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qﬂlp Designation: B 557 ~ 84

Standard Methods of

TENSION TESTING WROUGHT AND CAST ALUMINUM- AND
MAGNESIUM-ALLOY PRODUCTS'

This standard is issued under the fixed designation B 557; the number immediately following the désignation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parerdheses indicates the year of last reapproval.
A superseript epsilon (¢} indicates an editorial change since the last revision or reapproval.

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

and Standards.
1. Scope

1.1 These methods cover the tension testing
of wrought and cast aluminum- and magnesium-
alloy products, excepting aluminum foil.?

1.2 This standard may involve hazardous ma-
terials, operations, and equipment. This standard
does not purport to address all of the safety prob-
lems associated with its use. It is the responsibil-
ity of whoever uses this standard to consult and
establish appropriate safety and health practices
and determine the applicability of régulatory limi-
tations prior to use.

Note 1—Exceptions to the provisions of these
methods may need to be made in individual specifica-
' tmm or test methods for a particular material.

NOTE 2-—A complete metric companion to Meth-
ods B 557 has been developed—Methods B 557M;

therefore, no metric equivalents are presented in these
methods,

2. Applicable Documents

2.1 The following documents of the issue in
effect on the date of material purchase form a
part of this specification to the extent referenced
herein:

2.1.1 ASTM Standards:

E 4 Methods of Load Verification of Testing

Machines®

E 6 Definitions of Terms Relating to Methods

of Mechanical Testing*

E 8 Methods of Iensmn Testing of Metallic

- Materials®

E 29 Recommended Practice for Indicating
Which Places of Figures Are to Be Consid-
ered Significant in Specified Limiting
Values®

E 83 Method of Verification and Classification
of Extensometers*

RA

E 345 Methods of Tension Testing of Metallic
Foil*

3. Significance

3.1 Tension tests provide information on the
strength and ductility of materials under uniaxial .
tensile stresses. This information may be useful

in comparisons of materials, alloy development,
quality control, and design under certain circum-
stances.

3.2 The resu],ts of tension tests of specimens
‘machined 1o standardized dimensions from se-
lected portions of a part or material may not
totally represent the strength and ductility prop-

erties of the entire end product or its in-service

behavior in different environments.

3.3 For quality control purposes, results de-
rived from standardized tension test specimens
can be considered to be indicative of the re-
sponse of the material from which they were
taken to processing and heat treatment.

4. Definitions

4.1 The definitions of terms 'mlatmg to ten- |
sion testing appearing in Definitions E 6 shall

be considered as applying to the terms used in
these methods.

mittee B~7 on L1ght Metals and Alloys and are the direct
responsibility of Subcommitiee B07.05 on Testing,

Current edition approved Feb. 24, 1984. Published April
1984. Originally published as'B 557 - 71. Last previous edition
B 557 - 81.

? For methods of tension testing of alurinum foil, see Meth-
ods E 345,

3 Annual Book of ASTM Standards, Vol 04.02.

4 Annual Book of ASTM Stardards, Yol 03.01.

3 Annual Book of ASTM Standards, Vol 14,02,

Kl
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3. Apparatus

- 5.1 Testing Machines:

5.1.1 Machines used for tension testing shall
conform to the requirements of Methods E 4.
The loads used in determining tensile strength
and yield strength shall be within the lmdmg

. range of the testmg machine as defined in
- Methods E 4.

5.2 Gripping Devices:

5.2.1 General—Varioustypes of gripping de-
vices may be used to transmit the measured
load applied by the testing machine to the test
specimens. To ensure axial tensile stress within
the gage length, the axis of the test specimen
must coincide with the center line of the heads
of the testing machine. Any departure from this
requirement may introduce bending stresses
that are not included in the usual stress com-
putation (load divided by cross-sectional area).

Note 3—The effect of this eccentric loading may
be illustrated by calculating the bending moment and
stress thus added. For a standard 0.500-in. diameter
gpecimen, the stress increase is 1.5 percentage points
for each 0.001 in. of eccentricity. This error increases
to 2.24 percentage points/0.001 in. for a ©577-n.

diameter specimen and to 3.17 percentage points/
0.001 in. for a 0.250-in. diameter specimen.

5.2.2 Wedge Grips—Testing machines usu-
ally are equipped with wedge grips. These
wedge grips generally furnish a satisfactory
means of gripping long specimens of ductile
metal. If, however, for any reason, one grip of
a pair advances farther than the other as the
grips tighten, .an undesirable bending stress
may be introduced. When liners are used be-
hind the wedges, they must be of the same

' thickness and their faces must be flat and par-
allel. For best results, the wedges should be
supported over their entire length by the heads
of the testing machine. This requires that liners

- of several thicknesses be available to cover the

' rangc of specimen thickness. For proper grip-

ping, it is desirable that the entire length of the

serrated face of each wedge be in contact with
the specnnen Proper ahgnment of wedge grips
and liners is illustrated in Fig. 1. For short
specimens- it is generally necessary to use ma-
chined test specimens and to use a special
means of gripping to ensure that the specimens,
when under load, shall be as nearly as possible
in uniformly distributed pure axial tension (see

5.2.3, 5.2.4, and 5.2.5).

523 Grzps for Threaded and Shouldered

65

B 557

Specimens——A schematic diagram of a gripping
device for threaded-end specimens is shown in
Fig. 2, while Fig. 3 shows a device for gripping
specunem with shouldered ends. Both of these
gripping devices should be attached to the
heads of the testing machine through properly
lubricated spherical-seated bearings. The dis-
tance between spherical bearings qhould be as
large as feasible.

524 Grips for Sheet M. alermls—The self-ad-
justing grips shown in Fig. 4 have proved sat-
isfactory for testing sheet materials that cannot
be tested satisfactorily in the usual type of
wedge grips.

5.2.5 Grips for Wzre«ans of either. the
wedge or snubbing types as shown in Figs. 4
and 5 or flat wedge grips may be used.

5.3 Dimension-Measuring Devices—Mi-~
crometers and other devices used for measuring
linear dimensions shall be accurate to at least
one half the smallest unit to which the individ-
ual dimension is required to be measured.

6. Test Specimens

6.1 General:

6.1.1 Test specimens shall be of the full sec-
tion of the material whenever practical. Other-
wise, machined specimens of rectangular or
round cross section shall be used.

6.1.2 Rectangular specimens shall be 0.500
in. wide in accordance with Fig. 6 or Fig, 12
(for tubular products), and shall be of the full
thickness of the material when practical. When
necessary, 0.250-in. wide subsize specimens as
shown in Fig. 6 may be used, but elongation
values from such specimens are not applicable
to specification requirements,

6.1.2.1 Pin ends as shown in Fig. 7 may be
used. In order to avoid buckling in tests of thin
and high-strength materials, it may be neces-
sary to use stiffening plates at the grip ends.

6.1.3 Round specimens shall be the standard
0.500-in. diameter specimen in Fig. 8, except
when the dimensions of the product make this
impossible. In such cases, small-size specimens
proportional to the standard specimen shown in
Fig. 8 may be used. Unless otherwise specified in
the product specification, the selection of round
tension specimens shall be as specified in Table
L. Unless permitted by the product specification,
the dimensions of the smallest specimen used
shall not be Iess than the following;
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: . " Wrought  Cast specimens shall be taken perpendicular to the
Diameter of reduced section, in. * - 0.160 0250 - direction of rolling (long-transverse). For
Iﬁcﬁ%m o:: ;el‘liucsd section, in. *j/ﬁ - 31/%‘ - widths too narrow for long-transverse standard
Radius of fillet, in. ] 16 -

Diameter of end section, in %5, b rectangular or 0.500-in. diameter specimens,
Over-all length, in. S specimens shall be taken parallel to the direc-
With shouldered ends 1% 2% tion of rolling,
‘With threaded ends 2 3 ‘
With plain cylindrical ends 3 4 16.2.1.5 For magnesium alloys, specnnens

6.1.3.1 The shape of the ends of the speci-
mens outside of the gage length shall be suitable
to the material and of a shape to fit the holders
or grips of the testing machine so that the loads
are: appl:wd axially. Figure 9 shows specx.mens
with various types of ends that: have gwen
satisfactory results.

6.1.4 Special care is requued in the manu-
facture and testing of smaller specimens be-
cause the effects of machining (for example,
the amount of end load applied and the amount
of heat generated) and testing (for example,
eccentricity and gage marking) variables are
greater upon them than upon larger specimens.
Therefore, the largest practical specimen shall
always be used. With some types of materials,
notably castings, the result of tests of small
specimens may be more variable due to the
increasing significance of variations in metallic
structure or the character of the surfaces. Low
values derived from small specimens should be
carefully evaluated in accordance with 8.1 to
be certain that the results are valid.

6.1.5 While tensile strengths and yield

o wstmngths can properly be compared with results

derived from test specimens of various dimen-
sions, elongauon values may vary with speci-
men size and type. Therefore elongatwn values
should be obtained with specimens of the type
from which the published tensile propemes
were éstablished.

6. 2 T}pe, Direction, and Locatzon in Prod-
ucts:’

6.2.1 Sheet and Plate:

6.2.1.1 Rectangular specimens shall be used
for thicknesses less than 0.500 in., and round
specimens for all others.

6.2.1.2 For thicknesses 0.500 in. through
1.500 in., specimens shall be taken from the
center of the thickness; for larger thicknesses,
they shall be taken midway from the center to
the surface.

6213 For nonheatmtreatable aluminum- al-
loys, specimens shall be taken paraliel to the
direction of rolling.

6.2.1.4 For heat-treatable aluminum a]loys,

shall be taken parallel to the direction of roll-
ing.
6.2.2 Wire, Rod, and Bar

6.2.2.1 Full-section specimens shall be used

when practical. It is permissible to reduce the
section slightly throughout the test section in
order to ensure fracture within the gage length.
Otherwise, round specimens shall be used, ex-

cept that for rectangles less than 0.500 in. thick
rectangular specimens of the full thickness may

be used.

6.2.22 All spccxmens shall be longitudinal.
The specimens shall be taken from the locations

specified in Table 2.
. 6.2.3 Shapes:

6.2.3.1 Round spec1mens shall be used when- | -

ever it.is not practical to use full-section speci-
mens, except that for shapes less than 0.500 in.
thick, rectangular specimens may be used.

6.2.3.2 All specimens shall be taken in the
longitudinal direction from the predominant sec-
tion of the shape. The specimens shall be taken
from a location that most nearly satisfies the
intent of Table 2.

6.2.4 Tube and Pipe—All specimens shall be
longitudinal. '

6.2.4.1 For all small tube (Note 4), particu-
larly sizes 1 in. and under in nominal outside
diameter, and frequently for larger sizes, except
as limited by the testing equipment, it is stand-
ard practice to use tension test specimens of

full-size tubular sections. Snug-fitting metal

plugs shall be inserted far enough into the ends
of such tubular specimens to permit the testing
machine jaws to grip the specimens properly.
The plugs shall not extend into that part of the

specimen on which the elongation is measured,

I

Figure 10 shows a suitable form of plug, the
location of the plugs in the specunen, and the
location of the specimen in the grips of the
testing machine.

Note 4-The term “tube” is used to indicate tu-
bular products in general, and includes pipe, tube,
and tubing.

6.2.4.2 When it is not practical io test full-
section specimens, 0.500-in. wide specimens in
accordance with Fig. 12 taken as in Fig. 11

PRO_00093040
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. shall be used if practical. Otherwise, round
.specimens shall be taken from the center of
. wall thicknesses thmugh 1.500 in.; for thick-
_ nesses over 1.500 in., they shall be mken mid-
‘way from center of thickness to surface.
6.2.5 Die Forgings—Round specimens shall
_be used for section thicknesses (.500 in. and
- greater. Either subsize round or rectangular
specimens may be used for section thicknesses
- from 0.312 to 0.499 in. Rectangular specimens
. shall be used for section thicknesses less than
;0312 in. The axis of the specimen shall be
_ substantially parallel to the direction of grain
~ flow, unless specimens in other directions are
. required. Specimens shall be taken from the
~center of the predominant or thickest part of
" the forging from which a coupon can be ob-
tained, from a prolongation of the forging, or
from coupons separately forged from the same
 stock used to produce the forgings.
6.2.6 Hand Forgings—Round specimens
. shall be used. They shall be taken in the long-
_transverse direction, and when specified, in the
longitudinal and short-tranverse directions. A
longltudmal specimen shall be taken so that its
axis coincides with the longitudinal center line
of the forgmg A long -transverse or short-trans-

_ verse specimen shall be taken so that the mid-

' point of its axis lies on the longitudinal center
line of the forging. Fach specimen shall be so

-chosen that the distance from the midpoint of
its axis to the end of the forging is at least half
the thickness of the forging.

6.3 Type of Specimen from Castings:

6.3,1 Test specimens shall be separately cast .

or, if called for by product specification or
customer requirements, machined from the
-casting itself.
_.6.3.2 Cast Test Specimens—The test section
. of .any separately cast test specimen shall be
consistent with Fig. 8.

6.3.3 Specimens Machined from Castings.
L 6.3.3.1 Round specimens in accordance with
. Fig. 8 shall be used for section thicknesses 0.500
"in. and greater. '

6.3.3.2 Either small-size round specimens
proportional to the standard specimen in Fig. 8
or rectangular specimens in accordance with Fig,
6 may be used for section thicknesses from 0.312
10 0.499 in., except as limited by 6.1.3.

6.3.3.3 Rectangular specimens in accordance
with Fig. 6 shall be used for section thicknesses
less than 0.312 in,

e

6.3.3.4 All test specimens must have a ma-
chined finish of 63 micro in. RMS (57 micro-in.
AA) or smoother.. ‘

6.4 Specimen for Die Castings:

- 6.4.1 For testing die castings the test specimen
shown in Fig. 13 shall be used unless otherwise
provided in the product specifications.

6.5 Specimens for Powdered Metals:

6.5.1 For testing powdered metals the test
specimens shown in Figs. 14 and 15 shall be
used, unless otherwise provided in the product
specifications.

7. Procedures

7.1 Measurement of Dimensions of Test Spec-
imens: ‘

7.1.1 To determine the cross-sectional area of

a tension test specimen, measure the dimensions

‘of the cross section at the center of the reduced

section except that for referee testing of speci-

“mens under %s in. in their, least dimension,

measure the dimensions where the least’ cross-
sectional area is found. Measure and record the
cross-sectional dimensions of tension test speci-
mens 0.200 in, and over 1o the nearest 0.001 in.;
the cross-sectional dimensions less than 0.200 in.
and not less than 0.100 in. to the nearest 0.0005
in.; the cross-sectional dimensions less than 0.100
in. and not less than 0.020 in., to the nearest
0.0001 in.; and when practical, the cross-sec-
tional dimensions less than 0.020 in., to at least
the nearest 1 % but in all cases to at least the
nearest 0.0001 in.

NOTE §~—Measutements of ‘dimensions presume
smooth surface finishes for the specimens. Rough sur-
faces due to the manufacturing precess such as hot
rolling, metallic coating, etc., may lead 10 inaccuracy
of the computed areas greater than.the measured di-
mensions would indicate. Therefore, cross-sectional di-
mensions of tension test specimens with rough surfaces

" due to proccssmg may be. measured and recordcd to

the nearest 0.001 in.

7.1.2 Determine cross-sectional areas of full-
size tension test specimens of nonsymmetrical
cross sections by weighing a length not less than
20 times the largest cross-sectional dimension
and using the value of density of the material.
Determine the weight to the nearest 0.5 % or less.

7.1.3 When using specimens “of the type
shown in Figure 12 from tubes, the cross-sec-
tional area shall be determined umng the follow-

K ing formula:
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Case 1:13-cv-01215-TSC Document 198-18 Filed 10/07/19 Page 8 of 99

{h BsS7

A= GRPRALS 2, ARCSIN e

[2 R ] + R%. ARCSIN DJ
3 \/2 w? 2't o W
[2 / pE e +r A~AR;(,SIN —Jl

cross-section area,

D = outside diameter,

d = inside diameter,

R = outside radius, -

¥ = inside radius, and"

W = width of specimen reduced section.

7.2 Speed of Testing:

7.2.1 Speed of testing may be defined (a) in
terms of free-running crosshead speed (rate of
movement of the crosshead of the testing ma-
chine when not under load), (b) in terms of
rate of separation of the two heads of the testing
machine during a test, (¢) in terms of the
elapsed time for comple_tmg part or all of the
test, (d) in terms of rate of stressing the speci-
men, or (e) in terms of rate of straining the

_specimen. For some materials the first of these,
which is the least accurate, may be adequate,
while for other materials one of the others,
listed in mcraasmg order of precision, may be
necessary in order to obtain test values within

_acceptable limits. Suitable limits for speed of
testing should be specified for materials for
which the differences resulting from the use of
different speeds are of such magnitude that the

" - test'results are unsatisfactory for determining

the acceptability of the material. In such in-
stances, depending upon the material and the
use for which it is intended, one or more of the
methods described in the following paragraphs
is recommended for specifying speed of testing.
~1.2.2 Free-Running Crosshead Speed—The
allowable limits for the rate of movement of
the crosshead of the testing machine, when not
- under load, shall be specified in inches per inch
of length of reduced section (or distance between
grips for specimens not having reduced sections)
" per minute. The limits for the crosshead speed
may be further qualified by specifying different
limits for various types and sizes of specimens.
. The average crosshead speed can be experimen-
tally déetermined by using a suitable measunng
dcvwc and a timing device.

" 7.2.3 Rate of Separation of Heads During
Tests—The allowable limits for rate of separation
of the heads of the testing machine during a test
shall be specified in inches per inch of length of

7O

reduced section (or distance between grips for
specimens not having reduced sections) per mins
ute. The limits for the rate of separation may be
further qualified by specifying different limits tor
various types and sizes of specimen. Many tcsung

“‘machines are equipped with pacing or indicating
- devices for the measurement and control of the
. rate of separation of the heads of the machine

during a test, but in the absence of such a device

the average rate of separation of the heads can’
“be experimentally determined by using a suitablé;
* length-measuring device and a timing device. * **
724 Elapsed Time—The allowable limits

for the elapsed time from the beginning of
loading (or from some specified stress) to the
instant of fracture, to the maximum load, or to
some other stated stress, shall be specified in
minutes or seconds. The elapsed time can be
determined with a timing device.

7.2.5 Rate of Stressing—The allowable limits
. for rate of stressing shall be specified in pounds
- per square inch per minute. Many testing ma-

chines are equipped with pacing devices for the
measurement and control of the rate of stress-
ing, but in the absence of such a device the
average rate of stressing can be determined
with a timing device by observing the time
required to apply a known increment of stress.

1.2.6 Rate of Straining—The allowable limits
for rate of stramning shall be specified in inches
per inch per minute. Some testing machines are
equipped with pacing or indicating devices for

the measurement and control of rate of straining,

but in the absence of such a device the average

_rate of straining can be determined with a timing

device by observing the time required to effect a

“known increment of strain,

7.2.7 Unless otherwise specified, any con-
venient speed of testing may be used up to one
half the specified yield strength, or up to one
quarter the specified tensile strength, whichever
is smaller. The speed above this point shall be
within the limits specified. If different speed
limitations are required for use in determining
yield strength, tensile strength, and elongation,
they should be stated in the product specifica-
tions. In the absence of any more specified
limitations on speed of testing the following
general rules shall apply:

7.2.7.1 The speed of testmg shall be such
that the loads and strains used in obtaining the
test results are accurately indicated.

7.2.7.2 During the conduct of the test to
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determine yield strength the rate of stress ap-
plication shall not exceed 100 000 psi/min.
The speed may be increased -after removal of
the extensometer, but it shall not exceed 0.5
"n./in. of gage length (or distance between grips
2T specimens not havmg reduced sections) per
iinute. :

15 Roundmg—Round each value of
strength to the nearest 0.1 ksi. Round each
value of elongation determined in accordance
with 7.6.1 to the nearest 0.5 %, unless specified
otherwise. Perform rounding according to the
rounding method of Recommended Practice
E 29.

7.3.1 If elongation is determined in accord-
ance with 7.6.4, round each value in accordance
with 7.6.4.4. : : :

14 Yield  Strength—Determine  yield
strength by the offset method at an offset of 0.2
%. Acceptance or rejection of material may be
decided on the basis of Extension-Under-Load
Method. For referce testmg, the off%et method
shall be used.

7.4.1. Offset Method—To detenm.m: the ywld
strength by the “offset method,” it is necessary
to secure data (autographic or numerical) from
which a stress-strain diagram may be drawn.
Then on the stress-strain diagram (Fig. 16) lay
off Om equal to the specified value of the set,
draw mn pamllel to.0A, and thus locate r, the
intersection of mn with the stress-strain dia-
gram. (Note 7). In reporting values of yield
strength obtained by this method, the qpecuﬁcd
value of “offset” used should be stated in pa-
rentheses after the term yield strength. Thus:

0.2%) = 52 000 psi _
In usmg this method a Class B2 extensometer

(sée Methods E 83) would be ‘;ufﬁcwmly sen-
sitive for most materials.

Yield strength (offset =

. NOTE 6 Automatlc devices are available that dem
termine offset yield strength without plotting a stress-
strain curve. Such devices may be used if their ac-
curacy has been demonstrated to be satisfactory.
Nore 7—1If the load drops before the specified offset
is reached, technically the material does not have a
ymld strength (for that offset), but the stress at the
maximum load attained before the specified offset is
reached may be reported instead of the yield strength.

7.4.2. Extension-Under-Load Method—For
tests to determine the acceptance or rejection
of material whose stress-strain characteristics
are well known from previous tests of similar
material in which stress-strain diagrams were

[A4]

B 557

plotted, the total strain corresponding to the
stress at which the specified offset occurs will
be known within satisfactory limits; therefore,
in such tests a specified total strain may be
used, and the stress on the specimen, when this
total strain is reached, is taken to be the value
of the yield strength (Fig. 17). The total strain
can be obtained satisfactorily by use of a Class
B2 extensometer. It is recommended that this
approximate method be used only after agree-
ment between the manufacturer and the pur-

. chaser, with the understanding that check tests

be made for obtaining stress-strain diagrams
for use with the offset method . to »ett],e: any
misunderstandings.

7.5 Tensile Strength; ;

7.5.1 Calculate the tensile strength bv divid-
ing the maximum load carried by the specimen
during a tension test by the orlgmal CTOSS-$EC-
tional area of the specimen.

7.6 Elongation.

7.6.1 Fit ends of the fractured specuncn to-
gether carefully and measure the distance be-
tween the gage marks to the nearest 0.01 in. A
percentage scale reading to 0.5 % of the gage
length may be used. The elongation is the
increase in length of the gage length, expressed
as a percentage of the original gage length. In
reporting elongation values, give both the per-
centage increase and the original gage length.

7.6.2 If any part of the fracture takes place
outside of the middle half of the gage length or
in a punched or scribed mark within the re-
duced section, the elongation value obtained
may not be representative of the material. If
the elongation so measured meets the minimum
requirements specified, no further testing is
required, but the location of fracture shall be

' noted. If the elongation is less than the mini-

mum reqmrements discard the test and test a
replacement specimen as allowed in 8.1.1.

7.6.3 In determining extension at fracture
(elastic plus plastic extension), autographic or
automated methods using extensometers may be
emploved. .

7.6.3.1 In determmmg perceut elongatlon
from extension at fracture, only the plastic exten-
sion shall be used. The elastic portion can be
estimated graphically or by calculation and sub-
tracted from the total extension at fracture.-

7.6.4 When required by the material specifi-
cation, or when making retests or for referee tests
of products other than wire and the specified
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elongation is less than 3% or the elongation
measured in the usual manner is less than 4 %,
determine the‘elongation of a round specimen as
follows:

7.6.4.1 Mark the omgmal gage length of the
specimen and measure to an accuracy of +0.002
in. - “
7.6.4.2 Remove any partly torn fragments
that might influence the final measurement
from the broken ends of the specimen.

7.6.4.3 Match the broken ends together to
obtain an integral fit, and apply an end load of
approximately 2 ksi. If desired, the load may
then be removed carefully, prov1ded the specp«
men remains intact.

7.6.44 Measure the final gage length to at
least the nearest 0.002 in., and report the elon-
gation to at least the nearest 0.1 % in 2 in. or
0.2 % in shorter gage lengths.

7.6.5 Measure elongations of %-in. wide rec-
tangular specimens and of full-section speci-
mens from tube and pipe in 2 tn.

7.6.6 Measure clongation of round speci-
mens taken from products 0.125 in. or larger in
4D except die casﬁng and wire for electric con-
ductors.

7.6.7 For wire for electric conductors the
gage length shall be in 10 in. and elongation
shall be measured and reported to the nearest
0.1 %.

7.6.8 Measure elongation of die cast spem—

. _mens in 8D (see Fig. 13).

7.6.9 Measurement of elongation of shdpes
less than 0.062 in. in thickness and of wire,
other than electric conductors, (0.125 in. and
less in diameter is not required.

8. Replacement Tests

8.1 A test specimen may be discarded and 2
replacement specimen selected from the same
lot of material when (/) the specimen had a
poorly machined surface, was not of the proper
dimensions, or had its properties changed by
poor machining practice; (2) the test procedure
was incorrect or the test equipment malfunc-
tioned; or (3) the fracture was outside the mid-
dle half of the gage length, and the elongation
was below the specified value.

8.2 In the case of specimens machined from
wrought products or castings, discontinuities
such as cracks, ruptures, flakes and porosity
revealed in the fracture that are considered
indicative of inferior or defective material are

not reasons for the selectmn of a repla,oem&m

test specimen.

:8.3 In the case of separately cast test spccv
mens, flaws other than gas porosity, such’ as
cracks or inclusions, are not the cause of rejec
tion of the castings based upon tensile propex
ties, and so the presence of such flaws in tk
fracture is justification for replacement testing

9. Retests

9.1 If one or more test specimens fail to

conform to the requirements of the product '

specification, the lot represented by the speci-
men or specimens shall be subject to rejection
except as provided below.

- 9.2 If a material lot is subject to rejection, -

retests of that lot will be permitted by:
9.2.1 Testing, for each specimen that failed,

at least two additional specimens from an area -
in the original sample adjacent to the area -

represented by the failure or failures, or

9.2.2 Testing an additional specimen from -
the specified location in each of at least two

other samples for each sample that failed from
the same lot.

9.2.3 In the case of separately cast test spec-
imens, testing two additional cast speciments
from the same lot for each specimen that failed.

- 9.3 If any retest fails, the lot shall be subject

to rejection, except that the lot may be resub-
mitted for testing provided the producer has

reworked the lot, as necessary, to correct the

deficiencies or has removed the nonconforming

material.

10. Precision and Bias ‘

10.1 Precision—The degree of agreement
within the results obtained in tests made to eval-
uate a particular property in accordance with the
procedures stated i this standard.

10.1.1 Precision is influenced by the homo-
geneity of specimens. By homogeneity, the ma-

terial itself, the specimen shape, the gopping

methods and measurement methods are meant.

10.1.2 Precision is related to laboratories, the
design and condition of the machines and auxil-
iary equipment and to the skill used by operators,

10.1.3 Results obtained under single operator,
single-machine testmg can mpresent the optl-
mum precision.

10.2 Bigs--The accuracy of the results in
tension testing is the degree of agreement be-
tween the property defined by the results and an

PRO_00093044
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“accepted standard which is the average of a num-~
ber of observations obtained by operators using
the highest skills; using the most suitable ma-

#:chines and equipment and by laboratories having

-‘the highest degree of supervision.

~*10.2.1 Testing machine load accuracy influ-

2ences accuracy of properties related to force.

-fSpecimen geometry, symmetry and alignment
influence stress accuracy and strain uniformity.
Accuracy of extensometry influences strain mag-

“mitude. Gripping devices, qualifications of oper-
ators and speed of testing may influence accu-
racy.

TABLE 1 Gauidelines for Selecting Round Tensile Specimens

Min. Mz_ile-
Soecified Material Thick- " S*ION  gpecimen pi.
NESS, 11, Length or ameter, in.
Width, in,
0.250 through (.374 144 0.160
0.375 through 0.499 2 (0.250
0.500 through 0.624 3% - 0.350
0.625 and over 4% 0.500

.B 557

10.3 Statistical methods and procedures exist
to calculate precision, establish bias and make
statistical Judgement that numbers defining prop—
erties are different only by chance

NoTe 8—Test results that can be used for statistical

evaluation to establish the precision of these methods
are not available but are being solicited by ASTM
Committee B-7. (

Notg 9-—At this time, statements of the accuracy of
the results in tension tesiing should be limited to the
documented performance of particular laboratories.

TABLE 2 Location of Axis of Specimens in Rad, Bar, and
Shapes

Location of Axis of Specimen with
Respect to-Thickness (17) and

Section Diamete
cction Diameter, o Wy of Bar and Shapes or

T’hwknc*s:ﬂ c-)r Width, Diareter (D) of Rod
_ Thickness Width Diameter
Up through 1.500, incl 772 w2 D2
QOver 1.500 T/4 w4 D/4

PRO_00093045
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v Bss7
oo Wedge Grips Upper Heod of v T Spherical
. . / Testing Mochine. L : : .
. LN g : Bearing
. “\'w// Wy .
Y -
N ) R U_ppeeread
™ Liders-Thickness Varied T
| According o Specimen Thick- sting .
ness 1o Keep Wedge Grips & g
. Flat Specimen-«{ | from Protruding Above or Mochine
: Below Head of Testing
| Machine

FIG..1 Wedge Grips with Liners for _Fiilt Specimens

Specimen
with
Threaded
Ends

FIG. 2 Gripping Device for Threaded-End Specimens
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Split

Socketweem,

Spherical
Bearing

Solrd

Clamping N
Rirg-7 S,

‘Specimen’
‘with
Shouldered
Ends.

0
it
b e

Z.

FIG. 3 = Gripping Device for Shouldercd-End Specimens ‘

FIG. 5 Snubbing Device for Testing Wire

Testing
Machine

b B.557

| —

- Spherical
-Bearing:

N / Cross- Head of
/ Testing Machine

Serrated Faces

' { on Grips
A ) ¢ A . P
ml
Specimen Cylindricai
Seot
N \
., O
Section A-A—for Sheet and Strip
Specimen\ ‘ l“

NN

I

T

Section A~A~— tor Wire

SPHERICAL ..o -
BLARING

SPECIMEN

" FIG. 4 Gripping Devices for Sheet and Wire Specimens
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G
Dimensions, in,
Standard Specimen Sheet- Subsize Specimen | |
_ Type, ¥o-in. Wide Ya-in. Wide

G-~ Gage length 2.000 % 0.003 ~ 1000 = 0.003
W.—Width (Notes 1 and 2) 0.500 + 0.010 . 0.250 + 0.002
T— Thickness (Note 3) . : - thickriess of material thickness of material
R Radius of fillet, min : Yo . Ys
I— Qver-all length, min (Note4) ~ - 8 . C 4
A— Length of reduced section, min - 24 | §2
B-- Length of grip section, min (Note 5) 2 ’ 1%

C— Width of grip section, apprommate % %
(Notes 2 and 6) . ;

Note 1—The ends of the reduced section shall not differ in width by rmore than 0.002 in. for the 2.00-in. gage length
specimen or 0.001 in. for the 1.00-in. gage length specimen. There may be a gradual taper in width from the ends of the
reduced section to the center, but the width at each end shall not be more than 1 % greater than the width at the center.

Norg 2—For each of the specimens, narrower widihs (W and C) may be used when necessary. In such cases the widih of
the reduced section should be as large as the width of the material being tested permits; however, unless stated specitically, the
requirements for elongation in a product specification shall not apply when these narrower spe¢imens are used. If the width
of the material is less than W, the sides may be parallel throughout the length of the specimen.

Note 3—The dimension T is the thickness of the test specimen as stated in the applicable mdtcrml specifications.
Maximum nomm.ﬂ thicknesses of %a in. fmd Yrin. wide 5pe,umenfs shall be Vz in. and Y% in., respectnvely

as the mdteml will permit, up to 8 in.
NoTE 5-It is desirable, if possible, to make thc length of the grip section large enough to allow the specimen to extend
into the grips a distance equal to two thirds or more of the length of the gnps If the thickness of %-in. wide \spealmms is over

% in., longer grips and correspondingly longer grip sections of the specimen may be necessary to prevent failure in the grip
section.

) Nore 6—The ends of the specimen shall be symmetrical with the center line of the reduced section within 0.01 and 0.003
" in,, respectively.

FIG. 6 Rectangular Tension Test Specimens

A
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8- G o-—’[" 8 """‘

G— Gage length ~2.000 + 0.005

Dimensions, in.

W Width (Note 1) 0.500 + 0.010
T Thickness, max (Note 2} . %
R— Radius of fillet, min (Note. 3) . Y
L— Over-all length, min 8
A— Length of reduced section, min C 2%
- Length of grip section, min 2
C—- Width of grip section, approximate . ‘ 2
D— Diameter of hole for pin, min (Note 4) Y
k- Edge distance from pin, approximate Rt

F— Distance from hole to fillet, min . R

Note 1-The ends of the reduced section shall differ in width by not more than 0.002 in. There may be a gradual taper
i width from the ends of the reduced section to the center, but the width at each end shall be not more than 1 % greater than.
the width at the center.

NoTE 2-—The dimension 7'is the thickness of the test specimen a5 stated in the applicable product specmcatwns

Nore 3—For some materials, a fillet radius R larger than ¥ in. may be needed,

NoTE 4 Holes must be on center line of reduced section, within +0.002 in.

Nore 5—Variations of dimensions C, D, E, F, and L may be used that will permit failure within'the gage length.

FIG. 7 Pin-Loaded Tension Test Specimen with 2-in. Gage Length

&
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Tesfing machine jows
should not extend
beyond this limit -

I § Note---The edges of the specimen shall be cut parallel to

i each other.

: FIG. 11 Location from Which Longitudinal Tension Test
A1 | " Specimens Are to Be Cut from Large-Diameter Tube

Nore—The diameter of the plug shall have a shight taper
from the line limiting the testing machine jaws to the curved
section,

FIG. 10 Metal Plugs for Testing Tubular Specimens,
Proper Location of Plugs in Specimen and of Specimen in

Heads of Testing Machine
— 8 _.H A i [-, B _~l
: ¥ f
— —_— W - — c Torf o
6 R’ '
Dimensions, in.
W— Width (Note 1) 0,500  0.010
G— Gage length 2.000 = 0.005
) T— Thickness Note 2
‘R Radius of fillet, min Y -
A— Length of reduced section, min i 2
B-— Length of grip section, min (Note 3} -3
C— Width of grip section, approximate (Note 4) _ e

Novg ‘l‘—-“"l"he; ends of the red,uéed section shall not differ in width by more than 0.002 in. There may be a gradual taper in

. width from the ends of the reduced section to the cenft@r, but the width at each end shall not be more than | % greater than the
width at the center. s . ‘ ‘ :

Notg 2~ The dimension 'is the thickness of the tubular section as provided for in the applicable material specifications.

Noie 3—It is desirable, if possible, 1o make the length of the grip section great enough to allow the specimen to extend into the
grips a distance equal to two thirds or more of the length of the grips.-

NoOTE 4—The ends of the specimen shall be symmetrical with the center line of the reduced section within (.05 in.

Nore 5—For circular segment, the cross-sectional area sbhall be calculated using the formula shown in 7.1.3.

-FIG. 12 Longituding] Tension Test Specimens for Large-Diameter Tubular Products

gAY
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Dimensions, in.

G—Gage length

D-Diameter (see Note)

R— Radius of filet, min

A-—T.ength of reduced section, min

L— Over-all length, min

B— Distance between grips, min
C-Diameter of end section, approximate

2.000 + 0.005
0.250 + 0,005
3

2y

9

44

%

Nore—The reduced section may have a gradual taper from the ends toward the center, with the ends not more than 0.005

in. larger in diameter than the center. |

FIG. 13 Standard Tension Yest Specimen for Die Castings

w D W £ .C
E rad ey e el - T , l

5&— T H + +‘\ - ,—WA

_ LR .

L--G --——4 " Rrad T {

e - - B P .
R L
Pressing Area = 1.00 in.?

_, Dimensions Specified except G, are Those of the Die.

Dimensions, in.

G— Gage length

D-- Width at center :
W—Width at end of reduced section
Compact to this thickness

R— Radius of fillet

A— Half-length of reduced section
B Grip length

L— Over-all length

C- 'Width of grip section

F— Half width of grip section

E— End radius

1000 % 0.005

.0.225 £ 0.001

0.235 =+ (0.001
(.200 to 0.250

1

%

3.187 %= 0.001
3.529 + 0.001
0.343 £ 0.001
0.1715 + 0.0010
0.171 £ 0.001

FIG. 14 Standard Tension Test Specimen for Powdered Metal Products—Flat Unmachined Tension Test Specimen

PRO_00093053



Case 1:13-cv-01215-TSC Document 198-18 Filed 10/07/19 Page 20 of 99

i B557

F H D H T
f A f P3N
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R rod r"“‘“"%"“*‘"* Jrad
G psere €
b ) el A e E wje—B s
“ L

Pressing Area of Unmachined Compact = 1.5 in.?

Machining Recommendations :
1. Rough Machine to %s in. dia
‘2. Finish Turn 0.250 in. dia with Radii and
Taper :
3. Polish with 00 Emery Cloth
4. ‘Lap with Crocus Cloth

Dimensions, in.
G— Gage length " 1.000 £ 0.005
D— Diameter at center of reduced section 0.250 = 0.001

H- Diameter at ends of page length '

R— Radins of fillet

A~ Length of reduced section I3

D+ 0.001 to 0.002 in.
Y

L~ Over-all length (dic cavity length) 3
B— Length of end section i Ya

C— Compact to this end thickness - 0.500+ 0.05
W— Die cavity width . Yo ‘
E-- Length of shoulder and fillet - % :
Fe Diameter of shoulder Y6
J— " End fillet radius, max Yis

Nore--The gage length and fillets of the specimen shall be as shown. The ends as shown are designed to provide a total
pressing area of 1.00 in.* Other end designs are aceeptable, and in some cases are required for high-strength sintered materials.
Some suggested alternative end designs inclode: .

1. Longer ends, of the same general shape and configuration as the standard, provide more surface area for gripping.

2. Shallow transverse grooves, or ridges, may be pressed in the ends to be gripped by jaws machined to fit the specimen

contour.

FIG. 15 Staudard Tension Test Specimen for Powdered Metal Products—Round Machined Tenston Test Specimen
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] R om=Specified Extension Under Load
' ,’ ' - ' FIG. 17 Stress-Strain Diagram for Determination of
;' . Strain : ; Yield Strength by the Extension-Under-Load Method
0 b — "-' m

oms= Specuf:ed Offsef

FIG. 16 Stress-Strain Diagram for Determination of
Yield Strength by the Offset Method -

The American Society for Testing and Materzals Iakes Ho posztwn respectmg the validity of emy patent rights usserted in
‘connection with any item mentioned in this standard. Users of this standard are expressly advised that determmarwn of the valldxry
of any such patf'nt rights, and the risk 0] mfrzngemem of such rights, are entirely their awn responsibility.

This standard is subject to revision at any time by the reipomlble technical commitiee and mi st be reviewed every five years
and if-not revised, cither reapproved or withdrawn. Your comments are invited either fer revision of this standard or - for additional
standards and should be addressed to ASTM Headguarters. Your comments will receive careful consideration ot a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should

.make your views known 1o the ASTM Commitiee on Standards, 1916 Race St., Philadelphia, Pa. 19103.
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By the Authority Vested By Part 5 of the United States Code § g52(a) and
Part 1 of the Code of Regulations § §1 the attached document has been duly
INCORPORATED BY REFERENCE and shall be considered legally
binding upon all citizens and residents of the United States of America.
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Criminal penalties may apply for noncompliance.
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An American National Standard

q ]‘” Designation: B 580 - 79

, c;‘ifi"cd’tldﬁ fm‘ ~
Anodlc Oxwle Coatlngs on Alummum”i N

ea; ;  yéa b
“iiiber ﬁ‘bnr tiréses idichtes ths yehir of Iist rea‘pbrova} A
supcrscnpt epsxlon (e) mdncams an exhtoml change smce the last mvmon or mpproval

. % g PAREL

i [Wenseqndfqz_ i

f 8()"t'l*f 3 ix
original adoption or, in tho case of revmoh “t w‘ycar of 1St Bévision,

1. Scope . R

1 This specification covers requirements for electrolyti-
cally formed porous oxide coatings on aluminum and
aluminum alloy parts where appearance, abrasion resistance,
electrical properties, and protection against corrosion are
important. Nonporous, barrier layer anodic coatings used for
electrical capacitors are not covered. Seven types of coatings
as shown in Table 1 are provided. Definitions and typical
examples of service conditions are provided in Appendix X1,

9"\ o, it
ﬂectmg, Charac fics of Melallxc burfaces qug Inte-
grating Sphere Tnstruments’
E 430 Method for Measurement of Gloss of High-Gloss
Surfaces by Goniophotometry®
2.2 Other Standards:
MIL-STD-105 Sampling Procedures and Tables for In-
spection by Attributes®
MIL-STD-414 Sampling Procedures and Tables for In-

‘ spection by Variables for Percent Defective®

Note 1--It is recognized that uses exist in which modifications of the
coatings covered by this specification may be required. In such cases the
particular properties desited by the purchaser should be the subject of
agreement between the purchaser and the manufacturer,

3. Manufacture

3.1 Defects in the surface of the basis metal, such as
scratches, porosity, inclusions, roll and die marks, cold shuts,
and cracks, will adversely affect the appearance and perform-
ance of applied coatings despite the observance of best
anodizing practices. Accordingly, defects in the coating that
result from such conditions shall not be cause for rejection.

2. Referenced Documents

2.1 ASTM Standards:

B 110 Test Method for Dielectric Strength of Anodically
Coated Aluminum?

B 117 Method of Salt Spray (Fog) Testing®

B 136 Method for Measurement of Stain Resistance of

Nore 2—To minimize problems of this sort, the specifications
covering the basis material or the item to be anodized should contain

Anodic Coatings on Aluminouwm?

B 137 Method for Measurement of Weight of Coating on
Anodically Coated Aluminum?

B 244 Method for Measurement of Thickness of Anodic
Coatings on Aluminum and of Other Nonconductive
Coatings on Nonmagnetic Basis Metals with Eddy-
Current Instruments

B 368 Method for Copper-Accelerated Acetic Acid-Salt
Spray (Fog) Testing (CASS Test)?

B 457 Method for Measurement of Impedance of Anodic
Coatings on Aluminum?

B 487 Mecthod for Measurement of Metal and Oxide
Coating Thicknesses by Microscopical Examination of a
Cross Section?

B 538 Method of FACT (Ford Anodized Aluminum
Corrosion Test) Testing®

B 602 Test Method for Attribute Sampling of Metallic and
Inorganic Coatings®

D658 Test Method for Abrasion Resistance of Organic
Coatings by the Air Blast Abrasive Test*

!This specification is under the jurisdiction of ASTM Committee B-8 on

appropriate limitations on such basis metal conditions.

3.2 The basis metal shall be subjected to such mechanical
finishing operations, cleaning, and chemical or electrolytic
prefreatments as are necessary to yield anodic coatings with
the final quality and appearance specified by the purchaser.

3.3 Except where specifically excluded, anodized parts
shall be sealed in water or agueous chemical solutions of
such purity, composition, pH, and temperature, as to impart
the properties specified herein,

4, Significant Surfaces

4.1 Significant surfaces are defined as those normally
visible (directly or by reflection) which are essential to the
appearance of serviceability of the article when assembled in
normal position; or those surfaces which can be the source of
corrosion products that will deface visible surfaces and
interfere with functional surfaces on the assembled article.
When necessary, the significant surfaces shall be the subject
of agreement between purchaser and manufacturer and shall
be indicated on the drawings of the parts, or by the provision
of suitably marked samples,

Note 3—When significant surfaces are involved on which the
specified thickness or density of the coating cannot readily be controlled,
such as threads, holes, deep recesses, and similar areas, the purchaser

Metallic and Ynorganic Coatings and is the direct responsibility of Subcommittes
B08.06 on Anodic and Chemical Conversion Coatings on Aluminum and
Magnesium Alloys.

Cuwrrent edition approved May 25, 1979, Published August 1979, Qriginally
published as B 580 — 73, Last previous edition B 580 — 73,

2 Discontinued, see 1981 dnnual Book of ASTM Standards, Part 9.

3 dnmual Book of ASTM Standards, Vol 02.05.

4 dnnual Book of ASTM Standards, Vol 06.01.

5 dnnuat Book of ASTM Standards, Vol 1402,
S Available from the Naval Publications and Forms Center, 5801 Tabor Ave.,
Philadelphia, PA 19120,
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and the manufacturer should recognize the necessity for either thicker
films on the more accessible surfaces or for special racking.

5. Manner of Specifying Requirements

5.1 Coating Description—When ordering articles to be
finished in accordance with this specification, the purchaser
shall state:

5.1,1 The ASTM designation number,

5.1.2 The coating type and description (see Table 1),

5.1.3 The minimum anodic film thickness,

5,14 Spﬁual post anodic treatments,

6.3 The following ASTM methods are applicable to an-
odic coatings within the scope of this specification: B 110,
B 117, B 136, B 137, B 244, B 368, B457, B 487, B 538,
D658, E429, and E 430, The sclection of tests to be
required and the level of performance against each test, with
the exception of minimum film thickness, shall be subject to

. agreement, between. purchaser and manufacturer, The Dye

5.1.5" Applicable quality assurance tequirements (seu Sec- .

tion 6),

5.1.6 Significant surface appearance mqmmm(}mﬁ suuh as
color, texture, or reflectivity, and

5.1.7 The alloy to which the coating is to be apphed

5.2 Supplementary Coating--Any supplementary coating
that is required in addition to normal or special sealing must

either be described in detail along with its requirements or

the appropriate specification(s) must be referenced, -

6. Quality Assurance
6,1 Anodic oxide codtings can ‘be procluwd to hayve many

Stain Test, as described in Method B 136, shall not be
required for Type G coatings or for Types B through F
coatings sealed only in dichromate solutions, or for unsealed
Typc A coatings, . ‘

" 7. Workmanship and Appeamnce

1.1, Workmanship—The anodic coatings shall be continu-
ous, smooth, adberent, uniform in appearance, and shall be
free of powdery arcas (burns), loose films, stains, discolora-

tions, and discontinuities such as pits, breaks and scratches,

or other damage, The size and number of contact marks
shall be the minimum consistent with goc)d practice The

* Jocation' of wntact marks shall be in 'areas of minimum

exposure to setvice envirohmental conditions when 1mpor-

.+ tant to the function of the part.

different characteristics, No single coating can be uxpucted to
have all of these. characteristics. Therefore, the .quality. -

assurance requirements for a given coating should be selected: -

to control those properties necessary to the expected end Uisé
for the product.

6.2 Anodic coatings supphed under this specification shall -
meet the minimum requn ements for ﬁlm thncknes:, as mted o

in Table L.

,x‘,

TABLE 1 Anaodic Coatings Descriptions

Note-~Hard coatings may vary in thicknass from 12 um to more than 100 jm.
If the thicknass of Type A is not specified it shall be 50 um min. Type A coatings
will not be sealed unless so spacified.

Type Coating (Industry) Description Minimum Film Thickness (um)
A Engineering Hard Coat 50
8 Architectural Class | 18
o] Architectural Class il 10
D Automotive—Exterior 8
E Interior-—Moderate Abrasion 5.0
F Interior--L.Imited Abrasion 3
G Chromic Actd 1

7.2 Appearance—1f-applicable, :thc co]or and ﬁmeh ap-
pearance (bright, dull, or 4atm) shall be a reasonably close
approximation to that’ of -2 sample consisting of treated

_pieces agreed. upon as. the standard range by the manufac-

" turer and the purchaser.

*NOTE, 4-+This tange, representing the limits that the manufacturer

' w1ll supply and that the purchaser will’ accept, should be established
' hcforc any- work: 1s pcrf‘ormcd to-meet thls spccnﬁcatlon

“80 Samplingst o E

345

8.1 Test methods are time consuming and often destruc-
tive; therefore 100 % inspection is usuvally impractical. The
purchaser should select a suitable sampling plan for the
acceptance testing of lots of coated items, In order that the
manufacturer may know the quality standard he is expected
to meet, the plan selected should be made a part of the
purchase contract.

8.2 Information on sampling procedures is given in
Method B 602, Standard sampling plans are suggested in
Military Standards MIL-STD-105 and MIL-STD-414,
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et 7 APPENDIX
“,M [ B i ‘ ‘ ‘ '\ . ‘ ‘ :
- NS b (Nonmandatory quon‘matlon) ‘ ¢ i
TABLE x1 1 Dbﬂnitlom of sarvice Condnﬂans and Eixamples ol Typlcal Appllcations and Applicable Coating Types- ‘
: o o P e R ) «~ Applicable
SC No SR - Deﬂmtlonr : o L . Coating
Very Severe (5) &xposum to atmospheric weatherlng that'oari be expected  Unmaintained exterior architectural facades machinery Aand B
o extend for many years or to pmlonged hlgh beaﬂng load * *parts, maring o ' :
wear conditions; . RO
Severe “@ ; “* Ehposbure that Inoludes likety damage from dentlng, 1~Automotlvemaxtaﬂor 2—maintalned archiieoiural extarior " CandD
S0 deratchibg, g shrisive wesr coupiad \Mth corrosive facades. windows . ’
T oenvironments. s ot e e .
_M‘oder:éte (3) ) 3 }.'Expdsure that 1§ llkely to Includo 6ccaslonal wettlng With ngntlng reﬂectorswexterlor, athietic equipment o - E
R ‘coétm\g :autajéctto modarate wear riabrasion, - m&ance\s. nameplates, fawn ﬂ)mlmre T
: A o o Iy EEEN ! ' " 4 .
Mild(2) . o Eprsure indnors in normalty dry atmospheres wlth coating  Automotive--intarior, houeaware ltems, lighting PR AN
‘ ‘ . S X subject to mlnlmum wear or abmsion ' . reflectors—enclosed
Crevice Condition (1) Exposure to hiumid ‘atmosphieres’ withi itths or no abraslva _Spot-welded or riveted assemblies such as aircraft and G
P . condluon Peiticularly forlap joints; D electronlc componenfs

Ny T g To1 v

. PR .

Tha Amrican Soclety fqr Test/ng and Materfafs takes no-position r‘espectlng the velicity of any patent rights asserted in connection .
wlth any iteny’ mentioned in this standard, Users of this standard ars expressly advised that determination of the valldlty of any-such i
“patentitights, and the Hsk of Infrlngsment of such rights, are enﬂrely thelr own responsibilty. .

H

. B - This: standard Ts subject to revision.at any. time by the rmponsfbla technical committee and-must be reviewed every five years and
I TR VY it not revised, elther reapproved. or withdravm; Your comments are invited eithar for tewistan of this standard or for additional staridards
ang should be, addressed to ASTM Hezdquarters. Your omments wil teveive carefil-considerdtion at a meting of the responsible -
technical committes, which you may attent, I yoir feel that your comments have not received & fair hearing you should meke your
views known to the ASTM Committee on Standrds; 1916 Race St., Philadelphia, PA 19103.
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qm Designation: B 68 - 95

Standard Specification for

Seamless Copper Tube, Bright Annealed’

‘This standard is issued under the fixed designation B 68; the nurber immediately following the designation indicates the year of
original adaption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval, A,
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense. Consult the DoD Index of Specifications and
Standards for the specific year of issue which has been adopted by the Depariment of Defense.

1. Scope*

1.1 This specification establishes the requirements for
bright annealed seamless copper tube suitable for use in
refrigeration, oil lines, gasoline lines, etc, where tube with an
interior surface essentially free from scale and dirt is re-
quired.

1.1.1 Tubes made from any of the following Copper UNS
No. designations may be supplied, unless otherwise specified
in the contract or purchase order:

Copper UNS No.2 Type of Copper
C10200 Oxygen-free without residual deoxidants
10300 Oxygen-free, extra low phosphorus
C10800 Oxygen-free, low phosphorus .
C12000 Phosphorus Deoxidized, low residual phosphorus
C12200 Phosphorus Deoxidized, high residual phosphorus

1.2 Values stated in inch-pound units ar¢ the standard
except for grain size, which is given in SI units.

1.3 This specification is the companion to SI Specification
B 68M; therefore, no SI equivalents are presented in this
specification.

1.4 The following hazard statement pertains only to the
test method described in Sections 20.5 and 21.2.6 of this
specification; This standard does not purport to address all of
the safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:

B 68M Specification for Seamless Copper Tube, Bright
Annealed [Metric]?

B 153 Test Method for Expansion (Pin Test) of Copper
and Copper-Alloy Pipe and Tubing®

B 251 Specification for General Requirements for
Wrought Seamless Copper and Copper-Alloy Tubes?

B 577 Test Methods for Hydrogen Embrittlement of
Copper?

B 601 Practice for Temper Designations for Copper and
Copper Alloys—Wrought and Cast’

1 This specification is under the jurisdiction of ASTM Committee B-5 on
Copper and Copper Alloys and is the direct responsibility of Subcommittee B05.04
on Pipe and Tube.

Current edition approved Dec. 10, 1995, Published February 1996, Originally
published as B 68 - 227T. Last previous edition B 68 - 92a.

2 Refer to Practice E 527 for explanation of unified numbering system (UNS).

3 dnnual Book of ASTM Standards, Vol 02.01,

E 3 Methods of Preparation of Metallographic Specimens*

E 8 Test Methods for Tension Testing of Metallic
Material*

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

E 53 Methods for Chemical Analysis of Copper®

E 62 Test Methods for Chemical Analysis of Copper and
Copper Alloys (Photometric)®

E 112 Test Methods for Determining Average Grain Sizes*

E 243 Practice for Electromagnetic (Eddy Current) Exam-
ination of Seamless Copper and Copper-Alloy Tubes’

E 255 Practice for Sanipling Copper and Copper Alloys
for Determination of Chemical Composition®

E 527 Practice for Numbering Metals and Alloys®

3. Ordering Information

3.1 Orders for products should include the following
information:

3.1.1 ASTM designation and year of issue (for example,
B 68 - 95),

3.1.2 UNS copper number (for example, C10200),
' 3.1.3 Temper (Section 8),

3.1.4 Dimensions, diameter and wall thickness (Section
16). ' :
3
3

&

.1.5 How furnished: straight lengths or coils;:
.1.6 Total length, or number of pieces, of each size,
3.1.7 Total weight, each size, and

3.1.8 When product is purchased for agencies of the U.S.
Government. -

3.2 The following options are available and should be
specified at the time of placing the order, when required:

3.2.1 Electromagnetic (eddy current) test,

3.2.2 Embrittlement test,

3.2.3 Exparision test,

3.2.4 Flattening test,

3.2.5 Certification, and

3.2.6 Mill test report.

4. General Requirements

4.1 The following sections of Specification B 251 are a
part of this specification.
4.1.1 Terminology, General,

4 Annual Book of ASTM Standards, Vol 03.01.
3 Annual Book of ASTM Standards, Vol 14,02,
¢ Annual Book of ASTM Standards, Vol 03.03.
7 Annual Book of ASTM Standards, Vol 03.03.
8 dnnual Book of ASTM Standards, Vol 01.01.

* A Summary of Changes section appears at the end of this specification.
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TABLE 1 Chemical Composition

Camposition, %
Element ‘ " Copper UNS No.
©102004 10300 £10800 ©12000 ©12200
Copper,# min 99.95 v ves 99.90 99.9
Copper® + phosphorus, min s 99.95 99.95 S ; v
Phosphorus . 0.001-0.005 0.005-0.012 0.004-0.012 0.015-0,040
4 Oxygen in CX10200 shall be 10 ppm max,
B Sliver counting as copper.
4.1.2 Material and Manufacture, 8. Temper
4.1.3 Workmanship, Finish, and Appearance, 8.1 The tube shall be furnished in e1ther of two annealed
4.1.4 Significance of Numerical Limits, tempers as follows:
4.1.5 Inspection,
Annealed (O ‘ : ignati
4.1.6 Rejection and Rehearmg, nneo;:( ) Te(:':h‘; Dﬁz::;m
A anun
4,17 Certification, 060 (Soft anncaled)
4,1.8 Test Reports,
4.1.

9 Packaging and Package Marking, and

4.1.10 Supplementary Requirements,

4.2 In addition, when a section with an identical title to
those referénced in 4.1 appears in this specification, such
section may contain requirements which supersede those
appearing in Specification B 251. In case of conflict, this
specification prevails,

5, Terminology

5.1 Definitions:

5.1.1 bright anneal, n—a thermal treatment carried out in
a controlled atmosphere so that surface oxidation is reduced
to a minimum and the surface remains relatively bright.

5.2 Description of Terms Specific to This Standard:

5.2.1 unaided eye—without visual enhancement; how-

ever, corrective spectacles necessary to obtain normal vision
shall be permitted.
' 5.2.2 capable of—the test need not be performed by the
producer of the material. However, should subsequent
testing by the purchaser establish that the material does not
meet these requirements, the material shall be subject to
rejection.

6. Materials and Manufacture

6.1 Materials: :

6.1.1 The material of manufacture shall be billets, bars, or
tube of the Copper. UNS No. C10200, C10300, C10800,
12000, or €12200 and shall be of such soundness as to be
suitable for processing into the tubular products described.

6.2 Manufacture;

6.2.1 The tube shall be manufactured by such hot or cold
working processes as to produce a homogeneous umform
wrought structure in the finished product. The tube shall be
cold drawn to the finished size and wall thickness and shall
be bright annealed to meet the specified temper .

7. Chemxcal Composition

7.1 The material shall conform to the requirements pre-
scribed in Table 1 for the specified copper.

7.2 These specification limits do not preclude. the pres-
ence of other elements. Limits for unnamed elements may be
established and analysis required by agreement between the
manufacturer or supplier and the purchaser. -

73

8.1.1 Tempers are defined in Practice B 601.

oL

9. Grain Size

9.1 Tube in the tempers O350 (light annealed) and Q60
(soft annealed) shall conform to the requirements of Table 2.

10. Mechamcal Property Requlrements

10.1 Tensile Strength: ‘ ‘

10.1.1 'The tube shall have a minimum tensﬂe strength of
30 ksi when tested in accordance with Test Methods E 8.

10.2 Elongation.

10.2.1 The tensile elongatlon of the tube shall be a
minimum 40 % (2 in. gage length) when tested in accordance
with Test Methods E 8.

11. Performance Requirements _‘

11.1 Expansion Test: : "

11,1.1 When specified in the contract or purchase order,
the outside diameter of the tube furnished shall be capable of
being expanded as follows when tested in aecordance w1th
Test Method B 153,

Qutside Diameter, i, Expansion, % =

% and under 40 -

over % 30 :
. 1L1.1.1 The expanded tube shall show'‘no cracks or
ruptures visible to the unaided eye; however, corrective
spectacles necessary to obtain normal vision shall be per-
mitted, -

11.1.2 A flattening test may be made as an altemate to the
expansion test for annealed tube over 4 in. in dlameter

11.2 Flattening Test: '

11.2.1 When specified in the contract or purchase order,
the tube shall be capable of being flattened in accordance
with the method described in 21.2.6.1 and shall contain no
cracks or flaws visible to the unaided eye in the flattened
section.

' TABLE 2 Average Grain Size Requirements

Temper <" Grain Size, mm-
050 . 0.015 to 0.040
060 0.040, min: ¢
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12. Microscopical Examination

12.1 Samples of Copper UNS Nos. C10200, 010300 and'

C12000 shall be free of cuprous oxide as determmed by
Procedure A of Test Methods B 577. When Copper UNS
Nos. C10800 or C12200 are supplied, examination is not
required. In case of a dispute, a referce method shall be
employed in accordance with Procedure C of Test Methods
B577.

13. Hydrogen Embrittlement

13.1 Samples of Copper UNS Nos. 10200, C12000, and
C12200 shall be capable of passing the embrittlement test of
Procedure B of Test Methods B 577. The actual performance
of this test is not mandatory under the terms of this
specification unless ‘definitely specified in the ordering infor-
mation. In case of a dispute, a referee method shall be
employed in accordance with Procedure C of Test Methods
B 577. '

14. Nondestructive Testing

14.1 Upon agreement between the manufacturer and the
purchaser, each tube up to 31 in. m outside diameter shall
be subjected 1o electromagnetic (eddy current) test. The tube
may be examined in the final drawn or annealed temper,
before coiling or in straight lengths prior to final anneal.

14.2 Electromagnetic (Eddy Current) Test:

14.2.1 When examined in accordance with Practice
E 243, tubes which do not actuate the sngnalmg device of the
testing unit shall be considered as conformmg to the reunre-
ments of the test, . o

15. Purchases for U.S. Government Agencles

15.1 When the contract or purchase order stipulates the
purchase is for an agency of the U.S. Government, the tubes
furnished shall conform to the conditions specified in the
Supplementary Requirements of Specification B 251.

16. :Dimensions and Permissible Variations

16.1 The dimensions and tolerances for product covered
by this specification shall be as specified in the following
tables and related paragraphs of Specification B 251:

16.1.1 Wall Thickness Tolerance—Table 1.

16.1.2 Diameter Tolerances—Table 3.

16.1.3 Length Tolerances—Tables 5 and 6.

16.1.4 Squareness of Cut—Rcfer to Squareness of Cut
section. ..

16.2 Cozls Length Tolerances—Refer to Tables 2, 3, and
4 of this specification.

17. Workmanshi‘p, Finish, aud Appearance

17.1 Workmanship: .

17.1.1 The tube furnished shall be clean, free of dirt, scale,
and other defects, but blémishes of a nature that would not
interfere with the intended application: are acceptable,

TABLE 3 Coil Length Tolerances (Specitic Lengthé)

Tolerances, in., All Plus, for Nominal Lengths
in Fest_

Over §0 to 100, inc!
24

Tube Qutside Diameter, in.

Up to 50, incl
12

Up to 2, ingl
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TABLE 4 Coil Length Tolerances (Mill Lengths)
(Applicable only full-length pieces)

“fube Outside Tolerances, %, for Nominal Lengths in Feet
Diameter, in. " Up to 100, incl Over 100 to 2000, incl
Up to 1, incl 64 or 2 ft, whichever is 104
greater
Qver 1 to 2, incl 54 ar 2 ft, whichever is ‘No tolerances established
. greater

4 Expressed to the nearest 1 ft.

TABLE 5 Coil Schedule of Mill Lengths: with Ends

Maximurn Perrnis-

Tube Outside Noriinal S""['gﬁtg;e?‘gf‘b'a- sible Weights of
Diameter, in. Length, ft Norminal ,L ength Ends, % of Lot
9 Weight
Up to 1, indl up to 100, incl 704 10
Over1,t0 2, incl  up to 100, inc! 604 . 20
Upto1,ind over 100 to 2000, 50 508

inc!

A Expressed to the nearest 1 ft.

8 Short pieces may be included as follows: up to 10 % of lot weight between 50
ft and one quarter of full length; and up to 40 % between one quarter and full
length, . .

17.1.2 The tube shall be bright annealed after the last
drawing operation or, when required, after coiling.

17.2 Finish and Appearance:

17.2.1 The interior and exterior surfaces of the tube shall
be typ1cal in appearance to that of bright annealed copper.

18 Sampling .

18.1 The lot size, portion size, and selectlon of sample
portions shall be as follows:

18.1.1 Lot Size—The lot size shall be 10! 000 Ib or
fraction thereof, '

18.1.2 Portion Size—Sample portions | shall be selectcd as
to be rept‘esentatwe of the lot accordmg to the following
schedule

: . Number of Sample Portions to Be
Number of Pieces in Lot

Taken4
ito 50 1
51 to0 200 2
201 to 1500 3
Over 1500 0.2 % of the total number of pleces in

the lot, but not to exceed 10 pieces.

4'Bach sample portion shall be taken from a scpamte tube. ©

18.1.2.1 Th case of tubg furnished in coils, a length
sufficient for all necessary tests shall be cut fiom each coil
selected for testing. The remaining pomon of the selected
céils shall be included in the shipment and the permissible
variation in length on such coils shall be waivéd,

18.2 Chemical Composition:

18.2.1 The composite sample shall be prepared from
approximate equal weights taken from the sample portions
and prepared in accordance with Practice E 255. The min-
imum weight of the composite sample shall be 150 g.

18.2.2 The manufacturer shall have the option’ of sam-
pling at the time castings are poured, or from the semi-
finished product. When composition has been determined
during the manufacturing process, samphng ‘of the finished
product is not required, :

18.2.3 When sampled at the t1me castmgs are poured at
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least two samples shall be taken, one after the start and one
near the end of the pour, for each group of castings poured
simultaneously from the same source of molten metal.,

18.2.4 When samples are taken from the semi-finished
product, a sample shall be taken to represent each 10 000 Ib
or fraction thereof, except that not more than one sample per
piece shall be required.

\19.‘ Number of Tests and Retests

19.1 Tests:

19.1.1 Chemical Composition~Shall be determined as
the arithmetic mean of results from at least two rephcate
determinations for each specified element.

19.1.2 Tensile, Elongation, and Grain Size—Shall be
reported as the average of results from test specimens and
each specimen must conform to specification requirements. -

19.1.3 Other Tests—At least two specimens shall be

prepared for each of the other tests and each must meet test

requirements.

19.2 Retest:

19.2.1 When requested by the manufacturer or supplier, a
retest shall be permitted when test results obtained by the
purchaser fail to conform with the product specification
requirement(s).

19.2.2 Retesting shall be as directed in this specification
for the initial test except for the number of test specimens
which shall be twice that normally required for the test.

19.2.3 Test results for all specimens shall conform to the -

requirement(s) of this specification in retest and failure to
comply shall be cause for lot rejection,

20, Specimen Preparation

20.1 Chemical Composition: -

20.1.1 Preparation of the analytical specimens for the
determination of chemical composition shall be the respon-
sibility of the reporting laboratory.

20.2 Grain Size, Microscopical Examination, and Hy-
drogen Embrittlement:

20.2.1 Test specimens shall be prepared in accordance
with Methods E 3.

20.2.1.1 The surface of the specimen shall approximate a
radial longitudinal section of the tube.

20.3 Tensile and Elongation Test:

. 20.3.1 The test specimens shall be of the full section of the
tube and shall conform to the requirements specified in the
section ‘Specimens for Pipe and Tube’ in Test Methods E 8,
unless the limitations of the testing machine precludes the
use of such specimens,

20.3.2 Test specimens conforming to Specimen No. 1 in
Fig, 13, of Test Methods E 8 may be used when a full-section
specimen cannot be used.

20.4 Expansion (Pin) Test:

20.4.1 Test specimens shall .be prepared in accordance
with Test Method B 153.

20.5 Flattening Test:

20.5.1 Test specimens, 4 in. in length, shall be cut from
one end of two lengths of tube. No special preparation is
required.

21. Test Methods
21.1 Chemical Analysis:

21.1.1 In case of disagreement, chemxcal composmon

shall be determined as follows:

" Element Test Method
Copper E53
Phosphorus E 62

21.1.2 Test method(s) for the determination of element(s)
required by contractual or purchase order agreement shall be
as agreed upon between the manufacturer or supplier and the
purchaser.

21.2 The tubes furnished shall conform with the physical
and mechanical properties and all other requu:ements of this
specification when tested or examined in accordarice with
the following appropriate test method or practice:

Test Test Method or Practice
Grain Size E112
Tensile E8
Elongation E8
Expansion (Pin Test) ) B 153
Microscopical Examination B 577,
Procedure A :
Hydrogen Embrittlement B 577
Procedure B . .
- Flattening Test ' . Section 21.3.6'
Electromagnetic (Eddy Current) Examination © E243

21 2.1 Grain Size—In case of dlspute, gram size shall be
determined by the intercept method.

21.2.2 Tensile Strength—In case of dispute, tensile
strength - shall be' determined in accordance with Test

. Methods E 8,

21.2.3 Microscopical Examination:
21.2.3.1 Procedure A shall be followed; howevér, in case

- of dlspute, Procedure C of Test Methods B 577 shall be
- followed. ‘

75

21.2.4 Hydrogen Embriitlement: ‘

21.2.4.1 Procedure B shall be followed; however, in case
of dispute, Procedure C of Test Methods B 577 shall be
followed.

21.2.5 Electromagnetic (Eddy Current) Test—Each tube
up to and including 3% in. in outside diameter shall be
subjected to an eddy-current test, Testing shall follow the
procedures in Practice E 243, Tubes shall be passed through
an eddy-current test unit adjusted to provide information on
the suitability of the tube for the intended application.

21.2.5.1 Fither notch depth or drilled hole standards shall
be used.

(A) Notch depth standards, rounded to the nearest 0.001
in. shall 'be 22 % of the wall thickness. The notch depth
tolerance shall be +0.0005 in.

(B) Drilled holes shall be drilled radially through the wall
using a suitable drill jig that has a bushing to guide the drill,
care being taken to avoid distortion of the tube while drilling.
The diameter of the drilled hole shall be in accordance with
the following and shall not vary by more than +0.001,
—0.000 in. of the hole diameter specified.

Diameter of Drilled

Tube Outside Diameter, in, Holes, in. Drill Number
Y4 10 ¥4, incl " 0,025 72
Qver % to 1, incl 0.031 68
Over 1 to 14, incl 0.036 64
Over 144 to 114, inel 0.042 58
Over 1% to 134, incl 0.046 56
Over 1% to 2, inecl 0.052 55

21.2.5.2 Alternatively, at the option of the manufacturer,
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using speed insensitive eddy-current units that are equipped
s0 that a fraction of the maxitnim imbalance signal ¢an be
selected, the following percent maximum imbalance signals
may be used:

Maximum Peréesit -
Standard Tube Size, in. Imbalance Signal Magnitude
Up to %, incl . : 0.2
Y2102, incl . ' 0.3
‘ Over 2 to 3, incl ' 0.4

121.2.5.3 Tubes that do not activate the signalling device of
the eddy-current tester shall be considered as conforming to
the requirements of this test. Tubes with discontinuities
indicated by the testing unit may, at the option of the

manufacturer, be reexamined or retested to determine
whether the discontinuity is cause for rejection. Signals that
are found:to have been caused by miner mechanical damage,
soil or moisture, shall not be cause for rejection of the tubes
provided the tube dimensions are still within préscribed
limits and the tube is suitable for its intended application.
21.2.6 Flattening Test: ; :
21.2.6.1 The specimen shall be slowly flattened by a press
s0 a gage set at three times the tube wall thickness shall pass
freely over the flattened section of the tube.

22. Kew"ords,
22.1 bright annealed; copper tube; seamless tube

SUMMARY OF CHANGES

This section identifies the location of selected changes fo this specification that havé been incorporated
since the 1992a issue and the following are some of the changes incorporated in this revision:

(1) Ordering Information: Options available identified.

(2) General Requirements: The applicable sections of
Specification B 251 identified.

(3) Number of Tests and Retests: The conditions under

which, retests is permitted is more definitively stated.
(4) Sampling and Specimen Preparation: Sections added.
(5) Test Methods: Individual test methods are identified;

eddy-current test parameters significantly revised.

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

" This standard Is subject to revision at any time by the responsible technical committee and must be reviewsd every five years and
If ot ravised; éither reapproved oF withdrawn. Your comments.are invited efther for revision of this standard or for additional standards
and should be addressed ta ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a falr hearing you should make your
views known to the ASTM Committee on. Standards, 100 Barr Harbor Drive, West Conshohocken, PA 19428. > :
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Designation: B 68M - 95
METRIC

di

Standard Specificetion.’for l

Seamless Copper Tube, Bright Annealed [Metric]1

This standard is issued under the fixed des1gnauon B 68M; the number immediately fo[lowmg the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (¢) indicates an echtonal change since the last tewswn or reapprova]

1. Scope* )

1.1 This specification establishes the: tequirements for
bright annealed seamless copper tube suitable for ‘use in
refrigeration, oil lines, gasoline lines, etc., where tube with an
interior surface essentlally free from scale and chrt 1s re-
quired.

:1.1.1 Tubes made from any of the followmg Copper UNS
No designations may be supplied, unless otherwise specified
in the contract or purchase order: .

Copper UNS No.2 i Type of Copper
C10200 Oxygen-free without residual deoxidants
C10300 Oxygen-free, extra low phosphorus
C10800 . Oxygen-free, low phosphorus ’
C12000 Phosphorus Deoxidized, low residual phosphorus
Cl12200 Phosphorus Deoxidized, high residual phosphorys

1.2 Values stated in SI units are the standard.

1.3 This specification - is the companion to 1nch—pound
Specification B 68.

1,4 The following hazard statement pertams only to the
test method described in Sections 20.5 and 21.2.6 of this
specification: This standard does not purport to address all of
the safety concerns, if any, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bzlzty of regulatory lzmztatzons prtor to use.

2. Referenced Documents "

2.1 ASTM Standards: - .. ‘

B 68 Specification for Seamless Copper and Copper Tube,

Bright Annealed?

B 153 Test Method for Expansion (Pm Test) of. Copper

and Copper-Alloy Pipe and Tubing? ;

B 251M Specification for General Requirements for

. Wrought Seamless Copper and Copper-Alloy Tubes?: .,
B 577 Test Methods for Hydrogen Embrittlement \of
Copper?

B 601 Practice for Temper Designations for Copper and
Copper Alloys-—Wrought and Cast? . .

~ E 3 Test: Methods of Preparatlon of Meta]lographw
Specnmens“ Ve . i

1'This specification is under the jurisdiction of ASTM Committee B-5.on_ .
Copper and Copper Alloys and is the direct responsibility of Subcommittee B0O5.04

on Pipe and Tube.

Current edition approved Dec. 10, {995, Published February 1996 Ongmally -

published as B 68M - 84, Last previous edition B 68M - 92a.’
2 Refer to Practice E 527 for explanation of unified numbenng system (UNS)
¥ Annual Book of ASTM Standards, Vol 02,01,
4 Annual Book of ASTM Standards, Vol 03.01.

E 8M Test Methods for Tension Testing of Metallic
Material*
E 29 Practice for Using Significant Digits in Test Data to
Determine Conformance with Specification’
E 53 Test Methods for Chemical Analysis of Copper®
E 62 Test Methods for Chemical Analysis of Copper and
. Copper Alloys (Photometric Method)®
E 112 Test Methods for Determining Average Gram Sizes*
E 243 Practice for Electromagnetic (Eddy Current) Exam-
ination of Seamless Copper and Copper Alloy Tubes’
.E 255 Practice for Sampling Copper and Copper A]loys
..~ for Determination of Chemical Composition’
E 527 Pracuce for Numbermg Metals and Alloys®.

3. Ordermg Informatlon

3.1 Orders for products should mclude the fo]lowmg
information:

3.1.1 ASTM des1gnat10n and year of issue (for exaraple,
B 68M - 95),

3.1.2 UNS copper number (for example, C10200),

3.1.3 Temper (Section 8),

314 D1mens1ons, dlameter and wall thlckness (Sectlon
13), .
3:1.5 How furnished: straight lengths or coils,

3.1.6 Total length, or number-of pieces, of each’ snze

" 3.1.7 ‘Total weight, each size, and

3.1.8 When product is purchased for agencies of the Us.
Govemment .

3.2 The following options are available and should be
specified at the time of placing the order, when reqmred !

3.2.1' Electromagnetic (eddy current) test,

- 3.2.2 Embrittlement test, C

3.2.3 Expansion test,’

3.2.4 Flattening test,

3.2.5 Certification, and
-.3.2.6 Mill test report. ..

4, General Requlrements ‘

4.1 The following sections: of Spec1ﬁcatlon B 251M are:a

'part of this specification,

4.1.1 Terminology, General,
4.1.2 Material and Manufacture,
. 4.1:3 Workmanship, Finish, and Appearance,

. 3 Annual Baok of ASTM Standards, Vol 14.02.
¢ Annual Book of ASTM Standards, Vol 03,05,
* 7 Annual Book of ASTM Standards, Vol 03.03.
8 dnnual Book of ASTM Standards, Vol 01.01,

* A Summary of Changes section appears at the end of this specification. ’
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4.1.4 Significance of Numerical Limits, 8. Temper
4.1.5 Inspection, _ 8.1 The tube shall be furnished in either of two annealed
4.1.6 Rejection and Rehearing, tempers as follows:
4.1.7 Certification, , . N
4.1.8 Test Reports, O (Annedled) Temper Designation
4.1.9 Packaging and Package Marking, and 050 (Light annealed)
4,1.10 Supplemeritary Requiremeiits 060 (Soft annealed)

4.2 In addition, when a section with an identical title to
those referenced in 4.1 appears in this specification, such
section may contain requirements which supercede those
appearing in Specification B 251M. In case of conflict, this
specification prevails.

5. Terminology

5.1 Définitions:

5.1.1 bright anneal—a thérmal treatment carried out in a
controlled atmosphere so that surface oxidation is reduced to
a minimum and ‘the surface rémains relatively bright.

5.2 Description of Terms Specific to This Standard:

3.2.1 unaided eye, n—without visual enhancement; how-
ever, corrective spectacles necessary to obtain normal vision
shall be permitted.

5.2.2 capable of adj.—the test need not be performed by
the producer of the material. Howevet, should subsequent
testing by the purchaser establish that the material does not
meet these requirements, the material shall be subject to
rejection.

6. Materials and Manufacture

6.1 Materials:

6.1.1 The material of manufacture shall be billets, cast
bars, or tube of the. Copper UNS No. C10200, C10300,
C10800, C12000, or C12200 and shall be of such soundness
as to be suitable for processing into the tubular products
described.

6.2 Manufacture

6.2.1 The tube shall be manufactured by such hot or cold
working process as to produce a homogeneous uniform
wrought structure in the finished product. The tube shall be
cold drawn to the finished size and wall thickness and shall
be bright annealed to meet the specified temper.

7. Chemical Composition

7.1 The material shall conform to the requirements pre-
scribed in Table 1 for the specified copper.

7.2 These specification limits do not preclude the pres-
ence of other elements, Limits for. unnamed elements may be
established and analysis required by agreement between the
manufacturer or supplier and the purchaser.

8.1.1 Tempers are defined in Practice B 601,

9. Grain Size

9.1 Tube in the tempers OS50 (light annealed) and 060
(soft annealed) shall conform to the rcqulrements of Table 2.

10. Mechamcal Property Requirements

10.1 Tensile Strength:

10.1.1 The tube shall have a minimum tensile strength of
210 MPA wher tested in accordance with' Test Methods
E 8M.

10.2 Elongation:

10.2.1 The tensile elongation of the tube shall be a
minimum 40 % (50 mm gage length) when tested in accor-
dance with Test Method E 8M.

11. Performance Requirements

11.1 Expansion Test:

11.1.1 When specified in the cortract or purchase order,
the outside diameter of the tube furnished shall bé capable of
being expanded as follows when teésted in accordance with
Test Méthod B 153,

Qutside Diameter, mm Expansion, %
+ 19 and under 40
over19 30

11.1.1.1 The expanded tube shall show mo cracks or
ruptures visible to the unaided eye; however, corrective
spectacles necessary to obtain normal vision. shall be per-
mitted.

11.1.2 A flattening test may be made as an alternate to the
expansion test for annealed tube over 4 in. in diameter.

11.2 Flattening Test:

11.2.1° When specified in the contract or purchase order,
the tube shall be capable of being flattened in accordance
with the method described in 21.2.6.1 and shall contain no
cracks or flaws visible to. the unaided eye in the flattened
Section. ,

12. Microscopical Examination

12.1 Samples of Copper UNS Nos, 10200, C10300, and
12000 shall be free of cuprous oxide as determined by
Procedure A of Test Methods B 577. When Copper UNS
Nos. C10800 or C12200 are supplied, examination is not

TABLE 1 Chemical Requirements

Composition, %
Element ' Copper UNS No.
102004 C10300 C10800 G12000 C12200
Copper,# min 99.9'5 L e 99.90 99.9
Copper8 + phosphorus, min . 99.95 99.95 s e
Phospharus 0.001--0.005 0.005-0.012 0.004-0.012 0.015-0.040

A Qxygen in C 10200 shell be 10 ppm max.
B Gjlver counting as copper.
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TABLE 2 Average Grain Size Requirements TABLE 4 Coil Length Tolerances (Mill Lengths)
Temper Grain Size, mm (Applicable to only fulllength pieces)
Tolerances, %, for Nominal Lengths,
& aos 090 T o e
i Diameter, mm i ver 0
Up to 30 000, incl 600 000, incl
. . ‘ Upto25,incl 54 or 600 mm, whicheveris 104
required. In case of a dispute, a referee method shall be P greater
employed in accordance with Procedure C of Test Methods Over 251050, 54 or 600 mm, whicheveris  No tolerances established
incl greater '

B 577,

13. Hydrogen Embrittlement

13.1 Samples of Copper UNS Nos. C10200, C12000, and
C12200 shall be capable of passing the embrittlement test of
Procedure B of Test Methods B 577. The actual performance
of this test is not mandatory under the terms of this
specification unless definitely specified in the ordering infor-
mation. In case of a dispute, a referee method shall be
employed in accordance with Procedure C of Test Methods
B 577.

14, Nondestructive Testing \

14.1 ' Upon agreement between the manufacturer and the
purchaser, each tube up to 79 mm in outside diameter shall
be subjected to electromagnetic (eddy current) examination.
The tube may be examined in the final drawn or annealed
temper, before coiling or in straight lengths pnor to final
anneal,

14.2 Electromagnetic (Eddy Curremt) Test:

14.2.1 When tested in accordance with Practice E 243,
tubes which do not actuate the signaling device of the testing
unit shall be considered as conforming to the requirements
of the examination.

15, Purchases for U.S. Government Agencies

15,1 When the contract or purchase order stipulates the
purchase is for an agency of the U.S. Government, the tubes
furnished shall conform to the conditions specified in the
Supplementary Requirements of Specification B 251M.

16. Dimensions and Permissible Variations

16.1 The dimensions and tolerances for product covered
by this specification shall be as specified in the following
tables and related paragraphs of Specification B 251M:

16.1.1 Wall Thickness Tolerance—Table 1.

16.1.2 Diameter Tolerances—Table 3.

16.1.3 Length Tolerances—Tables 5 and 6.

16.1.4 Squareness of Cut—Refer to Squareness of Cut

section.
16.2 Coils, Length Tolerances—Refer to Tables 3 4, and

5 of this specification.

17. Workmanshlp, Finish, and Appearance

17.1 Workmanship:
17.1. 1 The tube furnished shall be cleati, free of dirt, scale,

" TABLE 3 Coil Length Toleranceé (Speclfic Lengths)-

Tolerances, mm, All Plus,
for Nominal Lengths, mm

Up to 15 000,

Tube Qutside Diameter, mm*

Over 15 000 to
Incl 30 000, incl
Up to 50, incl 300 810

79

A Expressed to the nearest 300 mm.

TABLE 5 Coil Schedule of Mill Lengths with Ends

Shortest Maximum
Tube Qutside Nominal Length, Permissible Permissible
Diameter, mm mm Length, % of Weights of Ends,
Nominal Length % of Lot Weight .
Up to 25, inct up to 30 000, incl 704 .10 h
Over 25 to 50, incl  up to 30 000, incl 604 20
Up to 25, incl over 30 000 to 50 508
60 000, incl

4 Expressed to the nearest 300 mm.

# Short pieces may be included as follows: up to 10 % of lot weight betwesn 15
mm and -one quarter of full length; and up to 40 % between one quarter and full
length.

and other defects, but blemishes of a nature that would not
interfere with the intended application are acceptable.

17.1.2 The tube shall be bright annealed after the last
drawing operation or, when required, after coiling.

17.2 Finish and Appearance:

17.2.1 The interior and exterior surfaces of the tube shall

be typical in appearance to that of bright annealed copper.

18 Sampling V

18.1 The lot size, portion size, and selection of sample‘

portions shall be as follows:

18.1.1 Lot Size—The lot size shall be 5000 kg or fractlon
thereof.

18.1.2 Portion Szze—Sample portlons shall be selccted as
to represent the lot according to the following schedule:

Number of Pieces Number of Sample Portions
in Lot to be Taken-
1to 50 S 1 '
51 to 200 2
201 to 1500 3
Over 1500 0.2 % of the total number of

pieces in the lot, but not to exceed
10 pieces.

"' 4 Each sample pomon shall be taken from & separate tube,

. 18.1.2.1 In case. of tube furnished in coils, a Iength,

sufficient for all necessary tests shall be cut from each coil
selected for testing. The remaining portion of the selected
coils shall be included in the shipment and the permissible
variation in length on such coils shall be waived.

18.2 Chemical Composition.

18.2,1 The composite sample shall be prepared  from
approximately equal weights taken from the sample portions
and prepared in accordance with Practice E 255. The min-
imum weight of the composite sample shall be 150 g

18.2.2 The manufacturer shall have the option of sam-
pling at the time castings are poured, or from the semi-
finished product. When composition has been determined
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during the manufacturing process, samplmg of the finished
product is not required.

18.2.3 When sampled at.the time castings are poured at
least two samples shall be taken, one after the start and one
near the end of the pour, for each group of castings poured
simultaneously from the same-source of molten metal.

18.2.4 When samples are taken from the semi-finished
product, a sample shall be taken to represent each 5000 kg or
fraction thereof, except that not more than one sample per
piece shall be required.

19. Number of Tests and, Retests L

19.1 Tests:

19.1.1 Chemical Composztzon—Shall be determined . as
the arithmetic mean of results from at least two replicate
determinations for each specified element. -

19.1.2 Tensile, Elongation, and Grain Size—Shall be
reported as the average of results from test specimens and
each specimen must conform to specification requirements,

19.1.3 Other Tests—At least two specimens -shall be
preparéd for each of the other tests and each must meet test
requirements.

19.2 Retest:

19.2.1 When requested by the manufacturer or supplier, a
retest shall be permmed when test results obtamed by the
purchaser fail to conform w1th the ' product spec1ﬁcatron
requirement(s). "

19.2.2 Retesting shall be as dlrected in ‘this spec1ﬁcation
for the initial test except for the number of test specimens
which shall be twice that norrally required for the test.

19.2.3 Test esults for dll specimens shall conform ‘to the
requirement(s) of this specification in retest and fallure to
comply shall be cause for lot rejectlon ’

20. Spec1men Preparatmn

20.1' Chemical Composition: :

20.1.1 Preparation of the analytical specimens for the
determination of chemical composmon shall be the respon-
sibility of the reporting laboratory.- '

20.2 Grain Size, Microscopical Exammatton, and Hy-
drogen Embrittlement:

20.2,1 Test specimens shall be prepared in accordance
with Test Methods E 3.

20.2.1.1 The surface of the specimen shill approximate a
radial longitiidinal section of the tube.

20.3 Tensile and Elongatzon Test

20.3.1 The test specimens shall be of the full section of the
tube and shall conform to the reqmrements speolﬁed in the
section ‘Specimens for Pipe and Tube’. in Tést. Methods
E 8M, unless the limitations of the testing machine precludes
the use of such spec1mens R

20:3.2 Test specimens conforming to. Speclmen No. 1 in
Flgure 13, Tension ‘Test Specimens for Large-Didmeter
Tubular Products, of Test Methods E8M‘may be used when
a full-section specimen cannot be used. - !

20,4 - Expansion (Pzn) Test:

20.4.1 Test specimens shall be prepared in accordance
with Test Method B 153, & . .
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20.5 Flattening Test: pr

20.5.1 Test specimens, 102 mm in length shall be cut
from one end of twa, lengths of tube. No special preparation
is required.

21. Test Methods

21.1 Chemical Analysis: ‘ ¢
21.1.1 I8 case of disagreemient, chemical composition
shall be determined as follows;

Element Method .
- Copper , JES33
y Phosphorus E62

21 1.2 Test method(s) for the determmauon of element(s)

requlred by contractual or purchase order agreement shall be
as agreed.upon between the manufacturer or supplier and the
purchaser, . .
. 21,2 The tubes fmmshed shall conform with the phys1ca1
and mechanical properties and all other requucments of this
specification when tested or examined in accordance with
the followmg appropriate test method or practice:

. ¢: Test . Test Method

" Grain Size - B112
Tensile E 8M )
Elongauon E $M .
Expansion (Piri Test) ’ B 153 !
‘Microscopical Bxaniination Procedure A B577
Hydrogen Embritflement Procedure B B 577
Flattening Test . Section 21.3.6
Electromagneuc Exammatlon (Eddy Current) Practice E 243

'21.2.1,:Grain Szze——ln case of dispute, grain.size shail be
determined by the intercept method.

21.2.2 Tensile Strengtiz—-ln case of dispute, tensde
strength shall be determmed in accordance with Test
Methods E 8M: . LT .

. 21.2. 3 Mlcroscopzcal Exammatzon .
of d15pute,, Prccedure C "of Test Methods B 377 shall .be
followed

21.24 Hydrogen Embrzttlement

21.2.4.1 Procedure B shall be followed; however, in case
of dispute, Procedure C of Test Methods B 577 shall be
followed

21 2.5 Electromagnetzc (Eddy. Current) Test—Each tube
up to ‘and mcludmg 79 mm oiitside’ drameter ‘shall be
subjected to an eddy-current test Testmg shall follow the
procedures in Pragtice E 243, Tubes sHall be passed thirough
an eddy-current test umt adjusted 10 provide information on
the suitability of the tube for the intended apphcauon ,

21.2,5.1 Erther notch depth or dr.dled hole standards shall
be used.

(A) Notch depth standards, rounded to the ‘nearest 0 025
mm shall be 22 % .of the, wall thickness. The notch.depth
tolerance shall be +0.013 mm.

(B) Drilled holes shall be drilied radially through the wall
using a suitable drill jig that has a bushing to guide the drill,
care being taken to avoid distortion of the tube while drilling.
The diameter of the drilled-hole shall be in accordance with
the following and shall not vary by more than +0.025 mm,
—0.000 mm of the hole diameter specified.
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Tube Outside Diameter, Diameter of Drilled Holes, Drill
mim mm Number
6.0 to 19.0, incl 0.635 72
Over 19,0 to 25, incl . 0.785 68
Qver 25 to 32, incl 0.915 64
Qver 32 to 38, incl 1.07 58
Qver 38 to 43, incl 1.17 56
Over 45 to 50, incl 1322 55

21.2.5.2 Alternatively, at the option of the manufacturer,

using speed insensitive eddy-current units that are equipped
s0 that a fraction of the maximum imbalance signal can be
selected, the following percent maximum imbalance signals

21.2.5.3 Tubes that do not activate the signalling device of
the eddy-current tester shall be considered as conforming to
the requirements of this test. Tubes with discontinuities
indicated by the testing unit may, at the option of the
manufacturer, be reexamined or retested to determine
whether the discontinuing is cause for rejection. Signals that
are found to have been caused by minor mechanical damage,
soil or moisture, shall not be cause for rejection of the tubes
provided the tube dimensions are still within prescribed

- limits and the tube is suitable for its intended application.

21.2.6 Flattening Test:

may be used: 21.2.6.1 The specimen shall be slowly flattened by a press
Standard Tube Size Maximuzm Percont Imbalance 50 a gage set at three times the tube wall thickness shall pass
wmm Signal Magnitude freely over the flattened section of the tube.
Up to 9, incl 0.2 :
13 to 50, incl 03 22. Keyw‘_”ds .
Over 50 to 76, incl 0.4 22,1 bright annealed; copper tube; seamless tube’
SUMMARY OF CHANGE

This section identifies the location of selected changes to this specification that have been 1ncorporated
smce the 1992a issue and the following are someé of the changes incorporated in this rewswn,

- (1) Ordering Infonﬁation: Options available identiﬁéd.

(2) General Requirements: The applicable sections of

Speciﬁcation B 251M identified.
(3) Number of Tests and Retests: The conditions under

which retests is permitted is more definitively stated,
C4) Samphng and Specimen Preparation: Sections added.
(5) Test Methods: Individual test methods are 1dent1ﬁed
eddy-current test parameters significantly revised.

The American Saclety for Testlng and Materlals takes o position respecrlng the validlty of any patent rlghts asserted in connect/on
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such

patent rights, and the risk of Infrlngarnent of stch rlghts, are entlrely their awn responslblllty

o

This standard is subject to revision at any time by the respanslble technical committee and must be reviewed every Ilve years and .
if not revised, elther reapproved or withdrawn, Your comments are invited elther for revision of this standard or for additional standards . [y
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at & meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not recelved a fair hearing you should make your
views known to the ASTM Committee on Standards, 1 00 Barr Harbor Dnve, West Canshohocken, PA 19428,

+81
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binding upon all citizens and residents of the United States of America.
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Case 1:13-cv-01215-TSC

e )’“

Standard Specnflcatnon fo
.c°ppgr5

’,v

P

L Scope -

‘1.1 This s‘pébiﬁca vers DDy, copper alioy,
and copper-clad stainléss steel mateuals sheet and’ strip, in
various thicknesses, for use as electrostatlo 01 electromag-
m:tlc shleldmg for. msulatcd poyer, control mstmmentatmn

N()l‘h I—Sce Spealfic‘aiion B’736 for related Statidatds for alutni-
num-based shielding materials.

. ‘Type of‘ Matenal
‘ cappcr - f
coppemxon alloy
“eomrhereial Hronze
copper-zinc-iron-cobalt allqy )
oopputvzlm-imu alloy
..cuprg-mckt;l 20 %,

*4 Thé UNS systém i cobm( and loys (see" Practice B 527) 15'a simple
expandivn’ ot the fofmer stddaid desigiaiion systent abcoinplished by the ddditidn
of a prefix “C” and a suﬂix “00.” The sumxa cnn bc uséd 10" accomsnddate
composmon varnauon o

wg ided- as- standard. SI valuas ,m parentheses are’ for
1nf0 ;mo only

thie isslic i eﬂ;g:ct on,date
hu» specl ficgtio .‘ﬁo the

Sk B oy

A 176 Specification for Stamless and Heat—Rcmstmg Chro
mium Stegl Plate, ‘She d

B 152 Spemﬁcaliori for
Rolled Bar®

B 193 Test M@thod
Materials®..

B 248 Spédificati

Res1st1v1ty of Elcctrwal Conductor

b

Vfort Genetal

and Rolled Bar?

! This specification is wnder the jurisdiction of ASTM Committce B-5 on
Copper and Copper Alloys and is the direct responsibility of Subcommittee 805,01
on Plate, Sheet, and Strip,

Current edition approved Jan, 31, 1986, Published March 1986, Originally
pubhshed a3 B 694 - 81. Last previous edition B 694 - 3¢,

2 Anwual Book of ASTM Standards, Yol 0103,
3 dnnual Book of ASTM Standards, Yol 02,01,
* Annual Baok of ASTM Standards, Vols 02.01 and 02,03,

QHW Designation: 869486

Copper Alloy, and COpper-Clad Stamless Steel :
 and. 8tr|p for Electr al CableShleldmg

d B 694 thc number immediately following the designation indicates the ¥ of”
adoption ot in the chys bf' mvxsimi the Yeir of last ‘¥évision. A number in parentheses indicates the ycar of lmt reappmval A
T superscript epsilon (c) mdmates awed:toml ehange sinw the Iast revision or reapproval, ) AT

eq“mx‘ements for”
Wrought Copper and Copper-Alloy Plate, Sheet, Strip, -

Document 198-18 Filed 10/07/19 Page 41 of 99

B 604 Practice for Temper: I)esngnauons fcn C‘opper and
. Copper Alloys—Wroaghtand Cast® i :
E:527 Practice for Numbering.Metalg:and-Alloys (UNS)5
‘B:73618pecification fof Aluminam;. Alumiiius Alloy. and

“Ahiminush-Clad: Stcel Cable Shieldmg Stock‘ R

3-.'-[Deﬁmtmn B
31 claddz%g Fatio--ratic* by-
component layers, for example 2 /60/20. E

SUHy

4. Ordering Information = odi oo w0
" 4.1 Okders Tor idterial ‘undéi‘
mcludc the followmg mformatwn' o

Alléy* n‘umﬁet whén appiropriate (sée I, 2),
Temper (see e(;ti(on 8),
Dimensions’

“thicknéss and widit
w4 1.8 How: furdmhed coilsi(Fo
or spools, g s h
wig, 19 VIVhethm 1@

timo or boftf if requfwd LR
4. 1.4 1> Weight of caifé b welghié or cml size hmntcmo 5,
if required,
**4,1:12" Cladding ratio ‘When' apprc)pmte (see 7 5),
414 18 “Ceitification, ifteqitted,” )
*4 1 4. Mill st seport, ifvéduired; < :
1.15 Specification designation and year of issue, and
4 1 IQHSpemal tesw or.exceptions, if

.‘1,

i eqmrements o
3.1 Material furmshed to thls spccxﬁcatlon shall conform
able’ requirem

yiMaterials afid Manufacture

6.1 The material shall be of such quality that it conforms
to the properties and characteristics prescribed in this speci-
fication.

6.2 Cladding metals as appropriate may be bonded to the
specified base metal by any method that will produce a clad

5 dnnuel Book of ASTM Standards, Vols 01,01 and 02,01,
¢ Annual Book of ASTM Stendards, Yol 02,00,
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" TABLE 1 Chemical Requirements

. . Composition, % Copper Coating of Bimetallic Copper
Element Copper or Coppar Alloy UNS No. ‘ or Copper Alioy UNS No.
) 11000 ©19400 €22000 66400 Ce6410 C71000 C10300 C12200 .

Copper (incl silver) 99,90 min 97.0 min 89.00-91,0 remainder remainder 74.0 min 99.95 min 99.9 min
Iron e 21-28 0.05 max 1.3-1,7 1.8-2.3 1.0 max s e
Lead, max . 0.03 0.05 0.015 0.018 0.05
Tin . 0.08 max 0.05max ..,
Zing 0.05~0,20 remainder 11.0-120 . 11.0-120 1.0 max
Nickel {incl cobalt) e e e 0.06 max  18.0-23.0
Manganese Y 0.06 max 1.0 max e e
Phosphorus N 0.016~0.15 . ' 0.02 max . 0.001-0.005 0.015-0.040
Cabait s foe 0.30-0.7 s P “ - .
Silver . P e .. 0.05 max
Bilicon - 0.05 max
Aluminum 0.05 max

A Copper + silver + phosphorus, min.
material that will conform to this specification,

7. Chemical Composition

7.1 Homogeneous copper-bearing malenals qhall conform
to the chemical requirements prescribed in Table 1

7.2 Copper cladding shall be, unless otherwise specified, a .

copper conforming in chemical composition to that covered
by Specification B.152, Copper UNS No, C10300 (Table 1),
By agreement between manufacturer or supplier and pur-

7.3 The specification limits do not preclude the presence
of other elements, Limits for unnamed elements may be
established by agreement between manufacturer or supplier
and purchaser,

7.4 For copper alloys in Table 1, copper may be taken as
the difference between all the elements analyzed and 100 %.

7.4.1 Alloys C19400 and C22000—When all the elements
in Table 1 are analyzed, their sum shall be 99.8 % min.,

7.4.2 Al[ays (66400, 664100, and C71000—When all the

lement Tbll‘ lyzed, thei hall b 995%~"
clements in Table | are ana Ve o sum s © “ fully annealed copper-clad stesl material, it shall be fully

min,
7.5 Clad cores shall be a stainless steel conforming in
chemical composition to any of those covered by Speciﬁcan

tempers of cold rolled: strip and for annealed Copper UNS
No. C11000 and Copper Alloy UNS Nos, C19400, C66400,
and C66410 and acceptance or rejection shall depend only
on the tensile properties which shall conform to the appli-
cable requirements prescribed in Table 2. Tension test
specimens shall be taken so the longitudinal axis of such

" specimens is parallel to-the direction of rolling,

9.2 The mechanical propetties of copper-clad steel Iﬁaten
rial in tempers other than fully annealed and with cladding

chaser, Copper UNS No. C12200 (Table 1) may be supplied. “ratios other than listed in Tables 2 and X3.1 shall be as

agreed upon between purchaser and supplier: -

10. Grain Size Requirements of Annealed ’I‘emp’ers‘ g

10.1 Grain size shall be thc standard test for annealed
strip of Copper Alloy UNS Nos, €22000 and C71000, and
acceptance or rejection shall depend only on the grain size.
The average grain size of each of two samples of annealed

- material, as determined on a plane parallel to the surface of

tion A 176. Unless otherwise specified, stainless steel in

accordance with UNS No. S43000 (Type 4%0) Sh'l]] be
‘supplied. .

7.6 Unless otherwme stated (4 1.12), the‘claddmg ratio
shall be one of the standard ratios listed in Tables' 2 and
X2.1,. and shall be. expressed ,as XX/XX/XX copper/
stwmless steel/copper

8, Temper

‘8.1 Materials furmsh@cl to tkus specxﬁccmon bhdll be an-
nealed or cold-rolled tothe temper: specified (4.1.6), The
standard. designations as. defined in Practice B 601 are
shown. Standard termpers commonly. available -are listed in
Table 2; special-or nonstandard tempers, are subject to
negotmtwn betwoen manufaotqrcr ar, supphcr and -pur-
chaset, .

9, Meuhamual I’ropertneg of Cold-Rolled aud Annealed Tem-
pers

9.1 The tcn‘sion‘,t‘est shall be t,lgler‘s}ah;d_a‘rd "“tr;:st for all

the strip, shall be within the limits prescmbed in Table 3.
102 Although no minimum grain size is prescribed for

reerystallized in both cladding and core.”

11. Rockwell Hardness N

11.1 Since ' Rockwell hardness tests offer a quick and
convenient “method of checking the conformity of the
material to the requirements for tensile strength or grain size,
the approximate Rockwell hardness values arc given in Table

-2 for general information and assistance in ‘testing but shall

not be used as a basis for rejection. For copper-clad maierial,
copper should be etched oft w1th smtable magemt pmm to

"testmg the steel, - ¥ [

a2

12, Electrical (“(mductivnty A

12.1 When specified in the order, the 6l@cmcal conduc-
tivity determined on annealed samples shall have the fol-
lowing value when tested at a temperature of 20°C (68°F): .

Matmal or UNS No Elwmcul Conduetivity,

i, % JACS
Clo00 " 10000
- C19400° ' 60
‘€22000 - , 40
. C66400 .-, 30
ce6410° ;30
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TABLE 2 Tensile Strength Requirements and Approximate Hardness Values for Shielding Materials in Commonly Ordered Tempers
. Tensile Strength, keit Approximate Rockwell
" Descrlpﬂon Temper Desigﬂ?ﬂqn " MPa®) Hardness® |
Copper of Tyne of yo ' . " Qther Scales Superficial 30T
Cappier Alloy : Mﬁ::ﬁal' * Siandard Fomner Min UL Max Thicknesses Thicknesses
UNS No.. L ‘ 0.020 in, - 0.092'ih.
: * Gold-Rolled “rempars : . o e
C11000 Copper KO0 .. elghth hard 132 (220) 40 (276) F 5482 up to 49 o
HO1, . Quarter hard 34 (286) . 42 (290) F 6084 18-51
R H02 " half hard a7 (256) 46 (315) F 77-89 4387
S Ahniealed Tempers: L
061 annealed .34 (236)
o i R * Athegled Tempers:
C19400 Copper-iron 081 ., annepled® 45 (310) 46 (380) .
slloy 080 ' Ilght annealed® 50 (345) 60 (415) . v
HO2 " half hard 53 (366) B3 (435) B 49-69 52-83
) " ‘Gtd-Rolled Tempers: : o ‘
C22000 Commarcial HO1 quarter hard 40 (275) 50 (345) ~ B . R7-52 38-53
bronze HO2 half hatd 47 (326) 57 (395) B 50-63 62-61
Annealsd Tempers: ) . .
e 081 ‘quérter hard 39 (270) 46 (315)
L . : - Annegled Temper:
©66400 . - Coppar-zine- 080 -goft? 53 (365) 60 (415) . .
’ o ironegobalt T ’
g P alioys : L : v o e ‘
.., 066410 - Copparzine- i 060 -y g0ft? 58 (365) . B0 @415} ak
G Iron alioy i . o
S R e Cold-Rolléd Tempers' : ' '
C71000 s Guprosickel - % THOY ‘Quiarter hard 47 (325) © B9 (49s) B 4572 46-65
Co v R0 % HO2 half hard 56 (385) 70488 - B 6478 59-69
. G o Annealed Tempers: . " . . .
o o . 08035 . 0.036-mm grain size 62 (685) B 18-85 28-40.
Copper-Ciad Stesl- 08015 e 9016 mm grain size 53 (365) B 35 38 40-56
Cladding ... . : . B
Ratlo
A NN R Ltk SRR Annealod ”rerhpers AR
. 20/60/20 ; {0,00470H0) * . OB1 ¢ “annealed? oo D1(360) oo 18T 89 max, L
. :16/88/16 0,006 (0.19). . . . 084, . annesled® . 65(380)  68(470) ST 89 max
33.3/33.3/ i R s ,
R < ¥:] ) ' 0.008(0.18) 0f1 _ ennealed® - ‘:44 (305) <L BT e max -
Aksi=1000psl. o T G T T
8.866 Apperidix X4, ; i & B ¢ iR

1 CiThere is nosgrain size: requlrement but all annealed metal shall be fully racrystalnzed

2 Rockwell values normally apply as follows; The.B.and F soales apply to métal 0. 020 to 0 036 in. (0 5 to 0.91 mm)'m thickness The Superflclal 30~T scale applias his)
metal 0.012 to 0.028 in, (0 30 to 0. 71 ‘mm). in »thlokness

Material or UNS MNo.

- bditlod] Cottuctiviy, _TABLE'S ;Grain Size Requirements for Annealed Material

st"fw P min, % JACS g ’ b u - :
071000 ‘ ‘ o ey MG' Copier Alloy™’ Temper Designation © - fverage Gram"sme,trnm
A UNSNo.  standard Former Nominal  Min ' Max:
‘022000 08010 - ‘ 0010 A 0020
CT000! 08016 wnnealed - 0,016 A D.025
oA
‘l,m us agread upon Hetween purch aser and supplim recrygt'gl:m%}.‘ no- mirlmum- grain “size s réquired this rf"naterlglt Muat be tuuy

12.2' The électrical remtmty of the materl,al shal‘ be
determined in accordance with Test Method B 193; the
conductivity shall be calculated in accordance With Exnlariw
atory Not/es 3 -and-4: of Test Mcthod B 193 IR

st

closer than the nearest half-thousandth, (For - example,
specify 0,006+ or 010065 in, -(0.15:0r0.16 j'mm), ‘but not
0:0063 - in. (0:160° mm).) A list-of preferred thicknesses*is
‘showfivin Appeéndix X1, The thicknéss toleranoe shall be
‘thése shown in Tables'4(d) ahid 4(b).

13.3 Width—The width-t6lératices’ shiall 'Bc those req\ilred
by Specificativh’ B 248, Pariigtaph 53, Unless “otherwise
stated in the purchase order.

134 Stnghlnessm’l“he straightness tolerances shall be
those required by Specification B 248, paragraph 5.5, unle%
otherwise stated in the purchase order.

13.5 Cladding Ratio—Cladding ratios shall be within
+10% of nominal; test method shall be metallurgical

13. Dimensmns and PermisSible Variations

13.1° GeneralmFor the purpose of determining conform-
ance with, the dimensional requirements prescribed in this
spemficatnon, any measured value outside ;the specified
Limiting values for any dimension may be cause for rejection,

13.2 Thzckness—-—-The standard method "of specifying
thickness shall be in decimal fractions of an inch. For
material 0.021 in. (0.53 mm) and under in thickness, it is
recommended that the nominal thicknesses be stated not

722
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TABLE 4(a) Thickness Tolerances

Tolerance, plus and minus in. (mm)
Over 121n. (305 mm)

Material Thickness, in. (mm) 12 In, (305 mm) and and up 0 24 In.
under in Width (610 mm) in width
Copper and copper alloys 0.004 (0.102) and under 0.0004 (0.0076) 0.0006 (0.015)
Over 0,004 to 0,005 (0.127), incl 0.0004 (0.010) 0.0008 (0.020)
Over 0.005 to 0.009 (0.228), incl 0.0006 (0.013) 0,001 (0.028)
Over 0.009 to 0.013 (0.330), Inel 0.0008 (0.020) 0.0015 (0.038)
Copper-clad steel 0.004 (0.102) and under
Qver 0.004 to 0,006 (0.152), Inc! 0.0005 (0.018)
Qver 0.006 to 0.008 (0.229), Incl 0.0006 (0.015)

microsection of at least three samples per 1ot See Appendn
X3 for preferred cladding ratios.

14, Workmanship, Finish, and Appearance
14.1 All material shall be uniform in quality and condi-

tion, sound and free of internal and external defects of a

nature that interferes with normal fabrication or the per-
formance of the cable shielding, It shall be well-cleaned and
free of dirt. A superficial film of residual light fubricant is
permissible, unless otherwise specified.

14.2 Copper-clad material shall be free of defects in-
cluding unbond or delamination of a nature that interferes
with normal commercial operations,

" TABLE 4(b) Width Tolerances for Slit Metal and Siit Metal with
Rolled Edges

(Applicable to all materials listed in 1.2)

Width, in. (mm)

Wicth Tolerances,” plus and minus

For All Thicknesses

2 (50.8) and under :
. Over 2 to 12 (50.8 ta 305), Incl
Over 12 to 24 (305 to 610), incl

in. mm
0.005 0.18 N R
70,008 . 0.20 S o
0.5 0.38

Al tolerances are specified as all plus or all minus, double the values given.

APPENDIXES |

(Nonmandatory Information)

X1. EXPLANATORY NOTE—CABLE SHIELDING

X 1,1 Cable shielding or “cable wrap” is normalfly used by .

manufacturers of electrical insulated wire and cable in strips
of various widths. The material is wrapped around. an
insulated wire or group of wires, and may be applied over an
intervening layer of wrappmg material or over a ]ackct The
material-may be applied in various configurations depending
upon the requirements of the finished cable:

X1.1.1 Helical wrap—overlapped, butted, or gapped

X1.1.2 Longitudinal application—corrugated or smooth,
overlapped, butted, gapped, or welded/soldered.

X1.2 The selection of the particular material and of thc‘ ’
thickness of the material to be used is dependent largely

upon- the specification requirements for the finished wire or

" cable, Military and Federal Specifications, Rural Electrifica-

123

tion Administration (REA) specifications, ICEA (Insulated
Cable Engineers Association) specxﬁcanons among others,
typically apply,

X1.3 Electrical conductmty of the material is an lmpor-
tant characteristic considered in the selection process, and is
affected by the material, its thickness, and the method of

‘application. Corrosion resistance is important for various

environments. Physwal strength requirements may include

* such features as resistance to tensile stress, resistance to

bending stress (mcludmg repeated bending), resistance to

' gopher attack, etc,
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X2. PREFERRED THICKNESSES

By v

ERTES

It-is recommended that Whetcver possible, material  listed in Table X2.1.

¥

X210

purchased tothis specification be ordeged in a thickness as”™ .
‘ Lo GO D e
TP TABLE X2.1  Preféifed Thidkndss, Nominal
» 5, Material of UNS No. .-, . .. Thiokriess, in, (mm)
T ST T 0,008 (049)
G11000 0.010 {0.25)
0.006 (0.15)
. K ) LA R S 019400 Sk iy FRTREN 5 . 0.007 (0.18) EE o coe Vo
R T N Y TSI (TR I R . 0.005 (0.13) ) T S T
) G e et n LCBR000- g 0.007 (0.18)
' L o 0.010 (0.25)
‘ o . cead00 . 0.0058 (0.14) . i - s SR
L R R R . .0\ S R Y e - 00086 (0.14) ’
L BTI000 s, - oy Le e 0005 Q8. o
0.004 (0.10)4
Copper-clad steel 0.005 {0.13)4
0.006 (0.15)*

4 Totalthickiéiss of strip: See Tabl X8.1 for preferréd dladding ratio.

nl
¥l

P [ I
st [t

X3. PREFERRED GLADDING RATIOS FOR COPPER-CLAD STEEL

X3.1 It is recommended that wherever possible, mé@rjal ‘claddinig ratios gs listed in Table X3.1. Conductivity for these
purchased to this specification be ordered in thicknesses'and  recommended” materials is indicated.
1 o B STIC S SO

#, oo

TABLE 'X3.1 Preferred Cladding Ratios—Copper-Clad Steel

Naminal Total Thickness of

Nominal Thickness, in. (mm Conductivity, % IACS
Strp Cladding Ratlo, Cufss/Cu e In. (mim) "
in. mm Copper ... . .. Steel Copper rominal min
0.004 0.10 20/60/20 0.0008(0.08) 0.0024 {0.08) 0.0008 (0.02) 32 30
0.005 013 16/68/16 0.0008 (0.02) 0.0034 (0.09) 0.0008 (0.02) 30 28
0.008 0.15 33,3/33.3/33.3 {0002 (0.08) e . 0,002 {0.05) 0.002 {0.05) 61 60
A i ! A -y

e C EQUIVALENTS S
. B RN i ST g Dok : AR ERT ’ IR A N TRt L
¢ ST it for ih' prop tigs 1 stiesd is the newton per 'S,qﬁ@fg?fﬁiﬂ?@"@/m ), which has been

With the iterndtional Systord of Ut (ST). T
derived S unit for forceis the newgon, (), whicl is defined
as thatf .

ied thig 'pascal “(Pa) by the Genéral ‘Conferérice on
; ‘ ‘ ‘Weights iiiid Measures. Sitice'I Ksi = 6 894 757 Pa the metri¢
gree which when applied 10 2. body having a massof  &quivilents are expressed 4% mégapascal (MPa), which is the
ram gives it an acceloration,of one metre per second  same as MN/m® gnd Njfam?.*- + s o
), The dexived SI unit for pressure. or R T

VLTl L . ' v o
\mer aq.@ooj_e}y for Tosting apd Materlals takes no nositlon rospeating the valiclty of any patent Hghts assérted In connvetion
n mentlonsd in this standard, Users of this standard are expressly, advised that datermination of the yalldity of any syjoh
, and'therisK of'Int lngéme{jf o‘f‘a‘ﬂi;h rlghfé,A brje ontiroly U)wlr q’wn responsibiltty, )

LA

T

v e ' . ; peo

*
o

This standard is subject to revision at any time by the responsible technical committea and must be reviewed overy five years and
it not revised, either reapproved or withorawn. Your comments are Invited eilther for ravision of this standard or for additional standards
and should be addressed to ASTM Headquarters, Your comments will recelve careful conslderation at & meoting of the responsible
technical committee, which you may attend. If you foel that your comments have not recelved a falr hearing you should make your
views known to the ASTM Committes on Standards, 1916 Race St., Phlladelphia, PA 19703,

724
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By the Authority Vested By Part 5 of the United States Code § g52(a) and
Part 1 of the Code of Regulations § §1 the attached document has been duly
INCORPORATED BY REFERENCE and shall be considered legally

binding upon all citizens and residents of the United States of America.
HEED THIS NOTICE

. Wm

By Authority Of
" THE UNITED STATES OF AMERICA |

Legally Binding Document

Criminal penalties may apply for noncompliance.

Document Name: °°

CFR Section(s):  “¢ “FR 56

Standards Body:

ASTM:B75: Standard: Specification: for: S=amlas:

Copper Tube

60=1:(b)

Socliety: for Testing and Mzterials

Official Incorporator:
THE. EXECUTIVE DIRECTOR

phee

568000008

WASHINGTON; D.C.
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QHI}, Designation: B 75 ~ 97

Standard Specification for
Seamless Copper Tube1

This standard 'is issued under the fixed designation B 75; the number immediately following the designation indicates the year of
original adoption or, in the case‘of revision, the year of last revision. A pumber in parenthescs indicates the year of last reapproval. A
superscript epsilon (¢) indicates an editorial change since thc last revision or reapproval.. : v,

This specification hias béen approved for use by agencies of the Department of Defense. Consult the DoD Index of .Sbecgf cations and
Standards for the specific year of issue which has been adopted by the Department of Defense.

1. Scope* '

1.1 This spev.:lﬁcatlon2 establishes’ the' requirements’ for
seamless round, rectangular, and square copper tube suitable
for general engmeenng apphcatlons

1.1.1 Tubes made from any of the following Copper UNS
No. designations shall be supplied unless otherwise specified
in the contract or purchase order:

Copper UNS No. Type of Copper
C10100 Oxygen-free electronic
C10200 Oxygen- freé without residual deoxidants
C10300 Oxygén-freé, extia low phosphorus
C10800 Oxygen-free, low phosphoms
C12000 Phosphorus deoxidized, low residual phosphorus
C12200 " Phosphorus deoxidized, high residual phosphorus

1.2" The valués stated in mch-pound units are the standard
except for gram sizé values which are glven in SI units.

1.3 This specification is‘the comipanion to SI Spemﬁcatlon
B 75M; therefore no SI equivalents are presented in this
specification, ‘

1.4 The following hazard statemerit pertains only to the
test method described in Sections 20.5.2.1, 21.2.9, and
21.2.10 of this specification: This standard does not purport

A

to address all of the safety concerns, if any, associated with its

use. It is the responsibility of the user of this standard to
establish appropriate safety and health. practices and deter-
mine the applicability of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:

B 75M Specification for Seamless Copper Tube (SI)?

B 153 Test Method for Expansion (Pin Test) of Copper
and Copper-Alloy Pipe and Tubing?

B 170 Specification for Oxygen-Free  Electrolytic
Copper—Refinery Shapes?

B 193 Test Method for Resistivity of Electrical Conductor
Materials*

B 251 Specification for General Requirements for
Wrought Seamless Copper and Copper-Alloy Tube3

I This specification is under the jurisdiction of ASTM Commitice B-5 on
Copper and Copper Alloys and is the direct responsibility of Subcommittee B05.04
on Pipe and Tube.

Current edition approved Feb, 10, 1997. Published October 1997, Originally
published as B 75 - 28T. Last previous edition B 75 - 95a,

2For ASMFE Boiler and Pressure Vessel Code applications refer to related
Specification $B-75 in Section I of that Code.

3 Annual Book of ASTM Standards, Vol 02.01.

4 Annual Book of ASTM Standards, Vol 02.03.

B 577 Test Methods for Hydrogen Embrittlement of
‘Copper®

B 601 Practice for Temper Designations for Copper and
Copper Alloys—Wrought and Cast?

E3 Test Methods of Preparation of Metallographic
Specimens’

E 8 Test Methods for Tension Testing of Metallic
Materials’

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

E 53 Test Methods for Chemical Analysis of Copper®

E 62 Test Methods for Chemical Analysis of Copper and
Copper Alloys (Photometric Methods)®

E 112 Test Methods for Determining Average Grain Size’

E 243 Practice for Electromagnetic (Eddy-Current) Exam-
ination of Copper and Copper-Alloy T ‘ubes’

E 255 Practice for Sampling Copper and Copper Alloys
for Determination of Chemical Composition®

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

3. Ordermg Informatlon
31 Orders for product shall mclude the following infor-

. matlon

3.1.1. ASTM dmlgnatlon and year of issue (for example,
B75- 95), '

3.1.2 Copper UNS No. (for example, C10100),

3.1.3 Temper (Section 8),

3.1.4 Dimensions; diameter or distance between parallel
surfaces, and wall thickness (Section 17),

3.1.5 How furnished; coils or straight lengths,

3.1.6 Number of pieces or footage; each size and type,

3.1.7 Total weight,

3.1.8 When product is purchased for ASME Boiler and
Pressure Vessel Code application, and

3.1.9 When product is purchased for agencies of the U.S.
Government.

3.2 The following options arc available and shall be
specified at the time of placing the order, when required:

3.2.1 Electrical mass resistivity test,

3.2.2 Hydrogen embrittlement test,

3.2.3 Hydrostatic test,

3.2.4 Poeumatic test,

5 Annual Book of ASTM Standards, Vol 03.01.
6 Annual Book of ASTM Standards, Vol 03,05,
? Annual Book of ASTM Standards, Vol 03.03.
8 Annual Book of ASTM Standards, Vol 01.01.

* A Summary of Changes section appears at the end of this specification.
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" TABLE 1 Chemical Requirements
Compaosition, %
Element . Copper UNS No.
C101004 C102002 C10300 G10800 C12000 €12200 C14200
Copper ¢, min 99.99 99.95 o v 99.90 99.9 99.40
Copper© + 99.95 99.95
phosphorus, min ,

Phosphorus 0.001-0.005 0.005-0.012 0.004-0.012 0.015-0.040 0.015-0.040

4 Refer to Table 1, Chemical Requirements, Grade 1, of Specification B 170 for impurity fimits for Copper UNS No. C10100.

8 Refer to Table 1, Chemical Requirements, Grade 2, of Specrﬁcauon B 170 for impurity limits for Copper UNS No. C10200.

€ Copper (including silver).

3.2.5 Certification, and
3.2.6 Test report.

4. General Requirements

7. Chemical Compeosition

4.1 The following sections of Specification B251 are a |

part of this specification.
4.1.1 Terminology, General,
4.1.2 Material and Manufacture,
4.1.3 Workmanship, Finish, and Appearance,

1.4 Significance of Numerical Llrmts

1.5 Inspection,

1.6 Rejection and Rehearing,

1.7 Certification,

1.8 Mill Test Reports,

1.9 Packaging and Package Marking, and
4.1.10 Supplementary Requirements. )
4.2 In addition, when a section with an identical title to

those referenced in 4.1 appears in this specification, and is in

conflict with the section appearing in Specification B 251

the section in this specification shall prevail.” ,

. 4.
4,
4.
4.
4.
4.

5. Terminology, Specific ‘
5.1 Definitions of Terms Speczf ic to Thzs Speczf cation;

7.1 The material shall conform to the requirements in
Table 1 for the specified Copper UNS No. designation.

7.1.1 These specification limits do not preclude the pres-
ence of other elements. Limits are permitted to be estab-
lished and analysis required for unnamed elements by

‘agreement between the mianufacturer or suppher and the
. .. purchaser. ‘ .

. 8. Temper

5.1.1 capable of—the test need not be performed by the -

producer of the material. However, should subsequent
testing by the purchaser establish that the material does not
meet these requirements, the material shall be subject to
rejection. ,

5.1.2 unaided eye--without visual enhancement; how-
ever, corrective spectacles necessary to obtain normal vision
shall be permitted.

36 Material and Manufacture

6.1 Material—The material of manufacture shall be bil-
lets, bars, or tube of Copper UNS? No. C10100, C10200,
10300, C10800, C12000, or C12200, and shall be of such
soundness as to be suitable for processing into the tubular
products described.

6.2 Manufacture—The tube shall be manufactured by
‘such hot- dnd cold-working processes as to produce a
homogeneous, uniform wrought structure in the finished
product. It shall be cold drawn to the finished size and -wall
thickness, When cold-drawn temper is required, the final
drawing operation shall be such as to meet the specified

temper. When annealed temper is required, the tube sha]l be
annealed subsequent to the final cold draw e

9 Refer to Practice E 527 for explanation of unified numbering system (thS).
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8.1 The reqlurements and size avaJlablhty of tube in the
cold-drawn’ tempers H355, H58, and H80, as defined in
Practice B 601, are specified in Table 2.

8.1.1 Rectangular, including square, tube shall normally
be supplied only in H58 temper; however, tube in H55 or
H80 temper is permitted to be supplied as agreed upon
between the manufacturer and the purchaser.

8.1.1.1 For any combination of diameter and wall thick-
ness not listed under H80 temper, the requirements specified
for H38 temper shall apply.

8.2 The requirements and size availability of tube in the
annealed tempers O50 and O60, as defined in Pracuce
B 601, are specified in Table 2.

Note |1—The purchaser shall confer with the manufacturer or

supplier for the avmlablllty of product in a specific temper.

‘Note 2—Refer to’ Appendlx X1 for recommended aﬁphceuons
based on temper.

9. Grain Size Requirements
9.1 Tube in the annealed temper shall conform to the
grain size specrﬁed in Table 2. -

10. Physncal Property Requlrements

+10.1 Elecirical Resistivity—When speclﬁed in the con-
tract or purchase order, tube ordered for electrical conductor
application produced from Copper UNS No. C10100,
C10200, C10300, or C12000-shall have an’ electrical mass
resistivity; - g/m2 not to exceed the followmg limit for the
specified copper and temper when tested in accordance with
Test Method B 193:

Temper Copper UNS No.

C10100 C10200 - - C10300 C12000
4060,050 .. ... 0.15176...  0.15328. . 015614 .. 0.17031
H55, H58, H80 -0, 15614 0 17418

(OISTIT | 015940

" NotE 3—Refer to Appendlx X2 for the Intematlonal Annealed

«Copper Standard (IACS) electrical conductivity equivalents.
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TABLE 2 Mechanical Property Requirements of Drawn-Temper and Annealed-Temper Tube
Temper Designation Outeide, rametr, Rockwel Hardness . Yield
or Major L verage Tensile Strength, A
- Distance Between Wall Thickness, in. . Grain ksiB ! min. '
tandari onmier OQutside Paraliel, . Scale " "Ha Size, mm , e
S F Surfaces, . Hardness ‘ bt
H55 Light-drawn® all al 30TP  30,t0 60 36-47 e
H&8 Drawn (general all alt 30T? 30 min 36 min 30
purpose)
HBO Harchdrawn® upto4 002010 0.250,ind 30T ' 55min 45 min R 10
060 Soft anneal all 0.015 t0 0.035 15TE  60max  0.040 min 30 mii oF
0.035 and over FE 50max  0.040 min 30 min 9F
050 Light anneal LAl 0.015 t0 0.035 15TE  65max  0.040 max 30 min 9F
“ 0.035 and over FE 55max  0.040 max Omn 9F

‘Yieldsﬁ'engmtobedetennlnedat05%exmnsionunderload
8 kel = 1000 psi:

© Light-diavn and hard-drawn tempers ére normaily avaiidbie in round tubes only.

°Rockwelhar¢msvaluesshallapplyoﬂymumeshaﬁngawaﬂmof0020m orover,tomrdumeshamganhsidedameterof%on or over, and to
rectanguiarmdudingﬁquarembeehavhganmsidema;ordstanoebetw%npma!elsufaeesaf%oin or over. Rockwell hardness tests shall be made on the inside surface
of the tube. When suitable equipment is not available for detenmining the specified Rockwell hardness, omernmkwelscalesandvalmarepenmhedtobespemﬁedm

agreement between purchaser and supplier.

£ Rockwell hardness values shall apply only to tubes having a wall thickness of 0.015 in. or over, 1o round tibes having an inside diameter of s i, or over, and to
restanguiar including square tubes having an inside major distance between parafiel surfaces of %4 in. or over. For all other tube no Rockwell values shall apply. Rockwell
hardness tests shall be méade on the inside surface of the tube. When stitable equipment is not available for determining the specified Rockwell hardness, other Rockwel
scahﬁanaluesmepemmmdmbespeuﬁedmmmtoagmnanbemempMasaamWer

F Light straightening operarhon lspermltted

11. Mechanical Property Requirements
11.1 Tensile and Yield Strength:
11:1:1° The tibe” shall conform to the reqmrements of
Table 2*for the specified temper and wall thickness."
11.1.2 For any combination of diameter afid wall thick-
ness: not hsted under H80 the reqmrcments for H58 shall
apply.
i1. 2 Rockwell Hardness e
11.2.1 The, tube.shall conform to the requlremems of
Table 2 for. the ‘specified temper and wall thickness.
11.2.1.1 The Rockwell Hardness values for tube in the
H55, H58, and H80 temper shall apply only to the following;
(a) Tubes having a wall thickness of 0.020 in. and over,
(b) Round tubes having an inside diameter of %s in. and
over,
(c) Rectanigular and square tub% havmg maJor distances
between parallel surfaces of %6 in. and over. - ‘
11.2.1.2 The Rockwell Hardness values for tube in the
060 and 050 temper shall apply only to the fdllomg;
(a) Tubes having a wall thickness of 0.015 in. and over;
(b) Round tubes havmg an inside diameter of e in: and
over;
- {0) Rectangular and square tubes havmg inside major
dmtances between parallel surfaces of 316 in, and over.
1.3 Strazghtenmg—nght straightening is permltted for
tube in the 060 and O50 temper.

12." Performance Requirenients )

12.1' Expansion Test for Round Tube—When specified in
the contract or purchase order, annealed tubes shall be
capable of w1thstand1ng an expansion of the outside diameter
of 40'% for tube ¥ in, and under and 30 % for tube over %
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in, The tube shall show no cracking or rupture visible to the
unaided eye.

13. Mlcroscoplml Exammaﬂon
13.1 Tubes furnished in Copper UNS No. C10100,
C10200, C10300, and C12000 shall be essentially free of

cuprous oxide as determined by Procedure A of Test
MethodsB577

14. I—Iydrogen Embrittiement

14,1 When specified in the contract or purchase order,
tubes produced in all designated copper material shall be
capable of conforming to the requirements of Procedure B of
Tést Methods B 577.

15. Purchases for U.S. Government Agencles

15.1 When the contract or purchase order sﬂpu]atw the
purchase is for an agency of the U.S. Govemment, the tubes
furnished shill conform to the conditions specified in the
Supplementary Requirements of Specification B 251,

16. Nondestructive Test

16.1 Thetubesshallbeteswdmthedmwntempersoras
drawn prior to the final-annealed temper unless otherwise

‘agreed upon between the manufacturer and the purchaser.

16.2 Electromagnetic (Eddy Current) Test:

16.2.1 Each tube up to and including 3% in. in outside
diameter shall be sub_]ected to test.

16.2.2 When tested in accordance with Practice E 243,
tubes which do not actuate the signaling device of the testing
unit shall be considered as conforming to the requirements
of the test. .
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TABLE 3 Coil Length Tolerances (Specific Lengths)
Tolerances, in., Al Plus, for
Nominal Lengths, ft
Up to 60, inci  Qver 50 to 100, incl
12 24

- Qutside Diameter or Major Distance
Between Parallel Surfaces, in.

Upto 2, inct

16.3 Hpydrostatic Pressure Test—When specified in the
contract or purchase order, each tube shall be capable of
withstanding an internal hydrostatic pressure sufficient to
produce a fiber stress of 6000 psi without leakage. The tube
need not be subjected to a pressure gage reading over 1000
psi unless specifically stipulated in the contract or purchase
order.

16.4 Pneumatic Pressure Test—When specified in the
contract or purchase order, each tube shall be capable of
withstanding an internal air pressure of 60 psi, minimum, for
5 s without leakage.

17. Dimensions, Mass, and Permissible Variations

17.1 The dimensions and tolerances for product furnished
to this specification shall be as specified in the following
tables and related sectlons of the current edition of Specifi-
cation B 251:

17.1.1 Wall Thickness Tolerances—Refer to Tables 1 and
2.

17.1.2 Tolerances for Diameter or Distance Between Par-
allel Surfaces—Refer to Tables 3 and 4.

17.1.3 Length Tolerances—Refer to Tables 5 and 6.

17.1.4 Straightness Tolerance-—Refer to Table 7.

17.1.5 Corner Radius for Rectangular Including Square
Tube—Refer to Table 8.

17.1.6 Roundness, Squareness of Cut and Twist Toler-
ances for Rectangular and Square Tubes—Refer to titled
sections. .

17.2 Length Tolerances for Tube in Coils—Refer to
Tables 3, 4, and 5 of Specification B 75.

18. Sampling
18.1 The lot size, portion size, and selection of sample
portions shall be as follows:

18.1.1 Lot Size—An inspection lot shall be 10 000 Ib or

fraction thereof,
18.1.2 Portion Size—Sample pieces shall be selected to be

represented of the lot as follows:

Number of Pieces in Lot Number of Portions to Be Taken-4
1 to 50 1
51 to 200 2
201 to 1500 3

4 Each test portion shall be taken from a separate tube.,

18.2 Chemical Composition:
18.2.1 The composite sample shall be taken in approx1—
mate equal weights from each portion piece selected in

.18.1.2 and in accordance with Practice E 255. The minimum
weight of the composite shall be 150 g.

18.2.2 The manufacturer shall have the option of sam-
pling at the time the castings are poured or taken from the
semifinished product. The number of samples. taken during
the course of manufacture shall be as follows:

18.2.2.1 When sampled at the time castings are poured, at
least two samples shall be taken, one after the start and one
near the end of the pour, for each group of castings poured
simultaneously from the same source of molten metal,

18.2.2.2 When samples are taken from the semifinished
product, a sample shall be taken to represent each 10 000 1b
or fraction thereof, except that not more than one sample per
piece shall be required.

18.2.2.3 When composition is dctermmed during the
course of manufacture, sampling and analyses of the finished
product is not required.

18.3 Other Tests—Specimens for all other tests shall be
taken from two of the sample portions taken in 18.1.2. In the
event only one sample portion is taken, all specimens shall
be taken from the portion selected. ‘

19. Number of Tests and Retests

19.1 Tests:
19.1.1 Chemical Composztzon—Chemxcal composition

‘ shall be determined as the arithmetic mean of results from at

least two replicate determinations for each specified element.

TABLE 4 Coil Length Tolerances (Ml Lenglﬁs)
(Applicable only to fulHlength pieces)

) Tube Outside Diameter or Major Distance

Tolerances, %, for Nominal Lengths, ft

Between Paraliel Surfaces, in.

_Up to 100, ind

0ver1001:o2000 incl

Up 1o 1, incl 54 or 2 ft, whichever is greater 104
Over 1102, incl - §4 or 2 ft, whichever is greater rio tolerances established
A Expressed to the nearest 1 ft. '
TABLE 5 Coil Schedule of Ml Lengths with Ends ‘ _
Tube Outside Diameter or Major Distance Nominal Length, ft smlLengmtes“ B'%"' ofiss.mle Permissible Weights
Between Paraliel Surfaces, in. ’ ww : of Ends, % of Lot
: ‘ ‘ Weight
Uptol,ind up to 100, mncl 704 10
Over 1 fo 2, indl up to 100, incl -60A 20
Uptol,inc over100t02000,ind 50 . 508
"‘Expr%sedtomenear&sﬂﬂ ‘

BShonpieoesampennﬂmdmbemmedasfolows uptow%ofbtwengtﬂbetweensmtandoneqﬂwmfﬁjlengm andupm40%betwemoneqmrmrand

full length.
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19.1.2 Grain Size, Electrical Resistivity, Tensile and Yield
Strength, and Rockwell Hardness—These. tests shall be
reported as the average of results:from two. test specimens
and each specimen shall conform to specification require-
ments. R

19.1.3 Other Tests—At least two’ specimens shall be
prepared for each of the other tests and each shall conform to
test requirements.

19.2 Retests:

19.2.1 When requested by the manufacturer or supplier, a
retest shall be permitted when test results obtained by the
purchaser fail to conform with the product specification
requirement(s).

19.2.2 Retesting shall be a$ directéd in this specification
for the initial test except for the humber of test specimens
which shall be twice that normally required for the test.

19.2.3 Test results for all speciniens shall conform to this
specification’s requirement(s) in retest and failare to con-
form shall be cause for lot rejection.

20. Specimen Preparation

20.1 Chemical Analyszs—Prcparatlon of the analytical
specimens shail be the responsibility of the reporting labora-
tory.

20.2 Tensile and Yield Strength Test—The test specimens
shall be of the full section of the tube arid shall conform with
the requirements of the Test Specimen settion of Test
Methods E 8, unless the limitation of the testing machine
precludes the use of such specimen in which case test
specimen conforming to Type No. l ‘of Fig. 13 in Test
Methods E § shall be used.

20.3 Rockwell Hardness:

20.3.1 The test specimen shall be of a size and shape to
permit testing by ‘the availablé test equlpment

20.3.2 The surface of the teést specimen shall be suffi-
cientty flat and smooth so as to permit the accuratc
determination of hardness.

20.3.3 The test specimen shall be free from scale and
foreign matter and care shall be taken to avoid any change in
condition, for example, heatmg or cold working. .

20.4 Grain. Size—Test specimens shall be’ prepared in

E 3.

20.5 Electrical Resistivity:

20.5.1 The test specimen shall be full size and shall be the
full cross section. of the material it represents when possrble

20.5.2 When the test specimen is taken from material in
bulk, care shall be taken that the properties are not appre-
ciably altered in the preparation.

Note 4—Plastic deformation tends to work-harden a material and
Taise its resistivity, while heating iends to anncal the material with a
subsequent reduction in resistivity.

20.5.2.1 When necessary, products are to be rolled or cold
drawn to a wire approximately 0.080 in. in diameter (12 gage
AWG) and of a conveniént length. At least two specimens of
a length sufficient to accommodate the testing equipment
shall be cut from one end-of the wire and annealed at
approximately 935 + 10°F for 30 min in an inert atmosphere
and rapidly cooled to ambient temperature without undue
exposure to air.

206 Expansion (Pin) Test—Test specimens shall conform’

accordance with the appropriate procedure in Test Methods
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to the requirements of the Specimen Preparation section of
Test Method B 153.

20.7 Mtcroscoptcal Examination—The " t¢st specithen
shall be prepared in. accordance with Procedure A of Test
Methods B 577 and the specimen surface shall approximate
a radial longitudinal section of round tube or a longitudinal
section of recta.ngular and square tube perpendlcular to, and
bisecting, the major dimensional.surface.

20.8 Hydrogen Embriitlement—The test specimen shall
conform to the appropriate requlrements of Procedure B of
Test Methods B 577. -

21. Test Methods

21.1 Chemical Composztton—The copper compesition
shall be determined, in case of dxsagreement, as follows:

Element Test Method
Copper ES3
Phosphorus Eg2
Arsenic E62

21.1.1 The test methods for the determination of compo-
sition for Coppers C10100 and C10200 shall be as described
in Annex A1 of Specification B 170,

21.1.2 Test method(s) for the determination of element(s)
required by contractual or purchase order agreement shall be
as agreed upon betwéen the manufacturer and the purchaser.

21.2 The tubes furnished shall conform with the physical
and mechanical properties and other reqmrements of this
specification when tested or examined in accordance with
the following appropriate test method or practice:

Test Test Method
Tensile Strength ES8
Yield Strength E8
Rnckwell Hardness Ei8
Grain Size E1l12
Electrical Resistivity B193 .
Expansién (pin test) B 153
Electromagnetic Exammauon (Eddy Current) E243
Microscopical Examination B577
Procedurc A
Hydrogen Embrittlement B 3577
Procedure B
‘Hydrostatic Pressure B 75,21.2.9
Pneumatic Pressure B75,21:2.10

21.2.1 Tensile strength shall be determined in accordance
with Test Methods E 8.

21.2.1.1 Whenever test results are obtained from both
full-size and machined specimens and they differ, the test
results from the full-size specimens shall prevail.

21.2.2 Yield strength shall be determined at 0.5 % exten-
sion-under-load.

21.2.3 Rockwell hardness shall be determined on the
inside surface of the tube and a minimum of three readings
shall be taken on each specimen, each at a different location.

21.2,3.1 When suitable equipment is not available for
determining the spécified Rockwell hardness, other Rockwell
scales and values are permitted to be specified by agreement
between the manufacturer. and the purchaser

21.2.4 Grain size shall be determmed in case of dispute,
by the intercept method.

21.2.5 Electrical Reszstzvzty-—«-The hmrt of measurement
uncertainty shall be +£0.30 % as a process control method
and +£0.15 % as an umpire method.

21.2.6 Microscopical Examination—Cuprous oxide con-
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tent shall be determined in accordance with Procedure A, or,
in case of dispute, Procedure C, Closed Bend Test, of Test
Methods B 577 shall be followed.

21.2.7 Hydrogen Embrittlemen—Procedure B shall be
followed, or, in case of dispute, Procedure C, Closed Bend
Test, of Test Methods B 577 shall be followed.

21.2.8 Electromagnetic (Eddy-Current) Test—FEach tube
up to and including 3% in. in outside diameter shall- be

subjected to an eddy-current test. Testing shall follow the |

procedures in Practice E 243. Tubes shall be passed through
an eddy-current test unit adjusted to provide information on
the suitability of the tube for the intended application.

21.2.8.1 Either notch depth or drilled hole standards shall
be used.

(a) Notch depth standards rounded to the nearest 0.001
in. shall be 22 % of the wall thickness. The notch depth
tolerance shall be +0.0005 in.

(b) Drilled holes shall be drilled radially through the wall
using a suitable drill jig that has a bushing to guide the drill,
care being taken to avoid distortion of the tube while drilling.
The diameter of the drilled hole shall be in accordance with
the following and shall not vary by more than +0.001,
—0.000 in. of the hole diameter specified.

Tube Outside Diameter, Diameter of Drilled Holes, Drill
in, L in. Number

Y4 1o Y4, incl 0.025 72
Over % to 1, incl 0.031 68
Over | to 1Y, incl 0.036 64
Over 1V4 to 114, incl 0042 58
Over 1Yz to 1%, incl 0.046 56
Over 1% to 2, incl 0.052 55

21.2.8.2 Alternatively, at the option of the manufacturer,
using speed-insensitive eddy-current units that are equipped
to select a fraction of the maximum imbalance signal, the
following percent maximum imbalance signals shall be used:

Standard Tube Size, in. Maximum Percent Imbalance
Signal Magnitude
Up to ¥s, incl L 02
15 to 2, incl 03
Over 2 to 3, incl 04

21.2.8.3 Tubes that do not activate the signalling device of
the eddy-current tester shall be considered as conforming to
the requirements of this test. Tubes with discontinuities
indicated by the testing unit are permitted, at the option of
the manufacturer, to be reexamined or retested to determine
whether the discontinuity is cause for rejection. Signals that
are found to have been caused by minor mechanical damage,
soil or moisture, shall not be cause for rejection of the tubes
provided the tube dimensions are still within prescribed
limits and the tube is suitable for its intended application.

21.2.9 Hydrostatic Test—The internal hydrostatic pres-
sure necessary to produce the required fiber stress shall be
determined by the following equation for thin hollow cylin-
ders under tension.

P=25/(D—081)

where:
P = hydrostatic pressure, psi (or MPa);
t = thickness of tube wall, in. (or mm);
D = outside diameter of tube, in. (or mm); and
S = allowable fiber stress of the material, psi (MPa).
21.2,9.1 The tube need not be tested at a pressure gage
reading over 1000 psi unless so specified.
21.2.10 Pneumatic Test—The test method shall permit
easy visual detection of leakage, such as having the material
under water or by the pressure differential method.

22. Certification

22.1 Certification is mandatory when product is ordered
for ASME Boiler and Pressure Vessel Code applications.

23. Keywords
23.1 seamless copper tube; scamless tube; tube

APPENDIXES

(Nonmandatory Information)

X1. RECOMMENDED APPLICATIONS

XI1.1 Tube in the H55 temper is recommended when 2
tube of some stiffness is required yet capable of being bent
when necessary.

X1.2 Tube in the H58 temper is recommended for

general applications where there is no specific need for high

. strength or bending qualities.
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X1.3 Tube in the H80 temper is recommended for
applications where there is a need for a tube as strong as
technically feasible for the size indicated.
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X2. INTERNATIONAL ANNEALED COPPER STANDARD (ELECTRICAL CONDUCI‘IVITY EQUIVALENTS) |

Electrical Resistivity, 2+g/m? Conductivity, % ‘ Electrical Resistivity 2-g/m? Conductivity, %

0.15176 " 101.00 : 0.15940 96.16
0.15328 100,00 ‘ 0.17031 90
0.15614 L 98.16 0.17418 38
0.15737 . 97.40 :
SUMMARY OF CHANGES

Thls section identifies the location of selected changes to this specification that have been mcorporated
since the 1992a i lSSlle, and the fo]lowmg are some of the changm mcorporated in this rewsmn

(1) Ordeéring Informatlon—Opnons availablé idéntified. (5) Test Methods—Individual test methods are identified
(2) -General Requiremerits—The apphcable sections of  and eddy-current parameters significantly revised.
Specification B 251 identified. : (6) Reécommended applications for the various tempers
(3) Niimber of Tests and Retests—The conditions under  relocated from Temper section text to an appendix.
which retests are permitted are more definitively stated. (7) Nonmandatoty language deleted and replaced with

(4) Sampling and Specimen Preparation sections added. mandatory languige.

TheAmeflcanSocie!yfurTesungandMaterialstakesmposmmrespecﬁngmevahdnyofanypafmwhtsasseﬂedmconnewm
with any item mentioned in this standard. Usemofmﬁstandardamemmmlyadmedﬂmdeimnmahmofmevallduyofanyswh
patent rights, aid th risk of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at aily time by the responsible technical committee and must be reviewed every five years and
iF not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Héadquarters. Your comments wilf receive careful consideration at a meeting of the responsibie
tochnical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Commiitee on srandards, 100 Barr Harbor Drive, West Congshohocken, PA 19428,
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Designation: B 75M - 97
METRIC

dilb

Standard Specification for

Seamiess Copper Tube [Metric]"

This standard is issued under the fixed designation B 75M; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval, A
superseript epsilon (¢) indicates an editorial change since the last revision or reappraval,

nt of Defense. Consult the DoD Index of Spmfcatmns and

ies of the Dep

This specification has been approved for use by ag

Standards for the specific year of issue which has been adopted by the Department of Defense.

1. Scope*

" 1.1 This specification? establishes the requirements for
seamless round, rectangular, and square copper tube smtable
for general engineering applications.

1.1.1 Tubes made from any of the following Copper UNS
No. designations shall be supplied unless otherwise specified
in the contract or purchase order:

Copper UNS No. Type of Copper
C10100 Oxygen-free electronic
10200 . Oxygen-frec without residual deoxidants
C10300 Oxygen-free, extra low phosphorus
C10800 Oxygen-free, low phosphorus
C12000 Phosphorus deoxidized, low residual phosphorns
C12200 Phosphorus deoxidized, high residual phosphorus

1.2 The values stated in SI units are the standard.

.. 1.3 This specification is the companion to inch-pound
Spemﬁcatlon B75.

1.4 The following hazard statement pertains only to the
test method described in Sections 20.5.2.1, 21.2.9, and
21.2.10 of this specification: This standard does not purport
to address all of the safety concerns, if any, associated with its
use. It is the responsibility of the user of this standard to
establish appropriate safety and health practices and deter-
mine the applicability of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Standards:

B 75 Specification for Seamless Copper Tube? ‘

. B 153 Test Method for Expansion (Pin Test) of Copper
and Copper-Alloy Pipe and Tubing?

B 170 Specification for Oxygen-Free Electrolytlc Cop-
per—Refinery Shapes®

B 193 Test Method for Resistivity of Elecincal Conductor
Material*

- B251M Specification for General Requlrements for

Wrought Searnless Copper and Copper-Alloy Tube
[Metnc]3 e

V'This specification is under the jurisdiction of ASTM Committee B-5 on
Copper and Copper Alloys and is the direct responsibility of Subcommittec B05.04
on Pipe and Tube.

Current edition approved February 10, 1997 Published October 1997 01‘181-
nally published as B 75M - 84. Last previous edition B 75M - 95.

2For ASME Boiler and Pressure Vessel Code apphcanons refer to related
Specification SB-75 in Section II of that Code.

3 Annual Book. of ASTM Standards, Vol 02.01.

4 Annual Book of ASTM Standards, Vol 02.03.

B 577 Test Methods for Hydrogen Embrittlement of
Copper?®

B 601 Practice for Temper Designations for Copper and
Copper Alloys—Wrought and Cast3

E 3 Test Methods of Preparation of Metallographic
Specimens®

E 8M Test Methods for Tension thmg of Metallic
Materials (Metric)®

E 18 Test Methods for Rockwell Hardness and Rockwe]l
Superficial Hardness of Metallic Materials’

E 53 Test Methods for Chemical Analysis of Copper®

E 62 Test Methods for Chemical Analysis of Copper and
Copper Alloys (Photometric Methods)® -

E 112 Test Methods for Determining Average Grain Size®

E 243 Practice for Electromagnetic (Eddy—Cut:rent) Exam-
ination of Copper and Copper-Alloy Tubes’

E 255 Practice for Sampling Copper and Copper Alloys'

for the Determination of Chemical Composition® . .
E 527 Practice for Numbering Metals and Alloys (UNS)?

3. Ordering Information

3.1 Oxders for product shall mclude the followmg mfor-
mation:

3.1.1 ASTM dmlgnatlon and year of issue (for example
B75M-96), .

3.1.2 Copper UNS No. (for example, C10100),

3.1.3 Temper (Section 8), .

3.1.4 Dimensions; diameter or distance between pamllel
surfaces, and wall thickness (Section 15), ‘

3.1.5 How furnished; coils or straight lengths

3.1.6 Number of pieces or footage; each size and type

3.1.7 Total weight,

3.1.8 When product is purchased for ASME Boiler and
Pressure Vessel Code application, and.

3.1.9 When product is purchased for agencies of the U.S.
Govemment

3.2 The followmg options are avaﬂable and shall be
specified at the time of placing the order, when required:

3.2.1 Electrical mass resistivity test,

3.2.2 Hydrogen embrittlement test,

3.2.3 Hydrostatic test,

3.2.4 Poeumatic test,

5 Annual Book of ASTM Standards, Vol 03.01.
€ Annual Book of ASTM Standards, Vol 03.05.
7 Annual Book of ASTM Standards, Vol 03.03.
8 Annual Book of ASTM Standards, Vol 01.01.

. * A Summary of Changes section appears at the end of this specification.
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TABLE 1 Chemical Requirements
Composition, %
Element Copper UNS\No; . ;v o

10100 C102004 G10300 c10800 ¢,  ~C12000 . €12200 . - C14200
Copper®, min 99.99 99.95 e ‘ 99‘.96 i 99.9 99.40
Copper? + 99.95 9995

phosphorus, min : [ s

Phosphorus 0001~0005 0005~0012 0004-0012 0015—0.040 0.015-0.040
Arsenic 0.15-0.50

A Refer to Table 1, Chemical Requirements, Grade 1, of Specification B 170 for lmpurrty Ilmlts for Gopper UNS No. C10100.

5 Refer to Table 1, Chemical Requirernents, Grade 2, of $pec1ﬁcahon 8,170 for impurity limits for Gopper, UNS No. G10200.

3.2.5 Certification, and
3.2.6 Test report.

4. General Reqmrements

4.1 The following sections of Spemﬁcatxon B251M are a
part of this specification.

4.1.1 Terminology, General,

2 Material and Manufacturer

3 Workmanship, Finish, and Appearance,
4 Significance of Numencal Limits,

5 ‘Inspection, i

6 Rejéction and Reheanng,

7 Certification,

8 Mill Test Reports,

9 Packaging and.Package Markmg, and
10 Supplementary:Requirements, - .

4.2 In addition, whena section: with an identical title to
those referenced in 4.1 appears in this specification, and is in
conflict with the section: appearing it Specification B 251M,
the section in this specification shall prevail.

4.1.
4.1.
4.1.
4.1.
4.1.
4.1.
4.1.
4.1.
4.1.

5.. Terminology, Specific

5.1 Definitions of Terms Specific to Thzs Spectf cation:

“5.1.1 capable of—the teést need not be performed by the
producer of the material. However, should subsequent
testing by the purchaser establish that the material does not
meet these requirements, the material shall be subject to
rejection,

5.1.2 unaided eye-——-w11:hout wsual ‘enhancement; how-
ever, corrective spectacles necessary to obtam normal vision
shall be permitted.

6. Material and Manuficture , ‘

6.1 Material—The material of manufacture shall be bil-
lets, ¢cast bais, or tube of Copper UNS® No. C10100, C10200,
10300, C10800, C12000, or C12200 and shill be of such
soundness as to be’ suxtable for processmg, into the tubu]ar
products described.

6.2 Manufacture—The tube shall be manufactured by
such hot- and cold-working processes as to produce a
homogeneous, uniform wrought structuré in the finished
product. It shall be cold drawn to thé ‘finished size and wall
thickness. When cold-drawn temper is required, the final
drawing operation shall be such as to,meet the specnﬁed
temper. When annealed temper is required; the tube shail be
annealed subsequent to the final- cold draw ‘

9 Refer to Practice E 527 for explanation of Unified Numibering System (UNS),
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7. Chemical Composition .
+ 7.1 The material shall conform- to the requirements in

‘Table 1 for the specified Copper UNS No. designation. .

7.1.1 These specification limits do not preclude the pres-
ence of other elements, Limits are permltted, to be estab-
lished and analysis required for unnamed. elements by
agreement between the manufacturer or suppher and the
purchaser.

8. Temper . )

8.1 The requirements :and size:availability of tube in the
cold-drawn tempers- H55, H58, ‘and HB80, as defined in
Practice | y 1, are specified in Table 2.

811 Rectangular mcludmg square, tube shall normally
be supplled only in H58 temper however, tlibe in H55 or
H80 temper is permitted to be supphed as agreed upon
between the manufacturer and the purchaser,

8.1. l’ll ‘For-any combmauon of ‘diameter and wall thick-
‘ness hot listed under H80 temper, the reqmrcmcnts specified
‘for H58" femper shall ‘apply.

8.2 The reqmrements and size avallablhty of tube in the
annealed tempers 050 'and: 060, as deﬁned in Practloe
B 601 are spécified in Tablé 2. ¥

Norna 1——The purchaser shall confer w1th thc manuﬁ.wturcr or
supplier for the availability of product in a specific temper.

Note 2—Refer to Appendix X1 for recommended apphcatlons
based on temper.

9. Grain Slze Requirements

- 9.1 Tube in the annealed temper shall conform to the
gram size specified in Table 2.

10. Physwnl Property Requlrements . (

. 10:1 Electrical-Resistivity—Wher: specified;in the con-
tract or purchase order, tube ordered for electri¢al conductor
application . produced from Copper - UNS No: C10100,
€10200, C10300, or C12000 shall have: an electrical mass
resistivity, Q- g/m2 not to exceed the followmg {imit for the
specified copper and temper when tested in accordance with
Test Method B 193:

- Copper UNS No. :
Termper clo00°  C10200 C10300 " Ci2000,
060,050 0.15176 0.15328 015614 017031
H55, HS8, H80  0.15614,  0.15737 0.15940° .. 0.17418°

Ncm: 3—Refer to Appendix X2 for the Intematlonal Annealed
Copper Standard (IACS) electrical conductmty equivalents. ‘

11. Mechanical Property Reqmrements
11.1 Tensile and Yield Strength:
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TABLE 2 Mechanical Property Requirements of Drawn-Temper and Annealed-Témper Tube
Temper Designation OutsoldreMDa laj‘;rneter Rockwell Hardness 5, Yield
" verage Tensile Strangth,  Strength,A
Distarce Between Wall Thickness, mm Grain MPa min
Outside Paraliel Size, mm "
Standard Former Surfaces, mm Scale  Hardness , MPa
H55 Light-drawn?® all all 0Te 30 to 60 250-325 205
H58 Drawn (general purpose) all all 30TC 30 min 250 min 205
H80 Hard-drawn® up to 102 0.508 to 6.35, incl a0T¢ 55 min 310 min 275
060 Soft anneal all 0.381 to 0.889 15T2 60 max 0.040 min 205 min 628
0.889 and over FD 50 max 0.040 min 205 min - B2F
050 Light anneal all 0.381 to 0.889 1572 65max  0.040 max 205 min 625
0.889 and aver F2 55max  0.040 max 205 min 628

4 Yield strength to be determined at 0.5 % extension under load.

2 Light-drawn and hard-drawn tempers are nomally available in round tubes onty.
¢ Rockwell hardness values shall apply only to tubes having a wall thickness of 0.508 mm or over, to round tubes having an inside diameter of 8.0 mm or over, and to
rectangular including square tubes having an inside major distance between parakel surfaces of 5.0 mm or over. Rockwell hardness tests shall be made on the inside
surface of the tube. When suitable equipment is not available for determining the specified Rockwell hardness, ather Rockwel scales and values are pemiitted to be

specified to agreement between purchaser and supplier.

D Rockwell hardness values shall apply only to tubes having a wall thickness of 0.40 mm or over, to round tubes having an inside diameter of 8.0 or over, and to
rectangular including square tubes having an inside major distance between paraliel surfaces of 5.0 mm or over. For aff other tube no Rackwel values shall apply. Rockwell
hardness tests shall be made on the inside surface of the tube. When suitable equipment is not available for determining the specified Rockwell hardness, other Rockwell
scales and values are permitted to be specified subject to agreement between purchaser and supplier. . )

E Light straightening operation is permitted,

11.1.1 The tube shall conform to the requirements of
Table 2 for the specified temper and wall thickness.

11.1.2 For any combination of diameter and wall thick-
ness not listed under H80, the requirements for H58 shall
apply.

11.2 Rockwell Hardness: . .
11.2.1 The tube shall conform to the requirements of
Table 2 for the specified temper and wall thickness.

11.2.1.1 The Rockwell Hardness values for tube in the
H55, H58, and H80 temper shall apply only to the following;

(a) Tubes having a wall thickness of 0.508 mm and over,

(b) Round tubes having an inside diameter of 8.0 mm and
over,

(c) Rectangular and square tubes having major distances
between parallel surfaces of 5 mm and over.

11.2.1.2 The Rockwell Hardness values for tube in the
060 and 050 temper shall apply only to the following;

(a) Tubes having a wall thickness of 0.40 mm and over;

(b) Round tubes having an inside diameter of 8 mm and
over; ‘ ‘

(c) Rectangular and square tubes having inside major
distances between parallel surfaces of 5 mm and over.

11.3 Straightening—Light straightening is permitted for

tube in the 060 and OS50 temper.

12. Performance Requirements - _

12.1 Expansion Test for Round Tube—When specified in
the contract or purchase order, annealed tubes shall be
capable of withstanding an expansion of the outside diameter

of 40 % for tube 19.0 mm and under and 30 % for tube over

19.0 mm. The tube shall show no cracking or rupture visible
to the unaided eye.

13. Microscopical Examination

-13.1 Tubes furnished in Copper UNS No. C10100,
C10200, C10300, and C12000 shall be essentially free of

tubes produced in all designated copper material shall be
capable of conforming to the requirements of Procedure B of
Test Methods B 577. R

15. Purchases for U.S. Government Agencies

15.1 When the contract or purchase order stipulates the
purchase is for an agency of the UJ.S. Government, the tubes
furnished shall conform to the conditions specified in the
Supplementary Requirements of Specification B 251M.

16. Nondestructive Test

16.1 The tubes shall be tested in the drawn tempers or as
drawn prior to the final-annealed temper unless otherwise
agreed upon between the manufacturer and the purchaser.

16.2 Electromagnetic (Eddy Current) Test: Pl

16.2.1 Each tube up to and including 79 mm in’ outside
diameter shall be subjected to test, : :

16.2.2 When tested in accordance with Practice E 243,
tubes which do not actuate the signaling device of the testing
unit shall be considered as conforming to the requirements
of the test. : .

16.3 Hydrostatic Pressure Test—When specified in the

© contract or purchase order, each tube shall be capable of

withstanding an internal hydrostatic pressure sufficient to
produce a fiber stress of 41 MPa without leakage. The tube
need not be subjected to a pressure gage reading over 6.9
MPa unless specifically stipulated in the contract or purchase
order.

16.4 Pneumatic Pressure Test—When specified in the
contract or purchase order, each tube shall be capable of
withstanding an internal air pressure of 400 kP2, minimum,

for 5 s without leakage.

17. Dimensions, Mass, and Permissible Variations
17.1 The dimensions and tolerances for product furnished

‘o this specification shall be as specified in the following

cuprous oxide as determined by Procedure A of Test

Methods B 577.

14. Hydrogen Embrittlement _ ‘
14.1 When specified in the contract or purchase order,

91

tables and related sections of the current edition of Specifi-

cation B 251M: : ‘
17.1.1 Wall Thickness Tolerances—Refer to Tables 1 and

2. BRI
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TABLE 3 Coil Length Tolerances (Specific Lengths)

Tolerances, mm, All Plus, for
Norminal Lengths, m

“Upto15,ind  Over 15 fo 30, ndl
30 610

Outside Diameter or Major Distance
Beétween Paraliel Surfaces, mm

Up to 50.8, incl

17.1.2 Tolerances for Diameter or Distance Between Par-
allel Surfaces—Refer 1o Tables 3 and 4.

17.1.3 Length Tolerances—Refer to Tables 5 and 6.

17.1.4 Straighiness Tolerance—Refer to Table 7.

17.1.5 Corner Radius for Rectangidar Including Square
Tube—Refer to Table 8.

17.1.6 Roundness, Squareness of Cut and Twist Toler- «
ances for Rectangular and Square Tubes—Refer to titled
sections.

17.2 Length Tolerances for Tube in Cozls—«Refcr to
Tables 3,4, and S of Spemﬁcatlon B 75M. :

18. Samplmg

18.1 The lot size, portion size, and sclection of sample
portions shall be as follows:

18.1.1 Lot Size—An mspectlon lot shall be 5000 kg or
fraction thereof,

18.1.2 Portion Size—Sample pieces shall be selected to be

represented of the-Jot as follows:
. Number of Fieces in Lat Number of Portions 1o Be Taken4
1to 50 L
. ' 5i10200 2
201 to 1500 3

4 Bach test portion shall be taken from a separate tube,

18.2, Chemical Composition: ‘

18:2;1 The: composite sample shall be taken in approxi-
mate wequal weights from. each portion piece selected in
18.1.2 and in accordance with Practice E 255. The mmlmum
weight .of the composite shall be 150 g. :

18.2.2 The manufacturer shall have the optlon of sam-
pling at the time the castings are poured or taken from the
semifinished product. The number of samples taken during
the course of manufacture shall be as follows:

18.2.2.1 When sampled at the time castings are poured, at

Jeast two samples shall beé taken, ong after the start and one

near the end of the pour, for each group of casl:mgs poured
simultaneously from. the same source of moltén metal.
18:2.2.2 When samples .are taken from the semifinished
product, a sample, shall be taken to represent each 5000 kg or
fraction. thereof, except that not more: than one sample per
plece shall be required.
18.2:2.3 When' composmon is determmed during’ the

'course of manufacture, sampling and analysm of the finished

product is not required.

18.37Other Tests—Specimens for a]l other tests shall be
taken from twe of the sample. porlmns taken in 18.1.2. In the
event only one sample portion is taken, aJl spemmens shall

be taken from the pomon selected

19. Number of Tests and Retests

19.1 Tests: - ‘ '

19.1.1. Chemical Composztton—Chemlml composition
shall be determined as‘the arithmetic mean of results from at
least two replicate determinations for each specified element.

19.1.2 Grain Size, Electrical Resistivity, Tensile and Yield
Strength, and Rockwell Hardness—These tests shall be
reported as the average of results from two test speclmens
and each specimen shall ‘conform to spec1ﬁcatlon requlre-
ments.

19.1.3 Other Tests—At least two specimens shall 'be
prepared for each of the other tests and each: sha]l conform to
fest requirements,

19.2 Retests: o

19.2.1 When requested by the manufacturer or suppher,
retest shall be permitted when test tesults obtained by the
purchaser fail to conform with the product spemﬁcatlon

requiremnent(s).

19.2.2 Retesting shall be as dlrected in this spe(nﬁcatmn
for the initial ‘test éxcept for the: numbét of test speclmens
which shall be twice that fidrimally reqmred for the test.”

19.2.3 Test results for-all specuneﬂs shall conform to thls
specification’s requiremént(s) in retést and faiture to con-
form shall be cause for lot rejéction. =

20. Specimen Preparation
20.1 Chemical ‘Anal‘ysi;‘s'——Preparaﬁt;m of ‘the analytical

TABLE 4 - Coil Length Tolerances (Mill Lengths)
(APP"cab‘e only to fulllength pieces)

 “Tube Outside Diametir of Major Distance

Tolerances, %, for Nominal Lengths in mm .-

WPMHW,M UP‘O?OOOO-“‘! s over3000010600000m
Up to 25, indl 54 or 600, whichever is greater ‘ 104 :
25 to 50, incl 54 or 600, whichever is greater notohrameseslahlished

A Expressed to the nearest 300 mm.

TABLE 5 Coil Schedule of Mill Lengths with Ends

Tube Cutside Diamneter or Major Distance
Between Parafiel Sixfaces, mm

Nominal Length, mm

Shortest Permissible  Maximum Permissible
Length, % of Nominal ~ Mass of Ends, % of Lot

i Length . Weight
Upto 25, incdf up to 30 000, incl 704 10
Over 25 to 50, incl up to 30 000, incl 604 2
Up to 25, inct over 30 000 to 600 000, incl 50 508
A Expressed to the nearest 300.

5Shortpieoesarepemmedtobehcmdedasfolws upto10%ofbtweiqnbetwem15 2003ndmeq.mrherofﬂﬂlengm andmto:iO%betwemmquanermd

ol length,
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specimens shall be the responsibility of the reporting labora-
tory.

20.2 Tensile and Yield Strength Test—The test specimens
shall be of the full section of the tube and shall conform with
the requirements of the Test Specimen section of Test
Methods E 8M, unless the limitation of the testing machine
precludes the use of such specimen in which case test
specimen conforming to Type No. 1| of Fig. 13 in Test
Methods E 8M shall be used.

20.3 Rockwell Hardness:

20.3.1 The test specimen shall be of a size and shape to
permit testing by the available test equlpment

20.3.2 The surface of the test specimen shall be suffi-
ciently flat and smooth so as to permit the accurate
determination of hardness.

20.3.3 The test specimen shall be free from scale and
foreign matter and care shall be taken to avoid any change in
condition, that is, heating or cold working.

20.4 Grain Size—Test specimens shall be prepared in
accordance with the appropriate procedure in Test Methods
E3.

20.5 Electrical Resistivity:

20.5.1 The test specimen shall be full size and shall be the
full cross section of the material it represents when possible.

20.5.2 When the test specimen is taken from material in
bulk, care shall be taken that the properties are not appre-
ciably altered in the preparation.

Norg 4—Plastic deformation tends to work-harden a material and
raise its resistivity, while heating tends to anneal the material with a
subsequent reduction in resistivity.

20.5.2.1 When necessary, products are to be rolled or cold
drawn to a wire approximately 2 mm in diameter (12 gage
AWG) and of a convenient length, At least two specimens of
a length sufficient to accommodate the testing equipment
shall be cut from one end of the wire and annealed at
approximately 500 + 5°C for 30 min in an inert atmosphere
and rapidly cooled to ambient temperature without undue
exposure to air.

20.6 Expansion (Pin) Test—Test specimens shall conform.
to the requirements of the Specimen Preparatlon section of
Test Method B 153.

20.7 Mtcroscopzcal Exammatlon———The test specimen
shall be prepared in accordance with Procedure A of Test
Methods B 577 and the specimen surface shall approximate
a radial longitudinal section of round tube or a longitudinal
section of rectangular and square tube perpendicular to, and
bisecting, the major dimensional surface.

20.8 Hydrogen Embrittlement—The test specimen shall

conform to the appropriate requirements of Procedure B of

Test Methods B 577.

21. Test Methods

21.1 Chemical Composztzon—The copper composmon .

shall be determined, in case of disagreement, as follows:

_Element Test Methods

Copper | ES3 .
-~ Phosphorus E62
Aursenic E62

21.1.1 The test methods for the determination of compo-
sition for Coppers C10100 and C10260 shall be as described

93

i Annex Al of Specification B 170.

21.1.2 Test method(s) for the determination of element(s)
required by contractual or purchase order agreement shall be
as agreed upon between the manufacturer and the purchaser.

21.2 The tubes furnished shall conform with the physical
and mechanical properties and other requirements of this
specification when tested or examined in accordance with
the following appropriate test method or practice:.

Test Test Method
Tensile Strength E 8M
Yield Strength E 8M
Rockwell Hardness E18
Grain Size El12
Electrical Resistivity B193
Expansion (pin test) B 153
Electromagnetic Examination (Eddy Current) ~ E243
Microscopical Examination B577
Procedure A
Hydrogen Embrittlement B577
Procedure B .
Hydrostatic Pressure B75M, 21.29
Pneumatic Pressure B75M, 21.2.10

21.2.1 Tensile strength shall be determined in accordance

‘with Test Methods E 8M.

21.2.1.1 Whepever test tesults are obtained from both
full-size and machined specimens and they differ, the test
results from the full-size specimens shall prevail.

21.2.2 Yield strength shall be determined at 0.5 % exten-
sion-under-load.

21.2.3 Rockwell hardness shall be determined on the
inside surface of the tube and a minimum of three readings
shall be taken on each specimen, each at a different location.

21.2.3.1 When suitable equipment is not available for
determining the specified Rockwell hardness, other Rockwell
scales and values are permitted to be specified by agreement
between the manufacturer and the purchaser

21.2.4 Grain size shall be determined, in case of dispute,
by the intercept method.

21.2.5 Electrical Resistivity—The limit of measurement
uncertainty shall be +0.30 % as a process control method
and +0.15 % as an umpire method.

21.2.6 Microscopical Examination—Cuprous oxide con-
tenit shall be determined in accordance with Procedure A, or,
in case of dispute, Procedure C, Closed Bend Test, of Test
Methods B 577 shall be followed.

21.2.7 Hydrogen Embrittlement—Procedure B shall be
followed, or, in case of dispute, Procedure C, Closed Bend
Test, of Test Methods B 577 shall be followed.

21.2.8 Electromagnetic (Eddy-Current) Test—Each tube
up to and including 79 mm in outside diameter, shall be
subjected to an eddy-current test. Testing shail follow the
procedures in Practice E 243, Tubes shall be passed through
an eddy-current test unit adjusted to provide information on
the suitability of the tube for the intended application.

21.2.8.1 Either notch depth or drilled hole standards shall
be used.

(a) Notch depth standards, rounded to the nearest 0.025
mm shall be 22 % of the wall thlckness The notch depth

-tolerance shall be +0.013 mm.

(b) Drilled holes shall be drilled radtally through the wall
using a suitable drill jig that has a bushing to guide the drill,
care being taken to avoid distortion of the tube while drilling.
The diameter of the drilled hole shall be in accordance with
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the following and shall not vary.by more than +0.025 mm,
—0.000 mm of the hole diameter specified.

Tube Outside Diamieter, ~ Diameter of Drilled Holes, Drill
. mra . min Nuniber

6.0 t0°19.0, incl 0.635 ! 72
Over 19.0 to 25, incl 0.785 . 3 68
Over 25 to 32, incl 0.915 .
Over 32 to 38, incl 1.07 ’ 58
Over 38 to 45, incl 117 ’ 56
Over 45 to 50, incl 1.322 55

21.2.8.2 Alternatively, at the option of the manufacturer,
using speed-insensitive eddy-current units that are equipped
to select a fraction of the maximum imbalance signal, the
following percent maximum imbalance signals:shall be used:

Standard Tube Size, Maximum Percent lmba]anoe
mm Slgnal Magmmdc

Upto 9, incl 0.2

13 to 50, incl 0.3

Over 50 to 76, incl 04

21.2.8.3 Tubes that do not activate the signalling device of
the eddy-current tester shall be oonsndered as conforming to
the requirements of this test. Tubes with discontinuities
indicated. by the testing unit are pemntted at the option of
the manufacturer, to be reexammed or retested to determine
whether the dlscon’unmng is cause for rejection. Signals that
are found to have been caused by minor mechanical damage,

soil or moisture, shall not be cause for rejection of the tubes
provided the tube dimensions are still within prescribed
Jimits and the tube is siitable for its intended application.

21.2.9 Hydvrostatic Test—The internal hydrostatic pres-
sure necessary to produce the required fiber stress shall be
determined by the following equation for thin holiow cylin-
ders under tension.

P=28t/(D - 0.80) m
where:
P = hydrostatic pressure, MPa; .
t = thickness of tube wall, mm;
D = gutside diameter of tube, mm, and; )
S. allowable fiber stress of the matenal, MPa ‘

21.2.9.1 The tube need not bé tested.at a pressure gage
reading over 6.9 MPa unless so specified.

- 21.2.10 Pneumatic Test—The test method shail ‘permit
easy visual detection of leakage, such as having the material
under, water or by the pressure differential method.

22. Certification

22.1 Certification is mandatory when product is ordered
for ASME Boiler and Pressure Vessel Code applications.

i

23. Keywords
23.1 seamless copper tube; scamless tube; tube

APPENDIXES

(Noiimandatory Information)

. X1. RECOMMENDED APPLICATIONS

X1.1 Tube in the H55 temper is recommended when a
tube of some stiffness i is required yet capable of being bent
when necessary.

' X12 Tube im the H58 temper is recommended for
general applications where there is no specific need for high

strength or bendmg qualltxes

X1.3 Tube in the H80 temper is: recommended for
applications where there is a need for a tube as strong as
technically feasible for the size indicated.

'X2. INTERNATIONAL ANNEALED COP,PER STANDARD (ELECTRICAL CONDUCTIVITY EQUIVALENTS)

Electrical Resistivity, ©-g/m?

Electrical Resistivity, ©-g/m? Conductivity, % Conductivity, %
0.15176 101,00 015940 L9616
0.15328 100.00 o173t , 90
0.15614 _98.16 0.17418 T 88
0.15737 97.40 u o
SUMMARY OF CHANGES

ThlS section identifies the location of selected changes to this specification that have been mcorporated
since the l992a issue, and the following are some of the changes incorporated in this revision:

(1) Ordering Informaﬁon—Opnons available identified.

(2) General Requirements—The applicable sectlons of
Specification B 251M identified..

(3) Number of Tests and Retests—The conditions under
which retests are permitted are more definitively stated.

(4) Sampling and Specimen Preparation sections added.

94

(5) Test Methods—Individual test methods are identified

and eddy-current parameters significantly revised.

(6) Recommended applications for the various tempers

relocated from Temper section text to an appendix.

(7) Nonmandatory language has been deleted and re-

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

This standard is subject to revision at any time by the responsible technical committee and must be reviewed evexy five years and
it not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical commitiee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Commitiee on Standards, 100 Barr Harbor Drive, West Conshohocken, PA 19428.

95
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By Authority Of
" THE UNITED STATES OF AMERICA |

Legally Binding Document

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

HEED THIS NOTICE

Criminal penalties may apply for noncompliance.

Document Name:

CFR Section(s):

Standards Body:

Official Incortorator:

THE EXECUTIVE DIRECTOR
OFFICE OF 'THE FEDERAL REGISTER
WASHINGTON,; D.C.
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This standard is issned under the fixed designation B 85; the number immedintely following the designation indicates the year of

otiginal, adoption or, in the case of revision, the year of last revision, A number in parentheses indicates the year of last reapproval, A
Supesseript 6psiloh (&) iidicates'an editorldl changs sinee the last revision or reapproval.’ ™ e

This specification has been approved jor 12&'65}1 dgenéies of the Department of Defense and for Histing in the DoD Index of Specifications

and Standards.
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Y. B 4

1. Scope :
1.1 This specification covers aluminum-alloy die castings.

Table 1. e
1.2 The values’ | ‘
dard. The SI values in parentheses are for information only.

2. Referenced Documents

2.1 'The following documents of the issue in effect on date
of order acceptance form a partt of this specification to the
extent referenced herein:

2.2 ASTM Standards:

B 179 Specification for Aluminum Alloys in Ingot Form
for Sand Castings, Permanent Mold Castings, and Die
Castings®

B 275 Practice for Codification of Certain Nonferrous
Metals and Alloys, Cast and Wrought?

E 8 Methods of Tension Testing of Metallic Materials®

E 23 Method for Notched-Bar Impact Testing of Metallic
Matetials®

E 29 Recommended Practice for Indicating Which Places
of Figures Are to Be Considered Significant in Specified
Limiting Values*

E 34 Method for Chemical Analysis of Aluminum and
Aluminum Alloys®

E 88 Practice for Sampling Nounferrous Metals and Alloys
in C{?};‘t Form for Determination of Chemical Composi-
tion

E 101 Method for Spectrographic Analysis of Aluminum
and Aluminuma Alloys by the Point-to-Plane Tech-
nique®

E 227 Method for Optical Emission Spectrometric Anal-
ysis of Aluminum and Aluminum Alloys by the Point-
to-Plane Technique®

E 505 Reference Radiographs for Inspection of Alu-
minum and Magnesium Die Castings’

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

2.3 American National Standards Institute:

1 This specification is under the jurisdiction of ASTM Committee B-6 on
Die-Cast Metals and Alloys, and is the direct responsibility of Subcommittee
B06.01 on Aluminum Die Castings.

Current edition approved March 30, 1984, Published May 1984, Originally
published as B 85 - 31 T. Last previous edition B 85 ~ 82a.

2 Annual Book of ASTM Standards, Vol 02.02.

3 Annual Book of ASTM Standards, Vol 03.01.

* Annual Book of ASTM Standards, Vol 14.02.

3 Annual Book of ASTM Standards, Vol 03.05.

8 dnnual Book of ASTM Standards, Yol 03,06,

7 Annual Book of ASTM Standards, Yol 03.03,

R TR VR Sl " R A PRE S
stated-in: lch-pound’ units are-the-stan-

" }-135",1»_{:}“;\]103,, and- ‘Témpef;' Des;ignatioh Systems  for

Ten alloy compositions 4ré specified, desighated as shown'in, .-

32

Aluminum?
24 American Die Casting Institute: -
" “B*Seties Product Standaids for Die’ Caistings®
2.5 Federal Standards: ...~ .. ..~
Fed. Std; No.. 123 Marking for Shipment (Civil Agencies)®
Fed. Std. No. 184 Identification Marking of Aluminum,
Magnesium and Titanium®
2.6 Military Standards:
MIL-STD-129 Marking for Shipment and Storage (Mil-
itary Agencies)®
MIL-STD-649 Preparation for Storage and Shipment of
Aluminum and Magnesium Products®

3. Definitions

3.1 die casting—a metal object produced by the introduc-
tion of molten metal under substantial pressure into a metal
die and characterized by a high degree of fidelity to the die
cavity,

4. Ordering Information

4.1 Ordess for die castings shall include the following
basic information:

4,1.1 This specification number and date,

4.1.2 Quantity and delivery schedule, as required,

4.1.3 Part name and number,

4.1.4 Alloy (Table 1), and

4.1.5 Drawing of die casting, when required, giving all
necessary dimensions and showing latest revisions and allow-
ances for machining, if any. Location of ejector pin marks or
parting lines shall be at the option of the producer; unless
specifically designated on the drawiog.

4.2 Additional tests, options and special inspection re-
quirements as provided below should be justified only on the
basis of need. These shall be specified in the contract or
purchase order, as additional procedures and extended
delivery time may be involved.

4.2.1 Chemical analysis (7.1.1),

4.2.2 Quality assurance (Section 0),

4.2.3 Special proof tests or mechanical properties (Section
8),
4.2.4 General quality options for internal soundness or for
finish (Section 10),

4,2.5 Source inspection (Section 11},

4.2.6 Certification (Section 12),

8 Available from Naval Publications and Forms Center, 3801 Tabor Ave,,
Philadelphia, PA 19120,
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TABLE 1 Chemical

Requirements 45 ¢

Alloy? Composition %
. ) Other Constl-
ANS! ASTM  UNS Siicon  Iron  CGopper Q'X':;‘se . Megre - Nikel zine Tin r:m tuerio, EXEPt . Aluminum
‘ . ; (Total)
3600  SGIOOB A03600  9.0-10.0 20 06 Y 040-06 050 050 015 ... 0.25 remainder
AS600 . SGI00A A1%00  90-100 13 06 0.35 040-06 050 050 015 ... 0.25 remainder
3800 SCB4B  A03B00  7.6-85 20  8.0-4.0 0.50 0.10 050 80 085 ... ' 050 remainder
A380.0F  SCB4A  A13800 7595 13  8.0-40 .- 050 0.10 050 30 035 .. 0.50 remainder
383.0°  SC102A A03830  06-115 13  20-30 0.50 0.10 030 30 015 .. 0.50 remainder
3840%  SC114A  A03840  105-120 18 80-45  -0.50 010 050 80 045 ... = 050 remainder
3900  SCIT4A  A03900  16.0-180 13  4.0-50 0.10 045-065 ... 010 ... 020 0.20 remainder
B390.0  SCI748  A23900  16.0-180 18 4.0-50 0.50 0.45-0.65 0.0 15 ... 040 020  remainder
3820 . 819 A03920  18.0-200 15 0A40-0.80° 0.20-060 - 0.80-120 - 050 050 030 020 050 remainder
M130  S128 AO130 110-130 20 1.0 0.35 0.10 050 050 015 ... 025 remainder
AMB0  S12A AIM30 1104130 13 10 035 0.10 050 050 045 ... 025 remainder
C440.0  SBC  AMM430 . 4560 20 06- 0.35 0.10° 050 050 015 - ... 0.25 remainder-
5180 . GBA - AOG180 045 18 025 - 085 75-85 015 015 015 ... 0.25 remainder

A Analysis shall ordinarily be made only for the elements mentloned in this table, If, however, the presence of other elements s Suspected, o indicated in the course of
routine analysis, further analysis shall be made to determine that the total of these other elements are ot present in excess of specified limits,

# For purposes of acceptance and rejection, the observed value or calculated value obtained from analysia should be rounded off to the nearest unit In the Iast
right-hand place of figures, used in expressing the specified limit, in accordance with the rounding procedure prescribed in Section 3 of Recommended Practice E 29.

@ Limits are In percent maximum unless shown otherwise,

# Alloys 360.0, 380.0, 413,0, C443.0 and 518.0 are suitable for the production of die casting by either the hot-chamber or the cold-charmbér process. Die castings of

alloys A380.0, A380.0, 383,0, 384.0 and. A413.0 may be made only in cold-chamber machines.
ASTM designatlons were established in accordance with Recommended Practice B 275, ANSI deaignatlons were wtabllshed in accardance with ANSI H35 1 UNS

designations wers established in accordance with Recommended Practice E 527,
E'With respect to mechamcal propert«es alloys A880.0, 883.0 and 384.0 are substantually imerchangeable

~4.2,7 Marking for identification (Sc,ouon 14), and
4.2.8 Special packaging (Section 15).

5. Materials .
'5.1 The aluminum alloys used for the manufactire of die
castings shall be such that the die’ castmgs produced will

conform to the chemical composition reqmrements of this
specification.

6. Quality Assurance ‘ i
6.1 Responsibility for Inspection—When specified in the

contract or' purchdse order, the producer of supplier is

tcsponmb]e for the perf'ormance of all inspection and test
reqmrements specitied herein, Except as otherwisé specified
in the contract or order, the proclucer or supplier may use his
own or any other suitable facilities for the performance of thé
inspection and test requirements . specified herein, unless
disapproved by the purchaser, The purchaser shall have the
right to perform any of the ifispections and tests set forth in
this specification, Quality assurance standards shall be agreed

upon between the producer or supplier and purchaqer at’ the

‘ume a contract or order is placed.

6.2 Lot Defi mtzonw—An inspection lot shall be dehned as
follows:

6.2.1 An inspection lot shall’ consmt 01 the produ(,uon
from each die or compound die on each machine for each 24
h during the first week of normal operation and the
production for gach 48 h thereafter of normal operation. Any
significant changé in the machine, ‘composition, “die ‘or
continuity of operatmn shall be considered ay the start of a
new lot. Die’ castings inspected by ‘this method- shall be 80
marked or handled during the ﬁmshm& opemtmm as hot to

lose their identity,

6.2.2 Eachi die casting of a randomly selécted qample shall
be examined to'determine conformance to ‘the réjuiremeiits
with respect to general quality, dimensions, and “identificz-

.

tion markmg Thc, produoer or supphcr may use a *;ystem of
statmncal C]l.ld]lty wnuol t‘or such cxammatlons.
R Chemlcal Reqmrements

7.1 Limits—The die castings shall conform to the require-
ments as to chemical composition prescribed in Table 1,
Conformance shall be determined by the producer ' by
analyzing samples taken at the time castings are made. If the
producer has determined the chemical compasition of-the
metal during the course of manufactute;-he shall not be
mquilcd to sample and analyze the finished product.

7.1.1 When a detailed chemical analysis is required with a
shipment, it shall be callcd for in the contract or pmch«me
order, '

712 1If the' producer s or suppher’b method of .composi-
tion control is acceptable, sampling for cheniical analy.sls
may be waived at the discretiofn of the pur chaser,

7.2 Number of Samples—When required, samples for
détermindtion of chcmlcal mmpomtion shall be taken to
represent the following: T

7.2.1 A sample shall be taken from each of two'represen-
lative cdstings selected from edch Iot defined in 6.2.1,

7.3 Methods of Sampling-—Samples from die castings for
detcrmmalum of chemical composition shall. be taken in
accordance with one of the following methods: .

7.3.1 Samples for chemical analysis shall be taken from
,the material by dnllmg, sdwmg, milling, turning, or cltppmg
‘o representative piece or' pieces fo obtain a weight of
prepared: sample not less than 75 g, Samphng shall be in
accordance with Practice E 88,

7.3.2 By agreement, an appropriate spectrographic sample
may be prepared at time of manufacture.

7.3.3 The method of sampling cast produols f‘or
spectrochemical - and other methods of analysis: shall be

suitable tor the form of mateml bemg a.nalyzcd and the typu
of analytical miethod used, -
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7.4 Method of AnalywsmThe determination:of: chemical
composition shall Bé “midde in’ accordance,iyith. . suitable
chemical (Methods E 34), bpcctmchemlcfﬂ (Method E 101 or

E 227), or. other. methods. In case, of §putc, the results-.

sécured by McLhods E 34'shall be the basis of acceptance.

8. Mechamcal Pmpertne‘; and Tests

8 1 Unless %p@mtled in the -contract ar purchasc order or
speuﬁcally guaranteed by the manufacturer, acceptance of

mechamcdl properties determined by tefision or impact tests.
Table:- X1.1 shows typical mechanical properucb, When

. and:producer.or wppher as part of the contrdct or purchase

order.
11.2 When such inspection or witness of mspcctlon and

- testing is 4grccd upon, thc producer or supplier shall afford
. the putchaser’s teprescntative all reasonable facilities to

satisfy him that the product meets the requirements of this
\specxhcanon Inspccuon and tests shall be-conducted so there
'is no unncce%ary mterfe;fence w1th the producers opcka»

x - tions, o
die’ castings under these spegifications shall not depend on ’

'tmmon or impact tests ‘are niade; the tehsion fest: spemmen‘"»

shoWn in Fig. 18 of Mmhocl‘; E8 dnd the impact test

specimen shown in Flg 6 of Methods E,23 shall be used,
8:2When specified in the'contract or purchase order, die

castings shall withstand proof tests without failure-as defined

by agreement betwccn thc pUrchaser and the pwducel 01

supphcr oo

9, Permissible Variations;in Dimensions -. S e

yx:‘.«;‘,,

42, Certuﬁcatmn*

12.17 The pwduccr or supphm shall whcn called for m the
‘contidct br purchase orclcr, furgish to the’ purchaser a
‘certificate” of mspection taung that each,’ [ot has’ ‘tigen
sampled, tested, and mspccted in ‘accordance with this speci-
fication, -and Has “been.. found 10 meet the 1equ1rcments

. spemhed SR TR T S AT

thc Timits prle' ed on the drawmgs or in the contract or =

purchase order.

9.1.1 Any dimensions for which a tolcrancc is not apem«
fied.shall -be in accordance with ADCI Product Swndard
Series E 1 to-E 16 inclusive. .- -

9.2 Dimensional tolerance dewauons wa1ved by thc pur~
chaser shall be confirmed in writing to. the producer or
supphcr i )

o oo

.
N (TR TP v L
LA R E ke

10 Gencral Quahty e

) 1() 1 Internal Saundnessthon specxﬁed the scundnew
of die ua,atmgs .shall:conform to. standards or requircments
agreed npon -between. the pmducer, or suppher .angd ; the
purchasgr. The numbel and extent of imperfections shall. pot
exceed: those - spwﬁcgl by the. purchaser. The.stapdards or
LT cmqnta may consist,of radiographs,in accordance with
Method E 505, photographs or sectioned die castings. . = -

. 10.2 Imperfections inherent m die castings shall not- be
cause for m]wtuon prowded it,is demonstmted that the die
castings are in accordance, w1th Lhc wquucmcms and stand-
ards.agreed upon. . .

5 10,3 Workmamth—Dw casungs shall bc 0{ umfomm
quality, free of injurious dmcontmum%, lhaljwdl advemcly
affect their gerviceability. - . .

10.4 - Finish—When specified, in the contmct og purchcgse
order the. ag:cast. syrface finish, 1equxrcd shall gonform to
standards .agreed wpon between - the _purchaser, and the
producer or supplier, or.as: )prcwnbed in ADCI, I’god}w’t
Standard E 18, '

10.5 Pressure 1 lghmess-Wh@n spemﬁcd in 1he contract
or purcha‘;e oxder, the pressure tightness of d;e cas‘ungs shall
conform to standards agreed .upon between the purchaser
and the producer or suppller, or.as prcscubcd in ADCI
Product Standard X 17, oy o0 o

"t
N LI

4”= LS

S

1. Somrce Inspmmn u 'Vlw

11 If the purchaser desizes. tha,l his rcpj ésemﬂtwe mspoot
or witness the inspection and testing of the product prior to
shipment, such agreement shall be.made by the. purchaser

34

‘ Re;ection :md Rctest . ' .
"13.1 'When one or, more samplcb dependmg‘ on. the

- approved sainpling plan, fail to' meet thé::reqmrcmems' of this
9.1 Permissible. variations in dimensions shall be thhm‘

‘spéification, the represented 16t i wb jett 1o Tejection except
" 35 otherwise provided in;13.2.

~13.2 Lots rejected for failute to mcm thc wqulrements of
this specification may be resubmitted for test provided:

13.2.1. The producer has removed the, nonconforming
material or the producer has reworked-the rejected: lot as
necessary to correct the deficiencies.

13.3 Individual castings that show injurious imperfections
during, subseguent manufacturing -operations; may: be - re-
Jcctcd The produce;r or supphcr shall be ro«ponslble only for
rcphcemem of the, rcjccted castings. 1o, the,,purchascr As
much of the Tejected original material as possible. sh'tll be
returned to the producer or supplier.

Syt o

14 Identll‘icatmn Marklm, o

14 L. When bpcuﬁed in the contmct or purchasc or d(:*r, all
castmgs qhall be properly, marked f ; 1deni,1ﬁcaiwn with the
part number, name ot brand of ,the.. producer, as agreed
Jipon, (:ovemment apphcauom shall be marked in accord—
ance with ch Sid..No. 184.

3

15 Preparatmn for Delivery -

15 I?ackagmg»«Unlew otherwm spcclfied, nhe die cast-
ings shall be packaged to- provide adequate protection.durjng
normal_handling and.transportation, Each -package sball

contain only one type of item: unlgss: othcrwmc*agreod upon.
The.type,ofpackaging.and gross weight, of containers shall,
unless otherwise agreed upon, be at the producer s discretion,
provided. they are such as to gnsure accoptance by.common
:or other garriers for safc translmrtatmm at the Jowest rate. to
the delivery:point. ., -, ;

15,2, Marking-~Ea A1ppmg co mmer shall be leglbly
marked with. the.-purhase order: number, gross and,.net
weights; and the supphcrs pame or tradermark: ‘Marking for
shipment:shall be. in.agcordance. with Fed..8td.. No.. 123; £or
civil agancies-and MIL-STD-129 for ,Mlhtaiy agencies,

15.3 Preservation—Material  intended..:for . prolonged
storage in unhgated locations shall be fmlcquatoly packed and
plotcctcd 10 avoid deterioration and damage. When specified
in the contract or purchase oxder, material shall be preserved,

AT
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packaged, and packed in accordance with the requirements  characteristics are rated from (1) to (5), (1) being the best and
of MIL-STD-649. The applicable levels shall be as specified . (5) being the least desirable alloy. In applying these ratings, it
in the contract or order, ’ should be noted that all the alloys have sufficiently good
‘ - . R . . characteristics to be accepted by users and producers of die
16. Characteristics of Die Casting Al}oys ‘ castings, Hence a rating of (5) indicates a commercial alloy,
16.1 Table X1.1 shows certain casting and other out- aithough in certain cases its application may be limited or its
standing characteristics which are usvally considered in  manyfacture may be restricted fo relatively simple castings.
selecting 4 die-casting alloy for a specific application. The o ‘ ‘

APPENDIXES : o e
(Nonmandatory Information)

X1. CHARACTERISTICS

X1.1 Table X1.1 shows certain casting and other out-  selecting a die casting alloy for a specific application, .
standing characteristics which are usually considered in .

‘ TABLE X1.1 Die Casting and Other Characteristics o
Note—HRating System—the various alloys are rated 1 to & ageording to the positive to negative qualites in the listed categorles, A rating of 1 gives the best
performance, 5 the poorest performance. No one alloy is best in all categorfes, A rating of 5 in any one or more categories does not rule an afioy out of commercial
usefilness If Its other attributes are espedially favorable. Howsver, ratings of 5 may present manufacturing difficutties, B .

Alloy Die Casting Characteristics : Other Characteristics
[T i i Approxi» ) " . - ) - ) S’trength
L e Resistance . DieFil- Ant-gol- = Pesist Anodlilng Cgirir;gal o e
X gl " Jakoin " g - > d - vated
ANSI-  ASTM- UNS?.: Ing ;m’e' to Hot wlf;r?)atsure ing Ca- dering to %‘cﬁg_" lef”c"!, Piz“s,b E'Z?':m@ {Appedr-  Coating ﬁTempera—
Range, °F . Cracking® IMNESS  pacity®  the Die® agmn 97 Ing”  plating ance)” (F’rota;s~ . tures”
. . B h . tion)
360.0 SGI00B  A03600 1035-1105 1 2 3 . 2 2 8 32 8 i 1T
A380.0 SG100A © A13600  1036-1108 1 2 3" 2 27 gt 8 2 i g 1
380.0 SCB4B  A03800 1000-1100 2 2 2 1 4" 3 3 1 3 "4 8
A380.0 SCB4A A13800 1000-1100 4 2 2 1 4 3 3 1 3 4 3
383.0 SC102A  A03830  980-1080 1 2 1 2 3 2 3 1 3 4 2
3840 SC114A  A08840  960-1080 2 2 1 2 ] 3 3 2 4 5 2
8900 SC174A  A03900 9451200 4 4 T 2. B 5 5 3 5 ] 3
B380.0  SC174B  A23000  950-1200 4 4 1 2 3 5 5 3 ] 5 3
3920 819 A03920 1025-1245 4 3 1 2 2 6 5 3 5 ] 3
4130 812B AQ4130  1085-1080 1 1 B I 1 L2 4 5., 8, .. 8 3 3.
A430  S12A A14130 1065-1080 - 1 L 1 1 S 2 4 § 3" 5 8- B
C443.0 85C. A34430- 1065-1170 3 8 4 4 2 ' B 4 2 2 -2 I
518.0 GBA & ' AD5180 - D95-1150 [ 5 8 5 1 B 1 § a1, 1 4

.

* A Abllity of alloy to. withstand stresses from contraction while cooling through’ hot-short or brittle temperature range. ~ .+ . : )

# Ability of molten alloy to flow readily In gie and fill thin sections, ) [ . e N IR T

% Abllity of molten alloy to flow without sticking to the die surfaces. Ratings given for antisoldering are based on nominal Iron compositions of approximately 1,

P Based on resistance of alloy in standard type salt spray test. o EEE RS Bt

E Composite rating based on ease of cutting, chip charactetistics, quality of finish and tool fife.

¥ Composite rating based on sage and speed of polishing and quality of finish provided by typlcal. polishing procedure, R

@ Abllity of the alloy to take and hold an alectroplate applied by present standard methods, . e - }

“ Rated on lightness of color, brightness and uniformity of clear anodized coating applied In sulphurio acld electrolyte. Generally aluminum dig castings are unsuitable
for light calar anodizing where pleasing appearancs is required. ‘ '

! Rated an combined resistance of coating and base alloy to corrosion. ) o n : o

¥ Rating based on tenslle and yield strangths at termperature up to S00°F (260°C), after pralonged heating at tesiing temperature, S

X Die castings are not usually solution heat treated. Low temperaturs aging treatments may be used for stress relief or dimensional stability: Die castings are not
generally gas or arc welded or brazed, © ‘ IR AR ol e e

L ASTM designations wete established in accordance with Recommendad Practios B 275, ANSI designations were established in dceordance With ANSIH 85.1, UNS
designations were established in accordance with Recommended Practice E 527, « : Ch TLeest
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5

X2.1 The data in Table X2.1 do ot constitule a part of
this specification because the data’only inidicates mechanica
propeities that may be éxpested of test specinmens wheh cast
in#a’ separate 'ténsile’ tést bar ‘di¢ and that “conform “to”the
chemical composition specified. Different machines and dies
continue to be necessary for die castings and test bars.
Comparison between static breakdown or proof tests and the
mechanical properties of separately die cast test bars will

Z‘*“A,‘B g85

(2. MECHANICAL PROPERTIES = ™

s

RIS IS IAEPREN i S

show that test bars made in:adifferérit machine in a.different
di¢ have. no correlation with ;the diecasting other than a
common- chemicl composition. It, should 'be thoroughly
ynderstood that the dag in Table X2.1 represent die-cast test
specimens and not specimens cut from commercial die-cast
parts. For this reason, it is considered that the only practical
method for mechanical property control is proof testing the

.~whole die casting.

TABLE X2.1 Typical Mechanical Properties Test Specimens?

Al Fatigue Strength
oy s o Terdle . ¢ .vYield Strength Elongation in Shear (R. R. Moore
UNS® Strength, ksi (0.2 % Offset), 2in. or 50 Strength, Specimeny),
AGTME e . (MPa) . <ksi (MPa) mm, % . kel(MPa) .. §00,000,000
ASTM . ) ‘ . cyclas, ksi (MPa)
8G100B A03600 44(300) 25(170) 2.5 28(190) 20(140)
SG100A A13600 46(320) 24(170) a5 26(180) 18(120)
30848 AD3BOO - 46(320) . . 23(160) « 2.5 28(190) 20(140)
) SC84A A13800 | | 47(320) 23(180) 3.5 . 270190) | 200140} |
s 83, " geioRA A03830 " 45}3,1.0) - 22(150) ' 36, Lo e
B4 sC14A 7 AQaddd | 48(330) " 24(170) 25 " B8{200) 20(140) °
X SC174A AQ3900° . 10.5(280) 35.0(240). <1 e PV
. I SC1748. A23900 46.0(320) . 86.0(250) - <1
N 0 $19 A03920 42.0(290) 39.0(270) <1 e L
413. §12B, A04180 A3(300). , 21(140) 25 26(170) 19(130)
13, §128, A14180 42(200) | 19(130) - Y88 25(170) 19(130)
43.0 86C" A34430 - 33(230) | 14(100) .90 19(130) 17(120)
518.0 G8A AO5180 28(100) 5 29(200)

Vi

A Gee Appenqlixﬂ X4 for explanation of 81 unit MPa.

. ‘ ' . : ) . R LA
8 ASTM designations were established In accordance with Recommend Practics B 275. ANSI designations were established in accordance wIth,ANSI H35.1. UNS

designations were establlshég in acoordance with Recommeanded Practice £ 527.

X3. METRIC EQUIVALENTS

X3.1 The SI unit for strength properties (MPa) is in
accordance with the International System of Units (SI). The.
derived SI unit for force is the newton (N), which is defined
as that force which when applied to a body having a mass.of
one kilogram gives it an acceleration of one metre per second
squared (N = kg m/s?). The derived SI unit for pressure or

The Amerioan Souiety for Testiiy ard Melkerials taked rio position respoctirlg the valitilty of anj(’ﬁét"eni Tights ‘
with any ltem mentioned in this standard. Users of this standird aro exprossly advised that detérmiriaticn of the vallctity of any $uoh
Dblatent rights, aifidh the Hék of inftingerint of such vights, aroioRitiraly thelr oWh responsiblity. + = o T e

. PRI L we A yon, N

This standard is suhjach.to revision at any time, by the responsible tochnioal committae and

e wlfnotrevised, eithar reapprove

Ly 3 v K s
f

aid Should be addressed to ASTM Hesdquarters, Your comntents will recelve careful consideration at & meeting, of the responsiple

45(310) "

20(140)

N

stress is the newton per square fretre (1

e v

natned the pascal (Pa) by - the: General Confetencé; on

Weights and Measutes. Since 1 ksi-=¢ 894 757 Pa the

d.or withafawn..Yolir coments are fvited afther, for,reyislon of thig

metric equivalents:are expressed as megapascal (MPa), which
is the samié MIN/m? drid Nymm?®: ’ g

R

asserted in connection

must b roviowad every. ¢ parsand o
standard ot for additlg nelards

techiical compmittes, which you.may attend. Mf.you, feel thal youy, comments have nat recelved a falr hearjng you shopid. make.your. ., - ﬂ o o

views known to the ASTM Committes on Stafidards, 1916 Race 5L,
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qll‘]."') Designation: B 88 - 96

¢

Standard Spemflcatlon for

Seamless Copper Water Tube1

This, standard is issued under fhe fixed deslgnatlon B 88; the number meedlately followmg the desxgnatlon indicates the year of
origiral adoptiott or, in the, case of revision, the year of last revision. A ;umber i in parentheses md:cates the year of Tast reapproval A
superscript epsilon (¢) indicatés an editorial change since the last revision or teapptoval, '

This standard has been approved for use by agencies of the Department of Defense. Replaces WW-T-799. Consult the DoD Index of

Specifications and Standards for the specific year of issue which has been ad

1. Scope

1.1 This specification covers Copper UNS No. C12200
seamless copper water tube suitable for general plumbing,
and similar applications for the conveyance of fluids, and
commonly used with solder, flared, or compression type
fittings. The type of copper water tube suitable for any
particular application is determined by the internal or
external fluid pressure, by the installation and service condi-
tions, and by local requirements. Means of joining or
bending are also factors which affect the selection of the type
of tube to be used.?

Note 1-——Annealed tube is suitable for use with flared or compres-
sion fittings, and with solder-type fittings, provided rounding and sizing
of the tube ends is performed where needed.

Note 2—Drawn temper tube is suitable for use with solder-type
fittings. Types K. and L tube, in the drawn temper, are suitable for use
with certain types and sizes of compression fittings.

NotE 3—A complete metric companion to Specification B 88 has
been developed—B 88M; therefore, no metric equivalents are presented
in this specification.

Nore 4—Fittings used for soldered or brazed connections in
plumbing systems are described in ASME B16.18 and ASME 16.22.

1.2 The assembly of copper plumbing or fire sprinkler
systems by soldering is described in Practice B 828.

1.3 Solders for joining copper potable water or fire sprin-
kler systems are covered by Specification B 32. The require-
ments for acceptable fluxes for these systems are covered by
Specification B 813.

1.4 The following safety hazards caveat pertains only to
the test methods portion, Section 15, of this specification:
This standard does not purport to address all of the safety
concerns, if any, associated with its use. It is the responsi-
bility of the user of this standard to establish appropriate
safety and health practices and determine the applicability of
regulatory limitations prior to use.

2. Referenced Documents

2.1 The following documents of the issue in effect on date
of material purchase form a part of this specification to the
extent referenced herein:

1 This specification is under the jurisdiction of ASTM Committee B-5 on
Copper and Copper Alloys and is the dicect responsibility of Subcommitice B05.04
on Pipe and Tube,

Current edition approved May 10, 1996, Published July 1996. Originally
published as B 88 — 32 T. Last previous edition B 88 - 95a.

2 The UNS system for copper and copper alloys (see Practice E 527) is a simple
expansion of the former standard designation system accoraplished by the addition
of a prefix “C” and a suffix “00.” The suffix is permitted to be used to
accommodate composition variations of the base alloy.

96

ted by the Dep

t of Defense.

2.1.1 ASTM Standards:

B 32 Specifications for Solder Metal?

B 153 Test Method for Expansion (Pin Test) of Copper
and Copper-Alloy Pipe and Tubing*

B 601 Practice for Temper Designations for Copper and
Copper Alloys—Wrought and Cast*

B 813 Specification for Liquid and Paste Fluxes for
Soldering Applications of Copper and Copper Alloy
Tube?

B 828 Practice for Making Capillary Joints by Soldering of
Copper and Copper Alloy Tube and Fittings*

E 2 Method of Preparation of Micrographs of Metals and
Alloys®

E 3 Methods of Preparation of Metallographic Specimens®

E 8 Test Methods for Tension Testing of Metallic

. Materials$

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

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

E 53 Methods for Chemical Analysis of Copper®

E 55 Practice for Sampling Wrought Nonferrous Metals
and Alloys for Determination of Chemical Compo-
sition®

E 62 Test Methods for Chemical Analysis of Copper and
Copper Alloys (Phatometric Methods)®

E 112 Test Methods for Determining Average Grain SizeS

E 243 Practice for Electromagnetic (Eddy-Current) Exam-
ination of Copper and Copper-Alloy Tubes®

E 527 Practice for Numbering Metals and Alloys (UNS)!©

2.1.2 ASME Standards:

ASME B16.18—Cast copper alloy solder joint pressure
fittings!!

ASME B16.22—Wrought copper and copper alloy solder
joint pressure fittings!!

3. Terminology

3.1 Definitions:
3.1.1 coil--a length of the product wound into a series of

3 Annual Book of ASTM Standards, Vol 02,04,

4 Annual Book of ASTM Standards, Vol 02.01.

5 Discontinued, see 1982 Annual Book of ASTM Standards, Part 11. Replaced
by Practice E 883,

S Annual Book of ASTM Standards, Vol 03.01.

7 Annual Book of ASTM Standards, Vol 14.02.

8 Annual Book of ASTM Standards, Vol 03.05.

% Annual Book of ASTM Standards, Vol 03.03,

10 dnnual Book of ASTM Standards, Vol 01,01,

1} Available from ASME, 345 E. 47th St., New York, NY 10017,
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connected turns. The unqualified term “coil” as apphed to
tube usually refers to a bunched coil.

3.1.1.1 bunched—a coil in which the turns are bunched °

and held together such that the cross section of the bunched
turns is approximately circular.

3.1.1.2 double layer flat—a. coil in which the product is
spirally wound into two connected disk-like layers such that

one layer is on top of the other. (Sometimes called “double. |

layer pancake coil” or “double layer splrally wound coil.”)

3.1.1.3 level or traverse wound—a coil in which the turns
are wound into layers parallel to the axis of the coil such that
successive turns in a given layer are next to one another,
(Sometimes called “helical coil.”)

3.1.1.4 single layer flat—a coil in which the product is

spirally wound into a single disk-like layer. (Sometimes
called “pancake coil” or “smgle layer spirally wound coil.”)
3.1.2 lengths—straight pieces of the product.

3.1.2.1 standard—uniform lengths recommended in a |

simplified practice recommendation or established as a
commercial standard. )

3.1.3 tube, seamless—a tube produced with a continuous
periphery in all stages of the operations.

3.1.3.1 tube, copper service—a bendable copper water
tube for underground water service.

3.1.3.2 tube, copper water—a seamless copper tube con-
forming to the particular dimensions commercially known
as Copper Water Tube and designated as Types K, L, and M,

3.2 Description of Term Specific to This Standard:

3.2.1 capable gf—as used in this specification, thé test need
not be performed by the producer of the material. However,
should subsequent testing by the purchaser establish. that the
material does not meet these requirements, the matenal shall
be subject to rejection. ‘

4. Ordering Information
" 4.1 Orders for material under this specrﬁcatlon shall in-
clude the following information: .

4.1.1 Nominal or standard size (Column 1 of Table 1) and
whether Type K, L, or M (Sections 3 and 11),

4.1.2 Temper (Sections 5 and 8), - o

"'4.1.3 Whether tension teésts and grain size deterxmnatlons
are required (Section 8),

4.1.4 Length (see 11.5),

" 4.1.5 How furnished:; 'stralght or coﬂs, and

4.1.6 Quantity (pieces) of each size and type.

4.2 In addition, when material is purchased for agencies
of the U.S. Government, it shall conform to the Supplemen-
tary Requirements as deﬁned herein when spec1ﬁed in the
contract or purchase order.

5 Materials and Manufacture ‘ ‘

5.1 The material shall be of such quality and purity that
the finished product shall have the properties and character-
istics prescribed in this speclﬁcatmn and shall be cold drawn

10 size.
5.2 The tube shall be finished by such cold-working and

annealing operations as-are necessary to produce the re- -

quired temper and surface finish.

5.3 Tube when furnished in coils shall be annealed after |

coﬂmg
5.4 Tube when farnished in straight Iengths shall normally

be'in the drawn temper. Annealed straight length tubing is
also permitted.

6. Chemlcal Composition

6.1 The material shall conform to the following chemlcal
requirements for Copper UNS No. C12200:
Copper (incl silver), min, % 99.9
Phosphorus, max, % 0.015-0.040
6.2 These specification limits do not preclude the pres-
ence of other elements. Limits for unnamed elements are
permitted to be established by agreement between the
manufacturer or supplier and the purchaser.

7. Temper

7.1 Seamless copper water tube shall be furnished in the
tempers designated below. Current designations as deﬁned in
Practice B 601 are shown.

Annealed—Q
Drawn—H

8. Mechanical Properties

8.1 The tube shall conform to the mechanical property
requlrements prescribed in Table 2, Tension tests and grain-
size determinations need not be made except when indicated
by the purchaser at the time of placing the order. A conven-
ient method of indicating that these tests are to be made is to
state that “Test Procedure “T” is required” (see 4.1.3). Where
agreement on the Rockwell hardness tests cannot be reached,
the tensile strength and grain-size requirements of Table 2
shall be the basis for acceptance or rejection..

9. Expansion Test

9.1 The annealed (O) tube shall be capable of bemg ex-
panded in accordance with Test Method B 153 with an
expansion of the outside diameter in the following amount:

Nominal or Expansion of
Standard Size, in, Outside Diameter, %

%s and under 40

Over % 30

The expanded tube shall show no cracking or rupture visible
to the unaided eye.

9.2 As an alternative to the expansion test for tube stand-
ard sizes 4 in. and over in the annealed condition, a section 4
in. in length shall be cut from the end of one of the lengths
fora flattening test. This 4-in. test specimen shall be flattened
so that a gage set at three times thé wall thickness will pass
over the tube freely throughout the flattened part. The tube

“so tested shall develop no cracks or flaws visible to the unaided
«eye as a result of this test. In making the flattening test the
clements shall be slowly flattened by one ‘stroke of the press.

. 10. Nondestructive Testing

10.1 Each tube up to and including 3% in. in outside
diameter shall be subjected to an eddy-current test. Testing
shall follow the procedures of Practice E 243, except for the
determination of “end effect.” Tubes shall be passed through
an eddy-current test unit adjusted to provide information on

the suitability of the tube for the intended application.

97

10.1.1 Notch-depth standards, rounded to the mearest
0.001 in., shall be 22 % of the wall thickness. The notch-
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TABLE 1 . Dimensions, Weights, and Tolerances in Diameter and Wall Thickness for Nominal or $tandard Copper Water Tube Sizes
(All tolerances are plus and.minus except as otherwise indicated) . -

Average Outside Wall Thickness and Tdlerances, in. s
Nominal or  Qutside Diameter® Tolerance, - ; Theoretical Weight, Ib/ft
Standard . Diameter, in. Type K Typs L Type M T
Size, in. in, . © Wall Toler- Wall Toler- walt Toler-
Annedled. « DraWn  mhickness  ance® Thickfiess ance®  Thickness anice” TypeK  Typel  TypeM
Va 0.375 0.002 0.001 0.035 0.0035 0.030 0.003 ¢ e 0.145 01286 ©
Ys 0.600 0.0025 0.001 0.049 0.006 0.035 0.004 0.025 0,002 0.269 0.198 0.145
V2 0.626 0.0025 , 0.001 0.049 0.005 0.040 0.004 0.028 0.003 0.344 0.2856 0.204
5 0.750 0.0025 0.001 0.049 0.005 0.042 0.004 G . ¢ 0418 0362 ©°
Ya 0.876 0.003 0.001 0.065 0.006 0.045 0.004 0.032 0.008 0.641 0.455 0.328
1 1.125 0.0035 0.0015 0.066 -  0.006. 0.050 0.0086 0.0356 0.004 0839 ' 0.6565 0.465
1 1.376 0.004 00015 . 0.065 0.006 0.055 0:006 0.042 0.004 1.04 0.884 0.682
112 1.625 0.0045 0.002 © .72 0.007 0.060 0.006 0.049 0.005 1.36 1.14 0.940
2 2125 0.005 0.002 0.083 0.008 0.070 0,007 0.058 0.006 2.08 . 1.75 1.46
22 2.6256 0.005 0.002 0.095 0.010 0.080 0.008 0.065, 0.006 2.93 248 2,08
3 : 3.126 0.008 0.002 0.109 0.011 0.090 0.009 0.072 0.007 4,00 3.33 2.68
3 3.625 0.005 0.002 0.120 0.012 0100 ' 0.010 0.083 0.008 512 4.29 3.58
4 4.125 0.005 0.002 ©0.134 0.013 0.110 0.011 - 0.095 0,010 6.51 5,38 4.68
5 5.126 0.005 0.002 0.180 0.016 0.125 0012 0.109 0011 9.67 781 6.66
6 6.125 0.005 0.002 0.192 0.019 0.140 0.014 0.122 0.012 13.9 10.2 8.92
8 8.128 0.006 +0.002 0.271 0.027 0.200 0.020 0170 0.017 259 19.3 16.5
~0.004 s
10 10.125 0.008 +0.002 0.338 0.034 0.250 0.025 0.212 0.021 40.3 301 25.6
-0.006
12 12.125 0.008 +0.002 0.405 0.040 0.280 0.028 0.254 0.025 57.8 40.4 36.7
~0.006 '

A The average outside dismater of a tube is the average of the maximum and minimum outside diameter, as determined at any one cross section of the tube.

B'\aximum deviation at any one point.

CIndicates that the material is not generally available or that no tolerance has been established.

"

depth tolerance shall be plus and minus 0.0005 in. Alterna-
tively, at the option of the manufacturer using speed
insensitive eddy-current units that are equipped to select a
fraction of the maximum unbalance signal, the following
percent maximum unbalance signals shall be used:

Nominal or Standard Unbalance Signal

Tube Size, in, Magnitude, max %
Up to %, incl 0.2
4 t0 2, incl 0.3
QOver 2 to 3, incl 04

10.1.2 Tubes that do not actuate the signalling device of
the eddy-current testers shall be considered as conforming to
the requirements of this test. Tubes with discontinuities in-
dicated by the testing unit shall, at the option of the manu-
facturer, be re-examined or retested to determine whether
the discontinuity is cause for rejection. Signals that are found
to have been caused by minor mechanical damage, soil or
moisture, shall not be cause for rejection of the tubes provided
the tube dimensions are still within prescribed limits and the
tube is suitable for its intended application. .

10.2 Tube made to this specification shall be capable of
withstanding the pressure test of 10.2.1 or 10.2.2. Should
subsequent testing by the purchaser establish that the material

does not meet these requirements, the material is subject to
rejection at the option, of the purchaser. ‘

10.2.1 The tube shall stand, without sHowing evidence of
leakage, an internal hydrostatic pressure sufficient to subject
the material to a fiber stress of 6000 psi, calculated from the
following equation for thin hollow cylinders under tension:

P=2St/(D—08)

where:

P = hydrostatic pressure, psi,

t = wall thickness, in.,

D = outside diameter of the tube, in., and
S = allowable stress of the material, psi.

10.2.2 The tube shall stand an internal air pressure of 60
psig for 5 s without showing evidence of leakage. The test
method used shall permit easy visual detection of any
leakage, such as by having the tube under water or by the
pressure differential method. . «

11. Dimensions, Weights, and Permissible Variations
11.1 For the purpose of determining conformance with

the dimensional requirements prescribed in this specifica-
tion, any measured value outside the specified limiting

TABLE 2 Mechanical Property Requirements

Temper Deéignaﬂon Rockwel!l HardnessA Tensile

i v Form Strength, Avgll':ge 'fr:]ain

Standard Former Scale Velue min, ksi® '
060 ; annealed colls F §0 max 30 0.040 min
050 annealed straight lengths F 55 max 30 0.025 min
H58 drawn’ drawn 30T 30 min ‘ 36 -

A Rockwell hardness tests shall be made on the inside surfaces of the tube. When suitable equipment Is not available for determining the specified Rockwell hardness,
othier Rockwaell scales and valies shall be specified subject to agreement between the purchaser and the supplier.

8 ksl = 1000 psi.

98
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TABLE 3 Roundness Tolerance

t/D (Ratio of Wall Thickness to

Outside Diameter) Diameter (Expressed to Nearest

0001in)

0.01 to 0.08, incl 15
Over 0.03 to 0.05, Incl 1.0
Over 0.05 to 0.10, incl 0.8

TABLE 4 Standard Lengths and Tolerances

Nominal or Standard Tolerance, (all
Size, in. Type Standard Length, ft ‘ Plus)
Tubes Fumished in Straight Lengths
Up to 8, incl K LM 20 1in.
10 LM 20 1in.
10 K 18 “in, -
12 M 20 N
12 Lo 18 v Tine -
12 K 12 Sin.,
Tubes Fumished in Colls
Up to 1, incl K L 60 and 100 ' 21t
1Y and 12 K, L 60 C 21t
2 KL 40 and 45 1ft
TABLE § Sampling Schedule
Numb?r:' &f)tp ieces Number of Sample Pieces to be Taken”
110 50 1
51 to 200 2
201 to 1500 3
0.2 % of total number of pieces in

Over 1500
: the lot but not more than 10 sam- .~
ple pieces

A Each sample piece shall be taken from a separate tube. ...

TABLE 6 . Test Methods

Test ASTM Designation «* - )
Chemical Analysis E&3,E62 o
Tension E 8 (see also 15.2, 15.3 and 15.. 4)

Rockwell Hardness E18
Grain Size EZ2,E3E 112 (see also 15. 5)

Expansion (Pin Test) B 153 .

* TABLE 7 Rounding Units
i " Rounded Unit for Observed

Property

‘ or Calculated Value -+« f
Chermical Comiposition } nearest unit In the last right-hand place of figures of
Hardness - o - the specified limit
Tenslle Stregth nearest ksi
Expansion nearest 1 %
Grain Size: - : Cy
Up to 0. 055 mm, incl nearest multiple of 0.005 mm
* Over 0.055't0 0.160 nearest 0.01 mm :
mm, incl Pt .

values for any dimensions shall make the tube subject to
rejection at the option of the puchaser.

11.2 Standard Dimensions, Wall Thickness, and Diam-
eter Tolerances—The standard dimensions, wall thickness
and diameter tolerances shall be in accordance with Table 1.

11.3 Weight—TFor purposes of calculating weights, cross-

Roundness Tolerange % of Qutside
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sections, etc., the density of the copper shall be taken as 0.323
Ib/in.? The thcoret1ca1 weight per foot is given in Table 1,

11.4 Roundness—For drawn unannealed tube in stralght‘

lengths the roundness tolerance shall be as prescribed in Table
2. The deviation from roundness is measured as the difference
between major and minor diameters as determined at any
one cross section of the tube. No roundness tolerance has
been established for annealed tube in straight lengths or for
tubes furnished in coils.

11.5 Lengths and Tolerances:

11.5.1 Standard Lengths and Tolerances—The standard
lengths and tolerances shall be as specified in Table 4.

11.5.2 Other lengths and tolerances are permitted to be-
established by agreement between the manufacturer . or.

supplier and the purchaser.

11.6. Squareness of Cut—For tube in straight lengths, the
departure from squareness of the end of any tube shall not
exceed more than 0.010 in. for tube up to and including %
in. standard size; and not more than 0.016 in. /1n of outside
diameter for tube larger than Y2 in. standard size.

12. Workmanship, Finish, and Appearance
12.1 The material shall be clean, free of dirt and defects of
a hature that interfere with normal commercial applications.

13 Sampling

+13.1 Sample pieces shall be selectecl for test purposes from
each lot of 5000 Ib or fraction thereof, of each size and type,
in accordance with the schedule of' Table 5.

14, Number of Tests and Retests

14.1 Chemical Analysis—Samples for chemical analysis
shall be taken in accordance with Practice E 55. Drillings,
millings, etc., shall be taken in approximately equal weight
from each of the sample pieces selected in accordance with
13.1 and combined into one composite sample. The mini-
mum weight of the composite sample. that is to be divided
1nto three equal parts shall be 150 g.

* 14.1,1 Instead of samplmg in accordance with Practloe
E 55, the manufacturer shall have the option of determining
conformance to chemical composition as follows: Conform-
ance shall be determined by the manufacturer by analyzing
samples taken at the time the castings are poured or samples
taken from the' semifinished product. If the manufacturer
determines the chemical composition of the material during
the course of manufacture, he shall not be required to sample
and analyze the finished product. The number of samples
taken for determination of chemical composmon shall be as
follows:

-14.1.1,1 When samples are taken at the time the castmgs
are poured at least one sample shall be taken for each group
of castings poured s1mu1taneously from the same source of
molten metal.

-14.1.1.2 When samples are taken from the semifinished
product, a sample shall be taken to represent each 10 000 Ib
or fraction thereof, except that not more than one sample
shall be required per piece.

14.1.1.3 Due to the discontinuous nature of the processing
of castings into wrought products, it is not practical to identify
specific casting analysis with a specific quantity of finished
material.
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14.1.1.4 Tn the event that heat identification or traceabﬂlty
is requlred the purchaser shall specify the details desired.

14.2. Mechamcal Tesis—For the mechanical tests, a spec-
imien shall be taken from each of the sample picees selected
in accordance with 13.1: The required mecharical test shall.
be made on’éach of the specimens 56 selected. Thé value for
the Rockwell hardness numbei of each specimien shall be
established by taking the arithmetical average of at least three
readings.

14.3 In the case of tube furnished in coils, 4 length suffi-
cient for all necessary tests shall ‘be cut from each coil
selected for the purpose of tests. The remaining portion of
these coils shall be included in the shipment, and the
permissible variations in length of such coils shall be waived.

14.4 Retests:

14.4.1 If any test specimen shows defective machlmng or
develops flaws, it shall be discarded and another specimen
substituted. )

- 14.4.2 If the results of any test made to determine the
mechanical propeities fail to meet the specified fequire-
ments, two additional specimens shall be taken from dif-
ferent sample pxeces and: tested. The results of the tests on
both of these specimens shall meet- the specified require-
ments. Failure of -more than one:specimen to meet the
specified requirements for a particular property shall be the
cause for rejection of the entire lot.

14:4.3 If the chemical analysis fails to conform to the
specified limits, analysis shall be made on a new oompos1te
sample prepared from. additional pieces selected in accor-
dance with 13.1. The results of this retest shall comply with
the specified requirements.

15. Test Methods

15.1 The properties enumerated in this specification shall,
in case of disapreement, be determined in accordance with
the ASTM methods‘listed in Table 6.

15.2 Tension test’specifnens shall be of the full section of
the tube and shall conform to ‘the requirements of the
section, Specimens for Pipe ‘and Tube, of Test Methods E 8,
unless the limitations of the testmg machine preclude the use
of such a specimen, Test specimens conforming to type No.
1 'of Fig. 13, Tension Test Specimens for Large-Diameter
Tubular Products; of Test Methods E«8, are permitted to be
used when 4 full section specimen cannot be tested.

15:3 ‘Whenever different tenision test results are obtained
from both fullsize and from machined test specimens, the
results obtained from full-size test specimens shall be used to
detérmine conformarnice to the requirements of this specifica-
tion.

15.4 Tepsion test results oft material covered by this
specification are not seriously affected by variations in speed
of testing. A considerable range of testing speed is permis-
sible; however, the rate of stressing to the yield strength shall
not exteed' 100 ksi/min. Above the yield strength, the
movement per minute of the testing machirie héad under
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load shall not exceed 0.5 in./in. of gage length (or distance
between grips for full section spemmens) ‘

15.5: The suiface of the test specimen for microscopical
examination shall approximate a radial longitudinal section
of the tube.

16. Significance of Numerical Limits

16.1 For purposes of determining compliance with the
specified Himits for requirements of the properties listed in
Table 7, an observed value or cal¢éulated value shall be
rounded as indicated in accordance with the rounding
method of Practice E 29.

17. Inspection

17.1 The manufacturer shall afford the inspector repre-
senting the purchaser, all reasonable facilities, without
charge, to satisfy him that the tubes are being furnished in
accordance with the specified requirements,

18, Rejection and Rehearing

18.1 Material that fails to conform to the requirements of
this specification is subject to rejection at the option of the
purchaser. Rejection shall be reported to the manufacturer or
supplier promptly and in writing. In case of dissatisfaction
with the results of the test, the manufacturer or supplier is
permitted to make claim for a rehearing.

19, Packaging and Package Marking

19.1 The material shall be separated by size, composition,
and temper, and.prepared for shipment in such a manner as
to ensure acceptance by common carrier for transportation
at the lowest rate applicable and to afford protection from
the normal hazards of transportation. .

19.2 Each shipping unit shall be legibly marked w1th the
purchase order number, metal or alloy designation, temper,
size, total length or piece couni, or both, and name of
supplier. The specification number shall be shown, when
specified.

19.3 Product Identification:

19.3.1 The name or trademark of the manufacturer and
the mark indicative of the type shall be permanently (incised)
marked on each tube at intervals not greater than 12 ft.
Tube in straight lengths shall be further identified
throughout its length by means of a continuous colored
stripe, symbol, ‘or logo mot less than %s in. in height,
including a legend repeated at intervals not greater than 3 ft.
The legend shall include the type of the tube, name or
trademark of the manufacturer, or both, and the country of
origin. Other information is permltted 1o be included at the
option of the manufacturer.

19.3.2 Colors used are: green for Type K, blue for Type L,
and red for Type M. Such color marking is not applicable to
tube furnished in annealed straight lengths or coils.

20. Keywords
20.1 copper tube; seamless; water tube
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SUPPLEMENTARY REQUIREMENTS

The following supp]ementary requirements shall apply only when specified by the purchaser in the inquiry,
contract, or order, for agencies of the U. S. Government.

S1. Referenced Documents

S1.1 The following documents of the issue in effect on
date of material purchase form a part of this specification to
the extent referenced herein:

S1.1.1 Federal Standards:'?

Fed. Std. No. 102 Preservation, Packaging and Packing
Levels

Fed. Std. No. 123 Marking for Shipment (Civil Agencies)

Fed. Std. No. 185 Identification Marking of Copper and
Copper-Base Alloy Mill Products

S1.1.2 Military Standard:'?

MIL-STD-129 Marking for Shipment and Storage

S1.1.3 Military Specification: 12

MIL.C-3993 Packagmg of Copper and Copper-Base Alloy
Mill Products

52. Quality Assurance

$2.1 Responsibility for Inspection:

82.1.1 Unless otherwise specified in the contract or pur-
chase order, the manufacturer is responsible for the perfor-
mance of all inspection and test requirements specified.
Except as otherwise specified in the contract or purchase
order, the manufacturer is permitted to use his own or any
other suitable facilities for the performance of the inspection
and test requirements unless disapproved by the purchaser at

12 Available from Standardization Documents Order Desk, Bldg. 4 Section D,
700 Robbins Ave., Philadelphia, PA 19111-5094, Attn; NPODS.

the time the order is placed. The purchaser shall have the
right to perform any of the inspections or tests set forth when
such inspections and tests are deemed necessary to assure
that the material conforms to prescribed requirements.

S3. Identification Marking

$3.1 All material shall be properly marked for identifica-
tion in accordance with Fed. Std, No. 185 except that the
ASTM specification number and the alloy number shall be
used.

$4. Preparation for Delivery

S4.1 Preservation, Packaging, Packing:

S4.1.1 Military Agencies—The material shall be separated
by size, composition, grade or class and shall be preserved
and packaged, Level A or C, packed, Level A, B, or C as
specified in the contract or purchase order, in accordance
with the requirements of MIT-C-3993,

84.1.2 Civi] Agencies—The requirements of Fed. Std. No.
102 shall be referenced for definitions of the various levels of
packaging protection, ‘ :

S54.2 Marking:

S4.2.1 Military Agencies—In addition to any special
marking required by the contract or purchase order, marking
for shipment shall be in accordance with MIL-STD-129,

S4.2.2 Civil Agencies—In addition to any special marking
required by the contract or purchase order, ~marking for
shipment shall be in accordance with Fed. Std. No. 123.

The Amerlcan Society for Testing and Materials takes no position respecting the valid:ty of any patent rights asserted in connecllon
with any item mentioned in this standard. Users of this standard are exprassly advised that determination of the valrdlty of any such
patent rights, and the risk of Infringement of such rights, are entirely their own respansibility.

This standard is subject ta revision at any time by the résponsible technical commlrtee and must be reviewed every five years and ..
If not revised, elther reapproved or withdrawn, Your comments are invited either for revision of this standard or for additional standards -
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a falr hearing you should make your
views known to the ASTM Committee on Standards, 100 Barr Harbor Drive, West Conshohocken, PA 19428.
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Designation: B 88M - 96
METRIC

di

Standard Specification for

Seamless Copper Water Tube [Metric]"

This stanidard is issued under the fixed designation B 88M; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the yeat of last revision. A number in parentheses indicates the year of last reapproval. A

superseript epsilon (¢) indicates an editorial change since the last revision or reapproval. .

This standard has been approved for use by agencies of the Department “of Defense. Consult the DoD Index of Specifications and

Standards for the specific year of issue which has been adopted by the Department of Defense. v

1. Scope ’ .

1.1 This specification covers Copper UNS No. C12200
seamless copper water tube suitable for general plumbing,
and similar applications for the conveyance of fluids, and
commonly used with solder, flared, or compression-type
fittings. The type of copper water tube suitable for any
particular application is determined by the intérpal or
external fluid pressure, by the installation and service condi-
tiotis, and by local requirements. Means of joining or
bendirig 4ré also factors that affect the selection of the type of
tube to be used.? ‘

NOTE 1—Annealed tube is suitable for use with flared or compres-
sion fittings; and with solder-type fittings, provided rounding and sizing
of the tube ends is performed where needed. B

NoTE 2“-Drawn temper tube is suitable for use with solder-type
fittings. Types A and B tube, in the drawn temper, are suitable for use
with certain types and sizes of compression fittings. '

Note 3—This specification is the metric companion of Specification
B 88. . E

1.2 The assembly of copper plumbing or fire sprinkler
systems'by soldering is described in Practice B 828.

1.3, Solders for joining copper potable water o fire sprin-
Kler systenis ate covered by Specification B 32. The require-
ments for acceptable fluxes for these systems are covered by
Specification B 813, ‘ o '

1.4 The following safety hazards caveat pertains only to
the test methods portion, Section 15, of this specification:
This standard does not purport to address all of the safety
concerns, if any, associated with'its use. It is the responsi-
bility of the user of this standard to establish appropriate

safety and health practices and determine the applicability of -

regulatory limitations prior to use.

2. Referenced Documents

2.1 The following documents of the issue in effect on date
of material purchase form a part of this specification to the
extent referenced herein:

2.1.1 ASTM Standards:

1 This specification is under the jurisdiction of ASTM Committee B-5 on Copper
and Copper Alloys and is the direct responsibility of Subcommittee B05.04 on Pipe
and Tube.

Current edition approved May 10, 1996. Published July 1996. Originally
published as B 88M — 83. Last previous edition B 88M - 95.

2 The UNS system for copper and copper alloys (see Practice E 527) is a simple
expangion of the former standard designation system accomplished by the addition
of a prefix “C” and a suffix “00,” The suffix is permitted to be used to
accommodate composition variations of the base alloy.
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B 32 Specifications for Solder Métal®
B 153 Test Method for Expansion (Pin Test) of Copper
and Copper-Alloy Pipe and Tubing?*
B 601 Practice for Temper Designations for Copper and
Copper Alloys—Wrought and Cast* ‘ ‘
B 813 Specification for Liquid and Paste Fluxes for
Soldering Applications of Copper and Copper Alloy
Tube* " "
B 828 Practice for Making Capillary Joints by Soldering of
Copper and Copper Alloy Tube and Fittings*
E 2 Method of Preparation of Micrographs of Metals and
Alloys® ,
E 3 Methods of Preparation of Metallographic Specimens®
E 8 Test Methods for Tension Testing of Metallic Ma-
terials® ‘
E 18 Test Methods for. Rockwell Hardness and Rockwell
. Superficial Hardness of Metallic Materials®
E 29 Practice for Using Significant Digits in Test Data to
Determing Conformance with Specifications”
E 53 Test Methods for Chemical Analysis of Copper®
E 55 Practice for Sampling Wrought Nonférrous Metals
and Alloys for Détermination of Chemical Composi-
tion®
E 62 Test Methods for Chemical Analysis of Copper and
Copper Alloys (Photometric Methods)®
E 112 Test Methods for Determining Average Grain SizeS
E 243 Practice for Electromagnetic (Eddy-Current) Exam-
ination of Copper and Copper-Alloy Tubes®
E 527 Practice for Numbering Metals and Alloys (UNS)*?

3. Terminology

3.1 Definitions:

3.1.1 coil—a length of the product wound into a series of
connected turns, The unqualified term “coil” as applied to
tube usually refers to a bunched coil.

3.1.1.1 bunched—a coil in which the turns are bunched
and held together such that the cross section of the bunched

3 Annual Book of ASTM Standards, Vol 02,04.

4 Annual Book of ASTM Standards, Vol 02.01. .

s Discontinued, see 1982 Annual Book of ASTM Standards, Part 11. Replaced
by Practice E 883,

6 Annual Book of ASTM Standards, Vol 03.01.

7 Annual Book of ASTM Standards, Val 14.02.

& Annual Book of ASTM Standards, Vol 03.05.

9 Annual Book of ASTM Standards, Vol 03.03.

10 dnnual Baok of ASTM Standards, Vol 01.01.
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TABLE 1 Dimensions, Mass, and Tolerances in Diameter and Wall Thickness for Metric Copper Water Tube Sizes
(Al tolerances are plus and mmus except as otherwise indicated.)

Average Outside Wall Thlckness and Tolerances mm Theoretical Mass ki
A h kg/m
Nominal ar  Qutside DiameterA Tolerance, mm
Standard  Diameter, Type A Type B © Type C
Size,mm . mm - Annealed  Drawn Wal  Toler- Wal  Toler- Wall Toler- Type A TypeB  TypeC
. Thickness  ance® - Thickness ance®  Thickness ance® ' : : . :
6 6.0 0.05 0.03 0.80 0.08 1070 007 0.60 e 0.117 0.104 0.001
8 8.0 0.05 0.03 0.90 0.09 0.80 0.08 0.60 c 0.179 0.162 0.125
10 10.0 0.05 . 0.03 0.90 0.09 0.80 0.08 0.60 ¢ 0.230 0.207 0.158
12 12.0 0.06 0.03 1.2 BN 0.90 0.09 0.60 0.06 © 0.3964 0.280 0.192
15 15.0 0.06 0.03 1.2 0.1 1.0 0.1 0.70 0.07 0.465 0.393 0.281
18 18.0 0.06 0,03 1.2 0.1 1.0 0.1 070 - 0.07 * 0.566 L0477 0.340
22 22,0 0.06 0.03 1.6 0.15 - 1.1 0.1 0.80 0.08 0917 0.646 0.476
28 28.0 0.07 0.04 16 . 0.15 1.2 041 0.90 0.09 | 119 0.903 0.685
35 35.0 0.10 0.04 1.6 " 015 1.4 0.15 141 0.1 1.50 1.32 1.08
42 42.0 - 0.10 .. 0.05 1.8 ©0.2. 1.5 0.15 1.2 01 .. 203 1.71 1.37
54 . 54.0 0.10 0.05 -24 02 o 17 0.15 15 0.15 3.06 2.50 221
67 67.0 012 0.05 24 ‘0.25 2.0 02 1.6 0.15 435 3.65 2.94:
78 79,0 0.12 0.05 28" 03 2.3 025 18 0.2 5.99 495 3.90
105 105.0 0.12 0.05 3.4 0.35 28 03 o L 24 0.25° 9.70 .- 8.04 6.92;
130 1300 - 0412 0.05 4.0 04 3.1 0.3 . 27 L0256 . 142 110 9.85 . -
156 1560 . - 0.12 0.05 4.8 05 3.5 0.35 3.1 03 . 203 . 150 18.3
206 206.0 ° 0.16 +0.05 8.8 07 5.0 0.5 43 0.45 38.0 28.2 24.4
. - —0.10 . ! .
257 257.0 0.20 +0.05 © 885 085 6.3 0.65 54 0.55 - §59.3 44.4 38.2
-0.15
308 308.0 0.20 +0.05 10.3 19 7.1 0.7 6.4 0.65 86.1 60.0 542 -
—0.15 :

4 The average outside diameter of a tube is the average of the maximum and mmimum outside dlameter, as determmed at any ane cross section of the tube.

8 Maximum devlation at any one point.

¢ Indicates that the material is not generally avallable or that ng tolerance has been established

turns is approximately cucular o

3.1.1.2 double layer flat—a coil in which the product is
spirally wound into two connected disk-like layers such that
one layer is on top of the other. (Sometimes called “double
layer pancake coil” or “double layer splrally wound coil.”)

3.1.1.3 level or traverse wound—a coil in which the turns
are wound into Iayers parallel to the axis of the coil such that
successive turns in a given layer are next to:one another.
(Sometimes called “helical coil.”)

3.1.1.4 single layer flar—a coil in. which the product 'is
sp1ra11y wound into a single disk-like layer. (Sometimes called

“pancake coil” or “single layer spirally wound coil.”) .

. 3.1.2 lengths—straight pieces of the product.

' 3.1.2.1 standard—uniform lengths recommended in ‘a
s1mp11ﬁed practice recommendation or estabhshed asa com—
merc1al standard. .

3.1.3 tube, searnless—a tube produced wnh a eontmuous
periphery in all stages of the operations, .
© 3,1.3.1 tube, copper service—a bendable copper water tube
for underground water service. ‘

3.1.3.2 tube, copper water-—a seamless copper tube con-
forming to the particular dimensions commercially known
as Copper Water Tube and designated as Types A, B, and o

3.2 Description of Term Speczf ic to This Standard .

321 capable of—as used in this specification, the test néed
not be performed by the producer of the material. However,
should subsequent testing by the purchaser establish that the
material does not meet these reqmrements, the matenal shall
be subject to rejection. ‘ , o

T

4. Ordering Information ,
4.1 Orders for material under thls spe01ﬁcat1on shall in:

clude the followmg mformanon

».4.1.1 Nominal or standard size (Column 1 of Table 1) and‘

whether Type A, B,orC (Sectlon 3), _
4.1.2 Temper (Sect1on 7,

4.1.3 Whether tension tests and grain size determmauons'

are required (Section 8),

. 4.1.4 Length (see 11.5), ‘

4.1.5 How furnished: straight or coﬂs,

' 4.1,6 Quantity (pieces) of each size and type,

4.1.7 Specification number and date, and

4.1.8" In addition, when material is purchased for agencies
of the U.S. Government, it shall conform to the Supplemen-
tary Requtrements as defined herein when specified i in the
contract or purchase order, *

5. Materials and Manufacture . o 'y

5.1 The material shall be of such quahty and purity that
the finished product shall have the properties and character-
istics prescmbed in thls spemﬁcauon, and shall be cold-
'worked to size.

5.2 The tube shall be ﬁmshed by such. cold-workmg and
annealing- operations as are ‘necessary to produce the. re—
quired temper and surface finish. ‘

5.3 Tube when. furnished in coﬂs shall be annealed after
coiling. . :

5.4 Tube when' furnished in- straight lengths shall ‘nior-
mally be in the drawn temper. Annealed straight length
tubing is also permitted.

6. .Chemical Composition ..

6.1 The material shall conform to the followmg chemlcal
requirements for Copper UNS.No. C12200: NS ‘
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Temper Designation

TABLE 2 Meehanical Property Requlrements

*"Rockwiell Hardngss”” -

Tensile Strength, .. Average Grain size, . .
i

Form

Scale

Standard. -2 . Former A Value mm

08060 - Annealed - - - coils- : : F- - - 50 max +4 ;040 mih
08035 Annealed Jstralght Iengths } YtF . 85 max 0.025 min o

: H58 Drawn drawn , - 30T 30 min_ I

A Rockwell hardness tests shall be made oh e inside suffaces of the fUDe Whén stiitable equipment is fot available for determining the speciﬁed Rockweli hardness,

other Rockwell scates and velues shall be speclﬂed subject tp agreement between the purchaser and the supplier. o

[RN

. 999
PhoSE ~ 0.015-0.040

6.2 These" spemﬁcatlon limits do/not preclude the pres-
ence of othet, ‘elements, Limits for. unnameéd elements are
permitted to. be establlshed by agreement between the
manufacturer or supplier and the purchaser.

Copper (inct sﬂVer), min, %
Pho: phorus, max, %

7. Temper

7.1 .The copper water tube shall be furnished in: : the
temtiers designatéd below. Current désignations as defitied in
Practice B 601 are as follows:

Annealed-O
Drawn-H

8. Mechanical Properties

8.1 The tube, shall conform to the mechanical property . .

requirements prescnbed in Table 2. Tension tests and grain-
size determinations need not be made except when indicated
by the purchaser at the time of placing the order. A conven-
ient method of indicating that these tests are to be made is to
state that “Test Procedure T is required” (see 4:1.3). Whre
agreément on the Rockwell hardness tests cannot be reachied,
the tensile strength and graifiisize reqwrements of TabIe 2
shall be the basis for acceptance or rejec‘uon W

RETIRIO

9, Expansion Test
9.1 The annealed (O) tube shall be¢' capable of bemg
expanded in accordance with “Test Méthod B 153 with an
expansion of the' out51de dlametér in ‘the fo]lowmg amount:
. Nommal or, Standard Slze, mm N

) .15 and under T 40
. Over 15 R 30

The expanded tube shall show 10 prackmg or, rupture visible
to the unaided eye.

Expanmon of Outside Dlameter, %

Ct

Note 4—The term “unaided eye” as tsed:Hereiti'permits the use of
corrective spectacles necessary to obtain normal vision, .

9.2 A¢:an' alternative to the expansion.test™for''tubé
standard sizes 105 mm and overin the annealed condition, 2
section 100 mm in length shall be cut from the end of one of
the lengths for-a flattening test This 100~tm :test specimen
shall be flattened so that a gage set at three times the wall
thickness will pass over the tube freely:throughout the flat-
tetied Lpart. . The tube:so ‘tested shall: develop no cracks or
flaws visible to the unaided eye as a result of this test. In
makingrthe: flattenirig test the elements shall be slowly
flatteried by one strokerof the press.. :

10, Nondestructive Testing

10.1 Eddy-Current Test—Unless otherwise specified, each
tube up to and .including 79, mm in outside diameter, .or
within the capabilities’ of the: eddy-current. tester;; shall be

subjected to an’ eddy-current test. Testmg shall follow the
procedure of Practice E 243, except “the determination of
“end effect” is not required:

10.1, ;l “The testmg of tube of dnnensmns beyond the ca-
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‘pabmtres of the eddy-cunrent test apparatus shall be subject

o negotiation between the producer:and the:purchaser.
" 10.1.2-Notch-depth standards, royinded to the nearest 0.03

“mm, shall be 22,% of the wall thickness. The notch-dépth
+tolerance shall be +0.01 mm. Alternatively, at the option of

- "the manfacturer using speed insensitive eddy-current units

that are eqmpped to select a fraction of the maximum unbal-
ance signal, the followmg percent maximum unbalance

“signals shall be used: '
) Unbalance Signal
Nominal or Standard Tube size, mm Magnitude, max %
"Up to and incl 12, S0.2)
i5 to 54; incl .03
,, Qver 54 to 79, incl 0 4
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10 1 3 Tubes that do not actuate the s1gna111ng device of
the eddy-current testers shall be considered as conformmg to
the requirements of this test. Tubes with discontinuities in-
dicated: ‘by the'! testing unit -shall; at .the option .of the
manufacturer;./beirréexaminedvor. 'retested ‘to detefmine
whiettier thé:discontinuity’is.catise for rejection: Signals! that
aré foundite-have been:causetdsby mirior méchanical damage,
soil, or-inoisture shall not bBe-cause-forrejection of the tubes
provided the. tube' dimensions: ar€ still: withif:the prescnbed
limits and.the tube is smtable for 11:s mtended apphcatlon

Vand Permrssrble Varlatlons

11, Drmensrons; Mass;

the dlmensmnal requuements brescnbed in this speclﬁca-
tion, any measured value ﬂouts1de ‘the specified limiting
values for any (dmlenswns shall & the fube’ subject to
rejection ‘at the option of the’ purchaser
e 2. Nommal or Standard Dzmenszons, '

"‘\s%an‘ itd dine

LT
i 4 Roundness—For dﬁawn unannealed tube in, stralght
lengths thie roundriess tolerande $hall be“as prescribed in
Table 2. The devrathn frqm roundness is measured as the
deference between maJor and rhmor diameters ag deter-
mmed at any one ‘ctoss section of the tube No roundness
toleranice ‘fias beéen establishied ‘for annealed “cube in stralght

lengths or for tubes furnished in coils,
11.5 Lengths and Tolerances:
11.5.1 Standard Lengths and Tolerances=-Thé standard

lengths and tolerances shall;be: as specified injTable 4.

K
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11.5.2 Other lengths and tolerances are permitted to be
established by agreement between the manufacturer or
supplier and the purchaser,

11.6 Squareness of Cut—For tube in straight lengths, the
departure from squareness of the end of any tube shall not
exceed more than 0.25 mm for tube up to and including 15-
mm standard size; and not more than 0.40 mm/mm of
outside diameter for tube larger than 15-mm standard size.

12. Workmanship, Finish, and Appearance

12.1 The material shall be clean, free of dirt and defects of
a nature that interfere with normal commercial applications.

13. Sampling o
13.1 Sample pieces shall be selected for test purposes from,

each lot of 5000 kg or fraction thereof, of each size and type,
according to the schedule of Table 5.

TABLE 3 Roundness Tolerance

Roundness Tolerance % of Out-
side Diameter (Expressed to
Nearest 0.03 mm)

t/D (Ratio of Wall Thickness to
Outside Diameter)

0.01 to 0.04, incl 1.5
Over 0.03 to 0.05, incl 1.0
Over 0.05 to 0,10, incl 0.8

TABLE 4 Nominal or Standard Lengths and Tolerances

Naminal or
Nominial or r?lf'indard Size, Type Standard Tol?;ﬁrgﬁ,s )mm
Length, m
" Tubes Furnished In Straight Lengths
Up to 208, incl A/ B,C 6.0 25
257 . B, C 6.0 25 -
257 A 55 25
308 c 6.0 25
308 B ' 85 25
308 A . 3.6 25
. Tubes Fumished in Colls

~Up to 28, incl A. B 20 600
30 600
35 and 42 A B 20 600
54 A B 12 600
14 600"

TABLE 5 Sampling Schedule
Number of Pieces in Lot Number of Sample Pieces to be TakenA

1t0 50

§1 to 200
201 to 1500
Over 1500

1

2

3

0.2 % of total number of pieces in the lot but not
more than 10 sample pieces

A Each sample piece shall be taken from a separate tube.

TABLE 6 Test Methods

Test ASTM Designation
Chemical analysis E 53, E 62
Tension E 8 (see also 14.2, 14.3, and 14.4)
Rockwell hardness E18
Grain size . E2, E 3, E 112 (see also 14.5)
Expansion (pin test) B 153

105

TABLE 7

|

Rounding Units

Rounded Unit for Observed or
Calculated Valug

nearest unit in the last right-hand place of

Property

Chemical composition

Hardress figures of the specified limit
Tenslle strength nearest 5 MPa

Expansion nearest 1 %

Grain size:

. nearest multiple of 0.005 mm
nearest 0.01 mm

Up to 0.055 mm, incl
Qver 0.055 to 0.160
mm, incl

14. Number of Tests and Retests

14.1 Chermical Analysis—Samples for chemical analysis
shall be taken in accordance with Practice E 55. Drillings,
millings, etc., shall be taken in approximately equal weight
from each of the sample pieces selected in accordance with
13.1 and combined into one composite sample. The min-
imum weight of the composite sample that is to be d1v1ded
into three equal parts shall be 150 g,

14.1.1 Instead of sampling in accordance with Practice .

E 55, the manufacturer shall have the option of determining
conformance to chemical composition as follows: Conform-
ance shall be determined by the manufacturer by analyzing
samples taken at the time the castings are poured or samples
taken from the semifinished product. If the manufacturer
determines the chemical composition of the material during
the course of manufacture, he shall not be required to sample

and analyze the finished product. The number of samples ‘

taken for determmatlon of chemical compomtlon shall be as
follows:

14.1.1.1 When samples are taken at the time the castmgs
are poured, at least one sample shall be taken for each group
of castings poured simultaneously from the same source of
molten metal.

14.1.1.2 When samples are taken from the semlﬁmshed
product, a sample shall be taken to represent each 5000 kg or
fraction thereof, except that not more than one sample shall
be required per piece.

14.1.1.3 Due to the discontinuous nature of the pro-
cessing of castings into wrought products, it is not practical
to identify specific casting analys1s with a specific quantity of
finished material.

- 14.1.1.4 In the event that. heat 1dent1ﬁcat1on or trace-
ability is required, the purchaser shall specify the details
desired.

14.2 Mechanical Tests—For the mechanical tests, a spec-
imen shall be taken from each of the sample pieces selected
in accordance with 13.1. The required mechanical test shall
be made on each of the specimens so selected. The value for
the Rockwell hardness number of each specimen shall be
established by taking the arithmetical average of at least three
readings.

14.3 In the case of tube furnished in coils, a length
sufficient for all necessary tests shall be cut from each coil
selected for purpose of tests. The remaining portion of these
coils shall be included in the shipment, and the permissible
variations in length of such coils shall be waived.

14.4 Retests:

14.4.1 If any test specimen shows defective machining or
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develops flaws, it shall be discarded and another specimen
substituted. - - .

14.4.2 If the: results of any test made to “détermine the
mechanical .properties: fail to meet the specified require
ments, two additiotial specimens shall be taken from differerit
sample p1eces and tested. The results of the tests, on both of
these specimens shall meet the specified requirements. -

14.4.3 If the chemical analysis fails to conform to the
specified lihiifs; analysis shall be made on a'néw compos1te
sample prepared from additional pieces selected in accor-
dance with 13.1, The results of this retest shall comply with
the specified requirements.

15. Test Methods

15.1 The properties:enumerated in thls specxﬁcatlon shall,
in case of disagreement, be determined in aocordance w1th
the ASTM methods listed in Table 6. §

15.2 Tension test specimens shall be of the full section, of
the tube and shall conform to the requirements of the section,
Specimens for Pipe and Tube, of Test Methods E 8, unless
the limitations of the testmg machme preclude the use of
such, a-specimen, Test specimens. confom:ung to Type No. 1
of Fig. 13, Tension Test Specnnens for Large-Dtameter
Tubular Products of Test Mgthods E 8, are permitted to be
used when a full-sectlon specimén cannot be tested.

15.3 Whenever different tension test results are obtained
from both full-size and from machmed test specimens, the
results obtained from full-size test specimens shall be used to
determine conformance to'the requirements of thls specifica-
tion.

15.4 Tension test results on material covered by this spec-
ification are not seriously affected by variations in spéed of
testing. A considerable range of testmg speed is permissible;
however, the Tateé"of stréssing to the yield Strength ‘sHall not
exceed 690 MPa/min. Above thé yield strefigth, ‘the move-
ment per minute of the testtng maehlne head under load
shall hot éxceed 0.5 mm/mm of 'gagé length (or dlstance
between grips for full-séction specnmens) R

15.5 The surface of the test specimen for mlcroscoptcal
examination shall approximate a radial longitudinal section
of the tube.

16. Significance of Numerical Limits
16.1 For purposes of determining compliance with the

specified limits for tequirements of the properties listed in
Table 7, an observed: value: ot calculated -value shall be

i
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rounded as indicated in accordance with the rounding
method-of Practice E 29. .

i

17. Inspection

+ 17.1 The: manufacturer shall afford the inspector repre-
senting the purchaser, all reasonable facilities to satisfy him
that.the tubes are being furnished in accordance w1th the
specified requirements. . :

18. Rejection and Rehearmg

18.1 Material that fails to conform to the requirements of
this spécification is subject to rejection at‘the option of the
puichasér. Rejection shiall be reported to the manufacturer or
supplier promptly and in writing. In case of dissatisfaction
with the results of the test, the manufacturer or supplier is
permitted to make claim for a rehearing.

19. Packagiiig and Package Marking

19.1 The material shall be separated by size, composition,
and temper, and prepared for shlpment in such a manner as
1o ensure acceptance by common carrier for transportation
at the lowest rate applicable and to afford protection from
the normal hazards of transportation.

19.2 Each shipping unit shall be legibly marked with the
purchase order number, metal or alloy designation, temper,
size, total length or piece count, or both, and name of
supplier. The spécification number shall be shown, when
specified.

19.3 . Product. Identification. .

19.3.1 The name or trademark of the manufacturcr and
the miaik indicative of the type shall be permanently (incised)
marked on edch.tube at intervals not greater than 0.5 m.,
Tube in straight lengths shall be further identified throughout
its length by a colored markmg of continuous X’s, symbol, or
logo not less than 4.5 mm ih height, including a legend
repeated at intetvals not greater than 1 m, The legend shall
inclide the type of the tube, name or trademark of the
manufacturer, or both, and the: country of origin. Other
information is perm1tted 1o be included at the option of the
manufacturer.

19.3.2 Colors used shall be green for Type A, blue for Type
B, and red for Type C. Such color marking is not applicable
to tube furnished in annealed straight lengths or coils.

20. Keywords
20.1 copper tube; seamless; water tube
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SUPPLEMENTARY REQUIREMENTS

The following supplementary requirements shall apply only when specified by the purchaser i in the inquiry,
contract, or order, for agencies of the U.S, Govcrnment

S1. Referenced Documents

S1.1 The following documents of the issue in effect on.
date of material purchase form apart of this specification to

the extent referenced herein:
S1.1.1 Federal Standards: 1!
Fed. Std. No. 102 Preservation, Packaging and Packing
Levels ‘
Fed. Std. No. 123 Marking for Shipment (Civil Agencies)
Fed. Std. No. 146A Tolerances for Copper and Copper
Base Alloy Mill Products
- Fed. Std. No. 185 Identification Marking of Copper and
Copper-Base Alloy Mill Products
S1.1.2 Military Standards:'!
" MIL-STD-105 Sampling Procedures and. Tables for In—
spection by Attributes
MIL-STD-129 Marking for Shipment and Storage
S1,1.3 Military Specification:'! ‘ ‘
MIL-C-3993 Packaging of Copper and Coppet—Base Alloy
Mill Products

$2. Quality Assurance

$2.1 Responsibility for Inspection:

$2.1.1 Unless otherwise spec1ﬁed in the contract or pur-
chase order, the manufacturer is responsible for the perfor-
mance of all inspection and test requirements specified.
Except as otherwise specified in the contract or purchase
order, the manufacturer is permitted to use his own or any

11 Availdble from Standardization Documents Order Desk, Bldg. 4 Section D,
700 Robbins Ave,, Philadelphia, PA 19111-5094, Attn: NPODS. o

other suitable facilities for the performance of the inspection
and test requirements unless disapproved by the purchaser at
the time the order is placed. The purchaser shall have the
right to perform any of the inspections and tests set forth in
this specification when such inspections and tests are deemed

- necessary to ensure that the material conforms to the

prescribed requirements,

S3. Identification Marking

83.1 All material shall be properly marked for idcnﬁﬁgae
tion in accordance with Fed. Std. No. 185 except that the
ASTM specification number and the alloy number shall be
used.

S4. Preparation for Delivery

S4.1 Preservation, Packaging, Packing:

$4.1.1 Military Agencies—The material shall be separated
by size, composition, grade, or class and shall be preserved
and packaged Level A or C, packed, Level A, B, or C, as
specified in the contract or purchase order, in accordance
with the requirements of MIL-C-3393.

-84.1.2 -Civil Agencies—The requirements of Fed. Std. No.
102 shall be referenced for definitions of the various levels of
packaging protection.

S4.2 Marking:

-84.2.1 Military Agencies—In addmon to any special
marking required by the contract or purchase order, marking
for shipment shall be in accordance with MIL-STD-129.

S4.2.2 Civil Agencies—In addition to any special marking
required by the contract or purchase order, marking for
shipment shall be in accordance with Fed. Std, No. 123,

" The American Saciety for Testing and Materlals takes no position raspecting the validity of any patent rights asserted ir connection
.+ with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patent rights, and the risk of lnfrlngement of such rlghts, are entlrely thefr own responsibility. oo

This standard /s subject to revision at any time by the résponsible technical committee and must be reviewed every five years and ,
if not revised, either reapproved or withdrawn. Your comments are invited efther for revision of this standard or for adlditional standards
and should be addressed to ASTM Headquarters.: Your comments will receive careful consicleration at a meeting of the respons;ble
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make- your
views known to the ASTM Committee on Standards, 100 Barr Harbor Drive, West Conshohacken, PA 19428,

107

PRO_00093314



o
S

W

it

|
-

o

Case 1:13-cv-01215-TSC Document 198-18 Filed 10/07/19 Page 83 of 99

. Wm

By Authority Of
" THE UNITED STATES OF AMERICA |

Legally Binding Document

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

binding upon all citizens and residents of the United States of America.
HEED THIS NOTICE: Criminal penalties may apply for noncompliance.

ASTM:B96:  Standard: Specification: for
Copper—Silicon Alloy Plate, Sheet, Strip, and
Bolled Bar for General Purposes and Pressure
Vagdals

CFR Section(s): *¢ CFR 119.440

Document Name:

Socliety: for Testing and Mzterials

Standards Body:

Official Incorporator:
THE. EXECUTIVE DIRECTOR

phee

568000008

WASHINGTON; D.C.

zri ‘SL

985

;fig

Z

OFFICE OF THE FEDERAL REGISTER

PRO_00093351



Case 1:13-cv-01215-TSC Document 198-18 Filed 10/07/19 Page 84 of 99

PRO_00093352



Case 1:13-cv-01215-TSC Document 198-18 Filed 10/07/19 Page 85 of 99

45]}9 Designation: B 96 - 93

Standard Speclflcatron for

¥

Copper-Silicon Alioy Plate, Sheet Strlp, and Rolled Bar for
General Purposes and Pressure Vessels'

Thls standard is issuéd vinder the ﬂxed desmnatron B 96 the ‘numbér 1mmedlately following the désignation indicates the year of
original adoption o, in the case of revision, the year 6f last revision. A number in parentheses indicates the year of last reapproval. A -
superscript epsilon (¢) indicates an editorial change since the last revision or reapproval N

This standard has been approved for use’by agencies of the Department of Defense. Consult the DoD Index of Speczf cations and
Standards for the specific year of issue whtch has beer adopzed by the Departmenz of Defense, .

1. Scope

1.1 This specification covers copper-sﬂlcon alloy plate,
sheet, strip, and rolled bar commonly” uSed for drawing,
forming, stamping, and bending. The alloys 1ncluded are
65100, C65400, C65500 and C65800.%

1.2 When matenal is ordered for ASME Boiler and
Pressure Vessel Code applications, consult the Code® for
applicable alloys.

Note—A complete memc companion to Specification B 96 has been
developed——-B 96M: thetefore, tio metric equ1valents are presented m
thlS §pecification.

2. Referenced Documents

2.1 The following documents of the issue in effect on date
of material purchase form a part of this specification to the
extent referenced Herein:

2.1.1 ASTM Standards:

B 248 Specification for General Requlrements for
Wrought Copper and Copper-Alloy Plate, Sheet Strip,
and Rolled Bar* .

B 601 Practice for Temper Desxgna‘uons for. Copper and
Copper Alloys—Wrought and Cast*

E 54 Test Methods for Chemical Analysrs of Spec1al
Brasses and Bronzes®

E 75 Test Methods for Chemical Analysis of, Copper-
Nickel and Copper-Nickel-Zinc Alloys®

Chromium Alloys®

E 478 Test Methods for Chemical Aralysis "of Copper

Alloys®
E 527 Practme for Numbering Metals and Alloys (UNS)6

3. Ordering Information
3.1 Orders for material under this specification shall

! This specification is under the jurisdiction of ASTM Comumittee B-§ on
Copper and Copper Alloys and is the direct responsibility of Subcommittee BOS. 01
on Plate, Sheet, and Strip.

Current edition approved Mar, 15, 1993, Published May 1993. Originally pub-
lished as B 96 — 34 T. Last previous edition B 96 - 92a.

2 The UNS system for copper and copper alloys (see practice E 527) is a simple
expansion of the former standard designation system accomplished by the addition
of a prefix “C” and a suffix “00.” The suffix can be used to accommodate
composition variations of the base alloy.

3 For ASME Boiler and Pressure Vessel Code applications see related Specifi-
cation SB-96 in Section 11 of that Code.

4 Annual Book of ASTM Standards, Vol 02.01.

5 Annual Book of ASTM Standards, Vol 03.05.

¢ Annual Book of ASTM Standards, Vol 01.01,
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include the following 1nformat1on

3.1.1 Alloy (Section 6),

3.1.2 Temper (Section 7), A

3.1.3 Dimensions: Thlckness, Wldth and Length (10 2,
10.3 and 10.4),

3.1.4 Finish (Section 16), ‘

3.1.5 Type of edge, if required: slit, sheared, sawed square
corners, rounded corners, rounded edges or full rounded
edges (10.7),

3.1.6 How furnished (straight lengths or coﬂs),

. 3.1.7 Weight (Section 10.6), .

8 Mill test, if required (Section 21), -

9 Certification, if required (Section 20)

10 Product identification, if required (Section 22), .
11 Pressure Vessel use, lf atpph(:able3 (1. 2 8 1.1, 10.1,
10 1.1, and 10.6.1), *

AL 12 Speclﬁcatlon number and ‘date,

3:1.13 Special tests ‘or excepuons, if aﬁy, and

*'3.1.14 Whether' 0.2 % vield strength is required.

3.2 When material is purchased for agencies of the U.S.
Govérnment, it shall confort to théSupplementary Re-
quirements as defined in Specification B 248 when specified
in the contract or purchase order. . R

3.L
3.L
3.1
3L

4, General Reduirements
© #.1 “Material furnished under this specification shall con-

E 118 Test Methods for Chemical Analysis of Copper-‘ . form tg the applicable téquirements of the cutrent edition of

Spec1ﬁcat1on B 248, inless specifically’ stated otherwise in
thlS specification..

5 Matenals and Manufacture
‘51 Refer to the current, edition of Spec1ﬁcat10n B 248.

6. Chemical Composition

6.1 The materials shall conform to the compositions
prescribed in Table 1.

6.2 These specification limits do not preclude the pres-
ence of other elements. Limits for unnamed elements may be
established by agreement between manufacturer or supplier
and purchaser.

6.3 Copper may be taken as the difference between the sum
of all the elements analyzed and 100 %. When all the elements
in Table 1 are analyzed, their sum shall be 99.5 % min.

7. Temper

7.1 Tempers available as described in Practice B 601 are
061, 050, HO1, HO3, H04, H06, H08, H14 and M20.
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. TABLE 1 Chemical Requirements '~ =+
Compqeltiom% o '

Element Copper Alloy UNS No. .

' €65100 €65400 65500
Copper, incl silver remainder remainder remainder
Silicon - 0.8-2.04 27-3.4 - -2.8-3.8
Manganese 0.7 max e 0.50-1.3
Tin 1.2-1.9
Chromium v 0.01-0,12 o
Zing, max 1.5 05 1.5
Iron, max 0.8 vee 0.8
Nickel, max s . 0.6
Lead, max 0.05 r 0.06 005

A An alloy containing as high as 2.6 % sllicon is acceptable prewdlng the sum of
all named elements other than copper, silicon, and fron does not exceed 0. 3 %

5

8. Mechamcal Propertles

~8.1 Tensile Requirements—The tensmn test: shall be. the
standard test for all tempers ofrolled and -annealed and
hot-rolled materials, and acceptance or rejection based on
mechanical properties shall depend only on ‘the tensile
properties, which. shall conform to: the requirements pre-
scribed in Table 2 or Table 3. Tenston test specimens shall be
taken so the longitudinal ax1s of the spec1men is parallel to-
the direction of rolling, -

8.1.1 For Pressure Vessel Code Apphcatlons, the tensﬂe ‘
requirements are prescribed in Table 3. !

8.1,2 For general purpose apphcattons the tensﬂe requ1re-

i
[

TABLE 2 Tensile Strength Requrrements and Approxrmate Rockwell Hardness and Grarn Slze Values *

“ments dre presctibed in Table 2. et o
8.2, Rockwell Hardness—-Smce Rockwell hardness tests
offer a quick and convenient method of checking copper-

. . silicon alloys of any temper for general conformtty to the.
'requirements for tensile strength or gram size, approximate
. Rockwell hardness values are grven in ‘Tables 2 and 3 forv

general information and assistance in testmg o

8.3 Grain Size—The grain sizes given in Tables 2 and 3
;- for annealed. tempers are approximate and, for 1nformatron
only .

9. Heat Treatment -

9.1 Parts fabricated from the rolled tempers of Alloy‘

(C65400 may be heat treated at 480°F for 1 h to provide
maximum stress relaxation resistance at temperatures up to

220°F. A moderate gain in strength is also realized by this:

heat treatrient.. When the material is to be heat treated by
the parts fabricator, the supplier shall be consulted for adv10e
on procedures.

Lo

" 10.1' Refer to the appropriaté paragraphs in Specuﬁca‘tibn
B 248 with particular reference to the. following tablés:

(Exceptions for ASME Pressure Vessel Code apphcatlons are .

noted).
'10.2 Thickness—Réfer to Table 2. .
10.2.1 Pressure Vessel Code Applrcatzons~—The th1ckness

Note—Plate is generally available in only the as hot-rcnlled (M20) temper. Hequrred properties for other tempers shall be agreed upon between the manufacturer and the

purchager at the time of placing the order. . ,

Approximate Hockwell Hardness ~

Temper Designation . b1 . o oty SIr%Insg;!teh " Approximate Gralrt :;
StandardA Former ksi2 F Scale B Scale Size, mm
. . Copper Alloy UNS No. C65100 .0 =0 v o e s T
061 " Annegled 38-45 45-55 S +50.060-0.120 7.4
a50 Light anneal L 40-50 50-75 ., . PR 0.060 max?
HO1 Quarter-hard i, e 42-52 P S . 48-63 . <4
Ho2 Half-hard i 47-57 e '64-73
HO4 Hard | 60-70 . 74-82
HO6 Extra-hard: 67-76 78-85 . i
HO8 spring | .. o 71-79 81-86, .
e A v. . . Gopper Alloy UNS Nos, C66500
;081 o i Annedled . ... .. 6288 70-82 P 0110 maxfi
‘050 " 7T ULightanneal - 7 T i e . 55-64 . 76-93 R 0.055 max©
HO1 Quarter-hard St 60-74 RIS LR 65-80 v R G
HOo2 Half-hard © - 72-86 79-91. - .
+HO4 Hard® " - i 1. 85-99 . s 8896 .. . . ...
. H06 L Extra-hard® ., 95-109 - 93-g8 "
MO8 e et Spring® SEETRER (RN o 02-116 94-99 e
M20 Hot-rolled 56-72 72 min e
. Hot-ralled, cold-rolled finish e 8872, L s e ,.60-80 . ..., .
Capper Alloy UNS No. C65400 ) o Supertrcral SOT B 8cale - -
. 061 Annealed 65—80 ; 0,040 max
THOT® Quiarter hard® 75-90" 64»-77 72-91 ce. :
"HOZ T Half hard ¢ 86-101 _ﬁ 75-79 . 89-95
HO3. . Three-quarter hard© 97-112 77-81 . 94-97
HO4 . . Hard® b 1082120 80-81 - 96~98 e
HoB.: Extra hard® 116-128 . 81-82 © 1 97-100 -
HO8:| Spring© i 124133 81-82 1,+99-101
H10"/ Extra spring® P 131140 .81 min 100-102
H14: Super spring® " 137 min 81 min 101 min
A Standard designations defmed in Practice B 601 v e
B ksi = 1000 pei. ' !

¢ Cammercially supplied only as strip. The manufacturer should be consulted where these tempers are desired in sheet or plate,
.. 2.No minimum grain size requirement is specified, but all annealed material shall be fully recrystallized. . L.
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10. Drmensmns, Werghts and Permlssrble Varratrons ~“r. LA
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TABLE 3 Tensile Strength Requirements and; Approximate: Rockwell Hardness and Grain Size: Values for Pressure Vessel Applications
/ ; Vigld: Strerigth ‘at:.5% Yield StrengthE Elongdtiof ~ Approximate ' Approx1mate
xtensxoq Under at'0.2% offset, N mng po e Rockwell Grain Size,
Staggi,ar:q mJn bei.._ F Hardness "t
Vv d o ‘\_l' - =
.. 081 ¢ T4y “70-82 T04108
# ksl = 1000 psi. '

A Standard- deslgnatlona defineq ll‘l Practlce B 6(
c Elongation in2in.; R
"DNo mlnimdm grain slze requurement |s speclfled,
£ See 3.1.15,

of any place or sheet shall not be more than‘ 0 01 1n under
the'thickness. spemﬁed ‘ !
103 Width: -7 5
+10:3.1: Slit. .Metal - and: Stit Metal ,wzih Rolled Edges-r
Refer. to Table 4.+ RN TR I (SRR RN
10:3.2- Square-Sheared Metal»—-Refer 10 Table 5.
10.3.3: Sawed Metal~Refer to Table 6.
10.4 Length:
10.4.1 Schedule of Lengths (Speczf ¢ and Stock) with
Ends—Refer.to Table:7.
10.4.2:. Length Tolenances for Square—Sheared Metal—
Refer, to Table: 8
10.4.3: Length Tolerances for Sawed MetalmRefer to
Table 9.
10.4.4 Minimum and Maximum Wezght of Ends——Refer
to Table; 10. :
10.5 Straightness:

P f ,

10.5.1 Slit Metg] or Slit, Metal Either Strazghtened or.

Edge-Rolled—-—Refer to Table 11,
10.5.2 Square-Sheared Metal—Refeér to Table 12.
10.5.3 Sawed Metal-—Refer to Table 13.
10.6 “Edges:
10.6.1" Squdre Edges—-—Refer to Table 14.

10.6.2 'Rounded Corners—Refer to Table 15. I

10,6.3: Rounded Edges—Refer to Table 16.

10.6.4 Full-Rounded Edges—Refer to Table 17.

10.7 Weight: Hot-Rolled Sheet and Plate—Refer to Table
18.

10.7.1 ASME Pressure Vessel Code Applwatzons—-—Refer
to Table 4 of this specification.

11. Worknmanship, Finish and A]ipearance

11.1 For workmanship and appearance refer to the cur-
rent edition of Specification B 248.

11.2 Finish: The material is regularly supplied in the
following finishes:

T ] o .
bt &ll annealed matsrial shall be fully recrystalllzed.

- 11.2.1 Black—After hot rolling retains all of the oxides.
11,22 “Pliin ‘Pickled-—Sulfiric acid picklg onI”, brick red
oxide. Has cuprots and silicon oxides still adherent,
11.2.3 Specially Cleaned—Commercially free of all ox-
1des Has the golden color of the ailoy."
=+ 11.2.4 Sand Blasted—Commermally free’ of - all oxxdes
Has a“dull gray color.

N N "

12 Samplmg o
12, L Refer to the current edition of Speclﬁcauon B 248,

13 Number of Tests and Retests ‘
13.1 Refer to the current edmon of: Spec1ﬁcat10n B 248

14, Specnmen Preparatlon S

14:1 Refer to the current edition of Spemﬂcation B 248
for the preparatwn of the appropnate test specimen.

"15 Test Methods .

15.1 The chemical composmon shall in case of disagtee-
tirent, be determined as_fpllgws

Element - Test Method
Copper ‘E478 -
Silicon E 54 (Perchloric acid)
Manganese E75
Tin E 478
Chromium E118
Zine E 478
Iron E 478
Nickel E478
Lead E 478

15.2 Mechanical Properties (Tensile, Rockwell and
Grain)—Refer to the appropnate test method in Specifica-
tion B 248.

16. -Significance of Numerical lelts
'16:1 Refer to the current edmon of Specification B 248.

5

TABLE 4 Lot Weight Tolerances in Percentage of Theoretical Weight For Pressure Vesdel pplicalions--AIl Plus .

e

Permissible Excess in Average Weight of Lots, Expressed in Fe\rcentage of Normel Weight

Thickness, in. 48in, and Under  Over48t060in,  Over60.to72in. Over72to96in.  Over 96 t0'120in. Over 120 to 132 in.
. in Width -In Width in Width in Width ".in Width incl in Width
Y to e, incl 6.5 8 "9 1 i N
Qver %e to 14, incl i85 8 g 11 12 s
Over s to 8, incl 65 > 775 8.75 11 12 13
Qver $4e to %, incl . 6.25 75 86 1 112 13
Qver % to TAs, inc! 8 7.25 825 11 12 13
Over % to Ve, incl 6 7 8 10 1 12
Qver 2 to %, Inct : 5.75 6.5 75 R | ~ A0 o AL
Over % to %, incl 5.5 8 7 8 g S B
Qver ¥ to 1, Incl : 5 v By, 828 . T o 8 I _9
QOver 1 10 2, incl 35 ‘“‘,"'4.. fiowr it 5 - 'm,hw:lw'w x,‘-e‘ RS ] . -7 ‘ RS ) L ) :l -, 8‘ R
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17. Inspection

17.1 Refer to the current edition of Specification B 248.

18. Rejection and Rehearing -
18.1 Refer to the current edmo

19. (,emficm!on
'19.1 Refer to

20. Mill Test Report

2() 1 Refer to the wmnt uchuon of Spmtwaum “B 248.*

Tt

The American Sociaty for Te«sting and Materials takes no position respectmg the validity of any patent rrghts asserted in connectfon :
with any iterm mentioned in this standard. Users of this standard are expressly advised that determination of the veiidity of any such
patent rights, and the risk af mfnngement of such rights, are ent:re/y their own respons:bzmy

Th/@ standard 13 gubject 16 ravmlon at amy time biy the reaspona.’bfa technical committes and must b reviewsd avery five yaars antf

If not revised, either reapproved oy withdrawn. Your comments arg invited ither for revision of this standard or for additiors! standards

- aneshould-be addressed fo ASTM Héadquarters. Your. cornments will receive careful consideration at a mesting of the responsibié

" technical committee, which you may attend, If you feel that your comments have not raceived a fair hearmg you should make your
views known fo the ASTM Comrmttee on Standards, 1916 Race St., Philadelphia, PA 19103

21. Packaging and Package Marking
21.1 Refer to the current edition of Specification B 248,
22. Supplementary Requirements
i~ 22.1 Material purchased for agencies of the U.S, Govern-
. ment shall also conform to, the requirements defined in the
Supplementary Requirements of Specification B 248.
23, Keywords

_ 23 1 copper-silicon alloy bar, copper~s1hcon alloy plate;
“copper-silicon alioy pressure vessels; copper-silicon alloy
sheet; copper-silicon alloy strip; UNS C65100; UNS C65400
TINS 65500; “(,TN‘% (,6‘5800
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q Hno Designation; B 96M - 93a

Standard Spemfmatlon for -
Copper-Silicon Allo "Plate, Sheet Strip, and Rolled Bar_ for S
General Purposes and Pressure Vessels [Metric]" SR

This standacd is issued under the fixed demgmuon‘B DGM the number immediagely following the designation indicates the year of ,
-original adoption or, in the case-of revision, the year of last revision. A nuriber in parentheses indicatesthe veat of last reapproval, A
uperscnpt epsllon (&) mdwates an edltona.l change smce the last revision or reapproval, i

1 Scope o 3.: Ordering Information .

1.1 This specification describes copper-»sﬂlcon alloy plaw, 3.1 Orders for matmal undc:t thls, specﬂicanon shalJ
sheet, strip and rolled bar commonly used for -drawing, " include the following 1nformat10n{
forming, stamping and bending: The' allqys mcluded are 3001 Alloy (Section 6),
635100, C65400, C65500 and C65800.2 " 3,1,2 Temper (Section 7),

1.2 Material ordered for ASME Bmler and Pressure .. 3.1.3 Dimensions: Thickness, ”W;zdth and Length (Sec-
Vessel Code apphoamms, Shdll be in the mnea.lcd lc,mper of . . tions-10.2, 10,3 and 10.4), e e ey
alloy C65500.3 - = = R g w314 ’I‘ype of edge, if required: slit, sheared,:

B o ' comers,' roundéd corners, rounded edges or “full rounded

Note 1—Refer to Practice E 527 for a descnptlon of the' Umﬁed' v édges (Secuon 10.6},

Numbering Systetn ((INS), o 3.1.5 Finish (Section 16),

Note 2—This specification is the metric companion of Specification 3.1.6 How furnished (straight lengths or coils),
B 96. 3.1.7 Weight (Section 10.7),

3.1.8 Mill.Test, if rc;quireq (Section 21),
2. Referenced Documents 3.1.9 Certification, if required (Section 20),
elere o o T T 3,110 Product identification, if required (Section 22),

2.1 The following documents of the issue in effect on date 3.1.11 Pressure Vessel use if applicable’ (Sections 1.2
of material purchase form a part of this specification to the ¢ 1/ "10.1 and 10.6. 1) ‘ ‘ C
extent referenced herein: 3112 S ’

e pecification number and date,
2.1.1 ASTM Standards: " 3.1.13 Special tests or exceptions, if any,
B 96 Specification for Copper-Silicon Alloy Plate, Sheet, 3.1.14 Whether 0.2 % vield strength is required, and

Strip and Rolled Bar for General Purposes and Pressure 3.1.15 Whether the metal is to be heat treated to provide

Vessels* ;i N i ]
. . . X maximum stress relaxation resistance (see 9.1).
B 248M Specification for General Requirements for 3.2 When material is purchased for agencies of the U.S.
Wrought Copper and Cfpper-Alloy Plate, Sheet, SUip  Government, it shall conform to the Supplementary Re-
and Rolled Bar [Metric] quirements defined in Specification B 248M when. specified

B 601 Practice for Temper Designations for Copper and iy the contract or purchase order.
Copper Alloys—Wrought and Cast* :
E 54 Test Methods for Chemical Analysis of Spemal .
Brasses and Bronzes® 4. General Requirements

E 62 Test Methods for Chemical Analysis of Copper and 4.1 Material furnished under this.specification shall con-
Copper Alloys (Photometric Methods)® form to the applicable requirements of the current edition of

E 118 Test Methods for Chemical Analysis of Copper-  Specification B 248M, unless specifically stated otherwise in

Chromium Alloys’ this specification.
E 478 Test Methods for Chem1ca1 Analysis of Copper _
Alloys® 5. Materials and Manufacture
E 527 Practice for Numbering Metals and Alloys (UNS)® 5.1 Refer to the current edition of Specification B 248M.

! This specification is under the jurisdiction of ASTM Committee B-5 on 6. Chemical Composition ‘
Copper and Copper Alloys and is the dlrect responsibility of Subcomumittes B05.01 : ser
on Plate, Sheet and Strip, 6.1 The materials shall conform to the composition pre-
Current edition approved Aug. 15, 1993, Published October 1993, Originally ~ Scribed in Table 1.~
published as J 96M - 84. Last previous editicin, B 96M - 93, 6.2 These specification limits do not preclude the pres-
e UNS system for copper and copper alloys (sce Practice E 527)isasimple  encg of other elements. Limits for unnamed elements may be

expansion of the former standard designation system accomplished by the addition . . .
of a prefix “C” and a suffix “00”. The sug’ﬁx can be used to accommodate | EStablished by agreement between manufacturer or supplier

compasition variations of the base alloy. and purchaser.
o ; g;r gféﬁgf é«:ﬁfzrlalﬂﬁtlz%ex% zmel Code applications sec related specifica- 6.3 Copper may be taken as ;he differeqce between the
& Annial Book of ASTM Stamdurds, Vol 02,01, sum of all the elements analyzed and 100 %. When all the
5 Annual Book of ASTM Standards, Vol 03.05. : elements in Table 1 are analyzed, their sum shall be 99.5 %
§ Annual Book of ASTM Standards, Vols 01,01 and 02.01. minimum.
112
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TABLE 1 Chemical Requirements .
S
: R " Cornpesition, %

. Etsment ) Copper Alloy UNS No,

R CE5100 ' " . C65400 C65500° ° €65800

Coppar, irich Vet témaiideér ™ rémainderf reméirider ~  remainder
Silicon 0.8-2.04 27-34 2.8-3.8 2.8-3.8
Manganese 0.7 max . 0.50~1.3 0.50-1.3
Tin vl 1.2-1.9 - C e
Chromium el 0.01-0.12 .
Zirc, max 1.5 0.5 15 e
Iron, max 08 s 0.8 0.25
Nickef, max e LTI e ag 06
Lead, max T 005 T 006 e 008

A An alloy oortaining as high as 2.6 % silicon is acceptabie providing the sum of
al! named elements other than cmpper sulucon and iran doss not excesd 0.3 %,

7 Temper o

7.1 Tempers available as described in Practice B 601 are
061, 050, HO1, FI03, HO4, HO06, HOR, F 14 and M20.

7. 2 Plat@ specified for Boiler and Pressure Vessel Code
applications shall be furnished in the annealed 061 temper. -

1.3 Plate not specified for Boiler and Pressure Vessel Code
applications 'is>generally .available i the hot-rolled: M20
temper,

8. Mechanical Properties

8.1 Tensile Reguirements—T he tension test shall be the
standard test for all tempers of rolled and annealed and
hot-rolled materials, and acceptance or rejection based on

mechanical properties shall depend only on -the tensile
properties, which shall conform to the requirements pre-

_seribed in Table 2 or Table 3. Tension test spwmen shall be

taken 80 the longimdinal axis of the specimen is parallel to

 the direction of rolling.

8.1.1 For Pressure Vessel Code Applications, the tensﬂe
Tequirements are prescribed in Table 3, )

8.1.2 For general purpose applications, the tensile require-
ments are prescribed in Table 2.

8.2 Rockwell Hardness—Since Rockwell hardness tests
offer a quick and convenient method of checking copper-
silicon alloys of any temper for general wnformny to the
requirements for tensile and strength and grain size, appr0x~
imate Rockwell hardness values and approximate grain sizes
for annealed tempers are given in Tables 2 and 3. This
information, therefore, should be considered as being given
for general mformatwn and assistance in testing only. :

9. Heat Treatment , .

9.1 Parts fabricsted from the rolled tempers of Alloy
C65400 may be Iat treated at 250°C for one h to provide
maximum stress rlaxation resistance at temperatures up to
105°C. A moderat gain in strength is also realized by this
heat treatment. When the material is to be heat treated by
the parts fabricatos, the supplier shall be consulted for advice
on procedure,

10.. Dimensions, Weights and Permi:asible Variations )
10.1 Refes to th appropriate paragraphs in Specification

TABLE 2 Tensiie Strength Requirements and Approximate Rockwell Harchess and Grain Size Values

Ternper Designation STrerleg;E Approximate Reckwell Hardness Approximate Grain ©
StandargA © 7 Formar . MPa . F Seale B Soele Sizs, mm
) , Copper Alloy UNS No. G65100
,L81 3 . Annealed . 260-310 45-55" B 0.050-0.120
‘080 “B7 o Light anneal . 275-345 50-75 - 0,060 max®
O T L Quarte-hard +290-360 PP 48-83 AN
HO2 Half-hard 325395 64--73
HO4 Hard 415486 . T4-82
HOB Extra-hard 460528 7888
HO8 Spring 490545 81-86
i : UNS Nos. C65500 and UNS No. ﬁessoo ) .
061 Annesled? 380-400 70-82 . [ R A L
050 © ULight-anneal 380440 7693 ’ U © 0 0.085 max¢® .
HOY o © o Quarter-hard A14-510 6580
HO2 L Halthard® 496593 79-91 "
Ho4 St Harde 586-683 88-96
U HO8 Extra-hard © 655-752 93-98
HO8 Spring© 703--800 s 94-99
M20 Hot-rolled® 380500 72 min e
ey Hot-rolled, cold-rolied finish 400~-500 Ce 65080
UNS No. G85400 Superficial 30T B Seale .
061 . Annealed” 450-550 Lo .. 0.040 max®
CHOU “Quarter hard? 520620 64-77 72-01 e
HQ2 Half hard4 590-700 75-7¢ 89-95
HoS, - Three-quarter hardA §70-770 - T8 94-97
L. HO4 Cee .. HardA . 745~830 8081 9698
HOB Extra hard4 800870 B1-.82 97-100
HO8 SpringA 855-920 81-82 99101 -
H10 - Extra spring” 900-965 -~ 81 min 100-102
H14 Super spring# 945 min 81 min 101 min

4 Standard designations defined in Practice B 601,

& No minimum grain size requirement is specified, but all annealed material shall be ully recrystalized.
2 Commerclally supplisd only as strip. The manufacturer should be consulted whiere thede tempers are desired in sheet or plate.

P Sea Section 7.2,
. £ See Section. 7.3.
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‘TABLE 3 Tensile Strength Requirements and Approximate Rockwell Hardness and Grain Size Values for Pressure Vessel Applications
: Téam.pér Designation: . Tensite Str@ngfh, Yiéld Stength - Elongation, ?g;g\’:ﬁ:? Agg&g};ﬁ?
.. Standerd? . Former - C MPa MPg rrin®  min %S Hardness mm
Of1 Anngaled 345-460 40 72-92 01102

24 Standard designations defined in Practice B 601
B Stregs correspondmg 0 08% strain..-
& Elongation in 2.In, or 60 mm, -

B Mo minimim grain slze requiretnent is amcmw but all annealed mai;erial shall be fully recrystallized.

B 248M wﬂh particular reference to the followmg tables:
(Exceptions for ASME Pressure Vessel Code applications are
noted). ‘ .

102 Thickness—Refer to T able 2.

10.2.1 For Pressure Vessel Code Applications—The thick-
ness of any plate or sheet shall not be more than 0,25 mm
under the thickness specified.

10.3 Width:

10.3.1 Stit Metal and Slir Mam/ with Rol/a*d Edzes—
Refer to Table 4.

10.3.2 Square-Sheared Metal—Refer to Table 5

10.3.3" Sawed Metal—Refer to Table 6.

104 Length:

" 10.4.1 Schedule of Lengths (Specific: and ‘Stock) with
Ends—Refer to Table 7.

10.4.2 Length Tolerances for SguareSheared Metal—
Refer to Table 8.

10.4.3 L e’ng/h Tolerances for Sawed Metal—Refer 10
Table 9.

10.4.4 Minimum and Maximum Wezghr of Ends—Refer

to Table 10.

10.5 Strazghmess

10.5.1 St Mewal or Shit Metal Eztirer Srrazghlened or
Edge Rolled—Refer to Table 11.

10.5.2 Square-Sheared Metal—Refer to Table 12

10.5.3 Sawed Metal—Refer to Table 13.

10.6 Edges:

10.6.1 Sguare Edges—Refer to Table 14.

10.6.2 Rounded Corers—Refer to Table 15.

10.6.3. Rounded Edges—Refer to Table 16. .

10.6.4 Full-Rounded Edges—Refer to Table 17.

10.7 Weight—Hot-Rolled Sheet and Plate—Refer 1o
Table 18,

10.7.1 For ASME Pressure Vessel Code Applications,

refer to Table 4 of this specification.

11. Workmanship and Appearance
11.1 Refer to the current edmon of Spec1ﬁcauon B 248M

12. Sampling

12.1 Refer to the current edmon of Spemﬂcanon B 248M

13. Number of Tests and Retests
13.1 Refer to the current edition of Speclﬁuatmn B 248M "

14. Specnmen Preparation .
14.1. Refer to the current edition of Spemﬁcatmn B 248M
for the preparation of the appropriate test specimens, .

15, Test Methods

15.1 The chemical composition shall, in case of dmagrce-‘a

ment, be determined as follows .
‘Method " -

Flement

Copper B4R e
Silicon E 34 (Perchlonc Acxd)
Manganese . .. .. . Eez

Tin T E4T8

Chromium . E1I8

Zine . . . E478.

Tron E478

Nickel v B47§ oo
Lead B478 .

15. 2 Mechanical propertles (Tensile, Rockwell and Gram
Size)-Refer to the appropriate test method in Specification
B 248M.

16. Finish

16.1 The material is regularly supphed m the fo]]owmg

finishes:
16.1.1 Black-After hot rol]mg reta:lns all of the o;udes
16.1.2 Plain Pickled—Sulfuric acid pickle only, brick red
oxide. Has cuprous and silicon oxides still adhering, . .
16.1.3 Specially Cleaned—Commercially free of all ox-

TABLE 4 Lot Weight Talerances in Percentage of Theorstical Weight—All Plus . ;;‘w
: Permissible Excess in Average Welght of Lots,

Expressed in Percentage of Normal Weight

Thickness (mm) , T - g
1200 mm Over 1200 to0 Over 1500 to Qver 1800 to “Qver 2500 to 3500 fmi
and Under in 1500 mm in 1800 mmi in 2500 mm in 3000 mm in incl in
Width Wigith Widlth Width  * + Width Widin. .
) S Tdth ..
A0 to 5.0, inol 8.5 8 9 kB oo 00
Over 5.0 to 6.0, incl 6.5 -8 .9 1 12 . e
Over 6.0 to 8.0, incl 6.5 7.75 8.75 kb | o 2. 18
QOver 8.0 1o 10, indl 6.25 7.5 "85 11 12 1807,
Over 1010 12, inel ™~ 3 7 8 10 I L BT DU -3 ;
Over 12 1o 186, incl 575 8.5 75 9. ‘ 10, oL
Quer 18 to 20, incl 5.5 L 6 ) 7 . 3 e R [
Over 20 o 25, incl ' T8 T 5 6.25 7 8 - 9.
Qver 25 to 50, incl 35 4 5 ] 7 i .8,
114
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ides. Has the golden color of the alloy.

16.1.4 Sand Blasted—Commercially free of all oxides.

Has a dull dray color.

17. Significance of Numerical Limits
17.1 Refer to the ¢

18. Impactmn '

18.1 Referto the:gurrent edition of: Spec1f1cat10n B 248M. w

19 Rejection. and Rehearing

"19:1 Refer to the cummt @dmon of Spumﬁcatmn B 248M.

20. Cemﬁcatlon

20.1 Refer to the current edition of Spec1ﬁcat10n B 248M.

21. Mill Test Report
21.1 Refer to the current edition of %pmﬁcatmu B 248M.

22 Packing, Markmg, S)lnppmg and Preservatwn

ent, edmon of Specxﬁcatmn B 248M, )

~.22.1 Refer to the current-edition of Specification B 248M.

23. Supplementary Requirements
© 23.1 Material purchased for agencies of the U S, Govern»

> ment shall also conform to the- requirements-defined in the
' bupplemenwry Requirements of Spec1ﬁcat10n B 248M.

24. Keywords

24.1 copper-silicon alloy plate; copper-silicon alloy sheet;
copper-siticon alloy strip; copper-silicon alloy rolled bar;

copper-silicon alloy pressure vessels; UNS C65100 Flat
Products; UNS €65400 Flat Products; UNS C65500 Flat
Products; UNS C63800 Flat Products -

~ The Amarican Society for T@stmg and Mawrrais mm no posttion respecting the valfoity of any patent rights asserted in conngction - -
with any fterm mantioned in this standard, Users of this standard are expressly advised that determination of the validity of any such ’
patent rights, and the risk of ihfriﬁgement of suéh rights, are entirely thefr own respon_sibiliry. , o

This standard {s sublect to revision at any time by the responsible tschmcal commitiee and roust be rewewed every tive years and
I not revised, either regpproved or withdrawn, Your comments are fnvited elther for revision of this standard or for additfonal standards
and should be addressed to ASTM Heac!quarm& Your comments will receive careful consideration at & meeting of the responsible .-
technical cormmittee, which you may attend. If you feel that your comments have not received a fair haaring you should mak& your
views known to the ASTM Committee on Standards, 1916 Race St., Philadelphla, PA 19703.
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By Authority Of
" THE UNITED STATES OF AMERICA |

Legally Binding Document

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

HEED THIS NOTICE

Criminal penalties may apply for noncompliance.

Document Name:

CFR Section(s):

Standards Body:

Official Incortorator:

THE EXECUTIVE DIRECTOR
OFFICE OF 'THE FEDERAL REGISTER
WASHINGTON,; D.C.
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LGPIM) Designation: C 150 — 99a
|

INTERNATIONAL

Standard Specification for
Portland Cement’

This standaed iy issued under the fixed designation C 150; the nunber immediately following the desigoation indieates the year of
“origingl adoption ot, in the case of tevision, the year of last revision, A number in parentheses indicates the year of Iast reapproval, A
superseript epsiton (€) indicates an editorial change since the Iast revision or reapproval.

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

1. Scope

1.1 This specification covers eight types of portland cement,
as follows (see Note 1):

1.1.1 Type I--For use when the special pmpeltte«. specified
for any other type are not required,

1.1.2 Bype IA--Air-entraining cement for the same uses as
Type I, where alr-entrainment is desired.

1.1.3 Type II—For general use, more especially when mod-
erate sulfate resistance or moderate. heat of hydration is
desired.

1.1.4 Type HA—Air-entraining cement for the same uses as
Type 1¥, where air-cntrainment s desired.

1.1.5 Type UI—For use when high early strength is dcwcd

1.1.6 Type [IA-Air-entraining cement for the same use as
Type IM, where air-entrainment is desired.

1.1.7 Type IV—For use when a low heat of hydration is
desired.

1.1.8 Type V—For use when high sulfate resistance is
desired.

1.2 When both SI and inch-pound units are present, the ST
units are the standard. The inch-pound units are approxima-

tions listed for information only.

1.3 The text of this standard references notes and footnotes
which provide explanatory material. These notes and footnotes
(excluding those in tables and figures) shall not be considered
as requiremenis of the standard.

2. Referenced Documents

2.1 ASTM Standards:
33 Specification for Concrete Aggregates?

C 109/C 109M Test Method for Compressive Strength of

Hydraulic Cement Mortars (Using 2-in. or 50-mm Cube
Specimens)’

C 114 Test Methods for Chemical Analysis of Hydraulic
Cement

C 115 Test Method for Fineness of Portland Cement by the
Turbidimeter?

! This specification is under the jurisdiction of ASTM Comumittee C-1 on Cement
and i3 the direct responsibility of Subcommittee COL10 on Portland Cerent,

Current edition approved Oct, 10, 1999, Published November 1999, Originally
published as C 150~ 40 T. Last previous edition C 150 - 99,

* Annual Book of ASTM Standards, Vol 04.02.

3 Annual Book of ASTM Standards, Vol 04,01,

C 151 Test Method for Autoclave Expansion of Portland

Cement? .

C 183 Practice for Sampling and the Amount of Testing of
Hydraulic Cement®

C 185 'Test Method for Air Content of Hydraulic Ccmcnt
Mortar®

C 186 Test Method for Heat of Hydration of Hydraulic
Cement®

C 191 Test Method for Time of Setting of Hydraulic Ce-
ment by Vicat Needle®

C 204 Test Method for Fineness of Hydraulic Cement by
Air Permeability Apparatus®

C 226 Specification for Air-Entraining Additions for Use in
the Manufacture of Air-Entraining Portland Cement?

C 266 Test Method for Time of Setting of ‘Hydraulic Ce-
ment Paste by Gillmore Needles®

C 451 Test Method for Farly Stiffening of Hydraulic Ce-
ment (Paste Method)®

C 452 Test Method for Potential Expansion of Portland
Cement Mortars Bxposed to Sulfate?

C 465 Specification for Processing Additions for Use in the
Manufacture of Hydraulic Cements®

C 563 Test Method for Optimum SO, in Hydraulic Cement
Using 24-h Compressive Strength®

C 1038 Test Method for Expansion of Portland Cement

 Mortar Bars Stored in Water®

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

3. Terminology

3.1 Definitions:

3.1.1 portland cement—a hydraulic cement produced by
pulverizing clinket consisting essentially of hydraulic calcium
silicates, usually containing one or more of the forms of
calcium sulfate as an interground addition.

3.1.2 air-entraining portland cement--a hydraulic cement
produced by pulverizing clinker consisting essentially of hy-
drautic calcium silicates, usually containing one or more of the
forms of calcium sulfate as an interground addition, and with
which there has been interground an air-entraining addition.

“ Annal Book of ASTM Standards, Vol 14.02.

Copyright @ ASTM [nternational, 100 Bare Harbor Drive, PO Box C700, West Gonshohecken, PA 19428-20560, Unlted States.
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4. Ordering Information 5.1.3 Air-entraining portland cement shall contain an inter-
4.1 Orders for material under this specification shall include ~ ground addition conforming to the requirements of Specifica-
the following: tion C 226.

4.1.1 This specification number and date, , . -
4.1.2 Type or types allowable. If no type is specified, Type 6. Chemical Composition

1 shall be supplied, . ) . 6.1 Portland cement of each of the eight types shown in
4'. 1.3 Any optional chemical requitements from Table 2, if  gection 1 shall conform to the respective standard chemical
desired, requirements prescribed in Table 1. In addition, optional

4.1.4 Type of setting-time test required, Vicat or Gillmore.  chemical requirements are shown in Table 2.
If not specified, the Vicat shall be used,
4.1.5 Any optional physical requirements from Table 3, if Norme 2~-When comparing oxide analyses and caleulated compounds
desired. from different sonrces or from different historic times, be aware that they
‘ ~ may not have been reported on exactly the same basis. Chemical data
Nots 1-~Cement conforming to the requirements for all types are not  obtained by Reference and Altemate Test Methods of Test Methods C 114
carried in stock in some areas. In advance of specifying the use of cement (wet chemisiry) may include titania and phosphorus as alumina unless
other than Iype I, deteemine whether the proposed type of cement is, of  proper correction has been made (see Test Methods C 114), while data

can be made, available. obtained by rapid instrumental methods usnally do not. This can result in

e small differences in the caleulated compounds. Such differences are

5. Additions usually within the precision of the analytical methods, even when the

5.1 The cement covered by this specification shall contain ~ methods are propetly qualified under the requirements of Test Methods
no addition except as follows: C 114,

5.1.1 Water or calcium sulfate, or both, if added, shall be in
amounts such that the limits shown in Table 1 for sulfur
trioxide and loss-on-ignition are not exceeded. 7.1 Portland cement of each of the eight types shown in

5.1.2 Processing additions used in the manufacture of the  Section 1 shall conform to the respective standard physical
cement shall have been shown to meet the requirements of  requirements prescribed in Table 3. In addition, optional
Specification C 465 in the amounts used or greater. physical requirements are shown in Table 4.

7. Physical Properties

TABLE 1 Standard Chemical Requirements

Cement Type? 1 and 1A H and 11A I and HIA v v
Silicon dioxide (S10g), min, % 20.05°
Aluminum oxide (Al,0,), max, % 6.0
Ferric oxide (FeOg), max, % 8.0%¢ 6.5
Magnesium oxide (MgC), max, % 6.0 6.0 6.0 6.0 6.0
Sulfur trioxide (803),” max, %

When (C4A)E is 8% of less 3.0 ) 3.0 3.5 2.3 2.3
When (C5A)F is more than 8 % 3.5 b 4.5 = “
Loss on ignition, max, % 3.0 3.0 3.0 2.5 3.0
Insoluble residus, max, % 0.76 0.75 0.75 0.75 0.75
Tricalcium silicate (C48),F max, % a5 w“
Dicalcium sllicate (C,3),% min, % 407
Tricalcium aluminate (CoA)E max, % 8 15 i 5¢
Tetracalolum aluminofetrite plus twice the tricalcium aluminate® (C,AF 4 2(C,A)Y), 25¢

ot solid solittion (C,AF + CyF), as applicable, max, %
4 See Note 1.

Z Does not apply when the heat of hydration limit in Table 4 is specified.

©Does not apply when the sulfate resistance limit in Table 4 Is specified.

PThere are cases where optimum SQg{using Test Method G 563) for a particular cement is close to of in excess of the limit in this specification. n such cases where
properties of a cement can be improved by exceeding the SO, limits stated in this table, it is permissible to exceed the values in the table, provided it has been
demonstrated by Test Method C 1038 that the cemant with the increased SOg will not develop expansion in water exceeding 0.020 % at 14 days. When the manufacturer
supplies cement under this provision, he shall, upon request; supply supporting data to the purchaser.

E All values caleulated as desciibed in this note shall be rounded according to Practice E 28, When evaluating conformance to a specification, round values fo the same
number of places as the corresponding table entry before making comparisons. The expressing of chemical fimitations by means of calculated assumed compounds does
not necessarlly mean that the oxides are aclually or entirely present as such compounds.

Wher expressing compounds, C=Ca0, 8=8I0, A= AlO,, F = Fay0y. For example, CaA = 3Ca0- AI.;OS

Titanium dioxide and phosphotus pentoxide (TIO, and PyOg) shall not be included with the Al,O4 content. See Note 2.

When the ratio of parcentages of aluminum oxide to ferric oxide is 0.64 or more, the parcentages of tricalcium sificate, dicalcium silicate‘ tricalcium aluminate, and
tetracalcium aluminofertite shall be calculated from the cheminal analysis as follows:

Tricalclum silicate = (4.071 X % CaQ) ~ (7.600 X % SiQp) - (6.718 X % A0S} ~ (1430 X % Fe,Og) ~ (2852 X % 80y)

Dicaloium sllicate = (2.867 X % S810,) — (0.7544 X % C,8)

Tricalcium aluminate = (2,650 X % Al,O,) — (1,692 X % Fo,04)

Totracaloium aluminofertite = 3.043 X % Fe,0y

When the alumina-ferric oxide tatio is less than 0.84, a calcium aluminoferrite solid solution (expressed as ss(CAF + CyF)) is formed. Contants of this aolid solution and
of tricalcium silicate shall be caleulated by the following formulas:

38{C4AF + CyFF) = (2,100 X % AlyOy) -+ {1,702 X % Fe,0q)

Tricalcium silicate = (4.071 X % Ca0) - (7.600 X % Si0y) ~ (4479 X % AlOg) - (2,859 X % FogQg) — (2,852 X % 80,).

No tricalcium atuminate will be present in cements of this composition. Dicalcium silicate shall be calculated as previously shown,

F Not applicable,
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TABLE 2 Optional Chemical Requirements”

| and 11 and i and
Cement Type A HA WA \% v Remarks
Tricalclum aluminate (CyA),® max, % 8 S for moderate sulfate resistance
Tricalciim alurinate (C4A),® max, % 5 for high sulfate reslstance
Sum of tricalcium sificate and tricalcium 58° for moderate heat of hydration
aluminate,” max, %
Equivalent Alkalies (Na,O + 0.858K,0), max, % 0.60% 0.807 0.607 0.607 0.607 fow-alkall cement

A'These optlonal requirements apply only when specifically requested. Verify availabllity before ordering, See Note 1 in Section 4.

. B Allvalues caloulated as doscribed In this note shall be rounded according to Practice E 29, When evaluating conformance to a specification, round values to the same
number of places as the corresponding table entry before making comparisons, The expressing of chemical limitations by means of calculated assumed compounds does
not necessarily mean that the oxides ara actually or entirely present as such compounds.

When expressing compounds, C = Ca0, 8= 810y, A = AlOy, F = Fg,04. For example, CaA = 3Ca0-Al,0q.

Titanium dioxide and phosphorus pantoxlde (Ti0, and P,0,) shall not be included with the Al,Oq content. See Note 2.

When the ratio of percentages of aluminum oxlde to farric oxide Is 0,64 of more, the percentages of tricaloium sllicate, ciicalium silicate, tricalolum aluminate, and
tetracalcium aluminoferrite shall be caleulated from the chemical analysis as follows:

Tricalcium silicate = (4.071 X % CaQ) - (7.600 x % Si0p) ~ (6,718 X % AlOg) - (1430 X % Fay0s) - (2,852 X % 80;)

Dicalcium silicate = (2,867 X % Bi0,) ~ (07844 X % (,8)

Trlcalclum aluminate = (2.650 X % Al,Og) — {1,602 X % Fe,Qg)

Tetracaloium atuminoferrite = 3.043 X % FeuO4

Whon the alumina-ferric oxide ratlo is less than 0.64, a calclum aluminaferrite solid solution (expressed as s (C,AF + CoF)) is formed. Contents of this solid selution
and of tricalcium sificate shall be caleulated by the following formulas:

8S(CAF + CoF) = (2,100 X % AlyOg) + (1.702 X % Fe,Og) )

Tricalcium silicate = (4,071 X % Ca0) - (7,800 X 7% SlOu) ~ (4.479 X % AlOy) ~ (2,859 X % FepUy) - (2.862 X % 8504}

No tricalclum aluminate will be present in cements of this composition. Dicalgium silicate shall be calcilated as previously shown,

©The optional limit for heat of hydration in Table 4 shall not be requested when this optional fimit is requested.

? 8pecify this limit when the cement Is to be usad In concrets with aggregates that are potentially reactive and no other pravisions have been made to protact the concrate
from deleteriously reactive aggregates. Refer to Specification C 38 for information an potential reactivity of aggregates.

TABLE 3 Standard Physical Requirements

Cement Typa t 1A [} A th HIA v A
Air content of mortar,” volums %: .
max 12 22 12 22 12 22 12 12
min . 16 16 16
Fineness,® specific surface, m%/kg (altermative methods): :
Tutbidimeter test, min 160 160 160 160 160 . 160
Air permeability test, min 280 280 280 280 280 ' 280
Autoclave expansion, max, % © - 080 0.80 0.80 0.80 0.80 0.80 0.80 0.60

Strength, not 1ess than the vaiues shown for the ages
inticated as followe:”
Compressive strength, MPa, (psi):

1 day 12.0 10,0
(1740} (1450)
3 days 12.0 10.0 -10.0 8.0 24.0 19.0 8.0
{1740) {1460) (1450) (1160) (3480} (2750) (1160)
7,08 6.0
(1020) (870)F
7 days 19.0 16.0 17.0 14.0 7.0 15.0
(2760) (2320) (2470) (2030) {1020) (2180)
12,08 9.0¢
(17405 (1310)F
28 days 17.0 21.0
: o (2470) (8080)
Time of setting {alternative methods).” ’ '
Gillmore test: '
Initial set, min, hot legs than 80 60 60 60 80 . 60 60 60
Final set, min, not more than 600 600 600 600 600 800 800 600
Vicat tost:?
Titme of setting, min, not less than 48 48 45 45 45 485 45 45
Time of seiting, min, not more than 375 875 ars 875 378 3875 375 ars
A See Note 1.

5 Compliance with the requirements of this specification does naot necessarily ensure that the desired air content will be obtained In concrate.

© The testing laboratory shall seiect the finaness method o be used, However, when the sample falls to meet the requirements of the air-permeabllity test, the
turbidimeter test shall be used, and the requirements in this table for the turbidimettic method shall govern. .
. PThe strength at any specified test age shall be not less than that attained at any previous specified test age.

£ When the aptional heat of hydration or the chemical imit on the sum of the tricalcium sliicate and trcalcium aluminate is specified.

FThe time-of-setting test required shall be specified by the purchaser. In case he does not so speclfy, the requirements of the Vicat test only shall govern.

% The time of setting is that describad as initlal setting time in Test Method C© 191,
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TABLE 4 Optional Physical Requirements”

Cetnent Type* | 1A I 1A n A v v
False set, final penstration, min, % 50 50 50 [1¢] 50 50 &0 50
Heat of hydration:
7 days, max, kifkg (calig) 200 (70)¢ 290 (70)F 250 (80)¢
28 days, max, kd/kg (calg) 290 (70)°
Strength, not less than the values shown:
Gomprossive strength, MPa (psi)
28 days 28.0 22.0 28.0 22,0
(4060) (3190) (4060) (3180)
22,0% 18.0%
3190)° (2610)°
Sulfate resistance,” 14 days, max, % expansion WE LE 0.040

4 These optional recuirements apply only when specifically requested, Verify availability before ordering. See Note 1 in Section 4.

B The optional limit for the sum of the trcaleium silicate and tricalcium aluminate in Table 2 shall not be teguested when this optional limit is requested. These strength
requirements apply when either heat of hydration or the sum of tricalcium silicate and tricalcium aluminate requirements are requested.

€ When the heat of hydration limit is specified, it shall be instead of the limits of C88, €28, C8A, 8I0,, and Fe,Oy listed In Table 1.

P When the sulfate resistance is specified, it shal be instead of the imits of CaA, C4AF + 2 Cah, SI0,, and Fe,0, listed in Table 1.

£ Cement meeting the high sulfate resistance limit for Type V are deerned to meet the moderate aulfate resistance raguirement of Type I,

8. Sampling

8.1 When the purchaser desires that the cement be sampled
and tested to verify compliance with this specification, perform
sampling and testing in accordance with Practice C 183.

8.2 Practice C 183 is not designed for manufacturing quality
control and is not required for manufacturer’s certification.

9. Test Methods

9.1 Determine the applicable properties enumerated in this
specification in accordance with the following test methods:

9.1.1 Air Content of Mortar—Test Method C 185.

9.1.2 Chemical Analysis—Test Mcthods C 114,

9.1.3 Strength—Test Method C 109.

9.1.4 False Set—Test Method C 451.

9.1.5 Fineness by Air Permeabiliry—Test Method C 204,

9.1.6 Fineness by Turbidimeter—Test Method C 115,

9.1.7 Heat of Hydration—Test Method C 186,

9.1.8 Autoclave Expansion—Test Method C 151,

9.1.9 Time of Setting by Gillmore Needles—Test Method
C 266.

9.1.10 Time of Setting by Vicat Needles—Test Method
C191.

9.1.11 Sulfate Resistunce—Test Method C 452 (sulfate ex-
pansion).

9.1.12 Culcium Sulfate {(expansion of) Mortar-Test

Method C 1038,
9.1.13 Optimum $O,—Test Method C 563.

10. Inspection

10.1 Inspection of the material shall be made as agreed upon
between the purchaser and the seller as part of the purchase
contract.

11. Rejection

L1.1 The cement shall be rejected if it fails to meet any of
the requirements of this specification.

11.2 At the option of the purchaser, retest, before using,
cement remaining in bulk storage for more than 6 months or
cement in bags in local storage in the custody of a vendor for
more than 3 months after completion of tests and reject the
cement if it fails to conform to any of the requirements of this

specification. Cement so rejected shall be the responsibility of
the owner of record at the time of resampling for retest.

11.3 Packages shall identify the mass contained as net
weight. At the option of the purchaser, packages more than 2 %
below the mass marked thereon shall be rejected and if the
average mass of packages in any shipment, as shown by
determining the mass of 50 packages selected at random, is less
than that marked on the packages, the entire shipment shall be
rejected.

12. Manufactarer’s Statement

12.1 At the request of the purchaser, the manufacturer shall
state in writing the nature, amount, and identity of any
air-entraining addition and of any processing addition used,
and also, if requested, shall supply test data showing compli-
ance of such air-entraining addition with Specification C 226
and of such processing addition with Specification C 465.

13. Packaging and Package Marking

13.1 When the cerment is delivered in packages, the words*
Portland Cement,” the type of cement, the name and brand of
the manufacturer, and the mass of the cement contained therein
shall be plainly marked on each package. When the cement is
an gir-entraining type, the words “air-entraining” shall be

- plainly marked on each package. Similar information shall be
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provided in the shipping documents accompanying the ship-
ment of packaged or bulk cement. All packages shall be in
good condition at the time of inspection.

Nore 3—With the change to SI units, it is desirable to establish a
standard ST package for portland cements, To that end 42 kg (92.59 1b)
provides a convenient, even-numbered mass reasonably similar to the
traditional 94-1b (42.6384-kg) package.

14. Storage

14.1 The cement shall be stored in such a manner as 1o
permit easy access for proper inspection and identification of
each shipment, and in a suitable weather-tight building that
will protect the cement from dampness and minimize ware-
house set.
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15. Manufacturer’s Certification 16. Keywords

15.1 Upon request of the purchaser in the contract or order, 16.1 hydraulic cement; portland cement; specification
a manufacturer’s report shafl be furnished at the time of '
shipment stating the results of tests made on samples of the
material taken during production or transfer and certifying that
the cement conforms to applicable requirements of this speci-
fication,

 ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentfoned
In this standard. Users of this stahdard ate expressly advised that determination of the validity of any siich patent rights, and the risk
of Infringement of such rights, are entirely thair own responsibilty. )

This standard is subject lo revision at any time by the rasponsible technical committes and must be reviewed every five years and
it not revised, efther reapproved or withdrawn, Your comments are invited efther for revislon of this standard or for additional standards
and should be addressad to ASTM International Headquarters. Youur comments will recelve careful consideration at & meating of the
responsible tachnical committes, which you may attend, If you feel that your comments have not recolvad & falr hearing you should
make your views known io the ASTM Committes on Standards, at the address shown below.

This standard is capyrighted by ASTM international, 100 Ban Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at Ihe above
address or at 810-832-9585 (phone), 610-832-0555 (fax), or service@astm.org (e-mell); or through the ASTM website

(www.asim.org).
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