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qgn’ Designation: B 111 - 95

. Standard Specification for

' ‘Ferrule Stock"‘

an

" Copper and Copper-Alloy Seamiess Condenser Tubes and

** This standard is jssued under the fixed designation B 111; the number immediately following the designation indicates the year of
© original adoption or, in'the case of revision, the year of last revision. A sumber in parentheses indicates the year of last reapproval, A .
superscript epsilon (¢) indicates an editorial change since the last revision or reappmval

This standard has been approved for use by agencies of the Departrent of Defense. Replaces WW.T-756, Consult the DoD Index of '
- Specifications and Standards for the specific year of issue which has been adopted by the Department of Defense.

1 Scope

éconc‘ems, 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 applzcabzhzy of
regulatory limitations prior to use.

1.1 This specification? covers seamless tube and ferrule
stock of copper and various copper alloys up to 3% in.,
inclusive, in diameter, for use in surface condensers, evapo-
rators, and heat exchangers, Tubes for this application are

normally made from the following coppers or copper alloys:> 2. Referenced Documents

Cgpogep‘;fr Previously 2.1 The following documents of the issue in effect on date 1
“Alloy Used ) of material purchase form. a part of this specification to the i
UNSNo.  ‘Designation . Type of Mital extent referenced herein: j
C10100 OFE Oxygen-free eloctronic 2.1.1 ASTM Standards. |
,C10200 or4 Oxygen-free without residual deoxidants |
Cio300 Oxygen-fiee, extra low phosphorus B 153 Test Method for Expansion (Pm Test) of Copper
© C10800 . Oxygen-free, low phosphorus and Copper-Alloy Pipe and Tubing*
12000 DLPA Phosphorized, low residual phosphorus B 154 Test Method for Mercurous N1 tratc Test for Copper .
C12200 DEPp4 Phosphorized, high residual phosphorus and Copp@r Al llOVS“
14200 DPAS Phosphorized, arsenival ~
19200 Phosphorized. 1 % iron B 170 Sg)eft_,mcmé)l? foa Oxygemml*mc E)lectml ytic Cop»
€23000 Red Brass per—Refinery Shapes |
gggm Muntz Metal B 224 Classification of Coppers* |
st Admiralty Metals, B, G, s0d D - E 8 Test Methods for Tension Testing of Metal,hc Mdtﬁ«
44500 rials?
060800 Aluminum Bronze E 29 Practice for Using Significant Digits in Test Data to !
51300 v Determine Conformance with Specifications®
v Alumizum Bronze, D E 53 Test Methods for Chemical Analysis of Copper”
C68700 Aluminam Brass, B €Sl CUoas 1or emlc 1. ySlS &) Qpper !
C70400 95-5 Copper-Nickel E 54 Test Methods for Chemical Analysis of ‘Special i
C0600 '90-10 Copper-Nickel Braqqes and Bronzes’ ‘
g;}‘;gg ‘ 28%8 ﬁﬁgxfmtﬁ: E 55 Practice for-Sampling Wrought Nonferrous Metals ;;
CT1640 Copper-nickel-iron-manganese and Alloys for Detennlmnon of Chemical Compo- }
C72200 ... sition |

< Designations listed in Classification B 224,

Norg 1—A complete metric companion to Specification B 111 has
been developed—B 111M; therefore, no metric equivalents are pre-

sented in this specification.

NoOTE 2—Warning: Mercury isa deﬁmte health hazard in use and

disposal. (See 12.1.)

1.2 The following saf”ety hazards caveat pertaing only to
the test methods portion, Section 18, of this specification;
This standard does not purport to address all of the safety

This specification is under the jurisdiction of ASTM Committes B-5 on
Copper and Copper Alloys and is the direct responsibility of Subcommaittee BOS.04
on Pipe and Tube,

Current edition approved June 15, 1995, Published August 1995. Originally
published as B 111 - 37 T. Last previous edition B 211 - 93.

2For ASME Boiler and Pressure Vessel Code applications, see related
Specification SB-111 in Section 11 of the Code.

¥ The UNS syster for copper and copper alloys {see Practice & 327 is & sioaple
expansion of the former standard designation system accomplished by the addition
of a prefix “C” and a soffix “00.* The suffix can be used to aceommodate
composition variations of the base alloy.

E 62 Test Methods for Chemlcal Analysis of Copper and
Copper AHoys (Photometric Methods)”

E 75 Test Methods for Chemical Analysis of Copper-
Nickel and Copper-Nickel-Zinc Alloys”

E 112 Test Methods for Determining Average Grain Size®

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

E 478 Test Methods for Chemical Analym of Copper
Alloys”

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

3. Terminology

3.1 Definitions:

% dnnual Book of ASTM Standards, Vol 02.01.

3 Annual Book of ASTM Standards, Vol 03,01,

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

7 dnnual Book of ASTM Standards, Vol 03,05,
8 Annual Bovk of ASTM Standards, Vol 03,03,

¥ Annual Book of ASTM Standards, Vol G1.01.

139
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dh 8111

TABLE 1 Chemical Requirements

Copper Composition, %
or Cop- e Miokel . o Other
ar Allo A Alumi- " Lead, . Man- L Anti- - Phog. - 0 Chroe

Ons NOy Gopper® b ™o _ndm- ‘pﬁaﬁ? - max 0 A ganese Ar§em<: mony  phorus  ‘mium Eﬁmenis

C10100 - 89,99 min® ies e . 0.0010 v 0.0001 max v - e 0.0003 max ¢

C102007  £0.95 min cee o e

G10300 99,96 min® 0.001-0.005 ;

C10800  £89.95min” e Lo e s vey o B005-0.012 :

G12000  $9.80.min .. Vi 0.004-0.012 [N Py s

C12200° 99.9 min . S L0 00150040 ...

C14200 ©9.40 min P s cal P Cea I cel 0.15-0.50 . 0.015-0.040" ... e .

C19200 987 min .0 el llws e T aas L 0.8-1.2 0.01-0.04 .. ... !

C28000 84.0-860 ... St - 008 0.05 max  remainder . o . B RN e ‘

©28000  59.0-63.0 . N . 0.80 0.07 max  remainder P N Vs vee . e .

C44300 70.0-73.0 0912 e cen 0.07 0.06 max  remainger P 0.02~0.08 e e P Cen ;

C44400 ~ 70.0-73.0 0912 ... 0 LY 0,07 . 0.08max remaincer . . 0.02-0.10 e e o :
» C44500 ° 70.0-73.0 0.9-1.2 . PN Y 0.07 . 008 max remainder e Can s 0.02-0.10 - C e i

C60800 . remainder ... 50-65 .. ... 0.10 0.10 max oo Ll 002-035 ... o R .
" CA1300 © remainder 0.20-050 6.0-75 . 015max 001 = 20-30 010max 020max ... PEGEY L S BG .o ;

CE1400  remainder i 8.0-8.0 1 G.o 00 1.5-35 020max 1.0 max e ey ce Y T e i

Ca8700  76.0-79.0 ves 1.8-2.5 Vo 0.07 0.06 max  remainder oo 002010 ces cee e

C70400  remainder e voe . 4862 . 005 13-1.7 1.0max  0.30-0.8 e cen fes PR N

C70600 remainder o e 9.0-11.0 0.05" 10-1.8 1.0max” 1.0 max Ll e HoOO L0 HT i
 C71000  remainder e s 19,0-23.0 0.057 .. 0.50-1.0 1.0max¥ 1.0 max H H :

C71500 ~ remainder ™ ... .. 290-83.0 0057 040-1.0 1.0max¥ 1.0 max H H q

C71640  remainder e L 29.0-32.0 0057 1.7-23 tO0max? 1.5-25 ven . LA e - K

C72200  remainder o w. 15.0-180 ‘O 05H.  050-1,0 10max” 10max: - ...~ . H 0.80-0.70 - .M,

A Copper (including silver).

B This value is exclusive of silver and shall be determined by dcfference of “impurity total” from 100 %. “Impunty total? is defiried as the sum crf sulfur, silver, Iead tin,
bismuth, arsenic, antimony, iron, nickel, mercury, zing, phosphorus, selenium, tellurium, manganese, cadmiumm, and oxygen present in the sample.

© Impurity maximums in ppm for G10100 shall be: antimony 4, arsenic 5, bismuth 1, cadmium 1, iron 10, Jead 5, manganese 0.8, mercury 1, nickel 10, oxygen 5,
phosphorus 3, selenium 3, silver 26, sulfur 18, teflurium 2, tin 2, and zinc 1.

2 Oxygen i C10200 shall be 10 ppm max. .-

£ Copper plus sum of named elements shall be 99 95 % rnin

7 gilicon shalf be 0.10 % max. ' '

& When the product is for subsequent welding appiications and is so specified by the purchaser, ohromlum shall ba 0.05:% maix, cadmiwm 0. 05 % max, zinc O 05 % max,
and zirconium 0.05 % max.

H\When the product is for subsequent welding app!vcanons and so specrﬁed by the purchaser, zinc shall be 0.50 % niax, lead 0.02 % max, phosphorus 0.02 % max,
sulfur 0.02 % max, and carbon 0.05 % max. } .

3.1, 1 lengths—straight pieces of the product. 4,1,5 Whether tension test is required (Section 7),: K
3.1.1.1 specific—siraight lengths that are uniform in length, 4.1.6 Whether a pressure test is to be used instead of the !
as specx,ﬁed and subject to established length tolerances. eddy current test (see 13.1), !
3.1.2 tube, seamless—a tube pmduced with a con‘anuom 4.1.7 Dimensions, the diameter, wall thickness, whether
periphery in all stages of the operations. minimum or nominal wall, and length (see Section 14),
3.1.2.1 tube, condenser—See tube, heat exc hanger 4.1.8 ‘Whether cut ends of the tube are to be deburred (see |
3.1.2.2 tube, ferrule—a tube from which metal rings or  15.1), ‘ o
collars (ferrules) are made for use in.installing condenser 4.1.9 If the product is to be subsequenﬂy welded (see ‘
tubes. ‘ ‘ ' Table 1 and Footnote E). .
. 3.1.2.3 wbe, heat exchanger—a tube manufactured to . 41,10 Specification number mci year of i mwe
special r@qulremﬁnts as 10 dimensional tolerances, finish, 4.1.11 Certification, if required: (sce 22,1}, and
and temper for use in condensers and other heat exchangers. 4,1.12 Mill test report, if required (see 24. l)
3.2 Description of Term Specific to This Standard: 4.2 When material is purchased for agencies of the U. S

3.2.1 capable of—the test need mot be performed by the  Government, this shall be specified in the contract or 1
pmducw of the material. However, should subsequent  purchase order, and the material shall' conform to. the :
testing by the purchaser establish that the material does not  Supplementary Requirernents as defined herein. ...
meet these requirements, the material shall be subject to ‘ ‘ .

rejection, 5. Materials and Manufacture ‘ ‘ g
: 5.1 The material shall be of such quality and purity that ‘
4. Ordering Information the finished pmduut shall have the properties and character-

istics prescribed in this spemﬁcanon, and. shm[l bx, cold

410 d ification. shall
rders for material under this Spc01 cation worked to the specified size.

include the following information:
4.1.1 Quantity of each size (mumber of p1eces and number

of feet), , 3 6. Chemical Composition . o ‘ ;
4.1.2 Material (Section 1), . S 6.1 The material shall conform to the clwmma] requucw

4 1.3 Form (tube or ferrule stock), ‘ R menis specified in Table 1. . ‘
4.14 Temper (Sectlon 7), e ‘ ‘ " 6.2 These specification limits do not preclude the pres- ii
140 B
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b B 111
- TABLE 2 Tensile Requirements
Temper Designation Tensile Yield ) .
Copper o Copmr Alloy UNS No, e e 9 Strength, Btrength, & g"izgam?;"
Standard Former minkstA ... .~ .minksia .. ERWIINA
C10100, C10200 €10300, 10800, C12000, H55 light-drawn 86 oo 30
. 12200, C14200, . . . e et - e e e
C10100, G10200, C10300, 10800, G12000, 'H80 hard-drawr -~ - 45 A0
12200, C14200 L
19200 HE5 light-crawn 40 35
G18200 - HBO v hard-drawn . 48 43
C18200 - 061 annealed. 38 12
€23000 ° 061 “annealed 40 12
C28000 - 061 annealed 50 20
(44300, C44400, C44500 061 anngsaled 45 18
60800 061 annesled 50 ’ 19
G61300, C61400 061 annealed 70 30
C88Tn Q61 annealed i 50 18
C70400 - 061 annealed ' 38 12
C70400 HB5 light-drawn . 40 30
C70600 0861 annealed 40 15
70800 B © light-drawn 45 (o o8B . T
C71000 061 amealed - - 45 18
C71600 081 anhealed . " 52 18
C71500: T
Wall thicknesses up 1o 0.048 in., incl HRA50 drawn, stress-relieved 72 50 12
Wall thicknesses over 0.048 in. HR&0 drawn, stress-relieved 72 50 15
C71640 061 annealed 63 25 P
C71640 .. HRB0 drawn, siress relieved 81+ o w58
C72200 061 annealed E 45 16
C72200 Co HBBY light-ciraven ) 80 oo v B0
A kst = 1000 psi.
& At 0.5 % extension under load.
ence of other elements. Limits for unnamed elements may be 7 Temper

established by agreement between manufacturer or supplier
and purchaser,

6.2.1 Copper Alloy UNS No. C]9200~Copper may be
taken as the difference between the sum of all the elements
analyzed and 100 %, When all the elements in Table [ are
analyzed, their sum shall be 99.8 % minimum.

6.2.2- For copper alloys in which copper is spemﬁed as the
remainder, copper may be taken as the difference between
the sum of all the elements analyzed and 100 %. o

6.2.2.1 When all the clements in Table 1 are analymd
thieir surn shall be as shown in the following table.

Copper Alloy Copper Plus Narmed
UNS No. " Elements, % min.
C60800 ' 99.5
61300 99.8
C61400 99.5
C70400 9 995
C70600 - 9.5
C71000 99.5
C71500 99.5
C71640 . 995 .
C12200 99.8

"6.2.3 For copper alloys in which zine is specified as the
rémainder, either copper or " zinc may be taken as the
difference between the sum of all the ¢leménts- analyzed and
100 %.

6.2.3.1 When all the clements in Table 1 are analyzed,
their sum shall be as shown in the foilowmg table.”

Copper A]on ’ "~ Copper Plus Naméd *
.. UNS No. . Elements, % min |

C23000 99.8

C28000 1997 -
C44300 . 99.6

4400 oo 996 ¢
C44500 996

C68700 1 199.5

141

7.1 Tubes of Coppcr Aﬂoy UNS Nos. (,23000 CQSOOO
44300, C44400, C44500, C60800, €61300, C61400,
68700, and C71000 shall be furnished in the annealed ()
temper unless otherwise specified on the purchase order.,

7.2 Tubes of Copper Alloy UNS Nos.. C71500 and
71640 shall be supplied in one of the followmg tempcrs as
spemﬁed ¥))] annealed (O) or (2 drawn, stress—reheved
(HR50).

7.3 Tubes of Copper Alloy UNS N()*; (310100 (‘102()0
10300, €10800, C12000, C12200, and C14200 shall be
sepplied in any one of the following tempeis; one of which
shall be specified: (1) light-drawn (H53), (2} haid-drawn
(H80), or (3) hard-drawn, end-annealed. L

7.4 Tubes of Copper Alloy TUNS No. C19200 shall be
supplied in any one of the following tempers; one of which
shall be specified: (1) annealed (0), (2) light-drawn (HSS), (3)
hard-drawn (H80), ot (4) hard-drawn, end-annealed... .= =

7.5 Tubes of Copper Alloy UNS Nos. C70400, C70600;
and C72200 may be supplwd in mth«:r hghtwdmvm (II‘S5) or
annealed (O) temper. ‘

7.6 Tubes for ferrule stock: shall be dnnealed suﬂicmmly
to be fully reerystallized. . o

NoTe 2—Some tubes, when subjecied to aggressive environments,
may be subjected to stress-corrosion cracking failure because of the
residual temsile streises developed in straightening. For such applica-
tions, it is suggested that tubes of Copper Alloy UNS Nos, C23000,
(28000, C44300, C44400, C44500, £60800, C61300, C61400, and
C68700 be subjected to a stress-relieving thermal treatmeént subsequéni
to strightening, [f required, this roust be specified on the purchase order
or gontract. Tolerances for roundsiess and length, and the condition of
straightness, for tube so ordered, shall be to the requlrements agreed
upon between the manufacturer and the purchaser. . . .

PRO_00092180
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@ B 111

_ TABLE“3‘ Expansion Requirements

Temper beﬁignatim L Expension of
Bl s ; Tube Outside Di-
e - Gopper or Goppar ameter, in Percent
e Alloy UNS No. of Original OUt-
Standard T Former o : “sidle Diameter
081.. annealed | . . : ©18200: . .. 80
’ CR3000 .20
G s C26000 o 15
e C44300, C44400, CA4500 R 20
80800 20
£61300, C61400 sl 20
68700 ’ 20
C70400 a0
o CT0600 30
g C71000 30
CT1500 30
C71640 30
€72200 ‘ 30
HE5 light-cirawn 10100, C10200, C10300, C10800, C12000, C12200 20
C14200 20
19200 20
C70400 20
C70600 20
) CQre200 20
HR50. drawn, stress relieved: L L1500 20
e ’ 640 : 20
hard-drawn, end annealed - €10100, C10200, ©10300, C10800, C12000, C12200, G14200 30

8. Mechanical Properties
8.1 Material specified to meet the requirements of the

ASME Boiler and Pressure Vessel Code shall have tengile
properties as prescnbed in Table 2. ‘

9. Microscopical Examination

9.1 Samples of annealed-temper tubes selected for test
shall be subjected to microscopical examination, at a magni-
fication of 75 diameters and shall show uniform and
complete recrystallization. Materials other than Copper
Alloy UNS Nos. C19200 and C28000 shall have an average
grain size within the limits of 0.010 to 0.045 mum. These
requirements do not apply to tubes of light-drawn (H55),
hard-drawn . (FI80), hard-drawn, end-annealed, or drawn,
stress-relieved tempers (FHHRS50).

10. Expansion Test

10.1 Tube spmmmw selected for test shall WLthatmd the
expansion shown in Table 3 when expanded in accordance
with Test Method B 153. The expanded tube shall show no
cracking or rupture visible to the unaided eye.

Nore 3—~The term “unaided eye” as used herein permits the use of
corrective spectacles necessary to abtain normal vision.

10.2 Hard-drawn tubes not end-annealed are not subject
to this test. When tubes are specified end-annealed, this test

TABLE 4 Notch Depth
Tube Quiside Diameter, in,

" Tube Wall Thickness,

. OverVato  Over%ts  Overivto
’ 4, ingl 114, incl 3, inc!
‘Qver 0.017-0.032 0.005 0,006 0.007
T el 0.082-0.049 -.008 0.006 10,0075
o Ingl 0,049-0.083 . 0.007 D.0075. © 0,008
: Ingl 0.083-0.109 © 6.0075 0.0085 Q.0088

incl 0.109-0.120 . 0009 . 0009 . 001

is required and shall be made on the annealed ends.
10.3 Tubes for ferrule stock are not saubject io the expan-
sion test,

11. Flattening Test

11.1 Test specimens at least 18 in. in length in the
annealed condition shall be ﬂattened on different elements
throughout the lengths remaining after specimens for the
expansion and metallographic tests have been taken. Each
element shall be slowly flattened by one stroke of a press.
The term “flattened” shall be, interpreted as follows: a
micrometer caliper set at three times the wall thickness shall
pass over the tube freely thmughout the flattened part except
at the points where the change in element of flattening takes
place. The flattened elements shall not show cracking or
rupture clearly visible to the unaided eye (Note 3). When
tubes are specified in a temper other than annealed this test is
required but shall be made on annealed specimens.

11.2 Tubes for ferrule stock are not subject to flattening
test. ‘

12. Mercurous Nitrate Test . ‘

12.1 Warning—Mercury is a definite health hazard: and
therefore equipment for - the. detection and removal -of
mercury vapor produced in volatilization is recommended,

TABLE & Diameter of Drilledi Holes

: : Dharneter of )
Tube Ouiside Diameter, in, Drilled Holes, Drifl No.
in. :
a3/, Incl 0.025 - - 72
Over ¥~1, incl 0.031 68
Over 1114, ingl 0.036 . 64
Qver 1a~112, Incl 0.042 68
Over 1%-1%4, incl 0.046 RSN 56
Over 1%4=2, incl 0.052 . 55

PRO_00092181
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The use of rubber gloves in testing is advisable. -

12.2 The test specimens, cut 6 in, in length, shall with-
stand -without cracking, an  immersion in the standard
mercurous nitrate solution prescribed in Test Method B 154,
The test specimen. shall include the finished tube.end. The
mercurous nitrate test is required only for Copper Alloy
UNS: Nk, . €23000; -C28000,  C44300, - C44400, (,)44500
L60800 C‘61300", '61400 and. (,68700

13 Nondestructlve Testmg

13.1 Each tube shall be subJected to the eddy-current test
in. 13.1.1. Tubes may be tested in the final drawn, annealed,
or heat-freated temper or in the drawn teniper prior to the
final anneal or heat treatment unless otherwise agréed upon
by the supplier and the purchaser. The purchaser may
specify either of the tests in 13.1.2 or 13.1.3 as an alternative
to the eddy-current test.

13.1.1 Eddy-Curremt Test—Fach_ tube shall bu passed
through an eddy-current testing unit adjusted to provide
information on the suitability of the tube for the intended
application. Testing shall follow the procedures of Practlce
E 243,

13.1.1.1 Thu depth of the round-bottom transverse
notches and the diameters of the drilled holes in the
calibrating tube used to adjust the sensitivity of the test unit
are shown in Tables 4 and 5, respectively.

13.1.1.2 Tubes that do not actuate the signaling device of
the eddy-current tester shall be considered to conform 1o the
requirements of this test. Tubes causing irvelevant signals
because of moisture, soil, and like effects may be recondi-
tioned and retested. Such tubes, when retested to the original
test parameters, shall be considered to conform if they do not
cause output signals bevond the acceptable limits, Tubes
causing irrelevant signals because of visible and identifiable
handling marks may be retested by the hydrostatic test
prescribed in 13.1.2, or the pneumatic test prescribed in
13.1.3. Tubes meeting requirements of either test shall be
considered to conform if the tube dimensions are within the
prescribed limits, unless otherwise agreed upon between the
manufacturer and the purchaser.

13.1.2 Hydrostatic Test—Each tube shall stand, without
showing evidence of leakage, an internal hydrostatic pressure
sufficient to subject the material to a fiber stress of 7000 psi,
determined by the following equation for thin hollow ¢ylin.
ders under tension. The tube need not be tested at a
hydrostatic pressure of over 1000 psi unless so specified.

‘ P =25t/(D — 0.81)

where: :
= hrydrostatic pressure, psig,

¢t = thickness of tube wall, in.,

D = outside diameter of the tube, in., and -

§ = allowable stress of the material, psi. :

13.1.3 Pneumatic Test—Each tube shall be. subjected 10
an internal air pressure of 60 psig, min, for 5 s without
showing evidence of leakage. The test method used shall
permit easy visual detection of any leakage, such as by

i

‘having the tube under water or by the pressure differential

method. Any evidence of leakage shall be cause for rejection.

14. Dimensions and Permissible Variations
14.1 Diameter—The outside of the tubes shall not vary

from that specified by more than the amounts shown in

Table 6 as measured by “go” and “no-go™ mag gages. .
14.2 Wall Thickness Tolerances: ’
14.2.1 Tubes Ordered to Minimum Wall—No tube wall
at its thinnest point shall be less than the specifiéd wall
thickness, The maximum plus deviation from-the speciﬁed

wall at any pomt shall not exceed twice the values shown in,

Table 7.

14.2.2 Tubes Ordered to Nominal Wall—=T he TRAKIILT.
plus and minus deviation from the nominal wall at any point

shall not exceed the values shown in Table 7.
14.3 Length—The length of the tubes shall not be less

Lhm that specified when measured at a temperature of 20°C;

but may exceed the specified value by the amoums gwen in
Table 8.

4.4 Squareness of Cut—The departure from squareness

of the end of the tube shall not exceed the follo'mng
Tube, Outside R

Dinmeter, b, "I“olc-mme
Up to %, incl 0.010 in.
Over % 0.016 in./in. of diameter

14.5 For the purpose of determmmg conformance w1th
the dimensional requirements prescribed in this specificas
tion, any measured value outside the specified lmiting
values for any dimensions may be cause for rejection.

15. Workmanship, Finish, and Appearance "

15.1 Roundness, straightness, uniformity of 1he wall
thickness, and inner and outer surface of the tube shall bé
such as to make it suitable for the intended application.,
Unless otherwise specified. on the purchase, order, the cut

- TABLE 6 Diameiter Tolerances - . -

Wall Thickness, in.

0.0204

Outside Diameter, n. 0.022 0.032 0.035 ©op42 [0.049and Over

0,028 -

. . Diarmeter Tolerance, Plus and Minus, in. e :
Up to 0.500, ingl 0.003 0.0025 0.0025 0.0025 - "6.0025 i
* Qver 0.500~0,740, incl 0.0040 0.004 0,004 0.0035 +-0.008 |
- Over 0.740-1.000, incl 0.0060 0.006 0.005 0.0045 e 004
Over 1.000-1.250, incl S 0.009 0,008 0.008 00045 i
Over 1.250-1.375, incl ‘ 0.008 - 0.008
Over 1.875-2.000; inci: "+ -0.008

A Tolerances in this column are applicable to light-drawn and drawn tempers only Tolerances for annealed tempera shall be as agreed upon between the manufacturer i
and the purchaser . Iy
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TABLE 7 Wall Thickness Tolerances, Plus and Minus in.
Quiside Diameter, in.

Wal Thickness, in. Over ato - Over%to Overito
' S, el 5, s dee 2,indl -
0.020, incl 10 0,032 0.003 57 L 0008 Sl G
0.082, inc to 0.035 - 0.003 - 0.003 | "~ 0.004 -
» 00048, .. 0.0045
0057 "0 0008
0 § 190, 00065 00068
0.1720;"mcuo‘o;.13n : 007 e 00078 -

ends of the tubes sha]l bc deburrcd y use of a rotatmg w1re
wheel or other suitable tool. ’

15.2 Annealed-temper- or stress-reiieved tubes shall be
clean and smooth but may have a superhclal dull iridescent
film_on both' the inside and the outside surface. Driwn-
témper tubes shall be clean and smooth, but may have a
superﬁci‘al fitm’ of drawing fubricant on the surfaces.

16 Samphng

16.1 Samplmg—The Iot size, poitiot size, and selectlon
of sariple pieces shall be as follows:

16.1.1 Lot Size—600 tubes or 10 000 b or fmctmn of
either, whichever constitutes the greater weight.

- 16.1.2 Portion Size—Sample pieces from two individual
lengths of finished product.

16.2" Samples taken for the purpose of the tests prescribed
in the specification shall be selected in a manner that will
represent correctly the material furnished and avoid needless
destruction of finished material when samples representative
of the materjal are available from other sources. '

17, Number of Tests and Retests

17.1 Chemiical Analysis—Samples for chemical analysis
shall be taken in accordance with Practice E 35. Drillings,
millings, etc., shall be taken in appmmmately equal weight
from each of the sample pzcccs selected in accordance with
16,1.2 and combined into ‘one “comgiosite samplc The
minimiom weight of the composite sample “that is to be
divided into three equal parts shall be 150 g.

17.1.1 Instead of sampling in accordance with Practice
E 55, the manufacturer shall have the option of determining
comomama 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 semi-finished product. If the manufacturer
determines the chemical composition of the material during
the course of manufacture, he shall not be required 1o sarple

and amly:rc. the ﬁmshed p:roduct The number of samplm‘

-TABLE 8 Length Tolerances

" Tolerance, ail
Specified Length, 1t Plug, in.
‘Up to 15 e o e
- Qver 15-20, incl : %
- Dver 20-30, incl S
Over 30-60, incl : %
Over 60-100, incA Yo

A Gondenscr tubes in lengihs over 100 fi ate not in present demand. Toiemnw

taken for determination of chemical composmon shall be:ds’

follows:

17,1.1.1 When samples are taken M thc time the cmtmw

are poured, at least one sample shall be taken for each group
of castings poured mmultaneously from. the same source of
molten meétal.

17.1.1.2 When samples are taken from the semi-finished

product, a sample shall be taken to represent each 10 00016

or fraction thereof, except that not more than one samplc
shall be required per piece.

17.1.1.3 Due to the discontinuzous nature of the pro-
cessing of castings into wrought products, it is not practical
to identify specific casting analysis with a @pmﬁc quantity of
finished material,

17.1.1.4 In the event that heat identification or trace—
ability is required, the purchaser shall specify the details
desired. ' o ‘

17.2 Other Tests—For tests specified in Seciions € to 12
inclusive, specimens shall be taken from each of the pmws
selected in accordance with 16.1.2.

17.3 If any test specimen representing a ot fails to
conform to the requirements of Sections 6, 7,8, 9, 10, 11,
and 12, two additional specimens, at the option. of th,c
manufactorer, may be taken as befom, and submitted for
check analysis or subjected to any tests in which the original
specimen failed, but each of these specimens shall conform
to the requirements specified.

18. Test Methods

" 18.1 The properties and chemical compositions enumer-
ated in this spemﬁcatlon shall, in case of disagreement, be
determined in accordance with " the fol]owmg ASTM
methods:

Test " ASTM Dwgnaﬂom
Chemical analysis B170,4E53,E54, E62, E75, E 478
OGrain size E112
Expausion (pin test) B153
Mercurous niteaie B 154
Tension B8
Nondestructive test E 243

A Reference to Specification B 170 is to the suggested chemical methods in the
annex thereof. When E-1 Committee has tested and published methods - for
assaying the low-level 1mpumms in copper, the Specification B 17() annex. will bc
clxmm.md ,

- 18.2 The surface. r)f the test specxmen for mmroacopmal
examination shall approximate a radial longltudmal section
of the tube.

18.3 Tubes selected for test shall be subjected to the
tension test which shall, in case of disagreement, be made in

~accordance with Test Methods E 8. Tension test specimen

shall be of the full section of the tube and shall conform to

“the requirements of the section, Specimens for Pipe and

values for the lengths will be developed as experience dictates. Tolerance values

for lengths in wall thicknesses of 0.020, incl.-to 0.032 shall be as agreed -upon -
between the manufacturer or supplier and the purchaser.

144

Tube, of Test Methods E 8, unless the limitations of the
testing machine preclude tha use of such a :»pccxmen Test
specimens conforming to Type No. 1 of Fig. 13, Tension
Test Specimens for Large-Diameter Tubular Products, of
Test Methods E 8, may be used when a full section specimen
cannot be tested.

18. 4 Whenever tension test resulis are obtamed from both
full size and from machined specimens and they differ, the
results obtained from full-size test specimens shall be used to
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determine conformance to the specification requirements.
18.5 Tension. test results on material covered by this

specification are not seriously affectéd by variations in qpce,dv

of testing, A-considerable range of testing speed. is perniis-

sible;. however, the tange of -stressing:to: the vield: stréngth’
should not exceed 100 ksi/min. Above the vield strength the’

movement per minute of the testing machine head under
lodd should not exceed 0.5 in.fin. of gage lungth (m dmtmoa
between g,nm for full—sectlon specnnens) L

19 Slgmficance of Numerlcal Limits -

19.1 For purposes of datamnmmg compllance: wrth t]*u::_"
specified limits for requirements of the properties listed in’

the following table, an observed value or a calculated value
shall be rounded as indicated in accordance with the
rounding method of Practice E 29:

Ronnded Unit for Observed

Property or Caloulated Value
Chemical compoaosition nearest unit in the last rght-hand place of figures
Tensile strengthl R ! N
Yield steen, gth nearest ksi, for oxer 10 to 100 ksi, incl
Elongation nearest 1 %

Grain size nearest multipls of 0.005 mm,

20, Inspection
20.1 The manufacturer shall inspect and make necessary

reqmrements of this specification. .

2%, Rejection and Rehearing

21.1 Material that fails to conform to the reqmrem«mm of
this specification when inspected or tested by the purchaser
or his agent may be rejected. Rejection should 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 may make claim for a rehearing, .

22. Certification

22.1 When specified on the purchase order the manufac—ﬂ

turer shall furnish to the purchaser a certificate stating that
each lot has been sampled, tested, and inspected in accor-
dance with this specification and has met the requirements.
When material is specified to meet the requirements of
ASME Boiler and Pressure Vessel Code, the certification

' requirements are mandatory.

. 23. Packaging and Package Marking

23.1 The material shall be separated by size, composition,
and temper, and prepared for shipment in such 4 manner as
to ensure acceptance by common carrier for transportation

Uand to-afford: protection from the normal hazards of trans-
-portation,

20.2 Ifin addition the purchaser elects to perform his own

ingpection, the manufacturer shall afford the ingpector all
reasonable facilitics to satisfy him that the tubes are being
furnished in accordance with this specification. "All tests
(except check analysis) and inspection shall be made at the
place of manufacture prior to shipment, unless otherwise
specified, and shall be so conducted as not to interfere with
the operation of the works. When automated finishing and
inspection equipment is available at a facility, purchaser and
supplier may by mutual agreement accomplish the final
inspection simultaneously,

23.2 Bach shipping umt shall be legibly marked with the

* purchase order number, metal or alloy designation, temper,

tests to verify that the tubes furnished conform to the - - G0 ehape total length or piece count, or both, and name of

supplier. The’ bpwihwtlon number shall be shown, when
specified.

24, Mill Test Report

24.1 When specified on the purchase order, the manufac-
turer shall furnish 1O the purchaser a test report showing
results of tests required by the specification.

25. Keywords

25.1 condenser tubé, copper; copper alloys; evaporator;
ferrule stock; heat (ewham,er, seamlesb tuhe

SUPPLEMENTARY REQUIREMENIS

The followmg suppiementary requirements shall apply only when _specified by the purclla,ser in the
inquiry, contract, or order, for agcncms af tha U S. Cnv&mment

51, Referenced Documents
S1.1 The following documents of the issue in effect on

date of material purchase form z part of this rspemﬁmtmn to .

the extent referenced herein:

S1.1.1 Federal Standards: ™

Fed. Std. No. 102 Preservation, Packaging and Packing
Levels

Fed. 8td. No. 123 Marking for Shipment (Civil Agencies)

Fed. Std. No. 185 Jdentification Marking of Copper and
Copper-Base Alloy Mill Products

S1.1.2 Military Standard'°

MIL-STD-129 Marking for Shipment and Storage

19 Available from Standardization Documerts Order Desk, Bldg. 4, Seation D,
700 Robbins Ave., Philadelphia, PA 19111-5094, Atin: NPODS.

145

- SL.1.3 Military Specification:'®
MIL-C-3993 Packaglng of Copper and Copper—Base Alloy

Mill Products

52, Quality Assurance

82.1 Responsibility for Inspection:

82.1.1 Usless otherwise specified in the contract or pur-
chase order, the manufacturer is responsible for the perform-
ance of all inspection and test requirements specified, Except
as otherwise specified in the comtract or purchase order, the
manufacturer may use his own or any 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 or tests set forth when such inspections and
tests are deemed necessary to assure that the material

PRO_00092184
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conforms to prescrlbed reqnnements

S3 ldentlficatmn Markmg

“83:1 “Alf miaterial shall be proper]y marked for 1dent1ﬁca—
tion-ifi-acéordance with Fed. Std, No. 185 exceépt that the
AST M spec1ﬁcat1on number and the aIloy number sha.ﬂ be
used.

S4 Preparatmn for Delivery

'S4.1 Preservation, Packaging, Packmg , i
.S4.1.1 Military Agencies—The material shall be separated
by me, comp0s1twn, gmdc or class a.nd shal]. be pmmwd_

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-3993.

54.1.2 Civil Agencies—The requirements of Fed. Std.
No.102 shall be referenced for definitions of the various
levels of packaging protection.

84.2 Marking:

84.2.1 Military Agencies—In addmon to any spwal
marking recuired by the contract or purchase order, marking
for shipment shall be in accordance with MIL-STD-129.

84.2.2 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.

- APPENDIX

(Nonmandatory Informétion)

X1. DENSITY OF C‘OPPER AND COPPER ALLOYS
- X1.1 The densities.of the alloys covered by this specifica-

tion are given in Table X1.1.

TABLE X1.

1.

Densities

~ Copper or Copper Alloy UNS No.

Density, bfin.®

C10100, €10200, C10300, C10800, C12000, -

C12200, C14200
C19200
23000
28000
. C44300, C44400, C44500
0800
Ce1300, C61400
CE8700
C70400
G70800
C71000
© C71500
C71640
C72200

0.323

0.320
0.318
0.303
0.308
0.295
0.285
0.3
0.323
0.323
0.323
0.323
0.328
0,323

The American Society. for Testing and Materials takes no position respecting the validity of any patent rights asserted in connection
with any Hem menioned in this standard. Users of this standard are sxpressly advised that determination of the vaiidity of any such
patent rights, and the risk of infringement Of such rights, are entirely thelr own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful considoration at a meeting of the responsible-
technical committes, which you may attend. If you feel that your comments have not recelved & fale hearing you shouwld make your -
vigws known 1o the ASTM Committse on Standards, 1916 Race St, Whlladalphm, PA 19103, ) )
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qm‘” Designation: B 111M - 93
. ’ METRIC

Standard Specification for

Copper.and Copper- Alloy Seamless Condenser Tubes and

Ferrule Stock [l\llel'tnrlc::]1

”T“hm standmd is msued under lhu hxcd dcsxgnauon B 111 M the number immediately tollomng the designation mc:hcates the year of
original adoption ar, in the casé of revision, the year of last Tevision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (¢) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agenczes of the Department of Deferse. Consult the DoD Index of Specifications wrid
Standards fior the specific vear of i issue w/uch has been adopted 1/ 1y the Depariment of Defense.

1. Scope

1.1 This specification? covers seamless tube and ferrule
stock of copper and various copper alloys up to 79 mm,
inclusive, in diameter, for use in surface condensers, evapo-
rators, and heat exchangers. Tubes for this application are
normally made from the following coppers or copper alloys:

Copper or Copper  Previously Used
Alloy UNS No2 Designation Type of Metal

- C10100 T OFR Oxygen-frae electronic
CI0200 Es OF Oxygen-free without residual deoxidants
CHO300 Ves Oxygen-free, extra low phosphorus
C10800 s Oxygen-iree, low phosphorus
C12000 DLP4 Phosphorized, low residual phosphorus
C12200 DHP4 Phosphorized, high residual phosphorus

. 14200 DPAA Phosphorized, arsenical
C19200 e Phosphorized, 1 % iron
C23000 Red Brass
C28000 Muntz Metal
C44300 Admiralty Metals, B, C, and D
C44400 . T
C44300
CROSO0 Aluminum Bronze
CH1300
61400 Alaminum Bronze, I
68700 Aluminura Brass, B
C70400 95-5 Copper-Nickel

“CT0600 90-10 Copper-Nickel

© C71000 8020 Copper-Nickel -

CCT1500 70-30 Copper-Nickel
C71640 Copper-nickeliron-manganese
C12200 e

4 Designations listed in Classification B 224,

safety and health practices and determine the applicability of
regulatory ltmzturwns 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 spectﬁcauon 10 the
extent referenced herein;

2.1.1 ASTM Standards:

B 153 Test Method for I%xpamon (Pm ”I‘t‘:st) of Coppor
. and Copper-Alloy Pipe and Tubing®

B 154 Method for Mercurous Nitrate Test for Copper and

Copper Alloys®

B 170 ‘Specification for Oxygen—Free Electrolyhc Cop-

per—Refinery Shapes*

B 224 Classification of Coppers*

E 8 Te;st Methods for Tension Testing of Metallic Mate—

rials

" E 29 Practice for Using Significant Digits in Test Data to

Note 1-~This specification is the metrc companion to Specification .

B1li,

disposal. (See 12.1.)

Nore 2w Warning: Mercury is a definite health hazard in use am:l

1.2 The following safety hazards caveat pertains only t0

the test methods portion, Section 18, of this specification:
This standard does not purport to addws.s all of the safery
problems, if any, associated with is use. It is the responsi-

bility of the user of this standard to establish appropriate

! This specification {s wnder the jurisdiction of ASTM Committee B-5 on. ;

Copper and Copper Alloys and is the direct responsibility of Subcommities BOS 04
on Pipe and Tube.

Cuszent edition approved Jan. 15, 1992. Published March 1992, Originally

published as B 111M - 83, Last previous edition B 111M - 92,
2 For ASME Boiler and Pressure Vessel Code applications see related Specifi-
cation SB-111 in Section 11 of the code.

5 The UNS system for eopper and copper alloys (see Practive E 527) is 2 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.

147

3 Termmology

Determine Conformance with Specifications®:
B 53 Methods for Chemical Analvsis of Copper”

E 54 Test Methods for Chemical Analys.ls of Specml
Brasses and Bronzes’

E 55 Practice for Sampling Wrought Nonferrous Metals
«,mdvAlloys for Dctsrmmauon of C‘hemu,a] Composi-
tion

. E 62 Methods for Chemical Analysis of Copper and

- Copper Alloys (Photometric Methods)? .~ -

- E75 Test Methods for Chemical Analysm of’ Coppe:r-
Nickel and Copper-Nickel-Zinc Alloys”*

E 112 Test Methods for Determining Average Grain Size”

E 243 Practice for Electromagnetic (Eddy-Current) bxamn
ination of Copper and Copper-Alloy Tubes®

E 478 Test: Methods for. Chemical Analy51s of Copper
Alloys” "

I: 527 Practice for Numb(mm, Metals and Alloys (UN S)9

3.1 Deéfinitions:

- 3.1.1 lengths—straight pieces of the p‘l‘odum:

3. 1 11 specn‘” ceStraight lengths lh L are. umform in

* dnnual Book of ASTM Standards, Vol 02.01..
& dnmual Book of ASTM Standards, Vol 03.01.
- 8 Annual Book of ASTM Standardy; Vol 14.02.
7 dnnual Book of A5TM Standards, Vol 03,05,
. % dnnial Book of ASTM Standards, Vol 03.03.
? Annual Book of ASTM Standards; Vol 01.01.
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collars (ferrules) are made for use in installing condenser
tubes.
3.1.2 lengths—straight pieces of the product.

3.1.2.1 specific—straight lengths that are uniform in .

length, as specified, and’ subject to- established length toler-
ances. .
3.2 Description of Term Specific to This Smndtzm’

3.2.1 capable. fwth@ test need not, be performed by the
producer of the material:, r, - should subsequent
testing by the purchaser establish that the material does not
meet these requirements, the material -shall be subject to
rejection. ‘

4 Ordermg Informanon

4.1 Orders for material under thxs spcc1ﬁcahon shall
include the following information: - .

4.1,1 Quantity of cach amz (numbur of plwm and numbcr
ot metres), |

4.1.2 Material (Sectlon 1),

4,1.3 Form (tube or ferrule stock),

..4.1.4 Temper (Section 7),. . _ ‘

4.1.5 Whether tension test is rcqmred (%c,‘mm 7),

. 4.1.6 Whether a pressure test is to be used instead ot the
eddy-current test (see 13.1), ‘

4.1.7 Dxmensmns, the diameter, wall thlckncss, whether
rinimum or nominal wall, and length (see Section 14),

4.1.8 Whether cut ends of the tube are to be deburred (see
15.1),

4.1.9 If the product is to be subsmuuntly welded (see
Table | and Footnote H),

- 4.1.10 Specification number and year of issue,

4.1.11 Certification, if required (see 22.1), and

4.1.12 Mill test report, if required (see 24.1).

4.2 ‘When material is pucrchased for agencies of the U, S,
Government, this shall be specified in the comtract or

" purchase order, and the material shall conform to the

Supplementary_Requirements as defined herein.

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 specification, and shall be cold
‘worked to the specified size. .

6. Chemical Composition

6.1 The material shall conform to the chemlcal requu'em
ments specified in Table 1. .

6.2 These speufmauon limits do not preciude the pres-
ence of other elements. Limits for unnamed elements may be
established by agreement between manufacturer or supplier
and purchaser.

6.2.1 Copper Alloy UNS' No. C]9200-Copper may be
taken as the difference between the sum of all the elements

TABLE 1 Chemical Requirements

Composition, %

Copper or

Copper Nickel, | o Other
Alloy UNS Coppar‘* Tin . Aluminum - Inol s lron Zine  Manganese Arsenic  Antimony Phosphorus Chromium  Narmed

- Cobalt & t&lamanm

C10100 99.89 min® ... e e -0.0010 0.0001 max .., 0.0003 max ... G
C102007 9895 min ...
C10300 99.85 minf ... 0.001-0.005 ...

¢10800 98.95 minf-. ... 0.005-0.012 ...

C12000 9890 min - ... " 0.004-0.012 ...

©12200  $9.9 min e e s cs 0.015-0.040 ...

C14200 9240 min ... ce Vs s e 0.15~0,50 0.015-0.040 ...

C19200 98.7 min o R .. . - . 0.8-1.2 . P 6.01-0.04

C23000 84.0-86.0 ... s e 0.0 0.06 max  remainder Ces

©28000° 59.0-63.0 ... e . 0.30 0.07 max  remainder . e

C44800 70.0-73.0 09-1.2 ... ey 0.07  0.06 max remainder 002-0.06 ... N

(44400 70.0-730 09-12 ... L. 0.07 0068 max remalinder . 0.02-010 ...

044500 - 70.0-78.0 09-12 - ... s - 007 006 max remainder . v D02-010

60800  remalndar : 50-65 ... 010 - 00 max ... o 0.02-0.95 Ce el R
C61300 remainder 0 20-0 50 6.0-7.5 0.15max . 0.01 20-30 010 max 0.20 max ... o0t5max ... ... . &8
C61400. remainder ... 6.0-8.0 ... 0.01 15-835 0.20 max 10max ... e e

Ce8700 76.0-79.0 ... - 1.8-25 ... o 007 0.06 max remainder ... 0.02-0.10

070400 remainder ... e 4.8-8.2 0.05 ' 1.8-17 1.0max . 0.30-08 ... e PR e o
C70600 remander ... . 0 L 9.0-11.0 - 00684 1.0-18 1.0max¥  1.0max ... e Co Hoo
C71000  remaindsr . 19.0-280 0,057 050-1.0 1.0max’  10max ... A cen H
C71800  remainder 20.0-33.0 0.058% 0.40-1.0 1.0 max¥ J0omax .. Lo P M
C71640 remainder 29.0~32.0 0.057 1.7-23 1.0 max” 1.5-25 ... s o H
C72200 remainder 15.0-18.0 0.05% 050-1.0 1.0 max¥ 1.0 max 0.30-0.70 H

A Gopper {inchuding silver).

2 This valus is éxclusive of siver and shall be determined by ditferenca of “|mpur|ty total” from 100 %. “Impuity total” Is defined as the sum of silver, Icad tin, blsmuth
arsenic, antimony, iron, nickel, mercury, zine, phosphiorus; selenium, telluriin, manganese, cadriium, and oxygen present in the sample,
€ Impurity maximums in ppm for C101000 shall be: antimony 4, arsenic &, bismuth 1, cadmmm 1, iron 10, lead 8, mangane% 0.5, mercury 1 mcke 10, oxygen 5,

phosphorus 3, selenium 3, silver 25, sulfur 15, tellurium 2, tin 2, and zine 1.
b Oxygen in C10200 shall be 10 ppm max.
E Copper plus sum of named elements shall be 99 95 % mln '
# Gilicon shall be 0.10 % max.

@ When the product is for wbmquent weldlng appiloatlom and is $0 spwlfmcﬁ by the pumhamr, chromium shall be 0.05 % max1 mdmusm 0.05 % max, ziné 0. 05 % AX,

and zirconium (.05 % max.

H When the product is for subsequem welding appﬂcatlons, and 80 specrﬂed by the purchaser zing shall be .80 % max, lead 0.02 % max, phosphorus 002 % ma.x

sulfur 0.02 % max, and carbon 0.05 % max.

PRO_00092187




Case 1:13-cv-01215-TSC Document 198-17 Filed 10/07/19 Page 14 of 124

@b B 111m
analyzed and 100 %. When all the elements in Table 1 are C68700, and C71000 shall be furnished in the annealed (Q)
analyzed, their sum shall be 99.8' % mininum. o temper unless otherwise specified on the purchase order.

7.2 Tubes of Copper Alloy UNS Nos. C71500 and.
C71640 shall be supplied in one of the following tempers as
specified: (1) annealed (O) or (2) drawn, stress~re11ewed

6.2,2 For copper alloys in which _copper is specified as the
remzunder, copper may be taken ds the dﬂierence between
the suriof all the eleitients analyzed and 100°%."" -

6.2.2.1. When all the element . Table 1 are. analyzed (HRSO)
-~ 7,5 Tubes of Copper Alloy UNS Nos. 010100 C10200
their sium shall be as skiown in the fo]lowmg ta:ble (’L‘IO?OO 10800, C12000, 12200, and C14200 shall be'
C‘;%";ﬁf’y y (é’ﬁ‘[’;;é“‘;mﬁm _ supplied in any one of the following tempers, one of which,
60800 / I 09.5 shall be specified: (1) light-drawn (HS5), (2) hard-drawn
61300 ¢ TR ¥ SR (H80), or (3) hard-drawn, end-annealed.
COL40D . - oot e LOBS. 7.4 Tubes. of Copper Alloy UNS No. C19200 shall be
a0 o925 . supplied in any one of the following tempers, one of which
11000 e I shall be specified: (1) annealed (0), (2) light-drawn (H55),
“CT1500 . : 995 (3) hard-drawn (H80), or (4} hard-drawn, end-annealed. -
C71640 . 99.5 ... 7.5 Tubes of Copper Alloy UNS Nos. C70400, C70600,
C€12200 BN %8 . and C72200 may be supplied in either light-drawn (FI55) or
6.2.3 For copper alloys in which zinc is specified as the  annealed (O) temper.
remainder, either copper or zing may be taken as the 7.6 Tubes for ferrule stock ahail be annealed :aufucmmly
difference between the sum of all the elements analyzed and to be fully recrystallized.

100 %.
6.2.3.1 When all the elements in Table 1 are analyzed

Note 2—Some tubes, when subjected to aggressive environments,
may be subjected to stress-corrosion cracking failure because of the

their sum shall be as shown in Lhe following table. - - residual fensile stresses developed in straightening, For such apphica-
Copper Mloy . Copper Plus Namwed tions, it is suggested that tubes of Copper Alloy UNS Nos, C23000,

UNS No. ‘ B Elements, % min C28000, C44300, C44400, C44500, C60800, C61300, C61400, and

23000 : 99.8 ; 68700 be subjecied to a stress-relisving thermal treatment subsequent

28000 ) 99,7 to straightening, If required, this must be specified on the purchase order

C44300 : 99.6 or contract. Tolerances for roundness and length, and the condition of

44400 . 99.6 : straightness, for tube so ordered, shall be 1o the reqwemems agreed

(44500 99.6 _ upon between the manufacturér and the purchaser. ‘ .

CE8700 : 99.5
‘ 8. Mechanical Properties

7. Temper 8.1 Material specified to meet the reqmrements of the
7.1-Tubes of Copper Alloy UNS Nos, €23000, (2800() ASME Boiler and Pressure Vessel Code shall have tensile
C44300, C44400, -C44500, C60800, C61300, 61400, propertws as prescribed in "I"lble 2. .

TABLE 2 Tenslie Requirements

. : N Tensile Strength, Yield Strength,”
g . r Designation ’
Gopper or Copper Alloy UNS No. Temper Designatio min rmin ' Ele:vr‘\r%atlm "’%50
: Standard " Former MPa MPa - o

C10100, €10200, 10300, €10800, C12000, HE5 light-drawn 250 205
€12200, C14200 - . - -
C10100, €10200, 10300, C10800, C12000," H80 " hard-drawn : 310 S 215
12200, C14200 . : :
19200 . HE6 light-cirawn 44 240
19200 . Hao hard-drawn S8t T 298
19200 o 061 annealed 260 - - 88
23000 061 annealed ' 275 85
C28000 ) Q61 - annealed 345 - 140
C44300, $44400, C44500 a1 annealed ‘ 310 108
60800 - . Q81 - annealed ‘ 346 C 180
61300, C61400 [ 081 - annealed 480 208
GE8700 SQ61 - ennealsd 348 S0 128
C70400 061 annesled : 260 v 85
C70400 H55 light-drawn 275 Tt 208
C70600 o861 annealed ' L. 278 ’ 105
70600 HB5 light-drawn R[] e R0
C71000 : R Q61 annealed : 310 SoMa
G71500 R 01 annealed 3 360 Lo a8 ‘
C71500: ' o ’ Lo ) |

Wall thicknesses up to .21 mm, incl - HR50 drawn, stress-reiieved 495 12 -

Wall thicknesses over 1.21 mm HR50 - “drawn, stress-relieved 495 15
C71640 N Q61 annealed 436 0 1700 T f
C71840 HRS0 ' drawn, stress-relisved . 860
C72200 \ ‘ Cooet annealed S et !
Cr2200 i CHES - light-drawn : 345 i

A At 0.5 % extension under load.

149 i
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9. Microseopical Examination -

9.1 Samples of annealed-temper tubes selected for test
shall be subjmwd 10 mmowopmﬂ ezmmmatmn af & magni-
fication “of 275 " didmeters. ‘and “shall show: uniform and
completetecrystallization. “Materials ‘other than’ Copper
A]loy UNS Nos. C19200 and C28000 shall have an average
gram size’ w1thm the Timits -of 0.010. t6°0.045 mm. These
requnrements do not apply- 1o tubes- -of Hght-drawn.- (H55);
hard-draw  (FI80); hardmdmwn, : cnd»anncalcd or mwn,‘
stress-relieved. tempers (HRSO) : i

10 Expansmn Test -

10 1 “Tube spu,lmem selected for test shall th%and Lhe
expansion shown in Table 2 when expanded in accordancs
with Test Method B 153. The expanded tube shall show no
crackmg or rupture visible to the unaidad eye.

NoTE "3—The term “unaided eye” as used herein permits t’m use of
corrective spectacles necessary 10 obtain normal vision,

10.2 Hard-drawn tubes not end-annealed are not subject
to this test. When tubes are specified end-annealed, this test
is required and shall be made on the annealed ends.

10.3 Tubes for ferrule stock are ot subwct to the expan—
sion test.

11. Flattening Test

11.1.Test specimens at least 450 mm in length in the
annealed condition shall be flattened: on different elements
throughout the lengths remaining after specimens for the
expansion and metallographic tests have been taken. Fach
clement shall be slowly flattened by one stroke of a press.
The term “flattened” shall be interpreted as follows: a
micrometer caliper set at three times the wall thickness shall

TABLE 3 Expansion Requirements

Expansion
. Temper Qesigngtjq_n _‘ of Tube

Copper or Coppar Allpy UNS  Diameter,

Quiside - -

pass over the tube freely throughout the flattened part except
at the points where the change in element of flattening takes
place. The flattened elements shall not show cracking or
rupture clearly visible to the unaided eye (Note 4). When
tubes are specified in a temper other than annealed this test is
required but shall be made on annealed specimens,

11.2 Tubes for ferrale stock are not sub1ect to ﬂattenmg
test.

12. Mercurous Nitrate Test

12.1 Warning—Mercury is a definite health hazard and
therefore equipment for the detection and removal of
mercury vapor produced in volatilization is recommended.
The use of rubber gloves in testing is advisable.

12.2 The test specimens, cut 150 mm in length, shall
withstand without cracking, an imumersion in the standard
mercurons nitrate solution prescribed in Test Method B 154.
The test specimen. shall include the finished tube end, The
mercurous nitrate test is required only for Copper Alloy
UNS Nos. C23000, €28000, (44300, C44400, C44500
C60800 C61300, C61400, and C68700.

13. Nondestructive Testing

13.1 Each tube shall be subjected to the eddy-carrent test
in 13.1.1. Tubes may be tested in the final drawn, annealed,
or heat-treated temper or in the drawn temper prior to the
final anneal or heat treatment unless otherwise agreed upon
by the supplier and the purchaser. The purchaser may
specify either of the tests in 13.1.2 or 13.1.3 as an alternative
to the eddy-current test.

13.L.1 Eddy-Current Test—Each tube shall be passed
through an eddy-current testing unit adjusted to provide
information on the suitability of the tube for the intended
application. Testing shall follow the procedures of Practice
E 243,

13.1.1.1 The depth of the round-bottom iransverse

~-notches and the diameters of the drilled holes in the

calibrating tube vsed to adjust the sensitivity of the test unit
are shown in Tables 7 and 8 respectively. The notch depth

TABLE 4 Netch Depth
Tube Outside Diameter, mm-

Tube Wal Thickness,

in Parcent
Standard Former og(g;;g];g;al
Diameter
061 ., annealed 19200 30
€23000 20
£28000 15
44300, C44400, C44500 20
C60800 20
C61300, C61400 20
. £88700 20
.. C70400 30
v ST0600 30
C71000 30
Cr1500 30
C71840 30
.o -+ C72200 30
H55 . fight-drawn = C10100, 010200 C10300 20
10800, C12000, C12200 20
C14200 20
©18200 20
C70400 20
. 70600 20
o © C72200 e
HR50 drawn, stressrelieved  C71500 20
) < Q71640 . S20
harg-drawn, end-an- ~ G10100,  C10200, - G10300, 30

© 10800, C12000, C©12200,

nealed
’ 14200 -

mm Over 6 to Over 19 1o Over 82 to
18, incl 32, ind 79, inct
Over 0.43-0.81 0.13 0.15 0.18
Incl 0.81-1.31 0.15 0.15 0.19
Inct 1.3-2.1 0.18 0.19 0.20
Inet 2,1-2.8 0.19 022 - - 024
C Inc2.8-8.0 0.23 0.28 . 028
t Editorially corrected. B
TABLE 5 Diameter of Drilled Holes
§ ) Diameter of Drilled ‘
“Tube Outside Diarmeter
. Hales Dl No,
mm mm
. .8.0-19.0, indl 0635 72
- Over 19.0-25.4, incl 0.785 68
COver 25.4-31.8, inot 0.915 64
Over 31.8-38,1, ing! 1.07 58
Over 38.1-44.4, inct 1.7 56 -
Over 44,4-50.8, incl B -

“1.32 :
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shall not vary from the prescribed by more than +£0.015 mm
when measured at the center of the notch, and the diameter
of the drilled hole shall not vary by more. than +0.025,
~0.005 mum of the hole diameter spemfied .

13.1.1.2 Tubes that do not actuate the sighaling device of
the eddy-current tester shall be considered to conform. to the

requirements of this test. Tubes causing irrelevant signals
b@cauw of moisture, soil, and like effects may be recondi-
uoned and retested. Siich tubezs when retésted 1o the original
test parameters, shall be considered to conform if they do hot
cause output- signals beyond the acceptable limits, Tubes
causing irrelevant signals because of visible and identifiable
handling marks may be retested by the hydrostatic test
precribed in 13.1.2, or the pneumatic test prescribed iy
13.1,3. Tubes meeting requirements of either test shall be
considered to conform if the tube dimensions are within the
prescribed limits, unless otherwise agreed upon between the
manufacturer and the purchaser,

13.1.2 Hydrostatic Test—Each tube shall stand, without
showing evidence of leakage, an internal hydmswuc pressure
sufficient to subject the material to a fiber stress of 48 MPa,
determined by the following equation for thin hollow. cylin-
ders under tension. The tube need not be tested. at a
hydrostatic pressure of over 6.9 MPa unless so specified.

P=28t/(D— 0.8

where:

P = hydrostatic pressure, MPa,

t e thickness of tube wall, mm,

D = outside diameter of the tube, mm, and
S == gllowable stress of the material, MPa.

13.1:.3 Pneumatic Test—Each tube shall be subjected to
an internal air pressure of 400 kPa, min, for 5 s without
showing evidence of leakage. The test method used shall
permit ecasy visual detection of any leakage, such as by
having the tube under water or by the pressure differential
me’thod Any evidence of leakage shall be cause for rejectmn

14, I)tmcnswus and Permissible Variations
14.1 Diameter—The outside of the tubes shall not vary

from that specified by more than the amounts shown in:

Table 6 as measured by “go” and “no-go” ring gages.

14.2 Wall Thickness Tolerances:

14.2.1 Tubes Ordered to Minimum Wall—No tube wall
at its thinnest point shall be less than the specified wall
thickness. The maximum plus deviation from the speciﬁed
wall at any point shall not exceed twice the values shown in
Table 7. . :

TABLE € Diameter Tolerances ;
‘Wall Thigkneas, mm - .

0.5084 . .
Outside Diameter, 0.559 . . 1.24 and
mm 0.635 0.813 0.889 1.07 Over
0.711
. Diameter Tolerance, Plus and Minus, mm
Up 10 12, incl 0.076 0,064 0.064 0.084 0,064
Over 12-18, incl 0.10 0.10 a.io 0.089 0.076
Over 18-28, incl 0.15 015 . . 043 011 0.10
Qver 25-35, incl e e . 0.20 013
Qver 35-80, incl 015

A Tolerarices in this column are applicable to-dght drawn and drawn tempers

only. Tolerances for annealed tempers shall be as agreed upon between the °

manufacturer and the purchaser.

151

TABLE 7 Wall Thickness Tolerances, Plus and Minus, mm
Qutside Diameter, rir
Ouer 12 ta 25, Ingl

Wall Thickness, mm

. 0.508, incl to 0.8131 0.078 N
- 0.813, incl to 0.889- - - D076 010
0.889, indl to1.47 0.1 011 o
1.47, incl to 2.1 © 013 0.13.

2,11, el 1o 3.05 0.47 0.17
3.05, inci o 3.40 0.19

o8
1 Editorfally corrected. .

14.2.2 Tubes Ordered to Nominal Wall—The maximum
plus and minus deviation from the nominal wall atany point
shall not exceed the values shown in lablc 7.

143 Length—The length of the tubes shall not be less
than that specified when measured at a temperature of 20°C,

but may exceed the spec1ﬁed value by the amounts ngen in
Table 8.

14.4 Squareness of Cut—The departure fmm squamness
of the end of the tube shall not exceed the following;

Tube, Outside .

Diameter, mm

- Upto 15.9, incl O 25 o

Qver 15.9 0.016 wmm/rm of dameter -
. 14.5 For the purpose of determining conformance with
the dimensional requirements prescribed in this spec1ﬁca-
tion, any measured value ouiside the spe(zlﬁed limiting
value‘; for any dimension may be cause for rejection.,

. Toleranoe ‘

‘15 Workmanship, ans,h and Appeamnce )

15.1 Roundness, straightness, uniformity of the wa]l
thickness, and inner and outer surface of the tube shall be
such as to make it suitable for the intended application.
Unless otherwise specified on the purchase order, the cut
ends of the tubes shall be deburred by use, of a rotating wire
wheel or other suitable tool. ‘

+15.2 Annealed-temper or stress—reheved tubes shall be
clean and smooth but may have a superficial, dull iridescent
film on both the inside and the outside surface. Drawns
temper tubes shall be clean and smooth, but may have a
superficial film of drawing lubricant on the.surfaces. -

16. Sampling

16.1 6amp11nnghc lot size, poruon sxz,e md selec:mm
oi sample pieces shall be as follows:

16.1.1 Lot Size—600 tubes or 4550 kg or fraction of
either, whxchever conﬂtltutes the greater Vvelght

TABLE 8 Length Tolerandes
Specified Langth, mm

Tolarance, all Plus, mm: " -

Up o 4500 - - X. I
OQver 4500-6000, incl A 2
Over 6000-10° 000, incl 40
Over 10 000-18 000, inct i 95
Qver 18 000-30 000, inciA 13

A Congdenser ubes in lengths over 30 DOO mm are not in present demand.
Tolerance values for the lengths will Be developed as experience dictates,
Tolerance values for lengths in wall thicknesses of 0,508, inclusive to 0.813 shall
be as agreed upon bstween the manufacturer or supplier and the purchaser.
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16.1.2 ‘Portion Size—Sample pieces from:two individual
lengths of finished product.
" 16.2 Samples taken for the pu rpose of the tests préseribed
in the specification shall. be' selected in a manner that will
represent correctly the material furnished and avoid needless
destruction of finished matenal when samples represe‘ntative

17. Numl)er of Tests and Retests

17.1 Chemical Analysis—Samples for chemlca.l analysm
shall be taken in-accordance with Practice E 35, Drillings,
millings, etc., shall be taken in approximately equal weight
from each of the sample pieces selected in accordance with
16.1.2- and combined into one composite sample. The
minimum. weight of the composite sample that is fo be
dividéd into three equal parts shall be 150 g. )

17.1.1 Tnstead of sampling in accordance with Practlcc
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 saroples
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 comp051t10n shall be as
follows:

17.1.1.1 When samples are taken at the time the castings
are poured, at least one sample shall be taken for each group
of castings poured simultaneously from the same source of
molten metal.

17.1.1.2 When samples are taken from the seml—ﬁmshed
product, a sample shall be taken to represent each 4550 kg or
fraction thereof, exoept that not more than one mmple shall
be required per piece.

17.1.1.3 Due to the discontinuous nature of the pro-
cessing of castings into wrought products, it is not practical
1o identify specific casting analysis with a specific quantity of
finished material.

17.1.1.4 In the event that heat identification or frace-
ability is required, the purchaser shall specify the details
desired.

17.2 Other Tests—For tests specified in Sections 8 to 12
inclusive, specimens shall be taken from each of the pieces
selected in accordance with '16.1.2.

17.3 If any test specimen represenfing a lot f.;uls 10
conform to the requirements of Sections 6, 7, 8, 9, 10, 11,
and 12, two additional specimens, at the op‘tion of the
manufactorer, may be taken as before, and submitted for
check analysis or subjected to any tests in which the original
specimen failed, but each of these specimens shall conform
to the requirements specified.

18, Test Methods

18.1 The properties and chemical compositions enumer-
ated in this specification shall, in casg of disagreement, be
determined . in accordance with the following ASTM

152

methods: . :
ToTest . ASTM Designation
Chemical analysis BE53, B 54, E (m, ET75, R 4/3
Grain size El12
* . Bxpansidn (pin test) | B1SS
Mercurous nitrate Bi54
Tension E8
Nondestructive test £ 243

18.2 The surface of the test specimen for microscopical
examination shall approximate a radial 10ng1tudmal section
of the tube,

18.3 Tubes selected for test shall be subjected to the
tension test which shall, in case of disagreement, be made in
accordance with Test Methods E 8. The tension test spec-
imen 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
testing 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 may be used when a full-section specimen
cannot be tested.
. 18.4 Whenever tension test results are obtained from both
full-size' and from machined specimens and they differ, the
results obtained from full-size test specimens shall be used to
determine conformance to the specification requirements.
18.5 Tension test results on 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 range of stressing to the yield strength
should not exceed 690 MPa/min. Above the yield strength
the movement per minute of the testing machine head under
load should not exceed 0.5 mm/mm of gage length (or
distance between grips for full-section specimens). ‘

19. Significance of Namerical Limiis ,
19.1 For purposes of determining compliance with the
specified limits for requirements of the properties listed in
the following table, an observéd value or a calewlated valoe
shall be rounded as indicated in accordance wnh the
rounding method of Practice E 29:
Rounded Unit for Observed

Property or Calculated Value
Chemical composition nearest wait in the last right-hand plaw of figures
Tensile strongth ] nearest 5 Mj?a .
Yield strength -
Elongation ) f pearest 1'%
Grain size ‘nearest multiple of 0.005 mum -

20. Imspection , B
20.1 The manufacturer shall inspect and make necessary

tests to verify that the tubes furpished conform to the

requirements of this specificatio.

20.2 If in addition the purchaser elects to perform his own ‘

inspection, the manufacturer shail afford the inspector all
reasonable facilities to satisfy him that the tubes are being
furnished in accordance with this specification, All tests
(except check analysis) and inspection shall be made at the
place of manufacture prior to shipment, unless' otherwise
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specified, and shall be so conducted as not tojinterfere with
the operation of the works. When automated finishing and

inspection equipraent is available at a facility, purchaser and-

supplier may by mutual agreement accomphsh the ﬁnal
inspection simultaneously, ‘ i

21. Rejection and Rehearing

21.1 Material that fails to wnform to th@ reqummanm ot ‘
this specification may be rejected; Réjection should be -

reported to the manufacturer or supplier promptly and in
writing. In case of dissatisfaction with the results of the test,

hearing.

22, Certification

22.1 When specified on the purchase order the manufac-
turer shall furnish to the purchaser a certificate stating that
each lot has been sampled, tested, and inspected in accor-
dance with this specification and has met the requirements.
When material is specified to meet the requirements of

ASME Boiler and Pressure Vessel Code, the certification

requirements are mandatory,

23. Packaging and Package Marking

23.1 "The material shall be separated by size, composition,
and temper, and prepared for shjpmem: in such 2 manner as

"7 to ensure acceptance by common carrier for transportation
~and to afford protection from the normal hamrds of tmnsa-
* portation,

23.2 Each shipping unit shall be legibly marked with the

the manufacturer or supplier may m ake claim for a 1o, - 'purchase order number, metal or alloy designation, temper,

size, shape, total length or piece count, or both, and name of

‘supplier. The spﬂmncauon number shall be shown, when

specified.

24. Mill Test Report

24.1 When, specified on the purchase order, the manufac-
turer shall furnish to the purchaser a test report showing
results of tests required by the specification.

SUPPLEMENTA.RY REQUIREMENTS

The follpwing supplnmcnmrv requirements shall apply only when specified by the purchaser in the inquiry,
contract, or order, for agencies of the U. 8. Government.

$1. Referenced Documents

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

S1.1.1 Federal Standards:

test requirements unless disapproved by the purchaser at the

.. time the order is placed. The purchaser shall have the right to

Fed. Std. No. 102 Preservation, Pack.agmg ancl Packmg ‘

perform any of the inspections or tests set forth when such
inspections and tests are deemed necessary to ensure that the

material confonns to preseribed requirements.

3. Idcntm(,atmn Marking

S3.1 All material shall be properly marked for identifica~

" tion in accordance with Fed. Std. No. 185 except that the

Levelst® -
Fed. Std. No. 123 Marhng for ‘Shlpmem {Civil .
Agencies) 10 '

Fed. Std. No. 185 Identification Marking of Copper and
Copper-Base Alloy Mill Productsi©

81.1.2 Military Standard:

MIL-STD-129 Marking for Shipment and Storage '

81.1.3 Military Specification: 10

MIL-C-3993 Packaging of Copper and Copper-Base Alioy
Mill Products!©

82, Quality Assurance

S2.1 Responsibility for Inspection:

$2.1.1 Unless otherwise specified in the contract or pur-
chase order, the manufacturer is responsible for the perfor-
mance of all ingpection and test requirements specified.
Except as otherwise specified in the contract or purchase
order, the manufactarer may use his own or any other
suitable facilities for the preformance of the inspection and

10 Available from Standardization Documents Order Dusk, Bldg. 4 Section D,
700 Robbins Ave., Philadelphia, PA 1911 1-5094, ATTN: NPODS.

133

ASTM specification number and the alloy number shall be
used.

S4. 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, a8
specified in the comtract or purchase order, in accordance
with the requirements of MIL-C-3993.

84.1.2 Civil Agencies—The requirements of Fed. Std. No.
102 shall be referenced for definitions of the various levels of
packaging protection.

84.2 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 MIT~-STD-129.

84.2.2 Civil dgencies—In addition to any special marking
tequired by the contract or purchase order, marking for
shipment shall be in accordance with Fed. Std. No. 123.
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Alﬁ*ma:mimx

X1 The densmes of the alloys covered by thxs spomhcatlon are given 111 Iable X1.1.

. TABLE X1.1 Densmes

Density,

o Copper or Copper Alioy UNS No. ojem®
€10100, ¢10200, C10300, C10800, C12000, 8.94

C12200, G14200

C19200 e B .- 8.88
C23000 ‘ o . 8,75
- €28000 c 8.38
" CA4300, C44400, 44500 ‘ ‘ 8,53
Ce0800 L . o ’ 817
Ca1300, C61400 BT £
C68700 ) ) 8.33
G70400 8.04
C70600 - . . el .. 884
¢71000 8.94
CT1500 . L 8.84
71640 e v e 8.94
C72200 . . 8.94

The American Bociety for Testing and Materials takes no position respecting the validity of any patent rights dsserted in connection
with any item mentioned in this standard. Users of this standard are expressiy advised that determination of the valicity of any sucti
patent rights, and the risk of-infringement of such rights, are entirely their own responsibility. i

This standard is subject to revision at any time by the responsible technical committee and must be reviewsd evéry five years and
if not revised, sither reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Yaur comiments will recelve careful consideration at & meeting of the rasponsible
technical commities, which you may attend. If. you feel that your commenis have. not recelved 8 fair hearing you should make your
views known to the ASTM Committes on Standards, 1516 Race 8t., Philadeiphia, PA 19103.

Ry
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By Authority Of
" THE UNITED STATES OF AMERICA |

Legally Binding Document

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

binding upon all citizens and residents of the United States of America.
HEED THIS NOTICE: Criminal penalties may apply for noncompliance.
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qgnq Designation: B 122/B 122M - 95

.- standard Specmcatmn for

Copper-Nickel-Tin Alloy, Copper-Nlckel Zinc Alioy- -

Stnp, and Fﬁollead Bar"‘

“ ‘(Nlckel Silver), and Copper-NlckeI Alloy Plate, Sheet

‘This standard is 1ssued umicr the ﬁxed dcs:gmmon B 122/13 122M; the number 1mmechately following the’ desngnatmn indicates the T
- e year of original adoption -or, in ‘the case of revision, the year of last revision. A number in pareritheses’ indicates the year of last
. * _ reapproval. A superscript epsilon (s) indicates an editorial change since the last revision or reapproval,

This specification has been approved for use by agencies of the Departement of Defense. Consult the Dol) Index of bpeci/icatwm and
Standards for the specifie year of issue which has been mloytad by the Depariment of Defense. !

1. Scope

1.1 This specification. covers copper-nickel-tin alloy copm
per-nickel-zine alloy (nickel silver), and copper-nickel. alloy
plate, sheet, strip, and rolled bar. The: tollow;.ng alloys_are
covered: .

Previously Y .
Copper Alloy Used Nominat Composition,
TUNS No.2 Designminm B .
T Chro-
p Commr Njckel " Zine . Tin © miim
cioeod T LT 90 107 ’ '
SCTIO00 T 6 80 20 ¢
C 71500 5 70 00 ..
CT00 85 13 O, 0.5 .
CT2500 89 ] e 2 P
C 73500 S | 72 18 10 eee
C 74000 g 70 10 20
C 74500 3 63 10 24
C715200 2 65 18" 17
‘C76200 8 59 12 29
CT7000 4 55 18 T

NoOTE 1--Plates of copper-nickel alloy Copper Alloy UNS Nos.
C70600, C71500, and C 72200 for use as tube plates in surface
condensers and heat exchangers are covered by Specification B 171. -

" 1.2 The values stated in either inch-pound units of SI
units are to be regarded separately as standard. Within the
text, the SI units are shown in brackets. The values stated in
each system are not exact equivalents; therefore, each system
shall be used in independently of the other. Combining
valugs from the two systems may rebult in nonoonfﬂrmanu:
with the specification.

1.2.1 When the product is ordered in mch~pound units,

the inch-pound units are to be regarded as the standard

except grain size is always specified in millimeters.

1.2.2 When the product is ordered in SI yaits, the St umts:"“ '

are to be regarded as the standard,

2. Referenced Documents » :
2.1 The following documents of the issue in effect on date

1 This specxﬂcamon is wnder the Jurisdiction of ASTM. Committee B~5 on
Copper and Copper Alloys. and is the direct respons1b111ty of Subcommittee
B05.01 on Plate, Sheet, and Strip,

Current edition approved Nov. 10, 1995. Published January 1996. Originally
published as B 122 - 39 T. Last previous edition B 122 - 92a. .

2 The UNS system for copper and copper allovs (see Practice B S27yis a sivople

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.

of material purchase forin 4 part of this spemﬁcamon to the
extent referenced herein:

2.1.1 ASTM Standards:

B 171 Specification for Copper-Alloy Plate and Sheet for
. Pressure Vessels, Condensers, and Heat Exchangers3 _
- "B 248 . Specification .for General Requirements for
Wrought Copper and Copper—Aﬂoy Platc Sheet, Stnp,

" and Rolled Bas®

B 601 Practice for Temper Designations for Coppe:t and

Copper Alloys—Wrought and Cast?
E 527 Practice for Numbering Métals and A]loys (UNS)?*

3. Ordering Informmmn

3.1 Orders for material under this spemﬁcauon should
include the following information:

3.1.1 Alloy number (Section 1),

. 3.1,1.1 Whether the alloy ordered will be us,ed m applwam
nons requiring it to be welded (sce. Table 1, Footnote B), .
" 3.1.2 Temper (Section 6),

. 313 Dimensions: thickness and mdth {see. 10.2 ‘and
10 3), o
3.1.4 Type of edge, if requuired: ‘sllt shcamd sawed, squam

,comera rounded. comere, rounded edgez. or full rounded
-edges (see 10.6), .

3.1.5 How furnished: flat or rolls

-~ 3.1.6 Length (see 10.4), and

3.1.7 Weight: total for each size.

3.1.8 ASTM Specification B 122/13 122M, year of’ issue.
3.2 In addition, when material is purohased for agencies

“-of the U.S. Government, it shall conform to the Supplemen-
- tary Requirements as defined in Specification B 248 when

spemﬁed in the mntr«m or pumham order.

4, General Requnrements T

* 4.1 Products furnished under this’ spccuﬁcaﬂon in inch-
pound units shall conform. to the apphcablc, reqmements of
the current edition of Specification B 248,

'4,3 Products furnished under this specification in SI Units
shall conform to the applicable requlrements of the current
edmon of Spemf cation B 748M s

[ r———————

-3 Annidl Book ojASTM Standards Vol 02 01!‘ L
4 Anmual Book of ASTM Standards, Vol 0101, =" - P
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5. Chemical Composition
4,1 The material shall conform to the chemical composi-

tion prescribed in Table 1.
5.2 These specification limits do not preclude the pres-

ence of other elements. Limits may- be' establishied for
unnamed elements by agreement. between manufacturer or-
" shall conform to the tensile strength requirements prescribed

supplier and purchaser.
5.2.1 For copper alloys for which copper is spcmﬁ@d asa
remainder, copper may be taken as the difference between

the sum of all-the elements analyzed and 100 %. When all -
the elements iri Table 1 afe analyzed ‘their sum shall be as L

follows:

Cogper plus Nawed Flo-

Copper Alloy TINS No, ments, % min-

_ C70600 99.5
71000 99.5 "
71500 993
72200 99.5.
72500 99.8

5 2.2 For copper alloys. for which. Zing is spemﬁed as a
remainder, either copper or zinc may be taken as. the
difference between the sumn of all elements analyzed and
100' %. When all elements'in Table 1 are analyzed, Lhur sum
shall be as follows:

Copper plus Named Ele-~

" Copper Alloy UNS Nu,_ . ments, % min
©e73se0 i 99.5
€74000 99.5
C74500 99.5
C75200 99.5
76200 .. ) 99.5
C77000 : 99.5
6. Tmper

6.1 As Hot-Rolled (MZO) Material--The standard tcmper
of sheet and platé produced by hot rolling and is as
des1gnatcd in Table 2.

6.2-Rolled (H) Material—The standard tempers of -roll.ed
material are as designated in Table 2 with the prefix *H”.
Former designations and the standard designations ‘as de-
fined in Practice B601 are shown. Special or nonstandard
tempers are subject to negotiation between manufacturer
and purchaser (See 3.1.2).

6.3 Annealed—The standard tempcr is Q60 (soft), as
indicated in Table 2. )

7. Mechanical Properties of Rolled Tempers

7.1 Tensile Strength:

7.1.1 Products ordered to this specification o inch-pound
units shall conformy to the tensile strength requirements
prescribed in ksi units in Table 2.

7.1.2 Products ordered to this specification in SI units

in MPa units [bracketed] in Table 2.

7.1.3 Acceptance or rejection based on mechanical prop-
erties shall depend only on the tensile strength.

7.1.4 The tension test specimens shall be taken so the
“longitudinal axis of the spwlmcn is parallel to the direction

o of rolling.

8. Grain Size Requirements of Annealed Tempers

8.1 Grain size shall be the standard test for material of all
thicknesses in annealed tempers, and acceptance or rejection
shall depend on the grain sizes. The average grain size of each
of two samples of annealed material as determined on a

plane parallel to the surface of the material shall be within

the limits prescnbed n Table 3.

9, Rnckwell Harduew

9.1 Rockwell hardness tests offer a quick and convenient
method of checking copper-nickel-zinc and copper-nickel
alloys of any temper for general canformity to the require-
ments for tensile strength or grain size. The approximate
Rockwell hardness values for the rolled tempers are given in
Tabile 2 and those for the annealed tempers of material 0.015
in. and over in thickness are given in Table 4, for general
information and assistance in testing.

16, Dimensions and Permissible Variations

10.1 The inch-pound dimensions and tolerances for prod-
ucts covered by this specification shall be as prescribed in the
current-edition of Specification B 248, and the SI dimeénsions
and tolerances covered by this specification shall be as
preseribed in the current edition of Specification B 248M,
with particular reference to Section 5 and the following
tables of that specification:

10.2 Thickness—See 5.2, Tables 1 and 2.. when spccml
thickness tolerances for C,opper Alloy UNS No. € 72500 are
mqmmi see 5.2.3 and Tablu 3. :

TABLE 1 Chemncal Requirements -

. . Composifion, % -
mefr  Gopper, - Nickel - Lead . —_— M aness, Chro Other
UNS No. inct inci S i i Zino . Tine . Named
Silver Caobalt . Elements
C 70600 remainder 9.0-11.04 0.058 1.0-1.8 1.0 1.05 max B
C 71000 remainder 19.0-23.0 " 0.088 1.0 max- ¢ 1.0 1.08 max 8
C G 71500 remainder - - 29,0-33.04 0.052 -0.40-1.0 1.0 T 108 max e P 8
‘G 72200 remainder 15.0-18.0 0.05% 0.50-1 0 1.0 1.08 e 0.30-0.70 a
C 72500 remainder . 85-10.5 - 008 0.6 0.2 0.8 max. 1.8-2.8 e
¢ 73500 70,5-73.5 18,5-19.5 010 0,28 max, 0.50 remaindar NN
. G 74000 69.0~73.5 9.0-11.0 0.10 0.25 max 0.50 remainder ¢
G 74500 63.5-66.5 . 9.0-11.0 .0.10 0.25 max 0.50 remainder
C 75200 635-66.5 - 165-195 .- 005 0.25 max 0.50 . remainder
G 76200 57.0-61.0 11.0-13.5 L 010 0.25 max 0.50 ‘remainder
C 77000 63.5~58.5 16.5-19.5 0.08 0.25 max remalndar

A Copper plus elements with specific limits, 99.5 % min,

2 When the product is for subsequent welding applications and so specmed by the purchaser, zing shall b 0. 50 % max, lead 0 02 % max, phosphorus 0 02 % max,

sulfur 0.02 % max, and carbon 0.05 % max. |
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TABLE 2 Tensile Strength Requirements and Approxnmate Rockwell Hardness Yalues for Rolled Tempers,

NoTie-—Plate is generally available in only the as-hot-rolled (M20) tempers. Required properties for other tempers shall b agresd upon betwsen manufacturer and
purmam«;r at the time of placing the order., . o ) )

Tensile Strendqth ksiA

Temper Des:gnatmn R " Approximate Rockwell Hardness®

- . (Pa) e
Standard ' " Fofmer " Ut M Max U @Sale - oo BSele o Sberidal
‘ N * Copper Alloy UNS No, G 70600+ ‘
M2D as hot-rollsd .5 401[275) . 62 [425] v e .
HOT quarter hard- . 51[350] . 67 [460) T 51-78 : 52-70
HoZ. half hard 58 [400] 72[495] - - 66-81 : 61-72
© HO4 harg * Ceovem 71490 88[570) - G e 76-86 Y % 7 S
08 woo . exteahard ... . 73[B08] . - 85[585] o ke ! . Bo-88 T 4 T 44
Ho8 sping . . 78 [540] . 88 [605] Lt 8391 7078
) ‘ ot Copper Alloy UNS No C“MOOO B K
M20 as hot-rofied .- 38[260] | 56 [385] e - oo
HO? quarter hard 47 [325] 63 [435] e 45-72 46-65
Ho2 half hard 56 [385] 70 [485) cee 64-78 59-69
HO4 . hard ' B7460] © . 79 [545) cen 76-84 - B
. Hoe U exwabard . ... .. 72]495] 84 [580] e 7987, 6975
Hos spring 76 [525] 87 [600] : I 82-88 71-75
‘ Copper Alloy UNS No. C 71500 P ‘
M20 as hot-rolled 45 [310] 65 [450] o R
HO1 quarter hard 58 [400] 720485] o v LB e 87-81 - 61-71
© HO2 haif hard 66485 .. 80 [550] e 76-85 67-74
D4 hard 75 [518] © 68 [605) : S e B8O - Leeeo 7276
HO6 extra hard 80 [550] 92 [635] 85-91 STETT
HO8 | spring ) . 84 [580] 94 [650] oL 87-91 7T
T ] " " Copper Alloy UNSNo. C72200 - . o
M20 as hot-rolled 42 [290] 62 [425] LT e s
HO1 quarter hard §5 [380] 67 [460] L 63-78 58-70
Ho half hard . B8 [400] 72 [495] VTR - - L B178
HO4 " hard o Ti[aen] - 85 [588] L L7688 o eTer8
HOB extra hard . 73[508] ' 90 [620] . 78-90 69-78
Ho8 . spring - 78[540] 91 [625] S e e 8191 L 7179
Copper Alloy UNS No. G 72500 - : i
M20 ashotrollet 80 [345] FOLABE] TN, e e e e e
Hot quarter hard 5 (380) 75 [515] _ e o Up to 86 S upter
HoR halt hard 86 [450] - . 80 [550] L ) 70-90 S BRTs
Ho4 hard .75 [515] . 90{620] : 75-80 8675
HO8 exira hard T . 80[550] 95 [655] 8005 © - 70-80
HOB spring oo, 8610585] . 100 [690] . ‘ . 85-95 . 72-80
HIO" extrasping 90 [620] 105 [725] s 87-95 76-80
H14 super spring . . 100 [690] 125 [860] 82 and over © T8 and over
' , Copper Alloy UNS No. € 73500 ‘ ' S o ,
M20 as hot-rolled L 48 [330] 63 [435] '
Ho1 quarter hard . 56[385] 69 [475] 2047 : 66-80 . - . .. 6070
HO2 half hard - 63435 - 75 [518] 38-53 75-84 67-78
HO4 hard S 73[508] . 84 [580] 5161 B3-88 72-75
HOB ‘ extra hard .. 79 [546] 90 [620] 57-85 © B6-90 . TA-TE
Copper Alloy UNS No. 74000 L ‘
M20 as hot-rofled 48[330] 63 [435]
HO1 quarter hard 55 [380] v 70 [485] AT . . 60-80
HoR half hare 63[435] 77 [530] S W 70-85
HO4 hard 73508 87 {600) 7991
© HOB extra hard "79 [545] 91 [625) £3-93
‘ ‘ T " Copper Allay UNS No. C 74500 ‘ o _ ‘\
M20 as hot-rolled © 07 a4gqs3e] 65 [450] I
HO1 hard 56[385]  73[505] §1-80 50-70 ‘
Ho2 half hard 67 [460] 82 [565] 7287 , 65-75
HO4 hard BO [550] 94 {650] s 85-92 73-78
HOB exira hard 89 [615) 102 [700) e 9094 76-79 f
HO8 spring 95 [665] 108 [740) ‘e 92-96 77-80 ;
i
i
k
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TABLE 2 Conunued

“T‘amper Designation Tmmle @S;rmﬁth kst " Approximate Rockwell Hardness© . : ’
Standard ~Former-. " Max © @ Scale B Scale v $ugeoﬁcial
L ” i " Copper Alloy UNS No. C75200
, . ashotroled  52[385] 7 85 [460] ... :
quarter herd ) 88 [400] T2 [495) 5075 4967 ' |
o hatfharg - e e B8 [456] 80 [550] 6882 . 62-72 .
tiard . : 78 [540] - - 91 [625] 80-90 70-76 \;
extra hard 86 [595] 98 {675] 87-94. 74-79 ;
spring : 90 [620] 101 [700] . 89-06 75-80 .
, e Copper Alloy UNS No. C 76200 )
M0 ashotrolled ~ 55[380) T8 [518] ces
HO1 quarter hard 85 [450] g1 {560) 61--85  BT-74
HO2-- -+ - = half hard 75 [516] ‘91 [625] - R - O 69-77
HO4 - hard . 90 {620] 105 [720] 90-95 7679
HO6 extra hard 99 [685] 114 [790] 94-98 T79-81
HO8 | spring 107 [740] 122 [B40] e 97-100 80 and over
o ' Copper Alloy UNS No. C 77000
M20 ... as hotrolled 60 [415] 80 {550] e v v ;i
HO1 quarter hard 69 [475] 87 [600] 2362 ' 70-88 Coas-rs o )
HO2 o half hard 78 [540] g5 [655] 51-69 81-92 71-78
HO4 hard 82 [635] 109 [750] 67-76 a90-96 . 76-80
HOB extra hard 102 [700] 117 [810] 73-80 95-99 79-82
HOB' spring 108 (740] - - 128 [850] Tr-83. 97100 80 and over
Aksi = 1000 psi. o
B Sea Appendix.

-© Rockwell hardness values apply as follows: The B and G scale hardness values apply to metal 0.020 in. {0.508 mm) and over in mlckness, and the 30-T scale

hardness vaiues apply to metal 0.012 in. (0.305 mm) and over in thickness.
D Standard dasignation defined in Practice B 801.

TABLE 3 Grain Size Requirements for Annealed Material

Standard Grain Size, mm
_Copper Alloy Temper
UNS No . Designa-~  Nomi- "
tion# .. ... nal Min . Max
€ 70600, C71000, S '
71800, C 72200, OB035 0.038 0.025 0.060
C 72500, C 73500, 08015 0.015 A 0.028
and C 76200 ‘
C 74000, C 74500, 08070 0070 0050  0.100
G 75200, and (5035 0.085 0.025 0.050
C77000: 08018 0.018 A 0.025
- A Although-no minimum grain- size is requirad this material shall be fully
recrystallized.

& Standard designation dafined in Practice B 601

10, 3 Wzdth

10.3.1 Slit Metal and Slzt Meml with Rolled Edvesw—See
5.3, Table 4.

10.3.2 Square-Sheared Metal—See 5.3, Table 5.

10.3.3 Sawed Metal—See 5.3, Table 6.

10.4 Length:

10.4.1 Specific and Stock Lengths With- cmd Without
Ends—See Section 5.4, Table 7. ~

10.4.2 Schedule of Lengths (Specific and Stock) with
Ends—See 5.4, Table 8.

10.4.3 Length Tolerances for Square-Sheared Metal—See
5.4, Table 9.

104.4 Length Tolerances for Sawed Meéigl—5e¢é 5.4,
Table 10.

10.5 Straightness:

" 10.5.1 Slit Metal or Slit Metal Either Szrazghtened or
Edge-Rolled—See 3.5, Table 11.

10.5.2 Square-Sheared Metal—See 3.5, Table 12,

10.5.3 Sawed Metal-See 5.5, Table 13.

10.6 ‘Edges—See 5.6..

10.6.1 Square Edges—See 5.6. 1 Table 14.

10.6.2 Rounded Corners—See 5.6.2, Table 15.

10.6.3 Rounded Edges—See 5.6.3, Table 16.

10.6.4 Full-Rounded Edges—See 5.6.4, Table 17,

11. Keywords

11.1 copper-nickel plate; copper-mckel rolled bar; copper-
nickel sheet; copper-nickel strip; copper-nickel-tin plate;
copper-nickel-tin rolled bar; copper-nickel-tin sheet; copper-

nickel-tin strip; copper-nickel-zinc plate; copper-mckel»zmc

rolled bar; copper-nickel-zine sheet; copper-mckel-zmc strip

170
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TABLE 4 Approximate Rockwell Hardness of Annealed Material

o Temper ‘Approximate Fockwell Hardness o
B L ey Norinal " Superiicial
N Standard P BRI
Desigriation Gra::mSnze, B Scale F Scale 30.T

L Cbpper Alloy

UNS No. C70600

0035 10-27 §5-72 1534
0.015 1648 66-83 - 2545

Copper Alloy UNS No. C 71000 ,
f 05035 0.035 18-35 67-76 28-40
08015 0.015 35-58 76-90 40-55
Copper Alloy UNS No. € 71500
05035 0.035 2345 70-85 31-46
08015 0.018 3763 7493 40--58
Copper Alloy UNS No. C 72200
08035 0.035 14-31 ... 24-36
08015 0.015 18-42 ... 2641
" Copper Alloy UNS No. C 72500
08035 0.035 24-39 70-81 3242
08015 0.015 87-61 78-92 41-58
Capper Alloy UNS No, C 73500
0S035 0.035 2035 70--80 29-40
05015 0.015 2655 7690 34-53
Copper Alloy UNS No, C 74000
Q38070 0.070 5-20
08035 0.035 20-40
0s015 0.015 35-56 e
Copper Alloy LINS No. € 74500
08070 0.070 1530 63-73 26-36
05035 0.085 2841 70--80 4144
0S015 0.015 41-59 80-90 44-56
Copper Alloy UNS No. C 75200
08070 0.070 25-40 70-80 3243
08035 0.028 3555 75-88 40-63
08015 0.015 4570 83-93 46-64
Copper Alloy UNS No. 78200
05035 0.035 20-35 70-80
05015 0.015 28-56 76-80
Capper Alloy UNS Neo. G 77000
08070 0.070 20-46 72-83 3546
05035 0.035 3760 76-91 41-57
08015 0.015 47-73 84-98 47-65

# Rockwell hardness values apply

values apply to metal 0.020 in. (0.508 mm) and aver in thickness and the 30»1j
soale hardness values apply to matal 0.015 in. 0.381 mm) and over in thickness. . g

APPENDIX ‘

(Ncm_nandétory Information)

X1. METRIC

X1.1 The 81 unit for strength properties now shown 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 ST unit for pressure or

as follows: The B and F scale hardness

EQUIVALENTS ;

stress is the newion per square metre (N/m?), which has been
named the pascal (Pa) by thé General Conference on
Weights and Measures. Since 1 ksi = 6 894 757 Pa the metric
equivalents are expressed as megapascal (MPa), which is the
same as MN/m? and N/mm?,

171 | j
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The American Society for Testing and Materials fakes no position mapm/ng the val:d:ty of any patont rights asserted In connection
with any item mentioned in this: szandard -Users of this standsrd are expressly advised that determination of the validity of any such
N patent rights, and the risk of lnfringfam@nt of mmh rights, are entirely their own respaﬂsimmy

This standard is subject to-revision at-any time-by-the-responsible technical committes-and must be reviewed every five years and
if not revised, efther reapproved or withdrawn, Your caminents are invited eitfer for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful considerstion at & meeting of the responsible
technlcal committes, which you méy attend, If you Yéo! that your comments Kave not received a fair hearing you should make your
views knows to the ASTM Coinmittee on Standards, 100.Barr Harbor Drive, West Conshohouken, PA 19428.
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By Authority Of
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" 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.
Criminal penalties may apply for noncompliance.

HEED THIS NOTICE

ETM:Bl24:: &tandard Spscific

Document Name: and Copper-Alloy Forging Rod, Bar,

CFR Section(s): 60-2

Standards Body: Soclety for Te

Official Incortorator:

tion: for

Copps
and Shapes

sting . and: Meterials

THE EXECUTIVE DIRECTOR
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568000008

WASHINGTON; D.C.

OFFICE OF THE FEDERAL REGISTER
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qm‘” Designation: B 124 - 96

Standard Specmcatlon for

8

Copper and Copper Alloy Forgmg Rod, Bar and Shapes.1

ﬂus standmti 1s issued under t.h\, ﬁxed dwgnaxmn B124; tlw nomber xmmcthly Following the designation indicates the year caf
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the yesr of last reapproval. A
tsmpt apmlon ) mdl('d,IBS an, rzn:hmnal change since the last revision or reapproval.

N Thzs standard has been appraved for use by agencies of the Department of Defense Consult the DoD Index af Specifi catlons and !

Standards, for the speczf ic year of i issue which hus been adopted by the Department of Defense.

1. Scope*
1.1 This spemﬁcauon cstabhshw the rcqmmmcms for
copper and copper alloy rod, bar, and shapes intended for
hot forging. The followmg copper and copper alloys are

mcluded
Coppcr UNS Nos,

CC11000
© C14500
C14700

Copper Al‘loy UNS Nos.
" C36500
C37700
T C46400°
C48200 "
. CA8300
61900
62300
C63000
C63200
¢, C64200
C64210
€65500
67500
C77400
1.2 The values stated in mch—pound units are the stan-
dard.
1.3 This :,pecnﬂcauon is the cmmpamon 10 ST Spemﬁuatmn
B 124M; therefore, no SI equivalents are pws&mcd in this

specxﬁcatmn

2. Referenced Documents

2.1 ASTM Standards:
B 124M Specification for Copper and Copper-Alloy
Forging Rod, Bar, and Shapes [Metric]?
B 249 Speoiﬁcation for General Requirements for
Wrought Copper and. Copper-Alloy. Rod, Bar, Shapes,
. and Forgings®
B 283 Specification for Copper and Copper-Alloy Die
Forgings (Hot-Pressed)®
B 601 Practice for Temper Designations for Copper and
. Copper Alloys—Wrought and Cast?
E 54 Test Methods for Chemical Analysis of Special
. Brasses and Bronzes® i
"E'62 Test Methods for Chemical Analysis of Copper and
Copper Alloys (Photometric Method)?

[ ——————

1 This specification is under the jurisdiction of ASTM Committee B-5 on
Coppe\ and Copper Alloys and is the direct rwponmbﬂuy of Subcomnmtee B05.02
on Rod, Bar, Wire, Shapes and Forgings,

Current edition approved Sept. 10, 1996. Published November 1996, Ongmally
published as B 124 ~ 39 T. Last previous edition B 124 ~ 94,

2 dvnual Book of ASTM Standards, Vol 02,01, -

3 Anrmal Book of ASTM Standards, Vol 03,05,

* A Summary of Chang;s seéﬁon appearsd__at the end of this specxﬁcétion.‘.r,; .

E76 T cst Methc»ds for (,hemlca Amlysxs of Nxckal»
. Copper Alloys® '

E 121 Test Methods for Chemlcal Analyﬂs of Copper-
Tellurium Alloys?

E 478 Test Meth.ods for Chemlcal Analyms of C‘opper
Alloys®*

- 2.2 IS0 Standard: B ' '
No. 3110, Part 2 (TC 26 Ref No N 670 E/F) Determma—,

tion of Aluminum Content: Flame Atormc Absomtlon
Spectmmemc Method“ v S .

Ordermg Information . .
3.1 The contract or purchase order for product under ﬂ'llS

' specification should include the following information:
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3.1.1 ASTM demgnauon and vear of issug (B 124- XX),

3.1.2 Copper or Copper- Alloy UNS No. (Section 3),

3.1.3 Form (Section 10),

3.1.4 Diameter or distance between paraliel surfdces
{Section 10), , S

3 1 5 Tolerances (‘Sectlon IO),

1.6 Length {Section 10), E

3 1.7 Quantity; total weight for @auh size anc[ form,

- 3.1.8 When purchase is intended for a U.s. (;ovemmeni
agency.

3.2 The fol]owmg options aré available and should be
specified in the contract or pmohaqe order when req umd

3.2.1 Temper, o

3.2.2 Mechanical propemes,
- 3.2.3 Certification, and

3.2.4 Test report

4. General Reqwmmems )

4.1 The following sections of Specmcatlon B249 form a
part of this specification:
4.1.1 Terminoclogy,
4.1.2 Material and Manufaciure, =~ -~
4.1.3 Workmanship, Finish, and Appmrfmcc,
4.1.4 Sampling,
4.1.5 Number of Tests and Retests
. 4.1.6 Specimen Pxeparatlon, )
4.1.7 Test Methods, ‘ ) o
4.1.8 Siguificance of Nummcm Lumts, -
4.1.9 Inspectmn .

| 4Avmlab1e fmm American National ‘%andafdb Imtltute 11W, 42nd St., 13th
}«1001 New Ymk, NY 10036, - - . .
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TABLE 1 Chemical Requirements
Composition, %
N : ‘ ' s Copper
Copper L B Bl R o - - _ L Elements
ﬁ";g Copper | Lead | Tin Iron - (IE(I}?(CeCI)) Auminum| - Slicon  Manganesel  Zinc | Sulfur | Tellurium | Phosphorus | Arsenic S;"e'g“ﬁc
No. | U AT BN ‘ Limits .
Pregsert, :
min
C11000 |99.90 minA|.. ..o fod) N
C145008192.90 min©|. .. 0.40-0.7 |0.004-0.0122 | ...
C14700%]99.90 minF|. .. 0.20~0.50... .
C36500 |58.0-61.0 10.25-0.7 |D.25 max]0.15 max |. . . remainder |. . . \ ,
CB7700 {56.0-61.0 [1.8-2.8 1.7 [0.80 max ... remainder | .. . g !
46400 168.0-62.0 (0.20 max/0.5-1.0 (015 max ... remainder |. .. U I PETHREA e ¢
C48200 |59.0-62.0 (0.40-1.0]{0.50-1.0]|0.15 max ... remainder |. .. 1- R B |
C48500 [69.0-62.0 |1.3-2.2 |05-1.0 [0.15 max... remainder |... T R T f
C61900 {remainder [0.02 max|{0.6 max [3.0-45 [...  [85-100f... - |....  [08max |... s cie ot 998 b
CB2300 [remainder |,... 0.6 max [2.0-4.0. 1.0 max 8.5-11.0(0.25 max |0.50 max |... . 995 . ;
C83000 |remainder ... 0.20 max| 2,040 14,0-85 19.0-11.010.25 max [1.5 max  [0.30 max {... e . 99.5 ‘
C63200 {remainder [0.02 max|... 3.5-43%140-4.8 {87-95 (010 max [1.2-2.0 . ... vaa LR MR B I
C64200 {remainder |0.05 max|0.20 max|0.30 max 025 max|6.3-7.6 j1.5-22 |0.90 max |0.50 max {... ves ‘e O 15 max| 99.5
CE64210 |remainder |0.05 max|0.20 max| 0.30 max |0.26 max|6.3-7.0 {1.6-2.0 [0.10max [06.50 max |... o . .15 max| 99.5
85500 |remainder |0.05 max|... 0.8 max 0.6 max |... 2.8-3.8 [0.50-13 1.S5max |... e P B 9.5
C67500 |57.0~-60.0 |0.20 max|0.5-1.5 |0.8-20 |.... 0.256 max. .. 0.05-0.5 fremainder |... . i ]
C77400 143.0-47.0 [0.20 max].. . 9.0-11.0(... . remainder |. ..

A Silver courts as copper,

8 This Inciudes oxygen-free tellurium copper which containg phosphorus in an amount agreed upon,

© This includes copper + giiver + tellurium.

D Other deoxidizers may be used as agreed upon, in which case phosphorus need not be present.
£ Includes oxygen-free or deoxidized grades with deoxidizers (such as phosphorus, boron, lithium, or others] in amount agreed upon.

F This includes copper plus siiver plus sulfur,
@ fron content shall not exesex nickel content.

4.1.10 Rejection and Rehearing,
4.1.11 Certification,
4,1.12 Mill Test Report, -
4.1.13 Packaging and Package Markmg, and
4.1.14 Supplementary Requirgments.
" 4.2 An identical section in this specification supplements
the referenced section of Specification B 249.

%, Material and Manufact'ure

5.1 Material:

5.1.1 Product under tlus specification shall be produced
from one of the following Copper or Copper Alloy TUNS
Nos.: C11000, C14500, C14700, C36500, C37700, C46400,
C48200, C48500, €61900, 62300, C63000, C63200,
C64200, C64210, C65500, C67500, C77400.

6. Chemical Composition

6.1 The material shall conform. to the requirements in
Table 1 for the specified copper or copper alloy.

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

6.2 When the value of an element for a specified copper
* alloy is identified as the “Remainder,” that “Remainder”
value shall be determined as the difference between the sum
of results for specified elements and 100 %,

6.3 When all elements in Table | for the specified copper
alloy are determined the sum of results shall be as follows:

174

Copper Alloy UNS No.

s Sum of Results Percent, % min -
C36500, C46400, C48200, C48500 9.6

C37700, C61900, C62300, 63000, o 9.5
63200, C64200, C64210, C65500, ' :
67500, CT7400

7. Temper

7.1 Product temper shall be subject to agreement between
the manufacturer and the purchaser.

7.1.1 Product tempers normally available under this spec-
ification and as defined in Practice B 601 are-M30, M20, and
M350.

8. Mechanical Property Raquircménts

8.1 Mechanical properties, if any, are subject to agreem
ment between the manufacturer and the purcha';er Y

9. Purchases for U.S. Government

9.1 When specified in the contract or purchase order,
product purchased for agencies of the U.8, Government shall
conform to the special government regulations specified in
the Supplemental Requlrements section,

10. Dimensions, Vass, and Permissible Variations
10.1 Except for shapes, length, and straightness, the di-

mensions and tolerances for product produu,d under this

specification shall be as prescribed in the section titled
“Diameter or Distance Between Parallel Surfaces in Speci-
fication B 249 as follows:
10.1.1 Diameter or Distance Between Pamllel Surfaces:
10.1.1.1 For M30 rod, Copper Alloy UNS Nos. C36500,
C37700, C46400, -C48200, C48500, C61900, C62300,
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C63000, 63200, C64200, C64210, and C67500, refer to
Table 4.

10.1.1.2 For M30 rod, Copper UNS Nos. €11000,
14500, and C14700 and Copper Alloy UNS Nos C65500
and C77400, refer to Table 5.

10.1.1.3 For M20, round rod, refer to Table 6

10.1.1.4 For M30, bar, refer to Table 4 for width toler-
ances for Copper Alloy UNS Nos. €36500, C37700, C46400,
C48200; 48500, C61900; C62300 C63000 63200,
C64200, €64210, and C67500, ‘

10.1.1:5 For M30 bar refer to Table 5 for width tolerances
for Copper UNS Nos. C11000, C14500, and C14700 and
Copper Alloy UNS Nos, C65500 and €77400,

10.1.1.6 For H30, rod, refer to Table 1 for Copper Alloy
UNSNos CIIOOO C14500, C14700, C46400, C48200, and
48500,

The tolerance for the fulldength pieces shall be plus 1 in.
(25.4 mm).

10.3.2 For rod and bar for forgmg over | in. {25.4 mm) up
to and including 2 in. (50.8 mm) in diameter the lengths

- shall be random lengths, from 4 to 12 ft (1.22 to 3.66 m).

10.3.3 Rod and bar for forging over 2 in. (50.8 mm) in
diameter shall be ordered in special lengths.

10.4 Srrawhmesswm”rm material shall be straight, wuhm 1
in. (25.4 mun) maximum depth of arc in 6 ft (1 83 m)..

11, Test Methods

111 The test method(s) used for qgoality control or
production control, or both, for the determination of con-

.. formance with product property requirements are discre-

10.1.1 7 For H50, rod, refer to T ab]e 2 for Copper Alloy
UNS Nos, 036501;’! 37700, €61900, C62300, C63000,

C63200, C64200, C65500, (267500 and C77400.
10.1.1.8 For HS50, bar, refer to Tables 7 and 10 for Copper
Alloy UNS Nos. C11000, C14500, and C14700.

Alloy UNS Nos. C46400, C48200, and C48500.

tionary.

11.1.1 The test method(s) used to obtain data for the
preparation of certification or test teport, or both, shall be
made available to the purchaser on request,

11.2 Chemical Analysis:

11.2.1 Chemical composition shall, in case of disagree-

 ment, be determined as follows:
10.1.1.9 For H50, bar, refer to Tables 8 and 10 for Copper

10.1.1.10 For H50, bar, refer to Tables 9 and 11 for

Copper Alloy UNS Nos. €36500, C37700, C61900, C62300,
C63000, C63200, C64200, C65500, C67500, and C77400.

10.2 Shapes—The dimensional tolerances for shapes shall -

be agreed upon between the manufacturer and the purchaser
and shall be specified in the order.

10.3 Length—Rod, bar, and shapes for forging when
ordered to any length will be furnished in stock lengths,
unless it is specifically stated in the purchase order that the
lengths are to be specific.

10.3.1 Stock lengths for all rod, bar, and shapes for
forging up to and including 1 in. (25.4 mm) in diameter shall
be as listed in Table 2 but the weight of lengths less than the
length ordered shall not exceed 40 % of any one shipment.

TABLE 2 Stock Lengths

Ordered Length Shortest Permissible Length
ft ft
12 6
10 6
8 4
6 4

Element Rang& % Test Method
Aluminum 0.005-12 180 No. 3110 (Aa)
) L B-12 E418
. Arsenic 0-0.15 E62
Copper 43-99.9 E478
Iron 0.15-5 E 54
Tead 0.02-3. E 478 (AA)
Manganese 0.10-2.0 E¢2 -
Phosphorus 0.004..0.7 6z
Silicon o 0.10-4 E62 .
Sulfur 0-0.5 E76 (Grawmemc)
Tellurium 0.40-1 E 121
Tin 0.2-1.3 E478 (Photometnc)
Zine 0.3»1.5 E478 (AA) s
240 E 478 (Titrametric)

11.2.2 Test methods for the determination of elements
resulting from contractual or purchase order agreement shall
be as agreed upon between the manufacturer or supplier and

" the purchaser,

12. Keywords

12.1 brass forging shapes, brass forgmgs, bronze forgmg'
shapes; bronze forgings; copper alloy forging bar; copper
alloy forging materials; copper alloy forging rod; copper alloy
forgings; copper forging bar; copper forging matesials; copper
forging rod; copper forging shapes; copper forgings; nickel

silver forging shapes; nickel silver forgings
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AK’I?ENDIX f

onmandatory Informatmn)

, I’ORGING PRACTICE

forgeability ratings illustrate the relative difference ifi ease of

" TABLE X1.1 Forging Temperatures and Forgeability

[“The ‘.’d(l no’c wnsutute & par“c of  forging with forgmg brass being the most readﬂy forgeable. j
this spemﬁcatlon The snggested forging temperatures give  For the relative strength of these alloy forgings, as hot !
the range suitable for hot forging of the alloys and the  pressed, see Specification B 283, Appendix 2, Table 4.

Suggested Forging Temperatures

c 11000 RS Copper : C 1400-1700 -~ < 1030-1200 65
©14800 Copper-tellutum 18501650 Co L ete-1170
.. 14700 . ... Coppersulfur . 1400-1600 o 750-875 ‘ 65 "
- C 86500 : Lsaded muntz metal, uninhivited 12001450 ! . 920-1060 - ¢ ¢ A
©37700 Forging brass . 1200-1450 920-1060 -~ =+ o
C 46400 Naval brass 1200-1500 . . e20-1080 80
48200 Medium leaded naval brass 12001600 - - 9201090 -
G 48500, Leaded naval brass [ 12001500 . 920-1090 . '
G 61900 Aluminum bronze 1300-1600 - ... . 9801140 75
62500 - Aluminum bronze, 9% - . .. 1300-1600 .. ) 980-1140 . 75
63000 Aluminum-nicke! bronze 14501700 1060-1200 - 75
< 83200 Aluminum-nicke! bronze S 14501700 1060-1200
£ 64200 Aluminum-silicon bronze 1300-1600. - L 980~1140 75
C 84210 . Aluminunegilicon bronze, 6.7 % - . . 13001600 . | L. 9801140
C 85600 High-silicon bronze(A) 18001600 o 8801140 40
C 87800 - Manganese bronze {A) ey 1350-1550 1010-1120 . 80
G 77400 Nickel silver, 45-10 o 1300~1500 b © 980-1090 .85

85

00 .
00 =

75

7

A Helaﬁve forgeabmty rating takes into consideration such variable fantors as pressure, die wear, and plasticity (hot). Since it is nmpractlble to reduce these variables to i
common units, calibration in terms of a percentage of the most generally used alloy, forging brass (100 %), is considered the most practical basis for such ratings. The J
valugs shown represent the general opinior and are intended for information to enable the designer to better understand the forging characteristics of those vanoua alloys

Imricme pms are more likely to be available in alloys having a high ratlng

* 'SUMMARY OF CHANGES

The section. identifies the location of selected changes to (1) A change was made in the composmon of lead for

this speuﬁcatlon that have been incorporated since the 1994 C36500 in Table 1.
issue.

The Ama*r/c&n Soc:lety for Testing and Mawrfals takas no position reﬁpeclmg the validity of any pa!em rights a&s&rwd in aonnwﬁon
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 awn responsibility.

This sa‘andard' is subject to revision at any time by the responsible technical committee and must be reviewed every five years and

if not revized, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addrassed to ASTM Headquarters: Your comments will receive careful consideration at a meeting of the responsible
technical commities, which you may attend, It you feel that your comments have not recelvad a falr hearing you should make your
views known 1o the ASTM Comimittes on Standards, 100 Barr Harbor Drive, West Conshohocken, PA 19428,
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qmb Designation: B 124M - 96

. $tandard Specification for

‘ ““*‘[Metnc]’

B Copper and COpper Ailoy Forgmg Rod Bar, and Shapes

This standard is issued undér the f“ xed dwlgnaum B 124M; the number inmediately ft}llnwmg the designation indicates the yu)r of
original adoption o, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscnm epsilon (&) mdlcates an editorial change’ smce the last revision or reapproval.

This standard has been approved for use by agencies of the Depar[ment of Defense.-Consult the DoD Index of Specifi catzom’ and .
Standards for the specific year of lssua whz’ch has been adopfed by lhﬂ Department of Defense. )

1. Scnpe*

1.1 This specification ' estabhshes the requ;lrements for
copper and copper alloy rod, bar, and shapes intended for

hot forping. The - following copper and copper alloys are -

included:
Copper 1UNS MNos,

C11000
C14500 -
C14700

Copper Alloy UNS Nos. ‘

CC3TT00
C46400
C48200
C48500
C61900
C62300
C63000

- 63200
C64200
64210
C65500
C67500 -
.. C77400

The Values ﬂtated in SI umts are the standard

1 3 This specification is the compumon o mchwpouﬁud
Spwﬁcmon B 124, ‘

2 Referemced Documents o

21 ASTM Standards:

B 124 Specification for Copper ami Copper Alloy Forging
Rod, Bar, and Shapes®

B 249M  Specification for General Requirements for
Wrought Coppcr and Copper Alloy Rod, Bar, Shapes,

- and Forgings.[Metric]?

B 283 Specification for Copper and Copper-Alloy Die
Forgings (Hot-Pressed)? - ,

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

. E 54 Test Methods for Chemical Analy&.w of S’pec,ml

Brasses and Bronzes®

'E 62 Test Methods for Chemical Analysis of Copper and
Copper Alloys (Photometnc Method)3

. M This ,spc:«;jﬁcation‘ s u,ndf:{*- the jurisdiction of ASTM Conumitter B-5 on
Copper and Copper Alloys and js the direct responsibility of Subconumittes B05.02
on Rod, Bar, Wire, Shapes and Forgings.

Cusrent edition approved Sept..10, 1996. Published November 1996. Ongmally
published as B 124M ~ 87. Lasi previous edition B 124M - 9. .
2 Annul Book of ASTM Standards, Vol 02.01.

C36500 e

-&&&-&-&-A&&

“E76 Test Methods for- Chemlcal Analys.ls of Nlckcl»
Copper Alloys®
.. E 121 Test Methods for Chexmcal Analysm of Copper-
T Tellurium Alloys?
E 478 Tj&st Methods for (,hemlwl Analyms ot (Zopper
Alloys ‘
2.2 ISO Standard:

No 3110, Part 2 (TC 26 Ref No. N 670 E/F)"

3. Ordering Information

3.1 The contract or purchase order for product under this
specification should include the following information: .

3.1.1 ASTM designation and vear of-issue (B 124M -
XX),

3.1.2 Copper or Copper Alloy UNS No. (Sect:ton 5),

3.1.3 Form (Section 10),

" 3.1.4 Diameter or distance ' between parallel surfaces
(Secnon 10,

3.1.5 Tolerances (Section 10),

3.1.6 Length (Section 10),

3.1.7 Quantity; total wxght for each size and form, md

3.1.8 When purchase is mtended for a U.S. Government
agency.

3.2 The follmwng optlons ate avallable and should be
specified in the contract or purchaso ox"dvsr when mqmred

3.2.1 Temper, . , . .

3.2.2 Mechanical propemes,

3.2.3 Certification, and
©3.2.4 Test report.

4. General Requiremwnts ‘

4.1 The following sections of Specxﬁcatmn B 249M form
a part of this specification:

4.1.1 Terminology, . o
4.2 Material and Manufacmm,
1.3 Workmanship, meh md Appémancﬁ,
1.4 Sampling,
1 5 Number of Tests and Retests
.1.6 Specimen Preparation,
1.7 Test Methods,: - t R
1.8 Sigmificance of 'Numemal leltS,
1 9 Inspection, S

4 Available from American National Standands Instittﬁe, A1 W, 42nd St D3tk

Floor, New York, NY 10036,

"8 dnnyal Book of ASTM Standards, Vol 03,05,

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

Copper or Compaosition, %

Copper Alloy ) Nickel ) )
UNS No, 3| Copper Lead Tin iron findl Co) Aluminum | Siicon  (Manganesd  Zino Suifur | Telluium | Phosphorus | Arsenic
C11000  {99.90 minA|. .. ey ouiied
C145008 199,90 min<]. .. 0.40-0.7 |0.004-0.0122}. ..
C14700£ .;199.90 min”}. .. 0.20-050,. .. R
C36500  [68.0-61.0 {0.25-0.7 10.25 max (015 max |... remainder |, , . .

Carro0  [58.0-61.0 (1.5-28 . {080 maX (... - . [remainder |. ..

C46400  159.0-62.0-|0.20 max. 0.5-1.0-"[0.15 max remainder |, , .

48200  |59.0-62.0'|0.40-1.0° }0.50-1.0 [0.15 max |.. rernainder |. . .

C48500 |59.0-62.0 (1.3-22 [0.5-1.0 |D.15max .. O remainder |. . .

C61900  |remainder [0.02 max 0.6 max |3.0-45. ... .- 185-10.0 |... . - |... . . [0.8max

©62300 |{remainder [... 0.6 max |2.0-40 |1.0max {85-11.0 [0.28max |0.80max ...  |,..

CE3000  |remander |... 0.20 max {2.0~4.0 |4.0-55 [8.0-11.0 [0.25 max 1.5 max |0.30 max |...

€63200  [remainder 10,02 max |. .. 3.5-4.39 14.0-4.8 |87-95 1010 max {1.2-2.0 e o

-.C64200  {remainder |0.05 max |0.20 max |0.30 max |0.25 max [6.8.7.6 [1.5-2.2 [0.10 max |0.50 max |... 0.16 max
C64210  |remainder |0.05 max |0.20 max |0.30 max [0.25 max |8.3-7.0 |1.5-2.0 [0.10 max |0.50 max |, .. 10.18 max
C65500 .|remainder (0.05max |... - |0.08 max [0.6max |... 28-38 |050-1.3 |1.6max |...
C67500 |57.0-60.0 |0.20 max |{0.5-1.5 |0.08-2.0 |... 026 max |... 10.05-0.5 |remainder ... .

Cr7400  [43.0-47.0 (020 max |. .. 9.0-11.0 |... . . |remainder |... -

© A gilver counts as copper.

8 This includes oxygen-free teflurium copper which containg phosphorus in an amount agreed upon,

€ This includes copper “silver” tellurium.

© Other deoxidizers may be used as agreed upon, in which case phosphorus need not be present.
£ Includes oxygen-freé or deoxidized grades with deoxidizers (such as phosphorus, boron, lithium, or others) in amount agreed ugon.

FThis includes copper plus sitver plus sulfur.
@ [ron content shall not exceed nickel content:-

10 Rejection and Rehearing,
11 Certification,
12 Mill Test Report,
13 Packaging and Package Marking, and
14 Supplementary Requlrements :
4.2 An identical section in this specification supplements
the referenced section of Specification B 249,

4.1.
4.1.
4.1.
4.1.
4.1.

5, Material and Manufacture

5.1 Material: ‘ ‘
. 5.1.1 Product under this spemﬁcatlon shall be produced
from one of the following Copper or Copper Alloy UNS
Nos.: C11000, C14500, C14700,C36500, C37700, C46400,
C48200, C48500, €61500, 62300, €63000, €C63200,
64200, C84210, C65500, C67500, and CT77400,

6. Chemical Composition

6.1 The material shall conform to thc requirements in
Table 1 for the specified copper or copper alloy.

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

6.2 When the value of an element for a specified copper
alloy is identified as the “Remainder,” that “Rerainder”
value shall be determined as the difference between the sum
of results for specified elements and 100 %.

6.3 When all elements in Table 1 for the specified copper .
alloy are determined the sum of results shall be as follows:

Sum of Resuks

Capper Alloy TUNS No. Percent, % min .-
36500, 46400, C48200, C48500 99.6

C37700 C61900, €62300, C63000, C63200, C64200 ©99.5
L (64210, C65500, CE7500, C77400, . o

7. Temper

7.1 Product temper shall be subject to agreement between. .

the manufacturer and the purchaser.

7.1.1 Product tempers normally available under this spec-
ification and as defined in Practice B 601 are M30, M20, and
M350.

8. Mechanical Property Requirements
8.1 Mechanical properties, if any, are subject to agree-
ment between the manufacturer and the purchaser.

9. Purchases for U.S. Government

9.1 When specified in the contract or purchase order
product purchased for agencies of the U.S. Government shall
conform to the special government regulations specified in
the Supplemental Requirements section.

10. Dimensions, Mass, and Permissible Variations

10.1 Except for shapes, length, and straightness, the di-
mensions and tolerances for product produced under this
specification shall be as prescribed in the section titled
“Diameter or Distance Between Parallel Surfaces™ in Speci-
fication B 249 as follows:

10.1.1 Diameter or Distance Between Parallel Surfaces

10.1.1.1 For M3{, rod, Copper Alloy TINS Nos, €36500,
C37700, C46400, C‘4820() 48500, C61900, (262300
C63000, C63200, C64200, C64210 and 067500 refer to
Table 4.

- 10.1.1.2 For M30, rod, Copper Alloy UNS Nos. C11000,
C14500, C14700, C65500, and C77400, refer to Table 5.
10.1.1.3 For M20, round rod, refer to Table 6. ~
- 10.1.1.4 For MBO bar, refer to Table 4 for wxdth toler-

- TABLE 2 Stock Lengths ]
Ordered Lenmh m Shortest Possible Length, m ‘

3 : 2
2 1

178
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ances for Copper Alloy UNS Nos. C36500, C37700, C46400,
48200, C48500, C61900, C€62300, C63000, (‘63200
64200, C64210, and C67500.

10.1.1.5 For M30 bar, refer to Table 5 for width toler-

ances for Copper Alloy UNS Nos. C11000, C14500, C14700;

C65500, and C77400.
10.1.1.6 ¥or H50, rod, refer to Table 1 for Copper Alloy

C48500. :

10.1.1.7 For H50, rod refer to Table 2 for Copper” Alloy
UNS "‘Nos. C36300, C37700, C61900, C62300, C63000;
63200, €64200, C65500, C67500, and C77400.

10.1.1.8 For H50, bar, refer to Tables 7 and 10 for Copper
Alloy UNS Nos. C11000, 14500, and C14700.

10.1.1.9 For H50, bar, refer to Tables 8 and 10 for (,opper S

Alloy UNS Nos. C46400, C48200, and C48500. .
10.1.1.10 For H30, bar, refer to Tables 9 and. 11 for
Copper Alloy UNS Nos, C36500, C37700, C61900, {62300,
C63000, C63200, C64200, C65500, C67500, and C77400.
10.1.2 Shapes—The dimensional tolerances for shapes
shall be agreed upon between the manufacturer and the
purchaser and shall be specified in the order.
10.2 Length—Rod, bar, and shapes for forging when

11. Test Methods
11,1 The test method(s) wsed for quality control or

‘production control, or both, for the determination of con-

formance with product property requirements are discre-

- tiomary.

I;lement Ravge, % ‘I‘cst Memml o
. Aluminum 0.005-12 18O No. 3110 (AA)
oL . . 6-12 E 478
Arsenic 0-0.15 E52
Copper 43-99.% EA478
Tron 0.13-5 E54
Lead 0.02-3 E 478 (AA)
Manganese 0.10-2,0 B62
Phosphorus 0.004-0.7 E62
Silicon 0.10-4 E862
Sulfur 0-0.5 E 76 (Gravimetric)
Tellutium o 040-1 E121
Tin L 0.2=1.5 E 478 (Photometric)
Zine v 0318 E 478 (AA)
240 B 478 (Titrimetric)

ordered to any length will be fiunished in stock lengths, -

unless it is specifically stated in the purchase order that the
lengths are to be specific.

10.2.1 Stock lengths for all rod, bar, and shapes for
forging up to and including 25 mm in diameter shall be as
listed in Table 3 but the weight of lengths less than the length
order shall not exceed 40 % of any one shipment. The
tolerance for the full-length pieces shall be +25 mm. :

10.2.2 For rod and bar for forging over 25 mm up to and

including 30 mm in diameter the lengths shall be random.

lengths, from 1.2 to 3.7 m.

10.2.3 Rod and bar for forging over 50 mm in diameter
shall be ordered in special lengths.

10.3 Sztrazghtnevc—-The material shall be straight, within
25 mm maximuwm depth of arc in 1.8 m.

179

11.1.1 The test method(s) used to obtain data for the

“preparati f certificati test rt, or both, shall be
TUNS Nos. C11000, (;‘14‘500 (2‘147()() (1”46400 C48’>00 and e avallable 1o fhe parchascr of Teqnet. :

made available to the purchaser on request.
S 11.2 Chemiical Analysis: "

+11.2.1 Chemical cormposition . shall, m case of dlsagree-
ment be detemuned as follows:

11.2.2 T est Methods for the determination of elements
resulting from contractual or purchase order agreement shall
be as agreed upon between the manufacturer or supplier and
the purchaser.

1‘2._ Keywords ‘
12.1 brass forging shapes; brass forgings; bronze forging
shapes; bronze forgings; copper alloy forging bar; copper

alloy forging materials; copper alloy forging rod; copper alloy-

forging shapes; copper alloy forgings; copper forging bar;
copper forging materials; copper forging rod; copper forging
shapes; copper forgings; nickel silver forging shapes; nickel
silver forgings
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X1.1 The data in Table X1.1 do.not constitute a part of
this- specification. The-suggested -forging temperatures give
the range suitable for hot forging of the-alloys and the
forgeability. ratings illustrate the relative difference in ease of

TABLE X1.1 Ferging Temperatu

- . APPENDIX
(Npmﬁandatory Information) " -

1. FORGING PRACTICE .
forging with forging brass being the most readily forgeable.

Page 37 of 124

For the relative strength of these alloy forgings, as hot .
pressed, see Speciﬁcation B 283, Appendix X2, Table X2.1. ‘

res and Forgeability

Copper or S:gge_sted
Co . Forging Forgeabil
Al o;’{ﬁs Name _T?mperatures : -Hgﬁng;«ty
. No. K ‘
- G11000  Copper 1080~1200 65
C14500  Copper-telluriur 1010-1170 €5
C14700  Copper-sulfur . 750-875 )
036500  leaded muntz metal, uninhibited  920-1060 100
C37700  Forging brass . 920-1060. 100
C46400  Naval brass 9201090 00
CA8200  Medium leaded naval brass . . 9201090 20
48500  Leaded naval brass 9201090 - 80
C61900  Aluminum bronze 280-1140 75
C62300 - Aluminum bronze, 9 % 980-1140 75
CB3000 . Alurninuni-nickel bronze 10601200 75
CE3200  Aluminum-nickel bronze 1060-1200 7%
G64200  Aluminurm-sificon bronze 2801140 - . 78
664210 Aluminurn-silicon bronze, 8.7 % . 980-1140 75
C65500  High-silicon bronze (A) 9801140 40
CB7500  Manganese bronze (A) 1010-1120 80
C77400  Nickel silver, 45-10 980-1090 85

having 2 high rating.

SUMMARY OF CHANGES

The section identifies the location of selected changes to
this specification that have been incorporated since the 1994
issue.

A Relative forgeahility rating takes into consideration such variable factors a3
pressure, die wear, and plasticity (hot). Since it is Impractible to reduce these
variables 1o common units, cafipration in terms of a percentage of the most
generally used alloy, forging brass (100 %), is considered the most practical basis

" for such ratings. The values stiown represent the general opinion and are intended
- for information to enable the designer to better understand the forging character-
istics of these various alloys. Intricate parts are more likely to be available in alloys

(1) A change was made in the composition of lead for

C 36500 in Table 1,

The American Society for Testing and Materials takes no position respecting the validity of any batent 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 antirely their own responsibility,

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comnents are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments' wiil receive careful consideration at a meeting of the responsible
technical committee, which you may attend. If you fael that your comments have not received & fair hearing you should make your
views known ko the ASTM Committes on Standards, 100 Barr Harbor Drive, West Conshohocken, PA 19428,
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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: Criminal penalties may apply for noncompliance.
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By Authority Of

" THE UNITED STATES OF AMERICA

Legally Binding Document

Document Name:

CFR Section(s): CFR 56.60-2

Standards Body:
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Free-Cutting Brass Rod, Bar; and Shapes for
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Socliety: for Testing and Mzterials
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Official Incortorator:

THE EXECUTIVE DIRECTOR
OFFICE OF 'THE FEDERAL REGISTER
WASHINGTON,; D.C.
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QH]}') Designation: B 16 - 92

Standard Specification for

Free-Cutting Brass Rod, Bar and Shapes for Use in Screw

Machines’

This standard is issued under the fixed designation B 16; 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 parentheses indicates the year of last reapproval, A
superseript epsilon (¢) indicates an éditorial change since the last revision or reapproval.

This siandaid 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.

1. Scope

1.1 This specification covers free-cutting brass rod, bar,
wire, and shapes of any specified cross section suitable for
high-speed screw machine work. The material is Copper
Alloy UNS No. C36000.2

1.2 Most rods made to this specification are furnished as
straight lengths, However, sizes Y2 in. and under may be
furnished in coil form when requested.

NoTE 1—A complete metric companion, B 16M, has been devel-
oped. Therefore, no metric equivalents are presented in this specifica-
tion.

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 249 Specification for General Requirements for
Wrought Copper and Copper-Alloy Rod, Bar and
Shapes? .

B 250 Specification for General Requirements for
Wrought Copper-Alloy Wire?

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

E 478 Test Methods for Chemical Analysis of Copper
Alloys*

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

3. Ordering Information

3.1 Material ordered to this specification shall contain
information listed in the “Ordering Information” section of
Specification B 249, plus the following:

3.1.1 Certification, when required,

3.1.2 Mill Test Report, when required, and

3.1.3 Quantity—Total weight, footage or number of
pieces for each size.

1 This specification is under the jurisdiction of ASTM Committee B-5 on
Copper and Copper Alloys and is the direet responsibility of Subcommittee B03,02
on Rod, Bar, Shapes, Wire, and Forgings.

Current edition approved June 15, 1992. Published August 1992. Originally
published as B 16 — 17 T. Last previous edition B 16 - 85¢1.

2 Refer to Practice E 527 for a description of the United Numbering System
[UNS].

3 Annual Book of ASTM Standards, Vol 02.01.

4 dnnual Book of ASTM Standards, Vol 03,03,

5 dnnual Book of ASTM Standards, Vol 01,01,

4. General Requirements

4.1 Material -supplied shall conform to the applicable
requirements of the current edition of Specifications B 249
or B 250 unless otherwise prescribed in this specification.

5. Material and Manufacture

5.1 Refer to Specification B 249 for rod, bar and shape
items and to Specification B 250 for wire products.

6. Chemical Composition

6.1 The material shall conform to the requirements of
Table 1.

6.2 Either copper or zinc may be given as the remainder
and may be taken as the difference between the sum of all
elements analyzed and 100 %.

6.3 When all elements in the table are analyzed, their sum
shall be 99.5 % minimum.

6.4 The specified limits do not preclude the presence of
other elements. Limits may be established for unnamed
elements by agreement between the manufacturer and the
purchaser.

7. Temper

7.1 Material is available in the following tempers as
defined in Practice B 601 as 060 (soft annealed), HO2 (half
hard) and H04 (hard).

7.2 HO2 (half hard) temper rods and bars shall be
furnished unless otherwise specified in the contract or
purchase order. Metal for applications requiring thread
rolling should be so specified in the contract or purchase
order. Mechanical requirements of drawn shapes shall be
agreed upon between manufacturer and the purchaser.

8. Mechanical Properties

8.1 Tensile—The material shall conform to the require-
ment of Table 2.

8.2 Rockwell Hardness—The material shall conform to
the requirements of Table 3.

8.3 The hardness test results, as far as they are specified,
shall be the basis for acceptance based on mechanical
properties. However, in case of disagreement, final accep-
tance or rejection shall be determined by the temsile test
results.

9. Dimensions, Mass and Permissible Variations
9.1 Refer to the appropriate paragraphs in Specifications
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TABLE 1 Chemical Requirements :
Element . , . Comp;zsfﬁon,
Copper 60.0-63.0
 Lead 2537
Iron, max 0.35 .
Zine remainder

B 249 or B 250 with particular reference to the followmg
tables of those specifications.

9.2 Diameter or Distance between Parallel Surfaces

9.2.1 Rod in Lengths: Round, Hexagonal, Octagonal—»—
Refer to Table [ in Specification B 249,

9.2.2. Rod in Coils: Round—Refer to Table 1 in Spemﬁca-
tion B 250.

9.2.3 Bar: Rectangular and Square—Refer to. Tables 8 .

and 10 in Specification B 249.

9.3 Shapes—The dimensional tolerances for shapes shall
be by agreement between the manufacturer and the pur-
chaser and shall be specified in the purchase order or
contract.

9.4 Length of Rod, Bar and Shapes—Refer to Table 13 in
Specification B 249,

9.5 Straightness of Rod and Bar—Refer to Table 16 in
Specification B 249, -

9.6 Edge Contours—Refer to the section of Spcclﬁcatmn

B 249 entitled, “Edge Contours” and to F1gs 1,2 and 3 of -

that spemﬁcatlon
10. Workmanship, Finish and Appearanc_e ) ‘
10.1 Refer to Specification B 249 for rod, bar, and shape

items and to:B 250 for wire products.

11. Sampling
11.1 Refer to Specification B 249 for rod, bar, and shape
items and to Specification B 250 for w1re products

12, Number of Tests and Retests

12.1 Refer to Specification B 249 for rod, bar, and shape
items and to Specification B 250 for wire products,

13. Specimen Preparation

13.1 Refer to Specification B 249 for the preparatmn of
the appropriate rod, bar, and shape test specimen and to
Specification B.250 for the appropriate wire test specimen.

" 14, Test Methods

14,1 Refer to Speclﬁcatlon B 249 for the appropriate test
method to be used for rod bar, and shape items and to
Spec1ﬁcat1on B 250 for the appropriate test method to be
used for wire products.

"14.2. Chemical composition shall, in case of dlsagreement
be determined as follows:

Eletnent Test Methods
Copper E 478
Lead E 478 Atomic absorption
Iron E478 K : [
Zing E 478 Titrimetric ' o

15. Slgmﬁcance of Numerical Lmuts‘ |

15.1 Refer to Spemﬁcatlon B 249 for rod, bar and shape
items and to Specification B 250 for wire products.

TABLE 2 Tensile Requirements

Temper Designation , Lo Yield Strength . - Elongation in 4% .;
Diameter or Digtéﬁcé Bétween Parallel Surfaces, in ;f:: iIteh at 0.5 % Ex- Diameter or
Stand- " Formet i ; T 'min kgi " tension under . Thickngss of Specl-:
ard S B ] R _load minksi® men, min, %2
Rod S 3 R
060 8ot anneal . - .. -1 and under 48 . .20 ‘ 15"
o ~aver 1102, inc| 44 .18 ) 20
. over2 ) ‘40 B 25
Ho2 half-hard Yz and under 57 25 7¢
: - o " veover e to 1, inel® - b5 25 " 10
L w0 over 1 to 2, incl o B0 s 20 15
" ' ) _over 210 4,Inal - AR 48 .15 ... 20
R " overd b Bal o400 T g K 20
HO4 hard /s to 3/19, incl 80 45 v
over %s to 2, incl 70 35 4
over 1z to %, incl 65 30 6
Bar
Thickness, In. Width, in.
060 soft anneal 1 and under 6 and under 44 18 20
over 1 6 and under 40 15 25
Ho2 half-hard 2 and under 1 end under 50 25 10
/2 and under over 1106 45 17 15
over e to 2 2 and under 45 17 15
over 14 to 2 over 2 to 6 40 18 20
over 2 aver 2to 4 40 15 20
Aksi = 1000 psi.

8 In any case a minimum gage length of 1 In, shall be used.
¢ For materiaf furnished in coils the elongation shall be 4 %, min.

D If specified for thread rolling applications the minimum tensile strength shall be 52 ksi,
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TABLE 3 Hardness Requirements
NoTe—Rockwall tests are not established for diameters less than ¥z in.

Temger Designation

Diameter or Distance Between Parallel Sur-

Rackwell B Hardness
Determined on the Cross-

faces; in.. Section Midway Between
Standard Former Surface and Center
Rod
Round Hexagonal
and
) Qctagonal
080 goft anneal ‘e and over 10-45 10-45
Ho2 half-hard 12 t0 1, inclA 60-80 £5-80
over 1 to 2, incl 55-75 45-80
over 2 to 3, incl 45-70 40-65
over 3 to 4, indl 40-65 35-60
over 4 25 min - 25 min
Bar
Thickress, in. Width, In.
080 soft anneal Ya and over /2 and over 10-35
Ho2 half-hard 2 and under 1 and under 45-85
' 2 and under over1to 6 35-70
over 12 to 2, ind 2 and under 40-80
aver2t0 6 35-70
over 2 over2t0 4 36-70

A If specified for thread rolling application the Rockwell B hardness shall be 55 to 75.

16. Inspection
16.1 Refer to Specification B 249 for rod, bar, and shape

items and to Specification B 250 for wire products.

17. Rejection and Rehearing .
17.1 Refer to Specification B 249 for rod, bar, and shape

items and to Specification B 250 for wire products.

18. Certification
18.1 Refer to Specification B 249 for rod, bar, and shape

items and to Specification B 250 for wire products.

19. Mill Test Reports
19.1 Refer to Specification B 249 for rod, bar, and shape

items and to Specification B 250 for wire products.

20. Packaging and Package Marking

20.1 Refer to Specification B 249 for rod, bar, and shape

items and to Specification B 250 for wire products.

21. Supplementary Requirements

21.1 Refer to Specification B 249 for rod, bar, and shape

items and to Specification B 250 for wire products.

22. Keywords

22.1 free-cutting brass bar; free-cutting brass rod; free-

cutting brass shapes; screw machine rod

The American Saciety for Testing and Materfals 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 velidity of any such
patent rights, and the risk of infringement of such rights, are entlrely thelr own responsibility.

This standard fs subject to revision at any time by the responsible technical committee and must be reviewad every five years and
it not revised, either reapproved or withdrawn. You: 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 nat received a fair hearing you should make your
views known to the ASTM Comimittee on Standards, 1916 Race St., Philadelphia, PA 19108.
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QH] Designation: B 16M ~ 92

Standard Speclflcatlon for

Free-Cutting Brass Rod, Baf and Shapes for Use in Screw

Machines [Metric]’

This standard is issued under the fixed demgnanon B 16M; the number 1mmedmtely following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval, A
superscript epsilon (¢) indicates an editorial change since the last revision or reapproyal.

This standard has been-approved for use by agencies of the Department of Defense. Consult the DoD Index of Spec:/‘ cations and
Standards for the specific year of issue which has been adopted by the Department of Defense.

1. Scope

1.1 This specification covers free-cutting brass rod, bar,
wire and shapes of any specified cross sestion suitable for
high-speed screw machine work. The material is Copper
Alloy UNS No. C36000.2

1.2 Most rods made to this Spemﬁcahon are furnished as .
straight lengths However, sizes 12 mm and under may be. . .

furnished in coil form when requested.

B 16.

2. Referenced Documents’

2.1 The following documents of the issue in effect on the .
date of material purchase form a part of this spec1ficat1on to

the extent referenced herein:
2.1.1 ASTM Standards:
B 249M Specification for General Requirements for

Wrought Copper and Copper—Alloy Rod, Bar and :

Shapes (Metric)®

"B 250M Specification for General Requlrements for

Wrought Copper-Alloy Wire (Metric)®

"B 601 Practice for Temper Designations for Copper and -

- Copper Alloys—Wrought and Cast3

"E 478 Test Methods for Chemical Analysis of Copper'

Alloys*

E 527 Practice for Numbenng Metals and Alloys (UNS)5

3 General Reqmrements

3.1 Far the following 1nformat10n, refer to Spec1ﬁcatlonH‘
B249M for rod, bar and shape items and to. Spec1ﬁcat10n_ )

B 250M for wire items:
3.1.1 Terminology,

3.1.2 Ordering information,
3.1.3 Materials and manufacture _
_3.1.4 Workmanship, finish, and appearance,

3.1.5 Sampling,
3.1.6 Number of tests and retests,

[

! This specification is under the _yuusdlctlon of ASTM Commlttee B- 5 on
Copper and Copper Alloys and is the direct responmblhty of Subcommlttee B05.02
on Rod, Bar, Wire Shapes and Forgings, -

Current edition approved Nov. 15, 1992. Pubhshed January 1993 Ongmally
pubhshed as B 16M - 80. Last previous edition B 16M.— 85.

42 Refer to Practiéé E 527 for a deseription of the- Unified Numbermg System
(UNS). L
2 Annual Book of ASTM Standards; Vol 02.01, . ... .. .. -

S Annual Book of ASTM Standards, Vol 03.05.
5 dnnual Book of ASTM Standards, Vol 01,01,

Note 1—This specification is the metric compamon to Spec1ﬁcanon;

7 Spec1men preparation,

8 Test methods,

9. Significance of riumerical hmlts
10 Inspection,

11 Rejection and rehearing,”
12 Certificationi;

13 Mill test reports, ‘ e s
14 Product marking, o o
15 Packaging and package marking, and

1

1.
1.
1.
1.
L.
L,
L,
L.
1.
1.16 Supplementary requirements. -

3.
3.
3.
3.
3.
3
3.
3.
3.
3.

4. Chemical Composition

4.1 The material of manufacture shall conform to the
requirements of Table 1.

4.2, Either copper or zinc may be glven as the remamder
and may be taken as the difference between the sum of all

elements analyzed and 100 %.

4.3 'When all elements in the table are analyzed thelr sum

) ‘shall be 99.5 % minimum.

4.4 The specified limits do not preclude the presence of
other elements. Limits may be established for unnamed

" elements by agreement between the manufacturer and the

purchaser.

5. Physical Properties . -
5.1 Temper—Material is available in the following tem-
pers as defined in Practice B 601.as Q60 (soft annealed), H02

. (half hard), and HO4 (hard).

5.2 HO2 - (half hard) temper rods and -bars shall be fur-
nished unless otherwise specified in.the contract or purchase

~order. Metal for applications réquiring thread rolling should

be so specified in the contract or purchase order. Mechanical
requirements of drawn shapes shall be agreed upon between
the manufacturer and the buyer.

: ‘6 Mechanical Properties . . ..

6.1° Tensile—The matenal shall conform to the require-
ments of Table 2.
6.2 Rockwell Hardness—The matenal shall confonn to

the requlrements of Table 3

TABLE 1 Chemical’ Requiremems

Element Composition, %

Copper 60.0-63.0
 Lead. 25-37 |
~Iron, ‘max i 0.5

Zine rema|nder
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TABLE 2 Tensile Requirements

Yield Strangth

Tensile at 0.5 % Ex-

- Diameter or Distance AN i Elongation,?
Temper Designation Strength, min, tengion Under ’
Between Pgrallel Sqtfaees, mm o .MPa Load, min, min, %
fr ! o o .+ MPa
Standerd Former Rod o o
060 goft anneal 25 and under 330 140 15
over 25 to 50, inal 305 125 20
over 50° ‘ 275 105 25
Ho2 half hard 12 and under 395 170 78
over 12 to 25, incl 380 170 10
over 25 1o 50, incl 345 140 1§
over 50 to 100, incl 310 105 20
over 100 275 105 20
HO4 hard .18 to 4,ingl 550 310 v
- over 4 10 12, Incl i 480 240 4
over 12 to 18, incl 450 205 6
Bar
Standard Former Thickness, mm Width, mm
Q80 soft anneal 25 and ander 15 and under 308 125 20
over 25 15 and under 275 106 25
HO2 half hard 12 and under 25 and under + 345 170 10
12 and under over 25 to 150 310 115 18
over 12 to 50 50 and under 310 115 15
dver 12 to 50 over 50 to 150 276 108 20
over 50 over §0 to 100 275 105 20

A Elongatlon values are based on a gage length of 5,65 times the square root of the area for diménsions greater than 2.6 mm..

8 For material furighed in coils the elongat[on shall be 4 %, min,

2 If specified for thread rolling applicatlons “the finimum tensite shrength shall be 350 MPa,

' TABLE 3 Hardnes'§ Requifetrients

Diameter or Distance Between Parallel

Rockwell B Hardness Deter-
mined on the Cross Section Mid-

Termper Designation
. . ) Surfaces, mim way, Between Surface and Center
' Rod
iaf “ " ‘ Hexagonal
Standard Former Round and Octagonal
060 soft anneal 12 and over 10 10 45 10 to 48
Ho2 haif hard 12 to 28, inclA 60 to 80 54 to 80
: 25 to 50, incl 55 t0 75 45,10 80
+ 50 to 75, Incl 45 t0 70 4010 65
. 75 to 100, incl 40 to 65 35 to 60
“over 100 25 min . * 25 min
. L Bar
Standard " ) Former ... Thickness, mm Width, mm P
060 . ¢ soft anneal | 12 and over 12 and over “ 4010 35
HO2 haif hard 12 and under 25 and under 45 t0'85
' 12 and under over 25 to 150 . 351070
over 12 to 50, incl 80 and under 40 to 80
over 50 to 150 3510 70
, over 50 over 50to 100 . -85t 70

4 |f specified for thread rolling application, the, Rockwell B hardness shall be 55 to 78,

6.3 The hardness test results, as far as they are speclﬁed
shall be the basis for acceptance, based on mechanical
properties. However, in case of dtsagreement final accep-
tance or rejection,shall be. determmed by the tensile test
results

7. Dimensions, Mass, and Permissible Variations
7.1 Refer to the appropriate paragraphs in Specifications

10

B 249M or B 250M with particular reference to the following
tables of those spemﬁcatlons

. 7.2 Diameter o¥ Distance between Parallel Surfaces:

7.2.1 Rod in Lengths: Round, Hexagonal, Octagonal—
Refet to Table 1 in Spemﬁcatlon B 249M."

7.2.2 Rod in Coils::Round—Refer to Table.1 in Spemﬁca-
tion B 250M.

7.2.3 Bar: Rectangular and Square—Refer 10 Tables 8
and 10 in Specification B 249M.
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mechanical and physical test method, or both, to be used for
Rod, Bar and Shape items and to Specification B 250M for
the appropriate test method to be used for Wire products.

7.3 Shapes—The dimensional tolerances for shapes shall
be as agreed upon between the manufacturer and the
purchaser and shall be specified in the purchase order or

contract. 9.2 Chemical composition shall, in ¢ase of disagreement,
7.4 Length of Rod, Bar and Shapes—Refer to Table [3in ' be determined as follows: ‘
Specification B 249M. ‘ Element Test Method
7.5 Straightness of Rod and Bar—Refer to Table 16 in. Copper E478
Specification B 249M, . Lead E 478 Atomic absorption
7.6 Edge Contours—Refer to the “Edge Contours” sec- Izrpn E478
nc

tion of Specification B 249M and to Figs. 1, 2, and 3. E 478 Titrimetric

- 10. Keywords
10.1 free-cutting brass bar; free-cutting brass rod; free-
cutting brass shapes; screw machine rod B

9. Test Methods
9.1 Refer to Specification B 249M for the appropriate

"The American Society for Testing and Materials takes o position respecting the véhdity 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 valrdlry of any such
patent rights, and the risk of infringement of such nghts, are entirely their own responsibility.

This stendard Is subject to revision at any time by the responsible technical commmee 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 recelve caraful consideration at a meeting of the responsible
technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Commmee on Standards, 1916 Race St., Philade/pma, PA 19703, .

A1
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APIM} Designation: B 209 — 96
(M

]

Standard Specification for

Aluminum and Aluminum-Alloy Sheet and Plate’

This standard is issued wnder the fixed designation B 209; the number immediately following the designation indicates the yeur of
original adoption or, in the case of revision, the year of last revision, A number in parentheses indicates the year of last reapproval, A,
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

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

1. Scope*

1.1 This specification® covers aluminun and aluminum-
alloy flat sheet, coiled sheet, and plate, in the alloys (Note 1)
and tempers shown in Tables 2 and 3, and in the following
finishes:

1.1.1 Plate in all alloys and sheet in heat-treatable alloys:
mill finish.

1.1.2 Sheet in nonheat-treatable alloys: mill finish, one-side
bright mill finish, standard one-side bright finish, and standard
two-sides bright finish.

Note 1-—Throughout this specification use of the term afloy in the
general sense includes aluminam as well as aluminmm alloy.

Note 2—S8ee Specification B 632 for tread plate.

1.2 Alloy and temper designations are in accordance with
ANSI H35.1. The equivalent Unified Numbering System alloy
designations are those of Table 1 preceded by A9, for example,
A91100 for aluminum 1100 in accordance with Practice B 527,

1.3 A complete metric companion to Specification B 209
has been developed—B 209 M; therefore, no metric equiva-
lents are presented in this specification,

1.4 For acceptance criteria for inclusion of new aluminum
and aluminum alloys in this specification, see Annex A2.

2. Referenced Documents

2.1 The following documentis of the issue in effect on the
date of material purchase, unless otherwise noted, form a part
of this specification to the extent referenced herein:

2.2 ASTM Standards:

B 548 Method for Ultrasonic Inspection of Aluminum-

Alloy Plate for Pressure Vessels®
B 557 Test Methods of Tension Testing Wrought and Cast
Aluminum- and Magnesium-Alloy Products?

! This specification is under the juisdiction of ASTM Committee B-7 on Light
Metals and Alloys, and is the divect sesponsibility of Subcommittee B07.03 on
Aluminum-Altoy Wrought Products.

Current edition approved Aug. 10, 1996. Published September 1996. Originally
published as B 209 - 46 T. Last previous edition B 200 — 95,

? For ASME Boiler and Pressute Vessel Code applivations see celated Specifi-
cation SB~209 in Section II of that Code,

3 Annual Book of ASTM Standayds, Vol 02.02.

B 594 Practice for Ulirasonic Inspection of Aluminum-
Alloy Wrought Products for Aeraspace Applications®

B 597 Practice for Heat Treatmont of Aluminum Alloys®

B 660 Practices for Packaging/Packing of Aluminum and
Magnesium Products®

B 666/B 666M Practice for Identification Marking of Alu-
minwm Products?

E 3 Methods of Preparation of Metallographic Specimens®

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

E 34 Test Methods for Chemical Analysis of Aluminum and
Aluminum-Base Alloys®

E 55 Practice for Sampling Wrought Nonferrous Metals and
Alloys for Deterrnination of Chemical Composition®

E 101 Test Method for Spectrographic Analysis of Aluri-
num and Aluminum Alloys by the Point-to-Flane Tech-
nique’

E 227 Test Method for Optical Emission Spectrometric
Analysis of Aluminum and Aluminum. Alloys by fhe
Point-to-Plane Technique’

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

B 407 Test Methods for Microetching Metals and Alloys*

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

607 Test Method for Optical Emission Spectrometric
Analysis of Aluminum and Aluminum Alloys by the
Point-to-Plane Technique, Nittogen Atmosphere®

E 716 Practices for Sampling Aluminum and Aluminum
Alloys for Spectrochemical Analysis®

E 1004 Test Method for Electromagnetic (Eddy-Current)
Measurements of Electrical Conductivity '

E 1251 Test Method for Optical Emission Spectrometric
Analysis of Aluminum and Aluminum Alloys by the Argon

* Anaal Book of ASTM Standards, Vol 03,01,
3 Annwal Book of ASTM Standards, Yol 14,02,
S Annual Book of ASTM Standards, Vol 03.05.
7 Discontinued, See 1995 Annual Book of ASTM Standards, Vol 03,05,
® Annal Book of ASTM Standards, Yol 01,01,
2 Annual Book of ASTM Standards, Yol 03.06.
0 Annual Book of ASTM Standards, Vol 03.03,

#A Summary of Changes section appears at the end of this standard.
Copyright © ASTM Interaational, 100 Barr Harbor Drive, PO Box £700, West Conshohocken, PA 19428-2059, United States,
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Atmosphere, Point-to-Plane, Unipolar Self-Initiating Ca-
pacitor Discharge®

G 47 Test Method for Determining Susceptibility to Stress-
Corrosion Cracking of High Strength Aluminum Alloy
Products !

G 66 Test Method for Visual Assessment of Exfoliation
Corrosion Susceptibility of SXXX Series Aluminum Al-
loys (Assot Test)!!

Method of Test for Exfoliation Corrosion Susceptibility in

T XXX Seties Copper-Containing Aluminum Alloys (Exco
Test) (G34-72)"?

2.3 ANST Standards:

H35.1 1ﬁ/;.l‘loy and Temper Designation Systems for Alumi-
num’

H35.2 Dimensional Tolerances for Aluminum Mill Prod-
ucts'®

2.4 Military Standard.

MIT-STD-129 Marking for Shipment and Storage'

2.5 Military Specification:

MIL-H-6088 Heat Treatment of Aluminum Alloys'*

2.6 Federal Standard:

Fed. Std. No. 123 Marking for Shipment (Civil Agencies)™

3. Terminology

3.1 Definitions:

3.1.1 sheeta rolled product that is rectangular in cross
section with thickness less than 0.250 in. but not less than
0.006 in. and with slit, sheared, or sawed edges.

3.1.2 alelad sheet—composite sheet comprised of an
aluminum-atloy core having on both surfaces (if on one side
only, alclad one-side sheet) a metallurgically bonded aluminum
or aluminum-alloy coating that is anodic to the core, thus
electrolytically protecting the core against cotrosion,

3.1.3 coiled sheet~sheet in coils with slit edges.

3.1.4 flat sheet—sheet with sheared, slit, or sawed edges,
which has been flattened or leveled.

3.1.5 mill finish sheet—sheet having a nonuniform finish
which may vary from sheet to sheet and within a sheet, and
may not be entirely free from stains or oil.

3.1.6 one-side bright mill finish sheet—sheet having a
moderate degree of brightness on one side, and a mill finish on
the other.

3.1.7 standard one-side bright finish sheet— sheet having a
uniform bright finish on one side, and a mill finish on the other.

3.1.8 standard two-sides bright finish sheet— sheet having a
uniform bright finish on both sides.

3.1.9 plate—a rolled product that is rectangolar in cross
section with thickness not less than 0,250 in., and with sheared
or sawed edges.

3.1.10 alclad plate—compogite plate comprised of an
aluminum-alloy core having on both surfaces (if on one side

" Annal Book of ASTM Standards, Yol 03,02,

2 The applicable edition in the use of this specification is (34— 72—available tn
the Related Materials section {gray pages) of the Annual Book of ASTM Standards,
Vol 02,02,

3 Available in the Related Materials section (gray pages) of the Annual Book af
ASTM Standards, VYol 02.02.

“ Available from Standardization Documents Qrder Desk, Bldg. 4 Section I,
700 Robbing Ave., Philadelphia, PA 19111-5094, Attn; NPODS.

only, alclad one-side plate) a metallurgically bonded aluminum
or aluminum alloy coating that is anodic to the core, thus
electrolytically protecting the core against corrosion.

3111 parent coil or plate—a coil of sheet ot a plate that has
been processed to final temper as a single unit and subse-
quently cut into two or more smaller colls or individual sheets
or into smaller plates to provide the required width or length,
or both.

3.1.12 producer—ihe primary manufacturer of the material,

"~ 3,113 supplier—includes only the categoty of jobbers and

distributors as distinct from producers.

3.2 Definitions of Terms Specific to This Standard:

3.2.) capable of—The term capable of as used in this
specification, means that the test need not be performed by the
producer of the material. However, should testing by the
purchaser establish that the material does not meet these
requirements, the material shall be subject to rejection.

4. Ordering Information

4.1 Orders for material to this specification shall include the
following information:

4.1.1 This specification designation (which includes the
number, the year, and the revision letter, if applicable),

4.1.2 Quantity in pieces or pounds,

4.1.3 Alloy (7.1),

4.1.4 Temper (9.1),

4.1.5 Finish for sheet in nonheat-treatable alloys (Section
1)’ ’

4.1.6 For sheet, whether flat or coiled,

4.1.7 Dimensions (thickness, width, and length or coil size),

4.1.8 Tensile property limits and dimensional tolerances for
sizes not covered in Table 2 or Table 3 of this specification and
in ANSI H35.2, respectively. ‘

4.2 Additionally, orders for material to this specification
shall include the following information when required by the
purchaser:

4.2.1 Whether supply of one of the pairs of tempers where
shown in Table 2, H14 or H24, H34 or H24 is specifically
excluded (Table 2, footnote D),

4.2.2 Whether heat treatment in accordance with Practice
B 597 is required (8.2),

4.2,3 Whether bend tests are required (12.1),

4.2.4 Whether testing for stress-corrosion cracking resis-
tance of alloy 2124-1851 is required (13.1),

4.2.5 Whether ultrasonic inspection for acrospace or pres-
sure vessel applications is required (Section 17),

4.2.6 Whether inspection or witness of inspection and tests
by the puechaser’s representative is required prior to material
shipment (18.1),

4.2.7 Whether certification is required (Section 22),

4,2.8 Whether marking for identification is required (20.1),
and

4.2.9 Whether Practices B 660 applies and, if so, the levels
of preservation, packaging, and packing required (23.121.1).
5. Responsibility for Quality Assurance

5.1 Responsibility for Inspection and Tests—Unless other-
wise specified in the contract or purchase order, the producer is
responsible for the performance of all inspection and test
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TABLE 1 Chemical Composition Limits*? ¢

Other Elements”

Alloy Sificon Iron Copper  Manganese Magnesium  Chromium Zinc THANIUM e - Aluminum
Each  Totalf
1060 0.26 0.35 0.05 0.03 0.03 0.05 0,03 0.037 .. 99.60 min®
1100 0.95 8t + Fe 0.05-0.20 0.05 - 0.10 0.05 0.15 99.00 min®
12304 0.70 8i+ Fe 0,10 0.05 0.05 . 0.10 0.03 0.037 .. 99.30 min®
2014 0.50~1.2 0.7 3.6-6.0 0.40-1.2 0.20-0.8 0.10 0.25 015 0.05 0.15 romainder
Alclad 2014 2014 clad with 6003
2024 0.50 0.50 3.8-4.9 0.30-0.2 1.2-1.8 0.10 0.25 0186 0.05 0.15 remainder
Alclad 2024 2024 clad with 1230
2124 0.20 0.30 3.8-4.9 0.30-0.2 1.2-1.8 0.10 0.25 0.15 0.05 0.16 remainder
2219 0.20 0.80 5.8-6.8 020-040 0.02 0.10 0.02-0.10  0.08' 0.168' remainder
Alclad 2219 2219 clad with 7072
3008 0.6 0.7 0.05-0.20 1.0-1.5 0.10 0.05 0.18 remainder
Alclad 3003 3003 clad with 7072
3004 0.30 0.7 0.25 1.0-1.5 0.8~1.8 0.25 0.08 0.18 remainder
Alclad 3004 3004 clad with 7072
3005 0.6 0.7 0.30 1.0-1.5 0.20-0.6 .10 025 0.10 0.08 018 ramainder
3108 0.6 0.7 0.30 0.30-0.8 0.20-0.8 0.20 Q.40 .10 0.05 0.15 ramainder
5005 0.30 0.7 0.20 0.20 0.50-1.1 0.10 0.25 0.08 015  remainder
5010 0.40 0.7 0.25 0.10-0.30  .20-0.6 Q.15 0.30 Q.10 0.05 0.15 remainder
5050 0.40 0.7 0.20 010 1.1-1.8 0.10 0.25 0,08 0.15 remainder
5052 0.25 0.40 010 0.10 2.2-2.8 G.16-0.35 010 0.058 0.15 remainder
5083 0.40 0.40 0,10 0.40-1,0 4.0-4.9 0.06-0.25 028 015 0.05 015  remainder
5086 0.40 0.50 010 0.20-0.7 3.5-4.5 0.05-0.25 0.26 0.15 005 015  remainder
5154 0.25 0.40 010 0.10 3138 0.15-0.35 Q.20 0.2Q Q.08 018 rermainder
5252 0.08 0.10 010 0.10 2.2-2.8 0.0 0.087 0107 remainder
5254 0.45 81+ Fe 0.05 0,01 3.1-3.8 0.15-0.35  0.20 .05 .08 0.15 remainder
5454 0.28 0.40 0.10 0.50-1.0 24-3.0 0.05-0.20 0.28 0.20 0.05 015  remainder
5456 0.25 0.40 010 0.50-1.0 4.7-55 0.05-0.20 0.26 0.20 Q.05 0.15 remainder
5487 0.08 0.10 0.20 0.15-045 0.8-1.2 0.05 0037  0.10”  remainder
5652 0.40 8i + Fe 0.04 0.01 2.2-2.8 0.15-0.35  0.10 0.05 015 remainder
5657 0.08 0.10 0.10 0.03 0.6-1.0 0.05 002 008/ remainder
60034 0.35-1.0 0.6 0.10 08 0.8~1.8 0.35 0.20 010 0.05 015 remainder
6061 0.40-0.8 7 015-040 015 0.8-1.2 0.04-0.35 0.25 015 Q.08 015 remainder
Alclad 6061 8061 clad with 7072
7008 0.10 0.10 0.05 0.05 0.7-1.4 0.12-0.25 45-55 005 005 010  remalnder
70117 0.15 0.20 0.05 0.10-0.30  1.0-1.8 0.05-020 4.0-55 005 0.05 0.15 remalnder
70724 0.7 8i+ Fe 0.10 0.10 a.10 0.8-1.3 .. 0.05 0.15 remalnder
7075 040 0.50 1.2-2.0 030 2.1-2.9 0.18-0.28  51-81 020 006 015 remainder
Alelad 7075 7075 clad with 7072
7008 Alclad 7076 7075 clad with 7008
7011 Alclad 7075 7075 clad with 701
7178 0.40 0.50 1.6-2.4 0.80 2.4-3.1 0.18-0.28 6.3-7.3 020 0.05 0.15 fermainder
Alclad 7178 7178 clad with 7072

ALimits are in weight percent maximum unless shown as a range or stated otherwise,

8 Analysis shall be made for the elements for which limits are shown in this table.

S For purposes of determining conformance to these limits, an observed valte of a caleulated valus attained from analysis shall be rounded to the nearest unit in the
last righthand place of figures used in expressing the speclfied limit, in accordance with the rounding-off method of Practice £ 29,

P Others Includes listad elements for which no specific limit is shown as well as unlisted metallic elements. The producer may analyze samples for trace elements not
spacified in the specification. However, such analysis is not required and may not cover all metallic Others elements. Should any analysis by the producer or the purchaser
establish that an Others element exceeds the Imit of Each or that the aggregate of several Others elements exceeds the limit of 7ofa/, the material shall be considered
nonconforming,

£ Other Elements—Total shall be the sum of ungpecified metallic elements 0.010 % or more, rounded o the second decimal before determining the sum.

FVanadium 0.05 max. The total for other elements doas not Include vanadium.

& The aluminum content shall be calculated by subtracting from 100,00 % the sum of all metallic elements prasent In amounts of 0.010 % or mora each, rounded to the
secornd decimal bafore determining the sum,

 Composition of cladding alloy as applied during the course of manufacture. Samples from finished sheet or plate shall not be required to conform to these limits,

fVanadium 0.05-0.15, Zirconium 0.10-0.25. Tha total for other elements doas not include vanadium and zirconium,

# Gallium 0.03 max, vanadium 0.05 max. The total for other elements does not include vanadium or galium.

requirements specified herein. The producer may use his own
or any other suitable facilities for the performance of the
inspection and test requirements specified herein, unless dis-
approved by the purchaser in the order or at the time of contract
signing. The purchaser shall have the right to perform any of
the inspections and tests set forth in this specification where
such inspections are deemed necessary to ensure that material
conforms to preseribed requirements.

5.2 Lot Definition— An inspection lot shall be defined as
follows:

5.2.1 For heat-treated tempers, an inspection lot shall con-
sist of an identifiable quantity of material of the same mill
form, alloy, temper, and thickness traceable to a heat-treat lot
or lots, and subjected to ingpection at one time.

298
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5.2.2 Por nonheat-treated temipers, an inspection lot shall
consist of an identifiable quantity of material of the same mill
form, alloy, temper, and thickness subjected to inspection at
one time,

6. General Quality

6.1 Unless otherwise specified, the material shall be sup-
plied in the mill finish and shall be uniform as defined by the
requirements of this.specification and shall be commercially
sound. Any requirement not so covered is subject to negotia-
tion between producer and purchaser.

6.2 Bach sheet and plate shall be examined to determine
conformance to this specification with respect to general
quality and identification marking. On approval of the pur-
chaset, however, the producer may use a system of statistical
quality control for such examinations.

7. Chemical Composition

7.1 Limits—1The sheet and plate shall conform to the chemi-
cal composition limits specified in Table 1. Conformance shall
be determined by the producer by analyzing samples taken at
the time the ingots are poured, or samples taken from the
finished or semifinished product, If the producer has deter-
mined the chemical composition of the material during the
course of mannfacture, he shall not be required to sample and
analyze the finished product.

Note 3—It is standard practice in the United States aluminum industry
to determine conformance to the chemical composition limits prior to
further processing of ingots into wrought producs. Due to the continuous
nature of the process, it is not practical to keep a specific ingot analysis
identified with a specific quantity of finished matexial,

7.2 Number of Samples—-The number of samples taken foc
determination of chemical composition shall be as follows:

7.2.1 When samples are taken ai the time the ingots are
poured, at least one sample shall be taken for each group of
ingots poured simultaneously from the same source of molten
metal.

7.2.2 'When samples are taken from the finished or semifin-
ished product, a sample shall be taken to represent each 4000
Ib, or fraction thereof, of material in the lot, except that not
more than one sample shall be required per piece,

1.3 Methods of Sampling—Samples for determination of
chemical composition shall be taken in accordance with one of
the following methods:

7.3.1 Samples for chemical analysis shall be taken hy
drilling, sawing, milling, turning, or clipping a representative
piece or pieces to obtain a prepared sample of not less than 75
g. Sampling shall be in accordance with Practice B 55.

7.3.2 Sampling for spectrochemical analysis shall be in
accordance with Practices E 716. Samples for other methods of
analysis shall be suituble for the form of material being
analyzed and the type of analytical method nsed.

Nowe 4—It is difficult w obtain a reliable analysis of each of the
components of clad materials using material in its finished state. A
reasonably accurate determination of the core composition can be made if
the cladding is substantially removed prior to analysis. The cladding
composition is more difficult to determine because of the relatively thin
layer and because of diffugion of core elements to the cladding. The
coreectiess of cladding alloy used can usually be verified by a combina-
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tion of metallographic examination and spectrochemical analysis of the
surface at several widely sepatated points.

74 Methods of Analysis—The determination of chemical
composition shall be made in accordance with suitable chemi-
cal (Test Methods E 34), or spectrochemical (Test Methods
E 101, B 227, E607, and E 1251) methods, Other methods
may be used only when no published ASTM method is
available. In case of dispute, the methods of analysis shall be
agreed upon between the producer and purchases,

8. Heat Treatment

8.1 Unless specified in 8.2, producer or supplier heat treat-
ment for the applicable tempers in Table 3 shall be in
accordance with MIL-H-6088.

8.2 When specified, heat treatment of applicable termpers in
Table 3 shall be in accordance with Practice B 597,

9. Tensile Properties of Material as Supplied
9.1 Limits—The sheet and plate shall conform to the ye-

‘quirements for tensile properties as specified in Table 2 and

Table 3 for nonheat-treatable and heat-treatable alloys, respec-
tively.

9.1.1 Tensile property limits for sizes not covered in Table 2
ot Table 3 shall be as agreed upon between the producer and
purchaser and shall be so specified in the contract or purchase
order.

9.2 Number of Samples——QOne sample shall be taken from
each end of each parent coil, or parent plate, but no more than
one sample per 2000 Ib of sheet or 4000 1b of plate, or part
thereof, in a lot shall be required. Other procedures for
selecting samples may be employed if agreed upon between the
producer and purchaser.

9.3 Test Specimens— Geomelry of test specimens and the
location in the product from which they are taken shall be as
specified in Test Methods B 557,

94 Test Methods— The tension test shall be made in
accordance with Test Methods B 557,

10. Producer Confirmation of Heat-Treat Response

10.1 In addition to the requirements of 9.1, material in the O
or F temper of alloys 2014, Alclad 2014, 2024, Alclad 2024,
14 % Alclad 2024, Alclad one-side 2024, 1% % Alclad
one-side 2024, 6061, and Alclad 6061 shall, upon proper
solution heat treatment and patural aging at room temperature,
develop the properties specified in Table 3 for T42 temper
material. The natural aging period at room temperature shall be
not less than 4 days, but samples of material may be tested
prior to 4 days aging, and if the material fails to conform to the
tequiremerts of T42 temper material, the tests may be repeated
after completion of 4 days aging without prejudice.

10.2 Also, material in the O or F temper of alloys 2219,
Alclad 2219, 6061, 7075, Alclad 7075, Alclad one-side 7075,
7008 Alclad 7075, 7178, and Alclad 7178 shall, upon proper
sofution heat treatmment and precipitation heat treatment, de-
velop the properties specified in Table 3 for T62 temper
material,

10.3 Mill-produced material in the O or ¥ tempers of 7008
Alclad 7075 shall, npon proper solution heat treatment and
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stabilizing, be capable of attaining the properties specified in
Table 3 for the T76 temper.

10.4 Number of Specimens—The number of specimens
from each lot of O temper material and ! temper material to be
tested to verify conformance with 10.1-10.3 shall be as
specified in 9.2.

11. Heat ‘Treatment and Reheat-Treatment Capability

11.1 Mill-produced material in the O or F temper of alloys
2014, Alclad 2014, 2024, Alclad 2024, 12 % Alclad 2024,
Alclad ong-side 2024, 1¥4 % Alclad one-side 2024, 6061, and
Alclad 6061 (without the subsequent imposition of cold work
or forming operations) shall, upon proper solution heat treat-
ment and natural aging at room temperature, develop the
propetties specified in Table 3 for T42 temper material. The
natural aging period at room temperature shall be not less than
4 days, but samples of material may be tested prior to 4 days
aging, and if the material fails to conform to the requirements
of T42 temper material, the tests may be repeated after
completion of 4 days aging without prejudice.

11.2 Mill-produced material in the O or F temper of alloys
2219, Alclad 2219, 6061, 7075, Alclad 7075, Alclad one-side
7075, 7008 Alclad 7075, 7178, and Alclad 7178 (without the
subsequent imposition of cold work or forming operations)
shall, upon proper solution heat treatment and precipitation
heat treatment, develop the properties specified in Table 3 for
T62 temper material,

11.3 Mill-produced material in the O or F temper of 7008
Alclad 7075 (without the subsequent imposition of cold work
or forming operations) shall, upon proper solution heat treat-
ment and stabilizing, be capable of attaining the properties
specified in Table 3 for the T76 temper.

11.4 Mill-produced material in the following alloys and
tempers shall, after proper resolution heat treatment and natural
aging for four days at room temperature, be capable of
attaining the properties specified in Table 3 for the T42 temper.

Altoys Tempers

2014 and Alclad 2014
2024 and Alclad 2024 T3, T4, T3561, T81,
Ta51

1% % Alclad 2024, Alelad One-side 2024 and T3, T361, T&1, 7851

1V % Alclad One-side 2024

Nome 5—Beginning with the 1974 revision 6061 and Alclad 6061 14,
T451, T6, and T651 were deleted from this paragraph because experience
has shown that reheat-treated material may develop large recrystallized
grains and may fail to develop the tensile properties shown in Table 3.

11.5 Mill-produced material in the following alloys and
tempers shall, after proper resolution heat treatment and
precipitation heat treatment, be capable of attaining the prop-
erties specified in Table 3 for the T62 temper.

Alloys Tarnpers

2219 and Alclad 2219
7978
Alclad 7075, 7008 Alclad 7075,

7178, and Alclad 7178
Alclad Onguside 7075

T31, T851, T81, T851
T6, 1651, T78, T7361, T78, T7651
T6, Tes1, T76, T7661

T6, T651

11.6 Mill-produced material in the following alloys and
tempers and T42 temper material shall, after proper precipita-

T3, T4, T451, T8, T651

300

tion heat treatment, be capable of attaining the properties
specified in Table 3 for the aged tempers listed below.

Alloy and Terper Terper after Aging

2014 and Alclad 2014-T8, T4, T42, T451 T8, T6, T respactively
2024, Alclad 2024, 14 % Alclad 2024, Alclad T81, T861, T861, T62 or T72,
One-side 2024 and 1% % Alclad One- respactively
side
2024-T3, 7351, T861, T42
2219 and Alolad 2219-T31, T861, T37
6061 and Alclad 8061-T4, T451, T42

12. Bend Properties

12.1 Limits—Sheet and plate shall be capable of being bent
cold through an angle of 1807 around a pin having a diameter
equal to N times the thickness of the sheet or plate without
cracking, the value of N being as prescribed in Table 2 for the
different alloys, tempers, and thicknesses. The test need not be
conducted unless specified on the purchase order.

12.2 Test Specimens—- When bend tests are made, the
specimens for sheet shall be the full thickness of the material,
approximately % in. in width, and when practical, at least 6 in.
in length, Such specimens may be taken in any direction and
their edges may be rounded to a radius of approximately ¥is in.
if desived. For sheet less than % in. in widh, the specimens
should be the full width of the material.

12.3 Test Methods— The bend tests shall be made in
accordance with Test Method E 290 except as stated otherwise
in 12.2,

TB1, T851, T87, respectively
T6, T651, T62, respectively

13. Stress-Corrosion Resistance

13.1 When specified on the purchase order or confract, alloy
2124-T851, 2219-T851, and 2219-T87 plate shall be subjected
to the test specified in 13.3 and shall exhibit no evidence of
stress-corrosion cracking. One sample shall be taken from each
parent plate in each lot and a minimum of three adjacent
replicate specimens from this sample shall be tested. The
producer shall maintain records of all lot acceptance test results
and make them available for examination at the producer’s
facility.

13.2 Alloy 7075 in the T73-type and T76-type tempers, and
alloys Alclad 7075, 7008 Alclad 7075, 7178, and Alclad 7178
in the T76-type tempers, shall be capable of exhibiting no
evidence of stress-corrosion cracking when subjected to the
test specified in 13.3.

13.2.1 For lot-acceptance purposes, resistance o stress-
corrosion cracking for each lot of material shall be established
by testing the previously selected tension-test samples to the
criteria shown in Table 4. :

13.2.2 For surveillance purposes, each month the producer
shall perform at least one test for stress-corrosion resistance in
accordance with 13.3 on each applicable alloy-temper for each
thickness range 0.750 in, and over listed in Table 3, produced
that month. Bach sample shall be taken from material consid-
ered acceptable in accordance with lot-acceptance criteria of
Table 4. A minimurm of three adjacent replicate specimens shall
be taken from each sample and tested. The producer shall
maintain records of all lots so tested and make them available
for examination at the producer’s facility.

13.3 The stress-corrosion cracking test shall be performed
on plate 0.750 in, and over in thickness as follows;
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13.3.1 Specimens shall be stressed in tension in the short
transverse direction with tespect to grain flow and held at
constant steain, For alloy 2124-T851, the stress levels shall be
50 % of the specified minimum long transverse yield strength,
For alloy 2219-T851 and T87, the stress levels shall be 75 % of
the specified minimum long transverse yield strength., For
T73-type tempers, the stress level shall be 75 % of the specified
mminirnum yield strength and for T76-type it shall be 25 ksi,

13.3.2 The stress-corrosion test shall be made in accordance
with Test Method G 47,

13.3.3 There shall be no visnal evidence of stress-corrosion
cracking in any specimen, except that the retest provisions of
19.2 shall apply.

14. Exfoliation-Corrosion Resistance

14.1 Alloys 5083, 5086, and 5456 in the H116 terper shall
be capable of exhibiting no evidence of exfoliation corrosion
when subjected to the test described in Test Method G 66,

Nore 6--Alloys 5083, 5086, and 5456 should not be used for continy-
ous service at temperatures exceeding 150°F because of susceptibility to
stress corrosion cracking. In addition, steess corrosion susceptibility is
increased by cold forming,

14.1.1 For lot-acceptance purposes, the acceptability of
each lot of material in the alloys and temper listed in 14,1 shall
be determined by the producer by metallographic examination
of one sample per lot selected from midsection at one end of a
random sheet or plate. The microstruciure of the sample from
each production lot shall be compared to that of a producer-
established reference photomicrograph of acceptable material
in the same thickness range which is characterized by being
predominantly free of a continnous grain boundary network of
aluminum-magresinm (Mg ,Als) precipitate. A reference pho-
tomicrograph taken at 500X shall be established for each of the
thickness ranges shown in Table 2 in which materials are
produced and shall be taken from a sample within that
thickness range, A longitudinal section perpendicular to the
rolled surface shall be prepared for metallographic examination
(see Methods E 3, symbol B in Fig. 1) and shall be microetched
for metallographic examination using 40 % phosphoric acid
etch for 3 min at 95°F or using etchant No. 6 in accordance
with Test Methods E 407, Table 2, for 2 min. The metallo-
graphic examination shall be conducted at 500X magnifica-
tion. If the microstructure shows evidence of aluminum-
magnesium. precipitate in excess of the producer-established
reference photomicrograph of acceptable material, the lot is
either rejected or tested for exfoliation-corrosion resistance in
accordance with 14.1. The sample for corrosion test should be
selected in the same manner specified for metallographic tests
and shall be taken from the same sheet or plate used for
metallographic test. Specimens prepared from the sample shall
be full section thickness, except that for material 0.101 in, or
more in thickness, 10 % of the thickness shall be removed, by
machining, from one as-rolled surface. Both the machined
surface and the remaining as-rolled surface shall be evaluated
after exposure to the test solution. Production practices shall
not be changed after establishment of the reference micrograph
except as provided in 14.1.3.

14.1.2, The producer shall maintain at the producing facility
all records relating to the establishment of reference photomi-
erographs and production practices,

14.1.3 Significant changes in production practices that alter
the microstructures of the alloy shall require qualification of
the practice in accordance with 14.1.1.

14.2 Alloys 7075, Alclad 7075, 7008 Alclad 7075, 7178,
and Alclad 7178, in the T76-type tempers, shall be capable of
exhibiting no evidence of exfoliation corrosion equivalent to-or
in excess of that illustrated by Category B in Fig. 2 of Method
of Test for Exfoliation Corrosion Susceptibility in 7XXX
Series Copper Containing Aluminum Alloys (Exco Test) (G34-
72)'* when subjected to the test in 14.3,

14.2.1 For lot-acceptance purposes, resistance to exfoliation
corrosion for each lot of material in the alloys and tempers
listed in 14.2 shall be established by testing the previously
selected tension-test samples to the criteria shown in Table 4.

14.2.2 For surveillance purposes, each moath the producer
shall perform at least one test for exfoliation-corrosion resis-
tance for each alloy for each thickness range listed in Table 3,
produced that month. The samples for test shall be selected at
random from material considered acceptable in accordance
with the lot-acceptance criteria of Table 4, The producer shall
maintain records of all surveillance test results and make them
available for examination,

14.3 The test for exfoliation-corrosion resistance shall be
made in accordance with Method of Test for Exfoliation
Corrosion Susceptibility in 7XXX Series Copper Containing
Aluminum Alloys (Fxco Test) (G34-72)' and the following:

14.3.1 The specimens shall be a minimvm of 2 in. by 4 in.
with the 4-in, dimension it a plane paraliel to the direction of
final rolling. They shall be {ull-section thickness specimens of
the material except that for matetial 0.101 in. or more in
thickness, 10 % of the thickness shall be removed by machin-
ing one surface. The cladding of alclad sheet of any thickness
shall be removed by machining the test surface; the cladding on
the back side (nontest suwrface) of the specimen for any
thickness of alclad material shall also either be removed or
masked off. For machined specimens, the machined surface
shafl be evaluated by exposure to the test solution.

15. Cladding

15.1 Preparatory to rolling alclad sheet and plate to the
specified thickness, the aluminum or aluminum-alloy plates
which are bonded to the alloy ingot or slab shall be of the
composition shown in Table 1 and shall each have a thickness
not less than that shown in Table 5 for the alloy specified.

15.2 'When the thickness of the cladding is to be determined
on finished material, not less than one transverse sample
approximately % in. in length shall be taken from each edge
and from the center width of the material. Samples shall be
mounted to expose a transverse cross section and shall be
polished for examination with a metallurgical microscope.
Using 100X magnification, the maximum and minimum clad-
ding thickness on each surface shall be measured in each of
five fields approximately 0.1 in. apart for each sample. The
average of the ten values (five minima plus five maxima) on
each sample surface is the average cladding thickness and shall
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meet the minimum average and, when applicable, the maxi-
mum average specified in Table 5.

16. Dimensional Tolerances

16.1 Thickness—The thickness of flat sheet, coiled sheet,
and plate shall not vaty from that specified by more than the
respective permissible variations prescribed in Tables 3.1 and
Tables 3.13 of ANST H35.2, Permissible variations in thickness
of plate specified in thicknesses exceeding 6 in. shall be the
subject of agreement between the purchaser and the producer
or the supplict at the time the order is placed.

16.2 Length, Width, Lateral Bow, Saguareness, and
Flatness—Coiled sheet shall not vary in width or in lateral bow
from that specified by more than the permissible variations
preseribed in Tables 3.5 and Tables 3.6, respectively, of ANSI
H35.2. Flat sheet and plate shall not vary in width, length,
lateral bow, squarcness, or flainess by more than the permis-
sible variations prescribed in the following tables of ANSI
H35.2 except that where the tolerances for sizes ordered are not
covered by this standard the permissible variations shall be the
subject of agreement between the purchaser and the producer
or the supplier at the time the order is placed:

Table No. Tile
3.2 width, sheared flat shest and plate
3.3 width and length, sawed flat sheet and plate
34 length, sheared flat shest and plate
8.7 lataral bow, flat sheet and plate
3.8 squareness, flat sheet and plate
a flatness, flat sheet
3.12 flatness, sawed or sheared plate

16.3 Dimensional tolerances for sizes not covered in ANSI
H35.2 shall be as agreed upon between the producer and
purchaser and shall be so specified in the contract or purchase
order.

16.4 Sampling for Inspection—Examination for dimen-
sional conformance shall be made to ensure conformance to the
tolerance specified.

17. Internal Quality

17.1 When specified by the purchaser at the time of placing
the order, plate 0.500 in. to 4.500 in. in thickness and up to
2000 Ib in maxionum weight in alloys 2014, 2024, 2124, 2219,
7075, and 7178, both bare and Alelad where applicable, shall
be tested in accordance with Practice B 594 to the discontinuity
acceptance limits of Table 6.

17.2 ‘When specified by the purchaser at the time of placing
the order, plate 0.500 in. in thickness and greater for ASME
pressure vessel applications in alloys 1060, 1100, 3003, Alclad
3003, 3004, Alclad 3004, 5052, 5083, 5086, 5154, 5254, 5454,
5456, 5652, 6061, and Alclad 6061 shall be tested in accor-
dance with Method B 548. In such cases the material will be
subject to rejection if the following limits are exceeded unless
it is determined by the purchaser that the area of the plate
containing significant discontinuities will be removed during
the subsequent fabrication process or that the plate may be
repaired by welding:

17.2.1 If the longest dimension of the marked area repre-
senting a discontinuity causing a complete loss of back
reflection (95 % or greater) exceeds 1.0 in,

302

17.2.2 If the length of the marked area representing a
discontinuity causing an isolated ultrasonic indication without
a complete loss of back reflection (95 % or greater) exceeds 3.0
in,

17.2.3 1f each of two marked areas representing two adja-
cent discontinuities causing isolated ultrasonic indications
without a complete loss of back reflection (95 % or greater) is
longer than 1.0 in., and if they are located within 3.0 in. of each
other.

18. Source Inspection

18.1 If the purchaser desires that his representative inspect
or witness the inspection and testing of the material prior to
shipment, such agreement shall be made by the purchaser and
producer as part of the purchase contract.

18.2 When such inspection or witness of inspection and
testing is agreed tpon, the producer shall afford the purchaset’s
representative all reasonable facilities to satisfy him that the
material meets the requirements of this specification. Inspec-
tion and tests shall be conducted so there is no unnecessary
interference with the producer’s operations.

19. Retest and Rejection

19,1 If any material fails to conform to all of the applicable
requirermnents of this specification, the inspection lot shall be
rejected.

19.2 When there is evidence that a failed specimen was not
representative of the inspection lot and when no other sampling
plan is provided or approved by the purchaser through the
contract or purchase order, at least two additional specimens
shall be selected to replace each test specimen that failed. All
specimens so selected for retest shall meet the requireraents of
the specification or the lot shall be subject to rejection.

19.3 Material in which defects are discovered subsequent to
ingpection may be rejected,

19.4 If material is rejected by the purchaser, the producer or
supplier is responsible only for replacement of material to the
purchaser. As much as possible of the rejected material shall be
retutned to the producer or supplier by the purchaser.

20. Identification Marking of Produoct

20.1 When specified on the purchase order or contract, all
sheet and plate shall be marked in accordance with Practice
B 666.

20.2 In addition, alloys in the 2000 and 7000 series in the
T3-, T4-, T6-, T7-, and T8-type tempers and, when specified,
6061-T6 and T631 shall be marked with the lot number in at
least one location on each piece.

20.3 The requirements specified in 20.1 and 20.2 are mini-
mum; marking systems that involve added information, larger
characters, and greater frequencies are acceptable under this
specification,

21. Packaging and Package Marking

21.1 The material shall be packaged to provide adequate
protection during normal handling and transportation and each
package shall contain only one size, alloy, and temper of
material unless otherwise agreed. The type of packaging and
gross weight of containers shall, unless otherwise agreed, be at
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the producet’s or supplier’s discretion, provided that they are
such as to ensure acceptance by common or other catriers for
safe transportation at the lowest rate to the delivery point.
21.2 Bach shipping container shall be marked with the
purchase order number, material size, specification number,
alloy and temper, gross and net weights, and the producer’s
name or trademark,
21.3 When specified in the confract or purchase order,
material shall be preserved, packaged, and packed in accor-
dance with the requirements of Practices B 660, The applicable
levels shall be as specified in the contract or order. Marking for
shipment of such material shall be in accordance with Fed, Std.
No, 123 for civil agencies and MIL-STD-129 for military

22, Certification

22,1 The producer or supplier shall, on reuest, furnish
tothe purchaser a certificate stating that each lot has been
sampled, tested, and inspected in accordance with this speci-
fication, and has met the requirements,

23. Keywords

23.1 alominum  alloy; -aluminum-alloy plate; aluminum-
alloy sheet

agencies,
TABLE 2 Mechanical Property Limits for Nonheat-Treatable Alloy" B
Tensile Strangth, ksi Yield Strength (0.2 % offset), ks Elongation in Bend
2. ar4 X Diameter
Temper Specified Thickness, In. -
P P min max min max Diameter, Factor, N
min, %
Aluminum 1080
6] 0.006-0,019 8.0 14.0 25 15
0.020-0.050 8.0 14.0 25 22
0.051-3,000 8.0 14.0 2.5 25
H12° 0.017--0.050 1.0 18.0 9.0 8
of 0.051-2.000 11.0 16.0 9.0 12
Haac
H14¢ 0.009-0.010 12.0 17.0 10.0 1
ot 0.020-0.050 12.0 17.0 10.0 b
H24% 0.051-1.000 12.0 17.0 10.0 10
H18% 0.006-0.018 14.0 19.0 1.0 1
ot 0.020-0,080 14.0 19.0 11.0 4
H26® 0.051~0.162 14.0 19.0 11.0 5
H1g¢ 0.006-0.019 16.0 12.0 1
of 0.020-0.080 16.0 12.0 3
H28¢ 0.081-0,128 18.0 12.0 4
H112 0.250-0.499 1.0 7.0 10
0.800-1.000 10.0 5.0 20
1.001-3.000 8.0 4.0 25
¥ 0.250-3.000
Aluminuem 1100
Q 0.006-0.019 11.0 165 35 18 Q
0.020~0.031 1.0 16.5 35 20 [#]
0,032-0.050 1.0 168.5 3.5 28 0
0,061-0,249 11.0 15.5 8.5 30 0
0.250-3.000 11.0 18.5 3.5 28 [}
Hi2° 0.017-0.019 14.0 19.0 11.0 3 (¢}
of 0.020-0.031 14,0 19,0 11.0 4 0
Hz22°¢ (,032-0.050 14.0 19.0 1.0 6 0
0.051-0.118 14,0 19.0 11.0 8 0
0.114-0.409 14.0 19.0 11.0 9 0
0.500-2.000 140 19.0 11.0 12 0
H14¢ 0.009-0.012 16.0 21.0 14.0 1 0
or 0.013-0.019 16.0 21.0 14,0 2 Q
Ha4¢ 0.020-0,031 16,0 21.0 14.0 3 0
0.032-0.080 16.0 21.0 14.0 4 0
0.051-0.113 16.0 21.0 14.0 5 0
0.114-0.499 16.0 21.0 14.0 6 0
0.500-1.000 16.0 21.0 14.0 10 0
H16% 0.006-0.019 19.0 24.0 17.0 1 4
303
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TABLE 2 Continued

Tensile Strength, ksi Yield Strength (0.2 % offset), ks Elongation in Berid
. . 2in. or4 x Diameter
Temper Specified Thickness, in. o e e o~ Diameter, Factor, N
min, %
or 0.020~0.081 19.0 24.0 17.0 2 4
H26¢ 0.032-0.050 19.0 24.0 17.0 3 4
0.051-0.162 19.0 24,0 17.0 4 4
H18¢ 0.006-0.019 220 1
or 0.020-0.031 22,0 2
Hzs® 0.082-0.050 22.0 3
0.061-0.128 22.0 4
H112 0.260-0.499 13.0 7.0 9
0.500--2.000 12.0 5.0 14
2.001-3.000 1.5 4.0 20
FP 0.250-3.000
Alloy 3003
O 0,006-0,007 14.0 19.0 5.0 14 0
0.008-0.012 14,0 19.0 5.0 18 0
0.013-0.031 14.0 19.0 5.0 20 0
0.032-0.050 14.0 19.0 5.0 23 0
0.051-0.249 14.¢ 19.0 5.0 25 0
0.250-3.000 14.0 190 5.0 23
H12°¢ 0.017-0.019 17.0 23.0 12.0 3 0
or 0.020-0.031 17.0 23.0 12.0 4 [
Ha2° 0.032-0.050 17.0 23.0 12.0 5 0
0.051-0.113 17.0 23.0 12.0 ] 0
0.114-0.161 17.0 23.0 12.0 7 o]
0.162-0.249 17.0 23.0 12.0 8 0
0.250-0.499 17.0 23.0 12.0 9
0.500-2.000 17.0 23.0 12,0 10
H14¢ 0.009-0.012 20.0 28,0 17.0 1 0
or 0.013-0.019 20.0 260 17.0 2 0
H24¢ 0.020-0.031 200 28.0 17.0 3 0
0.032--0.050 20,0 26.0 17.0 4 0
0.051~0.113 200 26.0 17.0 5 0
0.114~0.161 20.0 28.0 17.0 6 2
0.1682-0.249 20,0 26.0 17.0 7 2
0.250-0.499 20.0 26.0 17.0 8
0.500-1.000 20.0 280 17.0 10
Hi16¢ 0.006-0.019 24.0 300 21.0 1 4
aor 0.020-0.031 24.0 30.0 21.0 2 4
H26¢ 0.052-0.050 24.0 30.0 21.0 3 4
0.051-0.162 24.0 30.0 21.0 4 8
H18¢ 0.006~0.019 27.0 24.0 1
or 0.020--0.031 27.0 24,0 2
H2g® 0.082--0.050 27,0 24.0 3
0.081-0.128 270 24.0 4
H112 0.250-0.499 17.0 10.0 8
0.500-2.000 15.0 6.0 12
2.001-3,000 14.5 6.0 18
F? 0.250-3.000
Alclad Alloy 3003
o} 0.006-0.007 13.0 18,0 4.5 14
0.008-0.012 13.0 18.0 4.5 18
0.013-0.031 13.0 18.0 4.5 20
0.032+0.050 13.0 18.0 4.5 28
0.051-0.249 13.0 180 4.5 25
0.2650-0.499 13.0 18.0 4.8 23
0.500-3.000 14.0% 19.0% 5.0% 23
H12¢ 0.017-0.031 16.0 22.0 11.0 4
or 0.032-0.050 18.0 22,0 11.0 5
Hap® 0.051-0.113 16.0 22.0 1.0 [
0.114-0.161 18.0 22.0 1.0 7
0,162-0.249 16.0 22,0 11.0 8
304
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TABLE 2 Continued

Tensile Strength, ksi Yield Strength (0.2 % offset), ksi Elongation in Bend
| 2 or4x Diamster
termper Specified Thickness, in. pore o o — Diameter, Factor, N

min, %
0.260-0.499 16.0 220 11.0 9
0.500--2,000 17.0F 23.05 12.0F 10
H14¢ 0.009-0.012 10.0 25.0 16.0 1
or 0.013-0,019 19,0 25.0 18.0 2
H24% 0.020-0.081 18.0 25.0 16.0 8
. 0.032-0.060 18,0 250 16.0 4
0.061-0.113 18,0 250 16,0 &
0.114-0,161 19,0 25.0 16.0 [}
0.162-0.248 19,0 25,0 16,0 7
0.260-0.489 18.0 25,0 16.0 8
0.500--1,000 20,0% 26,0 17,08 10
H16¢ 0.006-0,019 28.0 29.0 20,0 1
or 23.0 28.0 20,0 2
Hae® 23.0 20,0 20,0 3
23.0 29,0 20,0 4
H18 0.006~-0.019 26.0 1
0.020--0,081 26.0 . 2
0.032--0.050 26,0 " 3
0.051-0.128 26.0 4
H112 0.280-0.499 18.0 9.0 8
0.500-2.000 15.0% 6.0 * 12
2.001-3.000 14,55 8.0% 18
mo 0.250-3.000
Alloy 8004
[s} 0.006-0.007 22.0 29.0 8.5
0.008-0.019 22,0 29.0 8.5 10 0
0.020-0,031 22.0 29,0 8.5 14 0
0.032-0.050 22,0 29.0 8.5 16 0
0.061-0.249 22.0 28.0 8.5 18 0
0.250-3.000 220 29.0 8.5 16
Ha3ae 0.017-0,019 28,0 35.0 21.0 1 0
of 0.020~0.031 280 35.0 21.0 3 1
H22¢ 0.032-0.050 28.0 35,0 21.0 4 1
0.051-0.113 28.0 85.0 21,0 5 2
0.114-2.000 28.0 35.0 21.0 6
Ha4¢ 0,008-0.019 32,0 38.0 25.0 1 2
or 0,020-0.050 32.0 38,0 26.0 3 3
H24¢ 0.051-0.113 32.0 38.0 26.0 4 4
0.114-1.000 32.0 38.0 25.0 5
H38¢ 0.006-0.007 35.0 41.0 28.0
or 0.008-0.019 35.0 41,0 28.0 1 8
H26¢ 0.020-0.081 35.0 41.0 28.0 2 6
0.032-0.080 35.0 41.0 28,0 3 [}
0.051-0.162 35.0 41.0 28.0 4 8
H3ae 0.006-0.007 38.0 31.0
or 0.008~0.019 88.0 81.0 1
M28° 0.020-0.081 38.0 . 31.0 2
0.032-0.050 38.0 - 310 3
0.051-0.128 88.0 “ 31.0 4
H112 0.250-3.000 23.0 9.0 7
FL 0.250-3.000
Alclad Alloy 3004
[¢] 0.006~0.007 21.0 28.0 8.0
0.008-0,019 21.0 28.0 8,0 10
0.020-0.081 21.0 28.0 8.0 14
0.032--0.050 21.0 28.0 8.0 16
0.051-0.249 21.0 28.0 8.0 18
0,250-0,490 21.0 28.0 8.0 16
0.500-3.000 20,05 29,08 8.5% 16
305
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TABLE 2 Continued

Tenslle Strength, ksl Yield Strength (0.2 % offset), ksi Elongation in Bend
N 2in. ord x Diameter
Temper Specified Thickness, In. o o~ o~ - Diameter, Factor, N
min, %
H32° 0.017-0.019 270 34.0 20.0 1
or 0.020-0.031 27.0 34.0 20.0 3
H22o 0.032-0.050 27.0 34.0 20,0 4
0.051-0.113 27.0 34.0 20.0 5
0.114-0.249 270 34.0 20.0 [§]
0.250-0.499 27.0 34.0 20.0 8
0.500-2.000 28.0% 36.0¢ 21.0¢ ]
HB4" 0.009-0.019 3.0 37.0 24.0 1
or 0.020-0.060 NO 37.0 24.0 3
H24¢ 0.051-0.118 81.0 37.0 24.0 4
0.114-0.249 81.0 37.0 24.0 5
0.2560-0.499 a1.0 37.0 24.0 5
0.500-1.000 32.0% 38.0% 25.0% 5
H36¢ 0.008-0.007 34.0 40.0 27.0
or 0.008-0,019 34.0 40,0 27.0 1
H26¢ 0.020-0.031 34.0 40.0 27.0 2
0,032--0,050 54.0 40,0 27.0 3
0.0581-0,162 34.0 40.0 27.0 4
H38 0.006-0.007 ar.0
0.008-0.019 37.0 1
0.020-0,031 37.0 2
0.032-0,050 37.0 3
0.061-0.128 av.0 4
H112 0.250~0.489 22.0 8.5 7
0.500-3.000 23,05 9.0F 7
i 0.250-3.000
Alloy 3005
O 0.006-0.007 17.0 24.0 6.5 10
0.008-0.012 17.0 24.0 8.5 12
0.013-0,019 17.0 24.0 6.5 14
0.020-0.031 17.0 24.0 8.5 16
0.032--0.080 17.0 24.0 6.5 18
0.051--0.249 17.0 24.0 8.5 20
H12 0.017-0.019 20.0 27.0 17.0 ]
0.020-0.050 20.0 27.0 17.0 2
0.051-0,113 200 27.0 17.0 3
0.114-0.161 20.0 27.0 17.0 4
0.162-0.249 20.0 27.0 17.0 5
Hi4 0.009-0.031 24.0 31.0 210 1
0.032-0.050 24,0 31.0 21.0 2
0.051-0.113 24.0 31.0 21.0 3
0,114-0,249 24.0 31.0 21.0 4
H16 0.006-0.031 28.0 35.0 25.0 1
0.032-0.113 28,0 35.0 25.0 2
0.114-0.162 28.0 35.0 25.0 3
H1g 0.006-0.031 32.0 29.0 1
0.032-0.128 32.0 20.0 2
H19 0.006~0.012 34.0 :
0.013-0.063 34.0 1
H25 0.016-0.019 26.0 34.0 22.0 1
0.020-0.031 26.0 34.0 22.0 2
0.082-0.060 26.0 34.0 220 3
0.051--0.080 26.0 34.0 220 4
Ha7 0.016-0.019 298 87.8 255 1
0.020-0.031 205 37.5 255 2
0.032-0.060 205 375 25.5 3
0.051-0.080 28.5 375 255 4
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A B 209 - 96
TABLE 2 Coniinued
Tansile Strength, ksi Yield Strength (0.2 % aoffset), kst Elongation in Bend
- . 2in. or 4 X Diameter
Temper Bpecified Thickness, in. o - e " Dinmeter, Fastor, N
min, %
Ha8 0.016-0.018 31.0 7.0 1
0.020-0.031 81.0 27.0 2
0.032-0.060 310 27.0 3
0.051-0,080 31.0 27.0 4
HRY 0.085-0.031 33.0 ' 280 1
0.082-0,050 33.0 28,0 2
0.051-0.071 33.0 28,0 3
Alloy 3108
0 0,013-0.019 14.0 21,0 5.0 16
0.020-0.031 14.0 21,0 5.0 18
0.032-0.080 14.0 21.0 5.0 20
H12 0.017-0.019 19.0 26.0 16.0 1
0.020-0.031 18.0 26.0 15.0 i
0.032-0.060 18.0 26.0 15.0 2
0,051-0.080 19.0 26.0 15.0 3
H14 0.013-0.019 22.0 29.0 18.0 1
0.020-0.031 22.0 29.0 18.0 1
0.032-0.050 22.0 20.0 18.0 2
0.051-0.080 22.0 2.0 18.0 2
H16 0.013-0.031 25.0 32.0 21.0 1
0.032-0.060 25.0 32.0 21.0 2
0,051-0.080 25.0 32.0 21.0 2
H18 0.013-0.031 28.0 24.0 1
0.032-0.050 28.0 24.0 1
0.051-0.080 28.0 24.0 2
H25 0.013-0.019 238.0 19.0 2
0.020-0.081 23.0 19.0 3
0.032-0.050 28.0 19,0 4
0.051-0.080 23.0 19.0 8
Alloy 5005
o] 0.006-0.007 18.0 21.0 5.0 12
0.008-0.012 16.0 21.0 5.0 14
0.013-0.019 15.0 21.0 5.0 18
0.020-0.031 18.0 210 5.0 18
0.032-0.060 15.0 21.0 5.0 20
0,061-0.113 15.0 21.0 5.0 21
0.114-0.249 15.0 21.0 5.0 22
0.250-3.000 16,0 21.0 5.0 22
H12 0.017-0.019 18.0 24.0 14.0 2
0.020-0.,081 18,0 24,0 14,0 3
0.082-0.050 18.0 24.0 14.0 4
0.061-0.118 18.0 24.0 14,0 6
0. 114-0.161 18.0 24,0 14.0 7
0.162-0.249 180 24.0 14.0 8
0.250-0,499 18.0 24.0 14.0 9
0.500-2.000 18.0 24.0 14.0 10
Hi4 0.009-0,081 21.0 27.0 17.0 1
0.0832--0.050 210 27.0 17.0 2
0.051-0.113 21.0 27.0 17.0 3
0.114-0.181 21.0 27.0 17.0 &
0.162~0.249 2.0 27.0 17.0 6
0.250-0.490 21.0 27.0 17.0 8
0.500-1.000 21.0 27.0 17,0 10
Hi6 0.006-0.031 24.0 30.0 20.0 1
0.032-0.050 24.0 30.0 20.0 2
0.051-0.162 24.0 30.0 20.0
H18 0.006-0.031 27.0 1
0.032-0.060 27.0 2
0.061~0.128 27.0 3
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TABLE 2 Continued

Tensile Strangth, ki Yield Strength (0.2 % offset), ksi Elongation in Bend
. . 2in.or4 X Diarneter
Temper Specified Thickness, in. o . o - Diameter, Faotar, N
min, %
H32¢ 0.017-0.019 17.0 23.0 12.0 3
or 0.020-0.031 17.0 23.0 12.0 4
Hag® 0.032-0.050 17.0 23.0 12.0 5
0.051-0.113 17.0 23.0 12.0 7
0.114-0.181 170 23.0 12.0 8
0.162-0.249 17.0 23.0 12.0 9
0.250-2,000 17.0 23.0 12.0 10
Ha4¢ 0.000-0.012 20.0 26.0 15.0 2
or 0.013-0.031 20.0 26.0 15.0 3
He4¢ 0.032--0.050 20.0 26.0 15.0 4
0.051-0.113 20.0 26.0 15.0 5
0.114-0.161 20.0 28.0 18.0 6
0,162-0.248 20,0 26,0 18,0 7
0.260-0.498 20.0 26.0 15.0 8
0.500-1.000 20.0 26.0 15.0 10
Has® 0.006--0.007 23.0 29.0 18.0 1
or 0.008-0.019 23.0 29,0 18.0 2
H26¢ 0.020-0.081 23.0 20.0 18.0 3
0.032-0.162 23.0 29.0 18.0 4
H38 0.006-0.012 268.0 1
0.013-0.019 26.0 2
0.020--0.031 26.0 3
0.032-0.128 26.0 4
H112 0.250--0.499 17.0 8
0.500-2.000 15.0 i2
2.001-3.000 14,8 18
E? 0.250-3.000
Alloy 5010
Q 0.010-0.070 18.0 21.0 5.0 3
H22 0.010-0.070 17.0 23.0 14.0 2
H24 0.010-0.070 20.0 26.0 17.0 1
H28 0.010-0.070 23.0 29.0 21.0 1
Hzs 0.010-0.070 26.0
Alloy 5080
(o} 0.006-0.007 18.0 24.0 8.0 1}
0.008-0.018 18.0 24.0 6.0 16 0
0.020--0.031 18.0 24.0 6.0 18 0
0.032--0.050 18.0 24.0 8.0 20 o}
0.0581-0.113 18.0 24.0 5.0 20 a
0.114-0.249 18.0 24.0 6.0 22 a
0.250-3.000 18.0 24.0 8.0 20 2
Ha2¢ 0.017-0.050 22.0 28.0 18.0 4 1
or 0.051-0.248 22.0 28.0 16.0 8 2
H22¢
H34¢ 0.009-0.031 25.0 81.0 20.0 3 1
or 0.032-0.050 25.0 31.0 20.0 4 1
H24¢ 0.0531-0.249 25.0 3.0 20.0 1 3
H36“ 0.006-0.019 27.0 33.0 22.0 2 3
or 0.020-0.060 27.0 33.0 22.0 38 3
H2g< 0.051--0.162 270 33.0 22.0 4 4
H38 0.008-0.007 29.0
0.008-0.031 29.0 2
0.032-0.050 29.0 3
0.051-0.128 29.0 4
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TABLE 2 Continuved

Tensile Strength, ksi Yield Strength (0.2 % offset), ksi Elongation in Band
N 2in.ord4x Diameter
Tempor Spacifiad Thickness, in. — . i — Diamoter, Factor, N
min, %
H1i2 0.260--3.000 20,0 8.0 12
FA 0.250-3.000
Alloy 8052
(o] 0.006-0,007 25.0 ’ 31.0 9.5 0
0.008-0.012 25.0 31.0 9.5 14 0
0.013-0,018 26.0 31.0 9.5 18 0
0.020-0.031 260 31.0 9.5 16 0
0.082-0.050 25.0 31.0 9.6 18 Q
0.051-0.113 . 31.0 9.5 19 0
0.114-0.249 31.0 9.5 20 g
0.260--3.000 31.0 9.5 18
Ha2¢ 0.017-0.019 31.0 38.0 23.0 4 D]
or 0.020-0.050 3.0 38.0 23,0 5 1
HaRe 0.051-0.113 31.0 38.0 23.0 7 2
0,114-0.249 1.0 38.0 230 9 3
0.250~0,499 31.0 38.0 23.0 i}
0.500-2.000 31.0 38.0 23.0 12
H34¢ 0.009-0.019 34.0 41.0 26.0 3 1
oF 0.020-0.050 34.0 410 26,0 4 2
H24¢ 0.051-0.113 340 41.0 26,0 [ 3
0.114-0.249 34.0 41.0 26.0 7 4
0.280~1.000 34.0 41.0 26.0 10 -
H3¢ 0.006-0.007 370 44,0 290 2 4
or 0.008-0.031 37.0 44,0 28.0 3 4
H26¢ 0.032-0.162 37.0 44.0 . 280 4 5
Hage 0.006-0.007 39,0 320 2
or 0.008-0.031 39.0 32,0 3
Heg® 0.092-0.128 39.0 32.0 4
Hi112 0.250-0.499 280 18.0 7
0.500~-2.000 250 9.8 12
2.001-3.000 25.0 0.5 16
Fo 0.250-3,000
Alloy 5083
(o} 0,081-1.500 40.0 51.0 18.0 29.0 16
1.501-3.000 30.0 50.0 17.0 29,0 16
3,001-4.000 380 16.0 16
4.001-6.000 38.0 16.0 14
5.001-7,000 370 180 14
7.001-8,000 36.0 14.0 12
H321 0.188-1.500 44.0 56,0 31.0 43.0 12
1.501--3.000 41.0 58.0 29,0 43.0 12
Hi12 0.260-1.500 40,0 18.0 12
1.501-3.000 39.0 17.0 12
Hite" 0.0683-0.499 44.0 31.0 10
0.800-~1,260 44.0 31.0 12
1.251-1.500 44,0 31.0 12
1,503,000 41,0 29,0 12
FP 0.250-8.000
Alloy 5088
Q 0,020-0.060 35.0 44,0 14.0 18
0,051--0.249 35.0 44.0 14.0 18
0.250-2.000 358.0 44,0 14.0 16
Haz® 0.020-0.050 40.0 47.0 28.0 ]
o 0,051-0.249 40,0 47,0 28,0 8
H22¢ 0.250-2.000 40.0 47.0 28.0 12
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TABLE 2 Coniinued

Tansile Strength, ksl Yield Strength (0.2 % offeet), kel Elongation in Bend
Temper Specified Thickness, in. 2 ".17 0( 4% Diameter
min max i max Diamster, Factor, N
min, %
Ha4e 0.009-0.019 44,0 51.0 34.0 4
of 0.020-0.050 44,0 51.0 340 5
H24% 0.051-0.249 44.0 51.0 340 6
0.250~1.000 44,0 51.0 340 10
Hae® 0.006-0.019 47.0 54.0 38.0 3
or 0.020-0.050 47.0 54.0 38.0 4
H26° 0.051-0.162 47.0 540 38.0 8
H38® 0.006-0,020 50.0 41.0 3
or
H28e
H112 0.188-0.409 36.0 18.0 8
0.500-1.000 35.0 16.0 10
1.001-2.000 85.0 14.0 14
2.001-3.000 34.0 14.0 14
H1167 0.083-0.249 40.0 28.0 8
0.250-0,409 40.0 280 10
Q.500-1.250 40.0 28.0 10
1.281-2.000 40.0 280 10
F? 0.250-3.000
Alloy 5154
[¢] 0.020-0.031 30,0 41.0 11.0 12
0.032-0.050 30.0 41.0 1.0 14
0.051~0.113 2300 41.0 1.0 16
0.114--8.000 30.0 410 KA K 18
Ha2c 0.020-0.050 36,0 430 26.0 5
or 0.051-0.249 26.0 43.0 26.0 8
H22(‘f 0.250-2.000 36.0 430 26.0 12
Ha4¢ 0.009--0.050 39.0 46.0 29.0 4
or 0.061-0.161 49.0 46.0 29.0 6
H245 0.162-0.249 39.0 46.0 29.0 7
0.250-1.000 39.0 46.0 29.0 10
H36® 0.006-0.050 42.0 48,0 32.0 3
or 0.051-0.113 42,0 48,0 32.0 4
H26° 0.114~0,162 12.0 49.0 32.0 5
H3g” 0.006-0.050 45,0 35.0 3
or 0.051~-0.113 45,0 35.0 4
H28° 0.114-0,128 48.0 35.0 5
H112 0.250-0.499 320 18.0
0.500-2.000 30.0 11.0 1
2.001-3.000 30.0 1.0 15
F2 0.260-3.000
Alloy 5252
H24 0.030-0.090 30.0 38.0 10
H25 0.030-0.090 3.0 39.0 2]
H28 0.030-0.090 38.0 3
Alloy 5254
Q 0.051-0.113 30.0 41.0 1t.0 16
0.114-3.000 30.0 41.0 1.0 18
Haz¢ 0.061-0,249 36.0 43.0 26,0 8
of R 0.250-2.000 36.0 43.0 26.0 12
H2Re
34¢ 0.051--0,161 300 48.0 29.0 8
or 0.162-0.249 89.0 46.0 29.0 7
H24¢ 0.250-1.000 30.0 48.0 29.0 10
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TABLE 2 Continued

Tensile Strength, ksi Yield Strength (0.2 % offset), kel Elongation in Bend
. Binordx Diameter
Temper Specified Thicknass, in. - " _— e Dlamete, Factor, N
min, %
Ha6¢ 0.051-0.113 420 49,0 32.0 4
or 0.114-0.162 42.0 48.0 32.0 5
H2ev ’
Hasv - 0.051-0.113 45.0 35.0 4
or 0.114~0.128 48.0 35.0 8
Hog
H112 0.250-0.489 32,0 18.0 . 8
0.500-2.000 30,0 1.0 “ 11
2.001-3,000 30.0 11.0 . 15
FP 0.260-3,000 "
Alloy 5454 ‘
o] 0.020-0,031 31.0 41.0 12.0 12
0,032-0.050 31.0 41,0 12,0 14
0.051-0.113 31,0 41,0 12,0 18
0.114-3,000 31,0 41,0 12.0 18
H3p® 0.020-0.050 36.0 44.0 26,0 5
ar 0.051-0.249 36.0 44.0 26.0 8
H22¢ 0.250-2.000 36.0 440 26.0 12
H34¢ 0.020-0.050 39.0 47.0 29.0 “ 4
or 0.051--0.161 3.0 47.0 29.0 . 6
H24¢ 0.162-0.249 39.0 47.0 29.0 7
0.250-1.000 39.0 47.0 29.0 10
H112 0.250-0.499 32.0 18.0 8
0.500-2.000 31.0 12.0 11
2.001-3.000 31.0 12,0 15
FC 0.250-3.000
Alloy 5456
o] 0.051-1.500 42.0 58.0 18.0 30.0 16
1.601~3.000 410 52.0 18.0 30.0 16
3.001-5.000 40.0 17.0 14
5.001-7.000 39.0 16,0 14
7.001-8.000 38.0 15,0 12
H321 0.188-0.499 48.0 50.0 33.0 46.0 12
0.5600~1.500 44.0 56.0 a1.0 44.0 12
1.601-8.000 41.0 54,0 29.0 43.0 12
H112 0.260-1.500 42,0 19.0 12
1.501-3,000 41.0 18.0 12
H116"~ 0.063-0.499 48.0 33.0 10
0.500-1.250 48.0 33.0 12
1.251-1.500 44,0 31.0 12
1.601-3.000 41.0 28.0 12
3.001-4.000 40.0 26,0 12
Fv 0.250-8.000
Alloy 5457
(o] 0.030--0.020 16.0 22.0 20
Alloy 5662
0 0.051-0.113 25.0 31.0 9.5 19 v}
0.114-0.249 25.0 31.0 9.5 20 0
0.250-3.000 25.0 31.0 9.5 18
Ha2? 0.051-0.113 31.0 38.0 23.0 7 2
or 0.114-0.249 31.0 38.0 230 9 3
H22P 0.250-0.499 31.0 388.0 28.0 i1
Q.500-2.000 31.0 38.0 230 12
H34v 0.051-0.113 34.0 41.0 26.0 6 3
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TABLE 2 Continued

Page 64 of 124

Tensile Strength, ksi Yield Strength (0.2 % offset), ksi Elongation in Bend
2. or 4 x Diameter
Temper Specitied Thickness, In. - o pore p— Digmeter, Factor, N
min, %
of 0.114-40.249 34.0 41.0 28,0 7 4
Haa? 0.250~1.000 94.0 41.0 26.0 10
H112 0.250-0.499 28.0 16.0 7
0.500-2,000 25.0 9.5 12
2.001-~8.000 25.0 9.5 18
FCe 0.260-3,000
Alloy 5657
H241¢ 0.080-0,080 18.0 26.0 13
H25 0.080-0.000 20.0 28,0 8
H26 0.090-0.090 22.0 30.0 7
H28 0.030-0.090 25.0 5

elongation to the nearest 0.5 %, both in accordance with the rounding methodl of Practice E 29.
#The basis for establishment of mechanical property limits is shown in Annex A1,

© Material In either of these tempers (H32 or H22), (H34 or H24), {H36 or H286), (H38 or H28), (H12 or H2R), (H14 or H24), (1416 or H26), (H18 or H28), may be supplied
at the option of the supplier, unless one is specifically excluded by the contract or purchase order. When ordered as H2x tempers, the maximum fensile strength and
mirimum yield strength do not apgly, When H2x tempers are supplied instead of ordered H1x or H3x tempers, the supplied H2x termper material shall meet the respective

H1x or H3x terper tensile property limits.
P Tests of F temper plate for tensile properties are not required,
EThe tension test specimen from plate 0.500 in. and thicker is machined from the core and does not include the cladding alloy.
“The -H116 temper designation now also applies to products praviously designated -H117.

TABLE 3 Tensile Property Limits for Heat-Treatable Alloys” #

ATo determine conformance to this specification each valus for tensile strangth and for yield strength shall be rounded to the nearest 0.1 ksi and each value for

Tensile Strength, ksi Yield Strength (0.2 % offset), ksi Elongation in Bend
. . 2in ord X Diameter
Temper Specifiec! Thickness, in. i - _— o Diametor, Factor, N
min, %
Alloy 2014
O 0.020-0.124 32.0 16.0 16 0
0.125--0.249 32.0 6.0 18 1
0.250-0.489 32.0 16.0 16 2
T3 0.020-0.039 58.0 35.0 14 3
0.040~0.124 59.0 36,0 14 3
0.125-0.249 59.0 36.0 14 4
T49 0.020-0.124 59.0 35.0 14 3
0.125-0.249 59.0 35.0 14 4
T42P 0.020-0.124 58.0 34.0 14 3
0.'126-0.249 58.0 34.0 14 4
0.250-0.489 58.0 34.0 14 5
0.500-1.000 58.0 34.0 14
T4515 0.250~1.000 58.0 36.0 14
1.001-2.000 58.0 36.0 12
2.001-3.000 57.0 36.0 8
T8, T62° 0.020-0,039 64.0 57.0 6 4
0.040-0.050 66,0 58.0 7 5
0.051-0.124 66.0 58.0 7 6
0,125-0.249 66.0 58,0 7 8
ToePl, 0.250-0.499 670 59.0 7 10
Te61%
0.500~1.000 67.0 69.0 6
1.001-2.000 87.0 59.0 4
2.001-2.600 €5.0 58.0 2
2.501-3.000 3.0 67,0 2
3,001-4.000 59.0 55.0 1
Fr 0.280-1.000
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TABLE 3 Continued

Tansile Strength, ksi Yield Strength (0.2 % ofiset), ksf Elongation In Bend
2in ord X Diamater
Temper Specified Thickness, in,
P w THin max min max Diameter, Factor, N
min, %
Alclac Alloy 2014
(8] 0.020-0,499 30,0 14.0 18
0.500-1.000 32,09 10
T3 0.020--0.039 84.0 88,0 14
) 0.040--0.124 5.0 4.0 14
0.125-0.249 57.0 85.0 15
T4C 0.020~0.124 64.0 a1.0 14
0.125-0.249 66,0 32.0 14
0.040-0.249 57.0 34.0 15
T42P 0.020-0.124 54.0 31.0 14
0.125-0.,249 85.0 32.0 14
0.260-0,499 B7.0 34.0 15
0,500-1,000 58,09 34,09 14
T4515 0.260-0.499 57.0 38.0 15
0,500—1.000 58,09 36.09 14
1.001-2,000 58,09 36.09 12
2.001--3,000 57.09 36.09 8
T6, 7627 0.020--0.039 62.0 54.0 7
0.040-0.050 63.0 65.0 7
0051-0.124 64.0 67.0 8
0.125-0,249
T622, 0,250-0.499 64.0 57.0 8
T6515
0.500-1.000 67.09 59.09 6
1.001-2.000 67.0¢ £9,0¢ 4
2.001-2,800 65,09 58.09 2
2,501-3.000 63.09 57,09 2
3.001-4.000 59,09 65,09 1
FF 0.250-1.000
Alloy 2024
o 0.010-0.082 32.0 14.0 12 0
0.038-0.063 32.0 14.0 12 1
0.064-0.128 320 14.0 12 4
0.129-0.499 32.0 14.0 12 6
T3 0.008-0.009 63.0 42,0 10 4
0.010-0.020 63.0 42.0 12 4
0.021-0.0581 63,0 42,0 18 5
0.052-0.128 63.0 42.0 18 3]
0.120-0.249 84.0 42.0 15 8
T351€ 0,250--0.499 64.0 42,0 12
0.500~1.000 3.0 42,0 8
1.001~1.500 62.0 . 42.0 7
1.601~2.000 62.0 " 42.0 <]
2.001~3.000 60.0 - 42.0 4
3.001--4,000 57.0 41.0 4
3614 0.020-0.051 67.0 60.0 8 4
0.052-0,062 67.0 50.0 8 8
0.063--0.249 68.0 £1.0 Q 8
0.250-0.499 66.0 49,0 9
0.500 66.0 49.0 10
T4¢ 0.010-0.020 62.0 40.0 12 4
0.021-0.081 62.0 40.0 15 5
0.052-0.128 6820 40.0 15 6
0.129-0.249 82.0 40.0 18 8
T42° 0.010-0.020 62.0 388.0 12 4
0.021-0,051 62.0 38.0 15 5
0.082-0.128 62.0 38.0 15 8
0.129-0.249 82.0 88.0 15 B
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TABLE 3 Continued

Tenslle Strength, ksi Yield Strength (0.2 % offset), ksi Elongation in Bond
. . . 2in.ord x Digmeter
Tempsr Bpecified Thickness, in. i — o -~ Diameter, Faclor, N
min, %
0.250-0,499 62.0 38.0 12 10
0.500~1,000 61.0 38.0 8
1.001-1.800 80.0 38.0 7
1.501-2,000 60.0 38.0 6
2.001-3,000 58.0 38.0 4
T2 0.010--0.489 64.0 50.0 5
0.500-2.000 €3.0 50.0 5
720 0.010-0.249 60.0 46.0 5
T81 0.010-0.249 67.0 58.0 5
78515 0.250-0,499 87.0 58,0 5
0.500-1,000 €6.0 58.0 5
1.001-1.499 66.0 57.0 5
Tae1" 0.020--0.062 70.0 62.0 4
0.063-0.249 71.0 66.0 4
0.250-0.499 70.0 64.0 4
0.800 70.0 64.0 4
Fr 0.250-3,000
Alclad Alloy 2024
O 0.008--0.009 30.0 140 10 0
0.010-0.032 30.0 14.0 12 0
0.033-0.062 "800 14.0 12 1
0.063-0.249 320 140 12 2
0.250-0.409 32.0 14.0 12 3
0.500--1.750 32,09 12
3 0.008-0,000 58.0 39.0 10 4
0.010-0.020 59.0 39.0 12 4
0.021-0.040 59.0 39.0 15 4
0.041-0.062 59.0 39.0 15 5
0.063--0.128 61.0 40.0 15 5
0.129-0.249 62.0 40.0 15 8
T851F 0.250-0.499 62.0 400 12
0.500-1,000 63.09 42,09 8
1.001-1.500 62.0° 42.0° 7
1.501-2.000 62.09 42,00 6
2.001-3.000 60,0¢ 42,0% 4
3.001-4,000 57.0¢ 41,09 4
Ta614 0.020-0.062 61.0 47.0 8 4
0.083-0.187 64.0 48.0 9 6
0.188-0.249 64.0 48.0 9 8
0.250-0.499 64.0 48.0 9
0.500 66,09 49.0¢ 10
T4¢ 0.010-0.020 58.0 36.0 12 4
0.021~0.040 58.0 36.0 15 4
0.041-0.062 58.0 36.0 15 5
0.083-0.128 61.0 38.0 15 5
T4zl 0.008-0.009 55.0 34.0 10 4
0.010-0.020 57.0 34.0 12 4
0.021-0.040 67.0 34.0 15 4
0.041-0.062 57.0 34.0 16 5
0.063-0.128 60.0 36.0 15 5
0.128-0.187 60.0 36,0 15 8
0.188-0.249 60.0 36.0 15 8
0.260-0.499 60.0 36.0 12 10
0.500-1.000 61.0° 38.0° 8
1.001-1,500 60,09 38.0¢ 7
1.501-2.000 60.0¢ 38.0¢ 3
2.001-8.000 58.0¢ 38.09 4
T62P 0.010-0.082 60.0 47.0 5
0,063-0,499 62.0 48,0 §
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TABLE 3 Continued

Tensile Strength, ksi Yield Strongth (0.2 % offset), ksi Elongation in Bend
. 2in. or4x Diamater
Temper Specified Thickness, in. o - pore - Diameter, Factor, N
min, %
T7R 0.010-0.082 56.0 43,0 5
0.063-0.249 58.0 45,0 5
T81 0.010-0.062 62.0 54.0 &
. 0.063-0.249 65.0 56.0 5
T861% 0.250-0.499 65.0 560 31
0.500-1.000 86.09 58,09 5
881 0.020-0.082 64.0 58.0 3
0.083-0.187 68.0 64.0 4
0,188-0.249 69.0 64.0 4
0.260-0.489 68.0 62.0 4
0.500 70,04 64,09 4
FF 0.250--8.000
1% % Alclad Alloy 2024
0 0.188-0.499 32,0 14.0 12
0.600+1,750 32.09 12
T3 0.188-0,249 83,0 41.0 18
T361 0.188-0,249 5.0 49.0 9
0.250-0.499 65.0 48.0 ]
0.500 66,09 49,09 10
3515 0.250-0.499 63.0 41.0 12
0.500--1.000 63.09 42,09 -8
1.001~1,500 32, 42,09 7
1.507-2.000 62.09 42,09 6
2.001-3.000 80.09 42,09 4
3.001-4.000 57.09 41,09 4
T42P 0.188-0.249 61.0 37.0 15
0.250--0,490 1.0 37.0 12
0.500-1,000 61.0% 38.0° 8
1.001-1.500 80.0¢ 38.09 7
1.501-2.000 80.09 38,09 <]
2.001~3.000 58.09 38,08 4
Te20 0.188-0.499 82.0 49,0 5
Tred 0.188-0.249 59.0 450 5
Té1 0.188-0.249 66.0 57.0 [}
T851% 0.250-0.499 86.0 57.0 5
0.500-1.000 66.09 58,0 5
Té61 0.188-0.249 70.0 €5.0 4
0.250-0.498 69.0 63.0 4
0.500 70,09 64,09 4
F& 0.250-3.000
Alclad One-Side Alloy 2024
[¢] 0.008--0.009 31.0 14.0 10
0.010-0,062 31.0 14.0 12
0.068-0.409 32.0 14.0 12
T3 0.010-0.020 61.0 40.0 12
0,021-0,082 G61.0 40.0 15
0.083-0.128 62.0 41.0 15
0.129-0.249 63.0 41.0 15
Ta51% 0.250-0.489 63.0 410 2
T361 0.020-0.062 64.0 48.0 8
0.083-0.249 66.0 49.0 9
0.250-0.499 65.0 48.0 o]
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TABLE 3 Continued

Tensile Strength, ksl Yield Strength (0.2 % offset), ksi Elongation in Bend
. 2in.or4 X Diameater
Terper Spacified Thickness, in. .
b min max min max Diameter, Faclor, N
min, %
T42P 0.010-0.020 59.0 35.0 12
0.021-0.062 59.0 38.0 15
0.063-0.249 61.0 37.0 15
0.250--0.499 61.0 37.0 12
Ta2l 0.010-0.062 62.0 48.0 5
0.063-0,249 63.0 40.0 5
T722! 0.010-0.062 58,0 440 5
0.063-0.499 59.0 45.0 5
T81 0.010-0.062 64.0 6.0 5
0.063-0.240 66.0 57.0 5
T8515 0.250-0.499 66.0 57.0 5
T861 0.020-0,062 67.0 60.0 3
0.083-0.249 70.0 65.0 4
0.250-0.499 9.0 63.0 4
RF 0.250~-0.499 .
1% % Alelad One-8ide Alloy 2024
Q ) 0.188-0.499 32,0 14.0 12
T3 0.188-0.249 63.0 41.0 15
TA51#¥ 0.250-0.499 63.0 41.0 12
T361 0.188-0.249 66.0 49.0 9
0.260-0.409 65.0 48.0 9
Ta2" 0.188-0.249 61.0 37.0 15
0.260-0.499 61.0 37.0 12
T62° 0.188-0,499 63.0 49.0 5
17001 0.188-0.249 59.0 45.0 5
™81 0.188-0.249 66.0 57.0 5
T851% 0.260--0,499 66.0 57.0 5
T861 0.188-0.248 70.0 85.0 4
0.250-0.499 69.0 83.0 4
FF 0.250~0.499
Tansile Btrength, ksi Yield Strength (0.2 % Elongetion in Bend
Spacified Axig of offget), ksi 2in. or 4 x i
Temper Thickness, in. Test Specimen Diarneter, E IQ\I‘:’)BI(BAI}
tin max i max min, % actor,
Alloy 2124
T851E 1.000-2.0007  Longitucinal 66.0 57.0 8
Long Transverse 56.0 57.0 5
Short Transverse 64.0 55.0 1.5
2.001-3.000 Longitudinal 65.0 57.0 5
Long Transverse 65.0 57.0 4
Shont Tranaverse 63.0 55.0 1.5
3.001-4.000 Longitudinal 65.0 56.0 5
Long Transverse 65.0 56.0 4
Short Transverse 62.0 54.0 1.5
4.001-5.000 Longitudinal 64.0 55,0 5
Long Transverse 64.0 §5.0 4
Short Transverse 61.0 83.0 1.5
5.001-6.000 Longitudinal 63.0 54.0 5]
Long Transverse 83.0 540 4
Short Transverse 58.0 51.0 1.5
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TABLE 3 Continued

Temper Spacified Tanslle Strength, ksi Yield Strength {0.2 % offset), ksi Elongation in Bend
Thickness, in. 2in, or 4 x Diameter
min max min max Dlameter, Factor, N
min, %
Alloy 2219
[¢] 0.020-0,250 320 18.0 12 4
0.261-0,750 32.0 16.0 12 6
0.751-1.000 320 16.0 12 8
1.001-2.000 320 16.0 12
0.020-0.039 48.0 29.0 8
T3 (flat 0.040-0.249 46.0 28,0 10
shoet)
Ta615X plate 0.250-2.000 46.0 280 10
(farmetly T31
plate) 2.001-3.000 44.0 28,0 10
3.001-4.000 42.0 27.0 g
4.001-5,000 40,0 26,0 g
8.001-6.000 a8.0 250 8
Ta7r 0.020-0.039 49.0 38.0 8
0.040-2.600 49.0 387.0 6
2,601-3.000 47.0 386.0 8
3.001-4.000 45.0 38,0 B
4,001-5,000 48.0 34.0 4
TERP 0.020--0,039 54,0 36,0 5]
0.040-0.249 54.0 36.0 7
0,250-1.000 54.0 36.0 8
1.001-2,000 54,0 36.0 7
T81 sheet 0.020-0.039 62.0 46,0 6
0.040-0.249 62.0 48.0 7
T851F plate 0.250-1.000 62.0 46.0 8
(formerly T81
plate) 1.001-2.000 62,0 46.0 7
2.001~-3.000 82.0 45.0 ]
3.001-4.,000 60,0 44.0 5
4.001-5,000 59.0 43.0 5
5,001--6.000 57.0 42.0 4
T87 0.020-0.039 84.0 52,0 5
0.040-0.249 64.0 52.0 [}
0.250-1.000 64.0 51.0 7
1.001-2.000 64.0 51.0 [¢]
2.001-3.000 64.0 51.0 6
3.001-4.000 62.0 50,0 4
4.001--6,000 61.0 49.0 3
FF 0.260-2.000
Alglad Alloy 2219
(o] 0.020-0.200 32.09 16.0¢ 12
T31 (flat 0.040-0,099 42.0 25,0 10
sheet) 0.100-0.249 44.0 26.0 10
T3515 plate 0.250-0.499 44.0 26.0 10
(formerly T31
plate)
87K 0.040-0,009 45.0 34.0 6
0.100-0.499 47.0 © 350 8
Te2P 0.020--0.039 44.0 29.0 8
0.040-0.099 49.0 32,0 7
0.100-0.249 51.0 84.0 7
0.260-0.499 51.0 34,0 2]
0.800-1.000 54.09 " 36.09 8
1.001-2,000 54.09 . 36.09 7
T81 (flat 0.020~0.039 49,0 37.0 6
shast) 0.040-0,099 8.0 41.0 7
0.100-0.249 58.0 43,0 7
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TABLE 38 Continued

Temper Spacifiad Tenslle Strength, ksf Yiold Strength (0.2 % offset), ksi Elongation in Bend
Thickness, in. 21in. or 4 x Diameter
min max min max Diameter, Factor, N
min, Yo
T8515 plate 0.260-0,490 58.0 42.0 8
(formerly T81
plate)
87 0.040-0.099 57.0 46.0 6
0.100-0.249 60.0 48,0 [
0.260-0.499 60.0 48.0 7
F* 0.260-2.000
Alloy 8061
o] 0.006-0.007 22.0 12.0 10 0
0.008-0.008 22.0 12.0 12 0
0.010-0.020 22,0 12.0 14 0
0.021-0.128 22.0 12.0 16 1
0.128-0.249 22.0 12.0 18 2
0.250-0.490 22.0 12.0 18 3
0.500-1,000 22.0 18
1.001-3.000 22.0 16
T4 0.006-0.007 30.0 16.0 10 2
0.008-0.000 30.0 16.0 12 2
0.010-0.020 30.0 18.0 14 2
0.021-0,249 30.0 16.0 16 3
T451% 0.250-0.498 80.0 16.0 18 4
0.500-1.000 30.0 16.0 18
1.001--3.000 30.0 16.0 18
T42P 0.008-0.007 30.0 14.0 10 2
0.006-0.000 30.0 14.0 12 2
0.010-0.020 30.0 14,0 14 2
0.021-0.249 30.0 14.0 16 3
0.250-0.499 30.0 14.0 18 4
0.500--1.000 80.0 14.0 18
1,001-3.000 300 14.0 16
T8, 1622 0.006-0.007 42.0 35.0 4 2
0.006~0.008 420 35.0 6 2
0.010-0.020 42.0 895.0 8 2
0.021-0.036 42,0 35.0 10 3
0.037-0.064 42.0 350 10 4
0.065-0.128 42.0 35.0 10 5
0.129-0.249 42.0 35.0 10 [
T62P, 16515 0.250-0.499 42,0 35,0 10 7
0.600-1.000 42,0 35.0 9
1.001-2.000 42,0 38.0 8
2.001-4.000 42,0 35.0 [}
4.001-6.000+ 40.0 35.0
FF 0.250-3,000
Alclad Alloy 6061
(o} 0.010-0,020 20.0 12.0 14
0.021-0.128 200 12,0 16
0.129-0.409 20.0 120 18
0.500~1.000 22,09 . 18
1.001-3.000 22,09 16
T4 0.010--0.020 27.0 14,0 14
0.021-0.249 27.0 14.0 16
T451% 0.250-0.498 27.0 14.0 18
0.500-1.000 30.09 16.09 18
1.001--3.000 30.09 16,09 18
T420 0.010-0.020 27.0 12,0 14
0.021-0.249 27.0 2.0 16
0.250-0.499 270 12.0 18
0.500--1.000 30.0° 14.0% 18
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TABLE 3 Continued

Temper Spacifiacd Tensile Strength, ksi Yield Strength {0.2 % offset), kei Elongation in Bend
Thickness, h. 2in. or4 x Diameter
min nax min mex Diarmeter, Factor, N
min, %
1.001-8.000 80.09 14.09 18
6, T62P 0.010-0.020 38.0 32.0 8
0.021-0.249 33.0 32,0 10
" TaR?, Tes1F 0.250-0,499 38,0 2.0 10
0,500-1.000 42,09 35,09 3
1.001--2,000 42,09 35,09 8
2.001-4,000 42,09 35,09 6
4.001-5,000 40,09 35,09 6
F2 0.260-3.000
Alloy 7075
¢} 0.016-0.020 40.0 21.0 10 1
0.021-0.082 400 21.0 10 2
0.063-0.091 40.0 21,0 10 3
0.082-0.125 40.0 21.0 10 4
0.126-0.249 40.0 214 10 5
0.250-0.499 40.0 21.0 10 8
0.500-2.000 40.0 10
T6, T62 0.008-0.011 740 63.0 ] 7
0,012-0.020 76.0 67.0 7 7
0.021-0.039 76.0 67.0 7 8
0.040-0.062 780 8.0 3 8
0.063-0.091 78.0 68,0 8 9
0.092-0,126 78.0 68,0 8 10
0.126-0.249 78.0 69.0 ] 11
T6RP, 16515 78.0 67.0 9 14
78.0 68.0 7
77.0 67.0 [
76.0 64.0 5
2.501-3.000 720 61.0 5
3.001-3.500 71.0 58.0 ]
3.501-4.000 67.0 54.0 3
T73 sheet 0.040-0.240 67.0 56.0 |
T7851F plate 0.250-1.000 65.0 57.0 7
1,0071-2.000 8.0 8§70 [¢]
2.001-2.500 66.0 62,0 6
2.501~3.000 64.0 49.0 [¢]
3.001--4.000 81.0 48.0 ]
T76 sheet 0,063-0.124 73,0 62.0 8
0.125-0.249 78.0 62,0 8
17651 plate® 0.250-0.499 72.0 61.0 8
0.500-1.000 71.0 60.0 [
1.001-2.000 71.0 60.0 5
FF 0.250-4.000
Alclad Alloy 7075
0 0.008-0.014 36,0 20,0 9 1
0.015--0.032 36.0 20.0 10 1
0.033-0.062 36.0 20,0 10 2
0.063-0,125 38.0 20.0 10 3
0.126-0.187 38.0 20.0 10 4
0.188-0.249 38.0 21.0 10 4
0.2650-0.489 39.0 21.0 10 6
0.500-1.000 40,09 10
T6, T62P 0.008-0.011 68.0 58.0 B [4]
0.012-0.020 70,0 60,0 7 6
0.021-0.039 70.0 80.0 7 7
0.040-0.062 72.0 62.0 8 7
0.063-0.091 73.0 63.0 8 3
0.092-0.125 73.0 3.0 8 9
0.126-0.187 73.0 63.0 8 10
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TABLE 3 Continued

Temper Specified Tensile Strength, ksi Yield Strengih (0.2 % offset), ksl Elongation in Bend
Thickness, in, 2in or4 x Diameter
min max min max Diameter, Factor, N
min, %
0.188-0.249 75.0 64.0 8 10
T62°, T651% 0.250-0.499 75.0 65.0 9 12
0.500-1.000 78.09 68.0¢ 7
1.001--2.000 77.0% 67.0% 6
2.001-2.500 76.0% 64.0¢ 5
2.501-3.000 72.0% 61.09 5
3.001-3.500 71.0¢ 58.09 5
3.501-4.000 67.07 54.0¢ 3
T76 sheet 0.040-0,062 67.0 56.0 8
0.063-0.124 68.0 57.0 8
0.125-0.187 68.0 57.0 8
0.188-0.249 70.0 59.0 8
T7651F plate 0.250-0.499 69.0 58.0 8
0.500--1.000 71.09 60.0° 8
FF 0.250--4.000
Alclad One Side Alloy 7075
O 0.015-0.032 38,0 21.0 10 1
0.0:33-0.062 38,0 21.0 10 2
0.063-0.0¢1 39.0 21.0 10 a
0.092-0.125 39.0 210 10 4
0.126-0.187 39.0 21.0 10 5
0.188-0.249 390 21.0 10 5
0.250-0,499 39.0 21.0 10 6
0.500-1.000 40.09 10
T8, T62° 0.008-0.011 71.0 60.0 5
0.012-0.014 74.0 64.0 8
0.015-0.032 740 64.0 8 7
0.033-0,039 74.0 64.0 8 8
0.040-0,062 75.0 65.0 9 8
0.063-0.01 76.0 66.0 9 9
0.092-0,125 76.0 66.0 9 10
0.126~0.187 77.0 67.0 9 11
0.188--0.249 78.0 67.0 9 H
T627, Te51% 0.250-0.409 76.0 66.0 9 13
0.500-1.000 78.0° 68.07 7 -
1.001-2.000 77.09 67.0¢ 8
=3 0.250-£.000
7008 Alclad Alloy 7075
(o] 0.015-0.489 40.0 21.0 10
0.500-2.000 40,09 10
T6, T62° 0.015--0.039 73.0 83.0 7
0.040-0.187 75.0 65.0 8
0.188-0.249 78.0 86.0 B
T62P, T651# 0.250-0.489 76.0 66.0 9
0.500-1,000 78.09 68.0° 7
1.001-2.000 77.09 67.0¢ 3]
2.001-2.500 76.09 84.07 5
2.501-3.000 72.0% 61.09 5
3.001-3.500 71.09 58,09 5
8.501-4,000 67.09 54.0¢ 3
T76 sheet 0.040-0.062 70.0 50.0 8
0.063-0.187 71.0 60.0 8
0.188-0.249 7290 61.0 8
T7651 plate 0.250-0.489 71.0 60.0 8
0.500-1.000 71.09 60.0% 6
F* 0.280-4,000

7011 Alclad Alloy 7075
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TABLE 3 Continued

Bend

Temper Specified Tensile Strangth, ksi Yield Strength (0.2 % offset), ksl Elongation in
Thickness, In. 2in or4 x Diameter
min max it max Diarnatar, Factor, N
min, %
0 0.015-0,020 400 21,0 10 1
0.021-0,062 40,0 - 21.0 10 2
0.068-0.091 40.0 21,0 10 3
0.092-0,125 40,0 21.0 10 4
0.126-0.249 400 21.0 10 5
0.260-0.489 40.0 21.0 10 8
0.500-2.000 40,05 21,09 10
76, To2P 0.015-0.020 73.0 63.0 7 7
0.021-0,039 73.0 63.0 7 8
0.040--0,082 78.0 65.0 8 8
0.063-0,001 75.0 65.0 8 9
0.092-0,126 75.0 85,0 8 10
0.126-0.187 75.0 . 65.0 8 1
0.188-0.249 76.0 86.0 8 11
TeRP, 851 0.250-0.499 76.0 66.0 9 14
0.500-1,000 78.0¢ 88.09 7
1.001-2,000 77.09 67.0° 6
2.001-2.500 76.0¢ 64.0% 5
2.501-8,000 72.0¢ 61,0¢ 5
3.001-8,500 71,04 58.0¢ 5
3.501-4.000 67.0% 54.0¢ 3
178 0.040-0.062 70.0 50.0 8 8
0.062-0.091 71.0 60.0 8 9
0.092-0.125 71.0 60.0 8 10
0.126-0.187 71.0 . 60.0 8 1
0.188-0.249 72,0 61.0 8 i3
T7651 0.250--0.499 71.0 . 80.0 8
0.500--1,000 71.09 60,04 6
F Al
Alloy 7178
0 0.015-0.499 40.0 21.0 10
0.500 400 10
6, T622 0.015-0.044 83.0 72,0 7
0.045-0,249 84.0 73.0 8
T62P, Tes1# 0.260-0.499 84.0 73.0 8
0.500-1,000 84.0 73.0 " 6
1.001-1,500 84.0 73.0 ) 4
1.501-2,000 80.0 . 70.0 3
176 0.046-0.249 75.0 64.0 g
T7661% 0.250~0.499 740 63.0 8
0.500-1,600 78.0 62,0 8
[ 0.250-2.000 .
Alclacl Alloy 7178
0 0.015-0.082 36.0 20.0 10
0.063-0.187 38.0 20.0 10
0.188-0.499 40.0 21.0 10
0.500 40.09 10
T8, Te2P 0.018-0,044 76.0 86.0 7
0.045-0.062 78.0 88.0 3
0.068-,187 80.0 70.0 8
0.188-0.249 82.0 71.0 8
T62P, Te51 5 0.250-0.499 B2.0 71.0 8
0.500-1.000 84,09 73.09 6
1.001~1.500 84.0° 78,09 4
1.501-2,000 80.0% 70.04 3
176 0.045-0,062 71.0 60.0 8
0.063-0.187 71.0 60.0 8
0.188-0.249 78.0 81.0 8
176515 0.250-0,499 72,0 60.0 8
0.500-1.000 73.09 82,09 6
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TABLE 3 Continued

Temper Specified Tonsile Strength, ksi Yield Strength (0.2 % offsot), ksi Elongation in Bend

Thickness, . 2in. or 4 % Diameter
min max min max Diameter, Factor, N
min, %
Fr 0.280-2.000
7011 Alclad Alloy 7178

Q 0.015-0.020 40.0 21.0 10 1
0.021-0.062 40.0 21.0 10 2
0.063-0,091 40.0 21.0 10 3
0.092-0.125 40,0 21.0 10 4
0.126-0.249 40.0 210 10 5
0.250-0.499 40.0 21.0 10 8
0.500-2.000 40.0%9 10

T6, T62" 0,015-0.020 79.0 88.0 7 7
0.021-0,044 78.0 68.0 7 8
0.045-0.062 81.0 700 8 8
0.083-0.091 82.0 7.0 8 9
0.082-0.125 §2.0 7.0 8 10
0.126-0.187 82.0 710 8 il
0.188-0.249 83.0 72.0 8 14

Ta2®, T651 0.250-0.499 83.0 72.0 8 14
0.500~1.000 84.0° 73.0¢ B
1.001-1.500 84.0¢ 73.09 4
1.501~2.000 80.02 70.0¢ 3

T76 0.045-0.062 73.0 62.0 8 8
0.063-0.091 73.0 62.0 8 9
0.0092-0.125 73.0 62.0 8 10
0.126-0.,187 73.0 62.0 8 "
0.188-0.248 74.0 ©63.0 8 1

T7651 0.260-0.499 73.0 61.0 8
0.500-1.000 73.09 62.0° 6

F All .

“To determine conformance to this specification, each value for tensile strength and for yield strength shall be rounded to the nearest .1 ksi and each value for
alongation to the nearest 0.5 %, both in accordance with the rounding method of Practice E 29,
£ The basis for establishment of mechanical property limits is shown in Annex A1.

€ Coilad sheet.

?Mat@rial in the T42, T62, and T72 tempers is not available from the material producer.
¥ For stress-relieved tempars (T351, T451, T651, T7351, T7651, and T851), characteristics and propetties other than those specified may differ somewhat from the

corresponding characteristics and properties of material in the basic temper.
Test for tensile propetties in the F temper are not requited.

@°The tension test specimen from plate 0.500 in. and thicker is machined from the core and does not include the cladding.

“ ppplicable to flat sheet and plate only.

!'The T72 temper is applicable only to Alloys 2024 and Alclad 2024 sheet solution hest treated and artiticially overaged by the user to develop increased resistance to

stress-corrosion cracking.

7 Short transverse tensile property limits are not applicable to material less than 1.500 in. in thickness,

K Use of Alloys 2219 and Alclad 2219 in the T81, T351, and T47 tempers for finished products is hot recommended.

L*The properies for this thickness apply only to the T851 temper,

322

PRO_00092730



Case 1:13-cv-01215-TSC Document 198-17 Filed 10/07/19 Page 75 of 124

4% B 200 - 96

TABLE 4 Lot Acceptance Criteria for Resistance to Stress Corrosion and Exfoliation Gorrosion
Lot Aceaptance Criteria '

Lot Acceptance

Alloy and Temper iy A
4 P Electrical Conductivity, Level of Machanlcal Properties Status
%, IACS
TO78-T73 and 77351 40.0 or greater per spocified requirements acceptable
38,0 through 39.9 per specified requirements yield strangth does not acceptable
exceed mirimum by more than 11.9 kei
8.0 through 89.9 per specifier] requirements but yield strength exceeds unacceptable®
minimum by 12.0 ksi or more

less than 38.0 any level unacoeptable®

38.0 or greater per specified requirements acceptabls
z%g;%%ﬂﬂ%ggg; 77651 36.0 through 87.9 per specified requirements unacceptable?

and
7008 Alclad 7075 776 and less than 36,0 any level unacceptable®
- 17651

7178176 and Tres1 38.0 of greater par specified requirements acceptable
{Afc/ad T178—T76 and T7651 35.0 through 37.9 pet specified reguirements unacceptable?
7011 Alolad 7178-T76 and T7651 less than 35.0 any lovel uhaceeptable®

AThe electrical conductivity shall be determined in accordance with Test Method & 1004 in the following locations:
Alloy-Temper Thickness, in. Location
7075-T73 and T7351 all surface of tension-test sample
075 T76 and 77651 up through 0.100 surface of tension-test sample
T178=T76 and 77651} 0.101 and over sub-surface after removal of approximatsly

10 % of the thickness
For alcad products, the cladding must be removed and the electrical conduetivity datermined on the core alioy,

B When material is found to be unacceptable, it shall be reprocessed (additional precipitation heat treatment or re-solution heat treatment, stress relieving and precipi-
tation heat treatmsnt, when applicabls)..

TABLE 5 Components of Clad Products

Component Alloys* ' Cladding Thickness per Side, parcent
Total Composite Thickness of Composite Thickness
Alloy Core Cladding of;rélibl:?e?;ém Sides Clad Mo Average®
min max
Alclad 2014 2014 6003 up through 0.024 both 10 8
0.025-0,039 both 7.5 6
0.040-0,099 both 5 4
0.100 and over both 2.5 2
Alctad 2024 2024 1230 up through 0.062 hoth 5 4
0.063 and over both 2.8 2
Ve % Alclad 2024 2024 1280 . 0,188 and over both 1.8 1.2 o
Alclad one-side 2024 2024 1230 up through 0.062 one 5 4
0.063 and over one 25 2
1% % Alclad one-side 2024 1230 0.188 and over ane 1.5 1.2 3¢
2024
Alclad 2219 2219 7072 up through 0.039 both 10 8
0.040-0.099 both 5 4
0.100 and over both 25 2
Alglad 3003 3003 7072 all hoih 5 4 [
Alclad 3004 3004 7072 all both 5 4 [
Alclad 6061 6081 7072 all both 5 4 6v
Alclad 7075 and 7075 7072 both 4 3.2
7008 Alolad 7075 7075 7008 un Inrough 9.062 hoth 25 2
0.188 and over both 1.5 1.2 3¢
Aldlad one-side 7076 7076 7072 up through 0.082 ohe 4 3.2
0.063-0.187 ohe 2.5 2
0.188 and over ong 1.5 1.2 3¢
Alclad 7178 7178 7072 . both 4 3.2
7011 Alclad 7178 7178 7011 { Y thrcuigh 0.062 " both 25 2
0,188 and over hoth 15 1.2 3¢

A Gladding composition Is applicable only to the aluminum alloy bonded to the alloy ingot or slab preparatory to rolling ta the spacified composite product. The
composition of the cladding may be aliered subsequently by diffusion between the core and cladding due to thermal treatment.

& Average thickness per side as determined by averaging cladding thickness measurements when determined In accordance with the procedure specified In 15.2.

“ For thicknesses of 0,500 In, and over with 1.5 % of nominal cladding thickness, the average maximum thickness of cladding per side after rolling to the specified
thickness of plate shall be 3 % of the thickness of the plate as determined by averaging cladding thickness measurements taken at a maghification of 100 dameters on
the cross section of a transverse sample polished and etched for examination with a metallurgical microscops.

2 Applicable for thicknesses of 0.500 in, and greater.
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TABLE 6 Ultrasonlc Discontinulty Limits for Plate”®

Thickness, in.

Alloy Maximum Wel%ht' Per Plece, Discontinuity Class®
20147 0.500-1.499 2000 B
2024P
2?’21 1230 1.500-3.000 2000 A
707‘5 @ .3.001-6.000 2000 B
71787

A Discontinuities in excess of those listed in this table shall be allowed if it is established that they will ke removed by machining or that they are in noncritical areas.
B The maximum weight is either the ordered weight of a plate of rectangular shape or the planned weight of a rectangular plate prior to removing metal to produce a

part or plate shape to a drawing.
“The discontinuity class limits are defined in Section 11 of Practice | 504,
2 Also applies for alclad plate.

ANNEXES

(Mandatory Information)

Al. BASIS FOR INCLUSION OF PROPERTY LIMITS

Al.l Limits are established at a level at which a statistical
evaluation of the data indicates that 99 % of the population
obtained from all standard material meets the limit with 95 %
confidence. For the products described, mechanical property
limits for the respective size ranges are based on the analyses
of at least 100 data from standard production material with no

more than ten data from a given lot. All tests are pecformed in
accordance with the appropriate ASTM test methods. For
informational purposes, refer to “Statistical Aspects of Me-
chanical Property Assurance” in the Related Material section of
the Annual Book of ASTM Standards, Vol 02.02.

A2, ACCEPTANCE CRITERIA FOR INCLUSION OF NEW ALUMINUM AND ALUMINUM
ALLOYS IN THIS SPECIFICATION

A2.1 Prior to acceptance for inclusion in this specification,
the composition of wrought or cast aluminum or aluminum
alloy shall be registered in accordance with ANSI H35.1. The
Aluminum Association™ holds the Secretariat of ANSI H35
Committee and administers the criteria and procedures for
registration.

A22 If it is documented that the Aluminum Association
could not or would not register a given composition, an
alternative procedure and the criteria for acceptance shall be as
follows:

A2.2.1 The designation submitted for inclusion does not
utilize the same designation system as described in ANSI
H35.1. A designation not in conflict with other designation
systems or a trade name is acceptable.

A2.2.2 The aluminum or alurminum alloy has been offered
for sale in commercial quantities within the prior twelve
months to at least three identifiable users.

A2.2.3 The complete chemical composition limits are sub-
mitted.

A2.2.4 The composition is, in the judgment of the respon-
sible subcommittee, significantly different from that of any
other aluminum or aluminum alloy already in the specification.

5 The Alyminum Association, 900 19th Street, NW, Washington, DC 20006,
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A2.2.5 For codification purposes, an alloying element is any
element intentionally added for any purpose other than grain
refinement and for which minimum and maximum limits are
specified. Unalloyed aluminum contains a minimum of
99.00 % aluminum,

A22.6 Standard limits for alloying elements and impurities
are expressed to the following decimal places:

Less than 0,001 % 0.000%X
0.001 10 but less than 0.01 % 0.00X
0.01 to but less than 0.10 %
Unalloyed aluminum made by a refining process 0.0XX
Alloys and unalloyed aluminum not macdle hy a refining process  0.0X
0.10 through 0.55 % 0.XX
(It is customary 1o express limits of 0.30 through 0.55 % as
0.X0 or 0.X8.)
Qver 0.56 % 0.X, X.X, stc

(except that combined 8l + Fe limits for 99.00 % minimum
aluminum must be expressed as 0.XX or 1.XX)

A2.2.77 Standard limits for alloying elements and impurities
are expressed in the folowing sequence: Silicon; Iron; Copper;
Manganese; Magnesium; Chromium; Nickel; Zinc (Note
A2.1); Titanjury, Other Elements, Each, Other Elements, Total;
Aluminum (Note A2.2).

Noti A2, 1—Additional specified slements having limits are inserted in
alphabetical order of their chemical symbols between zine and titaninm, or
arg specified in footpotes,

Nore A2.2~Aluminum is specified as minimum for vnalloyed alumi-
num and as a remainder for aluminum alloys.
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SUMMARY OF CHANGES

This section identifies the priocipal changes to this standard
that have been incorporated since the last issue.

(1) Paragraphs 4.1.8, 9.1.1 and 16.3 have been added.

(2) Paragraph 11,2 has been revised to add alloy 6061,

{3) Paragraphs 13.1 and 13.3.1 have been revised to add
2219-T851 and -T87.

(4) Note 6 has been added under 14.1.

(5) Paragraph 202 has been revised to add T3, T4, and
6061-T6 and 1651,

(6) 'Table 2, bend diameter factors have been added for several
alloy-temper-thickness combinations.

{7) Table 3, bend diameter factors have been added for many
heat-treatable alloys. '

(8) Table 3, superscript “K* has been added to T361 and T861
tempers for 2024 and Alclad 2024,

(9) Table 3, minimum elongation for Alclad 2024.-T4,
0.021-0.062 in. has been revised,

(10) Table 3, 2124-T851 thickness range has been extended
downward to 1,000 in.

(11) Table 3, 7075-T7351 tensile property limits have been
added for 3.001--4.000 in,

(12) Table 3, 7011 Alclad 7075 and 7011 Alclad 7178 have
been added.

(13) Table 6, plate thickness for ultrasonic inspection has been
extended to 6.000 in.

(14) The tensile property limits for 7075-176 sheet 0.063-
0,124 in,, 7073-T7651 plate 1.001-2.000 in., and Alclad
7075-T76 sheet 0.040-0.124 in. have been added.

(15) The tensile property limits for Alclad One Side 7075-T6
and T62 have been revised.

ASTM International takes no position respeciing the valldity of any patent righls asseried In connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the valfdity of any such patent rights, and the risk
of Infringement of such rights, ars entirely their own responsibiiity.

This standard Is subjact o revision at any time by the responsible technical committes and must be reviewed every five years and
ifnot revisad, elther reapproved or withdrawn. Your commenis are invited eithor for revision of this standard or for additional standards
and should be addressad to ASTM International Headguarters. Your comments will recelve careful consideration al & meeting of the
rasponsible technical committee, which you may aitend, If you feel that your comments have not received a falr hearing you should
make your viaws known o the ASTM Commitiee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box G700, Wast Gonshohocken, PA 19428-29509,
United States. Individual reprinta (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or sewvice@asim.org (e-mall); or thiough the ASTM website

{www.asim.org).
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qﬂl Designation: B 21 - 96

Standard Specification for

Naval Brass Rod, Bar, and Shapes'

This standard is issued under the fixed designation B 21; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval, A
superscript epsilon (¢) indicates an editorial change since the last revision or reapproval.

This specification has been approved for use. by agencies of the Department of Defense. Consult the DoD Index of Specifications and
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
naval brass rod, bar, and shapes produced from Copper
Alloys UNS No. C46200, C46400, C47940, C48200, or
C48500.

L.L.1 For piston-finish rod or shafting refer to Section 9.

1.2 This specification is the companion to SI Specification
B 21M; therefore no SI equivalents are shown.

1.3 Warning—Mercury is a definite health hazard in use
and disposal (see 8.1).

Note 1—For hot forging material, refer to Specification B 124.

2. Referenced Documents

2.1 ASTM Standards:

B 124 Specification for Copper and Copper-Alloy Forging
Rod, Bar, and Shapes®

B 154 Test Method for Mercurous Nitrate Test for Copper
and Copper Alloys?

B 249 Specification for General Requirements for
Wrought Copper and Copper-Alloy Rod, Bar, and
Shapes? '

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

E 8 Test Methods for Tension Testing of Metallic
Materials?

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

E 478 Test Methods for Chemical Analysis of Copper
Alloys* ‘

3. Ordering Information

3.1 Orders for product under this specification are to
include the following information:

3.1.1 ASTM designation and year of issue,

3.1.2 Copper Alloy UNS No. designation (Section 1.1),

3.1.3 Temper (Section 6),

3.1.4 Form: cross-section such as round, hexagonal,
square, ete.,

! This specification is under the jurisdiction of ASTM Committee B-5 on
Copper and Copper Alloys and is the direct responsibility of Subcommittee B05.02
on Rod, Bar, Wire, Shapes and Forgings.

Current edition approved April 10, 1996. Published June 1996. Originally
published as B 21 ~ 18T. Last previous edition B 21 - 90¢1,

2 Annual Book of ASTM Standards, Vol 02.01.

3 Annual Book of ASTM Standards, Vol 03,01,

4 Annual Book of ASTM Standards, Vol 03.05.

3.1.5 Diameter or distance between parallel surfaces
(Section 11.2),

3.1.6 Length (Section 11.4),

3.1.7 Edge contours (Section 11.6),

3.1.8 Number of pieces or total weight, for each size and
form, and

3.1.9 When product is specified for agencies of the U.S.
Government (Section 10).

3.2 The following are options available under this specifi-
cation and are to be specified in the contract or purchase
order when required:

3.2.1 Mercurous Nitrate Test (Section 8),

3.2.2 Piston finish rod or shafting (Section 9),

3.2.3 Certification (Specification B 249), and

3.2.4 Mill test report (Specification B 249).

4. General Requirements

4.1 The following sections of Specification B 249 consti-
tute a part of this specification:
4.1.1 Terminology,
.2 Materials and Manufacture,
.3 Workmanship, Finish, and Appearance;,
4 Sampling,
.5 Number of Tests and Retests,
.6 Specimen Preparation,
.7 Test Methods,
.8 Significance of Numerical Limits,
.9 Inspection,

AhADAADNM

.1.10 Rejection and Rehearing,

.1.11 Certification,

.1.12 Mill Test Report,

.1.13 Packaging and Product Marking, and

4.1.14 Supplementary Requirements.

4.2 In addition, when a section with a title identical to
that referenced in 4,1, above, appears.in this specification, it
contains additional requirements which supplement those
appearing in Spécification B 249,

1
1
1
1
1
1
1
1
1
1
1
1

Lo S P N

5. Chemical Composition

5.1 The product shall conform to the chemical composi-
tion requirements specified in Table 1 for the Copper Alloy
UNS No. designation specified in the ordering information.

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

5.3 For copper alloys in which zinc is specified as the

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

Copper Alloy UNS No.

Element,

% €46200 C46400 C47940 C48200 48500
Copper 62.0-65.0 59.0-62.0 63.0-66.0 59.0-62.0 59.0-62.0
Tin 0.80-1.0 0.50-1.0 1.2-2.0 0.80-1.0  0.50-1.0
Lead 020 max 0.20 max  1.0-2.0 040-1.0  1.3-2.2
Zine remainder remainder remainder remainder remainder
fron 0.10max 010max 0.10-1.0 010 max  0.10 max
Nickel e 0.10-0.50 e

remainder, either copper or zinc is permitted to be taken as
the difference between the sum of results determined for all
elements analyzed and 100 %. When copper is so deter-
mined, that difference value shall conform to the require-
ments given in Table 1.

5.4 When all elements listed in Table 1 for the Copper
Alloy UNS No. specified in the ordering information are
analyzed, the sum of results shall be 99.6 % minimum.

6. Temper
6.1 Tempers, as defined in Practice B 601, available under
this specification are shown in Table 2.

7. Mechanical Property Requirements

7.1 The product shall conform to the mechanical property

requirements given in Tables 2 and 3 for the Copper Alloy
UNS No. designation specified in the ordering information.

7.1.1 Rockwell Hardness—For the alloys and tempers
listed, the product Y% in. and over in diameter or distance
between parallel surfaces shall conform with the require-
ments given in Table 3, when tested in accordance with Test
Methods E 18.

7.1.1.1 For the alloys and tempers listed in Table 3,
Rockwell hardness shall be the basis of acceptance or
rejection for mechanical properties except when the tensile
test is specified in the contract or purchase order.

7.1.2 Tensile Strength--The product shall conform with
the requirements of Table 2, when tested in accordance with
Test Methods E 8.

8. Mercurous Nitrate Test

8.1 When specified in the contract or purchase order, the
test specimens, cut at least 6 in. in length, shall be totally
immersed for 30 min in the standard mercurous nitrate
solution specified in Test Method B 154. There shall be no

- cracks in the specimen when examined immediately after it
is removed from the solution, rinsed and wiped.

Note 2: Caution—Mercury is a definite health hazard, and therefore
equipment for the detection and removal of mercury vapor produced in
volatilization is recommended. The use of rubber gloves in testing is

~ advisable,

NoTE 3—Bars that have been properly straightened or sprung will
have internal stresses so broken up as not to be in danger of splitting or
cracking. The mercurous nitrate test is designed to determine whether
the internal stresses have been properly broken up and rendered safe.

9. Piston-Finish Rod and Shafting

9.1 When so specified in the contract or order, round rods
over Va-in. diameter shall be furnished as piston-finish rods
or shafting.

9.2 Piston-finish rods shall have a special surface pro-
duced by turning or grinding and shall comply with the

17

special diameter tolerances specified in 11.2.3. .

9.3 The straightness tolerances for piston-finish rod are
subject to agreement between the manufacturer or supplier
and the purchaser.

10. Purchases for U.S. Government

10.1 Product purchased for agencies of the U.S. Govern-
ment shall conform to the additional requirements pre-
scribed in the Supplemental Requirements section of Speci-
fication B 249,

11. Dimensions, Mass, and Permissible Variations

11.1 The dimensions and tolerances for material covered
by this specification shall be as specified in the current
edition of Specification B 249, with particular reference to
Section 5 and the following tables of that specification:

11.2 Diameter or Distance Between Parallel Surfaces:

11.2.1 Rod: Round, Hexagonal, Octagonal—See 5.2,
Table 1, ‘

11.2.2 Rod, M30 (4s-Hot Extruded)-—See 5.2, Table 4,

11.2.3 Piston-Finish Rod—See 5.2, Table 3.

11.2.4 Bar: Rectangular and Square—See 5.2, Tables §
and 10. :

11.2.5 Bar, M30 (As-Hot Extruded)—See 5.2, Table 4.

11.3 Shapes—The dimensional tolerances for shapes shall
be as agreed upon by the manufacturer or supplier and the
purchaser, and shall be specified in the order.

11.4 Length of Rod, Bar, and Shapes—See 5.3, Tables 13
and 14.

11.5 Straightness:

11.5.1 Rod and Bar—See 5.4.1, Table 16,

11.5.2 Shafiing Rod—See 5.4.2, Table 17.

11.5.3 M30 (as-hot extruded) rod, bar, and shapes shall be
commercially straight.

11.6 Edge Contours—See 5.5.

12. Specimen Preparation .

12.1 In the tension test afl material shall be pulled in full
size when practicable. Full-size or machined test specimens
shall be as specified in Test Methods E 8. Whenever tension
test results are obtained from both full-size and from
machined test specimens and they differ, the results obtained
from full-size test specimens shall be used to determine
conformance to the requirements of this specification.

Note 4-—The tension test specimens shall conform to the dimen-
sions specified in Section 6 of Test Methods E 8.

12,2 Mercurous nitrate test specimens shall be of the full
size of the material, and without bending, springing, pol-
ishing, or any other preparation.

13. Test Methods

13.1 Chemical Analysis:
13.1.1 Chemical composition shall be determined, in case
of disagreement, as follows:

Element ASTM Test Method
Copper E 478

Iron E 478

Lead E 478 (AA)

Nickel E 478

Tin E 478 (Titrimetric)
Zine E 478 (Titrimetric)
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4 ‘MTABI.‘E 2 'Egnaile Requirements

v

Temper Designation -

. Yleld Strength at

Elangation in 4 X Diameter

Diameter of Distance
— — . Between Parallel., TensII:ﬁnStézirlgth, 0.5 % Extension Under  of Thickness of Specimen,
Staridard Former Surfaces, in.’ » ' - Load, min, ksi - frin, %A
Copper Allay UNS No. C46200 N K i
M30 as-hot extruded ‘all forms, all sizes 80 20 80
060 soft anneal rods and bars, all sizes 48 16 30
050 light anneal rods and-bars: .
0.500 and under 58 27 22
over 0.500 to 1.000, incl 56 27 25
aver 1.000 to 2.000, incl 54 26 25
over 2.000 to 3.000, incl 52 25 27
over 3.000 to 4.000, incl 50 22 30
. aver 4.000 50 20 30
HE0 cold heading, forming  rods, all sizes 48 18 22
HO2 half-hard * rods and bars:
0.500 and under 58 27 22
over 0,500 to 1.000, incl 56 27 25
_ over1 .000 to 2.000, inc! 54 26 25
over 2.000 to 3.000, incl 52 25 27
over. 8.000 to 4.000, incl 50 22 30
over 4,000 60 20 30
HO4 hard rods and bars:
0.600 and under 64 40 13
over 0.500 to 1.000, incl 62 98 13
aver 1,000 to 2.000, incl 58 34 18
Capper Alloy UNS No. C46400 ;
M30 as-hot extruded all forms, all sizes 52 20 30
060 soft anneal rods and bars:
1.000 and under 54 20 30
over 1.000 to 2.000, incl 52 20 30
over 2.000 50 20 30
. shapes, all sizes 52 20 30
050 light anneal rods and bars: )
0.500 and under 60 27 22
over 0.600 to 1.000, incl 60 27 25
over 1.000 to 2.000, incl 58 26 25
over-2,000 to 3.000, incl 54 25 25
over 3.000 to 4.000, inc! 54 22 27
over 4.000 54 22 30
H508 extruded and drawn®  shapes, all sizes 58 25 20
HO2 half-hard rads and bars:
0.500 and under 60 27 22
over 0.500 to 1.000, incl 60 .27 25
over 1.000 to 2.000, incl 58 26 25
aver 2.000 to 3.000, inct 54 25 25
over 3.000 to 4.000, incl 54 22 27
dver 4.000 54 22 30
Ho4 hard 'rods and bars:
. 1.000 and under 67 45 13
over 1.000 to 2,000, incl 62 87 18
B L ‘ Copper Alloy UNS No. C47940 '
M30 as-hot extruded all forms, all sizés | 50 20 30
060 soft anneal rods and bars, all sizes 48 20 30
050" light anneal rods &nd bars: y
: . 0.500 and under 58 30 18
over 0.500 to 1.000, incl 56 30 20
over 1,000 to 2,000, incl 54 25 22
, over 2.000 60 25 25
HE0® extruded and drawn®  shapes, all sizes 56 25 20
HO2 half-riard rods and bars:
0.500 arid under 58 80 18
over 0.500 to 1.000, incl 56 30 20
-over 1,000 to 2.000, incl 54 25 22
~ over 2.600 50 25 . 25
Ho4 hard rods and bars:
o . 03500 and under 70 55 10
over.0.500 to 1.000, incl 65 52 13
62 45

" over 1.000 to 2,000, incl

15

18
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TABLE 2 Continued

Temper Designation Diameter or Distance . Tensile Strenath, - Yield Strength at Elongation in 4 X Diameter
e — Between Parallel min. ksi g !, 0.5 % Extension Under  of Thickness of Specimen,
Standard Former Surfaces, in. ! : Load, min, ksi min, %4
Copper Alloy UNS No. C48200 '
M30 as-hot extruded all forms, all sizes 52 20 25
060 soft anneal rods and bars:
1.000 and under 54 20 25
over 1,000 to 2.000, incl 52 20 25
aver 2.000 50 20 25
o shapes, all sizes 52 .20 . 25
050 light anneal rads and bars:
1.000 and under 60 27 18
aver 1.000 to 2.000, incl 58 26 20
over 2,000 to 3.000, incl 54 25 20
over 3.000 to 4.000, incl 54 22 20
over 4.000 54 22 25
H508 ~ extruded and drawn® shapes, all sizes 58 25 15 ) )
Ho2 half-hard rods and bars: ‘ ‘
1.000 and under 60 27 18
over 1.000 to 2.000, incl 58 26 20
over 2,000 to 3.000, incl 54 25 .20
aver 3.000 to 4.000, incl 54 22 20
over 4,000 64 22 25
HO4 s hard rods and bars: '
. 1.000 and under 67 45 11
over 1.000 to 2.000, incl 62 37 15
Copper Alloy UNS No. C48500
M30 ) as-hot extruded all forms, all sizes ToB2 ;20 20
080 soft anneal rods and bars: }
1.000 and under 54 20 20
over 1.000 to 2.000, incl 152 20 20
over 2.000 ' 50 20 20
shapes, all sizes 52 20 20
0850 light anneal rads and bars:
1.000 and under 60 27 12
over 1,000 to 2,000, incl 58 26 20
over 2,000 to 3,000, incl 54 25 20
aver 3.000 to 4.000, inct 54 22 20
over 4.000° 54 22 20
HE08 extruded and drawn® shapes, all sizes 58 25 15
Ho2 helf-hard rods and bars:
1.000 and under 60 27 12
over 1.000 to 2.000, incl 58 26 20
over 2.000 to 3.000, incl 54 25 20
aver 3,000 to 4.000, incl 54 22 20
over 4.000 54 22 20
HO4 hard rods and bars:
1.000 and under 67 45 10
aver 1.000 to 2000, indl 62 37 13

An any case, a minimum gage length of 1 in. shall be used.

8 This temper does not apply to hollow shapes.

TABLE 3 Rockwell Hardness Requirements

Note—Rockwell Hardnesses are not established for diameters less than ¥z in.

Copper Alloy Temper Designation Diameter or Distance Rockwell B Hardness Determinad on the Cross-
UNS No. Standard Former Between Parallel Surfaces, in. Section Midway Between Surface and Center
46400 Ho2 half-hard over 0.500 to 1.000, inc) 60-80

over 1.000 55-80

HO4 hard over 0.500 to 1.000, incl 70-90

over 1.000 65~90

C48200 HO2 half-hard over 0.500 to 1.000, incl 65-85
over 1.000 60~-85

HO4 hard over 0.500 to 1.000, inc! 70-90

over 1.000 65-90

C48500 HO2 half-hard over 0.500 1o 1.000, ing! 65-85
over 1.000 60-85

HO4 hard over 0.500 to 1.000, inc! 70-90

over 1.000 65-80

19
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13,12 Test method(s) to be followed for the determina-  14. Keywords

tion of element(s) resulting from contractural or purchqse 14.1 naval brass; naval brass bar; naval brass rod; piston-
order agreement shall be agreed upon between the supplier finish rod; piston-finish shafting ’ ?
and purchaser. ’

SUMMARY OF CHANGES

The following is a summary of the changes that have been incorporated since the printing of B 21 - 90:

L. The Scope section was revised, and the previously used 4, Table 2 was revised to more clearly state the mechan-
alloy designation deleted. ical property requirements.

2. The Ordering information section revised to more 5. A Test Methods section was added to identify indi-
clearly delineate purchasing options. vidual test methods for the determination of chemical

3. The General Requirements section revised to identify  composition.
the specific sections in Specification B 249 which constitute a 6. Table 3 was added to show the Rockwell hardness
part of this specification. requirernents for the alloys and tempers listed.

The American Society for Testing and Materlals takes no pasition respecting the valldity 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 tisk of infringement of such rights, are entirely their own responsiblifty.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are Invited efther for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive caraful consideration at a meeting of the responsible
technical committee, which yau may attend. If you feel that your comments have riot received a fair hearing you should meke your
views known to the ASTM Committee on Standards, 100 Barr Harbor Drive, West Conshohocken, PA 19428,

20

PRO_00092808



N e s e ——

Case 1:13-cv-01215-TSC Document 198-17 Filed 10/07/19 Page 85 of 124

Designation: B 21M - 96
METRIC

di

Standard Specification for

Naval Brass Rod, Bar, and Shapes [Metric]’

This standard is issued under the fixed deslgnemon B 21M; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval, A~
superscript epsilon (e) indicates an editorial change since the last revision or reapproval.

This specification 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.

1. Scope*

.1 This specification establishes the requirements for
paval brass rod, bar, and shapes produced from Copper
Alloys UNS Nos. C46200, C46400, C47940, C48200, or
C48500.

1.1.1 For piston-finish rod or shafting, refer to Section 9.

1.2 This specification is the companion to inch-pound
Specification B 21.

1.3 Warning—Mercury is a definite health hazard in use
and disposal (see 8.1).

~ Note 1—For hot forging material, refer to Specification B 124,

2. Referenced Documents

2.1 ASTM Standards:

B 124M Specification for Copper and Copper-Alloy
Forging Rod, Bar, and Shapes [Metric]?

B 154 Test Method for Mercurous Nitrate Test for Copper
and Copper Alloys?

B 249M Specification for General Requirements for
Wrought Copper and Copper-Alloy Rod, Bar, and
Shapes [Metric]?

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

E 8M Test Methods for Tension Testing of Metallic
Materjals [Metric]?

E 18 Test Methods for Rockwell Hardness and Rockwell
Superficial Hardness®

E 478 Test Methods for Chemical Ana1y51s of Copper
Alloys*

3. Ordering Information

3.1 Orders for product under this specification are to
include the following information;

3.1,1 ASTM designation and year of issue,

3.1.2 Copper Alloy UNS No. designation (Section 1.1),

3.1.3 Temper (Section 6),

3.1.4 Form: cross-section such as round, hexagonal,
square, ete.,

1This specification is under the jurisdiction of ASTM Committee B-5 on
Copper and Copper Alloys and is the direct responsibility of Subcommxttce B05.02
on Rod, Bar, Wire, Shapes and Forgings.

Current edition approved April 10, 1996, Published June 1996. Originally
published as B 21M — 80, Last previous edition B 21M - 50,

2 Annual Book of ASTM Standards, Vol 02.01.

3 Annual Book of ASTM Standards, Vol 03,01,

4 Annual Book of ASTM Standards, Vol 03.05.

3.1.5 Diameter or distance between parallel surfaces
(Section 11.2),

3.1.6 Length (Section 11.4),

3.1.7 Edge contours (Section 11.6),

3.1.8 Number of pieces or total weight, for each size and
form, and

3.1.9 When product is specified for agencies of the U.S.
Government (Section 10).

3.2 The following are options available under this specifi-
cation and are to be specified in the contract or purchase
order when required:

3.2.1 Mercurous Nitrate Test (Section 8),

3.2.2 Piston finish rod or shafting (Section 9),

3.2.3 Certification (Specification B 249M), and

3.2.4 Mill test report (Specification B 249M).

4, General Requirements

4.1 The following sections of Specification B 249M con-
stitute a part of this specification:
4.1.1 Terminology,
2 Materials and Manufacture,
3 Workmanship, Finish, and Appearance,
4 Sampling,
5 Number of Tests and Retests,
.6 Specimen Preparation,
7 Test Methods,
8 Significance of Numerical Limits,
9 Inspection,
10 Rejection and Rehearing,
11 Certification,
12 Mill Test Report,
13 Packaging and Product Marking, and
14 Supplementary Requirements.
2 In addition, when a section with a title identical to
that referenced in 4.1, above, appears in this specification, it
contains additional requirements which supplement those
appearing in Specification B 249M.

4.1.
4.1,
4.1.
4.1.
4.1
4.1,
4.1,
4.1,
4.1,
4.1,
4.1.
4.1.
4.1.
4.

5. Chemical Composition

5.1 The product shall conform to the chemical composi-
tion requirements specified in Table 1 for the Copper Alloy
UNS No. designation specified in the ordering information.

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

5.3 For copper alloys in which zinc is specified as the

* A Summary of Changes section appears at the end of this specification.
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TABLE 1 Chemical Requirements
Elerment, Copper Alloy UNS No.

% 46200 C46400 C47940 C48200 48500
Gopper 62.0-65.0 59.0-62.0 63.0-66.0 59.0~62;0. 59.0-62.0
Tin 0.50-1.0 0.50-1.0 1.2-2.0 0.50-1.0 " 050-1.0 -
Lead 020max 020max 1.0-2.0 0.40-1.0 1.3-22
Zing remainder  remainder remainder remainder  remainder
lron 010max 010max 0.0-1,0 0.10max 0.10 max
Nickel vee 0.10-0.50 e

remainder, either copper or zinc is permitted to be taken as
the difference between the sum of results determined for all
clements analyzed and 100 %. When copper is so- deter-
mined, that difference value shall conform to the require-
ments given in Table 1.

5.4 When all elements listed in Table 1 for the Copper
Alloy UNS No. specified in the ordering information are
analyzed, the sum of results shall be 99.6 % minimum.

6. Temper

6.1 Tempers, as defined in Practice B 601, available under
this specification are shown. in Table 2.

7. Mechanical Property Requirements

7.1 The product shall conform to the mechanical property
requirements given in Tables 2 and 3 for the Copper Alloy
UNS No. designation specified in thé ordering information.

7.1.1 Rockwell Hardness—For the alloys and tempers
listed, the product 12 mm and over ini diameter or distance
between parallel surfaces shall conform with the require-
ments given in Table 3, when tested in accordance with Test
Methods E 18.

7.1.1.1 For the alloys and tempers listed in. Table 3,
Rockwell hardness shall be the basis of acceptance. or
rejection for mechanical properties except when the tensile
test is specified in the contract or purchase order,

7.1.2 Tensile Strength—The product shall conforim with
the requirements of Table 2, when tested in accordance with
Test Methods E 8M.

8. Mercurous Nitrate Test

8.1 When specified in the contract or purchase order, the
test specimens, cut at least 150 mm in length, shall be totally
immersed for 30 min in the standard mercurous nitrate
solution specified in Method B 154. There shall be no cracks
in the specimen when examined immediately after it is
removed from the solution, rinsed, and wiped.

NoTE 2: Precaution—Mercury is a définité healthi hazard, and there-
fore equipment for the detection and tremoval of mercury vapér
produced in volatilization is recommended. The use of rubber gloves in
testing is advisable.

NoTE 3—Bars that have been properly strmghtened or sprung will
have internal stresses so broken up 43 not o be in danger of splitting or
cracking. The mercurous nitrate test is de51gned to determine whether
the mtemal stresses have been propely broken up and rendered safe.

‘9. Piston-Finish 'Rod‘ and Shafting
" 9/1 When so specified in thé contract or ‘order; round rods
over 12 mim in diameter shall be furmshed as piston-finish
rods or shafting,
9.2 Piston-finish rods shall have a speclal surface pro-
duced by turning or grinding ‘and shall comply with the

22

special diameter tolerances specified in 11.2.3.

9.3 The straightness tolerances for piston-finish rod are
subject to agreement between the manufacturer or supplier
and the purchaser. '

10 Purchases for U.s. Govermnent

10.1. Product purchased for agencies of the U.S. Govern-
mert shall conform to the additional requirements pre-
scribed in the Supplemental Réquirements section of Speci-
fication B 249M.

11. Dimensions, Mass, and Permissible Variations

11.1 The dimensions and tolerances for material covered
by this specification shall be as specified in the current
edition of Specification B 249M; with particular reference to
Section 5 and the following tables of that specification.

11.2 Diameter or Distance Between Parallel Surfaces:

11.2.1 Rod: Round, Hexagonal Octagonal—S8ee 5.2,
Table 1.

11.2.2 Rod, M30, (As-Hot Extruded)—See 5.2, Table 4.

11.2.3 Piston-Finish Rod—See 5.2, Table 3.

11.2.4 Bar: Rectangular and Square—See 5.2, Tables 8
and 10.

11.2.5 Bar, M30, (As-Hot Extruded)—See 5.2, Table 4.

11.3 Shapes—The dimensional tolerances for shapes shall
be as agreed upon by the manufacturer or supplier and the
purchaser, and shall be specified in the order.

11.4 Length of Rod, Bar, and Shapes—See 5.3, Tables 13
and 14,

11.5 Straightness:

11.5.1 Rod and Bar—See 5.4.1, Table 16.

11.5.2 Shafting Rod—See 5.4.2, Table 17.

'11.5.3 M30 (4s-Hot Extruded) rod, bar, ahd shapes shall
be commercially straight.

11.6 Edge Contoiirs—See 5.5.

12. Test Specimens

12.1 In the tension test all material shall be pulled in full
size when practlcable Full-size or machined test specimens
shall be as specified in Test Methods E 8. Whenever tension
test results are obtained from both fullsize and from
machined test specimens and they differ, the results obtained
from full-size test specimens shall be used to determine
conformance to the requirements of this specification.

Note 4—The tension test specimens shall conform to the dimen-
sions specified in Section 6 of Test Methods E 8M,

12.2 Mercurous nitrate test specimens shall be of the full
size of the material, and without bendlng, springing, pol-
ishing, or any other preparation,

13, Test Methods

13.1 Chemical Analysis:
13.1.1 Chemical composition shall be determined, i case
of disagreement, as follows: ‘

Element ASTM Test Method
Copper E 478

Iron E478

Lead B 478 (AA)
Nickel E 478

Tin E 478 (Titrimetric)
Zine E 478 (Titrimetric)
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TABLE 2 'Tensile Requirements
Temper Designation Diameter or Distance . : Yield Strength at 0.6 %
- pe g ; - Between Paralle! Tensilie S“tlll'gngth, Extension Under Load, Elongation,A
Standard Former Surfaces, mm min, MPa min, MPa min, %
Copper Alloy UNS Nos. C46200
M30 as-hot extruded all forms, all sizes © 345 140 30
080 soft anneal rods and bars, all sizes 330 110 30
050 light anneal rods and bars: .
12 and under 400 185 22
over 12 to 25, incl 385. 185 25
aver 25 to 50, incl 370 180 25
over 50 to 75, incl S 360 170 27
aver 75 to 100, incl 345 ¢ 150 30
over 100 345 140 30
H60 cold heading, forming rods, all sizes 330 125 22
HO2 half-hard rods and bars: .
12 and under 400 185 22
over 12 to 28, incl 385 185 25
over 25 to 50, incal 370 180 25
over §0 to 75, incl 360 170 27
over 75 to 100, incl 345 150 30
over 100 345 140 30
HO4 hard rods and bars:
12 and under 440 278 13
over 12 to 25, incl 425 260 13
' over 25 to 50, incl . 400 235 18
) ) Copper.Alloy UNS No, C48400
M30 as-hot extruded . all forms, all sizes . ' ' 360 140 30
060 saft anneal rods and bars:
25 and under 370 140 30
over 25 to 50, incl 360 140 30
over 50, 345 140 30
: shapes, all sizes 360 140 30
050 light anneal rods and bars:
12 and under 415 185 22
over 12 to 28, incl 418 185 25
over 25 to 50, incl 400 - 180 25
aver 50 to 75, incl 370 170 25
‘ over 75 to 100, incl 370 150 a7
) over 100 370 150 . 30
HB08 extruded and drawn®  shapes, all sizes 400 170 . 20
Ho2 half-hard rods and bars:
: 12 and under 415 185 22
over 12 to 25, incl © 418 185 25
over 25 to §0, incl 400 180 25
over 50 to 75, Indl 370 170 25
over 75 to 100, incl 370 150 27
over 100 370 150 30
Ho4 hard rods and bars:
. 26 and under 460 310 13
over 25 to 50, incl ) 425 255 18
Copper Alloy UNS No. C47940
M30 as extruded all forms, all sizes 8345 140 30
060 soft anneal rods and bars, all sizes 330 140 30
050 light anneal rods and bars: .. 7 et ;
12 and under . 400 210 18
over 12 to 25, incl . 390 210 20
over 25 to 50, incl . 375 175 22
Iy R over 50 o 345 175 25
H508 extruded and drawn® shapes, all sizes 390 175 20
H02 half-hard - rods and bars: .
12 and under " 400 210 18
over 12 to 25, incl . 390 210 20
over 25 to 50, incl | 375 175 22
over 50 . 345 175 25
HOo4 hard rods and bars:
12 and under 485 380 - 10
over 12 to 26, inct 450 360 13
over 25 to 50, Incl 430 310 15

23
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TABLE 2 Continusd
Temper Designation Diameter or Distance Vi g ; Yield Strength at 0.5 %
i LN Bétwesn Parallel ‘Tensulie Sht;gngth, Extension Under Load, Flongation,
Standard Farmer ‘Sirfaces, mm , min, MFa min, MPa min, %
Coppér Alldy UNS No. C48200
M30 as-hot extruded all fofms, all sizes 360 ¢ 140 25
080 soft anneal rods and bars:
25 and under . 370 140 26
over 25 to 50, incl 360 140 25
over 50 348 140 25
shapes, all sizes 360 140 25
050 light anneal rods and bars:
26 and under 15 185 18
over 25 to 50, incl 400 180 20
over 50 to 75, incl 370 170 204
over 75 to 100, incl 370 150 20
over 100 370 160 25
H508 extruded and drawn®  shapes, all sizes 400 170 15
Ho2 half-hard rods and bars:
25 and under 415 185 18
over 25 to 50, incl 400 180 20
over 50 to 75, incl 370 170 204
over 75 to 100, incl 370 150 20
over 100 370 150 26
Ho4 hard rods and bars:
25 and under 460 310 11
over 25 to.50, incl 425 255 15
Copper Alloy UNS No. C48500
M30 as-hot extruded all forms, all sizes 360 140 20
060 soft anneal rods and bars:
25 and under a7 140 20
over 25 to 50, ind 360 140 20
over 50 345 140 20
shapes, all sizes 360 140 20
050 light anneal rods and bars:
25 and under 415 185 12
over 25 to 50, incl 400 180 20
over 50 to 75, incl 870 170 20
over 75 to 100, incl 870 150 20
over 100 370 150 20
H508 extruded and drawn®  shapes, all sizes 400 170 15
HO2 half-hard rods and bars:
25 and under 415 185 12
over 25 to 50, incl 400 180 20
over 50 to 75, incl 370 170 20
over 75 to 100, incl 370 180 20
over 100 870 150 20
HO4 hard rods and bars:
28 and under 460 310 10
over 25 to 50, incl 425 255 13

4 Elongation values are based on a gage length of 5.85 times the square root of the area for dimenslons greater than 2.5 mm.

2 This temper does not apply to hollow shapes.

TABLE 3 Rockwell Hardness Requirements

Note—Rockwell hardnesses are not established for diameters below 12 mm.

Temper Designation

Rockwell B Hardness Determined on

Copper Alloy Diameter or Distance Between the Cross-Section Midway Between
No. Standard Former Paralle! Surfaces, mm Surface and Centar

C46400 HO2 half-hard over 12 to 25, incl 60-80
over 25 55-80

HO4 hard ovet 12 to 28, Inct 70-90

over 25° 65-90

C48200 Hoz2 haff-hard over 12 to 25, incl 65-85
over 26 ' 60-85

+Ho4 hard over 12 10,25, incl 70-90

over25 65-90

C48500 HO2 haif-hard over 12 to' 25, incl 65-85
over 25 60-85

Ho4 hard over 12 to 25, incl 70-90

over 25 65-90

24
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13.1.2 Test method(s) to be followed for the determina-
tion of element(s) resulting from contractural or purchase
order agreement shall be agreed upon between the supplier
and purchaser,

14. Keywords

14.1 naval brass; naval brass bar; naval brass rod; piston-
finish rod; piston-finish shafting

SUMMARY OF CHANGES

The following is a shmmary of the changes that have been incorporated since the printing of B 21M - 90:

1. The Scope section was revised, and the previously used
alloy designation deleted.

2, The Ordering information section revised to more
clearly delineate purchasing options.

3. The General Requirements section revised to identify
the specific sections in Specification B 249M which consti-
tute a part of this specification.

4, Table 2 was revised to more clearly state the mechan-
ical property requirements,

5. A Test Methods section was added to identify indi-
vidual test methods for the determination of chemical
composition.

6. Table 3 was added to show the Rockwell hardness
requirements for the alloys and tempers listed.

The American Society for Testing and Materials takes no position respecting the valldity of any patent rights assertad in connaction
with any item mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such
patont rights, and the risk of Infringement of such rights, are entiraly their own responsibility.

This standard is subject to revision at any time by the responsible technical cornmittee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeting of the responsible

"tachnical committee, which you may attend. If you feel that your comments have not received a fair hearing you should make your
views known to the ASTM Committee on Standards, 100 Barr Harbor Drive, West Conshohocken, PA 19428,
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q H."V) Designation: B 224 - 80

Standard Classification of
COPPERS'

Filed 10/07/19 Page 92 of 124

This standard is issued under the fixed designation B 224; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval,
A superscript epsilon (¢) indicates an editorial change since the last revision or reapproval.

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

Specifications and Standards.

! Note—Reference to “lake copper™ has been deleted from Table Al in October 1982 because such terminology is no longer used.

1. Scope

1.1 This is a classification of the various types
of copper currently available in refinery shapes
and wrought products in commercial quantities.
It is not a specification for the various types of
copper.

1.2 In this classification, use is made of the
standard copper designations in use by the copper
industry. ‘

1.3 Although this classification includes cer-
tain UNS designations as described in Practice
E 527, these designations are for cross-reference
only and are not requirements. Therefore, in case
of conflict, this ASTM classification shall govern.

1.4 This classification does not attempt to dif-
ferentiate between all compositions that could be
termed either coppers or copper-base alloys, but
in conformance with general usage in the trade,
includes those coppers in which the copper is
specified as 99.85% or more, silver being
counted as copper.

Note |-—Coppers may contain small amounts of
certain elements intentionally permitted to impart
specific properties, without excessively lowering elec-
trical conductivity, The total copper plus specific
permitted elements is usually specified as 99.85 % or
more. These intentionally permitted elements nor-
mally include, but are not limited to, arsenic, cad-
mium, chromium, lead, magnesium, silver, sulfur,
tellurium, tin, zine, and zirconium, plus deoxidizers,
up to specific levels adopted by the International
Standards Organization.

2. Applicable Documents
2.1 ASTM Standards:
B 30 Specification for Copper-Base Alloysin
Ingot Form®
B 170 Specification for Oxygen-Free Elec-
trolytic Copper—Refinery Shapes®

200

B 379 Specification for Phosphorized Cop-
pers—Refinery Shapes®

B 584 Specification for Copper Alloy Sand
Castings for General Applications®

E 527 Practice for Numbering Metals and Al-
loys (UNS)*

3. Basis of Classification

3.1 Table Al lists the standard designations,
and the refinery shapes and fabricators’ prod-
ucts currently produced. The listed coppers are
not necessarily available in the complete range
of sizes in the form shown, nor from any one
supplier in all forms.

3.2 Existing ASTM specifications for refin-
ery copper and for wrought copper products
may cover more than one of the coppers listed
in Table Al or may include only part of the
range covered by any one of the coppers shown
in this classification.

4. Description of Terms

4.1 Appendix A2 describes the terms used in
designating the various coppers listed.

4.2 Appendix A3 describes the refinery
shapes.

4.3 Appendix A4 describes the fabricators’
forms,

! This classification is under the jurisdiction of ASTM Com-
mittee B-2 on Nonferrous Metals and Alloys and is the direct
responsibility of Subcommittee B02.01 on Refined Capger.

Current edition approved Jan, 25, 1980. Published March
1980, Originally published as B 224 - 48 T. Last previous edi-
tion B 224 -73.

2 dnnual Book of ASTM Standards, Vol 02.01.

3 Anniial Book of ASTM Standards, Vol 02,04,

4 Anwial Book of ASTM Standards, Vols 02.01,02.02, 02,03,
02,04, 02.05, and 03.01,

PRO_00092829
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45”7‘ B 224

Note 2—Copper, as applied to castings other than.  and ingot bars, is described in Specifications B 30
__refinery cast shapes, cakes, billets, wire bars, ingots,  and B 584. 5 : - o

APPENDIXES ~ |

Al CLASSIFICATION OF COPPERS - -

Al.l Table Al lists the standard designations,
refinery shapes, and fabricator’s products. ,

A2 TERMS USED TO DESIGNATE THE COPPERS

(Alphabetical listing of these terms does not necessai‘ily indicate relative order of commercial importance.)

A21 Terms Relating to Method of Refining

A1l chemically refined copper—copper ;e-“
covered from an aqueols solution by other than

glectrolytic means. Usually when this term is used
alone it refers to chemically refined tough pitch cop-.

per. This designation applies to the following:

A2.1.1,1 Copper cast in refinery shapes suitable

for hot or cold working or both, and by extcnsion,‘to’
fabricators products made therefrom. '
A2.1.1.2 Ingots or ingot bars suitable for remelt-
ing .

refined by electrolytic deposition including electro-
winning, Usnally when this term is used alone it
refers to electrolytic tough pitch copper. This desig-
nation applies to the following: . o
A2.1.2.1 Cathodes that are the direct preduct of
the refining operation. -
A2.1.2.2 Electrodeposited copper cast in refinery
shapes suitable for hot or cold working or both, and
by extension, to fabricators’ products made there-
from. ' L
A2.1.2.3 Electrodeposited copper cast into ingots
or ingot bars suitable for remelting, :
A2.13 fire-refined copper—copper of .any origin
or type finished by furnace refining without having
been processed at any stage by electrolytic or chem-
icel refining, Usually when the term fire-refined cop-
per is used alone it refers to fire-refined tough pitch
copper. This designation applies to the followiug:
A2.1.3.1 Copper cast in refinery shapes suitable
for hot or cold working or both, and by extension, to
fabricators’ products made therefrom.
A2.1.3.2 Ingots or ingot bars suitable for remelt-
ing.

A2.2 Terms Relating to Characteristics Determined
by Method of Casting or Processing

A2.2.1 deoxidized copper—copper cast in the form
of refinery shapes, produced free of cuprous oxide,
asdetermined by metallographic examination at 75X
under polarized light, by the use of metallic or me-
talloidal deoxidizers. Oxygen may be present as re-
sidual deoxidation products. By extension, the term
applies to fabricators’ products made therefrom.

201

A212 electrolytic co‘bper—cbpper of any 6rigi‘1’1,‘

A22.2 oxygen-free copper—electrolytic copper
produced free of cuprous oxide, as determined by
metallographic examination at 75X under polarized
light, without the use of metallic or metalloidal deox-
idizers. By extension, the term applies to fabricators’
products made therefrom. . ‘

A22.3 tough pitch copper—copper of any origin
cast. in the form of refinery shapes, containing a
controlled amount of oxygen in the form of cuproug
oxide. By extension the term is also applicable to
fabricators’ products made therefrom.

A2.3 Terms Relating to Specific Kinds of Copper-

. and to Products Made Therefrom
A2.3.1 deoxidized copper, high-residual phospho-

“rus—copper deoxidized with phosphorus residual in

amounts 0.015 to 0.04 %, The copper is not suscepti-
ble to hydrogen embrittlement, as determined in
Specification B 379. The copper is of relatively low-

electrical conductivity due to the amount of phos-

phorus present. .-

NoTE—International Standards . Organization
specifications permit up to 0,050 % phosphorus.

A23.2 deoxidized copper, low-residual phospho:
rus—copper deoxidized with phosphorous residual in
amdunts 0.004 to 0.012 %. The copper is not readily
susceptible to hydrogen embrittlement, as determined
in Specification B 379. The copper in the annealed
condition. has a minimum conductivity of 98.16 %
IACS. -

A2.3.3 high-conductivity copper—copper that in
the annealed condition has a minimum electrical
conductivity of 100 % IACS.

A2.3.4 oxygen-free electronic copper—high-purity,
high-conductivity oxygen-free copper normally in-
tended for electronic applications. The copper has
high resistance to hydrogen embrittlement, as deter-
mined in Specification B 170, The copper in the
annealed condition has a minimum electrical con-
ductivity of 101 % IACS.

A2.3.5 oxygen-free copper, exira low phosphorus—
axygen-free copper containing 0.001 to 0.005 % phos-
phorus. The copper is not readily susceptible to hy-
drogen embrittlement, as determined in Specification
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B 379. The copper in the annealed condition has a
minimum conductivity of 98.16 % IACS.

A2.3.6 oxygen-free copper, low phosphorus—oxy-
gen-free copper containing 0,005 o 0,012 % phospho-
rus. The copper is not susceptible to hydrogen em-
brittlement, as determined in Specification B 379,
The copper in the annealed condition has a mininiam
conductivity of 90 % IACS.

A23.7 deoxidized, phosphorus-arsenical copper.

A23.8 arsenical, tough-pitch copper.

B 224

A23.9 silver-bearing copper.

A2.3.10 sulfur-bearing copper.

A23.11 deoxidized, phosphorus-tellurium copper.
A2.3.12 zirconium-bearing copper.

Nore—Coppers listed in A2.3.7 through A2.3.12
contain the desipmated element or elements in
amounts as agreed upon between the manufacturer
or supplier and the purchaser.

A3. DEFINITIONS OF REFINERY SHAPES

A3.1 billet—refinery shape wsed for piercing. or
extrusion into tubular products or for extrusion into
rods, bars, and shapes. Circular in cross section,
usually 3 to 16 in. (76 to 406 mm) in diameter,
normally ranging in weight from 100 to 4200 1b (45
to 1905 kg). : _

- A3.2 cake—refinery shape used for rolling into
plate, sheet, strip, or shape. Rectangular in cross
section and of various:sizes, norma! %( ranging in
weight from 140 to: 62 000 Ib (63 to 28 200 kg).

A33. cathode—unmelted, electrodeposited, and
somewhat rough flat plate normally used for melting,
The customary size is about 3 ft (0.914 m) square,
about % to % in. (12.7 to 22.2 mm) thick, weighing

up to about 300 Ib (136 kg), and may have hanging
loops attached, Cathodes may also be cut to smaller
dimensions. ‘

© A34 ingot and ingot bar—refinery shapes used for
remelting (not fabrication). Ingots normally range in
weight from 20 to 33 Ib (9 to. 16 kg) and ingot bars
from 50 to 70 1b (23 to 32 kg). Both are usually
nptched o facilitate breaking into smaller pieces.

- A3.5 wire bar—refinéry shape used for rolling into
rod or flat ‘prodact for subsequent processing into
wire, sirip, or shape, Approximately 3% to 5 in. (89
to 127 mm) square in cross section, usually 34 in.
(1.56'm) in length and ranging in weight from 200 to
420 b (91 to 191 kg). Usually tapered at both ends.

A4. DEFINITIONS OF FABRICATORS’ COPPER PRODUCTS

Ad.1 flat product—a, rectangular or square solid
section of relatively great length in proportion to
thickness. Included in the:designation. “flat product”
depending on the width and thickness, are plate,
gheet, strip, and bar. Also included is the product
known as “flat wire.” -

A4.2 pipe—iube conforming to the particular di-
mensions commerically known as “Standard Pipe
Sizes.”

A4.3 rod—a solid section, round, hexagonal, or
octagonal in straight lengths. Round rod for further
processing into wire (known as “hot-rolled rod,”

202

“wire-rod,” “redraw wire,” or “drawing stock”) is
furnished coiled.

AdA shape—a solid section, other than flat prod-
uct, rod or wire, furnished in straight lengths. Shapes
are usually made by extrusion but may also be fab-
ricated by drawing. :

Ad.5 fube—a unidirectionally elongated hollow
product of uniform round or other cross section
having a continuous periphery. v

A4.6 wire—a solid section, including rectangular
flat wire but excluding other flat praducts, furnished
in coils or on spools, reels, or bucks.
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QH]IV) Designation: B 283 — 96

Standard Specification for .

Copper and Copper»-Alloy Dle Forgmgs (Hot-Pressed)"

This standard is issued under the fixed desngnatwn B 283; the number jmmediately following the designation indicates the year of
ariginal adoption or, in the case of revision, the year of last revision: A smber in parentheses indicates the yeax of last reapproval, A
superscript epsiton (¢) indicates an editorial change since the last revision ov seapproval.

1. Scope* : B

1.1 This &pmﬁmﬁon covers the mqmroments for r;oppm"
and copper afloy die forgings produced by the bot presmng
method. The following copper and copper alloys are in-
cluded:

Copper or Copper Alloy
UNS No. Name
CII006 . 0 . copper
C 14500 - copper-tellurivm .
C 14700 copper-sulfur
C 36500 leaded Muntz metal
C3100:; - ;. forging brass
LCAGA00 . . naval brass .
C 48200 medium leaded naval brass’
- 48500 leaded naval brass
61900 aluminum bronze
C 62300 aluminum bronze, 9 %
C63000 aluminum-nickel bronze
C 63200 alivminumenickel bronze
C 64200 aluminuro-siicon brenze
C64210 aluminum-silicon bronze, 6.7 % .
C 65500 high-silicon bromze (A). . -
C 67500 manganese bronze (A) -
. C67600
C 77400 mc:kel silver, 4510

1.2 The valuc*; stated in inch- pound upits are to be

regarded as the standard. The values gwen in parentheses are
provided for information only.

1.3 The following safety caveat penams only to Section 10
of this specificatich: This staridard does not purport 1o

addvess all of the safety concerns, if dny, associated with its
use. It is the responsibility of the user of this standard to
establish appropriate safety and health practices and deter-
mirie the applicability of regulatory limitations prior to use.

Note 1--Nominal composition and relative forgeability ratings are
given in Appendix X1. )

2. Referenced Documents

2.1 ASTM Standards:

B 249 Specification for General Requirements for
Wrought Copper and Copper Alloy Rod, Bar, Shapes
and Forgings®

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

UThis specification is under the jurisdiction of ASTM Commitiee B-5 on
Coppex and Copper Alloys and is the direct responsibility of Subcomumittes B05.02
on Rod, Bar, Wire, Shapes, and Forgings.

Current edition approved Sept. 10, 1996, Published December 1996. Originally
published as B 283 - 53 T, Last previous edition B 285 ~ 94.

2 Anmusl Book of ASTM Standards, Vol 02,01,

wmuwwwumwuwmw

L his spectjzmlzon has been appmved ﬁ:ar use By agenczex of the Departmwzt of Defense.” Consult the Dol Index-of Specifications-and
Szandards for the speczf ic year of Tssue which has been’ adopted by the Depariment of Defense. . .

B 846 Termmolngv for Copper and Copper Alloysz ‘
E 8 ltist Methods for Tension Te%tmg of Matauw me
_rials
E 54 Test Methods for Chemical Analysas of Spec1a1
Brasses and Bronzes*
~E 62 Test Methods for Chernical Analysis n:)f Copper and
. Copper Alloys (Photometric Method)*
E76 T&st Method for Chemical Analysis of Nmk&lwc.:opper
Alloys*
E 478 Test ‘V[ethods for Chemical Analysm of Copper
Alloys*
22 150 Szandard
7602 Determination of ”I“ellurmm Comem (I-hgh (,on»
“tent)—Flame ~ Atomic . Absorption Spectromemc
 Method® |

3. General chmmmmts

*3.1 The following sections of Spemﬁcanon B249 are a
part of this specification:

- 3.1.1 Terminology, .

.2 Materials and Manufactuie,

3 Workmanship, Finish and Appearance,
4 Sampling,
.5 Number of Tests and R,ctests,

6 Specimen Preparation,

7 Test Methods,

.8 Significance of Numerical Limits,

9 Inspection,

10 Rejection and Rehearing,

11 Certification,

12 Test Reports,

13 Packaging and Packawe Marking, and

14 Supplementary Requirements.

3.1.15 In addition, when a section with a title identical to
one of those referenced in 3.1 appears in this specification, it
contains additional requirements that supplement those
appearing in Specification B 249,

A
3.1.
.1
3.1,
1
.1
3.1
1L
1.
.1
3.1.
L
1.

4. Terminology
4,1 Definitions:

3 Annual Book of ASTM Standards, Vol 03.01.

4 Annual Book of ASTM Standards, Vot 03.05.

5 Available fror, American National Standards Institute, 11 W, 42nd St., 13th
Floor, New York, NY 10036.

* A Summary of Changes section appears at the end of this specification.
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4.1.1 For definition of terms related to copper and copper
allovs refer to Terminology B 846,

4.2 Definition of Term Specific to This Standard.,

4.2:1 hot pressed forging, n—a product made by pressing
a heated blank or section of wrought copper or copper alloy
in a closed impression die,

5. Ordering Information

5.1 Orders for product to this specification should mdude
the following information:

5.1.1 ASTM designation and year of issue,

5.1.2 Copper or Copper Alloy UNS No. designation
(Section 1),

5.1.3 Drawing showing the shape mmenwns and toler-
ances {Section 11),

5.1.4 Temper (Section 8),

3.1.5 Quantity; total weight or number of pieces for each
form, temper and copper or copper alloy,

5.1.6 When product is purchased for ag,enue«, of the U.S.
Government (Section 12), and

5.1.7 When prodnct must adhere to the requirements of
ASME Boiler and Pressure Vessel Code (Section 9).

5.2 The following optums are available under this spec1ﬁ~
cation and should be included in the contract or purchase
order when required:

5.2.1 Certification (Section 14 and Supplementary Re-
gquirements), and

5.2.2 Mill Test Report (Specification B 249).

6. Material and Manvfacture
6.1 Materials:

C48500 and 99.5 % for all others.

8. Temper

8.1 Tempers, as defined in Practice B 601, available under
this specification are M 10 (as hot forged-air cooled), M11 (as
forged-quenched) and TQ50 (quench hardened and temper

’annealed.).

9. Mechanical Property Requirements

9.1 Mechanical property requirements are subject to
agreement between the manufacturer and the purchaser.

9.2 Product specified to mest the requirements of the
"ASME Boiler and Pressure Vessel Code shall have tensile
properties as prescribed in Table 2 when tested in accordance
with Test Methods B 8. '

10. Heat Treatment

10.1 Product produced from Copper Alloy UNS No.
C63200 shall be heat treated as follows:

10.1.1 Heat to 1550°F (843°C) minimum for 1 h min-
imum and guench in water or other suitable medium.

10.1.2 Temper at 1300+ and —25°F (7044 and —14°C)
for 3 to 9 hus as required to meet mechanical properties.

11, Purchases for U.S, Government
11.1 Product purchased for agencies of the U.5. Govern-

‘ment shall conform to the additional requirements pre-

6.1.1 The starting material shall be rods, billets or r blanks
cut from cast or wrought material of one of the copper or.

copper alloys listed in Section 1.1 of this specification.
6.2 Muarnufucture:

6.2.1 The product shall be manufactured by hot pressing-

between the upper and lower sections of a set of dies into
which cavities have been formed to the configuration defined
by the purchaser’s submitted drawings.

6.2.2 Product of Copper Alloy UNS No. C 63200 shall be
heat treated (Section 10} :

7. Chemical Compesition

7.1 The wmaterials shall conform to the “requin ements
specified in Table | for the Copper or Copper Alloy UNS
No. designated in the ordering information.

7.2 These composition limits do not preclude the pres-
ence of other elements when limits for unnamed elements
are required, they shail be established by agreement between
manufacturer or supplier and the purchaser.

7.2.1 For copper alloys in which zinc is specified as a
remainder, either copper or zinc is permitted to.be taken as
the difference between the sum of resulis for all the elements
analyzed and 100 %. When copper is so determined, that
difference value shall conform to the mqummmts given in
Table 1.

7.2.2 For copper alloys for which copper is specified as the
remainder, copper may be taken as the difference between
the sum of all the elements analyzed and 100 %,

7.3 When all the elements in Table 1 are determined for
the individual alloy, the sum of results shall be 99.6 % min
for Copper Alloy UNS No. C36500 46400, 48200,

473

scribed in the Supplementary Requirements section of this
specification,
12. Dimensions and Permissible Variations

12.1 The dimensions and tolérances for forgings shall be
those agreed upon between the manufacturer and the pur-

-chaser and such dimensions and tolerances shall be specified

on the drawings which form a part of the contract or
purchase order.

Note 2—Typical tolerances commonly used for forgings are shown
in Appendix X2 (Table X2.1).
13. Test Methods

13.1 Chemical Analysis:
13.1.1 Chemical composition shall, in case of disagree-
ment, be determined as follows:

Element ASTM Test Method

Alomdnim E 478
Arsenic £ 62
Copper E 478
Tron <1.3% E 478

»>1.3% E 54
Lead E 478 (AA)
Manganese E 62
Nickel w8 % ¥ 478 (Photometric)

o »3 % E 478 (Gravimetric)

Phosphorus E62
Siticon E 54 (Perchloric Acid)
Tin <13 % E478

»>1.3% E 54
Zine <2 % E 478 (AA)

»2 % E 478 (Titrimetric)

ISO Test Method
Tellurium 7602
NOTEw = Joss than; > = greater than

"13.1.2 Test method(s) to be followed for the determina-
tion of element(s) required by contractual or purchase order

PRO_00092928
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i B2s3

TABLE 2 Tersile Requirements

Yield Strength at 0.5% Extension Under

Dlameter or Section Thickness, Tenslle Strength, min Load, min Elongation 3 4 x Diameter or
in. {rmm) - - Thickness of Specirnen, rmin, %
5 ksl MPa# ksi MpaA
S T Copper Alloy UNS No. C 37700 L

Up to 1z {38.1), incl 50 . 345 18 124 25
Over 12 (38.1) 46 317 15 103 30°

. Copper Alioy UNS No. C 64200 e
Up 1o 12 (38.1), incl - 70 483 25 172 30
Over 1v2 {38.1) 68 469 23 156 35

Copper Alloy 'UNS Nos. C 46400, C 48200 and C 48500
Al Sizes © 52 T aeg U 0T ap ' 152 s
4 See Appendix X3, o ' T .

agreement shall be as agreed upon between the supplier and
the purchaser.
Rmmded Unit for Observed

14, Certlficatmn

', procuet purchased for ASME Bmler and Pressure Vessel
- applications.

l’mmrcy or Caloulated Value
Chemical composition nearest unit in the last right-hand place of figures
Tensile strength nearest ksi, nearest 5 MPa for over 10to 100 ksi,
Yield strength inel
neavest | %

Elongation

SUPPLEMENTARY RLQUIREMENTS

The following supplementary requirements shall apply only when speclﬁed by the pu;rchaser in the inquiry,

. die forgings (hot preqsad)

contract or order, for agencies of the U.S. Government.

Sl Referenced Ducnments‘

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:s

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
51.1.2 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 Milisary Specification:®

MILAC-3993 Packaging of Copper and Copper-Base Alloy

Miil Products

52, Quality Assurance

S2.1 Responsibility for Inspection:

52.1.1 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 may use his own or any other

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

> 102 shall be referenced for definitions ol the various levels of

475

14.1 Certification to this spec1ﬂcat10n is mandatory for

15. Keywords
15.1 copper and copper alloy die forgmgs (hot pressed)

sunable facilities for the pertormmce of the mspecuon and
test requirements unless disapproved by the purchaser at thé
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 apecmeatmn number and the alloy number shall be
used.

S4. Preparation for Delivery

S4.1 Preservation, Packaging, Packing:

84.1.1 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-3993,

$54.1.2 Civil Agencies—The requirements of Fed. $td, No.

packaging protection. q
$4.2 Marking: )
S4.2.1 Military Agencies—In addition to any special :

marking required by the contract or purchdse order, marking !

for shiproent shall be in accordance with MIL-STD-129.
$4.2.2 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,

PRO_00092930
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APPENDIXES o

X1.1 The nommal composmon of the vanous fcr,gmg L
matenals are bhown in’ lable X1. 1 B E

(Nonmanquwy Information)

TABLE X1‘.‘1,” : Non‘iin“é; Compositions and Forgeability Ratings

NOMINAL COMPOSITION AND RELATIVE FORGEABILITY RATINGS

Norrinal Composition, %

Coppar of Coppet ] . yo T “' Forgeakility
Alloy UNS No. ook - i - ! eliu- Rating” '
y UNS Copper  Lead Tin on  Nickel TN Sioon oz suhw o 9
C 11000 100 - 85
C 14500 9945 ... 0.55 65
G 14700 Ce95 i L. . 0.35 65
cags00 60 0.6 204 L
37700 60 2 38 100
G 48400 60 0.8 39.2 90
C 48200 60 0.7 0.8 385 S
C 48500 60 1.8 0.8 37.4 90
61900 87.5 el Y 9 75
62300 88 3 9 75
. © 63000 81 o 3 5 10 1 75
! C 63200 81 4 45 9 15 .15
| C 64200 91 7 2 75
C 84210 9.3 6.7 2 75
C 65500 96 _ a 3 A B 40
C 67500 85 0 o1 1 010 - 39.4 80
C 67600 58.5 0.75 1 0.8 010.. 398 . B0
C 77400 45 e e 10 45 85

476

A Relative forgeabiility rating takes into conskderation such variable factors as pressure, die wear, and plasticily (hot). Since it is impracticable to reduce these variables
to common units, calibration in terms of a percentage of the most generally Lised alloy, forging brass (100 %), is considered the most practical basis for such ratings. The
values shown represent the general opinion and are intended for information to enable the desu;;ner to better understand the forgmg charachensues of these various alloys.
Intricate parts are more likely 1o be available in alloys having a high rating. s
i B One or more of these elements may be present as specified in Table 2,

PRO_00092931
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X2. DIMENSIONAL TOLERANCES

X2.1 The data in Table X2.1 do not-constitate a part of - forgings up to 2 (091 kg) in weight. For tolerances
this specification. They are pgiven merely to indicate to the  applicable to heavier forgmgs, the manufamurers should be
plirchaser the. various forging -types and some dimensional  consulted. ; : ‘ RS
tolerances wséd on’ commercially’ desagnecl hot—pressed

TABLE x21 Dimemioml Tolerances -

Tolerances, plus and minus, in, (min)
Except as Indicated?

g .~ Copper or Copper Alloy UNS Nos.
. C11000 . caesen

G 14500 e ETIon
C14700 c 46400 ’ e 63000, :
¢ 61900 C 48200 -~ CTTA00 C 63200 :
C 62300 : C 48500 © 65500
C 64200 o C 67500 Ce
. : » C 64210 | - G 7800 o : BT et
Forging tyws ’ R
Bolid 0.010 0.85) 0.008 (0.20) 0.0086 (0.20) 0.012 (0,30)
Solid, wnh symmetrical cavﬂy 0.010 (0.25) - 0.008 (0.20) 0.008 (0.20) . 0.012.(0.30)
Solid, with eccentric cavity 0.012 (0.30) - 0.008 (0.20) 0.008 (0.20) 0.012 (0.30)
Solid, deép extrusion . . 0.012 (0.30) - 0.010 (0.25) 0.010 (0.25) © 0.014 (0.36)
Hollow, déap extrusion ' 0.012 (0.30y 0.010 (0,28} 0.010 (0.25) 0.014 (0.36)
Thin seétion, short up to 6 in, (152 mm) incl) 0.012 (0.80) -, 0.010 {0.25) 0.010 {0.25) 0,014 (0.86)
Thin gection, long (over 6 i, (152 mm) to 14 In, (356 mm) lncl) 0.015 .38 = 0018 (0.38) 0.015 (0.88) 0.020 (0.51)
‘Thin section, round 0.0120.300 " 0.010 (0.25) 0.010 (0.25) © 0014 (0.36)
Draft angles, outside and inside 1 to 5° 2 Eh 12° L el
Machining allowance (on one surface) K a2 (0.79) - Vo2 (0.79) - : Yaz [0.79) L 142 (0.79)
Flatness {maximurn deviation per inch) ' - 0.005 (013 . 0.005 (0.13) 0.005 {0.13) 0:005 (0.13)
Concentricity {total indicator reading) . 0:0300.76) - 0.020(081 0.030 {(0.76) . 0.030 (0.76)
Norrinal wab thickness: ; S (4.0 5 o (3.2 i [3.2) © B (4.8)
Tolerance Yen (0.40) i Vos (0.40) . Y4 (0.40) " Vi (0.40)
Nominal fillst and radius: . - s (2.4) L e {1.8) 0 . 115 (1.6) © e (3.2)
Tolerance T a4 (0.40) 3 Ve (0.40) Vs (0.40) Ves (0.40)
Approximats flash thickness ’ B T 148 (1.6) e (1) s (1.2) T ROy
A If tolerances all plus or alf minug are desired, double the values given. :
. |
' il
i
i
477 L
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X3 1 Mechamcal propemes of any forgmg are mﬂuenced
by shape and size. Unless otherwise specified in the purchase
order or specifically guaranteed by the manufacturer, accep-
tance of forgings under this specification shall not. depend on
the mechandcal ‘properties détertined by tensiofi’'dr bardness

“ X3 TYPIC Al 4 MI CHANICAL PROPERTIES

tests. (Freqﬁéntljg the design -of -f,org‘ingstvi‘/i‘ll not pérmit‘

adequate test sections.) Therefore, the data in-Table X3.1-do
not constitute a part of this specification, and are given for

- general information only. They are Wplcal of forgmgs up to 2

16 1{0.91 kg) in weight.”

* TABLE X3.1 Typical Mechanical Properties of Forgings as Hot Pressed, Temper M10, M11, or TQ50°

0.508+n, ‘(1 28-mim) Dizmeter Test Section

Rovkwell Hardness (Filed Surface, Va-in.
{8.18-mm) chord, min)

Gopper or Goposr Alloy UNS. Yield Strength (0.5 %
- Ne. . Tengile Strength : . Elongation in 4 X
Extension Under Load) Di%meter; % ¥ Scale B Scale
ksiA MPa8- keiA , MPa®

€100 ... 3 ... 280, PR & 75 . . 40 - ) 87
14500 34 235 12 896 35 40

- C14700 L34 235 12 < a5 40
- 536500 i 88 400 23 160 40 P . -
Ca7700 . 58 400 23 160 40 e . .45
46400 : 64 440 ) 28 180 40 el 55
'€ 48200 R - 440 26 - 180 40 85
48500 e 428 24 165 40 T S

L 81800 82 565 o 87 S 285 32 : R IR
G 62300 ' 82 [ 37 L. 255 32 s i 82
C 63000 95 655 ’ 48 330 15 S ' . 90
G 83200 coUe2 635" 45 1310 18 P c. 88
C 64200 83 570 ¢ 4 .85 35 e . 77

2084210 83 570 41 - 285 35 o S
G 85500 52 360 18 128 70 R
C 875800 e 495 34 235 33 va 69
87800 72 498 34 235 38 e : - 69
C 77400 83 570C. 36 250 25 vl 73

- Aksi = 1000 psi.
£ Ges Appendix X4.

< For Copper Alloy UNS Nos, © $3000 and C 63200,

X4. METRIC EQUIVALENTS

X4.1 The SI unit for strength properties now shown is in
accordance with the International System of Units (SI), The
derived ST unit for force is the newton (N), which is defined
as that force which when applied to a bady having a roass of
one kilogram gives it an acceleration of one metre per second
squared (N = kg-m/s?), The derived ST unit for pressure or

stress is the newton per square metre (N/m?), which has been
named the pascal (Pa) by the General Conference on
Weights and Measures. Since | ksi = 6 894 757 Pa the metric
equivalents are expressed as megapascal (MPa), which is the
same as MN/m? and N/mm?.

SUMMARY OF CHANGES

This section identifies the location of selected changes to this specification that have been incorporated

since the 1994 issue as follows:

(1) Scope: Revised and safety caveat added as required.

(2) General Requirements: A new section which enables -

the specification to utilize Specification B 249, This is a new
section. ,

(3) Terminology: Revised to reference Terminology
B 846.

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

478

(5) Material and Manufacture: Revised to better define
material.

(6} Chemical composition; Revised.

(7} Mechanical Property Reqmrememb Revised for
greater clarity.

(8) Heat Treatment: A new section. Information previ-
ously in the Materials and Manufacture section.

(9 Test Methods: Individual test methods identified.

PRO_00092933
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The American Socigty for Testing and Materials takes no position respecting the validity of any patent rights asserted in connsction
with any frem mentioned in this standard. Users of this standard are expressly advised that determination of the vaiidity of any sur;h
patert rights, and the risk of infringement of such rights, are entirgly their own respom,mimy

This standard is subject to revision at any time by the respohsib/e technical committee and must be reviewsd gvery five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additionel standards
and should be addressed to ASTM Head warters. Your comments will receive careful consideration at a mesting of the responsible
L ff you Fael thsit your coiments have not received. a falf. hearing you shouid make your
vibiws known 16 the ASTH.Cominitee on-’Standards, 100 ﬁ'?wf Hwbor Drive, Wast thahmk@n, PA 19428,

479.
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" THE UNITED STATES OF AMERICA

HEED THIS NOTICE

Document Name:

CFR Section(s):

Standards Body:

H‘%% i

Q%‘m\ﬁﬂﬁ”%a?ﬁﬁﬁ?

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.
Criminal penalties may apply for noncompliance.
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qmp Designation: B 315 - 93

. Standard Specification for

Seamless Copper Alloy Pipe and Tuloe1

This standard is issued under the fixed demgnmou B 315; the number immediately following the designation inditates the year of

original adoption or, in the case of tewsmn, thie Year of tast revision, A number in patentheses indicates the vear of last mappmva] A
nal c,hange smw U:;e last mvmon or reapp oval .

~..:,.~.wpms< mpt opsilm (e) mchcatus e

l. a‘wope . §

1.1 This specification? covers seamless copper alloy plp@
in nominal or standard pipe sizes, both regular and exira-
strong, and seamless tube in straight lengths for general
engineering purposes. Pipe and tube are commercially avail-
able in the following alloys:

) Previousty Used . -
Copper Alloy UNS No.? Designation...
C61300
C61400 ,Almmnum Bronze D
C63020 f
C65100 Low-Silicon erw 13 .
65500 High-Silicon Bronze, A

- 1.2 The values stated in mch—pound units are.to be re-
garded as the standard. The values glven in parentheses are
for information only. ‘

2. Referenced Documents

2.1 The following documents of the issue in effect on date

- This speclf cdtion has been appmved far use by agencies of the Depamnent of Defense. Comult the DoD Index of Speczf feations and -
Standards Jor the speczf ic year of Issue whtch has been adapted by the Deparement o Defense ) )

of material purchase form 4 'part of this spemf‘ uatmu 1o the :

extent referenced herein:

2.1.1 ASTM Standards:

B 601 Practice for Temper Desagnamms for Copper and
Copper Alloys—Wrought and Cast* ™

E 8 Test Methods of Tension - laxtmg, 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 54 Test Methods for Chemical Analysis of Special
Brasses and Bronzes’

E 55 Practice for Sampling Wrought Nonferrous Metals
and Alloys for Determination of Chemical Composition’

1 This specification is under the jurisdiction of ASTM Commuittee B-5 on
Copper and Copper Alloys and is the direct responsibility of Subcommitiee B03.04
on Pipe and Tube.

Current edition approved Dec, 15, 1993, Published February 1994 Originally
published as B 315 ~ 57T, Last previous edition B 315 - 91.

2 For ASME Boiler and Pressure Vessel Code applications see related Specifi«
cation $B-313 in Section I of that Code.

3 The UNS system for copper and copper alloys (ses Practice B 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 varfations of the base alloy.

4 Anral Book of ASTM Standerds, Vol 02,01,

5 dnnual Book of ASTM Standards, Vol 03.01

¢ Annual Book of ASTM Standurds, Vol 14.02.

7 Annual Book of ASTM Standards, Vol 03.05.

’ l? 243 P1 ml&«tl(& for Electromagnetic (tddy»»(:urmnt) F)\amw'\

. ination of Copper and Copper«-AlJ oy Tub@sﬁ
E 527 Practice for Numbéring Metals and ‘Alloys (UNS)°

3. T@rminology
1 Definitions:
3 1.1 tube—a hoﬁow product of round or any other Cross
séction having a coittinuous periphery. ‘
3.1.1.1 tube, seamless—a tube produced with a continuous
penphery in all stages of the aperaticns.
13.1.1.2' pipe-a seamless tube conforming to the particular

dimensions .conumercially known as Nommal or Standard-‘

Pipe Sizes.

3.1.2 average diameter (for round tubes only)——«the average ‘A

of the maximum and mindmum outside diameters, or maxi-

mum and minimum inside diameters, whichever is appliga.

ble, as determined at any one cross section of the tube. -
3.1.3 lengths—straight pieces of the product.
3.1.3.1 ends—straight pieces, shorter than the nominal
length, 1eft over after cutting the product into mill lengths,

- stock lengths, wor specmc lengths. They .ate subject 1o

minimum length and maximum weight requirements.
3.1.3.2 specific—straight lengths ‘that are uniform in

""" length, as specified, and subject to established length toler-

496

ances.

3.1.3.3 specific wzth ends—specific lengths, mc:ludmg ends.

3.1.3.4 stock—straight lengths that are mill cut and stored
in advance of orders. They are usually 10, 12, or 20 ft (3.05,
3.66, or 6.10 m) and subject to established length tolerances.

3.1.3.5 stock with ends—stock lengths, including ends.

3.2 Description of Term Specific to This Standard:

3.2.1 capable gf—as used in this specification, means that
the test need not be performed by the producer of the mate-
rial. However, should subsequent testing by the purchaser
establish that the material does not meet these requirements,
the material shall be subject to rejection.

4, Ordering Information

4.1 Orders for material under this specification shall in-
clude the following information:

4.1.1 Alloy (Section 6, Table 1),

4.1.2 Temper (Section 7),

4.1.3 Pipe size (regular or extra-strong) (see 10.2), or tube

& dnnual Book of ASTM Standards, Vol 03.03.
° Annual Book of ASTM Standards, Vol 01.01.

PRO_00092982
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- TABLE 1 Chemical Requirements ‘ e
- C818008° . ! C61400 C63020° CB5100 ) © 085500
Copper Alloy
UNQ No o o N Composition, % Max
R I T ) (Unless Shown as a Range or Minimurm) T
Copper" remamder L. L refainder .. ... . 74.5min. . .. remainder - . remainder
o Lead - Loy - 0.01 U003 0.05 ‘008 o
T hen "1.5-8.5 4.0-55 08 v BRREN ¥ : I
Zine 0.20 0.30 15 15
Siarhinuimi 6.0-8.0 10.6~-11.5 o Cen
~Manganesg’ 10 1.5 07 ‘ < 0.50-1.8
“Silicon " .. - S 0.8-2.0 : . 2.8-38
Tin SR P 025 . :
Nickel (including cobalt) oo e e 4.2—6._0 e 06
‘Phosphorus | 0015 5. -, 7 1 0015 PP ' B A

A Inc(utilng silver. e ) ‘
B'When the product is for subsequem welding appllcatlons and s 50 specified by the purchaser, chromium shall be 0.05 % max, cadmium 0 05 % max, zinc 0.05 % max,

and zirconium 0.05 % max.
© Chromium shall be 0.05 max and cobalt 0,20 max,

TABLE 2 Tensile Requirements

~ Copper Alloy UNS'No. -+ 7 CE1300 arcd 661400 ©ocesoz0 o ) . S ces100 ) o Cas500
o - * TQ30 (Quench = ' ‘ : ‘ ' .
Ternper Designation M30 (E(:\tr:s:;li)d;)r 081 Hardened and - : -~ Q61 (Annesled) © H80 (Hard Drawn) . Q61 (Annealed) .
. ) S . Tempered) Lo e .
Tensils strength, min, ksl 4 (MPg)® 65 {447) o 130 (896) 40 {275) 50 (345) 50 (245)
Yield sirangth.at 0.5 % extension Coooaspemin o 89621 10 (69) mirt - 40 (275) min 1510 29 (103 ‘(0 200)
under load, ksiA (MPa)# ) ) - ) : }
Elongation in 2 in. or 50 mm, rein, % - 30 : B ] ) s/ -7 35
Aksi = 1000 psi. B R T ‘ ‘

8 See appendix. i
@ Yield Strength at 0.2 % offset, min, kgi4 (MPa). &

dimensions (diameter and wall thickness) (see 10. 3 and 10. 4), the sum of all the elements analyzed and 100 %. .

4.1.4 Length (see 10.5), ) 6.2.1.1 When all the elements in Table 1 are. analyzed
4.1.5 Total length of each size, * ' ' their sum shall be as shown in the followmg table.”
4.1.6 Whether the product is to be subsequently welde:d Ct,pw Plus Naged Elements %
(see Table 1 and Footnote B), ' = Copper Auoy UNSNo. ‘min
4.1.7 Finish (see 11.2 and 11.3), and 61300 s N Y R
4.1.8 When Copper Alloy UNS No. €63020 is ordered : C61400 o 99.5
under this specification, tube diameter, wall thickness and .. SE??%S L . ggz
length, sizes, and tolerances shall be a part of the purchase - CE5500 ‘ ‘ Yy

order as agreed upon between the supplier and the purchaser,
4.2 In the case of material to be used for welding or

brazing, orders shall specify “Specially Cleaned.” 7. Temper
‘ - 7.1 Tempers available under this spemﬁcauon and as
5, Materials and Manufacture B ' prescribed in Practice B 601 are as follows: Copper Alloy

5.0 The material shall be of such quality and purity that ~ UNS Nos. C61300 and C61400 shall be fornished in the
the finished product shall have the properties and character-  hot-extruded (M30), hot-extruded and annealed (030), or
istics prescribed in this specification. cold-worked and annéaled (O61) condition. Copper Alloy

5.2 The material shall be produced by either hot- or cold-  UNS No. C63020 shall be furnished in the quench hardened
working operations, or both. It shall be finished, unless and temperd (TQ30) condition to a hardness of 26 HRC
otherwise specified, by such cold working and annealing or  minimum (see Test Method E 18). Copper Alloy UNS No.
beat treatment as may be necessary to meet the properties - C45500 shall be furnished in the extruded ‘and aonealed

specified. i ‘ {030), or cold-worked and’ apnedled condition (O61). |

o Copper Alloy UNS No. C65100 shall be furnished in the !

6. Chemical Composition ' ' ‘ extruded and annealed (O30), extruded and cold-worked f

6.1 The material shall conform to the chemical mqulrem (H50), or cold-worked and annealed condition (O61).
ments specified in Table 1. . Copper Alloy UNS Nos. C65100 and C65500, which. are

6.2 These specification limits do not preclude the presence  supplied in the cold-worked and annealed condition (061)
of other elements. Limits for unnamed clements may be  shall show complete recrystallization, =
established by agreement between the manufacturer of 7.2 Copper Alloy UNS No. C63020 tube Shall be qucnch
supplier and the purchaser. hardened and tempered (TQ30) as follows: -- .

6.2.1 For copper alloys in which copper is specified as the ' 7.2,1 Heat to 1550 to 1650"}? for 2-h mmmnum an&
remainder, copper may be taken as the difference between  quénch in water. . ‘ ; ,

497 ,
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7.2.2 Temper at 900 to 1000°F for 2-h minimum and air

cool 10 room temperature.

8, Tensile Properties | ‘ -
3.1 The material shall conform to the requuements of
Table 2 as the tensile propemes - SRR

9, Nondastrmtwe Testing

9.1 The pipe or tube may be tested, in the ﬁnal drawn,
annealed, or specified temper or in the drawn temper prior to
the final anneal, unless otherwise agreed upon between the

supplier and the purchassr. Unless otherwise specified, the
manufacturer shall have the option of testing the pipe or tube

by one of the following tests:
9.1.1 Eddy-Current Test—Each tube, and each pipe in
nominal or standard sizes from Y5 in. up to and including 214

in. regular and extra strong, shall be subjected to an eddy- "

current test. Testings shall follow the pmedure% of Practice

E 243 except for the determination of “end effect.” The pipe .-

or tube shall be passed through. an eddy-current testing unit

adiusted to provide information on. the. suitabi]ity of each . -

piece for the intended application.

9.1.1.1 Notch-depth standards, rounded to Lhc nearest
0.001 in. (0,025 mm) shall be 10 % of the wall thickness.
Notch-depth tolerances shall be £0.0005 in. (0.013 mm).
Alternatively, when a manufacturer uses speed-insensitive
equipment that can select & maximum unbalance signal, a
maximum unbalance signal of 0.3 % may be used.

9.1.1.2 Pipes or tubes that. do not activate the signalling
device of the eddy-current tester shall be considered as con-
forming to the requirements of this test. Lengths with discon-
tinuities 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 minor mechanical damage,
soil, or moisture shall not be cause for rejection provided the
pipe or tube dimensions are still within the prescribed limits
and the pipe or tube is suitable for its intended application,

9.1.2 Pressure Tests—Fach pipe or tube sclected in accor-
dance with 13.3 shall wﬁhstand the pressure test 0of 9.1.2.1 or
9.1.2.2

9.1.2.1 Hydrostatic Test—Fach plpe or tube shall stand,
without showing evidence of leakage, an internal hydrostatic
pressure sufficient 1o subject the material to a fiber stress of
7000 psi (48 MPa), determined by the following equation for
thin hollow cylinders under tension. The pipe or tube need
not be tested at a hydrostatic pressure of over 1000 psi (6.9
MPa) unless so specified. At the option of the manufacturer,
annealed pipe with wall thickness up to 0.083 in. (2.11 mm)
inclusive may be tested in the drawn condition, prior to

annealing.

p=2 St - 0. 8

where: ,

P = hydrostatic prcssuw, psi (MPa),

i thickness of pipe or fube wall, in, (mm),

D = outside diameter of the pipe or tube, in. (mm), and

I}

§ = allowable fiber stress of the material, psi (MPa),

9.1.2.2 Preumatic Tesi-Each pipe.or tube shall stand an

-internal air pressure of 60 psi (415 kPa), mir., for 5 s without

showing evidence of leakage. The test method used shall

498

permit éasy visual detection of any leakage, such as by having
the tube under water or by pressure d.i,ffamntial method,

l(} Dimensions, Welghts, and Permissible Vanatmns

©10.1 General:

10.1.1 The standard method of specifying wal thickness
shall be in decimal fractions of an inch.
740.1.2 For the purpose of determining conformance with
the dimensional requirements prescribed in this spécification,
any measured value outside the specified limiting values for
any dimension may be cause for rejection.. . -

'10.1.3 Tolerances on a given tube may be spmﬁcd with
respect 1o any two, but not all three, of the following: oulsxde

“digmeter; inside diameter, wall thickness. -

Note—Blank spaces in thé tolérance tables md.lcate eifher that the
material is not generally available or that no tolerances have been

.. established.

10.2 Dimensions—Dimensions and theoretical weights of

nominal or smndard plpe sizes shall be in auwrdance with
. Table 3.

16:3 Wall Thickness Tolerances—Wall thlckness toler-
ances for pipe shall be in accordance with Tables 4 and 5;
Wall thickness tolerances for tube shall be in accordanc@
with Tables 6, 7, and 8.

10:4 Diameter Tolerances—Diameter tolerances for pipe
shall be as follows:

10.4.1 Nominal or Standard Pipe Size 14z in. and Under—
+0,016, ~0.031 in, {(+0.40, —0.79 mm).

-10.4.2 Nominal or Standard Pipe Size over 1%z in.—x1 %
of specified diameter.

10.4.3 The dimensional limits of nommal or standard
pipe sizes are shown in Tables 4 and 5.

10.4.4 Diameter tolerances (“ar tube shall be i in accordancc
with Table 9, '

10.5 Length Tolerances:

10.5.1 Length tolerances shall be in accordance w1th
Table 10. -

10.5.2 Schedule of Tube llengthsmSpcmt1c and stock
lengths with ends shall be in accordance with Table 11,

10.6 Squareness of Cut—For pipe and tube iy stra1ght
lengths, the departure from squareness of the end of any plpe
or tube shall not exceed the following;

10.6.1 Pipe: o .

Outside Diareter, in, {ze) Tolerance
Up to % (15.9) incl 0,010 in. (0.25 mm}
Qver % (13.9) O 016 in./in, (0.016 mm/mm)
L . o of diameter

- 106.2-Tube:. : -

Qutside Diameter, in, (mm). " Tolerance *
Up to % (15.9) incl 0.010 in.-(0.25 mm)
Over % (15.9)

0.016 in./in. (0.016 mm/mm)
... of diameter
- 10.7 The density of the materials covered by tlm spmﬁ~
catlon shall be taken to be as follows:

Copper Alloy C o Deunsity,

‘UNS No. e Ib/in.? (g/cm?)

S 061300 - (.285 (7.89)
C61400 o L0285 (.89 ..
63020 . : 0.269 (7.45)
C65100 0.316 (8.78)

o C65500 0 ) * 0.308 (8.53)
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TABLE 3 Dimensions and Weights of Copper Allo

y Fipe, Standard Pi

pe Sizes

" Dimengion, in. @nm)

Theorgtical Weight, ih/ft (kgfm)

Nominal or :

Standard I . Cross-Section Area of Copper Alloy UNS.No,

Pipe Size, Qutside * inside Wall Bore, in.? (cm?)

i Diameter . Diamster Thickniess : 61300 and C85500 65100 -
' S C61400 '
S e NE Regular . . ) .

0.408 (10.3) 7 “0.269 8.83) " 0.068 (1.73) 0.057 {0.367) = 0.246 (0.366) 0.266 (0.395) 0.273 (0.406)

0.54013.7) 0.364 (@.26)  0.088 (2.24) 0,104 {0.670) 0427 (0.634) 0,462 (0.686) 0,474 (0.704)

0.675 (17.1) 0.493 (12.8y ~ 0.091.(2.37 . 0.191 {1.28) 0.571 (0.649) 0.617 (0.917) 0.833 (0.941)

'0.840 {21.3) 0.622 (15.8) . 0109 (277) . 0.304(1.96) 0.856 (1.27) 0.925 (1.37) . 0.949 (1.4

" 1.050 {26.7) 0.824 (20.9y 013 (2.87) T . 0.533 (3.44) . 114 (1.69) 1.23 (1.83) 1.26 (1.88)

1.315 {33.4) 1.045 (26.6) . 0.133 (3.38) 0.864 (3.57) .~ 1.69 (2.51) 183 2.72) 1.87 {2.79)

1,660 (42.2) 1.38038.1) 0.140 (3.56) 1.496 (9.66) - 229 (3.40) - 247 (3.68) ©RE3 @B77)

1.900 (48.3) 1.610:40.9} 0.145 (3.68) 2,036 (13.1) 274 @407) . 295 (440) 3,03 (@4.81)

2.375 {60.3) 2.067 (52.8) 0.154 (3.91) 8.356 (1.7) B.67 (545 . 397 B9 - 407 (6.08)

2k 2.875{78.0) 2.469 (62.7) 0.203 (5.16) 4.788 (30.9) 5.83 (8.66) 6.30 (9.37) 646 (9.61)
3 7 3.500 (88.9) 3.068 (77.9) 0.216 (5.49) 7.393 (47.7) 762 (11.3) 8.24 (12.3) 845 (12.6)
e 4.000 (102)t 3.548 (90.1) 0.226 (5.74) 9,887 (63.8) 916 (13.6) © .. 990 (147). ~ 102 (15.1)
4 4.500 {114) 4.026 {102) 0.237 (6.02) 12,730 (82.1) 109 (162 . 117 (178 .. 120 (17.9)
5 5.562 (141) 5.046 (128) 0.258 (6.55) 19.998 (129) 147 @18) . 159 (28.6) 16.3 - (24.3)
6 6.625 (168) 6,065 (154) 0.280 (7.17) - 28,800 (186) 191 (@84) 206 @07 CEt2 @3
8 8,825 (219) 7.981 (208) 0.322 (8.18) 50.030 {323) 287 (42.7) 81.0 (“462). | B1.9 (@474)
10 10.750 (273) 10.020 (255) 0.365 (9.27) 788 {508) 408 (90.1) 441  (65.6) 452 (67.3)
12 12.750 (324) 12.000 (305) 0.375 (9.52) 1130 (729) 499 (741) © 539 (80.2) 55.3 (82.3)

Extra Strong

Ve 0.405 {10.3) 0.215 (5.46) 0.005 (2.41) 0.036 (0.232) 0.316 (0.470) 0.342 (0.508)  0.351 (0.522)
Va 0.540 {13.7) 0.302 (7.67) 0.118 (3.02) 0.072 (0.464) 0.638 (0.799) 0.682 (0.865) 0.597 (0.887)
¥ 0.875 (17.1) 0.423 (10.7) 0.126 (3.20) 0141 (0.909) 0.743 (1.10) - 0.803 (1.19) 0.824 (1.22) .
V] 0.840 {21.8) 0.546 (13.9) 0.147 (3.73) 0.234 (1.51) 1.10 (1.63) 1183 (1.76) - 1.214 (1.80)
Ya 1.050 (26.7) 0.742 (18.8) 0.154 (3.91) 0.432 (2.79) 1.48 (2.20) 1.60 (2.39) 1.65 (2.45)
1 1.315 (33.4) 0.957 (24.3) 0,179 (4.55) 0.719 (4.64) 219 (3.25) 236 (3.52) . 242 (3.61)
1V 1.660 (42.2) 1.278 (32.5) 0.191 (4.85) 1.283 (8.28) 3.01 (447) 3.26 (4.85) 7 334 @4.97)
1% 1.900 {48.8) 1.500 (38.1) 0.200 (5.08) 1.787 (11.4) 3.66 (5.42) 3.95 (5.88) 4.06 (8.03)
2 2.375 (60.3) 1,939 (49.3) 0.218 (5.54) 2,953 (19.1) - B8 (7.50) 646 (8.12) 5.60 (8.34)
2Va 2.875 (78.0) 2.323 (89.0) 0.276 (7.01) 4,238 (27.3) 7 (11.4) 833 (124) ' 885 (127)
3 3.500 {88.9) 2.900 (73.7) 0.300 (7.62) 6.605 (42.6) 103 (15.3) 1.1 (166) . 114 (17.0)
3% 4.000 (102) 3.364 (85.5) 0.318 (8.08) 8.888 (57.3) 126 (18.7) 136 (20.2) .- 139" (20.8)
4 4.500 (114) 3.826 (97.2) 0.337 {8.56) 11.497 (74.) 151 (22.4) 16.3  (24.2) L1867 (24.9)

-5 5.562 (141) 4.812 (122) 0.375 (9.53) 18.186 (117) . 209 (81.1) - 226 (33.8) 23.2 . (B4.5)
[} 6.626 (168) 6,761 (146) 0.432 (10.8) 26,067 {168) 287 (42.8) 39 (46.2) 318 @74
8 8.625 (219) 7.625 (194) 0.500 (12.7) 45.664 (295) 436 (64.9) 472 (70.2) 484 (720
10 10,750 {273) 9.750 (248) 0.8500 (12.7) 747 (482) 851  (81.9) 89.5 (88.5) 611 (90.9)

TABLE 4 Dimensional Limits for Standard Pipe Sizes
Copper Alloy UNS No. C81300 and C61400
Nominal or . Regular Extra Strong

Standard Quiside [iame- Min "Max Wl Thiok o W - o ; s — =

Pipa ter, in. (mrm) all Thick- " ' 1 all Thick- .

Size ness, In. (mm) Mt Max ness, in. (mm} Min Max

e 0.405 (10.3)  0.374 (9.50)  0.421 (10.7)  0.088(1.78)  0.061(1.55)  0.075 (1.91) 0.005 (2.41) 0.086 (2.18)  0.105 (2.67)
Va 0.540 (13.7) 0.509 (12.9) 0.556 (14.1)  0.088 (2.24) 0,079 (2.01) 0.097 (2.46) 0.119 (3.02) 0.107 (2.72) 0131 (3.33)
Y 0.675 (17.1)  0.644 (16.4) 0681 (17.6)  0.091 2.31) '0.082(2.08)  0.100 (254) 0.126 (3.20) 0.113 (287) 0.139(3.58)
Ve 0.840 (21.3) 0.809 (20.5) 0.856 (21.7) 0108 2.77) 0.098 (2.49) = 0.120 (3.05) 0147 373) 0.132.(3.35) 0162 @4.11)
Vs ~1.060 (26.7) 1.019 (25.9) 1.066 (27.1)  0.113 (2.87) 0.102 (2.59) 0.124 (3.15) 0.154 (3.41) 0139 (8.58) . 0.160 (4.29)

A 1.916 (33.4) 1.284 (32.6) 1831 (83.8) 0133 (3.38) 0120 (2.05) 0.148 (3.71) 0179 (4.56) 0161 (4.09) 0197 (6.00) .. i
1% 1.660 (42.2) 1.629 (41.4) 1.676 (42.6)  0.140 (3.56) 0.126 (3.20) 0.154 (3.81) 0.191 (4.85)" 0172 (4.37)  0.210(5.83) i
12 1.900 (48.3) 1.869 (47.5) 1916 (48.7)  0.145 (3.68) 0.131 (3.33) 0.160 {4.06) 0.200 (5.08),. 0.180 (4.57)  0.220(5.59) . i
2 2.875(60.3)  2.351(59.7)  2.399(60.9) 0.154(3.91)  0.139(3.53)  0.169 (4.29) 0.218 (5.54) " 0.196 (4.98)  0.240 (6.10) {
2 - 2.875 (73.0) 2.846 (72.3) - 2904 (73.8)  0.203(5.16) . . .0.183 (4.68) 0.223 (5.66) 0276 (7.01) 0.248 (6.30)  0.304(7.72) . .

8- 7 3500889 3.465 (88.0) 3.535 (89.8) 0.216(8.49) 0.194 (4.83) 0.238 (6.05) 0.300 (7.62). 0.270 (6.86) - 0.330 (8.38)

B 4,000 (102) 3.960 (101) 4.040 (108) ©  0.226 (5.74) 0.208 (5.18) 0.249 {6.32) 0.318 (8.08) . 0.286 (7.26)© 0,350 (8.89) -

4 4.800 (114) 4.465 (113) 4.5485 (115) 0.237 (6.02) . 0218 (541) - 0.261 (6.68) 0.337 (8.86) /0,308 (7.70)  0.371 (9.42)"

5 5.562 (141) 5,506 (140) 6618 (143) 0.258 (6.55) 0.232 (5.89) 0.284 (7.21) 0375 (9.53) 0.338 (8.59) 0413 (10.5)

6 6.625 (168) 6.559 (167) 6.691 (170)  0.280(7.11) 0252 (6.40) 0.308 (7.82) ' 0432 (11.0) 0.389 (9.88)  0.475(12.1) :

8 8.625 (219) 8.539 (217) 8.711 (221) 0.322¢8.18)  0.290 (7.37) 0.354 {8.99) 0.500(12.7) 0.450(11.4) 0550 (14.0) ;

10 10.750 273) 10,843 (270)  10.858 (276) 0.365 (9.27)  0.329 {8.36) 0.402 (10.2) 0.500 (12.7) 0.450 (11.4)  0.550 (14.0)

12 12.750 324)  12.623 (321) 12878 (327) 0375 (9.63)  0.338 (8.59) 0.413 (10.5) i
499 ;
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‘'TABLE 5 ' Dimensional Limits for Standard Pipe Sizes

@i B315

Capper Alicy UNS No. 865100 and C65500

" ‘ , Regular Extra $trong
|
7% Diameter, in. Min - Max Wall Wal ‘
Pipe m) I Thickness, Min Max Thickness, Min Max
Size, ... . S in. (pam) . in. {rarm) .
- 0 406 (10.3). - -~ -0.421 (10.7) " 0.068 (1.79) 0.065 {1.86) . 0.083(2.11).. 0.095 (2.41) 0.090 (2.29) 0.123 (3.12)
ES T 0556 (14.1) 0088224 0084213  0102(250)  0.4193.08) 0107 @72 0144 (3.56)
( n 0691 (17.6) 0,081 (2.81). " 0,086 (2.18) 0108 (2.62) 0,126 (3.20)  0.120 (3.0%) 0,148 @.71)
0; 840 (21 B 0.856@17)  0108277) 0.104(284) - 0122(3.10)  0.147(378)  0.140(3.56)  0.168 (4.22)
] N (267‘): T1.019 (25.9) 711,086 (27.1) 0113 (2.87) 0.107 (2.72) 0.124 (3.15) 0.154 (3.91) 0.146 (3.71) 0.171 (4.34)
1 1 315 (83.4) " 1.284(32.6) " 1.331.(33.8) " 0.133 (3.38) 0.126 (3.20) - 0.145 (3.68) 0.179 (4.55) 0.170 (4.32) 0.195 (4.88)
1% 1660422 1529 (41.4) - 1676(426) O0.140(856) 0.133(3.38) . 0.151 (3.84) 0191 (4.85) 0181 (4.60)  0.207 (5.28)
1% Y1900 (48.8) - 1.889 (47.5) 1916 (487)  0.145(368) . 0.188(351)  0.156 (3.96) 0.200 (5.08)  0.190 (4.83) 0.216 (5.49)
4 - 2376 (60.9) 2.3581 (59.7) 2,399 {60.9) 0.154 (3.91)" . 0.146 (3.71) 0.164 (4.17) 0.218 (5.54)  0.207 (5.26) 0.233 (5.92)
2 - 2,875 (73.0) 2.846 (72 3) 7 2904 (73.8)  0.203 (5.18) 0,193 (4.90) 0217 (5.81) 0.276 (7.01)  0.262 (6.65) 0.285 (7.49)
i 3500 (88.9) 3.485 (88.0)  3.535(89.8) 0216(548) ° 0.205(521) . 0230 (584) 0300 (7.62) 0.285(7.24) 0321 (8.15)
3k 4,000 (102) . 3.980 (101) © 4.040(103)  0.226 (5.74) 0.215(5.48) . 0.240 (6.10) 0318 (8.08)  0.302 (7.67) 0.340 (8.64)
4 4500 (114) 4455 (118) 4545 (115) 0237 (6.02)  0.225(572) - 0.252 {6.40) 0.337 (856) 0.320(8.13)  0.360 (9.14)
g 5,562 (141). 5,508 (140) 5.618 (143) 0.268 {6.58) 0.245 (.22} 0.275 (6.99) 0.375 (9.53) 0.356 (9.04) 0.400 (10.2)
g 8.625 (168) = 6.550 (167)  6.691(170) 0.280(711) 0206(678)  0208(757) 0432 (11.0) 0.410(104) 0461 (11.7)
3 B8.625 (219) 8539 (217) By {221) 0.322(8.18) 0.209 (7.59)  0.349 (8.86) 0.500 (12.7)  0.465 (11.8) 0.544 (13.8)
i0 10760 (273)  10.643 (270)  10.856 (276) 0.365(9.27) 0.836(B53)  0.400(10.2) . 0500(127) 0460(11.7)  0.548 (159)
12 12,750 (324) 12,623 (321) 12,878 (327) 0.375 (8.53) 0.345 (8.76) ~ 0.410 (10.4) Lo ces Vs

a

TABLE 6 Wall Thickness Tolerances for Copper Alloy UNS No. C81300 and C61400 Tuhé (Not Applicable to Pipe)

Nore~—Meaximum Deviation at Any Point-The following tolerances are plus and minus; if tolerarces all plus or ail minus are desired, double the values given. .
i ) Outside Diameter, in. (mm) ‘

Wall Thickness, in. {mm) Cver ¥ 10 1 Overito 2 Over2in 4
- {15.9 to 28.4) {254 t0 50.8) (50.8 10 102)

: R incl inct ol
Quer 0.024 (0.810) to 0.034 (0.B84), incl 0.003 (0.076) 0.004 {0.10) 0.004 (0.10)
Over 0.034 (0.864) to 0.057 (1.48), incl 0.0045 (0.11) 0.005 (0.13) 0.006 (0.15)
Over 0.057 (1.45) to 0.082 {2.08), inci 0.005 (0.13) 0.006 {0.15) 0.008 (0.20)
_ Over 0.082 (2.08) to 0.119 (3.02), incl - 0007 (0.18) 0.008 {0.20) 0.009 (0.23)
Over 0.119 (3.02) to 0.164 (4.17), incl 0.008 ( 3.010 {0.25) 0.012 0.30)

0.23)

TABLE 7~ Wail Thickness Tolerances for Copper Alloy UNS No, C65500 Tube (Not Applicablé to Pipe)
Note—Maximum Deviation at Any Point—The following tolerances are plus and minus: if tolerances all plus or all minus are desired, double the values given.

Quitside Diameter,” in. {mm)

Wall Thickness, in, (mm} e 10 V8 Over Vs to % Over %10 1 Qver 1o 2 Quar2tod4  Overdto?  Qver 7 to 10
(0792 10 3.18), (3181015.9), (15910254), (25410508, (50.81t0102), (10210178), (173 to 251),
incl inct inct - inct incl incl incl
Up to 0.017 (0.432), incl . - . 70,0095 {0.064)  0.0015 (0.038)  0.002 {0.051)  0.0025 (0.064) ‘
Over 0.017 (0.432) to 0.024 {0.510), inc! ~ -0.004 (0.10) - 0.0025 (0.084) . 0.0025 (0.064)  0.008 (0.076}
Over 0.024 (0.810) to 0.034 (0.864), inct ~ 0.004 (0.10)  0.003 (0.078). 0.008 (0.076) 0004 (0.10)  0.005 (0.19)
Over 0.034 (0.864) 10 0.057 (1.46), incl 0004 (010 0001 (©I0)  0.0045(0.11) - 0.0045{(0.11)  0.0085(0.17) 0.009 (023 - .., -
Over 0.057 (1.45) to 0.082 (2.08), inc! 0.0045 (0.11)  0.005 (0.18)  0.005 (0.13) © 0.0075 (0.19) 0.010(0.25)  0.013 (0:33)
Over 0.082 (2.08) to 0.119 (3.02), ind! 0.005 (018)  0.0065{0.17)  0.0085(0.17)  0.008 (0.29 0.011(0.28) - 0.014 (0.36)
Over 0119 (3.02) to 0.164 (4.17), Inc) . 0007 (0.8  0.007 (0.18) . 0.0075(018) ~ 0010 (025 0013(0.33)  0.015(0.36)
Over 0.164 (4.17) to 0.219 (5.58), incl’ 0.008 (0.28 0010 (0.28)  0.012 (0.30) 0.015(038)  0.018 (0.46)
Over 0.219 (5.56) to 0,283 (7.19), inct - 0.012 (030), 003 (0.3 0015 (038  0.018 (046) - 0.020 (0.51)
Over 0.283 {7.19) to 0.379 (9.62), inct 0.014 (o;%) a8 88 88 & 88
Over 0.379 {9.62) 68 62 88 88

A When tibe is ordered by outside and inside diameters, the maximum plus and minus dawatlon of the wall thcckness from-the nommai at any ponnt sha! not exceed the

values given in this table by more than 50 %,

@ Percent of the specified wall thickness expressed 1o the nearest 0.001 in. (0.028 mm),

500
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TABLE 8 Wall Thickness Tolerances for Copper Alloy UNS No. C65100 Tube (Not Applicable to Pipe)

Note-—Maximum Deviatlan at Any Point—The following tolerances are plus and minus: if tolerances all phis or all minus are desired, double the values given.

Outside Diarneter, inA (mm)

Yoz {0.792) )

- Wall Thicknese, in. {mm) .. Over Y (8.18)  Over % (15.9) Over 1 (284} to Qver 2 (50.8) 10 Over 4 (1 02) o' “Over 7 (2139) to
A 101 (318, 0% {59,  to1(254) 2 (50.8), 4(109), 7 ©13), 10 (254),
IR Tinel EECD ind inc! inc! : inct incl incl
Up to 0.017 (0 432) inc 0.002 {0.051)° '0.001 (0.025)  0.0015 (0.038) 0.002 (0.051)
Over 0.017 (0.482).10 0.024 {0.610):inci ¥ 0,002 {0:076)  0:002 {0.051)- ~ 0.002 (0.051)  0.0025 (0.064) T
Over 0.024 (0.610) to 0.034 {0.864), incl.... Q.03 (0:076).. - 0,0025 (0.064) . 0,0025 {0.064) 0:003 (0.076) 0.004 (0.10) e
Over 0.084 (0.864) to 0.057 (1.45), incl  0.008 (0.076)  0.003 (0.076)  0.0035(0.089)  0.0035 (0.089) 0.008 {0.13) 0.007 (0.18) © -~ e
Over 0.057 (1.45) to 0.082 (2.08}, incl - 0.0035 {0.089)  0.004 {0.10) 0.004 {0.10) 0.006 (0.15) 0.008 (0.20) - 0.010(0.26) ~
Over 0,082 (2.08) to 0.119 (3.02}, incl 0.004 (0.10) *.  0.005 {0.13) 0.005 (0.13) 0.007 {0.18) 0.009 (0.23) - . 0.011(0.28)
Over 0.119 (3.02) to 0.164 {4.17), inc! 0.005 {0.13) 0.006 {0.18) . 0.006 {0.15) .- - 0.008 (0.20) 0.010 (0.25) 0.012 (0.30) -
Over 0.164 (4.17) to 0.219 {8.56), Incl 0.007 {0.18) . .0.0075 (0.19) 0.008 (0,20} 0.010(0.28) 0012030 ~ 0.014(0.38)
Over 0,219 (8.56) 10 0.283 (7.19), ingl : 0.009 (0.23) 0.010 (0.25) - 0.012(0.80) 0.014 {0.36) 0.016 (0.44) -
Over 0,283 {7.19) to 0.379 (8.62), incl 0.2 (0.30)' N 5@ .58 L BN L A S
Over 0.379 (9. 62) incl ' 58 58 65 68 .

A When round tube is ordered by outside and inside diameters, the maximum plus and minus deviation:of the wall thickness from the nominal’ st any point shall not

exceed the values given in the table by more than 50 %.

2 Percent of the specified wall thmknem expressed to the nearest 0.001 In (0.025 mm).

TABLE 9 Avmage Diameter Tolerances for Tube

{Not Applicable to Pipe)
Copper Alloy UNS No. T olerance, in. {rmm)*

Specified Diameter, In. (mm) - C%g%g”d CE5100 ... .C65500
Up o % (3.18), incl 0.002 (0.051)8  0.003 (0.076) &
Up to ¥ (3.18), incl £.002 (0.051)¢  0.0025 (0.064)°
Over ¥a (3.18) to % (15.9), inc!  0.004 (0.10) 0.002 (0.051) - 0.0025 {0.064)
Over 54 (15.9) to 1 (25.4), il 0.005 (0.13) 0.0025 (0.064) 0.003 (0.076)
Over 1 (25.4)10 2 (50.8). Indl 0,006 (0.15) 0.003 (0.076)  0.004 (0.10)
Over 2 (50.8) to 8 76.2) indd  0.007 (0:18) 0004010 0005019
Over 3 (78.2) to 4 (102), Incl 0.005(0.18)  0.006 (0.15)
Over 4 (102) 10 5 (127), ind! 0.006 (0.15)  0.008 (0.20)
Over 5 (127) 1o 6 (152), incl 0.007 (018)  0.009 (0.23)
Over 6 (152) o 8 (203), inci 0.008(0.20) 0,010 {0.25)
Over B (208) to 10 (254), inc! 0.010.(0.25  0.013 (0.39)

A Tolerance applies 10 inside or outside diamsters, except as noted,
8 On Inslde diameter.
% On outside diameter.

11, Workmanshnp, Finish, and Appearance

_11.1 The material shall be free from defects of a nature
th@t interfere with normal commercial applications and shall
be free of heavy oxides and dirt.

11.2 Copper Alioy UNS Nos. 65100 and 65500 may be
supplied in the following finishes:

121 Specially Cleaned-Commercially free of all ox-
ides, this material has the golden color of the alloy. It is
intended for brazing and welding operations.

11.2.2 Plain pickled, or with dull iridescent filmn on both
the inside and outside surfaces. Plain pickled matertal nor-
mally has a brick red color with cuprous and silicon oxides
still adherent,

11.3 Copper Alloy UNS Nos, C61300 and C61400 shall
be supplied with the normal as-extruded or annealed tam1sh
unless othérwise specified on the purchase order. '

12. Sampling

12.1 Samp]mg—The lot size, portion size, and selectlonA

of sample pieces shall be as follows:

12.1.1 Lot Size--For tube, the lot size shall be 10 000 Ib
(4550 k) or fraction thereof, For pxpe, the lot size sh&ll be as
follows:

501
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TABLE 10 Length Tolerances

Note—Tolerances are all plus—If all minus tolerances are desired, use the
same value. If tolerances plus and minus aré desired, halve the values givén.

Tolerances, in. (mm), Applicable Only to Fll -
Length Pieces

. Length Qutside Diame- (Ztlutaide “‘j"?‘ﬁ Outside Diame-
! ters up to 1 in. oS OVer 11 1 ors over 4 i i,
(254 mm), inot @4 ™M) 04 65 mimy.
' ' in. (102 mm), incl
Bpecific lengths: . .
Up to 8 in. (152 mm), indl Yar (0.79) e {1.6) o
Cver 6 in. (152 mm) 1o 2 # Yag'(1.6). Yy (2.4) i (R
(610 mm), inct o
Over 2# G0 mmjto 6t % (2.4) . % (3.2) e (B.4)
. (1.83m), Incl ‘
Over 6 ft (1.83 m) to0 14 t Va (8.4} /4 (6.4 Ya (8.4)
(4.27 m), ingl ' Lo . ' ’ :
Over 14 it (4.27 m) (13 Y (13) 1.(13)
Specific lengths withends 1 (25) 1 (25) 1@8)
Stock lengths with or without = 14 (25) 14 (25) A (25]

ends

A As stock lengths are cut and placed in stock in advarice of orders depar’:ure
from this tolerance s ot practicable.

TABLE 11 Schedu!a of Tube Lengths (Specific and Qtock) wi‘th:'_

Ends )
Shortest Maximum
. . . ) Permissible  Permissible
Outsido Dimenions,  Speolfo Lendf, | cogin 25 01 Weigh o
" A . Bpecific " Ends, %

' Length . - of Lot W@ight
Upto1(25.4),Incl 6 (1.83) to 20 (8.10), incl 70 . 20 -
Over 1(25.4) to 2 6 (1.83) to 20 (6.10), incl 60 ... 25
. (50.8), incl . S
Over 2(50.8)t0 - - 6 (1.83)t0 20 (8.10), indl 55 a0

S B(76.2), il " R VL
Over 3 (76.2) to 6 (1.89) to 20(8.10), inet 5Q 40
4 (102), incl
A Expressed to nearest 1/3 ft.
Nominal or Standard '

Pipe Size, in, Lot Weight, ib (kg)

Up to 4, incl 10 000 (4550) or

fraction thereof
Over 4 40 000.(18 190) or

fraction thereof

12.1.2 Portion Size—Sample picces shall be taken for test
putposes from each lot according to the.following schedule:
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Number of Pieces Number of Sample Pieces
in Lot ' tobe Taken o
110 50 . ol
5110 200, S T
" 20110 1500 . - SR: TP,
< 0:2% of total number; of

s Over 1500
= -~ pleces in thelot

13, Number of Test and Retests - G R

13.1° 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
12:1.2 and combined into one composite sample. The mini-

mum weight of the composite sample that is to be divided

into three equal parts shall be 150 g.

© 13.1.1 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 dnalyzing
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 chermical composition shall be as
follows:

13.1.1.1 When samples are taken at-the time the castings
are poured, at least one sample shall be taken for each group
of castings poured simultaneously from the same source of
molten metal.

13.1.1.2 When samples are taken from the semifinished

product, a sample shall be taken to represent each 10 000 Ib
(4550 kg) or fraction thereof for all tube and for pipe sizes up
10 4 in., inclusive and 40 000 Ib (18 100 kg) for pipe sizes
over 4 in,, except that not more than one sample shall be
required per piece. .
. 13.1.1.3 Due to the discontinuous nature of the pro-
cessing of castings into wrought products, it is not practical
to identify specific casting analysis with a specific quantity of
finished material. 8 ’

13.1.1.4 In the event that heat identification or trace-
ability is required, the purchaser shall specify the details
desired.

13.2 Tension Tests—For the tension tests, & specimen
shall be taken from each of the pieces selected in accordance
with 12.1. The required tension test shall be made on ¢ach of
the specimens so selected. '

13.3 Pressure Tests—For the purpose of pressure testing
only, a number of lengths of pipe or tube to be tested as
described in 9.1.2 shall be randomly selected from the lot as
follows: . . . ' .

Number of Pipe or Tubes

Lot Size Sample Size
18 3
950 ' 7
51150 20
151-280 32
281-500 50
.501-1200 80

- 12013200 125

13.4 Retests: e L
13.4.1 If any test specimen shows defective machining or

develops flaws, it may be discarded and another specimen
substituted.

13.4.2 If the percentage elongation of any tension test
specimen is less than that specified and any part of the

~fracture is outside the middle two thirds of the gage length or

in a punched or scribed mark within the reduced section, a
retest shall be allowed. .

13.4.3 If the results of any test made to determine the
physical properties fail to meet the specified limits, this test
shall be repeated on each of two additional specimens taken
from different pieces and the results of both of these tests
shall comply with the specified requirements.

13.4.4 If the chemical analysis fails to conform to the
specified limits, analysis shall be made on a new composite
sample prepared from additional pieces selected in accor-
dance with 12.1. The results of this retest shall comply with
the specified requirements. :

13.4.5 If any test specimen rtepresenting a lot fails to
conform to the requirements of 9.1.2, two additional speci-
mens, at the option of the manufacturer, may be taken as
before, and submitted for check analysis or subjected to any
tests in which the original specimen failed, but each of these
specimens shall conform to the requirements specified.

14. Test Methods
14.1 The properties enumerated in this specification shall,

in case of disagreement, be determined in accordance with.

the following applicable methods of the American Society for
Testing and Materials: ‘ 5

ASTM
Test Designation
Chernical analysis E 54
" Tension test ES8

(See also 14.2, 14.3, and 14.4)

14.2 Tension test specimens shall be of the full section of
the tube and shall conform to the requirements of Specimens
for Pipe and Tube section, of Test Methods E 8, unless the
limitations of the testing 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& may be used when a
full-section specimen cannot be tested.

14.3 Whenever tension test results are obtained from both
full-size and from machined test specimens and they differ,
the results obtsined from full-size test specimens shall be
used to determine conformance to the specification require-
ments.

14.4 Tension test results on 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
should not exceed 100 ksi (690 MPa)/min. Above the yield
strength the movement per minute of the testing machine
head under load should not exceed 0.5 in./in. (0.5 mm/mm)
of page length (or distance between grips for full-section
specimens). . , :

15. Signiﬁmncé of Numerical Limits o
-+ 15,1 For purposes of determining compliance with the
specified limits for requirements of the properties listed in
the following table, an observed value or a calculated value

502
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shall be rounded as indicated in accordance with the
rounding method of Practice E 29.

Rounded Unit for
Observed or Calculated
I il

nearest unit in the last right-

Property

Chemical composition
specified limit
o ornearest ket (ueardsr, § MPa), Lol o

Tensile strength . 1
Yield strength I
Elongation

nearest 1%

16. Inspection o ST

16.1 The manufacturer shall afford the inspector repre-

senting the purchaser all reasonable facilities to satisfy him
that the material is being furnished in accordance with the
specified requirements. ‘ B Co "

17. Rejection and Rehearing o .

17.1 Material that fails to conform to the requirements of
this specification may be rejected. Rejection should 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 may make claim for a rehearing.

hand place of figures of the VL

18. Packaging and Package Marking

18,1 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

.and to afford protection from the normal hazards of trans-

portation. :
18.2 Each shipping unit shall be legibly marked with the

_ purchase order number, metal or alloy designation, temper,
 size, shape, gross and net weight, and name of supplier. The
“specification number shall be shown, when specified.

19, Certification S

19.1 When specified in the purchase order or contract, a
manufacturer’s certificate of comphance shall be furnished to
the purchaser stating that each Jot has been sampled, tested,
and inspected in accordance with this specification and the

requirements have been met. When material is specified to:

meet the requirements of 4SME Boiler and Pressure Vessel
Code, the certification requirements are mandatory.

20. Test Report

20.1 When specified in the puréhase ordcf or contract, thé,

manufacturer or supplier shall furnish to the purchaser a
manufacturer’s test report showing the results of the required
tests.

APPENDIX

' (Normandatery Information)

X1. METRIC EQUIVALENTS

X1.1 The S unit for strength properties now shown 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 & 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

stress is the newton per square metre (N/ra®), which has been
named the pascal (Pa) by the General Conference on
Weights and Measures. Since 1 ksi = 6 894 757 Pa the
metric equivalents are expressed as megapascal (MPa), which
is the sare as MN/m? and N/mm?,

Tﬁé"/\merican Society for Tésting and Materials takes no position respecting the validily of any patent rights asserted in connection
with any ltem mentioned in this standard. Users of this standard are expressly advised that determination of the validity of any such .

patent rights, and the risk of infringement of such rights, are entirely their own rasponsibiilty.

This standard is subject to revision at any time by the responsibie technical committee and must be reviewed every five yaars and
if not revisad, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed 1o ASTM Headquarters. Your comments wil receive caraful consideration at a meeting of the responsible
technical committes, which you may attend. If you feel that your comments have rot received a fair hearing you should make your

views Knpwit to the ASTM Compmittes on Standards; 1916 Rage St, Philadelphia, PA 19703,
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qﬂn" Designation: B 42 - 96

Standard Specification for

Seamless Copper Pipe, Standard Sizes'

This standard is issued under the fixed designation B 42; the number immediately following the designation indicates the year of
original adoption o, in the case of revision, the year 9f last revision, A number in parentheses indicates the year of last reapproval. A
:superscdpt epsilon (¢) indicates an editorial change since the last revision or reapproval. '

This specification has been approved for use by agencies of the Department of Defense. Replabes WW-P-377. Consult the DoD Index
of Specifications and Standards for the specific year of issue which has been adopted by the Department of Defense.

1. Scope

1.1 This specification® covers seamless copper pipe in all
nominal or standard pipe sizes, both regular and extra-
strong, suitable for use in plumbing, boiler feed lines, and for
similar purposes.? ‘

1.2 The values stated in inch-pound units are to be

regarded as the standard. The values given in parentheses are.

provided for information purposes only.

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 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 601 Practice for Temper Designations for Copper and
Copper Alloys—Wrought and Cast*

E 8 Tesst Methods for Tension Testing of Metallic Mate-

rials

E 29 Practice for Using Significant Digits in Test Data to

Determine Conformance with Specifications®

E 53 Test Methods for Chemical Ahalysis of Copper’

E 55 Practice for Sampling Wrought Nonferrous Metals

and Alloys for Determination of Chemical Composition’

E 62 Test Methods for Chemical Apalysis of Copper and

Copper Alloys (Photometric Methods)’

E 243 Practice for Electromagnetic (Eddy-Current) Exam-

ination of Copper and Copper-Alloy Tubes®

E 478 Test Methods for Chemical Analysis of Copper

Alloys’

1 This specification is under the jurisdiction of ASTM Committee B-3 on
Copper and Copper Alloys and is the direct responsibility of Subcommittee B05.04
on Pipe and Tube,

Current edition approved April 10, 1996. Published June 1996. Originally
published as B 42 - 22 T. Last previous edition B 42 - 93.

2 For ASME Boiler and Pressure Vessel Code applications see related Specifi-
cation SB-42 in Section II of that Code.

3The 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.

4 Annual Book of ASTM Standards, Vol 02,01,

5 Annual Book of ASTM Standards, Vol 03.01.

6 Annual Book of ASTM Standards, Vol 14.02.

7 Annual Book of ASTM Standards, Vol 03.05,

8 _dnnual Book of ASTM Standards, Vol 03.03,

46

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

3. Terminology

3.1 Definitions:

3.1.1 lengths—straight pieces of the product.

3.1.1.1 standard—unmiform lengths recommended in a
Simplified Practice Recommendation or established as a
Commercial Standard. o

3.1.2 tube, seamless—a tube produced with a continuous
periphery in all stages of the operations.

3.1.2.1 pipe—a seamless tube conforming to the partic-
ular dimensions commercially known as Nominal or Stan-
dard Pipe Sizes.

3.2 Description of Term Specific to This Standard.

3.2.1 capable of—as used in this specification, the test
need not be performed by the producer of the material,
However, should subsequent testing by the purchaser estab-
lish that the material does not meet these requirements the
material shall be subject to rejection.

4, Ordering Information

4.1 Orders for material under this specification shall
include the following information:

4,1.1 Type of copper, if required,

4,1.2 Temper (see 6.1),

4.1.3 Pipe size, regular or extra-strong, (see 10.2),

4,14 Length (see 10.3),

4.1.5 Total length of cach size,

4.1.6 If material is required to meet ASME Boiler and
Pressure Vessel Code,

4.1.7 Certification, if required (see 19.1),

4,1.8 Mill test report, if required (see 20.1),

4,1.9 Hydrostatic test, if required, and

4.1.10 Pneumatic test, if required.

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 specified in the
contract or purchase order.

7
8

5, Chemical Composition

5.1 The material shall conform to the following chemical
requirements:

Copper (incl silver), min, %
Phosphorus, max, %

99.9
0.04

9 Annual Book of ASTM Standards, Vol 01,01,
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TABLE 1 Chemical Requirements

TABLE 2 Tensile Requirements

_ Copper UNS No. Capper (incl Silver), min, % Phosphotus, %
102004 99.95 e
C10300 99.954 0.001 to 0.005
G10800 99,058 0.005 to 0.012
12000 99.90 0.004 t0 0.012
C12200 99.9 0.015100.040 ~

A Oxygen in C10200 shall be 10 ppm max,
2 Gopper + silver + phosphorus.

5.2 The pipe shall be produced from one of the following
coppers, and unless otherwise specified, anyone of them is
permitted to be furnished:

Previously Used
Copper UNS No, Designation Type of Copper

10200 OF Oxygen-free without residual deox-
idants

C10300  Oxygen-free, extradow phosphorus

C10800 Oxygen-free, low phosphorus

C12000 DLP Phosphorized, low residual phos-
phorus

- C12200, DHP Phosphorized, high residual phos-

phorus

5. 3 When the copper is specified, the material shall
conform to the chemical requirements specified in Table 1.

5.4 These specification limits do not preclude the possible
presence of other elements. When required, limits for
unnamed elements are to be established by agreement
between manufacturer or supplier and purchaser.

5.4.1 The major element that is not analyzed shall be -,
determined by difference between the sum of those elements )
~ analyzed and 100 %. By agreement between manufacturer -

and purchaser, it is permitted to establish limits and requlred

analysis for elements not spec:lﬁed

6. Temper

6.1 All pipe shall normally be furnished in the 061 -
(annealed), H55 (light drawn), or H80 (hard drawn) temper; .

as prescribed in Practice B 601, and shall have the properties
shown in Table 2.

» 6.2 When pipe is required for bending, it shall be so
specified in the purchase order, and the pipe shall be
furnished in the temper agreed upon between the manufac—
turer or suppller and the purchaser.

7. Expansmn Test

7.1 Pipe ordered in the annealed (O) condmon, selected
for test, shall withistand an expansion of 25% of the outside
diameter when expanded in accordance with Test Method
B 153, The expanded pipe shall show no crackmg or rupture
visible to the unaided eye, Pipe ordered in the drawn (H)
condition is not subject to this test.

Norg 1—The term “unaided eye,” as used herem, permits the use of
corrective spectacles necessary to obtain norma] vision.

7.2 Asan alternative to the expansion test for plpe over 4
in. (102 mm) in diameter in the annealed condition, a
section 4 in. in length shall be cut from the end of one of the
lengths for a flattening test, This 4-in. specimen shall be
flattened so that a gage set at three times the wall thickness
will pass over the pipe freely throughout the flattened part.
The pipe so tested shall develop no cracks or flaws, visible to
the unaided eye (Note 1) as a result of this test. In making the

Temper Designation ) Tensile
Nil:rr)neinsallzgr Strength, Yield Srsr:r:ngth A
Standard Former min, .
Standard, in. | g (MPaye ksi® (MPg)© ;
0861 annealed all 30 (294) 9 (88)?
H8o hard drawn Va2, incl 45 (310) 40 (280)
H58 light drawn 2-12, incl 36 (250) 30 (210)
A At 0.5 % extension under load.
B ksi = 1000 psi.
© See Appendix X1,

P Light straightening operation is permitted,

flattening test the elements shall be slowly flattened by one
stroke of the press.

8. Microscopical Examination

8.1 The pipe shall be made from copper that is free of
cuprous oxide as determined by microscopical examination
at a 75X magnification. When Copper UNS No. C12200 is
supplied, microscopical examination for cuprous oxide is not
required.

9. Nondestructive Testing

9.1 The material shall be tested in the final size but is
permitted to be tested prior to the final anneal or heat treat-
ment, when these thermal treatments are required, unless
otherwise agreed upon by the manufacturer or supplier and
purchaser. ‘ :

9.2 Eddy-Current Test—FEach piece of material from %
in. up to and including 2%» in. nominal outside diameter, or
within the capabilities of the eddy-current tester, shall be
subjected to an eddy-current test. Testing shall follow the
procedures of Practice E 243, except for determination of
“end effect.” The material shall be passed through an
eddy-current testing unit adjusted to provide information on
the suitability of the material for the intended application.

9.2.1 Notch-depth standards rounded to the nearest 0.001
in. (0.025 mm) shall be 10 % of the nominal wall thickness,
The notch depth tolerance shall be +0.0005 in. (0.013 mm).
Alternatively, when a manufacturer uses speed insensitive
equipment that allows the selection of a maximum nnbal-
ance signal, a maximum 1mba1ance signal of 0.3 % is
permitted to be used.

9.2.2 Material that does not actuate the signaling device of
the eddy-current test shall be considered as conforming to
the requirements of this test. Material with discontinuities

indicated by the testing unit is permitted to be reexamined or

retested, at the option of the manufacturer, to determine
whether the discontinuity is cause for rejection. Signals that

 are found to have been caused by minor mechanical damage,

47

soil or moisture shall not be cause for rejection: of the
material provided the dimensions of the material are still
within prescribed limits and the material is suitable for its
intended application, o

9.3 Hydrostatic Test—When spemﬁed the material shall
stand, without showing evidence of leakage, an internal
hydrostatic pressure sufficient to subject the material to a
fiber stress of 6000 psi (41 MPa), determined by the
following equation for thin hollow cylinders under tension.
The material need not be tested at a hydrostatic pressure of
over 1000 ps1 (6 9 MPa) unless so specified.

P= 2St/(D 0.8z)
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TABLE 3 S$tandard Dimensions, Weights, and Tolerances
NoTte—All tqlerances pitig;and minus except as otherwnse mdxcated

Nominal or

Average Qutside

Standard | D?:r:usei?:r Diatrieter Thl::’;! & Tolerance,® Theoretical Weight,

Pipe Size, in (min)' Tolerance, A in. in. ) ! in. (mm) Ib/ft (kg/m)
in. B (mm) Al Minus ; :

e Regular "
e 0.405°(10.3) 0.004 (0.10) 0.062 (1.67) 0.004 (0.10) 0.259 (0.385)
4 0.540 (13.7) 0.004 (0.10y 0.082 (2.08) 0.005 (0.13) 0,457 (0.680)
% 0.675 (17.1) 0,005 (0-18)" 0.090 (2.29) 0.005 (0.13) 0.641 (0.954)
e 0.840 (21.3) 0.005 (0:18) 0.107 (2.72) 0.006 (0.15) . 0.955 (1.42)
Y 1.080 (26.7) 0:0060.15) 0.114 (2.90) 0.008 (0.15) - 1.30(1.99)
1 1.315 (33.4) 0.006 (0.15) 0.126 (3.20) 0.007 (0.18) -~ 1.82.271)
1V 1.660 (42.2) 0.006 (0.15) 0.146 (3.71) 0.008 (0.20) 2,69 (4:00)
12 1.900 (48.3) 0.006 (0.15) 0.1 50 (3.81) 0.008 (0.20) 3.20 (4.76)
2 2.375 (60.3) 0.008.(0.20) 0.156 (3.96) 0.009 (0.23) 4.22 (6.28)
22 2.875 (73.0) 0,008 (0.20) 0.187 (4.75) e 0.010 (0.25) 6.12(9.11)
3 3.500 (88.9) +0.010 (0.25) 0.219 (5.56) 0.012 (0.30) 8.76 (13.0)
312 4,000 (102) 0.010 (0.25) 0.250 (6.35) 0.013 (0.33) 1.4 (17.0)
4 " 4,500 (114) - 0.012 (0.30) 0.250 (6.36) . 0.014 (0.36) 12.9 (19.2)
5 5.562 (141) 0.014 (0.36) 0.250 (6.35) 0,014 (0.36) 16.2 (24.1)
6 : 6.625 (168) 0.016(0.41) 0.250 (6.35) 0.014 (0.36) 19.4 (28.9):
8 8.625 (219) 0.020 (0.51) 0.312 (7.92) 0.022 (0.56) 31.6 47.0)
10 10.750 (273) 0.022 (0.56) 0.365 (9.27) 0.030 (0.76) 46.2 (68.7)
12 12.750 (324) 0.024 (0.61) 0.376 (9.52) 0.030 (0.76) 58.5 (84.1)
. . Edxtra Strong . . iy

L ke 0,405 (10.3) 0.004 (0.10) ' 0.100 (2.54) 0.006 (0.15) 0.371 (0.552)
s 0.540 (13.7) 10,004 (0.10) 0.123 (3.12) 0.007 (0.18). 0.625 (0.930)
Y 0.675 (17.1) 0.005 (0.13) 0.127 (3.23) 0.007 (0.18) 0.847 (1.26)
2 0.840 (21.3) '0.006 (0.13) 0.149 (3.78) . 0.008 (0.20) 1.25 (1.86)
Y T 1050 (26.7) . 0.006 (0.15) 0.157 (3.99) -0.009 (0.23) 1.71 (2.54)
1 1.315 (33.4) 0.006 (0.15) 0.182 (4.62) 0.010 (0.25) 2 51 3.73)
1Va 1.660 (42.2) 0.006 (0.15) 0.194 (4.93) 0.010 (0.25) ‘ 3,46 (5.15)
1% 1.900 (48.9) 0.006 (0.15) 0.203 (5.16) 0.011 (0.28) T 419(6.29)
2 2.375 (60.3) 0,008 (0.20) - 0.221 (6.81) 0.012 (0.30) i 6.80 (8.63)
22 . 2.875 (73.0) . 0.008 (0.20) 0.280 (7.11), . 0,015 (0.38) 8.85.(13.2)
3 . 3.500 (88.9) 0.010 (0.25) 0. 304 (7 72) " 0.016 (0.41) 11.8 (17 6)
3s 4.000 (102) 0.010 (0.25) 0.321 (8.16) 0.017 (0.43) 14.4 (21.4)
4 4.500 (114) + 0.012 (0.30) 0.341 (8.66) 0.018 (0.46) 17.8(26.7)
5 - 5,562 (141) | v . 0.014 (0.36) 0.375 (9.52) 0.019 (0.48) 23.7 (35.3)
6 6.625 (168) -, 0.016 0.41) 0.437 (11.1) 0.027 (0.69) 32.9 (49.0)
8 8.625 (219) ° 0.020 (0.51), 0.500 (12.7) 0.035 (0.89) 49.5 (73.7)
10 ' 10.750 (273) 0.022 (0. 56) ' 0.500 (12,7). ; .0.040 (1.0) . 62.4 (92.9).

AThe average outsnde diameter of a tube s ths’ average of the maxnmum ‘and minimum ou15|de diarrietérs as.determined at any one cross séction of the pipe.

B Maximum deviation at any one point.
] 13
where
= hydrostatic pressure, psi (or MPa),

t = wall thickness of thie material, in. (or mm),
D = outside diameter of the matenal in.'(or mm), and °
§ = allowable stress of the materidl, psi (or MPa).

94 Pneumattc Test—When spec1ﬁed the matenal shall
be subjected to an internal air pressure, of 60 psi: (415 kPa)
minimum for 5 s w1thout showing ev1dence of leakage The
test method used shall permit easy., wsual detectlon of any
leakage, such as by having the material under water or by the
pressure-differential method. Any evidence of leakage shall
be cause for rejection. ,

10. Dimensions and Permissible Varlatmns

10.1 For the purpose of determlmug conformance with
the dimensional requirements prescnbed in this spemﬁca-
tion, any meastred value outside the limiting values for any
dimensions shall be sufficient cause for rejection.

10.2 Standard Dimensions, Wall Thzckness, and Dzam-
eter Tolerances—The standard dlmensmns wall thickness,
and diameter tolerances shall be in acdordance with Table 3.

10.3 Length and Length Tolerances—The standard length
of copper pipe is 12 ft (3.66 m) with a telerance of +1/z in.
(13 mm). ‘

10.4 Roundness ‘

10.4.1 For drawn unannealed plpe in stralght lengths, the
roundness tolerances shall be as follows:

. Roundness Tolerances as

/d (ratio of . Percent of Outside Diameter
L, Wall T“mckness to (Expressed to the Nearest
Outside Dlameter) o 0 001 in, (0:025 mm))
0010 003, jiol ' 1.5
Qver 0.03 10 0.03, incl O Y
Over 0.05 t0 0,10, incl 08 .
Over 0.10 0.7

10.4.2 Compliance with the roundness tolerance shall be
determined by taking measurements on the outside diameter
only, irrespective of the manner m which the pipe dimen-
sions are specified, -

10.4.3 The deviation from roundness is measured as the
difference bétween madjor and minor diametérs as deter-
mined at any one cross section of the tube.

10.5 “Squareness of Cut—The departuré from squareness
of the+end ‘of any pipe shall not exceed the following:

48
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Quiside Diameter, - :
in, (mm) . . Tolerance
Up to % (15.9), inel - 0,010 in. (0.25 mm) s
Over % (15.9) 0.016 in, /in, (0.016 mm/mm) of diameter

11. Workmanship, Finish, and Appearance ‘

11.1 The material shall be free of defects of a nature that
interfere with normal commercial applications, It shall be
well cleaned and free of dirt.

12. Sampling

12.1. Sampling—The lot size, portion size, and selection of
sample pieces shall be as follows:
12.1.1 Lot Size—The lot size shall be as follows:

Pipe Size, in. Lot Weight, Ib (kg) .
Up to" 144, incl 5 000 (2270) or fraction thersof
Over 12 10 4, incl L0 000 (4550) or fraction thereof
Over 4 40 000 (18 100) or fraction thereof

12.1.2 Portion Size—Saraple pieces shall be taken for test

purposes from each lot according to the followmg schedule;

Number of Pieces in Lot . Number of Sample Pieces to be Taken4t

11050 . o1

51 to 200 ) 2 2

201 to 1500 3 .
0.2 % of total number of pieces in the lot, but

QOver 1500
y not to exceed 10.sample pieces

4 Each sample piece shall be taken from a separate tube,

13. Number of Tests and Retests

13.1 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
12.1.2 and combined into oné composite sample The
minimum weight of the composite sample that is to be
divided into three equal parts shall be 150 g,

13.1.1 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 semi-finished 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 chcmlcal composmon shall be as-

follows:

‘13.1.1.1 '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.: ..~

13.1.1.2 When samples are taken from the sem1-ﬁmshed
product, a sample shall be taken to represent each 10- 000 Ib
(4550 kg) or fraction thereof, eXCept that not more than 01'1‘6
sample shall be required per piece. : :

13.1.1.3 Due to the discontinuous nature of the .pro-
cessing of castings into wrought products, it is not practical
to identify specific castmg analysis wﬁh a spemﬁc quantlty of
ﬁmshed material. .*- By

13.1.1.4 In the event that heat 1dent1ﬁcatron or trace—
ability  is Tequired;: the purchaser shall spemfy the detaﬂs
desired. = .

49

13.2 Retests: -

13.2.1 If any test specimen shows defectlve machlnmg or'

develops flaws, it shall be discarded and another specimen
substituted.

13.2.2 If a bend test specirnen fails, due to conditions of |

bending more severe than required by the specification, a
retest shall be permiited on a new sample piece or on the
remaining portion of the first sample piece.

13.2.3 If the results of the test on one of the specrmens fail
to meet the specified requirements, two additional specimens
shall be taken from different sample pieces and tested. The
results of the tests on both of these specimens shall meet the
specified requirements. Failure of more than one specimen
to meet the specified requirements for a particular property
shall be cause for rejection of the entire lot.

. 1324 If the chemical analysis fails to conform to the

specified limits, analysis shall be made on 2 new composite _

sample prepared from additional pieces selected 'in accor-
dance with 12.1. The results of this retest shall comply w1th
the spec1ﬁed reqmrements

14. Test Methods

14.1 The properties enumerated in this specification shall,
in case of disagreement, be determined in accordance wrth
the following applicable test methods: o

Test ASTM Designation
Chemical analysis B 1708, E 53, E 62, E478
Tension ‘ E8
Expansion (pin test) B 153

E 243

Eddy current” -~

4 See 2.1,

2 Reference to Specification B 170 is to the suggested chemical methods in the
annex thereof When Committee E-1 has tested and published methods for
assaying the low level impurities in copper, the Specification B 170 annex wﬂl beé
eliminated.

14.2 Tension test specimens shall'be of the full s'ectlon of
the pipe and shall conform to the requirements of ‘the’

Specimens for Pipe and Tube section, of Test Methods E'8,
unless the limitations of'the testing machine preclude the use

of such a specimen. Test specimens conforming to Type No.

I of Fig. 13; Tension Test Specimens for Large-Diameter

Tubular Products;: of Test Methods E 8 is permitted to be

used when a full section specimen carinot be tested.

14.3 Whenever tension test results are obtained from both
full size'aihd machined test specimens and they differ, the
results obtained from full size test specimens shall be used to
determine conformancs to the specification requirements,

14.4 Tension test results on 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, it is recommended that the rate of stressing to
the yield strength not exceed 100 ksi (700 MPa)/min. Above

the yield strength it is recommended that the moveément per
minute of the testing machine head under load not exceed’
0.5'in./in, (0.5 mm/mm) of gage length (or dlstance between'

grips for full-sectron specimens).

15. Slgmﬁcance of Numerical Limits -

15.1 For purposes of determining comphance with the;

specified limits for requirements of the properties listed in
the following table, an observed value or a calculated value
shall be rounded as indicated .in accordance with .the

PRO_00093017



Case 1:13-cv-01215-TSC Document 198-17 Filed 10/07/19 Page 123 of 124

b Ba2

rounding method of Practice E 29,
tat : Rounded Ynit for
Property Observed or Calculated Value
Chemical composition nearest unit in the last right-and place
o of figures of the specified limit
%:l?g;g:;hgm néarest ksi (nearest 5 MPa)

16. Inspection

16.1 The manufacturer shall aﬁ‘ord the inspector repre-
senting the purchaser all réasonable facilities, without charge,
to satisfy him that the material is being furnished in
accordance with the specified requirements.

17. Rejection and Rehearing

17.1 Material that fails to conform to the rcquirements of
this specification shall be subject to rejection, Rejection is to
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 shall have the option to make
claim for a rehearing,

18. Packaging and Package Marking
18.1 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
and to afford protection from the normal hazards of trans-
portation. ‘

18.2 Each shipping unit shall be legibly-marked with: the
purchase order number, metal or alloy des1gnation, temper,
size,. total length or piece count or both, and name of
supplier. The specification number shall be shown, when
specified.

19. Certification -

19.1 ‘When specified on the purchase order thé’ manufac-
turer shall furnish to the purchaser a certificate statmg ‘that
each lot has been sampled, tested, and inspected in accor-
dance with this spec1ﬁca’mon and has met the requirements.
When material is specified to meet the requirements of
ASME -Boiler and Pressure Vessel Code, the' certification
requlrements are mandatory

20. Mill Test Report

20.1 When specified on the purchase order, the manufac-
turer shall furnish to the purchaser a test report showing
results of tests required by the specification.
21, Keywords

21.1 copper pipe; extra strong; regular; standard sizes

SUPPLEMENTARY REQUIREMENTS

The following supplementary requn‘ements shall apply only when specified by the purchaser in the i 1nqu1ry
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 Preserva‘uon, Packagmg and Packing
Levels

Fed. Std. No. 123 Marking for Shipment (C1v11 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:'°

MIL-C-3993 Packaging of Copper and Copper-Base Alloy
Mill Products

$2. Quality Assurance

S2.1 Responszbzlzty Jfor 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 shall use his own or any other
suitable facilities for the performance of the inspection and
test requirements unless disapproved by the purchaser at the

10 Ayailable frotm Standardization Docuinents Order Desk, Bldg. 4 Section D,
700 Robbins Ave., Philadelphia, PA 19111-5094, ATTN: NPODS,
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time the order is placed The purchaser shall have the right to

perform any of the 1nspect10ns or tests set forth when such
inspections 4nd tests are deemed hecessary to assure that the
matenal conforms to prescnbed requirements.

S3. Identification Marking - - ‘

83.1 All material shall be properly marked for identifica-
tion in accordance with Fed. Std. No. 185 except that the
ASTM speclﬁcatlon number and the alloy number shall be
used.

S4. Preparation for Dellvery

S4.1 Preservation, Packaging, Packmg

S4.1.1 Militaiy Agencies—The material shall be separated
by .size, composition, grade, or class and shall be preserved
and packaged, Level A.or. C;and packed, Level A; B, or C, as
specified in the contract or purchase order, in accordance
with the requirements of MIL-C-3993,

$4.1.2 Civil Agencies—The requirements of Fed. Std. No.
102 shall be referenced for deﬁmnons of the various levels of
packaging protection. ‘

4.2 Marking:

S4.2.1 Military Agencies—In addition to any special
marking required by the coutract or purchase order, marking
for shipment shall be in accordance with MIL-STD-129,

84.2.2 Civil Agencies—In addition to.any special marking
required by the comtract or purchase:order, marking for
shipment shall be in accordance with Fed. Std. No. 123,
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APPENDIX

(Nonmandatory Information)

Xi. METRIC

X1.1 The SI unit for strength properties now shown 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

EQUIVALENTS

stress is the newton per square metre (N/mz), which has been
pamed the pascal ‘(Pa) by the General Conference on
Weights and Measures, Since | ksi = 6 894 757 Pa the
metric equivalents are expressed as megapascal (MPa), whlch
is the same as MN/m2 and N/mm .

The Amsrlcan Society for Testing and Materials takes no position respectlng the vel/drty of any patent rights asserted ifi connection
with any item mentioned in this standard, Users of this standard are expressly advised that detéimination of the validity of any such
patent rights, and the risk of inlr/ngement of such rights, are ent/rely their own respons:b:llty .

+ This standard is subjaot to revision at any time by the reaponsible tachnical commlttee 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 additionel standards -
and should be addressed to ASTM Headquarters. Your comments will receive careful consideration at a meeling of the responsible '
technical committee, which you may aitend. If you feel that your commients have ot received a fair hearing you should make your:
views known to the ASTM Commiittee on Standards, 100 Barr Harbor Drlve, West Conshohocken, PA 19428, . ,
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