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INTERNATIONAL
Standard Specification for
U-Bend Seamless Copper and Copper Alloy Heat Exchanger
1
and Condenser Tubes
This standard is issued under the fixed designation B 395/B 395M; 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 epsilonef indicates an editorial change since the last revision or reapproval.
This standard has been approved for use by agencies of the Department of Defense.
1. Scope * C71520 70-30 copper-nickel-
. ) . : : (modified for welding)
1.1 This specificatichestablishes the requirements for con- C72200 copper-nickel

denser, evaporator, and heat exchanger U-bends that arg Designations listed in Classification B 224,

manufactured from seamless copper and copper alloy tube. 1 5 The following pertains only to the test method described
1.2 Units—The values stated in either inch-pound units ori, gections 11 and 15, of this specificatidiiis standard does

S| units are to be _regarded separately as the standard. Withjpy; purport to address all of the safety concemns, if any,

the text, the S units are shown in brackets. The values stategsqciated with its use. It is the responsibility of the user of this

in each system are not exact equivalents; therefore, eacizngard to establish appropriate safety and health practices

system shall be used independently of the other. Combining,y getermine the applicability of regulatory limitations prior
values from the two systems could result in nonconformance, |;se.

with the specification.
1.3 This specification is applicable to product 2 in. [50 mm]2. Referenced Documents
or less, inclusive, in diameter. 2.1 The following documents of the issue in effect on date

1.4 The product shall be produced from one of the followingof material purchase form a part of this specification to the
coppers or copper alloys, as specified in the ordering informaaytent referenced herein:

tion: 2.2 ASTM Standards:

CCOPPe;ﬁf breviously Used B 153 Test Method for Expansion (Pin Test) of Copper and
opper Alloy reviously Use . .
UNS No. Designation Type of Metal COpper—A"oy Pipe and TUblﬁg .

B 154 Test Method for Mercurous Nitrate Test for Copper
10200 OFA oxygen-free without residual deoxidants and Copper A||0y§
C10300 oxygen-free, extra low phosphorus B170 S ificati for O = Electrolvtic C
C10800 oxygen-free, low phosphorus - pecincauon tor Oxygen-Free Electrolyuc Copper—
C12000 DLPA phosphorized, low residual phosphorus Reﬁnery Shapés
C12200 DHPA ?J?Sphorized high residual phospho- B 224 ClaSS.ification of Coppe?rs ' .
©14200 DPAA phosphorized, arsenical B 601 Practice for Temper Designations for Copper and
C19200 phosphorized, 1 % iron Copper Alloys—Wrought and Cast
giiggg 5 red brass B 846 Terminology for Copper and Copper Alldys
ype B admiralty metal . .

C44400 Type C admiralty metal B 858 Test Method for Ammonia Vapor Test for Determin-
C44500 Type D admiralty metal ing Susceptibility to Stress Corrosion Cracking in Copper
Cosron  TpeB  aluminm brase. Alloys®
C70400 P 95-5 copper-nickel B 900 Practice for Packaging Copper and Copper Alloy
C70600 90-10 copper-nickel Mill-Products for U.S. Government Agencies
C70620 ?rgjd‘i’ﬁzng)errwgg') E 3 Practice for Preparation of Metallographic Specirfiens
C71000 80-20 copper_nickEF E 8 Test Methods for Tension Testing of Metallic Materfals
C71500 70-30 copper-nickel E 8M Test Methods for Tension Testing of Metallic Mate-

rials [Metric]*
E 29 Practice for Using Significant Digits in Test Data to

* This specification is under the jurisdiction of ASTM Committee BO5 on Copper Determine Conformance with Specificatiéns
and Copper Alloys and is the direct responsibility of Subcommittee B05.04 on Pipe

and Tube.
Current edition approved Apr. 10, 2002. Published July 2002. Originally ———
published as B 395 — 62 T. Last previous edition B 395 — 95. 2 Annual Book of ASTM Standardgol 02.01.
2 For ASME Boiler and Pressure Vessel Caajgplications see related Specifi- 4 Annual Book of ASTM Standardgol 03.01.
cation SB-395 in Section Il of that Code. 5 Annual Book of ASTM Standardgol 14.02.

*A Summary of Changes section appears at the end of this standard.

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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E 53 Test Methods for Chemical Analysis of Cogper 4.3 In addition, when material is purchased for agencies of
E 54 Test Methods for Chemical Analysis of Specialthe U.S. Government, it shall be in accordance with the
Brasses and BronzZes requirements specified in the Supplementary Requirements

E 62 Test Methods for Chemical Analysis of Copper andsection, when specified in the contract or purchase order.
Copper Alloys (Photometric Methods)

E 75 Test Methods for Chemical Analysis of Copper-Nickel5. Materials and Manufacture
and Copper-Nickel-Zinc Alloys 5.1 Materials

E 112 Test Methods for Determining Average Grain Size 5.1.1 The material of manufacture shall be of such quality

E 118 Test Methods for Chemical Analysis of Copper-5ng purity that the finished product shall have the properties

Chromium Alloy$ L : S o s
X . .and characteristics prescribed in this specification for the
E 243 Practice for Electromagnetic (Eddy-Current) Exam"applicable alloy and temper.

nation of Copper and Copper-Alloy Tubfes 5 2 Manufacture
E 255 Practice for Sampling Copper and Copper Alloys for ~*
PiNg ~opp PP 4 5.2.1 Tubes required to be U-bent to a small radius shall, if

Determination of Chemical Compositidn - X
E 478 Test Methods for Chemical Analysis of CopperSPecified, be furished as dual-gage tubes. o
Alloys’ 5.2.1.1 These tubes shall be made prior to U-bending with
the wall thickness of the central section of the tube length,
3. Terminology increased the equivalent of one Stubs’ or Birmingham Wire

3.1 For the definitions of terms related to copper and coppefP@9e (BWG) thicker than the wall thickness specified for the
alloys, refer to Terminology B 846. straight leg portion of the U-bend tube.

3.2 Definitions: 5.2.1.2 Unless otherwise specified, dual-gage tubes shall be
3.2.1 u-bend tuben—a tube bent 180° in a single plane into Made to constant inside diameter; that is, the increased wall
a U-shape. thickness shall be obtained by increasing the outside diameter

3.2.2 dual-gage tuben—a tube which has more than one Of the finished tube in the central heavy gage section.
wall-gage thickness contained within the length of the tube. 5.2.2 The bent portion of the U-bend tube shall be substan-

3.3 Definitions of Terms Specific to This Standard: tially uniform in curvature.

3.3.1 squareness of cutthe maximum deviation of one
side of a cross section of tube from the opposite side, whefi. Chemical Composition
measured against the projected perpendicularity of the plane of .1 The material shall conform to the chemical composition
the projected center of the tube at the ends. requirements specified in Table 1 for the copper or copper alloy
. . specified in the ordering information.

4. Ordering Information A
] o ] 6.2 These specification limits do not preclude the presence

4.1 Orders for product under this specification shall includeyt ynnamed elements. By agreement between the manufac-
the following information: . turer, or supplier, and purchaser, analysis may be required and

4.1.1 ASTM designation and year of issue, _ limits established for elements not specified.

4.1.2 Copper or copper alloy UNS No. designation (Section 6.3 Copper Alloy UNS No. C19260Copper may be taken
as the difference between the sum of all the elements analyzed
and 100 %. When all the elements in Table 1 are analyzed, their
sum shall be 99.8 % minimum.

6.4 For copper alloys in which copper is specified as the
remainder, copper may be taken as the difference between the
gum of all the elements analyzed and 100 %.

6.4.1 When all the elements in Table 1 are analyzed, their

6),
4.1.3 Temper (Section 7),
4.1.4 Dimensions—X—diameter and wall thickness of the
tube (see 12.1 and 12.2),

4.1.5 Schedule of bending radii (see 12.2.5),

4.1.6 Length of U-bend tube legs (see 12.2.8),

4.1.7 If the product is to be subsequently welded (see Tabl

1), and ) .
4.1.8 If the product is to be for U.S. Government. sum shall be as shown in the following table.
4.2 The following options are available and shall be speci- Conoer Alloy UNS N Copper Plus Named
fied at the time of placing the order, when required: opper oy > emens, % mn
4.2.1 Tension test (see 9.1), C60800 99.5
4.2.2 Relief anneal of U-bent portion of copper-nickel g;gggg gg'g
U-bend tubes (see 7.6), C70620 99.5
4.2.3 Dual-gage, a schedule of tubes required in dual-gage C71000 99.5
and length of heavy gage section must be furnished with this croe P
option (see 5.2.1 and 12.2.3), C72200 99.8

4.2.4 Certification, if required (see 21), and

4.2.5 Mill Test Report, if required (see 22). 6.5 For copper alloys in which zinc is specified as the

remainder, either copper or zinc may be taken as the difference
between the sum of all the elements analyzed and 100 %.
s Annual Book of ASTM Standardéol 03.05. 6.5.1 When all the elements in Table 1 are analyzed, their
7 Annual Book of ASTM Standardéol 03.06. sum shall be as shown in the following table.
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Copper Plus Named 8. Grain Size of Annealed Tempers
Copper Alloy UNS No. Elements, % min 8.1 Samples of annealed-temper (061) tubes selected for

€23000 99.8 test shall be subjected to microscopical examination at a

€44300 99.6 magpnification of 75 diameters and shall show uniform and

C44400 99.6 o

C44500 99.6 complete recrystallization.

C68700 99.5 8.2 Materials other than Copper Alloy UNS No. C19200
7. Temper shall have an average grain size within the limits of 0.010 to

0.045 mm.

7.1 Tempers, as defined in Practice B 601, are as follows: 8.3 The requirements of this section do not apply to product

7.2 Prior to U-bending, tubes of Copper Alloy UNS Nos. f the light- H reli
C23000, C44300, C44400, C44500, C60800, C68700§_|tR§0)|gOE drawn temper éoftis())ndg?vt"ﬁe’?rrgjﬁcrte leved temper

C70400, C70600, C70620, C71000, C71500, C71520, an
C72200 shall be in the annealed temper (O61), unless otheg. Mechanical Property Requirements
wise specified in the purchase order. 9.1 Tensile Pro :
: i . perty Requirements
7.3 Prior to bending, U-bend tubes of Copper Alloy UNS 9.1.1 Product specifi :
A pecified to meet the requirementdSME
glr?:l'l gé?ﬁ?%h?%j?:\?vg tc<:erlnop?eoro(,l—%152)Ogg,bgiizl‘ogésggrc,:AlII‘g/Oé)o”er and Pressure Vessel Codball have tensile properties
X .as prescribed in Table 2 for product specified in inch-pound

UNS. NOS' C7O4OO’. C706(.)O' C70620, and C72200 shall, i nits or Table 3 for product specified in Sl units.
specified, be made in the light-drawn temper (H55).

7.4 Prior to bending, U-bend tubes of Copper Alloy UNS 10. Performance Requirements
No. C19200 shall be in the annealed (061) or light drawn

temper (H55) as specified. Tube specimens selected for test shall withstand the expan-

7.5 Prior to bending, U-bend tubes Of_ Copper Alloy UNS gjon shown in Table 4 when expanded in accordance with Test
No. C71500 or C71520 shall be made in the drawn, stresSyathod B 153.

relieved temper (HR50), when specified.

7.6 The U-bend portion of tubes furnished in Copper Alloy 11. Other Requirements
UNS Nos.hcllzgooo,r(‘}44300,|Cd44400, ?44?)00’ dQ608f00, ar_1d 11.1 Flattening Test-When specified in the contract or
C68700 shall be relief annealed (HR) after bending. If speciy, \ opase order, the flattening test described in the Test Method
fied, the U-bend portion of tubes furnished in Copper Alloysection in 17.2.1.3 shall be performed.

UNS Nos. C70400, C70600, C70620, C71000, C71500, 14 4 4 During inspection, the flattened areas of the test-

C71520, and C72200 shall be relief annealed (HR) a1Etegpecimen shall be free of defects, but blemishes of a nature that

bending. do not interfere with the intended application are acceptable.
Note 1—Some tubes, when subjected to aggressive environments, may 11.2 Mercurous Nitrate Test or Ammonia Vapor Test

be subject to stress-corrosion cracking failure because of the residual 11.2.1 The mercurous nitrate or ammonia vapor test is

tensile stresses developed in straightening. For such applications, it 'ﬁgquired only for Copper Alloy UNS Nos. C23000, C44300,

suggested that tubes of Copper Alloy UNS Nos. C23000, C44300C44400 C44500. C60800. and C6870Na('ning—MerCUry
C44400, C44500, C60800, and C68700 be subjected to a stress relievin L ' ' .
(HR) thermal treatment subsequent to straightening. If required, this mug a definite health hazard and therefore equipment for the

be specified on the purchase order or contract. Tolerances for roundne? §t?Ct'9n and removal of mercury vapor pmduced. In Vo_lat'lf
and length, and the condition of straightness, for tube so ordered, shall Uéatl_on is recommended. The use of rubber gloves in testing is
to the requirements agreed upon by the manufacturer and purchaser. advisable.)

10.1 Expansion Test

TABLE 2 Tensile Requirements

Temper Designation Tensile Yield

Copper or Copper Alloy UNS No. Strength, Strength,? EI(_)ngatl_onoln
Standard Former min, ksi & min, ksi & 2in., min, %

C10200, C10300, C10800, C12000, C12200, H55 light drawn 36 30
C14200
C19200 H55 light drawn 40 35
C19200 061 annealed 38 12
C23000 061 annealed 40 12
C44300, C44400, C44500 061 annealed 45 15
C60800 061 annealed 50 19
C68700 061 annealed 50 18
C70400 061 annealed 38 12
C70400 H55 light drawn 40 30
C70600, C70620 061 annealed 40 15
C70600, C70620 H55 light drawn 45 35
C71000 061 annealed 45 16
C71500, C71520 061 annealed 52 18

For wall thicknesses up to 0.048 in., incl HR50 drawn, stress-relieved 72 50 12

For wall thicknesses over 0.048 in. HR50 drawn, stress-relieved 72 50 15
C72200 061 annealed 45 16
C72200 H55 light drawn 50 45
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TABLE 3 Tensile Requirements (SI)

Temper Designation Tensile Yield Elongation in
Copper or Copper Alloy UNS No. Strength, Strength,? 50.8 mm,
Standard Former min, MPa min, MPa min, %

C10200, C10300, C10800, C12000, H55 light drawn 250 205

C12200, C14200

C19200 H55 light drawn 275 240

C19200 061 annealed 260 85

C23000 061 annealed 275 85

C44300, C44400, C44500 061 annealed 310 105

C60800 061 annealed 345 130

C68700 061 annealed 345 125

C70400 061 annealed 260 85

C70400 H55 light drawn 275 205

C70600, C70620 061 annealed 275 105

C70600, C70620 H55 light drawn 310 240

C71000 061 annealed 310 110

C71500, C71520: 061 annealed 360 125
For wall thicknesses up to 1.2 mm, incl HR50 drawn, stress-relieved 495 345 12
For wall thicknesses over 1.2 mm HR50 drawn, stress-relieved 495 345 15

C72200 061 annealed 310 110

C72200 H55 light drawn 345 310

TABLE 4 Expansion Requirements the manufacturer and purchaser, or alternately, if the purchaser

Temper Designation

Expansion of
Tube Outside

defers to the manufacturer’s expertise for the selection of the
test pH value, the minimum value selected shall be 9.8.

eSS e Diameter 1t 11.3 Nondestructive Examination for Defects
Standard Former Original Outside 11.3.1 Each tube, prior to bending, shall be subjected to the
Diameter eddy-current test.
061 annealed g;gggg gg 11.3.2 Tubes may be tested in the final drawn, annealed, or
44300, CA4400, C44500 20 heat-treated temper or in the draw_n temper prior to the final
C60800 20 anneal or heat treatment at the option of the manufacturer.
C68700 20 11.3.3 Testing shall follow the procedures of Practice E 243.
g;ggggy C70620 gg 11.3.4 Unlegs otherwise agreed upon between the manufac-
C71000 30 turer, or supplier, and the purchaser, the manufacturer shall
232388' C71520 gg have the option of calibrating the test equipment using either
H55 light-drawn 10200, C10300, C10800, notch-depth or drilled-hole standards. If agreement cannot be
C12000, C12200 20 reached, notch-depth standard shall be utilized.
513288 58 11.3.5 The depth of the round-bottom transverse notches
©70400 20 and the diameters of the drilled holes in the calibrating tube
C70600, C70620 20 used to adjust the sensitivity of the test unit are shown in Table
C72200 20 5 and Table 7 for the material specified in the inch-pound
HR58 drawn, stress C71500, C71520 20

relieved

TABLE 5 Notch Depth

Tube Outside Diameter, in.

11.2.2 The test specimens, cut 6 in. [150 mm] in length fromr e wai Thickness, in.

. . Over ¥4 to Over % to Over 1%a to
both the U-bend and straight leg length, shall withstand, Y, incl 1% incl 2. incl
without cracking, an immersion in the standard mercurouss, . o 0170032 0.005 0.006 0007
nitrate solution in Test Method B 154 or immersion in the incl, 0.032-0.049 0.006 0.006 0.0075
ammonia vapor solution as defined in Test Method B 858: thénc!. 0.049-0.083 0.007 0.0075 0.008

. . . - Incl, 0.083-0.109 0.0075 0.0085 0.0095
straight leg specimens shall include the finished tube ends. |/ ¢'109-0 120 0.009 0.009 0011

Note 2—There is no standard test method to evaluate the effectiveness
of a relief-anneal (HR) of the U-bend section of copper-nickel or
copper-nickel-iron tubes with respect to stress-corrosion cracking suscep-

TABLE 6 Notch Depth (SI)

tibility. Tube Outside Diameter, mm
11.2.3 Unless otherwise agreed upon between the manufa&upe Wall Thickness, mm Over 6to 19, Over 19 to 32, Over 32 to 50,
turer, or supplier, and the purchaser, the manufacturer shall incl incl incl
have the option of using either the mercurous nitrate test or thever 0.43-0.81 0.13 0.15 0.18
ammonia vapor test. If agreement cannot be reached, tg) 71:,%° o o o
mercurous nitrate test standard shall be utilized. Incl, 2.1 to 2.8 0.19 0.22 0.24
0.23 0.28

11.2.4 If the ammonia vapor test is selected, the appropriatigc!. 2.8 to 3.0 0.23

risk level pH value for the test solution shall be agreed upon by
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TABLE 7 Diameter of Drilled Holes leakage for 5 s. The test method used shall permit visual
Diameter of . detection of any leakage, such as by having the tube under
Tube Outside Diameter, in. D””e‘i‘nH"'eS’ Drill No. water or by the pressure differential method. Any evidence of
: leakage shall be cause for rejection.
Y4 10 ¥4, incl 0.025 72
Over %4, incl 0.031 68 . . . i
Over 1-1va, incl 0.036 64 12. Dimensions, Mass, and Permissible Variations
Over 1%:-1%2, incl 0.042 58 12.1 Tube Diameter~The outside diameter of the straight
e e ! oo o leg portion of the tube, exclusive of the central heavy gage
portion, shall not vary from that specified by more than the
amounts shown in Table 9 for product specified in the
TABLE 8 Diameter of Drilled Holes (SI) inch-pound system or Table 10 for product specified in the Sl
Diameter of system as measured by “go” and “no-go” ring gages.
Tube Outside Diameter, mm Drilled Holes, Drill No. 12.2 Thickness o . _
mm 12.2.1 Tubes Ordered to Minimum WaHPrior to bending,
60-0—12-906in205| o il 8'322 Zg the wall thickness of the single-gage tubes at the thinnest point
ver .0-25.0, InC . . e .
Over 25.0-32.0. incl 0.915 by shall not b_e less than the th|_c_kness specified. T_he maximum
Over 32.0-38.0, incl 1.07 58 plus deviation from the specified wall at any point shall not
Over 38.0-45.0, incl 117 56 exceed twice the value shown in Table 11 for product specified
Over 45.0-50.0, incl 1.32 55

in the inch-pound system or Table 12 for product specified in

the S| system.

system and Table 6 and Table 8 for material specified in the SI 12.2.2 Tubes Ordered to Nominal Wak _

system. 12.2.2.1 Prior to bending the maximum plus and minus
11.3.6 Tubes that do not actuate the signaling device of th@eviation from the nominal wall at any point shall not exceed

eddy-current tester shall be considered as conforming to th@€ values shown in Table 11 for product specified in the

requirements of this test. inch-pound system or Table 12 for product specified in the SI
11.3.7 Tubes causing irrelevant signals because of moisturgyStem. _ _

soil, and minor mechanical damage may be reconditioned and 12.2.2.2 When tubes are required in dual-gage, the wall

retested. thickness of the heavy gage portion, prior to bending, shall
11.3.8 Such tubes, when retested to the original test parans;onform to the applicable tolerances in Table 11 or Table 12 for

eters, shall be considered to conform if they do not causé'e specified heavier gage (Note 3).

output signals beyond the acceptable limits. ~ Note 3—The wall thickness of the heavy-gage section of the dual-gage
11.3.9 Tubes causing irrelevant signals because of visiblgibe shall be determined by adding one half the difference between the

and identifiable handling marks shall be considered in coneutside diameter at the heavy gage and the outside diameter of the

formance if the tube dimensions are within the prescribedstandard gage to the minimum measured wall thickness determined at

limits and if the tubes conform to the leak test requirements ofither end of the tube.

11.4.2 or 11.4.3, unless otherwise agreed to by the manufac- 12.2.3 Wall Thickness of Tube in U-Bend Sectiefihe wall

turer and purchaser. thickness of the tube at the apex of the U-bent section shall be
11.4 Each U-bend tube shall be tested to the requirements obt less than the value determined by the following equation:
either 11.4.2 or 11.4.3. t, = t(2R)/(2R + D) )
f

11.4.1 Unless otherwise specified, the manufacturer shall
have the option of the leak test to be used.
11.4.2 Hydrostatic Test-Each tube shall withstand an in- Where:

ternal hydrostatic-pressure sufficient to subject the material tor = thickness after bending, in. [mm], B

a fiber stress of 7000 psi [48 MPa] without evidence of t = specified thickness of minimum wall or specified
leakage. The tube need not be tested at a hydrostatic pressure ~ nominal wall minus the permissible wall thickness
of over a gage pressure of 1000 psi [6.9 MPa], unless so tolerance, in. [mm],

= centerline bend radius, in. [mm], and
= nominal outside diameter of the tube, in. [mm]
Proof of conformance to this requirement shall be obtained

specified. The stress shall be determined by the followingD
equation for thin hollow cylinders under tension:

P=2s((D-08) () by bending a tube specimen representative of the material
offered to the scheduled radius of bend cutting the tube at the
where: apex of the bend, measuring the tube wall at the cross section
P = hydrostatic pressure, psi [MPa], of this apex section, and comparing the measured value with
t = thickness of tube wall, in. [mm], the calculated value df.
D = outside diameter of the tube, in. [mm], and 12.2.4 Length of Central Heavy-Gage Section of TubEhe
S = allowable stress of the material, psi [MPa]. nominal length of the heavy-gage section of the dual-gage tube

11.4.3 Pneumatic Test-Each tube shall be subjected to an prior to bending shall be as specified but in no case shall the
internal air gage pressure of 60 psi [400 kPa], minimum. Thdength of the heavy-gage section be specified less than 4 in.
product shall maintain pressure and show no evidence dfLl00 mm] nor less than the length of the bend measured along
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TABLE 9 Diameter Tolerances

Wall Thickness, in.

Outside Diameter, in. 0.032 0.035 0.042 0.049 and Over

Diameter Tolerance, Plus and Minus, in.

Up to 0.500 incl 0.0025 0.0025 0.0025 0.0025
Over 0.500-0.740, incl 0.004 0.004 0.0035 0.003
Over 0.740-1.000, incl 0.006 0.005 0.0045 0.004
Over 1.000-1.250, incl 0.009 0.008 0.006 0.0045
Over 1.250-1.375, incl 0.008 0.005
Over 1.375-2.000, incl 0.006

TABLE 10 Diameter Tolerances (SI)

Wall Thickness, mm

Outside Diameter, mm 0.813 0.889 1.07 1.24 and Over

Diameter Tolerance, Plus and Minus, mm

Up to 12.0, incl 0.064 0.064 0.064 0.064
Over 12.0-18.0, incl 0.010 0.10 0.089 0.076
Over 18.0-25.0, incl 0.15 0.13 0.11 0.10
Over 25.0-35.0, incl 0.20 0.13
Over 35.0-50.0, incl 0.15
TABLE 11 Wall Thickness Tolerances equal to or greater than O in. [0 mm]. The differenbe-(@)
Outside Diameter, in. between the lengths of the heavy-gage section which extend
Over ¥s to Over % to Over 1 1o 2, beyond the point of tangency into the U-bend tube legs shall
Wall Thickness, in. , incl 1, incl incl not exceed 1 in. [25 mm].
Wall Thickness Tolerances, Plus 12.2.6 Bending Radius-The leg spacing, measured be-
and Minus in. tween the points of tangency of the bend to the legs shall not
0.032, incl to 0.035 0.003 0.003 0.004 vary from the value (R — specified tube outside diameter) by
0.035, incl to 0.058 0.004 0.0045 0.0045 than¥is in. 1.6 hereR is th ified terl
0.058. incl to 0.083 0.0045 0.005 0.005 more than¥is in. [1.6 mm] whereR is the specified centerline
0.083, incl to 0.120 0.005 0.0065 0.0065 bend radius (Note 4).
0.120, incl to 0.134 0.007 0.007 0.0075

Note 4—The higher tensile properties recognized by the ASME Code
for Copper Alloy UNS No. C71500 or C71520 in the drawn, stress-
TABLE 12 Wall Thickness Tolerances (SI) relieved temper (HR50) and Copper UNS Nos. C10200, C10300, C10800,
C12000, C12200, C14200, and Copper Alloy No. C70400 in the light-
drawn temper (H55) are obtained with some sacrifice of ductility.
Over 3.0 to 16.0, Over 16.0 to Over 25.0to  Similarly, though the ASME Code does not recognize Copper Alloy UNS

Outside Diameter, mm

Wall Thickness, mm - 2_5.0|, 5_0.(|), No. C70600 or C70620 in the light-drawn temper (H55), tubes in this
inc inc inc temper are frequently required.
Wall Thi"k”;S"\j,To'erancesv Plus Note 5—The radius of the bend of tubes of C71500 or C71520, in the
and Minus mm drawn stress-relieved temper (HR50), shall not be less than 2.2 times the

0.813, incl to 0.889 0.076 0.076 0.10 tube outside diameter for tubes with 0.049-in. [1.24 mm] wall, and not less
0.889, incl to 1.47 0.10 0.11 0.11 than two times the tube outside diameter for tubes with 0.058 in. [1.47
1.47, incl to 2.11 0.11 0.13 0.13 mm] wall
2.11, incl to 3.05 0.13 0.17 0.17 :
3.05, incl to 3.40 0.18 0.18 0.19 12.2.7 Diameter of Tube in U-Bent SectierNeither the

major, nor the minor outside diameter of the tube at any one

the centerline bend radius between the points of tangency. TH&0SS section included within the points of tangency of the bend
tolerance on the length of the heavy gage section shall be pighall deviate from the nominal diameter prior to bending by
3 in. [76 mm], minus 0 in. [0 mm]. The transition from the More than 10 %.
larger tube diameter of the heavy-gage section to the diameter 12.2.8 Length of U-Bend Tube LegsThe lengthL in Fig. 1
of the tube in the standard-gage section shall be gradual arif the tube legs as measured from the point of tangency of the
take place in a distance of not less thi#nin. [3.2 mm] nor  bend and the tube leg to the end of the tube leg shall not be less
more than 1 in. [25 mm] measured parallel to the tube axis. than that specified when measured at a temperature of 68°F
12.2.5 Centering of U-Bend in Heavy-Gage Section of[20°C], but may exceed the specified values by the amounts
Tube—U-bends in the dual-gage tube shall be centered sulshown in Table 13 for product specified in the inch-pound
stantially within the heavy-gage section of the tube. Thesystem or Table 14 for product specified in the SI system.
heavy-gage section of the tube shall extend to or beyond the 12.2.8.1 The difference in length of the tube legs shall not
point of tangency, that is, the dimensienin Fig. 1 may be be greater thads in. [3.2 mm], unless otherwise specified.



Ay B 395/8 395M

Wall Thickness of
Heavy Gage Section

|<— Leg Length
_i Difference

of Bend to Legs

Points of Tangency

Wall Thickness
Standard Gage
Section

'

v/lTransi‘rion Length from
+ ->1 h Heavy to Standard Gage

1

Leg Length (L) —————»

i

Outside Diameter
of Standard Gage
Section

FIG. 1 Centering of U-Bend in Heavy Gage Section of Tube

TABLE 13 Tube Leg Tolerances

TABLE 16 Squareness Tolerances (Sl)

Specified Length, (L) ft

Up to 20, incl
Over 20-30, incl
Over 30-60, incl
Over 60

Tolerance all Plus, in.

Vs
Y22
Ya
Ys

TABLE 14 Tube Leg Tolerances (Sl)
Specified Length, (L) mm

Tolerance all Plus, mm

Up to 6000, incl 3.2
Over 6000-9000, incl 4.0
Over 9000-18 000, incl 6.4
Over 18 000 9.5

12.2.9 Squareness of CutThe departure from squareness

Specified Outside
Diameter, mm
Up to 16.0, incl
Over 16.0

Tolerance
0.25 mm
0.016 mm/mm

the inside and outside surface. Drawn-temper tubes shall be
clean and smooth, but may have a superficial film of drawing

lubricant on the surfaces. A light oxide scale on the outside and
inside surfaces of U-bend tubes shall be allowed for tubes
which have been relief annealed.

14. Sampling

14.1 The lot size, portion size, and selection of pieces shall
be as follows:
14.1.1 Lot Size—For purposes of testing, a lot shall consist

of the end of any tube shall not exceed the values given iRy oo tubes or fraction thereof, for tubes whose lengths prior
Table 15 for product spe'c!ﬁed. in the inch-pound System Okq y-pending are up to and including 45 ft [13 800 mm] or 300
Table 16 for product specified in the SI system. See Fig. 2. {yhes or fraction thereof for tubes whose lengths prior to

U-bending are over 45 ft [13 800 mm]. As tubes intended for

U-bending are of different lengths depending on the bending
Departure from radius, a lot of tubes for sampling purposes may include tubes
Squareness ’I of different lengths. If any order includes tubes whose lengths

prior to bending are both under and over 45 ft [13 800 mm],
those tubes shall be divided into separate lots as noted above.
14.1.2 Portion Size—Pieces from two tubes selected from
each lot prior to bending.

14.2 Chemical Analysis

14.2.1 Samples for chemical analysis shall be taken in
accordance with Practice E 255. Drillings, millings, and so
forth, shall be taken in approximately equal weight from each
of the sample pieces selected in accordance with 14.1.2 and
combined into one composite sample. The minimum weight of
the composite sample that is to be divided into three equal parts
. o shall be 0.33 Ib [150 g].
13. Workmanship, Finish, and Appearance 14.2.1.1 Instead of sampling in accordance with Practice

13.1 Roundness, straightness, uniformity of the wall thick-E 255, the manufacturer shall have the option of determining
ness, and inner and outer surface of the tube shall be such asdonformance to chemical composition as follows: Conform-
make it suitable for the intended application. ance shall be determined by the manufacturer by analyzing

13.2 Annealed-temper (O61) tubes shall be clean andamples taken at the time the castings are poured or samples
smooth, but may have a superficial, dull iridescent film on bothtaken from the semi-finished product. If the manufacturer

""" A

FIG. 2 Squareness of Cut

TABLE 15 Squareness Tolerances

Specified Outside

Diameter, in.
Up to %, incl
Over %8

Tolerance
0.010 in.
0.016 in./in.
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determines the chemical composition of the material during the 16.3 Tension Test
course of manufacture, he shall not be required to sample and 16.3.1 Tension test specimens shall be of the full section of

analyze the finished product. tube and shall conform to the requirements of the Test
14.2.1.2 The number of samples taken for determination oSpecimen section of Test Methods E 8 or E 8M, as applicable
chemical composition shall be as follows: unless the limitations of the testing machine precludes the use

(@) When samples are taken at the time the castings aref such a specimen. Test specimens conforming to Type No. 1
poured, at least one sample shall be taken for each group of Fig. 13, Tension Test Specimens for Large-Diameter Tubular
castings poured simultaneously from the same source d®roducts, of Test Methods E 8 or E 8M shall be used when a
molten metal. full section specimen cannot be tested.

(b) When samples are taken from the semi-finished prod- 16.3.2 Tension test results on product covered by this
uct, a sample shall be taken to represent each 10 000 Ib [45%pecification are not seriously affected by variations in speed of
kg] or fraction thereof, except that not more than one sampléesting. The rate of stressing to the yield strength shall not
shall be required per piece. exceed 100 ksi/min [690 MPa/mm]. Above the yield strength,

(c) Due to the discontinuous nature of the processing othe movement per minute of the testing machine head under
castings into wrought products, it is not practical to identifyload should not exceed 0.5 in./in. [0.5 mm/mm], as appropriate
specific casting analysis with a specific quantity of finishedof gage length (or distance between grips for full section
material. specimens).

(d) In the event that heat identification or traceability is 16.4 Expansion Test SpecimefTest specimens shall con-
required, the purchaser shall specify the details desired. form to the requirements of the Specimen Preparation section

of Test Method B 153.

15. Number of Tests and Retests 16.5 Mercurous Nitrate Test or Ammonia Vapor Test

15.1 Tests 16.5.1 Asufficient length of tube taken from each of the two
15.1.1 Chemical Analysis-One composite sample shall be sample lengths selected for test specimens (see 14.1) shall be
subjected to the test as defined in 14.2. U-bent to the smallest radius in the order and shall be subjected

15.1.2 Grain Size—Two tubes shall be selected from eachto the same relief-annealed (HR) treatment to be used for this
lot prior to bending and each tube shall be tested to verify th&ize in producing the order.
requirements in Section 8. 16.5.2 The test specimens shall be cut 6 in. [150 mm] in

15.1.3 Tensile Property Requirementsfwo tubes shall be length from both the U-bend and straight-leg length.
selected from each lot prior to bending and each tube shall be 16.5.3 The straight-leg specimens shall include the finished-
tested to verify the requirements in Section 9. tube ends.

15.1.4 Expansion Test-Two tubes shall be selected from 16.6 Flattening Test-A test specimen shall be cut to a
each lot prior to bending and each tube shall be tested to verifiength that will allow the tube to be flattened at three (3) places
the requirements in Section 10. along the length, with each flattened area to be at least 2 in [50

15.1.5 Flattening Test-Two tubes shall be selected from mm] in length. When the temper is other than annealed, the
each lot prior to bending and each tube shall be tested to verifgample may be annealed prior to testing.
the requirement in 11.1.

15.1.6 Mercurous Nitrate Test or Ammonia Vapor Fest 17. Test Methods
The two sample lengths selected for test specimens in 14.1 17.1 Chemical Compositian

shall be tested to verify the requirements of 11.2. 17.1.1 Chemical compositions for all other alloys, in case of

15.2 Retests disagreement, shall be determined as follows:
15.2.1 If any test specimen representing a lot fails to

. . Element Range Test Method
conform to the requirements of Sections 6, 8, 9, 10, and 11,
when required, two additional specimens, at the option of the gOF’Pef 32-(7)5t t°9397-§9 5537:85'Elctr<;'ytl'°t_

. . opper .0 to 99. , Electrolytic
supplier, may be taken as before, and submitted for product 5, 0910 1.2 E 478, Photometric
analysis or subjected to any tests in which the original Auminum 1.810 6.5 E 478
specimen failed, but each of these specimens shall conform to &;ze'v incl Cobalt g-g;?jg-go Egg' Zr:n‘;'if:‘;tgscor ion
the requirements specified. Failure of either of these retest |, 0041018 E 478 pron.
specimens to meet the specified requirements for a particular zinc 14.0 to 30.0 E 478, Titrimetric
property shall be cause for rejection of the entire lot. Zinc 0 1.0 E 478, Atomic Absoprtion

Manganese to 1.0 E 62
. . Arsenic 0.02 to 0.5 E 62
16. Specimen Preparation Antimony 0.02 10 0.1 E 62
16.1 Chemical Ana|ysi:s Phosphorus 0.001 to 0.04 E 62
. . . Ch i 0.30 to 0.70 E 118
16.1.1 Sample preparation shall be in accordance with ~"°™" °
Practice E 255. 17.2 Other Tests
16.1.2 Analytical specimen preparation shall be the respon- 17.2.1 The product furnished shall conform to all other
sibility of the reporting laboratory. requirements when subjected to testing in accordance with the
16.2 Grain Size—The test specimen shall be prepared infollowing table:
accordance with Test Method E 3 and shall approximate a Ammonia Vapor Test B 858
radial longitudinal section of the tube. Eddy Current E 243
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Expansion (Pin Test) B 153 20. Rejection and Rehearing

I\G/Irea;?ui)liz Nitrate E 1&1'51 20.1 RejeCtion

Tension ES, 20.1.1 Material that fails to conform to the requirements of
E8M, this specification when inspected or tested by the purchaser, or
appii purchaser’s agent, may be rejected.
cable 20.1.2 Rejection shall be reported to the manufacturer or

supplier promptly. In addition, a written notification of rejec-
tion shall follow.
20.1.3 In case of dissatisfaction with results of the test upon

b%7i.r?.%j'$r-rﬁ1nf)lot?1 fT(Ialst;;/Vhennde;/rermt(ranngz?n tzstt rtesultsin::\renwhich rejection is based, the manufacturer, or supplier, may
obtained from both full size a 0 achined 1est SpeCIMeng, o claim for a rehearing.

and they differ, the results obtained from full-size specimens 20.2 Rehearing—As a result of product rejection, the manu-

shall prevail. . , facturer, or supplier, may make a claim for a retest to be
17.2.1.3Flattening Test-Each test specimen shall be flat- ¢oqq,cted by the manufacturer, or supplier, and the purchaser.
tened in a press at threg (3) p!aces along the length, e;ach n%"élmples of the rejected product shall be taken in accordance
place to be rotated on its axis approximately one-third tumy i, the product specification and subjected to test by both
frqm the last flgttened area. Each flattened area shall be at leqﬁrties using the test method(s) specified in the product
2 in. [50 mm] in length. A flattened test specimen shall allow o cification. Alternately, upon agreement of both parties, an

a micrometer caliper set at three (3) times the wall thickness t dependent laboratory may be selected for the test(s) using the
pass freely over the flattened area. The flattened areas shall t method(s) specified in the product specification.

inspected for surface defects.

17.2.1.1Grain Size—In case of dispute, the intercept
method of Test Mehod E 112 shall be followed.

21. Certification

18. Significance of Numerical Limits 21.1 When specified in the contract or purchase order, the
18.1 For purpose of determining compliance with the specipurchaser shall be furnished certification that samples repre-
fied limits for requirements of the properties listed in thesenting each lot have been tested or inspected as directed in this

following table, an observed value or a calculated value shaipecification and requirements have been met.
be rounded as indicated in accordance with the rounding 21.2 When identified in the ordering information that prod-

method of Practice E 29. uct is purchased foASME Boiler and Pressure Vessel Code
Rounded Unit for Observed or applications, certification to this specification is mandatory.
Property Calculated Value .
22. Mill Test Report
Chemical composition ”earfi;thf_ﬂg:;tglzc'iséf fiqures 22.1 When specified in the contract or purchase order, a
Tensile strength nearest ksi [nearest 5 MPa] report of test results shall be furnished.
Elongation nearest 1 % . .
Expansion nearest 1 % 23. Packaging and Package Marking
Grain size nearest multiple of 0.005 mm

23.1 Packaging—The material shall be separated by size,
19. Inspection composition, and temper, and prepared for shipment in such a
manner as to ensure acceptance by common carrier for

19.1 The manufacturer shall inspect and make necessagy,nqnortation and to afford protection from the normal hazards
tests to verify that the product furnished conforms to the

. . e of transportation.
requirements of this specification. 23.2 Package Marking—-Each shipping unit shall be legibly

192 I, in addition, the purchaser elects to perform his_ OWNmarked with the purchase order number, metal or alloy
inspection, the manufacturer shall afford the inspector, W'thOUHesignation, temper, size, shape, total length of piece count, or

charge, all reasonable facilities to satisfy him that the tubes argoth  and name of supplier. The specification number shall be
being furnished in accordance with this specification. All testsshown, when specified.

(except product analysis) and inspection shall be made at the

place of manufacture prior to shipment, unless otherwis@4. Keywords

specified, and shall be so conducted as not to interfere with the 24.1 condenser tube; copper; copper alloy; dual-gage;

operation of the works. evaporator; heat exchanger; U-bend tube; C10200; C10300;
19.3 The manufacturer, or supplier, and the purchaser mag10800; C12000; C12200; C14200; C19200; C23000;

conduct the final inspection simultaneously by mutual agree€44300; C44400; C44500; C60800; C68700; C70400;

ment. C70600; C70620; C71000; C71500; C71520; C72200

10
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SUPPLEMENTARY REQUIREMENTS

The following supplementary requirements shall apply only when specified by the purchaser in the
inquiry, contract, or order, for agencies of the U. S. Government.

S1. Referenced Documents placed. The purchaser shall have the right to perform any of the

S1.1 The following documents of the issue in effect on datdnspections or tests set forth when such inspections and tests
of material purchase form a part of this specification to thea’® deemed necessary to assure that the material conforms to
extent referenced herein: prescribed requirements.

S1.1.1 Federal Standards: o _

Fed. Std. No. 102 Preservation, Packaging and Packing3- Identification Marking

Levels _ _ o ) S3.1 All material shall be properly marked for identification
Fed. Std. No. 123 Marking for Shipment (Civil Agencies) in accordance with Fed. Std. No. 185 except that the ASTM

Fed. Std. No. 185 Identification Marking of Copper and specification number and the alloy number shall be used.
Copper-Base Alloy Mill Products

S1.1.2Military Standard® S4. Preparation for Delivery

MIL-STD-129 Marking for Shipment and Storage ) _ )

S1.1.3ASTM Standard: S4.1 Preservation, Packaging, Packing:

B 900 Practice for Packaging of Copper and Copper-Anoy S41.1 Mllltary AgencieS—The material shall be SeparatEd
Mill Products for U.S. Government Agencies by size, composition, grade or class and shall be preserved and

_ packaged, Level A or C, packed, Level A, B, or C as specified

S2. Quality Assurance in the contract or purchase order, in accordance with the

S2.1 Responsibility for Inspection: requirements of Practice B 900.

S2.1.1 Unless otherwise specified in the contract or pur- S4.1.2 Civil Agencies—The requirements of Fed. Std. No.
chase order, the manufacturer is responsible for the perfot02 shall be referenced for definitions of the various levels of
mance of all inspection and test requirements specified. Excepickaging protection.
as otherwise specified in the contract or purchase order, the S4.2 Marking:
manufacturer may use his own or any other suitable facilities g4 5 1 Military Agencies—In addition to any special mark-

for the performance of the inspection and test requirementﬁ,]g required by the contract or purchase order, marking for
unless disapproved of by the purchaser at the time the order js°hipment shall be in accordance with MIL-STD-129.

S4.2.2 Civil Agencies—In addition to any special marking
® Available from Standardization Documents Order Desk, DODSSP, Bldg. 4required by the contract or purchase order, marking for

SUMMARY OF CHANGES

Committee BO5 has identified the location of selected changes to this specification since the last issue
(B 395 — 95) that may impact the use of this standard.

(1) General rewrite of the specification to comply with the (3) Addition of alloys C70620 and C71520 for Welding Grade.
outline of form, including miscellaneous working changes. (1) Addition of B 858 as Test Method.
(2) Addition of the Keywords section of the specification.

11
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ASTM International takes no position respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard. Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed 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 International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multiple copies) of this standard may be obtained by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service@astm.org (e-mail); or through the ASTM website
(www.astm.org).
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