sioned prestressed concrete construction.sioned prestressed concrete construction.
GradeGrade 250250 andand GradeGrade 270 have270 have minimumminimum
ultimate strengthsultimate strengths ofof strengthsstrengths ofof 250 000 psi250 000 psi

4.1.14.1.1 QuantityQuantity feet),feet),
4.1.24.1.2 DiameterDiameter ofof strandstrand
4.1.34.1.3 GradeGrade ofof strand,strand,
4.1.4 Packaging,4.1.4 Packaging,
4.1.54.1.5 ASTMASTM designationdesignation

andand
4.1.6 Special requiremen4.1.6 Special requiremen
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17251725 MPaMPa andand 270 270 000 000 psi psi 18601860 MPa ,MPa , rere
spectively, based on the nominalspectively, based on the nominal areaarea ofof thethe
strand.strand.
1.21.2 SupplementSupplement I describes low-relaxationI describes low-relaxation

strand and relaxation testing forstrand and relaxation testing for that product.that product.
Low relaxationLow relaxation strandstrand shall not be furnishedshall not be furnished
unless ordered,unless ordered, oror by arrangement betweenby arrangement between
purchaser and supplier.purchaser and supplier.

NOTENOTE I -TheI-The values stated in inch-pound unitsvalues stated in inch-pound units
are to be regarded as the standard.are to be regarded as the standard.

2. Applicable Documents2. Applicable Documents

2 12 1 ASTMASTM Standards:Standards:
A 370,A 370, MethodsMethods and Definitions forand Definitions for MeMe

chanicalchanical TestingTesting ofof Steel ProductsSteel Products 22

EE 380, 380, Metric PracticMetric Practicee33

3. Description3. Description of Termsof Terms

3 13 1 Strand AllStrand All strandstrand shallshall bebe ofof the seventhe seven
wire type having awire type having a centercenter wire enclosed tightlywire enclosed tightly
by six helically placed outer wires with aby six helically placed outer wires with a
uniform pitchuniform pitch ofof not less thannot less than 1212 andand notnot moremore
thanthan 1616 times the nominal diametertimes the nominal diameter ofof thethe
strand.strand.

4.4. Ordering InformationOrdering Information
4.14.1 OrdersOrders for seven-wire stress relievedfor seven-wire stress relieved

strand under this specification shall includestrand under this specification shall include thethe
following information:following information:

381381

NOTENOTE 2 2 AA typical orderitypical orderi
follows:follows: 8484 000 ft,000 ft, VV in., Gin., G
1212 000·000· ftft spool-less packsspool-less packs
dated  .da ted  .

5.5. MaterialsMaterials andand ManufactManufact

5 15 1 BaseBase Metal TheMetal The bb
carbon carbon steelsteel ofof such qualitysuch quality
suitable round wire sizes suitable round wire sizes 
strand sizes,strand sizes, andand stress reliestress relie
it shall haveit shall have thethe properties properties 
prescribedprescribed inin this specificatithis specificati

5.25.2 Wire TheWire The wire fromwire from
toto bebe fabricated shall havfabricated shall hav
drawn finish.drawn finish.

5 35 3 StressStress Relieving AfRelieving Af
strand shall be subjectedstrand shall be subjected tt
continuouscontinuous heat treatmentheat treatment
scribed mechanical propertscribed mechanical propert
which may result from the swhich may result from the s
ation are consideredation are considered normnorm
appearanceappearance ofof this strand.this strand.

II This specificationThis specification isis under theunder the
CommitteeCommittee A-IonA-Ion Steel, Stainless SSteel, Stainless S
andand isis the direct responsibility or Sthe direct responsibility or S
Steel Reinrorcement.Steel Reinrorcement.

Current edition approved SepCurrent edition approved Sep
NovemberNovember 1974.1974. Originally publisOriginally publis
Last previous edition ALast previous edition A 416416 -- 68.68.

22 Annual BookAnnual Book ooff ASTMASTM StandStand
andand ID.ID.

aa Annual BookAnnual Book ooffASTMASTM StandarStandar
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6 16 1 BreakingBreaking Strength TheStrength The breakingbreaking
strengthstrength ofof the finished strand shall conform tothe finished strand shall conform to
the requirements prescribedthe requirements prescribed inin Table I, andTable I, and
shall be determined as prescribed in Suppleshall be determined as prescribed in Supple
mentment VII ofVII of Methods and Definitions A 370.Methods and Definitions A 370.

6 26 2 YieldYield Strength TheStrength The minimum yieldminimum yield
strength,strength, a s  p r e s ~ r i b e da s  p r e s ~ r i b e d inin Table 2,Table 2, aass measuredmeasured
by the Iby the I %% extension under load method, shallextension under load method, shall
not be less thannot be less than 8585 %% ,of,of the specified minimumthe specified minimum
breaking strength.breaking strength.

6.26.2.1 .1 The The extensionextension under-load shall be meaunder-load shall be mea
sured by sured by an extensbmeter' an extensbmeter' calibrated with thecalibrated with the
smallest smallest divisidivision on not not larger than larger than 0.000 0.000 II in./in.in./in.
ooff gage length,gage length, ..

6.2.2 The initial load indicated in Table 26.2.2 The initial load indicated in Table 2
shall be applied to the specimen",shall be applied to the specimen", atat .which time.which time
the extensometerthe extensometer isis attached 'ahd adjusted to aattached 'ahd adjusted to a
readingreading ofof 0.00 I 0.00 I iri.)iiri.)ii1.of gage length'i1.of gage length'.. TheThe loadload
shall then be increasedshall then be increased uht}1uht}1 the extynsometerthe extynsometer
indicates an extensionindicates an extension ofof II %.%. TheThe loadload for thisfor this

e ~ t e n s i o ne ~ t e n s i o n shaHshaH hhee r e d o r d ~ dr e d o r d ~ d and'shalland'shall ~ e e t~ e e t thethe
requirements requirements prescribedprescribed inin TableTable 2.2.

6 36 3 Elongation >Elongation > , , ,, " ," ,
6.3.16.3.1 thethe tottotal elo'ngal elo'ngationation, uhd, uhder Iqad,er Iqad, MtheMthe

s t r a r i d ~ h a l l ,s t r a r i d ~ h a l l , bebe ~ o t~ o t I < ;  s ~I < ;  s ~ than}.Sthan}.S %% andand ~ l : J a l ( b e~ l : J a l ( b e
measuredmeasured inin a gage lengtha gage length ofof not less than.24 not less than.24 in.in.
otot 610 mm.610 mm. TheThe elongation shall be determinedelongation shall be determined
by by an an extensextenso o meiemeier r whwhichich isis p1a:i::edp1a:i::ed iiii the testthe test
.speeirnen:after an initial load.speeirnen:after an initial load has,has, been applied.been applied.
, The; , The; .ini.initialtial· · .load.load .is.is cequivalent tocequivalent to l.0Wo.l.0Wo. ooff thethe
required .minimum breaking strengthrequired .minimum breaking strength asas prepre

,s,cribed in'Tab1'e,s,cribed in'Tab1'e 2,·2,· EollowinganEollowingan extensionextension 0f0f
1.01.0 %;'%;' the.the. exH:nsometermay .,beFemoved andexH:nsometermay .,beFemoved and
loading continued loading continued to ultimate failureto ultimate failure.. TheThe elonelon
'gation value'gation value isis 'then determined by the move'then determined by the move
mentbetween thementbetween the jaw:sjaw:s grippiilggrippiilg thethe material onmaterial on
the new base lengththe new base length ooff jaw-lo-jawjaw-lo-jaw distanee,todistanee,to
whichwhich wiUbewiUbe added the'added the' VaHHi"ofVaHHi"of LOLO %% deterdeter
mitiedbymitiedby t h e e x t e n s 6 i r i e t ~ t .t h e e x t e n s 6 i r i e t ~ t .
,, '6.3.2Specitnens'6.3.2Specitnens thatthat break outsidebreak outside of'theof'the

eXfensbnietereXfensbnieter oorr inin the j'awsaii'dthe j'awsaii'd yenneetyenneet thethe

results shall be consideredresults shall be considered
shallshall bebe required.required.

7.7. Dimensions and PermiDimensions and Permi

7.17.1 TheThe sizesize ofof the finthe fin
expressed asexpressed as thethe n b m i ~ a ln b m i ~ a l dd
inin fractionsfractions oorr decimal. frdecimal. fr

7.27.2 T h ~T h ~ d i a ~ e t e rd i a ~ e t e r ofof thth
strand must be larger thastrand must be larger tha
outer wireouter wire inin accordance accordance 

7 37 3 Permissible VariatiPermissible Variati
7.3.1 All7.3.1 All GradeGrade 250 st250 st

aa ii ~~ tolerancetolerance ofof ±O.O, ±O.O, 
the nominal diameter mthe nominal diameter m
crownscrowns ooff the wires.the wires.

7.3.2 All7.3.2 All GradeGrade 270 st270 st
a siza size tolerane tolerancece ofof +0.0+0.02626
-0.15-0.15 inminm fr mfr m the n'othe n'o
sured acrosSsured acrosS t ~ et ~ e crownscrowns oo
" " 7.3.3· 7.3.3· VariationVariation inin dossdoss
unitunit streSSstreSS resuitingtherresuitingther
'cau'cauie'foie'fot rt rejection proviejection providede

e t i c ~ se t i c ~ s ofof thethe i n d i v i d U ~ i w i ri n d i v i d U ~ i w i r
o'fo'f thethe t r ~ n d a i et r ~ n d a i e wiwith'th'in thin th
. . '7'7.4 Speci.4 SpeciaJly aJly dimensidimensi

strand with nominal diamstrand with nominal diam
:(19.05 mm):(19.05 mm) maymay be empbe emp
the breaking strengththe breaking strength ss dd
strength, as:deffned in 6.2strength, as:deffned in 6.2
Of;Of; tlie' tlie' 'sp'spedfedfiediedtrtriiriir iimiimlimlim
All other requirementsAll other requirements shsh

8. Workmanship8. Workmanship ;,};,} .d,,,.d,,, ....

8 18 1 Joints:Joints: ""
8.1.1 There shall8.1.1 There shall be,be,

stX lnqstX lnq splices in any,iensplices in any,ien
strand unless specificallystrand unless specifically
chaser. chaser. 

8.8.1.1.2 2 During the proceDuring the proce
the individual wiresthe individual wires for,for,

6 16 1 BreakingBreaking Strength TheStrength The breakingbreaking
strengthstrength ofof the finished strand shall conform tothe finished strand shall conform to
the requirements prescribedthe requirements prescribed inin Table I, andTable I, and
shall be determined as prescribed in Suppleshall be determined as prescribed in Supple
mentment VII ofVII of Methods and Definitions A 370.Methods and Definitions A 370.

6 26 2 YieldYield Strength TheStrength The minimum yieldminimum yield
strength,strength, a s  p r e s ~ r i b e da s  p r e s ~ r i b e d inin Table 2,Table 2, aass measuredmeasured
by the Iby the I %% extension under load method, shallextension under load method, shall
not be less thannot be less than 8585 %% ,of,of the specified minimumthe specified minimum
breaking strength.breaking strength.

6.26.2.1 .1 The extension under-load The extension under-load shall be meashall be mea
sured by sured by an extensbmeter' an extensbmeter' calibrated with thecalibrated with the
smallest smallest divisidivision on not not larger than larger than 0.000 0.000 II in./in.in./in.
ooff gage length,gage length, ..

6.2.2 The initial load indicated in Table 26.2.2 The initial load indicated in Table 2
shall be applied to the specimen",shall be applied to the specimen", atat .which time.which time
the extensometerthe extensometer isis attached 'ahd adjusted to aattached 'ahd adjusted to a
readingreading ofof 0.00 I 0.00 I iri.)iiri.)ii1.of gage length'i1.of gage length'.. TheThe loadload
shall then be increasedshall then be increased uht}1uht}1 the extynsometerthe extynsometer
indicates an extensionindicates an extension ofof II %.%. TheThe loadload for thisfor this

e ~ t e n s i o ne ~ t e n s i o n shaHshaH hhee r e d o r d ~ dr e d o r d ~ d and'shalland'shall ~ e e t~ e e t thethe
requirements requirements prescribedprescribed inin TableTable 2.2.

6 36 3 Elongation >Elongation > , , ,, " ," ,
6.3.16.3.1 thethe tottotal elo'ngal elo'ngationation, uhd, uhder Iqad,er Iqad, MtheMthe

s t r a r i d ~ h a l l ,s t r a r i d ~ h a l l , bebe ~ o t~ o t I < ;  s ~I < ;  s ~ than}.Sthan}.S %% andand ~ l : J a l ( b e~ l : J a l ( b e
measuredmeasured inin a gage lengtha gage length ofof not less than.24 not less than.24 in.in.
otot 610 mm.610 mm. TheThe elongation shall be determinedelongation shall be determined
by by an an extensextenso o meiemeier r whwhichich isis p1a:i::edp1a:i::ed iiii the testthe test
.speeirnen:after an initial load.speeirnen:after an initial load has,has, been applied.been applied.
, The; , The; .ini.initialtial· · .load.load .is.is cequivalent tocequivalent to l.0Wo.l.0Wo. ooff thethe
required .minimum breaking strengthrequired .minimum breaking strength asas prepre

,s,cribed in'Tab1'e,s,cribed in'Tab1'e 2,·2,· EollowinganEollowingan extensionextension 0f0f
1.01.0 %;'%;' the.the. exH:nsometermay .,beFemoved andexH:nsometermay .,beFemoved and
loading continued loading continued to ultimate to ultimate failfailure.ure. TheThe elonelon
'gation value'gation value isis 'then determined by the move'then determined by the move
mentbetween thementbetween the jaw:sjaw:s grippiilggrippiilg thethe material onmaterial on
the new base lengththe new base length ooff jaw-lo-jawjaw-lo-jaw distanee,todistanee,to
whichwhich wiUbewiUbe added the'added the' VaHHi"ofVaHHi"of LOLO %% deterdeter
mitiedbymitiedby t h e e x t e n s 6 i r i e t ~ t .t h e e x t e n s 6 i r i e t ~ t .
,, '6.3.2Specitnens that'6.3.2Specitnens that break outsidebreak outside of'theof'the

eXfensbnietereXfensbnieter oorr inin the j'awsaii'dthe j'awsaii'd yenneetyenneet thethe

results shall be consideredresults shall be considered
shallshall bebe required.required.

7.7. Dimensions and PermiDimensions and Permi

7.17.1 TheThe sizesize ofof the finthe fin
expressed asexpressed as thethe n b m i ~ a ln b m i ~ a l dd
inin fractionsfractions oorr decimal. frdecimal. fr

7.27.2 T h ~T h ~ d i a ~ e t e rd i a ~ e t e r ofof thth
strand must be larger thastrand must be larger tha
outer wireouter wire inin accordance accordance 

7 37 3 Permissible VariatiPermissible Variati
7.3.1 All7.3.1 All GradeGrade 250 st250 st

aa ii ~~ tolerancetolerance ofof ±O.O, ±O.O, 
the nominal diameter mthe nominal diameter m
crownscrowns ooff the wires.the wires.

7.3.2 All7.3.2 All GradeGrade 270 st270 st
a siza size tolerane tolerancece ofof +0.0+0.02626
-0.15-0.15 inminm fr mfr m the n'othe n'o
sured acrosSsured acrosS t ~ et ~ e crownscrowns oo
" " 7.3.3· 7.3.3· VariationVariation inin dossdoss
unitunit streSSstreSS resuitingtherresuitingther
'cau'cauie'foie'fot rt rejection proviejection providede

e t i c ~ se t i c ~ s ofof thethe i n d i v i d U ~ i w i ri n d i v i d U ~ i w i r
o'fo'f thethe t r ~ n d a i et r ~ n d a i e wiwith'th'in thin th
. . '7'7.4 Speci.4 SpeciaJly aJly dimensidimensi

strand with nominal diamstrand with nominal diam
:(19.05 mm):(19.05 mm) maymay be empbe emp
the breaking strengththe breaking strength ss dd
strength, as:deffned in 6.2strength, as:deffned in 6.2
Of;Of; tlie' tlie' 'sp'spedfedfiediedtrtriiriir iimiimlimlim
All other requirementsAll other requirements shsh

8. Workmanship8. Workmanship ;,};,} .d,,,.d,,, ....

8 18 1 Joints:Joints: ""
8.1.1 There shall8.1.1 There shall be,be,

stX lnqstX lnq splices in any,iensplices in any,ien
strand unless specificallystrand unless specifically
chaser. chaser. 

8.8.1.1.2 2 During the proceDuring the proce
the individual wiresthe individual wires for,for,
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ininimum specified Values,ininimum specified Values, ateate ,cbrtsidered as,cbrtsidered as
'meeting·'meeting· thethe', ', elorigatioelorigation n requirementrequirements', s', of, thisof, this
specification.specification. ' , .1 ' ;' , .1 ' ; .. ''

6:3.36:3.3 IfIf the minimum elongation requirethe minimum elongation require
mentment is metis met ptibrloptibrlo initial tl}pture, itinitial tl}pture, it isis notnot
necessary to dete,rrriiil(:,necessary to dete,rrriiil(:, the'the' finalelongat,ionfinalelongat,ion
value. "value. "

6.4'6.4' IfIf M ~ y ,M ~ y , sampie :breakingsampie :breaking ~ i t h i n~ i t h i n the gripsthe grips

oorr the jawsthe jaws ofof the testing machine results inthe testing machine results invahies belbW"thespecified limits fdr 'breakingvahies belbW"thespecified limits fdr 'breaking
I I ; 'I I ; '

p e ~ r n i t t e dp e ~ r n i t t e d JnlyJnly p ' r i ~ r t qp ' r i ~ r t q oo

heatheat treatrntreatrnt:nt t:nt (patenting(patenting
8:,\.3 D)Jrjng8:,\.3 D)Jrjng f a b r i ~ a t if a b r i ~ a t i

. , w < ; : ~ d e O , j 9 i n t s , ' m a y. , w < ; : ~ d e O , j 9 i n t s , ' m a y be mbe m
wires,wires, p r R v i q ~ dp r R v i q ~ d ,ther,e,ther,e ii ~~ nn
jointjoint inin any 150-ft (45-many 150-ft (45-m
pleted strand.pleted strand.

NotENotE 3-When3-When s p e c i f i d ~s p e c i f i d ~

' 1 ~ ~ . s ~ 9 r a d e " "' 1 ~ ~ . s ~ 9 r a d e " " a,a, P . r o ~ u 9 tP . r o ~ u 9 t f r ~ .f r ~ .

'I'Hshed,'I'Hshed, When thIs 'gradeWhen thIs 'grade ISIS
jointSjointS 'ate;per'ate;perniittedniittedexcept except aa
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wires,wires, p r R v i q ~ dp r R v i q ~ d ,ther,e,ther,e ii ~~ nn
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8.28.2 TheThe finishedfinished strandstrand shall be uniform inshall be uniform in
diameterdiameter andand shall be freeshall be free ooff imperfectionsimperfections notnot
consistent withconsistent with goodgood commercialcommercial strandingstranding
practice.practice.

8.38.3 WhenWhen the strandthe strand isis cut without seizings,cut without seizings,
the wire shallthe wire shall notnot fly outfly out ofof position.position. II ff a wire,a wire,
oror wires, flieswires, flies outout ofof position and can beposition and can be
replaced byreplaced by handhand thethe strandstrand will be consideredwill be considered

satisfactory.satisfactory.
8.48.4 TheThe strandstrand shall not be oiledshall not be oiled oror greased.greased.

Slight rusting, provided itSlight rusting, provided it isis not sufficientnot sufficient toto
cause pits visible to the naked eye, shaH not because pits visible to the naked eye, shaH not be
cause for rejection.cause for rejection.

9.9. SamplingSampling
9.19.1 OneOne specimen for test shaH bespecimen for test shaH be takentaken

fromfrom eacheach 20-ton (18-Mg) production lot20-ton (18-Mg) production lot ooff
finishedfinished strand. Teststrand. Test specimens shallspecimens shall bebe cutcut
from the outside endfrom the outside end ooff reelsreels oror either endeither end ooff
cqilsorcqilsor reelless packs. Any specimen foundreelless packs. Any specimen found toto

A4 6A4 6

chase.chase. EachEach reel, coil,reel, coil, oror reellesreelles
have ahave a strongstrong tagtag securely fastenesecurely fastene
ing the length, size, grade,ing the length, size, grade, ASTMASTM

. A 416,. A 416, andand the namethe name oror markmark ooff
turer.turer.

11.2 Low-relaxation11.2 Low-relaxation strandstrand propro
ing theing the requirementsrequirements ooff SupplemeSuppleme
speciaHy identified.speciaHy identified.

12.12. InspectionInspection
12.112.1 TheThe purchaserpurchaser shaHshaH statestate aa

order·order· whether inspectionwhether inspection byby thethe
the plantthe plant isis requiredrequired oror waived.waived.
inspectioninspection isis required, therequired, the manufmanuf
affordafford thethe inspector representinginspector representing tt
all reasonable facilities to satisfy all reasonable facilities to satisfy 
materialmaterial isis being furnished inbeing furnished in accacc

this speci this speci fication. fication. All tesAll teststs andand inspinsp
be madebe made atat thethe placeplace ofof manufacmanufac
shipment, unless otherwise agreedshipment, unless otherwise agreed

8.28.2 TheThe finishedfinished strandstrand shall be uniform inshall be uniform in
diameterdiameter andand shall be freeshall be free ooff imperfectionsimperfections notnot
consistent withconsistent with goodgood commercialcommercial strandingstranding
practice.practice.

8.38.3 WhenWhen the strandthe strand isis cut without seizings,cut without seizings,
the wire shallthe wire shall notnot fly outfly out ofof position.position. II ff a wire,a wire,
oror wires, flieswires, flies outout ofof position and can beposition and can be
replaced byreplaced by handhand thethe strandstrand will be consideredwill be considered

satisfactory.satisfactory.
8.48.4 TheThe strandstrand shall not be oiledshall not be oiled oror greased.greased.

Slight rusting, provided itSlight rusting, provided it isis not sufficientnot sufficient toto
cause pits visible to the naked eye, shaH not because pits visible to the naked eye, shaH not be
cause for rejection.cause for rejection.

9.9. SamplingSampling
9.19.1 OneOne specimen for test shaH bespecimen for test shaH be takentaken

fromfrom eacheach 20-ton (18-Mg) production lot20-ton (18-Mg) production lot ooff
finishedfinished strand. Teststrand. Test specimens shallspecimens shall bebe cutcut
from the outside endfrom the outside end ofof reelsreels oror either endeither end ooff
cqilsorcqilsor reelless packs. Any specimen foundreelless packs. Any specimen found toto

A4 6A4 6

chase.chase. EachEach reel, coil,reel, coil, oror reellesreelles
have ahave a strongstrong tagtag securely fastenesecurely fastene
ing the length, size, grade,ing the length, size, grade, ASTMASTM

. A 416,. A 416, andand the namethe name oror markmark ooff
turer.turer.

11.2 Low-relaxation11.2 Low-relaxation strandstrand propro
ing theing the requirementsrequirements ooff SupplemeSuppleme
specially identified.specially identified.

12.12. InspectionInspection
12.112.1 TheThe purchaserpurchaser shallshall state astate a

order·order· whether inspectionwhether inspection byby thethe
the plantthe plant isis requiredrequired oorr waived.waived.
inspectioninspection isis required, therequired, the manufmanuf
affordafford thethe inspector representinginspector representing tt
all reasonable facilities to satisfy all reasonable facilities to satisfy 
materialmaterial isis being furnished inbeing furnished in accacc

this speci this speci fication. fication. All tesAll teststs andand inspinsp
be madebe made atat thethe placeplace of manufacof manufac
shipment, unless otherwise agreedshipment, unless otherwise agreed
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contain a wirecontain a wire jointjoint should be discarded and ashould be discarded and a
new specimen obtained.new specimen obtained.

10. Test Methods10. Test Methods
10.110.1 TheThe test specimens as selectedtest specimens as selected inin 9.19.1

shall be tested byshall be tested by thethe method prescribed inmethod prescribed inSu Su pplement pplement V V IIII ooff Methods and DefinitionsMethods and Definitions
AA 370.370.

11.11. Packaging and MarkingPackaging and Marking
11.111.1 TheThe stran d shaH be furnished onstran d shaH be furnished on r ~  l sr ~  l s oror

inin compactcompact coils having a minimum corecoils having a minimum core diamdiam
etereter ofof 24 in. (610 mm), unless otherwise24 in. (610 mm), unless otherwise
specified by the purchaser. Lengths on reels, inspecified by the purchaser. Lengths on reels, in

coils, or in reelless packs shall be as agreedcoils, or in reelless packs shall be as agreed
uponupon atat thethe timetime ooff purchase.purchase. The strandThe strand shallshall
bebe weHweH protectedprotected against mechanical injury inagainst mechanical injury in
shippingshipping asas agreed uponagreed upon atat the timethe time of pur:of pur:

timetime ofof purchasepurchase andand shaH be soshaH be so
notnot to interfere uto interfere unnecessarily withnnecessarily with tt
ooff the works.the works.

13.13. CertificationCertification
13.113.1 ff outside inspectionoutside inspection isis waiwai

facturer facturer s s certificcertificationation thatthat thethe
been tested in accordance with,been tested in accordance with, anan
requirements of, this specification,requirements of, this specification,
basisbasis ooff acceptanceacceptance ooff thethe materialmaterial

14:14: RejectionRejection
14.114.1 In case thereIn case there isis aa reasonareasona

the first trialthe first trial asas toto thethe abilityability ofof tt
meet anymeet any requirementrequirement ooff thisthis specispeci
additional tests shalladditional tests shall be made onbe made on
strand fromstrand from thethe same coilsame coil oorr reel,reel, aa
occursoccurs inin eithereither ooff these tests, thethese tests, the
be rejected.be rejected.

SUPPLEMENTSUPPLEMENT

II LOW-RELAXATION STRANDLOW-RELAXATION STRAND

S1. ScopeS1. Scope

SS 1 11 1 This supplementThis supplement delineates only thosedelineates only those
detailsdetails thatthat areare peculiarpeculiar to low-relaxationto low-relaxation
strand,strand, andand toto the methodsthe methods ooff relaxationrelaxation
testing relatedtesting related toto seven-wireseven-wire strandstrand havinghaving
propertiesproperties generally as describedgenerally as described inin SpecificaSpecifica
tion tion A A 416.416.

383383

S2. Applicable DocumentsS2. Applicable Documents
S2.1S2.1 STMSTM Standard:Standard:
E 328,E 328, Recommended PracticeRecommended Practice

RelaxationRelaxation TestsTests forfor MaMa
Structures·Structures·

• Annual Book• Annual Book ooff STMSTM StandardsStandards PartsParts
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S3. TestS3. Test ethodethod

S3.1 S3.1 Low-relax'atLow-relax'ation ion strastrand nd shall shall bebe testeqastesteqas
prescribedprescribed iinn R e (  : o ~ m e n d e dR e (  : o ~ m e n d e d Practice E 328.Practice E 328.

S4. Relaxation PropertiesS4. Relaxation Properties
S4.1 Low-relaxation strand shall meet .theS4.1 Low-relaxation strand shall meet .the

physical requirementsphysical requirements ofof thi$thi$ s p ~ c i f i c a t i o n ls p ~ c i f i c a t i o n l withwith
the added requirement that the relaxation lossthe added requirement that the relaxation loss
after 1000 h under the conditions ofSS,shall beafter 1000 h under the conditions ofSS,shall be
not more thannot more than 2.S2.S %% .when.when initially loadedinitially loaded toto 7070
%% ofof specifIed mipiml. mspecifIed mipiml. m b r e a k i ~ gb r e a k i ~ g strengtq,strengtq, oror
notnot JUoreJUore thanthan 3 . ~3 . ~ %% h e \ ' 1 1 0 a g ~ dh e \ ' 1 1 0 a g ~ d toto 80.:%pf80.:%pf
specified'. l11illimum. breakilfg strength:specified'. l11illimum. breakilfg strength: ,oUhe,oUhestrand. .strand. . ..'' .... ..

),)),) '. ,'. , tt ..

S5. S5. ;Yle;Yleld ld StrengtStrengthh
' S ~' S ~ i .i .Yield strength: oflow-tdaxati'onYield strength: oflow-tdaxati'on strand,strand,

asas described'in' 6.2, shaHdescribed'in' 6.2, shaH neitneit be lessbe less t h ~ l D  9 bt h ~ l D  9 b %%
ooff tnespeEifie'd' ni.lnimum breakirtg strengthtnespeEifie'd' ni.lnimum breakirtg strength ooff
the the strandstrand.' .' , , ""

S6. S6. Conditions' Conditions' of Relaxation:'Tesof Relaxation:'TesttS6.1S6.1 II ff required, relaxation evidence shall berequired, relaxation evidence shall be
provided from the manufacturer's recordsprovided from the manufacturer's records ofof

A4 6A4 6

teststests onon similarisimilariyy dimensioned strandimensioned stran
same same grade. grade. ' ' 

s6.2s6.2 TheThe tempetaturetempetature of the test pof the test p

be maintainedbe maintained atat 6868 ±± 3.soF3.soF (20(20 ±± 2°C2°C
'S6.3'S6.3 thethe test piece shall nottest piece shall not bebe susu

Idading pri'orIdading pri'or toto the the relaxrelaxation ation tetestst..
S6.4 The initial load shallS6.4 The initial load shall bebe apap

fdrm1y over a period of not less than 3fdrm1y over a period of not less than 3
not more than S min, and the gage lenot more than S min, and the gage le
bebe m ~ i n t a i r i . e dm ~ i n t a i r i . e d constant; load relaxatconstant; load relaxat
ingsings s h ~ i ls h ~ i l commence I min afterapplcommence I min afterappl
the total load.the total load. ..

S6.S Over-stressingS6.S Over-stressing ofof the test samthe test samthe loading operation shall notthe loading operation shall not bebe pepe
S6.6 The durationS6.6 The duration ooff the test shalthe test shal

h h or a shortor a shorter· er· computcomputed period extraped period extrap
'1000 h which'1000 h which can.can. be shown by rbe shown by r
provide similar 'relaxation values;provide similar 'relaxation values;

S6·.7S6·.7 T h ~T h ~ test gage length shall betest gage length shall be aa
times thetimes the ..nominal diameter.nominal diameter. II ff this gathis ga
exceeds the capaCity,exceeds the capaCity, of'of' theextensotheextenso

testing machine, then a minimum gatesting machine, then a minimum ga
ooff 4040 times the nominal diametertimes the nominal diameter
substituted.substituted.

TABLE TABLE 1 1 Breaking Breaking Strength Strength RequiremRequirementsents
.. ..
NominalNominal DiameterDiameter

ooffStrandStrand

inin

,),) (0.250),(0.250),
l'I,l'I, (0.313)(0.313)
IsIs (0.375)::(0.375)::
Jti,(0.438). ;,Jti,(0.438). ;,
yy ,(0.50,9) ,,(0.50,9) ,

(0.6QO)(0.6QO)

mmmm

6.356.35
7.947.94
9.539.53

Jl.11Jl.11
12.7012.70
15.2415.24

B r  ; ~ l d n gB r  ; ~ l d n g StrengthStrength
,of,of Strand, Ibf(kN)Strand, Ibf(kN)

GradeGrade 250 '250 '

9 9 000 000 (40.0)(40.0)
1414 500 (64.5)500 (64.5)
20'00020'000 (89.0)(89.0)
2727 000(120.1)000(120.1)
3636 OOq,(160;1)OOq,(160;1)
5454 000 (240.2)000 (240.2)
,, .. ; '); ') ~~

,.,. GiadeGiade 270270

NominalNominal SteelSteel
AreaArea ofof Strand,Strand, in.in. 22

(mm')(mm') 1':,;1':,;

0.03(\ (23.22)0.03(\ (23.22)
0.0580.058 37.4i)37.4i)
0.080.(51.61j '"0.080.(51.61j '"
0.lD8 (69.,68) .0.lD8 (69.,68) .
O.IMO.IM (92.90)(92.90)
0.2160.216 ( 1 3 9 , ~ 5 )( 1 3 9 , ~ 5 )

NominaNomina
of Stof St

, Ibl, Ibl IQOOIQOO ftft

122122
197197
272272

, ,367-, ,367-
; 490.(; 490.(

737737

S3. TestS3. Test ethodethod
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S4. Relaxation PropertiesS4. Relaxation Properties
S4.1 Low-relaxation strand shall meet .theS4.1 Low-relaxation strand shall meet .the
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not more thannot more than 2.S2.S %% .when.when initially loadedinitially loaded toto 7070
%% ofof specifIed mipiml. mspecifIed mipiml. m b r e a k i ~ gb r e a k i ~ g strengtq,strengtq, oror
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specified'. l11illimum. breakilfg strength:specified'. l11illimum. breakilfg strength: ,oUhe,oUhestrand. .strand. . ..'' .... ..

) , )) , ) '. ,'. , tt ..

S5. S5. ;Yle;Yleld ld StrengthStrength
' S ~' S ~ i .i .Yield strength: oflow-tdaxati'onYield strength: oflow-tdaxati'on strand,strand,

asas described'in' 6.2, shaHdescribed'in' 6.2, shaH neitneit be lessbe less t h ~ l D  9 bt h ~ l D  9 b %%
ooff tnespeEifie'd' ni.lnimum breakirtg strengthtnespeEifie'd' ni.lnimum breakirtg strength ofof
the the strandstrand.' .' , , ""

S6. S6. Conditions' Conditions' of Relaxation:'Tesof Relaxation:'TesttS6.1S6.1 II ff required, relaxation evidence shall berequired, relaxation evidence shall be
provided from the manufacturer's recordsprovided from the manufacturer's records ofof

A4 6A4 6

teststests onon similarisimilariyy dimensioned strandimensioned stran
same same grade. grade. ' ' 

s6.2s6.2 TheThe tempetaturetempetature of the test pof the test p

be maintainedbe maintained atat 6868 ±± 3.soF3.soF (20(20 ±± 2°C2°C
'S6.3'S6.3 thethe test piece shall nottest piece shall not bebe susu

Idading pri'orIdading pri'or toto the the relaxrelaxation ation tetestst..
S6.4 The initial load shallS6.4 The initial load shall bebe apap

fdrm1y over a period of not less than 3fdrm1y over a period of not less than 3
not more than S min, and the gage lenot more than S min, and the gage le
bebe m ~ i n t a i r i . e dm ~ i n t a i r i . e d constant; load relaxatconstant; load relaxat
ingsings s h ~ i ls h ~ i l commence I min afterapplcommence I min afterappl
the total load.the total load. ..

S6.S Over-stressingS6.S Over-stressing ofof the test samthe test samthe loading operation shall notthe loading operation shall not bebe pepe
S6.6 The durationS6.6 The duration ofof the test shalthe test shal

h h or a shortor a shorter· er· computcomputed period extraped period extrap
'1000 h which'1000 h which can.can. be shown by rbe shown by r
provide similar 'relaxation values;provide similar 'relaxation values;

S6·.7S6·.7 T h ~T h ~ test gage length shall betest gage length shall be aa
times thetimes the ..nominal diameter.nominal diameter. II ff this gathis ga
exceeds the capaCity,exceeds the capaCity, of'of' theextensotheextenso

testing machine, then a minimum gatesting machine, then a minimum ga
ofof 4040 times the nominal diametertimes the nominal diameter
substituted.substituted.

TABLE TABLE 1 1 Breaking Breaking Strength Strength RequiremRequirementsents
.. ..
NominalNominal DiameterDiameter

ooffStrandStrand

inin

,,)) (0.250),(0.250),
l'I,l'I, (0.313)(0.313)
IsIs (0.375)::(0.375)::
Jti,(0.438). ;,Jti,(0.438). ;,
yy ,(0.50,9) ,,(0.50,9) ,

(0.6QO)(0.6QO)

mmmm

6.356.35
7.947.94
9.539.53

Jl.11Jl.11
12.7012.70
15.2415.24

B r  ; ~ l d n gB r  ; ~ l d n g StrengthStrength
,o,of f Strand, Strand, Ibf(kIbf(kN)N)

Grade 250 'Grade 250 '

9 9 000 000 (40.0)(40.0)
1414 500 (64.5)500 (64.5)
20'00020'000 (89.0)(89.0)
2727 000(120.1)000(120.1)
3636 OOq,(160;1)OOq,(160;1)
5454 000 (240.2)000 (240.2)
,, .. ; '); ') ~~

,.,. GiadeGiade 270270

NominalNominal SteelSteel
AreaArea of Strand,of Strand, in.in.22

(mm')(mm') 1':,;1':,;

0.036 0.036 (23.22(23.22))
0.0580.058 37.4i)37.4i)
0.080.(51.61j '"0.080.(51.61j '"
0.lD8 (69.,68) .0.lD8 (69.,68) .
O.IMO.IM (92.90)(92.90)
0.2160.216 ( 1 3 9 , ~ 5 )( 1 3 9 , ~ 5 )

NominaNomina
of Stof St

, Ibl, Ibl IQOOIQOO ftft

122122
197197
272272

, ,367-, ,367-
; 490.; 490.

737737
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l U IlU I
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384384
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StandardStandard Specification forSpecification for
COLD-FORMEDCOLD-FORMED WELDEDWELDED ANDAND SE MLESSE MLES
CARBONCARBON STEELSTEEL STRUCTURALSTRUCTURAL TUBING TUBING 

ROUNDS ANDROUNDS AND SHAPESSHAPES

ThisThis StandardStandard is issued under theis issued under the fixedfixed designation A 500; the number immediately following the ddesignation A 500; the number immediately following the d
yearyear ofof original adoption or,original adoption or, inin the casethe case ofof revision, the yearrevision, the year ofof last revision. A numberlast revision. A number inin parenthesparenthes
last reapproval.last reapproval.

1.1. S c  ~ eS c  ~ e

1.11.1 This specification covers cold-formedThis specification covers cold-formed
weldedwelded andand seamless carbonseamless carbon steel round,steel round,
square, rectangular,square, rectangular, oror special shape strucspecial shape struc
turaltural tubing for welded, riveted,tubing for welded, riveted, oror boltedbolted
constructionconstruction ooff bridges and buildings, and forbridges and buildings, and for
generalgeneral structuralstructural purposes.purposes.

1.21.2 This tubingThis tubing isis produced in welded sizesproduced in welded sizes
with awith a maximummaximum peripheryperiphery ofof 64 in. (1626 mm)64 in. (1626 mm)

2.1.102.1.10 SpecificationSpecification numnum
2.1.112.1.11 End use, andEnd use, and
2.1.122.1.12 Special Special requiremrequiremenen

3. Process3. Process
3.13.1 TheThe steel shall be masteel shall be ma

ofof the following processes: the following processes: 
oxygen,oxygen, oror electric-furnace.electric-furnace.

StandardStandard Specification forSpecification for
COLD-FORMEDCOLD-FORMED WELDEDWELDED ANDAND SE MLESSE MLES
CARBONCARBON STEELSTEEL STRUCTURALSTRUCTURAL TUBING TUBING 

ROUNDS ANDROUNDS AND SHAPESSHAPES

ThisThis StandardStandard is issued under theis issued under the fixedfixed designation A 500; the number immediately following the ddesignation A 500; the number immediately following the d
yearyear ofof original adoption or,original adoption or, inin the casethe case ofof revision, the yearrevision, the year ofof last revision. A numberlast revision. A number inin parenthesparenthes
last reapproval.last reapproval.

1.1. S c  ~ eS c  ~ e

1.11.1 This specification covers cold-formedThis specification covers cold-formed
weldedwelded andand seamless carbonseamless carbon steel round,steel round,
square, rectangular,square, rectangular, oror special shape strucspecial shape struc
turaltural tubing for welded, riveted,tubing for welded, riveted, oror boltedbolted
constructionconstruction ooff bridges and buildings, and forbridges and buildings, and for
generalgeneral structuralstructural purposes.purposes.

1.21.2 This tubingThis tubing isis produced in welded sizesproduced in welded sizes
with awith a maximummaximum peripheryperiphery ofof 64 in. (1626 mm)64 in. (1626 mm)

2.1.102.1.10 SpecificationSpecification numnum
2.1.112.1.11 End use, andEnd use, and
2.1.122.1.12 Special Special requiremrequiremenen

3. Process3. Process
3.13.1 TheThe steel shall be masteel shall be ma

ofof the following processes: the following processes: 
oxygen,oxygen, oror electric-furnace.electric-furnace.
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and aand a maximummaximum wallwall ofof 0.$00 in.0.$00 in. I ~ . 7 0I ~ . 7 0 mm),mm),
and in seamless withand in seamless with amaxiinumamaxiinum periphery ofperiphery of
32 in. (81332 in. (813 mm)mm) and aand a ~ a : x i m u m~ a : x i m u m wallwall ofof 0.5000.500
in.in.

NOTENOTE I-ProductsI-Products manufa.cturedmanufa.ctured toto this stanthis stan
dard may noidard may noi bebe suitable for those applicatibnssuitable for those applicatibns
such as dynamically loaded elementssuch as dynamically loaded elements inin w e l ~ e dw e l ~ e d
structures, etc., where low-temperature notchstructures, etc., where low-temperature notch
toughness properties maytoughness properties may bebe important.important. ForFor suchsuch
applicatioapplications ns the the manufmanufacturacturer shouler shouldd bebe consulted.consulted.

NOTENOTE The values statedThe values stated inin U.S.U.S. customarycustomary
units areunits are toto be regarded as the standard.be regarded as the standard.

22 Ordering InformationOrdering Information

4. Manufacture4. Manufacture
4. \4. \ The tubing shaH be 'mThe tubing shaH be 'm

or welding process.or welding process.

4.2 4.2 WeldeWelded d tubtubing ing shshaHaHflat-rolledflat-rolled ,steel,steel by anby an aa
process producing a longituprocess producing a longitu
additionaddition ooff filler metal.:Thfiller metal.:Th
jointjoint ofof welded tubing shalwelded tubing shal
its thickness in such a manits thickness in such a man
tural design strengthtural design strength ofof thth
assured.assured.

4.2.14.2.1 StructuralStructural tubing wtubing w

resistanceresistance methodsmethods isis nono2.12.1 OrdersOrders for mafor materterial uial undnder er ththis is spspeecicififi-- wiwiththouout t reremomovalval ofof inside flinside fl
catication shall include on shall include the follthe followiowing, as ng, as required, required, . .. . 4.34.3 TheThe tubing may be tubing may be 
toto describedescribe thethe desired desired materimaterial al adequadequately. ately. anann.n.t;t;alaled ed asas isis < t o n s i d ~ r e d< t o n s i d ~ r e d

. 2.U. 2.U Quanti,ty (feetQuanti,ty (feet oror nllmber oflengths),nllmber oflengths), m a ~ u f a c t u r e rm a ~ u f a c t u r e r toto conform tconform t
2.1.22.1.2 NameName ooff nn ate ate rial {cold-forial {cold-formed rmed tub-tub-  ofthis ofthis speCifica'tiorL .speCifica'tiorL .

ing),ing),
2.1:32.1:3 MethodMethod ooff manufacture (seamlessmanufacture (seamless oror ~~ Heat AnalysisHeat Analysis

'wiided),''wiided),' 55)) nn a n ~ l y s i ~a n ~ l y s i ~ oo eaceac
2.1.42.1.4 GradeCrableGradeCrable 1 and1 and 2),2), hearth, basic-oxygen',hearth, basic-oxygen', oror e le l
2.1;'52.1;'5 SizeSize
2.1.6 2.1.6 LenLength gth (speci(specificfic oror random, seerandom, see

12.1.312.1.3 oror 12.2.3),12.2.3),
2.1.7 2.1.7 EnEnd d conconditdition ion (se(see 16e 16.3).3),,
2.2.'1.'1.8 8 BuBurr removrr removal al (see (see 16.3)16.3),,
2.1.9 2.1.9 CertCertificificatiation on (s(see 1ee 16.6.4)4),,

436436

ThisThis specificationspecification isis underunder thethe
CommittCommittee A-ee A- I oI on Steel, Stainlessn Steel, Stainless
loys, andloys, and isis the direct responsibthe direct responsib
AOAO 1.09 on1.09 on Pipe.Pipe.

Current edition approved JulyCurrent edition approved July
SeptemberSeptember 1978.1978. Originally publOriginally publ
Last previous edition ALast previous edition A 500500 -- 7777..
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shaH be made byshaH be made by thethe manufacturer.manufacturer. ThisThis anal-anal-
ysis shall beysis shall be mademade from a test ingotfrom a test ingot takentaken
duringduring the pouringthe pouring ooff the heat.the heat. TheThe chemicalchemical
composition thcomposition th usus determined shalldetermined shall conform toconform to

the requirements specifiedthe requirements specified inin TableTable 1 for1 for heatheat
analysis.analysis.

6.6. ProductProduct AnalysisAnalysis
6.16.1 AnAn analysis may be made byanalysis may be made by thethe pur-pur-

chaser from finished tubingchaser from finished tubing manufacturedmanufactured inin
accordance with this specification,accordance with this specification, oorr an anal-an anal-
ysis may beysis may be mademade from flat-rolledfrom flat-rolled stockstock ooff
whichwhich thethe welded tubingwelded tubing isis manufactured.manufactured.
WhenWhen productproduct analyses are made, twoanalyses are made, two samplesample
lengths from alengths from a lotlot ooff each 500 lengthseach 500 lengths oorr fracfrac
tiontion thereofthereof shall be selected.shall be selected. TheThe specimensspecimens
for chemical analysis shall befor chemical analysis shall be takentaken fromfrom thethe
sample lengths in accordance withsample lengths in accordance with ASTMASTM
MethodMethod EE 59,59, SamplingSampling SteelSteel and Iron forand Iron for
DeterminationDetermination ooff ChemicalChemical Composition.Composition.
The chemical composition thThe chemical composition th usus determineddetermined
shall conformshall conform to theto the requirements specified inrequirements specified in
Table 1 forTable 1 for productproduct analysis.analysis.

6.26.2 In the·In the· eventevent thethe chemical compositionchemical composition
ofof oneone ooff thethe samplesample lengths does notlengths does not conformconform
to theto the requirementsrequirements shownshown inin TableTable I forI for
product analysis,product analysis, aann analysisanalysis ofof twotwo additionaladditional
lengths selected from the same lot shall belengths selected from the same lot shall be
made,made, eacheach ooff which shall conformwhich shall conform toto thethe
requirements shown in Table 1 forrequirements shown in Table 1 for productproduct
analysis,analysis, oror thethe lotlot is subject to rejection.is subject to rejection.

7.7. Tensile RequirementsTensile Requirements
7.17.1 TheThe material,material, as represented byas represented by thethe testtest

specimen, shallspecimen, shall conformconform to the requirementsto the requirements
as to tensileas to tensile propertiesproperties prescribed inprescribed in TableTable 2.2.

8.8. FlatFlattenintening Tg Testest
8.18.1 TheThe flattening test shall beflattening test shall be mademade onon

roundround structuralstructural tubing. A flatteningtubing. A flattening testtest isis
not requirednot required forfor shaped shaped structural tubing.structural tubing.

8.28.2 ForFor welded round structural tubing, awelded round structural tubing, a
specimenspecimen atat leastleast 4 4 in. in. 102 102 mm) imm) in lengtn lengthh
shall be flattened cold between parallel platesshall be flattened cold between parallel plates

tinued. Duringtinued. During thethe second step, wsecond step, w
for ductility exclusivefor ductility exclusive ooff thethe wewe
oorr breaksbreaks oonn thethe insideinside oorr outout
exceptexcept asas provided forprovided for inin 8.5,8.5, shsh
thethe distancedistance betweenbetween thethe plateplate
oneone halfhalf ooff thethe originaloriginal outsideoutside
the tubingthe tubing butbut isis notnot lessless thanthan ff
wall thicknesswall thickness ofof the tubing.the tubing. DuDu
step, which is astep, which is a testtest forfor soso
flattening shallflattening shall bebe continuedcontinued unun
menmen breaksbreaks oorr thethe oppositeopposite wallswalls
meet.meet. EvidenceEvidence ooff laminatedlaminated
materialmaterial oorr ooff incompleteincomplete welwel

vealedvealed duringduring the entirethe entire flattenflatten
be causebe cause forfor rejection.rejection.

8.38.3 ForFor seamless roundseamless round strustru
2%2% in. 60.3in. 60.3 mm) outsidemm) outside dd
larger, a sectionlarger, a section notnot lessless thanthan
mm)mm) inin length shalllength shall bebe flattened flattened 
parallel platesparallel plates inin two steps.two steps. DurDur
step, which is astep, which is a testtest for ductility for ductility 
breaksbreaks oonn thethe insideinside oorr outsouts

exceptexcept asas provided forprovided for inin 8.5,8.5, shsh
tiltil the distancethe distance betweenbetween thethe pp
thanthan thethe valuevalue ooff HH calculatecalculate
lowinglowing equation:equation:

HH == II e)tl ee)tl e tiDtiD

where:where:
HH distance between flattening distance between flattening 
ee == deformation perdeformation per unitunit lengleng

for a givenfor a given gradegrade ooff steste
GradeGrade A, 0.07 forA, 0.07 for GradeGrade BB
GradeGrade C),C),
nominalnominal wall thicknesswall thickness ooff
andand
actual outsideactual outside diameterdiameter ooff tt

DuringDuring thethe second step, which second step, which 
soundness,soundness, thethe flattening shall bflattening shall b
until the specimenuntil the specimen breaksbreaks oorr tt
wallswalls ofof thethe tubingtubing meet. Evidemeet. Evide
natednated oorr unsoundunsound materialmaterial thatthat
duringduring thethe entienti rere flattening test shflattening test sh
for rejection.for rejection.

8.48.4 SurfaceSurface imperfections not fimperfections not f
test specimen before flattening,test specimen before flattening,

shaH be made byshaH be made by thethe manufacturer.manufacturer. ThisThis anal-anal-
ysis shall beysis shall be mademade from a test ingotfrom a test ingot takentaken
duringduring the pouringthe pouring ooff the heat.the heat. TheThe chemicalchemical
composition thcomposition th usus determined shalldetermined shall conform toconform to

the requirements specifiedthe requirements specified inin TableTable 1 for1 for heatheat
analysis.analysis.

6.6. ProductProduct AnalysisAnalysis
6.16.1 AnAn analysis may be made byanalysis may be made by thethe pur-pur-
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made,made, eacheach ooff which shall conformwhich shall conform toto thethe
requirements shown in Table 1 forrequirements shown in Table 1 for productproduct
analysis,analysis, oror thethe lotlot is subject to rejection.is subject to rejection.

7.7. Tensile RequirementsTensile Requirements
7.17.1 TheThe material,material, as represented byas represented by thethe testtest

specimen, shallspecimen, shall conformconform to the requirementsto the requirements
as to tensileas to tensile propertiesproperties prescribed inprescribed in TableTable 2.2.

8.8. FlatFlattenintening Tg Testest
8.18.1 TheThe flattening test shall beflattening test shall be mademade onon

roundround structuralstructural tubing. A flatteningtubing. A flattening testtest isis
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flattening shallflattening shall bebe continuedcontinued unun
menmen breaksbreaks oorr thethe oppositeopposite wallswalls
meet.meet. EvidenceEvidence ooff laminatedlaminated
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vealedvealed duringduring the entirethe entire flattenflatten
be causebe cause forfor rejection.rejection.
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exceptexcept asas providedprovided forfor inin 8.5,8.5, shsh
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than thethan the valuevalue ooff HH calculatecalculate
lowinglowing equation:equation:
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test specimen before flattening,test specimen before flattening,
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in three steps, within three steps, with thethe weld locatedweld located atat 90 deg90 deg
fromfrom thethe lineline ooff directiondirection ooff force.force. DuringDuring thethe
first step, which is a test for ductilityfirst step, which is a test for ductility ooff thethe
weld, noweld, no crackscracks oorr breaks on the insidebreaks on the inside oorr

outside surfaces shall occur until the distanc.eoutside surfaces shall occur until the distanc.e
between the platesbetween the plates isis less than twoless than two thirdsthirds ooff
the original outsidethe original outside diameterdiameter ofof thethe tUbing. AstUbing. As
a second step,a second step, thethe flattening shall be con-flattening shall be con-

437437

duringduring thethe firstfirst stepstep ooff thethe flafla
shall beshall be judgedjudged inin accordanceaccordance withwith

8.58.5 WhenWhen lowlow D to tD to t ratio ratio 
tested,tested, becausebecause thethe strainstrain impoimpo
geometrygeometry isis unreasonablyunreasonably highhigh oo
surfacesurface aatt thethe 66 andand 1212 o'cloco'cloc

22 Annual BookAnnual Book ooffASTMStandards,ASTMStandards, PartPart

in three steps, within three steps, with thethe weld locatedweld located atat 90 deg90 deg
fromfrom thethe lineline ooff directiondirection ooff force.force. DuringDuring thethe
first step, which is a test for ductilityfirst step, which is a test for ductility ofof thethe
weld, noweld, no crackscracks oorr breaks on the insidebreaks on the inside oror

outside surfaces shall occur until the distanc.eoutside surfaces shall occur until the distanc.e
between the platesbetween the plates isis less than twoless than two thirdsthirds ooff
the original outsidethe original outside diameterdiameter ofof thethe tUbing. AstUbing. As
a second step,a second step, thethe flattening shall be con-flattening shall be con-

437437

duringduring thethe firstfirst stepstep ooff thethe flafla
shall beshall be judgedjudged inin accordanceaccordance withwith

8.58.5 WhenWhen lowlow D to tD to t ratio ratio 
tested,tested, becausebecause thethe strainstrain impoimpo
geometrygeometry isis unreasonablyunreasonably highhigh oo
surfacesurface aatt thethe 66 andand 1212 o'cloco'cloc

22 Annual BookAnnual Book ooffASTMStandards,ASTMStandards, PartPart

  

crqckscrqcks atat tl1esetl1ese I Q c ~ t i o n sI Q c ~ t i o n s shall ,notshall ,not bebe caus ,caus ,
forfor rejectionifrejectionif thethe D-to-t,ratioisD-to-t,ratiois lessless thanthan 10.10.
9.'9.' TestTest Methods"Methods" ""

9.9. kk TheThe tensiOll ;specimens required by thistensiOll ;specimens required by this
spt:cification shall conformspt:cification shall conform toto those describedthose described
inin thethe latest issuelatest issue ofof ASTMASTM 'Methods'Methods andand
DefinitionsDefinitions AA 370,' for370,' for thethe Mechanical TestingMechanical Testing
ooff Steel Products, Supplementary 'Require-Steel Products, Supplementary 'Require-

'ments,U}"'ments,U}" '' .. """"'9;.2 The,'9;.2 The, tensiontension test specimentest specimen sh:alloesh:alloe
takentaken longitudinallY from 'alongitudinallY from 'a seCtionoftlieseCtionoftlie {in{in
ished itubing,ished itubing, atat iiff -idcation at least' 90 deg-idcation at least' 90 deg
from the weldfrom the weld inin the 'casethe 'case ,Of,Of welded tubing,welded tubing,
'and'and shallshall notnot be flattened betw1ien gagebe flattened betw1ien gage
marks.marks. II ff desidesired, red, the ·tehsthe ·tehsio'if io'if teststests maymay bebe
made'made' on thb full sectibnon thb full sectibn ohhe'tubing;ohhe'tubing; otHerotHer
wise,'a longitudihal strip-test specimen as prewise,'a longitudihal strip-test specimen as pre

sc'ribed'insc'ribed'in 'Methods 'Methods A 370 A 370 ;Supp;SupplemenlementarytaryRequiremeRequirements nts II 'sII 'shahallll bbee used. The specimensused. The specimens
shall haveshall have all"all" :burrsremoved:burrsremoved aridaridii shail notshail not

A:A: 500500

.IQtwiginally.IQtwiginally ( e p r e ~ e n t e d ; ; m a y( e p r e ~ e n t e d ; ; m a y be tebe te
shaHshaH comply.withcomply.with all all req req lliI:emenlliI:ementsts
specification.specification. ,,

12\'12\' P e r i I i i s S i t i l ~P e r i I i i s S i t i l ~ VariatVariations iions in n DiniensiDiniensi
12,\12,\ RounaRouna Structural Tubing:Structural Tubing:
12.1.112.1.1 Diameter TheDiameter The outsideoutside dd

shaHshaH not vary more thannot vary more than ±± 0.50.5
rounded to the nearest 0.005rounded to the nearest 0.005 in.in. (0.13(0.13

the nominal outside diameter size sthe nominal outside diameter size s
{or{or ,nQminaloutside,nQminaloutside d i a m e t ~ rd i a m e t ~ r dimdim
1.9001.900 inin . .(4S.26. .(4S.26 mm}and.mm}and. smaller, smaller, 
< nd< nd minus 0.75 perceQ(roundedminus 0.75 perceQ(rounded toto thth
0.0050.005 .in,.in, of of thethe,no,nominminal al ollolltsitside, de, diadiamm

n o ~ i p ~ 1n o ~ i p ~ 1 outsoutside. diarp.eteide. diarp.eterr d i ~ e n ~ i o n sd i ~ e n ~ i o n s
qud larger. ,Thequd larger. ,The outsi<ieoutsi<ie diameterdiameter
men,tsmen,ts s h a l L b ~s h a l L b ~ made at positions at lmade at positions at l
(SO.8(SO.8 mm)mm) from eitge( endfrom eitge( end ooff the tubthe tub

'12:1.2'12:1.2 Wall.Wall. ThicknessThickness The,mThe,miniminimthickness at any point.of measuremethickness at any point.of measureme

crqckscrqcks atat tl1esetl1ese I Q c ~ t i o n sI Q c ~ t i o n s shall ,notshall ,not bebe caus ,caus ,
forfor rejectionifrejectionif thethe D-to-t,ratioisD-to-t,ratiois lessless thanthan 10.10.
9.'9.' TestTest Methods"Methods" ""

9.9. kk TheThe tensiOll ;specimens required by thistensiOll ;specimens required by this
spt:cification shall conformspt:cification shall conform toto those describedthose described
inin thethe latest issuelatest issue ofof ASTMASTM 'Methods'Methods andand
DefinitionsDefinitions AA 370,' for370,' for thethe Mechanical TestingMechanical Testing
ooff Steel Products, Supplementary 'Require-Steel Products, Supplementary 'Require-

'ments,U}"'ments,U}" '' .. """"'9;.2 The,'9;.2 The, tensiontension test specimentest specimen sh:alloesh:alloe
takentaken longitudinallY from 'alongitudinallY from 'a seCtionoftlieseCtionoftlie {in{in
ished itubing,ished itubing, atat iiff -idcation at least' 90 deg-idcation at least' 90 deg
from the weldfrom the weld inin the 'casethe 'case ,Of,Of welded tubing,welded tubing,
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A:A: 500500

.IQtwiginally.IQtwiginally ( e p r e ~ e n t e d ; ; m a y( e p r e ~ e n t e d ; ; m a y be tebe te
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12\'12\' P e r i I i i s S i t i l ~P e r i I i i s S i t i l ~ VariatVariations iions in n DiniensiDiniensi
12,\12,\ RounaRouna Structural Tubing:Structural Tubing:
12.1.112.1.1 Diameter TheDiameter The outsideoutside dd

shaHshaH not vary more thannot vary more than ±± 0.50.5
rounded to the nearest 0.005rounded to the nearest 0.005 in.in. (0.13(0.13

the nominal outside diameter size sthe nominal outside diameter size s
{or{or ,nQminaloutside,nQminaloutside d i a m e t ~ rd i a m e t ~ r dimdim
1.9001.900 inin . .(4S.26. .(4S.26 mm}and.mm}and. smaller, smaller, 
< nd< nd minus 0.75 perceQ(roundedminus 0.75 perceQ(rounded toto thth
0.0050.005 .in,.in, of of thethe,no,nominminal al ollolltsitside, de, diadiamm

n o ~ i p ~ 1n o ~ i p ~ 1 outsoutside. diarp.eteride. diarp.eter d i ~ e n ~ i o n sd i ~ e n ~ i o n s
qud larger. ,Thequd larger. ,The outsi<ieoutsi<ie diameterdiameter
men,tsmen,ts s h a l L b ~s h a l L b ~ made at positions at lmade at positions at l
(SO.8(SO.8 mm)mm) from eitge( endfrom eitge( end ooff the tubthe tub

'12:1.2'12:1.2 Wall.Wall. ThicknessThickness The,mThe,miniminimthickness at any point.of measuremethickness at any point.of measureme

Related titles

Super Block Hollow Structural
Sections Lrfd…

Ipe Section Good ASTM B88 - 1996 -
Standard…

Cim Design and
Dra�ing…

Download of 81 Search document 

 Sign In JoinSearch 

117

Case 1:13-cv-01215-TSC   Document 198-38   Filed 10/07/19   Page 118 of 243

https://www.scribd.com/document/395753162/Super-Block
https://www.scribd.com/document/293022860/Hollow-Structural-Sections-Lrfd-Column-Load-Tables
https://www.scribd.com/document/166433901/Ipe-Section-Good
https://www.scribd.com/document/156168920/ASTM-B88-1996-Standard-Specification-for-Seamless-Copper-Water-Tube
https://www.scribd.com/document/113597722/Cim
https://www.scribd.com/document/125982203/Design-and-Drafting-Standards
https://www.scribd.com/upload-document


9/23/2019 ASTM A500 | Engineering Tolerance | Fracture

https://www.scribd.com/document/278686918/ASTM-A500 8/15

contain,contain, s u f f a c ~s u f f a c ~ iiiljJerfectionswhich wouldiiiljJerfectionswhich would
interfere with'interfere with' II propproper er ':det':determirermiriatioiationn 0101 thethe
tensitensile prople properties'erties' ofof tlie'mel'at "tlie'mel'at "

9.39.3 TheThe yieldyield pointpoint shal ' be determinellshal ' be determinell inin
accordanceaccordance ,with,with oneone ooff thethe alternativealternative
methods describedmethods described inin Methods A 370:Methods A 370:

10.10. Number' of TestsNumber' of Tests
10.110.1 One tension test as specified in,-SeCOne tension test as specified in,-SeC

tion 9 shall' betion 9 shall' be madeftomaIength;oftubingmadeftomaIength;oftubing
representing ea'ch lot.representing ea'ch lot.

10.10.2 'Thefl2 'Thefl lmenirrg lmenirrg testest,t, asas specified in Secspecified in Sec
tiorttiort S'shallS'shall be made on dne'lengthbe made on dne'length ooff roundround
tubing tubing from from each each lot: lot: ''
; '10:3; '10:3 TheThe term "Iot"term "Iot" appliesapplies toto all tubesall tubes ofof

thethe samesame nominal size andnominal size and wall'wall' thicknessthickness
which·which· ::fieproduced::fieproduced f r ~ mf r ~ m 'the 'same'the 'same heatheat ofof
steestee ,:,: ,,

(I(I . < ; : ~ ,. < ; : ~ , 'I:'I: ','','
11.11. Retests. ,Retests. , ''.. ."." .. '' , , ,,
" i :l'" i :l' II ff thethe res,ulires,ulis' s' of of the the mechanicamechanicall i ~ s t si ~ s t s
fe'presepting;fe'presepting; ~ ~ y~ ~ y ilc,ltilc,lt do.'do.' no'fno'f . c o ~ f 6 ' t i n '. c o ~ f 6 ' t i n ' toto a:a: r e ~r e ~

'qiiirement as specified''qiiirement as specified' inin SeCtion'sSeCtion's 77 and'S,and'S,
<< '.'. '.'. '' JJ .. II >> ~~ l'"l'" '0'0 0 0 " " ' ' • .• . "" \: .\: . ,, "" j . ;j . ; .. ll 1 1 ''
retests may be made on addition.itl tubingretests may be made on addition.itl tubing <?f<?f
doubldouble the the originale original numbernumber f[()IDf[()ID the sarrje lot,the sarrje lot,
eacheach [of[of ~ h i d i~ h i d i ' s ~ a J L' s ~ a J L b o r i f 6 h ~b o r i f 6 h ~ ' t8''t8' the requirethe require
;ment;ment ii s p e 9 1 h e d ; ~ ~ ,s p e 9 1 h e d ; ~ ~ , h i , ~h i , ~ t ~ b l , n gt ~ b l , n g r ~ p r e ~ e h ~ e d ' , b , yr ~ p r e ~ e h ~ e d ' , b , y

. l < . ~ ~. l < . ~ ~ . , J . ; ~ . ; J , ' > : . :. , J . ; ~ . ; J , ' > : . : '0,1'0,1 ~ 1 1 .~ 1 1 . C):.,',C):.,', t,dt,d '"'" .i,l.i,l

tl1etl1e test Is,§utest Is,§ubjecbjectto tto rereJeJectlctl()()n: n: '' , ' ., ' . 'L,;'L,;

'11.2'11.2 InIn caseoffaifure6ricaseoffaifure6ri retesi'toretesi'to m e e tm e e t thethe
.. e q u i r e ~ e n t se q u i r e ~ e n t s ofof s e c t i ~ n ss e c t i ~ n s 77 imdimd 8,8, 'the'the m ~ n u cm ~ n u c
'facturer' may'facturer' may e k c ~e k c ~ 'to''to'retr6 it,rewb';k"retr6 it,rewb';k" oorr othoth
erwise eliminate the coridltlon responsibleerwise eliminate the coridltlon responsible JorJor

f ~ i l ~ ~ ef ~ i l ~ ~ e I,I, toto ~ e e t~ e e t thethe s p e c i r i ~ ds p e c i r i ~ d r e q ~ i r e m e n t s .r e q ~ i r e m e n t s .
Thereafter;Thereafter; thethe I T H l t e r j ~ ~ ; \ ~ ~ w ~ i n i l ' ) gI T H l t e r j ~ ~ ; \ ~ ~ w ~ i n i l ' ) g frowfrow thethe

tubingtubing. . shall shall be be not not ,mo,more re thanthan 1919 perper
than.the .nominal wall thickness specithan.the .nominal wall thickness speci
maximummaximum WallWall ,thickne,ss, excluding,thickne,ss, excluding
,seam,seam or'or' welded tubing,welded tubing, sh< 11sh< 11 bebe nn
thanthan 1010 percent greater than the nompercent greater than the nom
thickness specified. 'thickness specified. '

12 1 312 1 3 L e n g ; t h - S , ~ r u c t u ~ a lL e n g ; t h - S , ~ r u c t u ~ a l tubingtubing

mallypXoducedmallypXoduced inin ranOQ,mmill lenranOQ,mmill len,(1.5,(1.5 m)m) and over, in mUltiple lengthand over, in mUltiple length
specified mill lengths."specified mill lengths." , R ~ f e r ,, R ~ f e r , to;,to;, SeSe
When'When'specspecified ified mill mill lengthlengths, s, are ordare ord
length.-tolerance shalllength.-tolerance shall .,be.,be inin :aCcorda:aCcorda
TableTable 3,3,

12 1 412 1 4 S t r a i g h t n e s s ~S t r a i g h t n e s s ~ Tpe,Tpe, ; r l 1 J i s s; r l 1 J i s s

tion fortion for straightnessstraightness ofof round sround s
tJbihgtJbihg shallshall bg',bg', YsYs in:in: t i l n e ~ t h et i l n e ~ t h e ilI1mbilI1mb

(10 :4(10 :4 mm'tirries'mm'tirries' 'the': nufuber'the': nufuber of mof mt6tal1ength dividedt6tal1ength divided byby 5.5. ""
12 212 2 Square and RectangularSquare and Rectangular StSt

TubingTubing
;;;; 12,2.112,2.1 OutsideOutside D i m e n s i o n s ~ T h eD i m e n s i o n s ~ T h e

dimensions, measiireddimensions, measiired aCrosSaCrosS the flatsthe flats
tions'aicleitst 2 in. (50;Stions'aicleitst 2 in. (50;S :mm):mm) from efrom e

'of'of the tubing and includingthe tubing and including anan allowallow
convexiconvexity; ty; or "conoavityor "conoavity shallshall not exnot ex

••
l i l S ~ h d ;l i l S ~ h d ;

'minus 'minus tolerahces,shotolerahces,sho,wri,wri
i n l 1 fi n l 1 f

c : ~ . 1 ' I : 2 ' , 2 ; 2c : ~ . 1 ' I : 2 ' , 2 ; 2 ;;WallWall ,,Thickness '-TheThickness '-The t:olert:oler
wall thicknessiexdusive" uf.the weld awall thicknessiexdusive" uf.the weld a
be plus"and'minusbe plus"and'minus 1010 percenpercent-of t-of thethe
:wa\l,thickne'ss::spedfied,:wa\l,thickne'ss::spedfied, T-he<wallT-he<wall thithi
:to;be:to;be :mea:s:uri-:d::mea:s:uri-:d: anhe"centeranhe"center of of the the ,fl,flaa

.. , ~ f, ~ f j";"'j";"' jj , . ., . . , ' ,, ' , ll f f ::
AhHiuliAhHiuli Bo'ok'bjASTM'Slandards;'Pahs Bo'ok'bjASTM'Slandards;'Pahs 
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AMERICANAMERICAN NATIONALNATIONAL ANS IANS I ASTMASTM A 514A 514 :: 7777
ST ND RDST ND RD

American Association State HighwAmerican Association State Highw
portation Offportation Off icials Staicials Standard ndard AAAASHSH

Standard Specification forStandard Specification for
HIGH-YIELD-STRENGTH HIGH-YIELD-STRENGTH QUENCHED QUENCHED AND AND TEMPERTEMPER
ALLOY STEELALLOY STEEL ,PLAJ,E ,,PLAJ,E , SUITABLESUITABLE ,FOR,FOR WELDING1WELDING1

\\

This'This' t ~ n d a r c it ~ n d a r c i isis issued under the fixed designation Aissued under the fixed designation A 5.14;5.14; the number immediately following the designation the number immediately following the designation 
yearyear ofof original adoptipnoriginal adoptipn citcit inin the casethe case ofof revision, the year ofrevision, the year of lashlash revision. A numberrevision. A number inin parentheparentheses indicatses indicat
last reapprQval.last reapprQval.

1.1. ScopeScope
1.1 1.1 ThiThis ss speCipeCificafication tion covers qucovers quencheenched d andand

tempered alloy steel platestempered alloy steel plates ofof structural qualstructural qual
ity in thicknesses of 6 in. (152 mm) and underity in thicknesses of 6 in. (152 mm) and under
intended primarily for use inintended primarily for use in ~ e l  e~ e l  e bridgesbridges
andand otherother strllctures.strllctures.

NOTENOTE AAnn gradesgrades a r ~a r ~ not availablenot available inin aa m a x i ~m a x i ~
mum thickness of 6 in. Seemum thickness of 6 in. See TableTable for thicknessesfor thicknesses
availableavailable ihih each grade.each grade.

LL22 Welding technique isWelding technique is ooff fundamentalfundamental
importance and mustimportance and must notnot adversely affectadversely affect the.the.

4 4 HeaHeat t TreatmeTreatmentnt
4.1 4.1 The materThe material ial shalshall be heat tl be heat t

the manufacturer to conform to 'tthe manufacturer to conform to 't
and hardness requirementsand hardness requirements ofof TaTa
heating to not less thanheating to not less than ~ ( 5 5 0 ° I <~ ( 5 5 0 ° I <

quenchiquenching inng in WaterWater or oior oil and l and tempetemperr
less than 1150°F (620°C).less than 1150°F (620°C). TheThe hehe
temperatures shall betemperatures shall be reportedreported onon
certificates.certificates.

55 Chemical RequirementsChemical Requirements
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propertiesproperties ooff the plate, espeCialIy)ri'the heatthe plate, espeCialIy)ri'the heat
affected zone.affected zone. IItt isis presupposed that weldingpresupposed that welding
procedures will be suitable for the materialsprocedures will be suitable for the materials
being welded.being welded.
NOTENOTE The values stated in inch-pound unitsThe values stated in inch-pound units

are to be regardedare to be regarded asas the standard.the standard.

22 General Requirements for DeliveryGeneral Requirements for Delivery
2.1 2.1 Material Material furnifurnishedshed underunder this speCificathis speCifica

tion shall conform to the applicable requiretion shall conform to the applicable require
mentsments of theof the current editioncurrent edition ofof ASTMASTM SpeCifi-SpeCifi-
cation Acation A 6,6, for General Requirements forfor General Requirements for
Rolled Rolled Steel Plates, Shapes, Steel Plates, Shapes, SheeSheet Pilt Pilinging, and, and
Bars for Bars for Structural UseStructural Use.. 22

33 ProcessProcess
3.13.1 TheThe steel shall be made 'by one of thesteel shall be made 'by one of the

following processes: open-hearth, basic-oxyfollowing processes: open-hearth, basic-oxy
gen,gen, oror electric-furnace. Additional refiningelectric-furnace. Additional refining
by vacuum-arc-remelt (Vby vacuum-arc-remelt (VAR)AR) oror electroslagelectroslag
remelt (ESR)remelt (ESR) isis permitted.permitted.

3.23.2 TheThe steel shall be fully killed, fine grainsteel shall be fully killed, fine grain
(ASTM(ASTM No.5No.5 or finer)or finer) asas determined indetermined in ac-ac-
cordcordance with ASTM Methods E ance with ASTM Methods E 112, f112, for Eor Ess
timating the Average Grain Size of Metals,3timating the Average Grain Size of Metals,3
specifically, Plate IV.specifically, Plate IV.

472472

5.1 The5.1 The heat analysis shall confoheat analysis shall confo
requirements requirements prescprescribed ribed in in Table Table 11

5.25.2 The steel shall conform onThe steel shall conform on
analysis to the requirements as preanalysis to the requirements as pre
Table 1, subject to the product analTable 1, subject to the product anal
ances in SpeCification A 6.ances in SpeCification A 6.

66 Tensile RequirementsTensile Requirements
6.16.1 TheThe materialmaterial asas reprrepresentesented bed b

sion test specimens shall conform tsion test specimens shall conform t
sile properties prescribed in Table sile properties prescribed in Table 

6.26.2 A A deduction deduction of of 1.25 1.25 fromfrom
centage of elongation specifiedcentage of elongation specified inin
shallshall bebe made for each decrease made for each decrease 
(0.80 mm) of the specified thickn(0.80 mm) of the specified thickn
SShh in. (8.0 mm). This deductionin. (8.0 mm). This deduction
tion shall not exceed 3tion shall not exceed 3 %.%.

II This specificationThis specification isis under the jurisdictiunder the jurisdicti
CommitteeCommittee A-IonA-Ion Steel, Stainless Steel andSteel, Stainless Steel and
loys, andloys, and isis the direct responsibilitythe direct responsibility ofof SS
A01.02 on Structural Steel for Bridges, BuildA01.02 on Structural Steel for Bridges, Build
Stock, and Ships.Stock, and Ships.

Current edition approved June 24, 1977. PCurrent edition approved June 24, 1977. P
gusgust t 19771977. Origi. Originalnally publly published aished as A 514 -s A 514 -
viovious eus edition A dition A 514 514 -- 75.75.

22 AnnualAnnual BookBook ooff ASTMASTM StandardsStandards Part Part 
33 AnnualAnnual BookBook ooffASTMASTM StandardsStandards Part Part 
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7.7. BrinellBrinell Hardness ReqnirementsHardness Reqnirements
7.17.1 ForFor platesplates 33//88 in. (9.5 mm) and underin. (9.5 mm) and under inin

thickness, a Brinell hardness test may be usedthickness, a Brinell hardness test may be used
insteadinstead ooff tension testing each plate,tension testing each plate, inin whichwhich
case a tension test shall be made from a cornercase a tension test shall be made from a corner
of eachof each ofof two plates per lot. A lot shalltwo plates per lot. A lot shall
consistconsist ofof plates from the same heat and thickplates from the same heat and thick
nenessss, , same same prior condition and scheduled heatprior condition and scheduled heat
treatment and shall not exceedtreatment and shall not exceed 1515 tonstons (13.6(13.6
MMgg in weight. A in weight. A Brinell hardness test shall beBrinell hardness test shall be
made on each plate not tension tested andmade on each plate not tension tested and
shshalall meel meet the ret the requiremequirements shownnts shown inin Table 2.Table 2.

8. Test Specimens8. Test Specimens
8,1 8,1 When possibWhen possible, ale, all ll test test specimens specimens shallshall

be cut from the platebe cut from the plate inin its heat-treated condiits heat-treated condi
tiontion asas shipped.shipped. ff itit isis necessary to preparenecessary to prepare
test specimens from separate pieces, thesetest specimens from separate pieces, these
pieces shall be full thickness, and all piecespieces shall be full thickness, and all pieces
shall be similarly and simultaneously heatshall be similarly and simultaneously heat
treated with the material. All such separatetreated with the material. All such separate
pieces shall be of such size that the preparedpieces shall be of such size that the prepared
test specimens are free of any variationtest specimens are free of any variation inin
properties due to edge effects.properties due to edge effects.

8.28.2 TheThe purchaspurchaser shall sper shall speciecify on tfy on the purhe pur
chasechase orderorder any additional thermal treatmentsany additional thermal treatments
which shall be given to the test specimenswhich shall be given to the test specimens inin
addition to the heat treatment specifiedaddition to the heat treatment specified inin
Section 4. (ThisSection 4. (This isis intended to simulate therintended to simulate ther
mal treatments which subsequentlymal treatments which subsequently maymay bebe
donedone byby the fabricator.)the fabricator.)

A 5 4A 5 4

9. Number9. Number ofof TestsTests
9.1 Except9.1 Except asas described indescribed in 7.17.1

test shtest shalall be taken from l be taken from a coa corner rner 
asas heat treated. Plates wider thanheat treated. Plates wider than
mm) shall be tested in the transvemm) shall be tested in the transve
and are subject to the modificatiand are subject to the modificati
gation and reduction of area gation and reduction of area 
footnote C of Table 2.footnote C of Table 2.

9.2 One grain size test (see9.2 One grain size test (see 33
made from each heat.made from each heat.

10.10. RetestRetest

10.1 Plates subjected to Brin10.1 Plates subjected to Brin
tests and which fail to meet the tests and which fail to meet the 
quirements, at quirements, at the the manufacmanufacturtur
may be subjecte.d to tension testimay be subjecte.d to tension testi
be accepted if the results conforbe accepted if the results confor
quiremepts of Table 2.quiremepts of Table 2.

10.210.2 TheThe manufacturer may manufacturer may 
plates that fail to meet the mechplates that fail to meet the mech
erty requirements of this specierty requirements of this speci
mechanical property tests shallmechanical property tests shall
when materralwhen materral isis resubmitted for resubmitted for ii

11.11. MarkingMarking

11.1 Each plate shall11.1 Each plate shall bebe legleg
with the ASTM specification numwith the ASTM specification num
letterletter inin addition to the standardaddition to the standard
accordance with Specification A accordance with Specification A 

SUPPLEMENTARYSUPPLEMENTARY REQUIREMENTSREQUIREMENTS

TheThe following supplementary requirements shall apply when specified in thfollowing supplementary requirements shall apply when specified in th
or contract.or contract.

S1. S1. When specifiedWhen specified, the inspector , the inspector shall shall exex
amine every plate surface by visual and diamine every plate surface by visual and di
mensional means, and for shipment preparamensional means, and for shipment prepara
tion,tion, inin order to satisfy himself that the mateorder to satisfy himself that the mate
rial conforms to the requirements of this spec-rial conforms to the requirements of this spec-

ification.ification.
S2. When specified, flatnessS2. When specified, flatness

closer than Table 16 of Specificatcloser than Table 16 of Specificat
available and should be negotiateavailable and should be negotiate
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~ ~  ~~ ~  ~ Designation: BDesignation: B 8383 -- 9966

Standard Specification forStandard Specification for

Copper and Copper and Copper-Alloy Copper-Alloy Die Die ForgForgings ings Hot-PresseHot-Pressedd
This staThis sta ndard is issued undndard is issued und er the er the fixefixed designation B 28d designation B 283; the 3; the number number immediately folloimmediately followinwing the g the designatiodesignatio
original adoption or,original adoption or, inin the casethe case ofof revision, the yearrevision, the year oflastoflast revrevj.j.siosion, A nun, A nu mber imber i n parentheses indicates the n parentheses indicates the yeayea
superscript epsilonsuperscript epsilon e)e) indicatesindicates anan editorial change since theeditorial change since the laStlaSt revisionrevision oror reapproval.reapproval.

.... This specification has biien approvedThis specification has biien approved forwebYforwebY agenciesagencies ooff he Departmenthe Department ofofDefense. Consult the DoD IndexDefense. Consult the DoD Index
',', StandardStandard sfor the sfor the specspecifiific year oflssuew/zc year oflssuew/z ich ich has been adopted by the Departmenhas been adopted by the Departmentt ofofDefense.Defense.

L Scope*L Scope*
1.11.1 This specification covers the requirementsThis specification covers the requirements fOffOf coppercopper

and copper alloy die forgings produced by the hot pressingand copper alloy die forgings produced by the hot pressing
method. The following copper and copper alloys are inmethod. The following copper and copper alloys are in
cluded:cluded:

CopperCopper oror Copper AlloyCopper Alloy
UNSNo.UNSNo.

CllOOOCllOOO
C 14500C 14500
C 14700C 14700
CC 3650036500
C37700: ,C37700: ,

, C46400, C46400
C48200C48200
C48500C48500
C61900C61900
C62300C62300
C63000 ,C63000 ,
C63200C63200
C64200C64200
C64210C64210
C65500C65500
C67500C67500
C 67600C 67600
C77400C77400

NameName
coppercopper
copper-tellurium.copper-tellurium.
copper-sulfurcopper-sulfur
leaded Muntz metalleaded Muntz metal
forging brassforging brass
naval brassnaval brass
medium leaded naval brassmedium leaded naval brass
leaded naval brassleaded naval brass
aluminum bronzealuminum bronze
aluminum bronze, 9aluminum bronze, 9 %%
aluminum-nickel bronzealuminum-nickel bronze
aluminum-nickel bronzealuminum-nickel bronze
aluminum-silicon bronzealuminum-silicon bronze
aluminum-silicon bronze, 6.7aluminum-silicon bronze, 6.7 %%
high-silicon bronzehigh-silicon bronze A)A)
manganese bronzemanganese bronze A)A) ,,

nickel silver, 45-10nickel silver, 45-10

1.21.2 The values statedThe values stated inin inch-pound units are to beinch-pound units are to be
regardedregarded asas the standard. The values given in parentheses arethe standard. The values given in parentheses are

BB 846846 Terminology for CopTerminology for Cop
E 8 Test Methods for TensiE 8 Test Methods for Tensi

rialsrials33

EE 5454 Test Methods for CTest Methods for C

Brasses and BronzesBrasses and Bronzes44EE 6262 Test Methods for ChemTest Methods for Chem
Copper Copper AllAlloys (Photometoys (Photometrr

EE 7676 Test MetTest Method (hod (or Chemior Chemi
Alloys4Alloys4

EE 478478 Test Methods for CTest Methods for C
Alloys4Alloys4

2.2 2.2 ISISO O StimdarStimdard:d:
76027602 DeterrllinationDeterrllination ofof TelTel
tent)-Flametent)-Flame AtomicAtomic
MethodSMethodS

3. 3. General RGeneral Requirements 'equirements '
3.13.1 The following sectionsThe following sections

partpart ofof this specification:this specification:
3.1.13.1.1 Terminology,Terminology,
3.1.23.1.2 Materials and ManufaMaterials and Manufa
3.1.33.1.3 Workmanship, Finish Workmanship, Finish 
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provided for information provided for information onlonly.y.
1.31.3 The followinThe following g safesafety caveat pertains ty caveat pertains only to only to SectionSection 1010

ofof this specification:this specification: This standard does not purport toThis standard does not purport to
address alladdress all ooff he safety concerns,he safety concerns, ii qny, associated with itsqny, associated with its
useuse It is the responsibilityIt is the responsibility ooff the userthe user ooff this standard tothis standard to
establish appropriate safety and health practices and deter-establish appropriate safety and health practices and deter-
mine the applicabilitymine the applicability ooff regulregulatory limitations atory limitations priorprior toto useuse

NOTENOTE I-NominalI-Nominal composition and relative forgeability ratings arecomposition and relative forgeability ratings are
given in Appendixgiven in Appendix XLXL

2.2. Referenced DocumentsReferenced Documents

2 12 1 STMSTM Standards:Standards:
BB 249249 Specification for General Requirements forSpecification for General Requirements for

Wrought Copper and Copper Alloy Rod, Bar, ShapesWrought Copper and Copper Alloy Rod, Bar, Shapes
and Forgingsand Forgings22

BB 601601 Practice for Temper Designations for Copper andPractice for Temper Designations for Copper and

Copper Alloys-Wrought and CastCopper Alloys-Wrought and Cast
22

11 This specification is under the jurisdictionThis specification is under the jurisdiction ofof ASTM CommitteeASTM Committee B-B-55 onon
CopperCopper andand Copper AlloysCopper Alloys andand isis the the direct responsibilitydirect responsibilityofof Subcommittee Subcommittee B05.B05.0202
on Rod, Bar, Wire, Shapes,on Rod, Bar, Wire, Shapes, andand Forgings.Forgings.

Current edition approvedCurrent edition approved SeptSept 10,10, 1996. Published December 1996. Originally1996. Published December 1996. Originally
published as B 283 -published as B 283 - 5353 T. Last previous edition B T. Last previous edition B 28283 -3 - 94.94.

22 Annual BookAnnual Book ooff STMSTM Standards,Standards, Vol 02.01.Vol 02.01.

3.1.43.1.4 Sampling,Sampling,
3.13.1,5 ,5 NumNumber ober of f Tests and Tests and 
3.1.63.1.6 Specimen Preparation,Specimen Preparation,
3.1.73.1.7 Test Methods,Test Methods,
3.1.83.1.8 SignificanceSignificance ooffNumerNumer
3.1.93.1.9 Inspection,Inspection,
3.1.10 3.1.10 Rejection and ReheaRejection and Rehea
3.1.11 Certification,3.1.11 Certification,
3.1.123.1.12 Test Reports,Test Reports,
3.1.3.1.13 13 Packaging Packaging anand Packd Packaa
3.1.143.1.14 Supplementary RequSupplementary Requ
3.1.3.1.15 15 In addition, In addition, when a swhen a s

oneone ofof those referencedthose referenced inin 3.13.1 aa
contains additional requiremcontains additional requirem
appearing in Specification Bappearing in Specification B 2424

4.4. TerminologyTerminology
4 14 1 Definitions:Definitions:

33 Annual BookAnnual Book ooff STMSTM Standards,Standards, VV
44 Annual BookAnnual Book ooff STMSTM Standards,Standards, VV
55 AvailAvailable from American Natiable from American Nati onal Sonal S

Floor, New York,Floor, New York, NYNY 10036.10036.

**A Summary of Changes section appearsA Summary of Changes section appears atat the end of this specification.the end of this specification.
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4t4t 8 838 83

4.14.1.1 .1 For For definitiondefinition ofof terms related to copper and copperterms related to copper and copper
alloys refer to Terminology B 846.alloys refer to Terminology B 846.

4.2 Definition4.2 Definition ooffTerm Specific to This Standard:Term Specific to This Standard:
4 2;14 2;1 hot phot pressed forgingressed forging n n aa product made by pressingproduct made by pressing

a heated blank oa heated blank o r sectionr section ofof wrought copper or copper alloywrought copper or copper alloy
inin a a closed closed impression impression diedie. . ..

5. O5. Ordering rdering InformationInformation
5.15.1 Orders for product to this specification should includeOrders for product to this specification should include

the following information:the following information:
5.15.1.1 .1 ASTM desASTM designation and yearignation and year ofof issue,issue,
5.1.2 Copper or Copper Alloy UNS No. designation5.1.2 Copper or Copper Alloy UNS No. designation

(Section(Section 1),1),
5.1.5.1.3 3 Drawing showing Drawing showing the shape dimensions the shape dimensions anand tolerd toler

ances (Sectionances (Section 11),11),
5.1.4 T5.1.4 Temper (Sectiemper (Sectionon 8),8),
5.1.5.1.5 5 Quantity; total weigQuantity; total weight or ht or numnumberber ofof pieces for eachpieces for each

C48500 and 99.5C48500 and 99.5 %% for all for all 

8. Temper8. Temper
8.18.1 Tempers,Tempers, asas defined idefined i

this specification are MlOthis specification are MlO (a(a
forged-quenched) and TQ5forged-quenched) and TQ5
annealed).annealed).

9. 9. Mechanical PropertMechanical Property Rey Re
9.19.1 Mechanical propertyMechanical property

agreement between the managreement between the man
9.2 Product specified to9.2 Product specified to
SMESME Boiler and PressureBoiler and Pressure

propertiesproperties asas prescribed in Tprescribed in T
with Test Methods Ewith Test Methods E 8.8.

10. Heat Treatment10. Heat Treatment
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form, temper and copper or copper alloy,form, temper and copper or copper alloy,
5.1.5.1.6 6 When When prodproductuct isis purchased for agenciespurchased for agencies ofof the U.S.the U.S.

Government (SectionGovernment (Section 12),12), andand
5.15.1.7 .7 When product must adhere to the requirementsWhen product must adhere to the requirements ofof

ASME Boiler and Pressure Vessel Code (SectionASME Boiler and Pressure Vessel Code (Section 9).9).
5.2 5.2 The followThe following optioning options are available under this specifs are available under this specifii

cation and should be included in the contract or purchasecation and should be included in the contract or purchase
order when required:order when required:

5.2.15.2.1 Certification (SectionCertification (Section 1414 and Supplementary Reand Supplementary Re
quirements), andquirements), and

5.2.2 5.2.2 Mill Test Report Mill Test Report (Specifica(Specification B tion B 249)249)..

6. 6. Material and Material and ManufactureManufacture
6 16 1 Materials:Materials:
6.6.1.1 1.1 The starting materThe starting material shall ial shall be rodsbe rods, billets or blanks, billets or blanks

cut from cast or wrought materialcut from cast or wrought material ofof oneone ofof the copper orthe copper or
copper alloys listed in Sectioncopper alloys listed in Section 1.11.1 ofof this specification.this specification.

6.2 Manufacture:6.2 Manufacture:
6.26.2.1 .1 The proThe product shall duct shall be manufactbe manufactured by hot preured by hot pressingssing

between the upper and lower sectionsbetween the upper and lower sections ofof a seta set ofof dies intodies intowhich cawhich cavities havities have been formed to ve been formed to the configurthe configuration definedation defined
by the purchaser's submitted drawings.by the purchaser's submitted drawings.

6.2.2 Product6.2.2 Product ofof Copper Alloy UNS No. C 63200 shall beCopper Alloy UNS No. C 63200 shall be
heat treated (Sectionheat treated (Section 10).10).

~~ Chemical CompositionChemical Composition
7.17.1 The materials shall conform to the requirementsThe materials shall conform to the requirements

specifiedspecified inin Table 1 for the Copper or Copper Alloy UNSTable 1 for the Copper or Copper Alloy UNS
No. designated in the ordering information.No. designated in the ordering information.

7.2 These composition limits do not preclude the pres7.2 These composition limits do not preclude the pres
enceence ofof other elements when limits for unnamed elementsother elements when limits for unnamed elements
are required, are required, they shall be established by agreement betweenthey shall be established by agreement between
manufacturer or manufacturer or supplier and the supplier and the purchpurchaser.aser.

7.2.17.2.1 For copper alloys in which zincFor copper alloys in which zinc isis specified as aspecified as a
remainderemainder, r, either copper or either copper or zinczinc isis permitted to be taken aspermitted to be taken as
the difference between the sumthe difference between the sum ofof results for all the elementsresults for all the elements
analyzed andanalyzed and 100100 .. When copperWhen copper is sois so determined, thatdetermined, that
difference value shall conform to the requirements given indifference value shall conform to the requirements given in
TableTable 11

7.2.7.2.2 2 FoFor copper alr copper alloys for loys for which copperwhich copper isis specifiedspecified asas thethe
remainder, copper may be taken as the difference betweenremainder, copper may be taken as the difference between
the sumthe sum ofof all the elements analyzed andall the elements analyzed and 100100 %.%.

7.3 7.3 When all the elements When all the elements in Table in Table 1 1 are determinare determined fored for
the individual alloy, the sumthe individual alloy, the sum ofof results shall be 99.6results shall be 99.6 %% minmin
for Copper Alloy UNS No. C36500, C46400, C48200,for Copper Alloy UNS No. C36500, C46400, C48200,

473473

10.110.1 Product produced Product produced 
C63200 shall be heat treatedC63200 shall be heat treated

10.1.110.1.1 Heat to 1550°F (Heat to 1550°F (
imum imum and quench iand quench in watern water

10.1.2 Temper at 1300+10.1.2 Temper at 1300+
for 3 to 9 hrsfor 3 to 9 hrs asas required torequired to

11. 11. PurchaPurchases foses for U.S. Govr U.S. Gov
11.111.1 Product purchased fProduct purchased f

ment shall conform to thment shall conform to th
scribed in the Supplementascribed in the Supplementa
specification.specification.

12. 12. DimensiDimensions and Permisons and Permis
12.112.1 The dimensions andThe dimensions and

those agreed upon betweenthose agreed upon between
chaser and such chaser and such dimensionsdimensions
on the drawings which foon the drawings which fo
purchase order.purchase order.

NOTENOTE Typical tolerances cTypical tolerances c
in Appendix X2 (Tablin Appendix X2 (Table X2. e X2. ).).

13. Test Methods13. Test Methods
13 113 1 Chemical Analysis:Chemical Analysis:
13.113.1.1 Ch.1 Chemical compemical composos

ment, be determined asment, be determined as follofollo
ElementElement

AluminumAluminum
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>1.3 %>1.3 %
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>5>5
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TinTin <1.3 %<1.3 %

>1.3 %>1.3 %
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>2>2

TelluriumTellurium

NOTE-<NOTE-< == less than; >less than; > == greategreater thar tha

13.1.2 Test methodes) to 13.1.2 Test methodes) to 
tiontion ofof element(s) required belement(s) required b
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~~ B 83B 83

T BLET BLE 2 2 Tensile Tensile RequirementsRequirements

Diameter or Section Thickness,Diameter or Section Thickness,
in.in. (mm)(mm)

Tensile Strength,Tensile Strength, minmin

ksiksi MPaMPaAA ksi MPksi MP

YieldYield StrengthStrength atat 0.50.5 ExtensiExtensi
Load,Load, minmin

Copper Copper AlloyAlloyUNSUNS No.No. CC 3770037700

UpUp toto 1'/2 (38.1),1'/2 (38.1), inclincl
OverOver 11 1212 (38.1)(38.1)

5050
4646

345345
317317

1818
1515

1212
11

CopperCopper Alloy UNS No.Alloy UNS No. CC 6420064200

~~ B 83B 83

T BLET BLE 2 2 Tensile Tensile RequirementsRequirements

Diameter or Section Thickness,Diameter or Section Thickness,
in.in. (mm)(mm)

Tensile Strength,Tensile Strength, minmin

ksiksi MPaMPaAA ksi MPksi MP

YieldYield StrengthStrength atat 0.50.5 ExtensiExtensi
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UpUp toto 1'/2 (38.1),1'/2 (38.1), inclincl
OverOver 11 1212 (38.1)(38.1)

5050
4646

345345
317317

1818
1515

1212
11

CopperCopper Alloy UNS No.Alloy UNS No. CC 6420064200
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UpUp toto 1 121 12 (38.1),(38.1), inclincl
OverOver 1 121 12 (38.1)(38.1)

7070
6868

483483
469469

2525 1717
2323 1515

Copper Alloy'UNS Nos. CCopper Alloy'UNS Nos. C 46400,46400, CC 4820048200 and Cand C 4850048500

AllAll SizesSizes 5252 358358

AA ~~ AppendixAppendix X3X3

agreement shall be as agreement shall be as agreedagreed uponupon betweenbetween thethe suppliersupplier andand
the purchaser.the purchaser.

PropertyProperty

Chemical compositionChemical composition
Tensile Tensile strength strength }}
Yield strengthYield strength
ElongationElongation

RoundedRounded UnitUnit for Observedfor Observed
oror Calculated ValueCalculated Value

nearestnearestunit inunit in the last right-hand placethe last right-hand place ofof figuresfigures
nearest ksi, nearest 5nearest ksi, nearest 5 MPaMPa for overfor over IOtaIOta 100 ksi,100 ksi,

inel inel . . . . ..

nearest 1nearest 1

2222 1515

14. Certification14. Certification
14.114.1 CertificationCertification toto thisthis

product purchased forproduct purchased for ASMASM
applications.applications.

15. Keywords15. Keywords
15.115.1 coppercopper andand copper copper 

die forgindie forgings (gs (hot pressed)hot pressed)

SUPPLEMENTARY REQUIREMENTSSUPPLEMENTARY REQUIREMENTS

TheThe follofollowing supplementarwing supplementary requirementy requirements shall apply s shall apply only when only when specspecifiedifiedbyby the pthe p
contractcontract oror order, for agenciesorder, for agencies ooff thethe U.S. Government.U.S. Government.

S1. Referenced DocumentsS1. Referenced Documents
SS1.11.1 TheThe following documentsfollowing documents ooff the issuethe issue inin effecteffect onon

datedate ooff material purchase form amaterial purchase form a partpart ofof this specificationthis specification toto
thethe extent extent referenced herein:referenced herein:

Sl l lSl l l Federal Standards:Federal Standards:  
Fed. Std. No. 102 Preservation, PackagingFed. Std. No. 102 Preservation, Packaging andand PackingPacking

LevelsLevels
Fed. Std. No. 123 Marking for Shipment (Civil Agencies)Fed. Std. No. 123 Marking for Shipment (Civil Agencies)
Fed. Std. No. 185 Identification MarkingFed. Std. No. 185 Identification Marking ooff CopperCopper andand

Copper-Base Alloy Mill ProductsCopper-Base Alloy Mill Products
S 1.1.2S 1.1.2 Military Military StandardStandards:s:66

MIL-STD-105 Sampling ProceduresMIL-STD-105 Sampling Procedures andand Tables for In-Tables for In-
spection by Attributesspection by Attributes

MIL-STD-129 Marking for ShipmentMIL-STD-129 Marking for Shipment andand StorageStorage
SS1.1.31.1.3 Military Specijication:Military Specijication:66

MIL-C-3993 PackagingMIL-C-3993 Packaging ofof CopperCopper andand Copper-Base AlloyCopper-Base Alloy
Mill ProductsMill Products

S2. Quality AssuranceS2. Quality Assurance
S2.1S2.1 Responsibility for Inspection:Responsibility for Inspection:
S2.S2.1.1 1.1 Unless otherwise specifiedUnless otherwise specified inin thethe contractcontract oror purpur

chase order,chase order, thethe manufacturer is responsible formanufacturer is responsible for thethe perforperfor
mancemance ooff all inspectionall inspection andand test requirements specified.test requirements specified.
Except as otherwise specifiedExcept as otherwise specified inin the contractthe contract oror purchasepurchase
order, the manufacturerorder, the manufacturer maymay use his ownuse his own oror anyany otherother

66 Available from Standardization Documents Order Desk, Bldg. 4 Section D,Available from Standardization Documents Order Desk, Bldg. 4 Section D,
700 Robbins Ave., Philadelphia,700 Robbins Ave., Philadelphia, PAPA 19111-5094, ATTN: NPODS.19111-5094, ATTN: NPODS.

475475

suitable facilities forsuitable facilities for thethe perper
test requirements unless distest requirements unless dis
time the time the order is placeorder is placed. Thd. Thee
perform anyperform any ooff thethe inspectiinspecti
inspectionsinspections andand tests are deetests are dee
material conformsmaterial conforms toto prescrprescr
S3. Identification MarkingS3. Identification Marking

S3S3.1 .1 All All matermaterial shall beial shall be
tiontion inin accordance with Feaccordance with Fe
ASTM specificationASTM specification numbenumbe
used.used.

S4. S4. PreparatPreparat ion fion for Deor Deliverliver
S4.1S4.1 Preservation PackagPreservation Packag
S4.1.1S4.1.1 MilitaryMilitary AgenciesAgencies

byby size, composition, gradesize, composition, grade
andand packaged, Level Apackaged, Level A oror
specifiedspecified inin thethe contractcontract oror
withwith thethe requirements ofMIrequirements ofMI

S4.1.2S4.1.2 CivilCivil Agencies ThAgencies Th
102 shall be referenced for d102 shall be referenced for d
packagpackaging ing protection.protection.

S4.2S4.2 Marking:Marking:
S4.2.1S4.2.1 MilitaryMilitary AgencieAgencie

marking requiredmarking required byby the conthe con
for shipment shall befor shipment shall be inin accacc

S4.2.2S4.2.2 CivilCivil Agencies InAgencies In
required byrequired by thethe contractcontract oo
shipment shall beshipment shall be inin accordaaccorda
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   ~~ B 83B 83

APPENDIXESAPPENDIXES

(Nonmandatory Information)(Nonmandatory Information)

XlXl NOMINAL COMPOSITION AND RELATIVE FORGEABILITY RANOMINAL COMPOSITION AND RELATIVE FORGEABILITY RA

XXUU The nominal compositionThe nominal composition ofof the various forgingthe various forging
materials are shown in Table Xl.1.materials are shown in Table Xl.1.

TABLETABLE XXUU Nominal Compositions and Forgeability Ratin'gsNominal Compositions and Forgeability Ratin'gs

CopperCopper oror CopperCopper
Nominal Composition,Nominal Composition,

AlloyAlloy UNSUNS No.No. Copper Copper Lead Lead Tin Tin Iron Iron NickelNickel Alumi-Alumi- SiliconSilicon Man-Man- ZincZinc SulSulnum ganesenum ganese

C11C11 100 100 
C 14500C 14500 99.45 99.45 
C 14700C 14700 99.599.5 0.30.3
C365C365 60 0.660 0.6 39.439.4

C377C377 60 260 2 38 38 
C464C464 60 0.860 0.8 39.2 39.2 
C482C482 60 60 0.7 0.7 0.80.8 38.538.5
C485C485 6060 1.81.8 0.80.8 37.437.4
C C 61900 61900 87.587.5 3.53.5 99
C623C623 8888 33 99
C63C63 8181 33 5 105 10 1 1 
C632C632 8181 4 4.54 4.5 99 1.5 1.5 
C642C642 9191 77 22
C 64210C 64210 91.391.3 6.76.7 2 2 
C655C655 96 396 3
C675C675 58.558.5 1 1 0.10 0.10 39.439.4
C C 67600 67600 58.5 58.5 0.750.75 0.8 0.100.8 0.10 39.639.6
C774C774 45 45 10 10 4545

A Relative forgeability rating takes into consideration such variable factors as pressure, die wear, and plasticity (hot). Since it isA Relative forgeability rating takes into consideration such variable factors as pressure, die wear, and plasticity (hot). Since it is
toto

common units, calibration in termscommon units, calibration in terms
ofof

a percentagea percentage
ofof

the most generally used alloy, forging brass (100the most generally used alloy, forging brass (100 ),), is considered the mois considered the movalues shown represent the general opinion and are intended for informationvalues shown represent the general opinion and are intended for informationtoto enable the designerenable the designer toto better understand the forgingbetter understand the forging
Intricate parts are more likelyIntricate parts are more likely toto be availablebe available inin alloys having a high rating.alloys having a high rating.

One or moreOne or more ofof these elements may be presentthese elements may be presentasas specifiedspecified inin Table 2.Table 2.
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X2. DIMENSIONAL TOLERANCESX2. DIMENSIONAL TOLERANCES

X2.1 X2.1 The data in Table XThe data in Table X2.1 do2.1 do notnot constitute a partconstitute a part ofof
this specification. They are given merely to indicate to thethis specification. They are given merely to indicate to the
ptrrchaserptrrchaser thethe various forging types andvarious forging types and sQmesQme dimensionaldimensional
tblerances usedtblerances used onon commercially designed hot-pressedcommercially designed hot-pressed

forgings up to 2forgings up to 2 IbIb (0.91(0.91
applicable to heavier forapplicable to heavier forgingingg
consulted.consulted.

Forging types:Forging types:
SolidSolid
Solid, with symmetrical cavitySolid, with symmetrical cavity
Solid, with eccentric cavitySolid, with eccentric cavity
Solid, deep extrusionSolid, deep extrusion
Hollow,deep extrusionHollow,deep extrusion
Thin Thin section, short section, short upup toto 6 in6 in. . 152 mm) 152 mm) incl.)incl.)

T BLET BLE X2.1X2.1

Thin section, loThin section, long ng over 6 over 6 in. in. 152 m152 mm)m) toto 14 in. 14 in. 356 mm) i356 mm) incl.)ncl.)
Thin section, roundThin section, round

Draft angles, outside and inside 1Draft angles, outside and inside 1 toto 5·5·
Machining Machining allowance allowance on one on one surface)surface)
Flatness Flatness maximum deviation per maximum deviation per inch)inch)

DimensionalDimensional TolerancesTolerances

C 11000C 11000
C145C145

C147C147

C 61900C 61900
C623C623

C642C642

C 64210C 64210

0.010 0.25)0.010 0.25)
0.010 0.25)0.010 0.25)
0.012 0.30)0.012 0.30)
0.012 0.30)0.012 0.30)
0.012 0.30)0.012 0.30)
0.012 0.30)0.012 0.30)
0.015 0.38)0.015 0.38)
0.012 0.30)0.012 0.30)

2·2·

/32/32 0.79)0.79)
0.005 0.13)0.005 0.13)

Tolerances, plus and minTolerances, plus and min
Except as IndicaExcept as Indica

Copper or Copper or Copper AlloCopper Allo

C365C365

C377C377

C464C464

C C 48200 48200 
C485C485

C675C675

C 67600C 67600

0.008 0.20)0.008 0.20)
0.008 0.20)0.008 0.20)
0.008 0.20)0.008 0.20)
0.010 0.25)0.010 0.25)
0.010 0.25) .0.010 0.25) .
0.010 0.25)0.010 0.25)
0.015 0.38)0.015 0.38)
0.010 0.25)0.010 0.25)
1212••
/32/32 0.79)0.79)
0.005 0.13)0.005 0.13)
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Concentricity Concentricity total indicator total indicator reading)reading)
Nominal web thickness:Nominal web thickness:

ToleranceTolerance
Nominal fillet and radius:Nominal fillet and radius:

ToleranceTolerance
Approximate flash thicknessApproximate flash thickness

AA If tolerances allIf tolerances all piUSpiUS oror allall minus are desired, double the values given.minus are desired, double the values given.

0.030 0.76)0.030 0.76)
5/5/3232 4.0)4.0)
/64/64 0.40)0.40)
22 2.4)2.4)

/64/64 0.40)0.40)
'/,6'/,6 1.6)1.6)

477477

0.020 0.51)0.020 0.51)
/8/8 3.2)3.2)
/64/64 0.40)0.40)
'/,6'/,6 1.6)1.6)
/64/64 0.40)0.40)
3/643/64 1.2)1.2)

Concentricity Concentricity total indicator total indicator reading)reading)
Nominal web thickness:Nominal web thickness:

ToleranceTolerance
Nominal fillet and radius:Nominal fillet and radius:

ToleranceTolerance
Approximate flash thicknessApproximate flash thickness

AA If tolerances allIf tolerances all piUSpiUS oror allall minus are desired, double the values given.minus are desired, double the values given.
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477477

0.020 0.51)0.020 0.51)
/8/8 3.2)3.2)
/64/64 0.40)0.40)
'/,6'/,6 1.6)1.6)
/64/64 0.40)0.40)
3/643/64 1.2)1.2)

  

~~ tt B 283B 283

X3. TYPICAL MECHANICAL PROPERTIESX3. TYPICAL MECHANICAL PROPERTIES

X3.X3.1 1 Mechanical Mechanical propertiesproperties ofof any forging are influencedany forging are influenced
by shape andby shape and size.size. Unless otherwise specifiedUnless otherwise specified inin the purchasethe purchase
order or specifically guaranteed by the manufacturer, accep-order or specifically guaranteed by the manufacturer, accep-
tancetance ofof forgforgings undings under this er this specificaspecification shalltion shall notnot depend ondepend on

tests. (Frequently, the designtests. (Frequently, the design
adequate test sectionsadequate test sections.) Therefo.) Therefo
not constitute a partnot constitute a part ofof this spethis spe
general general inforinformation mation only. They only. They 
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tliemecharncalpropertiestliemecharncalproperties e t ~ r r i l i l  e de t ~ r r i l i l  e d bbyy ension ension or hardnessor hardness lblb 0.910.91 kg)kg) in weight.in weight.

TABLETABLE X3.1X3.1 Typical Mechanical Properties of Forgings as Hot Pressed, Temper M10, MTypical Mechanical Properties of Forgings as Hot Pressed, Temper M10, M

0.505-in. 0.505-in. 128-mm) D128-mm) Diameter iameter Test SectionTest Section RocRoc

Copper or Copper AlloyCopper or Copper Alloy UNSUNS Yield Yield Strength Strength 0.50.5No.No. Tensile StrengthTensile Strength ElongationElongation inin 4 4 xxExtension Under Load)Extension Under Load)

ksiAksiA MPaMPaBB •• ksiAksiA MPaMPaBB
Diameter.Diameter.

C11000 C11000 33 33 230230 1111 7575 4040
C 14500C 14500 34 34 235 235 1212 85 85 35 35 
C C 14700 14700 3434 235235 12 12 85 85 3535
C36500 58C36500 58 400400 2323 160 160 40 40 
C37700C37700 5858 400 400 23 23 160160 40 40 
C464C464 6464 440440 2626 180 180 40 40 
C482C482

6464 440 26440 26 180 180 40 40 C485C485 62 62 425 425 2424 165 40165 40
. C 61900. C 61900 82 56582 565 37 37 255 255 32 32 
C623C623 82 82 565 565 37 37 255255 32 32 
C63C63 95 65595 655 48 48 330 330 15 15 
C632C63200 00 92 92 635635 45 45 310 310 18 18 
C642C642 83 57083 570 4141 285 35285 35
C6421C6421 8383 570570 4141 285 35285 35
C65500 C65500 52 52 360360 18 18 125 125 70 70 
C67500 C67500 72 72 495 495 3434 235235 33 33 
C 67600C 67600 7272 495 495 34 34 235235 3333
C77400C77400 8383 570 36570 36 250 25250 25

. . A A ksiksi == 1000 psi.1000 psi.
See Appendix X4.See Appendix X4.

c For Copper Alloyc For Copper Alloy UNSUNS Nos. C 63000 and C 63200.Nos. C 63000 and C 63200.

X4. METRIC EQUIVALENTSX4. METRIC EQUIVALENTS

X4.1 TheX4.1 The SISI urnt for strength properties now shownurnt for strength properties now shown isis inin
accordance with the International Systemaccordance with the International System ofof UnitsUnits SI).SI). TheThe
derivedderived SISI urnt for forceurnt for force isis the newton (N), which is definedthe newton (N), which is defined
as that force which when applied to a body having a massas that force which when applied to a body having a mass ofof
one kilogram givone kilogram gives it aes it an accelerationn acceleration ofof one metre per secondone metre per second
squared (Nsquared (N == kg· kg· m/sm/s2). 2). The The derivedderived SISI unit for pressure orunit for pressure or

stressstress isis the newton the newton per square mper square m
named the pascal (Pa) by thnamed the pascal (Pa) by th
Weights and Measures. Weights and Measures. Since 1 kSince 1 k
equivalents are expressed as megequivalents are expressed as meg
samesame asas MN/m2 and N/mm2.MN/m2 and N/mm2.

SUMMARYSUMMARY OFOF CHANGESCHANGES

This section identifies the locationThis section identifies the location ofof selected changes to this specification that haveselected changes to this specification that have
since the 1994 issue assince the 1994 issue as follows:follows:

1)1) Scope: Revised and safety caveat addedScope: Revised and safety caveat added asas required.required.
2)2) General Requirements:General Requirements: AA new section which enablesnew section which enables

the the specificaspecification to tion to utilize Specificationutilize Specification BB 249. This249. This isis a newa new
section.section.

(3)(3) Terminology: Revised to reference TerminologyTerminology: Revised to reference Terminology
BB 846.846.

4)4) Ordering Information: Reorganized and expanded forOrdering Information: Reorganized and expanded for
greater clarity.greater clarity.

5)5) Material and ManufacturMaterial and Manufactur
material.material.

(6)(6) Chemical composition: ReChemical composition: Re
7)7) Mechanical Property RMechanical Property R

greater clarity.greater clarity.
8)8) Heat Treatment: A new Heat Treatment: A new 

ously in the Materials and Manuously in the Materials and Manu
9)9) Test Methods: Individual Test Methods: Individual 
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cc66
DesDesignaignationtion: D 3: D 396 96 -- 0202

,, yy 117117
INTERNATIONALINTERNATIONAL

Standard Specification forStandard Specification for
FueiOilsFueiOils11

AnAn

ThisThis standardstandard isis issuedissued underunder thethe fixedfixed designationdesignation DD 396; the396; the nwnbernwnber :immediately:immediately followingfollowing thethe designationdesignation indicatesindicates thethe
originllloriginlll adoptionadoption or.,or., inin thethe casecase ofof revision,revision, thethe yearyear ofof ast revision.ast revision. AAnumbernumber inin parenthesesparentheses indicatesindicates thethe yearyear ofof lastlast reappreapp
superscriptsuperscript epsilonepsilon (/0)(/0) indicatesindicates anan editorialeditorial changechange sincesince thethe lastlast revisionrevision oror reapproval.reapproval.

11Tis11Tis slaJllimdslaJllimd has beenhas been applVved farapplVved far lISelISe byby agenciesagencies ofof hehe Depm1me1l1Depm1me1l1 ofofDefense.Defense.

1.1. ScopeScope
1.11.1 This specification (Note 1) covers gradesThis specification (Note 1) covers grades ofof fuel oilfuel oil

intended for useintended for use inin various typesvarious types ooff fuel-oil-bwning equipmentfuel-oil-bwning equipment
underunder variousvarious climaticclimatic andand operatingoperating conditions.conditions. TheseThese gradesgrades
are described as follows:are described as follows:

1.1.11.1.1 GradesGrades 1,1, II LoLoww Sulfur,Sulfur, 2,2, andand 22 Low Sulfur areLow Sulfur are
middlemiddle distillatedistillate fuelsfuels forfor useuse inin domesticdomestic andand smallsmall industdalindustdal
burners. Grades 1 and 1burners. Grades 1 and 1LoLoww Sulfur are particularly adepted toSulfur are particularly adepted to
vaporizing type bumersvaporizing type bumers oror where storage conditions requirewhere storage conditions require
low pour poilow pour point fuelnt fuel..

1.1.21.1.2 GradesGrades 44 (Light) and(Light) and 44 are heavy distillate fuels orare heavy distillate fuels or
distillate/residual fuel bleods useddistillate/residual fuel bleods used inin connnerciallindustrialconnnerciallindustrial
burners equipped for this viscosity range.burners equipped for this viscosity range.

1.1.31.1.3 Grades 5 (Light), 5 (Heavy), aGrades 5 (Light), 5 (Heavy), and 6 are residual fuelsnd 6 are residual fuelsofof
increasing viscosity and boiling range, usedincreasing viscosity and boiling range, used inin industrialindustrial
burners. Preheatiog is usually required for handtiog and properburners. Preheatiog is usually required for handtiog and proper
atomization.atomization.

D 56 D 56 TesTest Method for Flash Pointt Method for Flash Point byby TT
DD 8686 Test Method for DistillationTest Method for Distillation ofof PP

Atmospheric Atmospheric PressPressureure22

DD 9393 Test Methods for Flash PointTest Methods for Flash Point
Closed Cup Tester"Closed Cup Tester"

DD 9595 Test Method for WaterTest Method for Water inin PetroPetro
Bituminous Bituminous MaterMaterialsials byby DistillationDistillation22

DD 9797 Test Test Method for PMethod for Pour Pointour Point ooff PP
DD 129129 Test Method for SulfurTest Method for Sulfur inin PetrolPetrol

eral Bomb Method)'eral Bomb Method)'
DD 130130 TesTest Method t Method for Detectionfor Detectionofof CoCo

Petroleum ProductsPetroleum Products byby the Copper Stthe Copper St

DD 445445 Test Method for Kinematic ViscTest Method for Kinematic Viscand Opaque Liquids (the Calculationand Opaque Liquids (the Calculation
ity)2ity)2

DD 473473 Test Method for SedimentTest Method for Sediment inin CC
Oils by the Extraction Method'Oils by the Extraction Method'
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NOTENOTE I-FoTI-FoT informationinformation onon thethe significancesignificance ofof the terminology andthe terminology and
test methods usedtest methods used inin thisthis specification. see Appendixspecification. see Appendix XlXl ..

NOTENOTE 22 --AA moremore detailed descriptiondetailed description ofof hehe gradesgrades offuoffu el oils is giveel oils is givenn
inXl.3.inXl.3.

1.2 1.2 This specification is for This specification is for thethe ususee ofof purchaspurchasing agenciing agencieses
inin formulating specifications to be includedformulating specifications to be included inin contracts forcontracts for
purchasespurchases offueloffuel oils and for the guidanceoils and for the guidance ooffconsumersconsumers ooff fuelfuel

oilsoils inin the the selectioselectionn ooff he grades most suitable for their needs.he grades most suitable for their needs.1.31.3 NothingNothing inin this specification shall preclude observancethis specification shall preclude observance
ooff federal, state, or local regulations which can be morefederal, state, or local regulations which can be more
restrictive.restrictive.

1.41.4 All values are stated in SI units and are regardedAll values are stated in SI units and are regarded asas
standerd.standerd.

NOTENOTE 3-3-The generationThe generation andand dissipationdissipation ofof staticstatic electricityelectricity can createcan create
problemsproblems in the handlingin the handling ofof distillatedistillate burner:fuelburner:fuel oils.oils. For moreFor more i n f o t n l a ~i n f o t n l a ~

tion on the subject, see Guide D 4865.tion on the subject, see Guide D 4865.

2. Referenced2. Referenced DocumentsDocuments
2.12.1 ASTMASTM Standards:Standards:

II ThisThis specification isspecification is underunder thethe jurisdictionjurisdiction ofof ASTMASTM CmnmitteeCmnmittee D02 onD02 on
PetroleumPetroleum Products and LubricantsProducts and Lubricants andand isis thethe directdirect :responsibility:responsibility ofof SubcommitteeSubcommittee
D02.E0 onD02.E0 on Bumer,Bumer, Diesel,Diesel, N o n ~ A v i a t i o nN o n ~ A v i a t i o n GasGas Turbine,Turbine, andand MarineMarine Fuels.Fuels.

CurrentCurrent editionedition approved Juneapproved June 10, 2002. Published10, 2002. Published ~ o u s t~ o u s t 2002.2002. OriginallyOriginally
publishedpublished asas D 396-34T.D 396-34T. Last previousLast previous edition D 396-01.edition D 396-01.

DD 482482 TesTest Metht Method forod for AshAsh from Petrofrom Petro
DD 524524 Test Method for Ramsbottom Test Method for Ramsbottom 

Petroleum ProductsPetroleum Products22

D D 975 975 Specification for Specification for Diesel FuelDiesel Fuel OO
DD 12661266 Test Method for SulfurTest Method for Sulfur inin

(Lamp Method)'(Lamp Method)'
DD 12981298 Test Method for Density, RelatTest Method for Density, Relat

Gravity), or API GravityGravity), or API Gravity ofof Crude PCrude P
Petroleum ProductsPetroleum Products byby Hydrometer MHydrometer M

D D 1552 1552 Test MTest Methoethod for d for SulfurSulfur inin
(High-(High-TemperTemperature Metature Method)hod) ''

DD 25002500 Test Method for Cloud PointTest Method for Cloud Point
uctsucts22

DD 26222622 Test Method for SulfurTest Method for Sulfur inin PePe
Wavelength Dispersive X-Ray FluoWavelength Dispersive X-Ray Fluo
etry"etry"

D D 2709 Test Me2709 Test Method for thod for Water and Water and 
Distillate Fuels by Distillate Fuels by CentrifCentrifugeuge22

DD 32453245 Test Method for PumpabiJityTest Method for PumpabiJity
Oils'Oils'

DD 38283828 Test Methods for Flash PointTest Methods for Flash Point bybyTestei'Testei'

11 AnnualAnnual BookBook ofofASTMASTM StalldaJds,StalldaJds, VolVol 05.01.05.01.
33 AnIJualAnIJual BookBook ofofASTMASTM Standatrls,Standatrls, VolVol 05.02.05.02.

Copyright@ASTMlnternational,Copyright@ASTMlnternational, 100100 BarrBarr Harbor Drive,Harbor Drive, POPO BoxBox C7OO,C7OO, wastwast Conshohocken,Conshohocken, PAPA 1942S-2959,1942S-2959, Unlled States.Unlled States.

  

•• D396-02D396-02
TABLE 1 TABLE 1 Detailed RequirementDetailed Requirementss forfor FuelFuel OnsAOnsA

PropertyProperty ASTMTestASTMTest No.1 LowNo.1 Low No.No. 1°1° No.2No.2 LowLow No.2cNo.2c GradeGrade No.4No.4 No.4No.4 No.5No.5 NoNo
MethodsMethods SulfurSulfurcc SulfurSulfurcc (Ught)C(Ught)C (Ught) (Hea(Ught) (Hea

FlashFlash PointPoint DC,DC, minmin 0909 33 3838 3838 38 38 38 38 38 38 55 55 55 55 55 55 
Water and sediment, % vol,Water and sediment, % vol, maxmax 0270902709 0.050.05 0.050.05 0.050.05 0.050.05

0909 55 ++ 04730473 (O.SO)D(O.SO)D (O.SO)D(O.SO)D (1.00)0(1.00)0 (1.00)(1.00)
Distillation temperatureDistillation temperature ·C·C 0808 66

10 % volume recovered,10 % volume recovered, maxmax 215 215215 215
9090 %% volume recovered,volume recovered, minmin 282 282282 282
9090 %% vol recovered, maxvol recovered, max 288 288 288 288 338338 338338

Kinematic viscosityKinematic viscosity atat 40"C,40"C,
mmmm 22 /s/s

04450445minmin 1.3 1.3 1.3 1.3 1.9 1.9 1.9 1.9 1.91.9 >5.5>5.5
maxmax 2.1 2.12.1 2.1 3.4 3.4 3.4 3.4 5.55.5 24.0':24.0':

Kinematic viscosityKinematic viscosity atat i00"C,i00"C, mm:;!/smm:;!/s 04450445
minmin 5.05.0 9.09.0
maxmax B.9E"B.9E" 14.9£14.9£

Ramsbottom carbonRamsbottom carbon residueresidue onon 1010 %% 05240524 0.150.15 0.15 0.15 0.35 0.35 0.350.35
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distillation residuedistillation residue %% mass, maxmass, max
Ash,Ash, %% mass, maxmass, max 00 .... ..22 0.05 0.05 0.10 0.10 0.15 0.150.15 0.15
Sulfur,Sulfur, %% mass max'"mass max'" 01290129 0.50 0.500.50 0.50

0262202622 0.050.05 0,050,05
Copper strip corrosion rating, max,Copper strip corrosion rating, max, 01300130 No.3No.3 No.3No.3 No.No. 33 No.3No.3

3 h3 h atat 5050GGCC
DensityDensity atat 1S"C, kg/m1S"C, kg/m33 DD 12981298

minmin >S76>S76 GG

maxmax 850 850850 850 876876 876876
PourPour PointPoint GC,GC, maxmaxHH DD 9797 -18-18 -18-18 -6-6 -6-6 -6-6 -6-6

AA It Is the IntentIt Is the Intent ofof these classifications that failure to meet any requirement of athese classifications that failure to meet any requirement of agivengiven grade doesgrade does not automatically placenot automatically place anan allall InIn the next lower gradethe next lower grade
itit meets allmeets all requirementrequirements os of the f the lower grade.lower grade.However,However, toto meetmeet special operating concitions, modificationsspecial operating concitions, modificationsofof individual limiting requirements mayindividual limiting requirements maybebe agreedagreed
thethe purchaser, seller,purchaser, seller, andand manufacturer.manufacturer.

SS The test methods Indicated are the approved refereeThe test methods Indicated are the approved referee methods.methods. Other acceptable methods are Other acceptable methods are IndicatedIndicated in Sect10nin Sect10n 22 andand 5.1.5.1.
CC Under United States regulations, Grades No.1, No.1 LowUnder United States regulations, Grades No.1, No.1 LowSulfur,Sulfur, No.2,No.2, No.2No.2 Low Sulfur, andLow Sulfur, and No.4 (Light) areNo.4 (Light) are requIredrequIred byby 4040 CFRCFR PartPart 8080 to contato conta

amountamount ofof hehe dyedye SolventSolventRedRed 164164 soso ItsIts presencepresence IsIs visuavisually apparent At olly apparent At o rrbeyond terminalbeyond terminal storage tanksstorage tanks, th, they areey arerequiredrequired byby 26 CFR26 CFR PartPart 4848 to contain thto contain th
RedRed 164164 at a concentration spectrally equivalentat a concentration spectrally equivalenttoto 3.93.9 IbIb per thousand barrels ofper thousand barrels of thethe solidsolid dyedye standard Solventstandard Solvent Red 26.Red 26.

DD The amount of waterThe amount of waterbyby distillation byTest Methoddistillation byTest MethodDD 9595 plusplus the sedimentthe sedimentbyby extraction byTest Method D 473 shall notextraction byTest Method D 473 shall notexceedexceed the valuethe value shownshown InIn the tathe ta
NO.6 fuel all, the amount of sedimentNO.6 fuel all, the amount of sediment byby extraction shall notextraction shall not exceed 0.50exceed 0.50 massmass %,%, andand aa deductiondeduction inin quantity shallquantity shall be madebe made forfor allall waterwater andand sedimentsediment inin
massmass %.%.

/iii/iii Wlertl lowWlertl low sulfursulfur ueluel uiluil isis required,required, fuelfuel oil falilng Inoil falilng In lhelhe viscosityviscosity rangerange ofof aa lower numbered gradelower numbered grade dOll\ll1dOll\ll1 toto anandd includingincluding No.4No.4cancan bebe suppliedsupplied byby agreeagree
the purchaser and suppller. The viscositythe purchaser and suppller. The viscosity rangerange ofof the Initial shipmentthe Initial shipment shallshall bebe identiiedidentiied andand advance noticeadvance notice shallshall bebe requiredrequired whenwhen changing from one vchanging from one v
toto another.another. This noticeThis notice shallshall bebe InIn sufficient timesufficient time toto permit the user topermit the user to makemake thethe necessarynecessary adjustments.adjustments.

F Other sulfur limitsF Other sulfur limits maymay applyapply inin selected areasselected areas inin the United Statesthe United States andand inin otherother countries.countries.
GG This limit ensures a minimum heating valueThis limit ensures a minimum heating valueandand alsoalso preventsprevents misrepresentmisrepresentation and misapplication oation and misapplication o f this f this product asproduct asGradeGrade No.2.No.2.
HH LowerLower or higher pour pointsor higher pour pointscan becan be specified whenever requiredspecified whenever required byby condltlons ofcondltlons ofstoragestorage oror use.use. \/\klen\/\klen aa pourpour point less thanpoint less than -18-18GGCC isis specified, the minspecified, the min

atat 4040 eeC for gradeC for grade No.2No.2 shallshall be 1.7 mmbe 1.7 mm22/s/s andand the minimum 90the minimum 90 %% recovered temperaturerecovered temperature shallshall bebe waived.waived.
l\I\oherel\I\ohere low sulfur fuel ollIs required,low sulfur fuel ollIs required, GradeGrade NO.6 fuelNO.6 fuel 011011 willwill bebe classifiedclassified asas LowLowPourPour (+15"C(+15"C max)max) oror HighHigh PourPour (no(no max).max). LowLow PourPour fuelfuel oiloil shouldshould bb

tankstanks andand lineslines areare heated.heated.

D 4052 Test Method for Density and Relative DensityD 4052 Test Method for Density and Relative Density ooff
Liquids by Digital Density Meter'Liquids by Digital Density Meter'

D 4057 Practice for Manual SamplingD 4057 Practice for Manual Sampling ofof Petroleum andPetroleum and
Petroleum ProductsPetroleum Products33

D 4294 D 4294 Test Method Test Method for Sulfurfor Sulfur inin Petroleum and PetroleumPetroleum and Petroleum
ProductsProducts byby Energy-DispersiveEnergy-Dispersive X-RayX-Ray Fluorescence SpecFluorescence Spec
trometry3trometry3

D D 4865 4865 GuideGuide forfor Generation and DissipationGeneration and Dissipation ooff StaticStatic
ElectricityElectricity inin Petroleum Fuel SystemsPetroleum Fuel Systems33

D D 5453 Test Method for Detenuinat5453 Test Method for Detenuinationion ooff Total SulfurTotal Sulfur inin
Light HydrocarbonLight Hydrocarbons, Motor Fs, Motor Fuels and uels and OilOils bs by Ultravioy Ultravioletlet
FluorescenceFluorescence44

D 5949 D 5949 Test Method Test Method for Pour Pointfor Pour Point ofof Petroleum ProductsPetroleum Products
(Automatic Pressure Pulsing Method)-(Automatic Pressure Pulsing Method)-

D 5950 D 5950 Test Method Test Method for Pour Pointfor Pour Point ofof Petroleum ProductsPetroleum Products
(Automatic Tilt(Automatic Tilt MethodtMethodt

D 598D 5985 5 Test Test MethoMethod fod for Pour Pointr Pour Point ofof Petroleum ProductsPetroleum Products
(Rotation(Rotational al Method)-Method)-

4 Anllllal4 Anllllal BookBook ofofASTMASTMSIOlidUlds,SIOlidUlds, Vol 05.03.Vol 05.03.

22

D D 6469 6469 GuideGuide toto Microbial ContaminationMicrobial Contamination inin
Fuel SystemsFuel Systems55

2.22.2 Other Documents:Other Documents:66

26 26 CFR Part 48 Diesel Fuel Excise Tax;CFR Part 48 Diesel Fuel Excise Tax; DyDyee
ConcentrationConcentration

40 40 CFR Part 8CFR Part 80 0 RegulationRegulation ooff Fuel Fuel and Fuel Adand Fuel Ad

3.3. General RequirementsGeneral Requirements

3.1 The grades3.1 The grades ofof fuel oil specified hereinfuel oil specified herein shallshall

geneousgeneous hydrocarbon oils, free from inorganic acidhydrocarbon oils, free from inorganic acidfrom excessive amountsfrom excessive amounts ofof solid or fibrous foreign solid or fibrous foreign 
3.2 3.2 All grades containing residual All grades containing residual components scomponents s

uniformuniform inin normal storage and not normal storage and not separate by gravitseparate by gravit
and heavy oil and heavy oil componecomponents outside the viscosity limnts outside the viscosity lim
grade.grade.

4_4_ Detailed Requirement,Detailed Requirement,
4.1 The various grades4.1 The various grades ooff fuel oil shall confofuel oil shall confo

~~ AnllualAnllual BookBook ofof ASTMASTMStcmdUlds,StcmdUlds, Vol 05.04.Vol 05.04.
66 AvailableAvailable from.from. SuperintendentSuperintendent ofof Documents,Documents, UUss.. GovernGovern

Office.,Office., Washington.Washington. DCDC 20402.20402.
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<00396 - 02<00396 - 02

limitiog reqnhements shownlimitiog reqnhements shown inin TableTable 1.1. A representativeA representative
sample shallsample shall bebe taken for testiogtaken for testiog inin accordaoaccordaoce witce with Practiceh Practice
D4057.D4057.

4.2 Modifications4.2 Modifications ooff limitinglimiting requirements to meet specialrequirements to meet special
operating conditions agreed upon between the purchaser, theoperating conditions agreed upon between the purchaser, the
seller,seller, anandd the the supplier shasupplier shall fall within limits specified for eachll fall within limits specified for each
grade, except as statedgrade, except as stated inin supplementary footuotes for Table 1.supplementary footuotes for Table 1.

5.5. Test MethodsTest Methods

5.15.1 TheThe requirements enumeratedrequirements enumerated inin thisthis specification shallspecification shall
bebe determineddetermined inin accordaoce with the followingaccordaoce with the following ASTMASTM testtest
methods,7 except asmethods,7 except as mamayy bebe requiredrequired underunder 5.1.1.5.1.1.

5.1.15.1.1 FlashFlash Point-TestPoint-Test Method D 93, except where otherMethod D 93, except where other
methods are presctibedmethods are presctibed byby law.law. FoForr all grades, Test Methodall grades, Test Method
D 3828D 3828 may be usedmay be used asas anan altemate with the altemate with the same limits.same limits. FoForr
GradesGrades No.1No.1 anandd No.2,No.2, Test Method Test Method D 5D 566 may be usedmay be used asas anan
alternatealternatewithwith the the same limits, provided the flash same limits, provided the flash point ispoint is belowbelow
93°C and the viscosity93°C and the viscosity isis belowbelow 5.55.5 mmmm22/s/s atat 40°C. This test40°C. This test
methodmethodwillwill give give slightly lower valueslightly lower values.s. InIn casescases ooffdispute, Testdispute, Test
Method D 93 shallMethod D 93 shall be usedbe used asas ththee referee method.referee method.

5.1.2 Pour5.1.2 Pour Point-TestPoint-Test Method D 97.Method D 97. FoForr all grades, theall grades, the
automatic Test Methods D 5949,automatic Test Methods D 5949, DD 5950,5950, anandd D 5985D 5985 cacann bebe
usedused as alternatesas alternates withwith thethe samesame limits.limits. InIn casecase ofof dispute, Testdispute, Test
MethodMethod 97 shall97 shall bebe used asused as ththee referee method. Alternative testreferee method. Alternative test
methodsmethods thatthat indicate flow pointindicate flow point properties canproperties can be usedbe used forfor lowlow
sulfur residual fuelssulfur residual fuels byby agreement between purchaser andagreement between purchaser and
supplier.supplier.

77 ForFor information oninformation on thethe precisionprecision ofof thethe ASTM test methods forASTM test methods for fuelfuel oils referoils refer
toto "An"An EvaluationEvaluation ofof :Methods:Methods for Detenninationfor Detennination ofof SulfurSulfur inin FuelFuel Oils"Oils" by Aby A R.R.
Crawford,Crawford, EssoEsso MathematicsMathematics andand SystemsSystems Inc.Inc. andand G.G. V.V. Dyroff, Esso Dyroff, Esso ResearResearchchandand
Engineering Co., 1969.Engineering Co., 1969. ThisThis docwnentdocwnent isis availableavailable from thefrom the Publications Section,Publications Section,
APIAPI Lt"brary,Lt"brary, AmericanAmerican Petroleum Institute, 1220 L St., N.Petroleum Institute, 1220 L St., N.w.,w., Washington, DCWashington, DC
20005.20005.

5.1.35.1.3 WaterWater and Sediment-Theand Sediment-The water and sedimwater and sedim
Grade Nos. 1 and 2 shallGrade Nos. 1 and 2 shall bebe determineddetermined inin accordaoaccordaoce ce ww
Method D 2709Method D 2709 andand inin Grade Nos. 4, 5, and 6Grade Nos. 4, 5, and 6 byby Test Test 
DD 9595 anandd Test Method D 473. A densityTest Method D 473. A density ooff 1.0 kg/L 1.0 kg/L 
used forused for ththee Test Method D 95 water.Test Method D 95 water.

5.1.45.1.4 CarbonCarbon Residue-TestResidue-Test Method D Method D 524.524.
5.1.55.1.5 Ash-Ash-Test Method D 482.Test Method D 482.
5.1.65.1.6 Distillation-DistillationDistillation-Distillation ooff Grade No. 1Grade No. 1 anandd

oils shalloils shall bebe determineddetermined inin accordaoceaccordaoce withwith Test MethoTest Metho
5.1.7 Viscosity-Viscosity shall5.1.7 Viscosity-Viscosity shall bebe determineddetermined inin

dancedance withwith Test Method D 445.Test Method D 445.
5.1.8 Denl"ity-Practice D 1298. Test Method D 405.1.8 Denl"ity-Practice D 1298. Test Method D 40

be usedbe used asas an alternatean alternate -with-with thethe samesame limits.limits. InIn casecase ofof
Practice D 1298 shallPractice D 1298 shall bebe used asused as ththee referee method.referee method.

5.1.95.1.9 Corrosion-Corrosion-Test Method D 130, 3 h test at 50Test Method D 130, 3 h test at 50

5.1.105.1.10 Suijilr-TestSuijilr-Test Method D Method D 129 for Grad129 for Gradeses 1,2,41,2,46 and Tes6 and Test Metht Method od D 2622 D 2622 for Grades 1for Grades 1 LoLoww SulfurSulfur andand
SulfSulfur. ur. Test Methods D 1552, D 2622, Test Methods D 1552, D 2622, and D 4294 caand D 4294 cann
used for all grades.used for all grades. InIn additaddition, Test Method D 1266ion, Test Method D 1266
used for Grades 1used for Grades 1 anandd 11 LoLo ww Sulfur,Sulfur, bubutt only with sonly with s
having sulfur contentshaving sulfur contents ofof 0.4 mass0.4 mass %% anandd less (dless (d
0.01 %). Test Method D 5453 can0.01 %). Test Method D 5453 can be usedbe used for Grades for Grades 
fuel oils,fuel oils, bubutt only with samples having sulfur contentonly with samples having sulfur content
massmass %% and less (downand less (down toto 0.0010.001 %).%). InIn casecase ooff dispudispu
Method D 129Method D 129 isis the referee test method for Grades 1,the referee test method for Grades 1,
and 6and 6 ofof this specificationthis specification anandd Test Method D 2622Test Method D 2622
referee test method forreferee test method for Grades!Grades! LoLoww SulfurSulfur anandd 22 LoLo ww

6.6. KeywordsKeywords

6.1 burner fuels; fuel oils; furnace oils; petrole6.1 burner fuels; fuel oils; furnace oils; petrole
petroleum productspetroleum products

APPENDIXAPPENDIX

(Nonmandatory Information)(Nonmandatory Information)

XlXl .. SIGNIFICANCESIGNIFICANCE OFOF ASTM SPECIFICATIONASTM SPECIFICATION FOFORR FUEL OILSFUEL OILS

Xl.1Xl.1 ScopeScope

X1.1.1 X1.1.1 This specification divides This specification divides fuel oils into fuel oils into gradesgrades basedbased
upon the typesupon the types ofbomersofbomers furfur whichwhich they are suitable.they are suitable. ItplacesItplaces
limiting valueslimiting values onon severalseveral ooff the the propertiepropertiess ooff the oilsthe oils inin eacheach
grade. The properties selected for limitationgrade. The properties selected for limitation areare those thatthose that areare
believed to bebelieved to be ooff the greatest sigoificancethe greatest sigoificance inin detenniuing thedetenniuing the
performance characteristicsperformance characteristics ooff the oilsthe oils inin the typesthe types ooff burnersburners
inin which theywhich they areare most commonly used.most commonly used.

Xl.2Xl.2 ClassesClasses

X1.2.1 BecauseX1.2.1 Because ooff the methods employedthe methods employed inin their productheir produc
tion, fuel oils fall into two broad classifications: distillatestion, fuel oils fall into two broad classifications: distillates anandd

residuals.residuals. ThThee distillates consistdistillates consist ooff overhead or overhead or distilled fracdistilled frac

heavy distillates canheavy distillates can bebe sold as Gradesold as Grade No.4.No.4.

X1.3X1.3 GradesGrades

X!.3.!X!.3.! GradesGrades No.No. 1 and1 and No.No. 1 Law Sulfur1 Law Sulfur areare
distillates intended for usedistillates intended for use inin burnersburners ooff the vaporizingthe vaporizing
whichwhich the oil is converted to a vaporthe oil is converted to a vapor byby contact with contact with 
surlacesurlace oror byby radiation.radiation. HighHigh volatilityvolatility isis necessarynecessary toto
thatthat evaporation proceeds with aevaporation proceeds with a minimmnminimmn ooffresidue. residue. 
sulfur gradesulfur grade may bemay be specifiedspecified byby federal, state,federal, state,
regulations andregulations and cancan resultresult inin reduced depositsreduced deposits onon ferrferr
exchaoger surfaces compared to Gradeexchaoger surfaces compared to Grade No.1No.1 whenwhen
under similar conditions.under similar conditions.

X1.3.2X1.3.2 GradesGrades No.No. 22 andand No.No. 22 Low SulfurLow Sulfur areare

distidistillatellates somewhat heavier than grades No. ! s somewhat heavier than grades No. ! andand NoNo
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tions.tions. residuals are bottoms remaining from the distillaresiduals are bottoms remaining from the distilla
tion, or blendstion, or blends ooff these bottoms with distillates.these bottoms with distillates. InIn thisthis
specification, Grades No. 1specification, Grades No. 1 anandd No. 2 are distillatesNo. 2 are distillates anandd thethe
grades fromgrades from No.4No.4 toto No.6No.6 are usually residuaare usually residual, l, although somealthough some

33

Suifiu:.Suifiu:. They are intended for useThey are intended for use atomizing typeatomizing type
whichwhich sprayspray the oil intothe oil into aa combustion combustion chambchamberer 'Where'Where
dropletsdroplets burnburn whilewhile inin suspension. These gradessuspension. These grades ooff oil oil 
inin most domesticmost domestic bU111erSbU111erS andand inin manymany mediummedium
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