Cu Znb

Common names: 95/3 Brass
95/5 Gilding Metal

A copper—zinc alloy with an alpha phase structure. The alloy has excellent cold-working properties and is generally not susceptible to
dezincification and stress corresion. 1 is widely used for smail-arms ammunition and, due to its attractive golden colour, for decorative
applications.

COMPOSITION (weight %)

Cu . . . 94.0-96.0
In . . ,  rem.

1 SOME TYPICAL USES

Coinage
Coins, medals and tokens.

Decorative
Emblems, costume jeweltery, plaques; good base material for gold plate and vitreous enamel.

Munitions
Small arms ammunition including bullet envelopes (clad on steel}, fuse caps and primer caps.

2 PHYSICAL PROPERTIES

Metric Units English Units
2.4 Density at 20°C 68°F . . . . . . . . 8.85 gfem? 0.320 |bfin?
2.2 Melting range . . . . . . . . . . 1 055-1 070 °C 1930-1 960 °F
2.3 Coefficient of thermal expansion (linear) at:
20 to 100°C 68 to 212°F . . . . . . . 0.000 017 per°C 0.000 010 per °F
20 to 300°C 68tos72°F. . . . . . .| oocoo18 , 0.000010 ,,
2.4 Specific heat (thermal capacity) at:
20°C 68°F . . . . . . . . oogcafg°C 0.09 Btujlb °F
2.5 Thermal {_:onducﬁvity at:
—200°C —328°F . . . . . . . . 0.31 cal emfcm? s °C 74 Btu ffit2 h °F
20°C 68°F . . ) ) . . . .| os6 " 135 "
200°C 392°F . . . . . . . .1oss5 3 157 .
2.6 Electrical conductivity (volume) at:
—196°C —321 °F (annealed) . . . . . . 71 mjohm mm? 123 % 1ACS
2000 68 OF{ 1" ) ' ' . ' N - 32 11} 56 1" n
200 °C 392°F { wo Y. . . . . . 23 . 40 ,, .
—196°C —321 °F (fully cold worked} . . . . 67 " 115 o
20°C 68°F( " T B . . . 31 n 1
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Cu Znlio0

Common names: 90/10 Brass
90/10 Gilding Metal
Commercial “Bronze

A copper-zinc alloy with an alpha phase structure, The alloy has excellent cold-working properties and is generally not susceptible to
dezincification and stress corrosion. Due to its cold formability and attractive golden colour, the alloy is widely used for architectural and
decorative applications.

COMPOSITION (weight %)

Cu . . 89.0-91.0
Zn . . rem.

1 SOME TYPICAL USES

Architectural
Showcase and window fittings, grillwork, weatherstrip, cold-formed angles and channels, ornamental pressings and trim.

Decorative
Cosmetic compacts, lipstick cases, costume jewellery, emblems and medatlions; base material for vitreous enamel.

Hardware
Marine hardware; riveis and screws; wire gauze; slide (zip) fasteners.

Munitions
Primer caps and shell bands; bullet envelopes (clad on steel).

2 PHYSICAL PROPERTIES .

Metric Units English Units
2.1 Density at 20°C 68°F . . . . . . . . 8.80 gfcm? 0.320 [b/in®
2,2 Melting range . . . . . . . . . . 1025-1045°C 1875-1 915 °F
2.3 Coefficient of thermal expansion {linear) at:
20 to 100°C 680812°F. . . . . . . |o.000018percC 0.000 010 per °F
20 to 300 °C 68 to 572 °F . . . . . . 0000018 ,, ,, 0000010 ,,
2.4 Specific heat (thermal capacity) at:
20°C 68°F . . . . . . . . 0.09 cal/g °C 0.09 Btu/flb°F
200°C 392°F . . . . . . . . 010, 0f0
2.5 Thermal conductivity at:
20°C 68°F . . . . . . . . | 0.45 cal cmfem25°C 109 Btuft/fe h°F
200°C 392°F . . . . . . . 0.54 " 131 "
2.6 Electrical conductivity (volume) at:
—186 °C --321 °F (annealed) . . . . . . 48 mfohm mm? 78 % IACS
20°C 68 °F { wo ). . . . . . 26 . 44 .,
200°C 392°F(C . ). . . . . . |19 " 33, .
—186°C —321 °F (fully cold worked) . . . . 40 . 69, .
20°C 68°F{ , . s ) . . . |23 " 0., .
continued overleaf
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2 PHYSICAL PROPERTIES {(continued)

Metric Units

English Units

2.7

Electrical resistivity {volume) at:

—198 °C ~321 °F (annealed)

20°C 68°F( o, )

200°C 392°F( . )
—186 °C -~321 °F (futly cold worked)
20°C 68°F( v v w )

2.8 Temperature coefficient of electrical resistance at:

2.9

2.10

20°C 68 °F (annealed) . . .
applicable over range from 0 to 100 °C 32 lo 212°F
20°C 68°F {fully cold worked) . .
applicable over range from 0 to 100°C 3210 212°F

Modulus of elasticity (tension) at 20 °C 68 °F
annealed . . . . . .
cold worked

Modulus of rigidity (torsion) at 20 °C 68 °F
annealed . . . . . .
cold worked

0.022 chm mm?/m
2.2  microhm cm

0.03% chm mm2/m
3.9 microhm cm

0.053 ohm mm®%/m
53 microhm cm

0.025 ohm mm?/m
2.5 microhm cm

0.043 chm mm?/m
4.3 microhm cm

0.00f 9 per °C (449, 1ACS}

0.0017 ,, . (405, 1ACS)

12 700 kgfmm?
12 000-12 700 kgfmm?

4 650 kgfmm?
4 4004 650 kgfmm2

13 ohms (circ milfft)
0.86 microhm in

24 ohms (circ milfff)
1.5 microhm in

32 ohms (circ milfft)
21 microhm in

15 ohms (circ milfft)
0.98 microhm in

26 ohms (circ mil/ft)
1.7 microhm in

0.001 0 per °F (44% | ACS)

00009 ,, , (4057 1ACS)

18 000 000 Ibfin?
17 000 00018 000 000 1hfin?

6 600 000 Ihfin?
6 250 0006 600 000 {bfin?

M.B.: The values shown in Section 2, which have been appropriately rounded in view of the composition range involved, are based on selected literature

techniques adopted and properties required in the material.

references.

3 FABRICATION PROPERTIES

The information given in this table is for general guidance anly, since many factors influence fabrication techniques.
The values shown are approximate only, since those used in practice are dependent upon form and size of metal, equipment available,

Metric Units

English Units

3.1

3.2

33
3.4
3.5
3.6

3.7

3.8

Casting temperature range .
Annealing temperature range
Stress relieving temperature range
Hot working temperature range .
Hot formability
Cold formability .
Coid reduction between anneals .
Machinability:
Machinability rating (free-cutting brass = 100)
doining methods:
Soldering
Brazing .
Ouxy-acetylene weiding
Carbon-arc welding
Gas-shiefded arc welding
Coated metal-arc welding
Resistance welding: spot and seam

butt.

1120-1180°C

2 050-2 155 °F

425- 800°C 795-1 110 °F
200~ 300°C 390~ 570°F
750- 900°C 1 380-1 650 °F
Good
Excellent
909 max.

See General Data Sheet No, 2
25
See General Data Sheet No. 3.4
ExceEl_ent
Excellent
Good
Not recommended
Good
Not recommended
Not recommended

Good
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51 MECHANICAL PROPERTIES AT ROOM TEMPERATURE®
5.1.1 Typical Tensile Properties and Hardness Values—Metric Units

This table is representative of practice in many European countries. For British and American practices, see tables 5.1.2 and
5.1.3, respectively.

The values shown represent reasonable approximations for general engineering use, taking account of variations in composition and
manufacturing procedures. For design purposes, national specifications should be consulted.

For a given temper, individua! elongation values may show some variation above or below the typical values indicated.

Elongation Hardness
Tensile gt’;z:i Shear Typical Size Related
Form Temper Sktr}a;g]tzh 0.2% offset auge itrfn':gtzh to Properties Shown(V
g kg/mm? A gaug Brinell | Vickers g
iength
Annealed
(grain size 0.025 mm) 28 10 48 50 mm 60 63 21 0.2-2.5 mm thick
Plate
Sheet 32 20 30 50 mm 75 79 22 0.2-3 mm thick
Strip Typical 35 28 22 50 mm 95 100 23 "
Cold Worked
Tempers 43 35 10 50 mm 120 125 26 0.2-2 mm thick
48 42 5 50 mm 125 130 29 0.2-1.5 mm thick
Annealed 26 9 50 | 5.85V' S, 55 58 20 —
Rod Typical 6-40 mm diam.
Coid Worked 3z 20 32 5,65V S, 80 84 22 or equivalent area
T _ v
empers 40 32 15 | 565VS 115 120 26 6-12 mm diam.
° or equivalent area
Anneaied 28 — 33 100 mm — — | 1.5-6 mm diam.
30 — 30 100 mm — — 23 0.2-1.5 mm diam.
Wire
Typical - _ _ _ .
Cotd Drawn 48 4 100 mm 29 0.2-1.5 mm diam.
57 —_ — — — — 30 "
Tempers
Annealed 27 10 48 5.65v S, 60 63 20 —
Tube ) 10-50 mm OG.D.
Typical 34 22 28 5.65v 5, 85 89 23 over 2 mm wall
Cold Drawn o to 25 0.0
Tempers 42 35 12 | 565V3S 115 120 26 Up to womm L, 4.
° up to 2mm wall

(8 It wilt be noted that tables 5.1.1, 5.1.2 and 5.1.3, giving typical tensile properties and hardness values in Metric, English and American units, respectively,
are not directly comparabie. This is because the properties quoted refiect to some extent the metatworking technigues, specification practices, and testing
procedures in the countries concerned, and in view of the different sizes of products referred to in these tables. individual manufacturers of semi-fabricated
products can, however, normally meet the requirements of any national standard.

(b} H is possible to obtain sizes outside the ranges given in this column, but information on their mechanical properties should be obtained from the metal
manufacturers, '
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5.1.2 Typical Tensile Properties and Hardness Values—English Units

This table is based on British practice. For other European and American practices, see tables 5.1.1 and 5.1.3, respectively.

manufacturing procedures. For design purposes, national specifications should be consulted.

The values shown represent reasonable approximations for general engineering use, taking account of variations in composition and

For a given temper, individual elongation values may show some varlation aboeve or below the typical values indicated.

Elongation
Tensil Proof Shear
T @ Strenath | . Stress Vickers | o o Typical Size Related
Form emper remng 0.1%, offset Hardness reng to Properties Shown®
tonfin? tonlin? ° gauge tonlin?
onfin A
° length
Annealed
grain size 0,035 mm 16 4 55 2in. 60 1" 0.01-0.125 in. thick
grain size 0.025 mm 17 5 55 2in, 65 12 "
grain size 0,015 mm 18 6 52 2in. 80 13 “
Sheet
StiP | Cold Worked
Quarter Hard 18 12 40 2in. 90 14 0.01-0.375 in. thick
Half Hard 21 17 25 2 in. 110 15 0.01-0.25 in. thick
Hard 24 22 12 2in. 125 16 0.01-0.1  in. thick
Extra Hard 29 25 8 2 in. 140 17 "
Annealed 16 5 50 |6.65V'5, | 60 11 —
Rod Cold Warked ]
20 12 35 [59.85V'S, 90 14 0.25-1 in. diam.
As Manufactured ] or equivalent area
22 16 25 |5.65v'S, 110 15
Annealed 18 — 50 2in. — 13 0.02-0.10 in. diam.
Wire Cold Drawn
Half Hard 27 — 10 2 in. — 19 0.02-0.10 in. diam.
Hard 32 — — — — 29 "
Annealed 16 5 50 [5.65V'5, 60 1 —
Cold Brawn or
Tubete Temper Annealed )
Temper Annealed 19 g 35 5.65\/SL 90 14 2-10in. O.D., 0.08-0.2 in. wall
As Drawn 23 17 25 |5.65v'S, 125 16 "
Temper Annealed 19 9 35 [5.65vS, 90 14 0.25-2 in, 0.D., 0.02-0.08 in. wall
As Drawn 27 21 20 5.65\/5,, 140 18 "

{a) The recognised temper designaticns used in the relevant or nearest British Standards are also given in this table, to clarify the cold-worked tempers shown.

(™ It is possibie to obtain sizes outside the ranges given in this column, but infermation on their mechanical properties should be obtained from the metal
manufacturars.

(¢} Intermediate tube tempers are generally obtained by temper annealing. Drawn tubes are usually stress relieved after the final draw.
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5.2 MECHANICAL PROPERTIES AT LOW TEMPERATURE

5.2.1 Tensile Properties—Impact Properties

Testing . Elonga-
1
Temperature Tensile Strength Proof Stress|{ tion |Reduction Impact Strength
Form Temper 0.1;‘%!oﬂszet % of A}rea
g/mm on A
°C °F kgfmm? {tonfin? | psi 4.52vV'S, kg mfem? | ftib
o 22 72 27 17 38 500 8,751 56 84 19.4() 1120
Rod ~78 | —108 | 295 185 |#1800| 747 57 a0 19700 | 114w
. Annealed —-197 | —323 39 24.5 55 200 9,28t 86 8 19,40 11240}
18 mm dian. ~953 | —423 | 515 | 325 [73200{ 11.0@ 95 7 19.96) | 4150
0.75 in. diam. —269 1 —452 48 30.5 | 68200 10,50 7] 3 —_ -
(2 Annealed
Rod (grain size 0.022 mm) | —1985 | —319 40.5 25.5 | 57 400 10.5¢2 — — — —

(@ This value was ariginally reperted in psi; in this table it is given In kg/mm? to 3 significant figures.

by Charpy tes

N.B.:—Original values are printed in bold type; other values are converted,

_.All converted values for impact sirength are to be taken as indicative only; the impact energy has been converted from
into account the actual cross-sectional area of the specimen at the notch.
_-Data noi available:

Proof stress, 0.1% ofiset,
Yield strength, 0.5% extenslon under load,

t, 10 x 10 x 55 mm specimen, 45° V-notch, 2 mm deep; cross-sectional area at the notch 0.8 cm2.

5.3 MECHANICAL PROPERTIES AT ELEVATED TEMPERATURE

5.3.1 Short-Time Tensile Properties

ft tb into kg mfcm? taking

Testing . .
Temperature Tensile Strength Proof Stress Elongation
Form Temper
0.2%; 01
°C °F kgfmm? [ tonfin2 psi offset offset e gauge
kg/mm? tonfin? length
Rod®® C°‘d4X‘j/°”‘ed 20 68 63.3 40 90 000 57.1 32,00 14.8 5.65V'S,
diam and St:ess 200 392 54.9 35 78 000 51.7 36.5 10.9 5654 JSV,,W
;24_;:1 . diam. Relieved( 300 572 47.2 30 67 000 433 25.0¢) 9.0 5,651 S
Rod!® 25 77 26 165 | 37000 6.78 — - -
. Annealed 300 572 18.5 1.5 26100 5.30¢0 — — —
12.7 mm diam 500 932 9.5 6 13 700 4.349 — — —
0.5 in. diam.
25 11 26 16.5 36 700 — — 56 2in.
250 482 20.5 13 29 500 — —_ 35 2in,
Rod® 15 707 14 9 19 300 - - 9 2 in.
Annealed 500 032 9.5 6 13 700 — — 14 2in.
42.8 mm diam. 625 1157 6 4 8 500 — — 17 2 in.
0.505 in. diam. 750 1382 3 2 4 500 — — 18 21in,
875 1607 2 1 2700 — — 16 2in.
975 1 787 1 0.7 1 500 — — 14 2in.

{a) Containing 14% Sn.
®) Stress relieved for 1 h at 400 °C (752 °F).

¢©) This value was originally reported in kg/mmz; in this table it is given in tonfin2 to 3 significant tigures.
{d} This value was originally reported in psi; in this table it is given in kg/mm?2 to 3 significant figures.

N.B.:—0Original values are printed in bold type; other values are converted,
—The yield strength 0.5% extension under load values are not available.
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5.3.2. Creep Properties

5.3.2.1. Original Creep Data

Testing Temperature Stress . Total
Buration
Form Temper h Extension
o/(a)
°C °F kgfmm? tonfin? psi 7
8.0 5.1 11 000 3278 0.080
(3) (b}
Rod Cold J‘;’;rked 10.0 6.3 14200 3386 0.081
12 di and St?ess 200 392 12.0 7.6 17100 3503 0.116
oalim i, R oliovedd 14.0 8.9 19900 3160 0.154
-4fin. dlam. eneve 16.0 10.2 29 800 308 0.182
{2} Total creep; does not include the initial elastic extension.
{b) Containing 0.4% Sn.
(¢) Stress relieved for 1 h at 400 °C (752 °F).
MN.B.—Original values are printed in bold type; other values are converted.
~{ata not available:
Intercept,
Minimum creep raie.
5.3.2.2. Stress for Designated Extension
Testing Stress for Designated Extension
Temperature
Form Temper 0.1% in 1000 h 0.2%in 1000 h 0.1%in2000 h 8.2%in 2000 h
QC OF
kg/mmz{tonfin®l psi | kg/mm2|tonfin?| psi |kgfmm® tonfin®] psi |kalmmdtonfin®| psi
R od® @ Cold Worked
4497
12 mm diam. | and Stress 200 392 13.2 8.4 [|ta800) 17.2 10.9 24500 1241 7.7 |17200{ 16.6 10.5 {23500
0.47 in. diam.| Relioved®
(8} Containing 9.4% Sn.
(b) Stress relieved for 1 h at 400 °C (752 °F)
N.B.: Original values are printed in bold type; other values are converted,
» —_—F—
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5.4 FATIGUE PROPERTIES

5.4.1 Fatigue Strength at Room Temperature

Metric Units English Units American Units
Number kg Jmm? tonfin? psi
of
Form Temper Cycles .
x 108 Tensile Fatigue Tensile | Fatigue Tensile Fatigue
Strength | Strength | Strength | Strength | Strength { Strength
Annealed
(grain size 0,030 mm) 100 21.5 FO) 175 4510 39 000 10 000tH
Strip® 21, 100 33 1@ 21 7 47000 | 16000
g-g;z".‘“‘ 37% 100 a2 1150 26.5 7.50@ 59700 | 16500
Ao . Cold Worked
60% 100 47 12,50 30 glah 66 900 18 009
689 100 515 146 32.5 gt 73300 20 000
Flat Products(”
1 mm Cold Workeds 15 50,5 15t a2 9,5 72 000 21 6006
0.04 in.
Wire® 60, 100 43 15(@ 27 9.5 §1000 | 210000
1.8 di Cold Worked
n'{mmi': d'iaa“r:; 84/ 100 51 16t 32.5 10.5(® 72 500 23 000(®)
Wirel?
2 mom diam Cold Worked(® 100 52 16t 33 1054 74 000 23 000‘)
0.08 in. diam.

{8) Reversed-bending test.

() Quoted as "spring” in original document, but amount of cold work not defined.
(c} Just outside the composition range (8.80% Zn).

(d Roiating-heam test.

(e} Quoted as “hard" in original document, but amcunt of cold work not defined.
) By extrapolation.

N.B.: Original values are printed in bold type; other values are converted.
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2 PHYSICAL PROPERTIES (continued) Metric Units English Units
2.7 Electrical resistivity (volume) at:
—196°C — 321 °F (annealed) 0.0t4 chm mm¥m 8.4 ohms (circ mil/ft)
1.4 microhm cm 0.5% microhm in
20°C 68°F ( ) 0.031 ohm mm2/m 19 ohms (circ mil/ft)
" 3.1 microhm cm 1.2 microhm in
200°C 392°F ( o ) 0.043 ohm mm2?/m 26 ohms {circ milfft)
43 microhm cm 1.7 microhm in
— 196 °C —321 °F (fully cold worked) 0.015 ohm mm2/m 9.0 ohms (circ mil/ft)
1.5  micrechm cm 0.59 microhm in
90°C 68 °F ( ) 0.032 ohm mm¥m 20 ohms (circ mil/ft)
" " " 3.2 micrehm cm 1.3 microhm in
2.8 Temperature coefficient of electrical resistance at:
20°C 68 °F (annealed} . . . 0.002 3 per °C {56%; IACS) 0.001 3 per °F (55%, |ACS)
applicable over range from 0 to 100 °C 32 to 212°F
20°C 68 °F (fuily cold worked} . . 0.0022,,. , (53% 1ACS) 0.0012, ,, (53% IACS)
applicable over range from 0 1o 1060°C 32 to 212 °F '
2.9 Modulus of elasticity (tension) at 20°C 68 °F:
annealed . . . . . . 13 000 kgfmm? 18 500 000 thfin2
cold worked 12 300-13 000 kgfmm? 17 500 00018 500 000 |bfin?
2.10 Modulus of rigidity (torsion) at 20°C 68 °F:
annealed . . . . . . . 4 150 kg/mm? 6 750 000 1bfin?
cold worked 4 500-4 750 kgfmm? 6 400 000-6 750 000 lbJin2

N.B.: The values shown in Sectioa 2, which have been appropriately rounded in view of the composition range involved, are based on sefected literature

references.

3 FABRICATION PROPERTIES

The information given in this table is for general guidance anly, since many factors influence fabrication techniques.

The values shown are approximate only, since those used in practice are dependent upon form and size af metal, equipment available,
techniques adopted and properties required in the material.

Metric Units English Units

3.1 Casting temperature range 1140-1 200 °C 2 085-2 190 °F
3.2 Annealing temperature range 425- 600°C 795-1 110°F

Stress relieving temperature range 200- 300 °C 390- 5T0°F
3.3 Hot working temperaiure range . 750~ H0G°C 1380-1 650 °F
3.4 Hot formability Good
3.5 Cold formabhility . Excellent
3.6 Cold reduction between anneals 9097 max.
3.7 Machinahility: See Generat Data Sheet No. 2

3.8

Machinakility rating (free-cutting brass == 100)
Joining methods:

Scldering

Brazing

Oxy-acetylene welding

Carbon-arc welding

Gas-~shielded arc welding

Coated metal-arc welding

Resistance welding: spot and seam

butt

25
See General Data Sheet No. 3.4
Excellent
Excellent
Good
Not recommended
Good
Not recommended
. Not recommended

Good




51 MECHANICAL PROPERTIES AT ROOM TEMPERATURE®™
5.1.1 Typical Tensile Properties and Hardness Values—Metric Units

“This table is representative of practice in many European countries. For British and American practices, see tables5.1.2 and
5.1.3, respectively.

The values shown represent reasonable approximations for general engineering use, taking account of variations in composition and
manuiacturing procedures. For design purposes, national specifications should be consulted.

For a given femper, individual elongation values may show some variation above or below the typical values indicated.

Proof Elongation Hardness
Tensile Strrc:;s Shear
Form Temper Strength o Strength | Typical Size Related
kgfmm? 0.2% offset gauge kg/mm? | to Properties Shownfb “
kg/mm? % Brinell {Vickers
iength
Annealed
(grain size 0.015 mm) 27 10 45 50 mm 65 88 20 0.2-1.5 mm thick
Plate
Sheet
Strip Typical 34 24 20 50 mm 85 2g 24 0.2-3 mm thick
Cold Worked 39 32 8 50 mm 105 110 25 0.2-2  mm thick
Tempers 43 38 4 50 mm 120 125 26 0.2-1.5 mm thick
Annealed 27 — | 33 100 mm e — 20 1.5-6 mm diam.
30 s 30 100 mm — — 23 0.2-1.5 mm diam.
Wire
Typical _ .
Cold Drawn 45 3 100 mm —_— — 26 0.2-1.5 mm diam.
55 — — o — —_ 28 n
Tempers

a) k¢ will be noted that tables 5.1.1, 5.1.2 and 5.1.3, giving typical tensiie properties and hardness values in Mefric, English and American units, respectivety,
are not directly comparabte. This is because the properties quoted reflect to some extent the metalworking techniques, specification practices, and testing
procedures in the countries concerned, and in view of the different sizes ot products referred to in these tables. Individual manutacturers of semi-fabricated
products can, however, normally meet the requirements of any naticnal standard.

(b) It is possible to obtain sizes outside the ranges given in this column, but information on their mechanical properties shouid be obtained trem the metal
manuyfacturers.
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5.2 MECHANICAL PROPERTIES AT LOW TEMPERATURE

5.2,1 Tensile Properties

Testing .

Temperature Tensile Strength . Proof Stress

Form Temper 0.2%; offset
kgfmm?
°oc °F kgfmm? tonfin? psi
Annealed
n :

Rodte (grain size 0.023 mm) —195 —319 38 24 5400 9.60

{a} These values were determined on material just outside the composition range of the alloy and are presented for guidance enly, since no other information
is availabie.
(b) This value was originally reported in psi; in this {able it is given in kg/mm? to 3 significant figures.
N.B.:—Original values are printed in bold type; other vaiues are converted,
-[Yafa nof available:

Proof stress, 0.t% offset -
Yield strength, 0.5% extension under load
Elenpation
Reduction of area
Impact strength.

5.3 MECHANICAL PROPERTIES AT ELEVATED TEMPERATURE
5.3.1 Short-Time Tensile Properties

Testing Temperature Tensile Strength Proof Stress
Elongation
%
Form Temper 0.2% 0.1% on
°c °F kg/mm? tanjin? psi offset offset 5.65 /5 _~
kgfmm? tonfin? -
Rod(® (® 20 68 37.0 23.5 52 500 35.4 20.3) 19.2
Cold Worked )
()
19.5 mm diam. 519 200 392 31.6 20 45 000 36.0 171 17.4
0.41 in. diam. 300 572 21.3 175 39 000 25.0 14.6% 13.0
Rod(® 25 7 23.5 _ 15 33 500 4,85 — —
. Annealed 300 572 16.5 10.5 23 500 3. 71 — -
12.7 mm diam.
0.5 in. diam. 500 932 9.5 6 13 380 315 — -

(3} These values were determined on material just cutside the compesition range of the alloy and are presented for guidance only, since no other information
is available,

) This value was criginally reported in kg/mmi2; in this table it is given in ton/in2 to 3 significant figures.
() This value was originally reported in psi; in this table it is given in kg/mm2 to 3 significant figures,

N.B. :—Qrigiral values are printed in bold type; other values are converted.
—The 0.5% extension under load yield strength values are not available.
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5.3.2 Creep Properties

5.3.2.1 Original Creep Data

Testing Temperature Stress Durati Total
Form Temper ur; ton Extension
o/ (a}
°C °F kgfmm? tonfin? psi Yo
10.0 6.3 14 200 3305 0.123
Rod® &
Cold Worked 12,0 7.6 17100 1995 a.21
10.5 mm diam 51% 200 392
YN ] ' ° 14.0 8.9 19 800 1989 0.38
0.41 in. diam,
14.3 9.1 20 300 2011 0.51

(@} Total creep; does not incfude the initial elastic extension.

) These values were determined on material just outside the composition range of the alloy and are presented for guidance only, since ne otherinformation is
avaiiable.

N.B.:—Original values are printed in bokd type ; other values are converted.

—Data not available:
Intercept,
Minimum c¢reep rate.

5.3.2.2 Stress for Designated Extension

Testing Stress for Designated Extension
Temperature
Form Temper 0.1%,in1000 h 0.25in 1000 h 0.1% in2000 h 0.2% in2000 h
BC GF
kg ton . kg ton ) kg ton . kg ton .
[~ - i . 21 mnsi o2 - i = L
mm? in? ps mm?2 in? i mm? in? pst mm? in? pst

Rod
Cold Worked
10.5mmdiam. 51%

0.41 in. diam.

200 392 10.0 63 | 14200] 12.8 81 118200| 9.3 59 {13200| 11.9 7.5 | 16900

(2) These values were determined on material just outside the compasition rangs of the alloy and are presented tor guidance only, since no other information is
available.

N.B.: Original values are prinied in bold type; other values are converted.

5.4 FATIGUE PROPERTIES
5.4.1 Fatigue Strength at Room Temperature
Data has recently been published in the following paper:

B France, W.D., Trout, D.E. and Muiheclland, J.A. Fatipue Characteristics of Five Copper-Base Strip Alloys Commonly Used for Spring Applications.
J . Materials, Vol. 4 (1869), No. 3, Sept., pp. 633-646.

REFERENCES
MECHANICAL PROPERTIES {SECTION 5

() Roberson, J.A. and Grosskreutz, d.C. Fatigue of Copper-Zinc Alloys at 100 K, Acta Metall,, Vol. 11 (1863) July, pp. 795-798.
(2 Dies, K. and Jung-Kénig, W. Zeitstandverhalien einiger technischer Kupferlegierungen in der Wirme. Metall, Vol. 16 (1962} No. 11, pp. 10971102,
(3 Crowe, C.H. Praperties of Some Copper Alloys at Elevated Temperatures, ASTM Buil, No. 250, {1960) Dec., pp. 30-31.
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Common names: 85/15 Brass
85/15 Gilding Metal
Red Brass

A copper—zinc alloy with an alpha phase structure. The alloy has excellent cold-working properties and is generally not susceptible to
dezincification and stress corrosion. Due to this combination of properties and its atfractive colour, the alloy is used for decorative
purposes as well as for a wide variety of drawn and formed parts.

COMPOSITION (weight %)

Cu . . . 84.0-86.0
Zn . . . rem.

1 SOME TYPICAL USES
Architectural

Trim, weatherstrip, cold-formed angles and channels.

Chemical
Flexible hose and wide range of process piping.

Decorative
Badges, cosmetic compacts, costume jeweilery, instrument and clock dials, efched articles, lipstick containers and engraved nameplates.

Hardware
Eyelets and fasteners,

Mechanical
Miscellaneous components required to be brazed; numerous drawn and formed parts; bellows; fiexible hose; slide (zip) fasteners.

Plumbing
Water service lines and traps.

2 PHYSICAL PROPERTIES

Metric Units English Units
21 Density at 20°C 68°F . . . . . . . . 8,75 gfcm? 0.315 lbfin?
2.2 Melting range . . . . . . . . . . 1000—1025°C 1 830-1875°F
2.3 Coefficient of thermal expansion {linear) at:
20 to i00°C 68 to 212°F . . . . . . 0,000 018 per °C 0.000 010 per °F
20 to 300°C 68 fo 572 °F . . . . . . c.Qoo019 ,, |, g.000010 ,, |,
2.4 Specific heat (thermal capacity} at:
20°C 68°F . . . . . . . . 0.09 cal/g °C 0.09 Btu/lb °F
2.5 Thermal conductivity at:
20°C 68 °F . . . . . . . . 0.38 cal cmfcm? s °C 92 Btu ft/ft2 h°F
200°C 392°F . . . . . . . . 0.44 ' 106 "
2.6 Electrical conductivity (volume) at:
—i96°C  —321 °F (annealed) . . . . . 31 mfohm mm? 54 % IACS
20°C 68 °F { S | . . . . . 2 " at, .
200°C 392°F( ,, ) . . . . R I [ 27,
-=196°C —3271 °F (fully cold worked . . . . 27 " 47,, .
2ODC EaﬂF( H " " ) - - - - 19 " 32 13 L]
conlinued averleaf

INDEX NUMBERS RELATE TO LITERATURE REFERENCES (see page 12); INDEX LETTERS RELATE TO FOOTNOTES AT END OF TABLE

Prepared by Distributed by DATA SHEET No.D3
CONSEIL INTERNATIONAL POUR LE COPPER DEVELOPMENT ASSOCIATION ©  cuzas
DEVELOPPEMENT DU CUIVRE (CIDEC) 55, South Audley Street - London WIY 6BJ 1970 Edition
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2 PHYSICAL PROPERTIES (continued} Metric Units English Units

v,

2.1 Electrical resistivity (volume} at: 0.032 ohm mm®?m 19 ohms (circ mil/ft)
=196 °C —321 °F {annealed) . . . . . 3.2 microhm cm 1.3  microhm in

0.047 ohm mm2/m 28 ohms {circ mil/ff}

20°C 68 °F ( wo ) . . . . . 4.7 microhm cm 1.8 microhm in
0.064 ochm mm?/m 38 ohms (circ mil/f)

200°C 392°F ( wo ) . . . . . 64 microhmecm 2.5 microhm in
0.037 ohm mm2fm 22 ohms (circ milfft}

—196°C —321 °F (fully cold worked) . . . . 3.7 microhm cm 1.5 micrehm in
0.054 ohm mm?&/m 32 ohms (circ milfft)

20°C 68°F ( ., " " ) . . . 5.4 microhm cm 2.4 microhm in

2.8 Temperature coefficient of electrical resistance at:
20°C 68 °F (annealed) . . . . 0.001 6 per °C (377% |ACS) 0.000 9 per °F {37% |ACS)
apphcable over range from 0t0 100°C 32 {0 212 °F

20°C 68 °F (fully cold worked) . . . . o.00t4 ,, ,, (32% IACS) 0.0008 ,, ,, (32% |ACS)
applicable over range from 0 to 100 °C 32 to 212 °F

2.9 Modulus of elasticity (tensnon) at20°C 68 °F

annealed . . . . . . . 12 400 kg/mm? 17 600 000 Ibjin2

cold worked . . . . . . . . . . 11 400-12 400 kg/mm?2 16 200 000-17 600 000 Ibfin? £
2.10 Modulus of rigidity (tors:on) at 20 °C 68 °F

annealed . . . . . . . . 4 550 kgjmm?2 6 450 000 Ebfin®

cold worked N . . . . . . . . . 4 300-4 550 kg{mm? 6 100 000-6 450 000 Ibfin?

N.B.: The values shown in Section 2, which have been appropriately rounded in view of the composition range involved, are based on selected literature
references,

3 FABRICATION PROPERTIES

The information given in this table is for general guidance only, since many factors influence fabrication techniques.
The values shown are approximate only, since those used in practice are dependent upon form and size of metal, equipment available,
techniques adopted and properties required in the material.

Metric Units English Units
3.1 Casting temperature range . . . . . . . 1100-1 160 °C 2 010-2 120 °F
3.2 Annealing temperature range . . . . . . . 425- 600°C 795-1 110 °F
Stress refieving temperature range . . . . . . 200- 300°C 390- 570°F
3.3 Hot working temperature range . . . . . . . 750- 900°C 1 380-1 650 °F
3.4 Hot formability . . . . . . . . . . Fair
3.5 Cold formability . . . . . . . . . . Excellent
3.6 Cold reduction between anneals . . . . . . 85%, max.
3.7 Machinability: . . . . . . . . . . See General Data Sheet No. 2
Machinability rating (free-cutting brass = 100) . . . . 25
3.8 Joining methods: . . . . . . . . . See General Data Sheet No. 3.4
Soldering . . . . . . . . . . Excellent
Brazing . . . . . . . . . . . _ Excellent
Oxy-acetylene welding . . . . . . . . Good
Carbon-arc welding . . . . . . . . Not recommended
Gas-shielded arc welding . . . . . . . Good
Coated metal-arc welding . . . . . . . Not recommended
Resistance welding: spot and seam . . . . . Fair
butt . . . . . . . Good

Cu Zntb i -




5.1 MECHANICAL PROPERTIES AT ROOM TEMPERATURE®

5.1.1 Typical Tensile Properties and Hardness Values—Metric Units

This table is representative of practice in many European countries. For British and American practices, see tables 5.1.2 and
5.1.3, respectively.

The values shown represent reasonable approximations for general engineering use, taking account of variations in composition and
manufacturing procedures. For design purposes, national specifications should be consulted.

For a given temper, individual elongation vajues may show some variation above or below the typical values indicated.

Proot Elongation Hardness
Tensile Shear . .
Form Temper Strength Stress Strength Typical S_lze Related
kg/mme 0.2% offset gauge kg/mm? to Properties Shown®
" o . .
kg/mm % fength Brinell | Vickers
Annealed
(grain size 0.015 mm) 3 13 40 50 mm 80 84 23 0.2-1.5 mm thick
Plate
Sheet
Stri: Typical 34 25 30 50 mm 85 89 24 0.2-3 mm thick
an 30 22 50 m 105 110 25 N
Cold Worked "
Tempers 48 42 10 | 50 mm 135 140 31 0.2-2  mm thick
Annealed 28 10 50 5.55\/80 60 63 21 —_
Rod — 6-40 mm diam.
Typical 36 28 28 | 565V'S, 90 95 25 or equivalent area
Cold Worked .
Tempers 42 34 16 | 565v5, | 120 125 27 6-12 mm diam.
or equivalent area
Annealed 30 -— 35 100 mm — —_ 23 1.5-6 mm diam.
32 —_ 32 100 mm — — 24 0.2-1.5 mm diam.
Wire
Typical 42 — 8 106 mm — —_ 27 1.5-6 mm diam.
Cold Drawn 50 — 4 100 mm —_ — 28 1.5-3 mm diam.
Tempers 60 — — — - — 30 0.2-1.5 mm diam.
Annealed 28 11 50 | 5.65VS, 60 63 pil —
Tub P 10-50 mm Q.D.
uve Typical 36 28 o5 | 565vS, | 95 100 25 Svor 2t wal
Cold Drawn s up to 25 mm O.D
Tempers 44 38 12 | 565v'S, 125 130 2 up to 2 mm walil

(# It will be noted that tables 5.1.1, 5.1.2 and 5.1.3, giving typical tensile properties and hardness values in Metric, English and American units, respectively,
are not directly comparable, This is because the properties quoted reflect to some extent the metalworking techniques, specification practices, and tesfting
procedures in the countries concerned, and In view of the different sizes of products referred to in these tables. individual manufacturers of semi-fabricated
products ¢an, however, narmally meet the requirements of any national standard.

(b) It is possible to obtain sizes outside the ranges glven in this column, but information on their mechanical properties should be obtained from the metal
manufacturers.
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5.2 MECHANICAL PROPERTIES AT LOW TEMPERATURE

3.2.1 Tensile Properties—Impact Properties

Te::)s:;:?ure Tensile Strength Proof Stress Elrir;aa- Reduc- [ Impact Strength
Form Temper 0.2 offset % tion
of Area
kgfmm? on o

°C °F | kgfmm?| tonfin2 | psi 4.52 V'S, o kg mfcm? ftib

Rod( 22 72| 285 18 40 400 9.14t 48 74 16.60 96!

o Cold Worked ~ 78 -108 325 21 46 500 9.84() 63 79 14,20 g2ib

19 mm diam 142 ~197 323 43.5 27.5 62 000 1.5 83 71 13.5¢ 78
0.75 in diaml ° -253 —423 55.5 35.5 79 200 14,7 80 75 13,10 76

) ) ) -269 452 50 31.56 71 000 12.9@ 82 i — —

Rod® (grainz;‘z’;eg‘;% mmy | 7195 | 919 | 465 | 205 |e65800| 1370 - - - -

10 50 - - — - - - 14,40 52

- 18 0 - — — - — - 14,70 53

~20 |20 - —~ — — —_ - 15.9(0) 55}

@

Rod Annealed -5 _ 60 N _ _ _ . _ 15.5( e
-79 | 2110 - | = - - - - 15,5 56

118 | —180 - — — — — - 16,6 60

{2} This value was originally reported in psi; in this table i is given in kg/mm2 fo 2 significant figures.
®} Charpy test, 10 x 10 x 55 mm specimen, 45° V-notch, 2 mm deep; cross-sectional area at the notch 0.8 cm2.
1) Charpy specimen, keyhole notch; cross-sectional area at the noich 0.5 cm2.

N.B.:—Original values are printed in bold fype: other values are converted,
—All converted values for impact strength are to be taken as Indicative only; the impact energy has been converted from ft tb into kg m/cm? faking into
account the actual cross-sectional area of the specimen at the notch.
—Data not available:
Proof stress, 0.1% ofiset,
Yield strength, 0.5% extension under load.
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5.3 MECHANICAL PROPERTIES AT ELEVATED TEMPERATURE

5.3.1 Short-Time Tensile Properties

Testing .
Temperature Tensile Strength Proof Stress
. Elongation
Form Temper Yield %
° ° Sirength o
0.2% 0.1% 0.5% ext on 2in.
°C °F kgfmm?2 | tonfin2 psi ofiset offset s b
kgjmm? tonfin2 under
foad
psi
20 68 30 18.2 43 000 8.66t 5.1 - 50
86 150 28 17.7 39 500 .19 4.9 — 51
Platet® Annealed 121 250 26.5 16.8 37 500 8.50( 5.1 — 45
177 350 25.5 16.1 36 000 1.876 4.8 - 45
932 450 94.5 15.4 34 500 7.87 4.8 - 6
24 75 29 18.5 41 080 — — 10 000 47.0
(';‘r“a’i‘:agfz‘i 149 300 — — — — — 9 700 _
204 400 — — — — — 9 500 -
0.060 mm) 260 500 — — - — - 8 500 —
Rod®
3.2 mm diam Cold Worked 24 75 41.5 30 67 506 — — 59 060 10.5
0.125 in. diam. 37%/ 204 400 — — - — — 47 000 -
Cold Worked 24 75 58 43 96 500 - — §7 000 1.0
849, 204 400 — - - — — 52 000 —
Rod® 25 77 28 175 | 39s00 | 879w - - -
2.7 di Annealed 300 579 M5 13.5 30 600 7560 — - —
-2 mm glam. 500 932 10 65 | 14500 | 5.23® - - —
0.5 in. diam.
Rod® 24 75 3 19.5 43 800 — — — 41.0
"('°:a‘i“r’:°s’il‘z‘;d 204 400 27 17 38 525 — - - 35.5
19 mm diam. 09030 v 316 600 21 135 29 950 — — - —
0.75 in. diam. . 407 800 14 9 20 250 — — - 4.2
200 392 41.5 26 58 800 - — 54 800 7.3
300 572 - | 365 23 51 800 —_- — 49 090 45
Rod® Cotd Worked | 400 752 99 14 31 400 - — 24 500 17.0
37y, 500 932 11 7 15 860 - —_ 10 500 25.7
800 | 1 112 6.5 4 9 200 — — 7 600 21.7
700 | 1 202 4 25 5 609 — — 4700 62.0
Room Room 28 18 40 000 — — 12 000 —
66 150 28 18 40 000 - — 12 000 -
121 250 7.5 17.5 39 000 — — 12 000 —
149 300 26.5 17 38 000 — — 12 000 -
Tube®® Annealed 177 350 26 165 | 37000 — — 12 000 —
204 400 95.5 16 36 000 - — 12 000 —
232 450 24.5 15.5 35 000 — - 11 500 —
260 500 23 14.5 33 006 _ — 11 000 —

%) This value was originally reported in tonfin2; in this table it is given in kg/mm?2 fo 3 significant figures.

() This vatue was originally reported In psi; in this table it is given in kg/mm? te 3 significant figures.

N.B.: Original values are printed in bold type; other values are converted.
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5.3.2 Creep Properties

5.3.2.1 Original Creep Bata

Testing Stress
Femperature Duration Totall Intercept Min. Creep
Form Femper h Extension o Rate
AL ° % per1000h
°C °F kgfmm? | tonfin? psi
3.2 2.0 4500 4 500 0.031 0.006 0.000 7
149 300 4.9 341 6 960 5100 8.087 0.024 0.002 9
6.9 4.4 9 300 4 500 107 0.44 0.026
0.70 .45 1000 4 400 0.022 0.008 0.000 8
1.4 0.92 2050 5 060 0.042 0.013 6.001 ¢
2.5 1.6 3 500 5100 0.092 0.040 0.003 3
Annealed 204 400 35 2.3 5040 5 400 0.097 0.M5 0.405 9
L 4.9 34 6 940 6 600 0.482 0.187 0.034
‘09[’)2}]“ nf;:;’ 6.3 4.0 8940 2000 1.060 0.396 0.10
: 8.1 5.1 11 500 4130 3.620 08.750 0.283
0.60 0.38 850 3140 0.042 0.010 0.004 ©
1.4 0.89 2 000 5 000 0.0 0.026 0.008 0
260 500 2.5 1.6 3520 5 300 0.241 0.037 0.0390
) 3.5 2.2 4 980 5 600 0.507 0.083 0.073
4.2 2.7 6 000 5140 0.958 0.180 0.138
4.9 3.1 6 950 1 600 1100 0.510 0.32
3.5 2.3 5 040 5 200 0.050 0.018 0.000 4
7.0 4.4 9 900 4 300 0.110 0.037 0.002 4
149 300 9.2 5.8 13 050 5050 0.138 0.044 0.0028
12.4 7.9 17 650 5100 0.227 0.083 0.006 7
(5) 16.8 10.6 23 850 6 050 0.366 0.153 0.011
Rod 21.2 13.5 30 200 4 800 0.628 0.220 0.043
3.2 mm diam.
0125 in. c
diam. old Worked 3.5 2.2 4 980 5 200 0.077 0.039 0.0026
37% 204 400 5.7 3.6 8100 5 400 0.135 0.054 0.006 9
8.3 5.3 11 850 5 200 0.283 0.146 0.013
11.0 7.0 15 650 4420 0422 8.151 0.041
0.37 0.23 520 5 100 0.042 0.008 0.005 6
260 500 0.69 Q.44 980 10 370 0179 0.055 0.011
241 1.4 3 050 10 000 0.967 0.073 0.086
4.3 2.7 6 050 4 800 1.114 —0.70 037
1.0 4.4 9 960 4 400 0.096 0.029 0.0007
149 300 13.9 8.8 19 800 5100 0.187 0.054 0.0026
27.9 17.7 39 760 4 500 0.445 0.108 0.011
37.8 24,0 53 800 5 100 0.860 0.250 0.033
0.73 0.46 1640 5160 0.040 0.029 0.001 1
Cold Worked 204 400 2.2 1.4 3180 5 000 0.163 0.061 0.017
84% 3.8 2.4 5 400 5160 0.461 0.110 0.063
4.2 2.7 6 040 5000 0.505 0120 0.069
0.42 0.27 600 5540 0.096 0.038 0.010
260 500 0.87 0.43 260 5 300 0.270 0.080 0.034
14 0.87 1940 2 950 0.678 0.104 0.19
2.1 1.3 2990 3 650 2.715 —6.045 0.76}

(® Total extension = Initial extension+ Total creep = Initial extension + Intercept + (Minimum creep rate X Duratior).
() Accelerating creen rate,

N.B.: Original values are printed in bold type; other values are converted.

Cu Zn15

A i
G Mo S AV T o N et o I BT 1




5.3.2.2 Stress for Designated Creep Rate

T e:-n:s:::?u re Stress for Designated Creep Rate
Form Temper 0.001°/ per 1 000 h 0.01%, per 1 000 b 0.1% per 1 800 h
OC DF
kgfmm? | tonfin? psi kg/mm? | tonfin2 psi kgfmm? | tonfin? psi

Annealed 149 300 3.7 2.3 5 200 6.0 3.8 8600 |> 7.0 > 4.5 - 10 000

{grain size 204 400 0.88 0.56 1256 3.9 2.5 5 500 6.3 4.0 9 000

0.060 mm) 260 500 o -— e 1.6 1.0 2250 3.7 23 5 200
Rod(5)

32mm | Cold Worked | 149 | 300 5.5 3.5 780 | 155 2.8 22000 [>21.0 134 |>30000

diam. 37/ 204 400 2.0 1.3 2 80 7.0 45 10 000 13.1 8.3 18 700

0.125 in. o 260 500 — — — 0.60 0.38 850 2.3 1.5 3 300
diam.

Coid Worked 149 300 B.4 55 12 000 26.0 16.5 37600 [>38.7 24.6 [ 55 000

84%, 204 400 0.70 0.44 1000 1.8 1.2 2 600 4.8t 3.0t 6 800¢
° 260 500 — — — 0.42 0.27 600 1.0 0.65 1 450

{a} Extrapolated value,
N.B.: Original values are printed in boid type; other values are canverted.
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5.4 FATIGUE PROPERTIES
5.4.1 Fatigue Strength at Room Temperature
Metric Units English Units American Units
Number kgfmm? tonfin? psi
of
Form Temper Cycles
% 108 Tensile Fatigue Tensile Fatigue Tensile Fatigue
Strength | Sfrength | Strength | Strength | Strength | Strength
Annealed () (a) )
(grain size 0.020 mm) 100 3 11.5 195 7.54 44 000 16 500
Annealed 100 29.5 10 18.5 6.5@ 42000 | 14500W
(grain size 0.025 mm} : ) )
Annealed 100 275 7.5 17.5 4.5t 39000 | 10 5000
Stript® (grain size 0.075 mm) ’ ) ' ’
0.81 mm A led
0.032 in. (grain S;‘z”:g 390 ) 100 27 7.5¢@ 17 56 38 500 11 000
21 940} 100 39.5 16@@ 25 10t 56 500 22 500
215740 100 35 10.50 22,5 6.5 50 000 15 0001
379 100 48.5 15¢) 31 9,50 69 000 21 000t
Cold Worked 33000 . 100 45 13.5@ 98.5 8.5 64000 | 19000%
6020 100 55.5 176 35.5 10,5@ 79 000 24 000t
602758 100 55.5 1650 35.5 10.5(= 79 000 23 500()
Strip
1 mm Cold Worked(® 100 59 10.5@ 37.5 6.5 84 00D 15 600t
0.04 in.
Rod('»
12.7 mm diam. Cold Worked 4% 300 3.5 14 20 gk 44 700 20 000
0.5 in. diam.
Cold Worked ot 80 37.5 1100 23.5 70 53000 | 160000
Rod(1
Cold Worked 100 28.5 1 18 7 40500 | 155000

(a) Reversed-bending test, (b) Ready-to-finish grain size 0.020 rm, () Ready-to-finish grain size 0.060 mm. {¢) Ready-to-finish grain size 0.030 mm. (¢} Ready-to-
finish grain size 0,070 mm. () Ready-to-finish grain size 0.025 mm. () Quoted as “spring" in originat document, but amount of cold work not defined,
(W Rotating-beam test. ) Stress relieved for 3 h at 232 °C (450 °F} ) Annealed for 3 h at 482 °C (900 °F).

N.B.: Original values are printed in bold type; other vaiues are converted.
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Common names: 85/15 Brass
85/15 Gilding Metal
Red Brass

A copper—zinc alloy with an alpha phase structure. The alloy has excellent cold-working properties and is generally not susceptible to
dezincification and stress corrosion. Due to this combination of properties and its atfractive colour, the alloy is used for decorative
purposes as well as for a wide variety of drawn and formed parts.

COMPOSITION (weight %)

Cu . . . 84.0-86.0
Zn . . . rem.

1 SOME TYPICAL USES
Architectural

Trim, weatherstrip, cold-formed angles and channels.

Chemical
Flexible hose and wide range of process piping.

Decorative
Badges, cosmetic compacts, costume jeweilery, instrument and clock dials, efched articles, lipstick containers and engraved nameplates.

Hardware
Eyelets and fasteners,

Mechanical
Miscellaneous components required to be brazed; numerous drawn and formed parts; bellows; fiexible hose; slide (zip) fasteners.

Plumbing
Water service lines and traps.

2 PHYSICAL PROPERTIES

Metric Units English Units
21 Density at 20°C 68°F . . . . . . . . 8,75 gfcm? 0.315 lbfin?
2.2 Melting range . . . . . . . . . . 1000—1025°C 1 830-1875°F
2.3 Coefficient of thermal expansion {linear) at:
20 to i00°C 68 to 212°F . . . . . . 0,000 018 per °C 0.000 010 per °F
20 to 300°C 68 fo 572 °F . . . . . . c.Qoo019 ,, |, g.000010 ,, |,
2.4 Specific heat (thermal capacity} at:
20°C 68°F . . . . . . . . 0.09 cal/g °C 0.09 Btu/lb °F
2.5 Thermal conductivity at:
20°C 68 °F . . . . . . . . 0.38 cal cmfcm? s °C 92 Btu ft/ft2 h°F
200°C 392°F . . . . . . . . 0.44 ' 106 "
2.6 Electrical conductivity (volume) at:
—i96°C  —321 °F (annealed) . . . . . 31 mfohm mm? 54 % IACS
20°C 68 °F { S | . . . . . 2 " at, .
200°C 392°F( ,, ) . . . . R I [ 27,
-=196°C —3271 °F (fully cold worked . . . . 27 " 47,, .
2ODC EaﬂF( H " " ) - - - - 19 " 32 13 L]
conlinued averleaf

INDEX NUMBERS RELATE TO LITERATURE REFERENCES (see page 12); INDEX LETTERS RELATE TO FOOTNOTES AT END OF TABLE
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2 PHYSICAL PROPERTIES (continued} Metric Units English Units

v,

2.1 Electrical resistivity (volume} at: 0.032 ohm mm®?m 19 ohms (circ mil/ft)
=196 °C —321 °F {annealed) . . . . . 3.2 microhm cm 1.3  microhm in

0.047 ohm mm2/m 28 ohms {circ mil/ff}

20°C 68 °F ( wo ) . . . . . 4.7 microhm cm 1.8 microhm in
0.064 ochm mm?/m 38 ohms (circ mil/f)

200°C 392°F ( wo ) . . . . . 64 microhmecm 2.5 microhm in
0.037 ohm mm2fm 22 ohms (circ milfft}

—196°C —321 °F (fully cold worked) . . . . 3.7 microhm cm 1.5 micrehm in
0.054 ohm mm?&/m 32 ohms (circ milfft)

20°C 68°F ( ., " " ) . . . 5.4 microhm cm 2.4 microhm in

2.8 Temperature coefficient of electrical resistance at:
20°C 68 °F (annealed) . . . . 0.001 6 per °C (377% |ACS) 0.000 9 per °F {37% |ACS)
apphcable over range from 0t0 100°C 32 {0 212 °F

20°C 68 °F (fully cold worked) . . . . o.00t4 ,, ,, (32% IACS) 0.0008 ,, ,, (32% |ACS)
applicable over range from 0 to 100 °C 32 to 212 °F

2.9 Modulus of elasticity (tensnon) at20°C 68 °F

annealed . . . . . . . 12 400 kg/mm? 17 600 000 Ibjin2

cold worked . . . . . . . . . . 11 400-12 400 kg/mm?2 16 200 000-17 600 000 Ibfin? £
2.10 Modulus of rigidity (tors:on) at 20 °C 68 °F

annealed . . . . . . . . 4 550 kgjmm?2 6 450 000 Ebfin®

cold worked N . . . . . . . . . 4 300-4 550 kg{mm? 6 100 000-6 450 000 Ibfin?

N.B.: The values shown in Section 2, which have been appropriately rounded in view of the composition range involved, are based on selected literature
references,

3 FABRICATION PROPERTIES

The information given in this table is for general guidance only, since many factors influence fabrication techniques.
The values shown are approximate only, since those used in practice are dependent upon form and size of metal, equipment available,
techniques adopted and properties required in the material.

Metric Units English Units
3.1 Casting temperature range . . . . . . . 1100-1 160 °C 2 010-2 120 °F
3.2 Annealing temperature range . . . . . . . 425- 600°C 795-1 110 °F
Stress refieving temperature range . . . . . . 200- 300°C 390- 570°F
3.3 Hot working temperature range . . . . . . . 750- 900°C 1 380-1 650 °F
3.4 Hot formability . . . . . . . . . . Fair
3.5 Cold formability . . . . . . . . . . Excellent
3.6 Cold reduction between anneals . . . . . . 85%, max.
3.7 Machinability: . . . . . . . . . . See General Data Sheet No. 2
Machinability rating (free-cutting brass = 100) . . . . 25
3.8 Joining methods: . . . . . . . . . See General Data Sheet No. 3.4
Soldering . . . . . . . . . . Excellent
Brazing . . . . . . . . . . . _ Excellent
Oxy-acetylene welding . . . . . . . . Good
Carbon-arc welding . . . . . . . . Not recommended
Gas-shielded arc welding . . . . . . . Good
Coated metal-arc welding . . . . . . . Not recommended
Resistance welding: spot and seam . . . . . Fair
butt . . . . . . . Good
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5.1 MECHANICAL PROPERTIES AT ROOM TEMPERATURE®

5.1.1 Typical Tensile Properties and Hardness Values—Metric Units

This table is representative of practice in many European countries. For British and American practices, see tables 5.1.2 and
5.1.3, respectively.

The values shown represent reasonable approximations for general engineering use, taking account of variations in composition and
manufacturing procedures. For design purposes, national specifications should be consulted.

For a given temper, individual elongation vajues may show some variation above or below the typical values indicated.

Proot Elongation Hardness
Tensile Shear . .
Form Temper Strength Stress Strength Typical S_lze Related
kg/mme 0.2% offset gauge kg/mm? to Properties Shown®
" o . .
kg/mm % fength Brinell | Vickers
Annealed
(grain size 0.015 mm) 3 13 40 50 mm 80 84 23 0.2-1.5 mm thick
Plate
Sheet
Stri: Typical 34 25 30 50 mm 85 89 24 0.2-3 mm thick
an 30 22 50 m 105 110 25 N
Cold Worked "
Tempers 48 42 10 | 50 mm 135 140 31 0.2-2  mm thick
Annealed 28 10 50 5.55\/80 60 63 21 —_
Rod — 6-40 mm diam.
Typical 36 28 28 | 565V'S, 90 95 25 or equivalent area
Cold Worked .
Tempers 42 34 16 | 565v5, | 120 125 27 6-12 mm diam.
or equivalent area
Annealed 30 -— 35 100 mm — —_ 23 1.5-6 mm diam.
32 —_ 32 100 mm — — 24 0.2-1.5 mm diam.
Wire
Typical 42 — 8 106 mm — —_ 27 1.5-6 mm diam.
Cold Drawn 50 — 4 100 mm —_ — 28 1.5-3 mm diam.
Tempers 60 — — — - — 30 0.2-1.5 mm diam.
Annealed 28 11 50 | 5.65VS, 60 63 pil —
Tub P 10-50 mm Q.D.
uve Typical 36 28 o5 | 565vS, | 95 100 25 Svor 2t wal
Cold Drawn s up to 25 mm O.D
Tempers 44 38 12 | 565v'S, 125 130 2 up to 2 mm walil

(# It will be noted that tables 5.1.1, 5.1.2 and 5.1.3, giving typical tensile properties and hardness values in Metric, English and American units, respectively,
are not directly comparable, This is because the properties quoted reflect to some extent the metalworking techniques, specification practices, and tesfting
procedures in the countries concerned, and In view of the different sizes of products referred to in these tables. individual manufacturers of semi-fabricated
products ¢an, however, narmally meet the requirements of any national standard.

(b) It is possible to obtain sizes outside the ranges glven in this column, but information on their mechanical properties should be obtained from the metal
manufacturers.
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5.2 MECHANICAL PROPERTIES AT LOW TEMPERATURE

3.2.1 Tensile Properties—Impact Properties

Te::)s:;:?ure Tensile Strength Proof Stress Elrir;aa- Reduc- [ Impact Strength
Form Temper 0.2 offset % tion
of Area
kgfmm? on o

°C °F | kgfmm?| tonfin2 | psi 4.52 V'S, o kg mfcm? ftib

Rod( 22 72| 285 18 40 400 9.14t 48 74 16.60 96!

o Cold Worked ~ 78 -108 325 21 46 500 9.84() 63 79 14,20 g2ib

19 mm diam 142 ~197 323 43.5 27.5 62 000 1.5 83 71 13.5¢ 78
0.75 in diaml ° -253 —423 55.5 35.5 79 200 14,7 80 75 13,10 76

) ) ) -269 452 50 31.56 71 000 12.9@ 82 i — —

Rod® (grainz;‘z’;eg‘;% mmy | 7195 | 919 | 465 | 205 |e65800| 1370 - - - -

10 50 - - — - - - 14,40 52

- 18 0 - — — - — - 14,70 53

~20 |20 - —~ — — —_ - 15.9(0) 55}

@

Rod Annealed -5 _ 60 N _ _ _ . _ 15.5( e
-79 | 2110 - | = - - - - 15,5 56

118 | —180 - — — — — - 16,6 60

{2} This value was originally reported in psi; in this table i is given in kg/mm2 fo 2 significant figures.
®} Charpy test, 10 x 10 x 55 mm specimen, 45° V-notch, 2 mm deep; cross-sectional area at the notch 0.8 cm2.
1) Charpy specimen, keyhole notch; cross-sectional area at the noich 0.5 cm2.

N.B.:—Original values are printed in bold fype: other values are converted,
—All converted values for impact strength are to be taken as Indicative only; the impact energy has been converted from ft tb into kg m/cm? faking into
account the actual cross-sectional area of the specimen at the notch.
—Data not available:
Proof stress, 0.1% ofiset,
Yield strength, 0.5% extension under load.
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5.3 MECHANICAL PROPERTIES AT ELEVATED TEMPERATURE

5.3.1 Short-Time Tensile Properties

Testing .
Temperature Tensile Strength Proof Stress
. Elongation
Form Temper Yield %
° ° Sirength o
0.2% 0.1% 0.5% ext on 2in.
°C °F kgfmm?2 | tonfin2 psi ofiset offset s b
kgjmm? tonfin2 under
foad
psi
20 68 30 18.2 43 000 8.66t 5.1 - 50
86 150 28 17.7 39 500 .19 4.9 — 51
Platet® Annealed 121 250 26.5 16.8 37 500 8.50( 5.1 — 45
177 350 25.5 16.1 36 000 1.876 4.8 - 45
932 450 94.5 15.4 34 500 7.87 4.8 - 6
24 75 29 18.5 41 080 — — 10 000 47.0
(';‘r“a’i‘:agfz‘i 149 300 — — — — — 9 700 _
204 400 — — — — — 9 500 -
0.060 mm) 260 500 — — - — - 8 500 —
Rod®
3.2 mm diam Cold Worked 24 75 41.5 30 67 506 — — 59 060 10.5
0.125 in. diam. 37%/ 204 400 — — - — — 47 000 -
Cold Worked 24 75 58 43 96 500 - — §7 000 1.0
849, 204 400 — - - — — 52 000 —
Rod® 25 77 28 175 | 39s00 | 879w - - -
2.7 di Annealed 300 579 M5 13.5 30 600 7560 — - —
-2 mm glam. 500 932 10 65 | 14500 | 5.23® - - —
0.5 in. diam.
Rod® 24 75 3 19.5 43 800 — — — 41.0
"('°:a‘i“r’:°s’il‘z‘;d 204 400 27 17 38 525 — - - 35.5
19 mm diam. 09030 v 316 600 21 135 29 950 — — - —
0.75 in. diam. . 407 800 14 9 20 250 — — - 4.2
200 392 41.5 26 58 800 - — 54 800 7.3
300 572 - | 365 23 51 800 —_- — 49 090 45
Rod® Cotd Worked | 400 752 99 14 31 400 - — 24 500 17.0
37y, 500 932 11 7 15 860 - —_ 10 500 25.7
800 | 1 112 6.5 4 9 200 — — 7 600 21.7
700 | 1 202 4 25 5 609 — — 4700 62.0
Room Room 28 18 40 000 — — 12 000 —
66 150 28 18 40 000 - — 12 000 -
121 250 7.5 17.5 39 000 — — 12 000 —
149 300 26.5 17 38 000 — — 12 000 -
Tube®® Annealed 177 350 26 165 | 37000 — — 12 000 —
204 400 95.5 16 36 000 - — 12 000 —
232 450 24.5 15.5 35 000 — - 11 500 —
260 500 23 14.5 33 006 _ — 11 000 —

%) This value was originally reported in tonfin2; in this table it is given in kg/mm?2 fo 3 significant figures.

() This vatue was originally reported In psi; in this table it is given in kg/mm? te 3 significant figures.

N.B.: Original values are printed in bold type; other values are converted.
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5.3.2 Creep Properties

5.3.2.1 Original Creep Bata

Testing Stress
Femperature Duration Totall Intercept Min. Creep
Form Femper h Extension o Rate
AL ° % per1000h
°C °F kgfmm? | tonfin? psi
3.2 2.0 4500 4 500 0.031 0.006 0.000 7
149 300 4.9 341 6 960 5100 8.087 0.024 0.002 9
6.9 4.4 9 300 4 500 107 0.44 0.026
0.70 .45 1000 4 400 0.022 0.008 0.000 8
1.4 0.92 2050 5 060 0.042 0.013 6.001 ¢
2.5 1.6 3 500 5100 0.092 0.040 0.003 3
Annealed 204 400 35 2.3 5040 5 400 0.097 0.M5 0.405 9
L 4.9 34 6 940 6 600 0.482 0.187 0.034
‘09[’)2}]“ nf;:;’ 6.3 4.0 8940 2000 1.060 0.396 0.10
: 8.1 5.1 11 500 4130 3.620 08.750 0.283
0.60 0.38 850 3140 0.042 0.010 0.004 ©
1.4 0.89 2 000 5 000 0.0 0.026 0.008 0
260 500 2.5 1.6 3520 5 300 0.241 0.037 0.0390
) 3.5 2.2 4 980 5 600 0.507 0.083 0.073
4.2 2.7 6 000 5140 0.958 0.180 0.138
4.9 3.1 6 950 1 600 1100 0.510 0.32
3.5 2.3 5 040 5 200 0.050 0.018 0.000 4
7.0 4.4 9 900 4 300 0.110 0.037 0.002 4
149 300 9.2 5.8 13 050 5050 0.138 0.044 0.0028
12.4 7.9 17 650 5100 0.227 0.083 0.006 7
(5) 16.8 10.6 23 850 6 050 0.366 0.153 0.011
Rod 21.2 13.5 30 200 4 800 0.628 0.220 0.043
3.2 mm diam.
0125 in. c
diam. old Worked 3.5 2.2 4 980 5 200 0.077 0.039 0.0026
37% 204 400 5.7 3.6 8100 5 400 0.135 0.054 0.006 9
8.3 5.3 11 850 5 200 0.283 0.146 0.013
11.0 7.0 15 650 4420 0422 8.151 0.041
0.37 0.23 520 5 100 0.042 0.008 0.005 6
260 500 0.69 Q.44 980 10 370 0179 0.055 0.011
241 1.4 3 050 10 000 0.967 0.073 0.086
4.3 2.7 6 050 4 800 1.114 —0.70 037
1.0 4.4 9 960 4 400 0.096 0.029 0.0007
149 300 13.9 8.8 19 800 5100 0.187 0.054 0.0026
27.9 17.7 39 760 4 500 0.445 0.108 0.011
37.8 24,0 53 800 5 100 0.860 0.250 0.033
0.73 0.46 1640 5160 0.040 0.029 0.001 1
Cold Worked 204 400 2.2 1.4 3180 5 000 0.163 0.061 0.017
84% 3.8 2.4 5 400 5160 0.461 0.110 0.063
4.2 2.7 6 040 5000 0.505 0120 0.069
0.42 0.27 600 5540 0.096 0.038 0.010
260 500 0.87 0.43 260 5 300 0.270 0.080 0.034
14 0.87 1940 2 950 0.678 0.104 0.19
2.1 1.3 2990 3 650 2.715 —6.045 0.76}

(® Total extension = Initial extension+ Total creep = Initial extension + Intercept + (Minimum creep rate X Duratior).
() Accelerating creen rate,

N.B.: Original values are printed in bold type; other values are converted.
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5.3.2.2 Stress for Designated Creep Rate

T e:-n:s:::?u re Stress for Designated Creep Rate
Form Temper 0.001°/ per 1 000 h 0.01%, per 1 000 b 0.1% per 1 800 h
OC DF
kgfmm? | tonfin? psi kg/mm? | tonfin2 psi kgfmm? | tonfin? psi

Annealed 149 300 3.7 2.3 5 200 6.0 3.8 8600 |> 7.0 > 4.5 - 10 000

{grain size 204 400 0.88 0.56 1256 3.9 2.5 5 500 6.3 4.0 9 000

0.060 mm) 260 500 o -— e 1.6 1.0 2250 3.7 23 5 200
Rod(5)

32mm | Cold Worked | 149 | 300 5.5 3.5 780 | 155 2.8 22000 [>21.0 134 |>30000

diam. 37/ 204 400 2.0 1.3 2 80 7.0 45 10 000 13.1 8.3 18 700

0.125 in. o 260 500 — — — 0.60 0.38 850 2.3 1.5 3 300
diam.

Coid Worked 149 300 B.4 55 12 000 26.0 16.5 37600 [>38.7 24.6 [ 55 000

84%, 204 400 0.70 0.44 1000 1.8 1.2 2 600 4.8t 3.0t 6 800¢
° 260 500 — — — 0.42 0.27 600 1.0 0.65 1 450

{a} Extrapolated value,
N.B.: Original values are printed in boid type; other values are canverted.
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5.4 FATIGUE PROPERTIES
5.4.1 Fatigue Strength at Room Temperature
Metric Units English Units American Units
Number kgfmm? tonfin? psi
of
Form Temper Cycles
% 108 Tensile Fatigue Tensile Fatigue Tensile Fatigue
Strength | Sfrength | Strength | Strength | Strength | Strength
Annealed () (a) )
(grain size 0.020 mm) 100 3 11.5 195 7.54 44 000 16 500
Annealed 100 29.5 10 18.5 6.5@ 42000 | 14500W
(grain size 0.025 mm} : ) )
Annealed 100 275 7.5 17.5 4.5t 39000 | 10 5000
Stript® (grain size 0.075 mm) ’ ) ' ’
0.81 mm A led
0.032 in. (grain S;‘z”:g 390 ) 100 27 7.5¢@ 17 56 38 500 11 000
21 940} 100 39.5 16@@ 25 10t 56 500 22 500
215740 100 35 10.50 22,5 6.5 50 000 15 0001
379 100 48.5 15¢) 31 9,50 69 000 21 000t
Cold Worked 33000 . 100 45 13.5@ 98.5 8.5 64000 | 19000%
6020 100 55.5 176 35.5 10,5@ 79 000 24 000t
602758 100 55.5 1650 35.5 10.5(= 79 000 23 500()
Strip
1 mm Cold Worked(® 100 59 10.5@ 37.5 6.5 84 00D 15 600t
0.04 in.
Rod('»
12.7 mm diam. Cold Worked 4% 300 3.5 14 20 gk 44 700 20 000
0.5 in. diam.
Cold Worked ot 80 37.5 1100 23.5 70 53000 | 160000
Rod(1
Cold Worked 100 28.5 1 18 7 40500 | 155000

(a) Reversed-bending test, (b) Ready-to-finish grain size 0.020 rm, () Ready-to-finish grain size 0.060 mm. {¢) Ready-to-finish grain size 0.030 mm. (¢} Ready-to-
finish grain size 0,070 mm. () Ready-to-finish grain size 0.025 mm. () Quoted as “spring" in originat document, but amount of cold work not defined,
(W Rotating-beam test. ) Stress relieved for 3 h at 232 °C (450 °F} ) Annealed for 3 h at 482 °C (900 °F).

N.B.: Original values are printed in bold type; other vaiues are converted.
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Cu Zn20

Commeon names: 30/20 Brass
80/20 Gilding Metal
Low Brass

A copper—zinc alloy with an alpha phase structure. The alloy has excellent cold-working properties and is generally resistant to dezinci-
fication and stress corrosion in most environments. Due to this combination of properties and its attractive colour, the alloy is widely used
for decorative purposes and for miscellaneous formed and brazed components.

COMPOSITION (weight %)

Cu . . . 785815
Zn . . . rem,

1 SOME TYPICAL USES

Architectural .
QOrnamental metalwork; cold-formed angles, channels and trim,

Chemical
Wire for Fourdrinier paper screens; wire cloth,

Decorative
Clock and instrument dials; costume jewellery.

Electrical
Battery caps.

Mechanical
Misceilaneous components required to be brazed; numerous drawn and formed parts; bellows; flexible hose; slide (zip) fasteners.

2 PHYSICAL PROPERTIES

Metric Units English Units
21 Density at 20°C  88°F . . . . . . . . 8.65 g/cm?® 0.315 Ibfin?
2.2 Meiting range . . . . , . . . . . 970-1 010°C 1 780-1 850 °F
2.3 Coeflicient of thermal expansion {linear) at:
20 to 100 °C 68 fo 212°F . . . . . . . 0.000 018 per°C 0.000 010 per°F
20 to 300°C 68 to 572°F . . , . . . . o.000019 ,, ,, 0000011 ,,
2.4 Specific heat (thermal capacity) at:
20°C 88°F . . . . . . . 0.09 cal/g°C 0.09 Btu/ib °F
2.5 Thermal conductivity at:
—200°C —328°F . . . . . . . . 0.17 cal emfem? s °C 40  Btu ftfft2 h °F
20°C 68°F . . . . . . . . 0,33 " 81 "
200°C 392°F . . . . . . . . 0.40 " 97 "
2.6 Electricaj conductivity (volume) at:
—196°C —321 °F {annealed) . . . . . . 28 mfohm mm? 49 % 1ACS
20°C 68°F( Yy . . . . . . 19 " 32 ., .,
200°C 392°F({ ) . . . , L] 14 " 25 ,,
--196 °C —321 °F (fully cold worked) . . . . 23 . 40 ., .,
20°C 68°F ( ., " o) - . . . 16 " 27 ., .
continued overleaf

INDEX NUMBERS RELATE 7O LITERATURE REFERENCES {see page 8); INDEX LETTERS RELATE TO FOQOTNOTES AT END QOF TABLE

Prepared by Distributed by DATA SHEET No. D4

CONSEIL INTERNATIONAL POUR LE COPPER DEVELOPMENT ASSOCIATION Cu Zn20

DEVELOPPEMENT DU CUIVRE (CIDEC) - © P
100, rue du Rbéne - 1204 GENEVE 55, South Audley Street - London WIY §BJ 1970 Edition
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2 PHYSICAL PROPERTIES (continued) Metric Units English Units

2.7 Electrical resistivity (volume) at:

_196°C —321 °F (annealed) . ] ) . . . 0.035 orgm mm?/m 21 oi?ms (cir_c milfft)
3.5 microhm cm 1.4 microhm in

20°C 68 °F ( ) . i . . . . 0.054 ol?m mm2/m 32 or]ms (cirf: mil /ft)
5.4 microhm cm 2.1 microhm in

200 °C 399°F ( N ) ) ) . . 0.070 ot?m mm?Zfm . 42 ol?ms (cirf: milfEt)
7.0 microhm cm 2.8 microhm in

—196°C —321°F (fully cold worked) . . . . | 0.0430hm mm¥jm 26 ohms (circ mil/ft)
43 microhmcm 1.7 microhm in

90°C 68°F( " . ) . ) . ) 0.064 ohm mm2/m 38 ohms (cir_c mil/ft)
64 microhm em 2.5 microhm in

2.8 Temperature coefficient of electrical resistance at:

20°C 68°F (annealed) . . . . 0.001 5 per °C (32% IACS) 0.000 9 per °F (32%, IACS)
applicable over range from 0to 100°C 32 {o 212 °F
20°C 68 °F (fully cold worked) . . . . 0.0013 ,, , (27% I1ACS) 0.0007 ,, ., {27% tACS)
applicable over range from 010 100°C 32 lo 212 °F
2.9 Modulus of elasticity (tension) at 20°C 68 °F
annealed . . . . . . . . . . . 12 100 kgfmm?2 17 200 000 Ibfin?
cold worked . . . . . . . . . . 10 600-12 100 kgfmm? 15 100 00017 200 000 1bfin2
218 Modulus of rigidity (torsion) at 20 °C 68 °F
annealed . . . . . . . . . . . 4 400 kgfmm? 6 250 000 ibfin?
cold worked . . . . . . . . . . 4 1504 400 kg/mm?2 5 900 000-6 250 000 Ibfin?

N.B.: The values shown in Section 2, which have been appropriately rounded in view of the composition range involved, are based on selected literature
references.

3 FABRICATION PROPERTIES

The information given in this table is for general guidance only, since many factors influence fabrication technigues.
The values shown are approximate only, since those used in practice are dependent upon form and size of metal, equipment available,
techniques adopted and properties required in the material.

Metric Units English Units
31 Casting temperature range . . . . . . . . 11001 150 °C 2 010-2 100 °F
3.2 Annealing temperature range . . . . . . . 425- 600°C 795-1 110 °F
Stress relieving temperature range . . . . . . 200~ 300°C 390- 5T70°F
3.3 Hot working temperature range . . . . . . . 750- 900°C 1 380-1 650 °F
3.4 Hot formability . . . . . . . . . . Fair
3.5 Cold formability . . . . . . . . . . Excellent
3.6 Cold reduction between anneals . . . . . . 859, max.
3.7 Machinability: . . . . . . . . . . See General Data Sheet No. 2
Machinability rating {free-cutting brass = 100) . . . . 30
3.8 Joining methods: . . . . . . . . . See General Data Sheet No, 3.4
Soldering . . . . . . . . . . Excetlent
Brazing . . . . . . . . . . . Excelient
Oxy-acetylene welding . . . . . . . . Good
Carbon-arc welding . . . . . . . . ' Not recommended
Gas-shielded arc welding . . . . . . . Good
Coated metal-arc welding . . . . . . . Not recommended
Resistance welding: spot and seam . . . . . Fair
butt . . . . . . . Good
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51 MECHANICAL PROPERTIES AT ROOM TEMPERATURE®
5.1.1 Typical Tensile Properties and Hardness Values—Metric Units

This table is representative of practice in many European countries. For British and American practices, see tables 5.1.2 and
5.1.3, respectively.

The values shown represent reasonable approximations for general engineering use, taking account of variations in composition and
manufacturing procedures. For design purposes, national specifications should be consulted.

For a given temper, individual elongation values may show some variation above or below the typical values indicated.

Elongation Hardness
Tensile &'.‘ZZZ Shear | o ical Size Related
Form Temper Sktﬁ;mg.tzh 0.2% offset gauge s:‘gfn?r?\zh to Properties Shown(®
A , .
kg/mm % length Brinell | Vickers
Annealed
grain size 0,023 mm 31 12 52 50 mm 75 79 23 0.2-2.5 mm thick
grain size 0.015 mm 33 14 50 50 mm 85 89 25 .2-1.5 mm thick
Plate -
ss*;e.e‘ Typical 42 30 28 | 50 mm 115 120 29 0.2-3 mm thick
"p Cold Worked 51 44 10 | 50 mm 145 150 a0 0.2-2  mm thick
Tempers 57 48 5 50 mm 155 160 32 0.2-1.5 mm thick
Annealed 30 12 | s8 | 585VS, | 65 68 23 —
Rod ——] 6—40 mm diam.
Typical 38 29 38 | 565V'S, 90 95 27 or equivalent area
Cold Worked 612 di
Tempers 44 38 20 | 5.65VS, 125 130 29 —1< mm dham,
or equivalent area
Anneaied a3 —_ 40 100 mm - — 25 1.5-6 mm diam.
35 — 38 | 100mm — — 26 0.2-1.5 mm diam.
Wire .
Typical 43 - 10 | 100 mm - - 29 15-6 mm diam.
Cold Drawn 54 — 3 100 mm — — 30 1.5-3 mm diam.
Tempers 64 - — - — — a2 0.2-1.5 mm diam.
Annealed 32 12 52 | 5.65V'S, 70 74 24 —
Tub — 10-50 mm O.D.
ube Typical 38 2a 30 | 565vS, | 100 105 27 over 2 mm wall
Cold Drawn f0 25 mm O.D
Tempers S, | up o 2o mim UL
emp 46 39 16 | 5.65V'S, 130 135 30 up to 2 mm wall

(a) it will be noted that tables 5.1.1, 5.1.2 and 5.1.3, giving typicat tenslle properties and hardness values in Metric, English and American units, respectively, are
not directly comparable. This Is because the properties guoted reflect to some extent the metalworking technigues, specification practices, and testing
procedures in the countries concerned, and in view of the different sizes of producis referred to in these tables. Individual manufacturers of semi-fabricated
producis can, however, normally meet the requirements of any national standard.

{b) It Is possible to obtain sizes outside the ranges given in this column, but information on thelr mechanical properties should be obtained from the medal
manufacturers.
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5.2 MECHANICAL PROPERTIES AT LOW TEMPERATURE

5.2.1 Impact Properties

Testing Impact
Temperature Strength)
Form Temper
°C °F kg mfcm? ftib
20 68 15.0 54
-23 -9 15.1 54.5
Annealed 77 -107 15.2 55
~123 -189 16.6 60
-173 ~279 18.5 67
-195 -319 18.1 69
— ()
20 68 8.8 32
~23 -9 9.4 34
Cold Drawn 27% ~-17 -107 10.0 36
-123 ~i89 10.2 37
~-173 279 10.5 38
-195 -319 10.6 38.5

(a) Charpy specimen, kevhole notch; cross-sectional area at the notch 0.5 em2.
(b} Form not stated in originat document.

N.B.:—OQriginal values are printed in bold type; other values are converted,

—Al converted values for impact strength are to be taken as indicative only; the impact energy has been canverted from ft [b inte kg mjcm?2 taking into
account the actual cross-sectional area of the specimen at the notch.

—Data nof available:

Tensile strength

Proof stress, 0.1% and 0.2% oftset

Yield strength, 0.5% extensicn under load

Elongation

Reduction of Area

5.3 MECHANICAL PROPERTIES AT ELEVATED TEMPERATURE

5.3.1 Short-Time Tensile Properties

Testing Temperature Tensile Strength Elonga-
tion
Form Temper A
°C °F kgfmm? tonfin? psi on2in.
23 13 57 36 80 800 13
250 482 34 21.5 43 706 0
400 752 14.5 9.5 20 800 T
Rod(2
Cold Worked 500 932 4.5 3 6 600 16
12.8 mm diam. 3074 625 1157 2.5 15 3 800 19
0.505 in. diam.
750 1382 2 1 2 700 29
850 1 5682 1 0.6 1 400 30
960 1 652 0.7 0.4 1000 36

N.B.:—Original values are printed in bold type; other values are converted,

—Data not available:

Proof stress, 0.1% and 0.2% offset
Yield strength, 0.5% extension under load.

5.3.2 Creep Properties

At the date of publication of this sheet, no data relating to this material have heen traced.
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5.4 FATIGUE PROPERTIES

5.4.1 Fatigue Strength at Room Temperature

Metric Units English Units American Units
Number kafmm? tonfin? psi
of
Form Temper Cycles -
® 108 Tensite Fatigue Tensile Fatigue Tensile Fatigue
Strength | Strength | Strength | Strength | Strength | Strength
_ Annealed 100 32.5 106 20.5 659 | 46200 | 14 000
Strip® {grain size 0.035 mm}
0.8f mm 21% 100 44.5 13.50@ 28.5 8.5 63600 | 19 oot
0.032 in. Cold Worked  37% 100 54 16 34.5 10t 76 900 22 50002
60% 100 62 15.5(a 39.5 10t 88 000 22 0004
Flat Products¥
1mm Cold Worked(® 20 64 176 40.5 10.5¢ 91 060 24 000
0.04 in.
Sheet®® A led
Aneae — (a) _ (a} _ (4}
2.5¢ mm (grain size 0.04 mm) 2 14 ¢ 20 000
0,10 in.
Annealed 50 32 15.50 20 106 45 300 22 400
Rod®
Cold Worked  27% 50 51 150 32.5 9,5(9) 72 700 21 500t
19 mm diam.
2.75 in. diam.
Cold Worked 27% ) (c} (c}
and Stress Relicved® 50 49 17.5% 31.5 14t 70 300 25 000
Annealed 90 31 12,50 19.5 8t 44 000 17 500
Rod(™®
Cold Worked 100 54 i6te) 34 10.5< 76 500 23 6oo'=
25.4 mm diam,
1 in. diam.
Cold Worked and (ch (c} (c)
Stress Rolloved® 40 56.5 18,5 36 11.5¢ 80500 | 26 0oo
Rad® gf:r'gs\g’gg;;‘i:;‘(ﬁ 100 41 1560 26 9.5 | sg000 | 21000
25.4 mm diam. Cold Worked and
1in. diam. 0 orked an (c) (<) (c)
Annealed(® 40 32 12¢e 20.5 7.5t 45 500 17 000¢s
Wire!% A 10 62.5 16t 9 50 89 000 23 gaot
609, [¢] R gle 39.5 10.5%¢ c
1.8 mm diam. Cold Worked g5/ 100 76 18,5 48 1266 | 108000 | 26 500¢0
0.072 in. diam.
Wire's Cold Warked!" 100 75 16t 48 10.5 107 000 23 000
2 mm diam.
0.08 in. diam. Cold Worked®! 100 83 18.5¢2 56 11.5() 125 000 26 000

() Reversed-bending test. (0 Quoted as “spring” in original decument, hut amount of cold work not defised. (&) Rotating-beam test. {4} Stress relieved for 1 h
at 275 °C (527 °F). (o) Stress refieved for 1 h at 232 °C (450 °F). (0 Stress relieved for 2 h at 232 °C (450 °F). (@) Annealed for 2 k at 482 °C (980 °F). (") Quoted as
“"hard"” in original document, but amound of cold work not defined,

N.B.: Original values are printed in bold type: other values are converted.
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Cu Zn28
Cu Zn30

This data sheet covers both Cu Zn28 and Cu Zn30, since these alloys have very similar compositions and properties.

Common names: 70{3¢ Brass
Cartridge Brass
Deep-Drawing Brass
Two copper-zinc alloys with an alpha phase structure, The alloys exhibit the optimum combination of strength and ductility in the copper—
zinc series and are commonly used whenever extreme cold deformation is involved. Cu Zn28 is produced only in some European countries
for applications for which American and British industrial practice would specify Cu Zn30. Service environment for both alloys must be

considered to predict corrosion behaviour. A typical application of these alloys is for deep-drawn components such as cartridge cases.
Cu Zn30 also includes the inhibited variety containing arsenic, which is generally used for heat-exchanger tubes.

COMPOSITION (weight %)

Cu Zn28 CuZnidd*
Cu . . 71.0-73.0 Cu . . 68.5-71.56
Zn . . rem. Zn . . rem.

*Arsenic is sometimes added as a corrosion inhibitor.

1 SOME TYPICAL USES
Chemical
Heat-exchanger tubes handling fresh, clean water; sugar evaporators and juice heaters; fire-extinguisher bodies.

Electrical
Lamp caps and lampholder components.

Hardware
Chain, eyelets, fasteners, hinges, locks, fingerplates, wire cloth, wire brushes.

Mechanical

Wide variety of deep-drawn and spun components, including cartridge cases and musical instruments; automobile radiator tanks and tubes;
carburettor paris; wire reinforcements in brake and clutch linings; general industrial pressings formed from sheet and strip; forch and
flashlight cases; reflectors; cold-headed or “upset"” products such as rivets, pins and screws.

2 PHYSICAL PROPERTIES

Metric Units English Units
2.1 Density at 20°C 68°F . . . . . . . . 8.55 g/em? 0.310 Ihfin®
2.2 Meliing range . . . . . . . . . . 910-965°C 1670-1770°F
2.3 Coefficient of thermal expansion (linear) at:
—128to 20°C 20010 68°F . . . . . . . 0.000 009 per °C 0.000 005 per °F
20 to 100 °C 68 to 212°F . . . . . . . 0000019 ,, 0.000 010 ,,
20 to 300 °C 68 to 572 °F . . . . . . . 0.000020 ,, ,, g.o0c0011 ,,
2.4 Specific heat {thermal capacity) at:
20°C 68°F . . . . . . . . . |oocajg°C 0.09 Btu/lb °F
200°C 392°F . . . . . . . . . toaomn 0.11 "
2.5 Thermal conductivity at:
—200°C ~328°F . . . . . . . . . 0.12 cal ecmjcm? s °C 30 Btuft/ft2 h °F
20°C 68°F . R . . . . . . . 0.29 " 70 "
200°C 392°F . . . . . . . . 0.35 " 85 i
2.6 Electrical conductivity {volume) at:
—196°C —321 °F (annealed) . . . . . . . 24 m/ohm mm? 41 9% IACS
20°C 68°F( ). . . . . . . 16 " 28 ., .,
200 °C 92°FC ., Y. . . . . . .l 22 . .
—196°C —321 °F (fully cold worked} . . . . . 18 ' 31,
20 ﬂC BsoF( 1] " 2] ) . . . . . 13 e 22 " 2
continued overleaf

INDEX NUMBERS RELATE TO LITERATURE REFERENCES (see page 12); INDEX LETTERS RELATE TO FOOTNOTES AT END OF TABLE
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2 PHYSICAL PROPERTIES (continued) Metric Units English Units
2.7 Elactrical resistivity {volume) at:
-196°C 321 °F (annealed) 0.042 ohm mm%m 25 ohms {circ mil/fy)
4.2  microhmecm 1.7 microhm in
20°C 68°F({ ., ). 0.062 ohm mm2/m 37 ohms (circ milfft}
6.2 microhm ¢m 2.4 micrahm in
200 °C 392°F ¢ Y Y. (.079 ohm mm?/m 47 ohms (circ mil/ft}
7.9  microhm cm 3.1 microhm in
186 °C 321 °F (fully cold worked) 0.056 ohm mm2/m 33 ohms {circ mil/ft}
5.6 wmicrohm cm 2.2 microhm in
00 °C 68°F(, . . ) 0.078 ohm mmZ/m 47 ohms {circ milfft)
7.8  microhm cm 3.1 microhm in
2.8 Temperature coefficient of electrical resistance at:
20°C 68 °F {annealed} . . . 0.001 5 per °C {289/ IACS) 0.000 8 per °F (28% LACS)
applicable over range from 0 to 100 °C 32 {0 212°F
20°C 68 °F (fully cold worked) . . . 0.0012 ,, ,, (22% IACS) 00007 ,, ., (22% IACS)
applicable over range from 0to 100°C 32 to 212 °F
2.9 Modulus of elasticity (tensmn) at 20 °C 68 °F
annealed . . . . 11 700 kg/mm?2 16 600 000 ibfin?
cold worked 9 900-t1 700 kgfmm? 14 100 000-16 600 000 1hfin2
210 Modulus of ng;dlty (torsmn) at 20 °C 68 °F
annealed . . 4 150 kgfmm? 5 900 000 Ibfin2
cold worked 3 700-4 150 kg/mm? 5 250 000-5 900 000 lbfin?

N.B.: The values shown in Section 2, which have heen appropriately rounded in view of the composition ranges involved, are based on selected literature

references.

3 FABRICATION PROPERTIES

The information given in this table is for general guidance only, since many factors influence fabrication techniques.
The values shown are approximate only, since those used in practice are dependent upon form and size of metal, equipment available,
technigues adopted and properties required in the material.

Metric Units English Units
3.1 Casting temperature range . 10701 110°C 1 960-2 030 °F
3.2 Annealing temperature range 450- 680°C 840-1 255 °F
Stress relieving temperature range 250- 350°C 480- 660 °F
3.3 Hot working temperature range . 750- 870°C 13801 600 °F
3.4 Hot formability Fair
3.5 Cold formability . Excellent
3.6 Cold reduction between anneals 90°%4 max.
3.7 Machinability: See General Data Sheet No. 2
Machinability rating (free-cutting brass — 100) 30
3.8 Joining methods: See General Data Sheet No. 3.4

Soldering

Brazing .

Oxy-acetylene wsalding

Carbon-arc welding

Gas-shielded arc welding

Coated metal-arc welding
Resistance welding: spot and seam

butt

Excellent
Excellent
Good
Mot recommended
Fair
Not recommended
Fair

Good

Cu Zn28—Cu Zn30




5,1 MECHANICAL PROPERTIES AT ROOM TEMPERATURE™

5.1.1 Typical Tensile Properties and Hardness Values—Metric Units

This table is representative of practice in many European countries. For British and American practices, see tables 5.1.2 and
5.1.3, respectively.

The values shown represent reasonable approximations for general engineering use, taking account of variations in composition and
manufacturing procedures. For design purposes, national specifications should be consulted.

For a given temper, individual elongation values may show some variation above or below the typical values indicated.

Elongation Hardness
Tensile |  £re00 Shear | 1ypical Size Related
Form Temper S;gfr:g;h 0.2% offset gauge Skté}e;?ntzh to Properties Shown ®
2 Q = .
kg/mm % length Brinell | Vickers
Anneated -
grain size 0,035 mm 33 12 60 5.65v'S, 65 68 25 0.2-5 mm thick
grain size 0.025 mm 35 14 57 50 mm 80 84 26 0.2-2.5 mm thick
grain size 0.015 mm 37 15 55 50 mm 85 89 28 0.2-1.5 mm thick
Plate 38 23 40 50 mm 95 100 27 0.2-3 mm thick
Sheet 42 32 32 50 mm 120 125 28 "
Strip
Typical 48 40 18 50 mm 135 140 30 0.2-2 mm thick
Cold Worked 52 47 10 50 mm 145 150 31 "
Tempers
o7 54 6 50 mm 155 160 32 0.2-1.5 mm thick
60 — — — 160 170 33 0.2-1  mm thick
Annealed 32 12 62 | 5.65vS, | 65 68 24 —
Rod 36 20 45 | 5.85V'S, 80 84 26 —
Typical — 6-40 mm diam.
Cold Worked 40 30 35 | 5.65VS, 110 115 28 or equivalent area
Tempers _ ;
46 39 20 | se5vS, | 125 130 30 6-12 mm diam.
or equivalent area
36 — 48 100 mm — — 26 1.5-6 mm diam.
Annealed 38 — 38 100 mm — — 27 0.5-1.5 mm diam.
42 — 22 160 mm — — 28 up to 0.5 mm diam.
40 — 35 100 mm — - 27 1.5-6 mm diam.
55 — 10 100 mm —_ — 30 "
Wire
Typical 65 — — - - — 35 1.5-3 mm diam.
Cold Drawn 8 - - - - - 33 "
T
empers 44 - 18 | 100 mm — — 29 0.5-1.5 mm diam,
58 o 3 100 mm — — 32 "
70 — - — — — 35 "
85 — — - - — 43 "
Annealed -
— 33 13 58 | 5.65V'S, 65 68 26 —_—
L e 15—30 mm Q.D.
grain size 0.030 mm 3 13 55 5.65\/?(; 65 68 26 08— 2 mm wall
Tube(o | 9rain size 0.020 mm 37 18 45 | 5.85V'S, 15 79 27 "
. _— 10-50 mm O.D.
Typical 40 32 3 | 565v'S, | 110 118 28 over 2 mm wall
Cold Drawn o to 95 0.0
Tempers 48 42 15 | 5.85V'S, | 185 140 31 up to £5 mm L.,
up to 2 mm wall

{a

4

{e.
(d}

it will be noted that tables 5.1.1, 5.1.2 and 5.1.3, giving typical tensile properties and hardness values in Metric, English and Americaa units, respectively
are not directly comparable. This is because the properties quoted reflect to some extent the metalworking techniques, specification practices, and testing
procedures in the countries concerned, and in view of the different sizes of products referred to in these tables. Individual manufacturers of semi-fabricated
products can, however, normaily meef the requirements of any national standard.

It is possible to obtain sizes outside the ranges given in this column, but information on their mechanical properties should be obtained from the metal
manutacturers,

Tubes for heat exchangers and condensers are generally supplied orly to the tempers whose representative mechanical properties are printed in boid type.

Grain size not defined.
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5.1.2 Typical Tensile Properties and Hardness Values—English Units

This table is based on British practice. For other European and American practices, see tables 5.1.1 and 5.1.3, respectively.

The values shown represent reasonable approximations for general engineering use, taking account of variations in cemposition and
manufacturing procedures. For design purposes, national specifications should be consulted.

For a given temper, individual elongation values may show some variation above or below the typical values indicated.

T e —
= 8 i TR o g LKA T 0D

Proof Elongation
Tensile . Shear . .
Stress Vickers Typical Size Related
)
Form Temper Strenath | g 4o/ ofiset Hardness | Strenath [ 45, herties Shown®
tonfin tonfin? o gauge tonfin
o length
Annealed 23 8 45 |5.65v'S, | 90 17 —
Hot Worked 24 9 40 5.65\/§ 100 18 0.5—2‘ in. diam.
or equivalent area
Rod Cold Worked
25 10 40 |565VS,| 110 19 1-2 in. diam.
or equivalent area
As Manufactured 27 14 35 |569v5,| 125 20 0.375-1in, diam.
or equivalent area
30 18 25 |565vS.| 140 7 0.125-0.875 in. diam.
or equivalent area
Hot Workedt® 24 9 40 | 5.65v'S,| 100 18 —
Sections
(extruded) Cold Drawn
As Manufactured 26 12 35 | 5655 | 120 19 —
Forgings | Hot Worked® 24 9 40 | 5.65v'5,| 100 18 —

() The recognised temper designations used in the relevant or nearest British Standards are also given, to clarify the cold-worked tempers shown.
b} it is possible to obtain sizes outside the ranges given in this column, bul information on their mechanical properties should he obtained from the metal

manufacturers.

&) The mechanical properties will be largely dependent upon the size and cross-sectional area or complexity of the product.
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5.2 MECHANICAL PROPERTIES AT LOW TEMPERATURE
5.2.1 Tensile Properties—Impact Properties
Testing Tensile Proof , impact
Temperature Strength Stress Elongation Strength
Reduc—
tion
Form Temper . 0,;2%t 0;:: o Yield of Area
o . g_j ton ; | offset | offset o, | gauge % kg m
¢ Folwmme] ine | Pol kg | ton s"e:igt" 7% | length omE | #1b
mm?2 in2 p
20 68 | 67 42,5 95 200 | 42.B(» — — 14.2 | 452V’ S, | 58.3 2.7() §5.5()
Rod® ’
19 mm Coid -78 -108 § T 45 100 800 | 45.2@ — — 17.3 | 4.52V'S, | 62.3 2.7 15.5()
iam. Worked(2 —
Laam. | Wor 197 | 323 | 825 |52 | 17000 [4m200 | — — |24 |452vs,| 3.4 | 270 | 1550
diam. ]
-253 —423 | 93 59 132 500 | 51.6 — — 32.2 | 4.52V'S, 58.2 — —
20 68 | 36 22,8 51 000 — 12.57 - 49.4 2in. T71.0 11.3¢2} | 65.5=
-0 14 | 375 | 28.7 53 000 — 12,75 — 48.5 2in. 7.0 -— —
-~40 ~-40 | 385 | 24.4 54 500 - 12.9 — 51.7 2in, 71.0 11.42) | 66.0t=
Rod® | Annealed®
~80 112 | 40 25.5 57 000 — 1247 — 59.5 2in. 79.0 11.9(2 | §9.0()
25.4 mm
diam. 120 | 1184 |43 |27.3| 1000 — | 125 - 54.7| 2in. 715 | 1220 | 70.50
1.0 in.
diam. 180 | -2o2 { 515 |328| 73500 — | 13.2 — M6 | 2in 73.0 | 13.6= | 18,50
20 68 | 37.5 | 23.9 53 500 — 15.4 — 58.0 2in. 4.0 11.3te) | 65.5(»
Annealed®
~-180 -202 | 51.5 | 32.8 73 500 — 19.2(0) — 81.0 2in. 74.0 13.68) | 78.5(=)
18 64 129 18.5 41 500 —_ — 9 50010 82.6 2in. 76.4 14,76 | 8540
1] 32 | 30 19 42 300 — — 9 800(9 79.7 2in, 8.7 14.9¢} [ BGe
Rod® Annealed
~30 22 1305|195 43 200 — — 10 4000 75.9 2in, 79.7 15.5(<} | §9.5()
~80 -112 | 34 M5 48 600 — — 12 200(0 74.5 2in. 80.0 15.4¢ | 89t=

(@ Quoted as “3 hard” in criginal decument, but amount of cold work not defined. (M This value was ariginally reported in psi; in this table it is given in
kg/mm? to 3 significant figures. (¢} Charpy specimen, V-notch; cross-sectional area at the notch 0.8 ecm?. @ Tensile specimen 6.35 mm {0.25 in.) diam, (e} {zod
specimen, cross-sectional area at the notch 0.8 cm?. {) Tensile specimen 12.8 mm (0.505 in.) diam. (2 Quoted as ‘yield point' in original document, but offset
strain not defined.

N.B.:—Original values are printed in bold type; other values are converted.
—All converted values for impact strength are to be taken as Indicative only; the impact energy has been converted from ft Ib into kg mjcm? taking
into account the actual cross-secticnal area of the specimen at the notch.
«—The yield strength 0.5% extension under Joad values are not available,
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5.3 MECHANICAL PROPERTIES AT ELEVATED TEMPERATURE

5.3.1 Short-Time Tensile Properties

Tezeps:::tgure Tensile Strength Proof Stress
: Elongation
Form Temper Yield A
0.2%; 019, Strength on 2in.
°C °F kgfmme | tonfin? psi offset offset 0.5%; ext.
kg{mm? | tonfin? | under loaa
psi
Strip® 20 68 34 2t.5 48 000 — 6.4 — 64
np Annealed 100 212 32 20.4 45 500 - 6.1 — 58
2 mm (grain size 200 392 30 19.0 42 500 — 6.0 e 54
0.08in 0.035 mm) 250 464 27,5 175 39 000 — 5.8 — 46
. : 300 572 24.5 15.4 34 500 — 5.7 - 32
20 68 33.5 21.4 48000 | 9.13@ 5.6 — 68
66 150 35 20.1 45000 | .35 5.2 — 64
Plate!® Annealed 121 950 30,5 193 43000 | 8.82 5.5 - 63
177 350 29,5 18.8 42000 | 8,822 5.3 — 64
232 450 25,5 16.1 36 000 | 8.50( 5.2 —- 33
24 75 42 26,5 59 500 — —_ 22 200 42
Annealed w9 | a0 | — — - — — 22 900 —
(Dgéj‘g“ size 204 | 400 - - —- — - 22 200 -
{016 mm) 260 | 500 - — —_ — _ 19 900 —
Rod'® A ed 24 75 36.5 23 52 000 — — 19 000 49.0
nneate 149 | @00 — - — _ — 19 000 —
3.2 mm diam. (grain size 204 | 400 — - — - — 18 800 -
0.125 in. diam. 0.022 mmj 260 | 500 — - — - - 16 900 -
Annealed 24 ¥ 34 21.5 48 500 — - 11 300 57.0
eal 149 300 — — - — - 12 700 —_
(0953’5“ sizé 204 400 - — — — - 11 500 —
085 mm) 260 | 500 — - - - - 11 000 —
25 77 4.5 28.5 63 300 — - e 25
200 392 41.5 26.5 58 800 — — - 16
Rod(® 310 590 34 21.5 48 200 — — — 4
Cold Worked 460 860 9.5 6 13 500 — — — 25
12.8 mm diam. 20 615 [ 1139 3 2 4 500 - — — 26
0.505 in. diam. 735 | 1355 1.5 1 2 300 —_ - — 53
835 | 1535 0.8 0.5 t 200 — — - 9
885 | 1625 0.4 0.3 600 — - — 43
Rod® 24 75 49 31.5 70 000 — —_ — 24.3
Cold Warked 204 400 46 28.5 €5 550 — — - 12.0
16 mm diam Y 316 600 36 23 51 500 — — — 4.5
0.625 In. dlam o 427 800 15 9,5 21 600 — — — 26.0
. . . 538 | 1000 6.5 4 9 400 — — - 24.5

8} This value was originally reported in ton/In; in this table it is given In kg/mm? to 3 slgnificant figures.

N.B.: Original values are printed in bold type; other values are converted.
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5.3.2 Creep Properties
5.3.2.1 Original Creep Data

Testing
Temperature Stress Dura- E-';'::a! Inter- | Min. Creep
Form Femper tion ten- | cept Rate
P ! sion €p
h y(a) 00 % per1 000 h
°C °F kgfmm?2 | tonfin2 psi ?
3.2 2.0 4 500 5210 0.045 0.016 0.002 2
149 300 10.6 6.7 15 050 4 680 0.204 0.081 0.014
14.1 9.0 20 160 4 800 0.570 0.240 0.053
0.72 0.46 1020 5 100 0.047 0.024 0.002 9
Annealed 204 400 1.4 0.88 1980 3 240 9.044 0.011 0.005 7
(grain size 24 1.4 3040 5 400 0.104 0.023 0.011
0.016 mm) 4.2 2.7 5 980 5 400 0.338 0.069 0.042
0.37 0.23 520 5 040 0.11% 0.059 0.009 3
260 500 0.70 .44 99¢ 5000 0.180 0.038 0.028 2
1.0 0.66 1480 4 650 0.335 0.033 0.061 ¢
2.1 1.4 3050 2950 1.495 0.255 .43
2.0 1.2 2790 3 300 0.052 0.016 0.0081
204 400 4.0 2.5 5 690 1 600 0.104 0.025 0.036
6.0 3.8 8 580 3 300 4.430 0.035 o1
Annealed
{grain size
0.022 mm) 0.79 050 | 1125 | 4080 | 0115 | 0.014 0.02
260 500 1.4 0.86 1930 3720 0.357 0.061 0.074
1.9 1.2 2730 4 030 0.908 0.0%80 0.195
2.6 1.6 3 686 3720 1.557 G147 0.37
3.2 2.0 4 500 4 680 0.029 0.006 0.000 4
149 300 A 4.5 10 100 5210 0.110 0.026 0.001 2
10.6 6.7 15 100 4770 1.932 0.210 0.006 0
1.0 0.66 1 47¢ 4050 0.013 0.002 < 0.000 5
(g‘:‘a’i‘:aéi‘i 204 400 2.1 1.4 3050 | 5400 | 0038 | 0.013 0.001 1
Rod® 0.085 mm) 2.8 1.8 4 060 5 060 0.048 0.020 0.0015
’ 5.7 3.6 8 050 5 060 0.147 0.031 0.014
3.2 mm diam.
0,125 in. diam. 1.0 0.65 1 460 4 650 0.035 0.007 0.003 3
260 500 2.1 13 3020 8 150 08.319 —0.076 0.045
4.3 2.7 6 150 5000 2.55% 0.340 9.44
3.5 2.2 5030 5100 0.037 0.017 0.000 6
10.5 6.7 14 950 4 800 0.160 0.059% 0.004 4
149 300 14.0 8.9 19 900 5230 0.230 0.090 0.006 4
21.0 133 29 800 4 800 0.470 0.1%0 0.0176
34.8 221 49 550 4 680 1.960 0.470 0.223
Cold Worked
371% 0.70 0.45 1000 5 400 0.030 —0.012 0.007¢0}
{fine grained) 204 400 2.5 1.4 3 500 6 500 0.160 —0.043 0.027¢0
3.5 2.3 5 040 12 200 0.427 —0.124 0.042
0.44 0.28 620 5000 | 0.186 0.070 0.021 4
260 500 0.70 0.45 1 000 4 650 0.460 0.080 0.079 6
1.5 0.93 2 080 4 800 1.912 0.160 0.366
1.0 4.5 10 000 5 200 0.156 0.058 0.0025
140 300 13.9 8.8 19 700 5 230 0.326 0.129 0.005 4
281 11.8 39 950 6 850 0.780 0.260 0.026
35.6 22.6 50 600 4750 1.430 0.540 0.10
C"‘ds':‘f,/‘"k"d 0.72 026 | 1020 | stwe | o128 | o084 0.006 7
(fine gfuained) 204 400 22 1.4 3 060 5 060 0.530 0.180 0.063 6
3.5 2.2 5630 4 700 1.494 0.213 0.265
0.35 0.22 500 5 000 0.311 011 0.037
260 500 0.56 0.36 HH 5 000 0.970 0.175 0.159
1.0 0.66 1480 2 620 3.015 0.212 1.07

(a) Total extension = Initial extension + Total creep = Initial extension + Intercept + (Minimum creep rate x Duration)
(b} Accelerating creep rate.
N.B.: Criginal values are printed in bold type: other values are converted.

. — 8 —
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5.3.2.2 Stress for Designated Creep Rate

Testing Stress for Designated Creep Rate
Temperature
Form Temper 0.001% per 1000 h 0.01% per 1000 h 0.1% per 1000 h
DC (}F
kg/mm? | tonfinz psi kgimm? | tonfin? psi kgfmm® | tonfin2 psi

Annealed 149 300 - - — 9.1 5.8 13 000 — — —

(grain size 204 400 — — — 2.0 13 2 900 — — -

0.016 mm) 260 500 —_ — — 0.460 | 0.200 65012 1.2 078 | 1750

(‘;‘:‘a';ﬁas';‘i 204 | 400 — — - 2.1 13 3 000 6.0 38 8 500

o —_— e (a) fa} {a)

0.022 mm) 260 500 0.56 0.36 809t= 1.5 0.98 2 200
Rad(ﬁ)

32 mm Annealed 149 300 6.7 4.2 9500 | 11.20 716 |16 000t - — —_
-diam {grain size 204 400 — — — 5.4 34 T700 — —_ —
0.425 In 0.085 mm) 260 500 070 |. 045 1000 | 1.4 0.89 2 000 2.8 1.8 4000

diam.
Cold 3¥,‘f/°' ked | 449 | 300 - - — | 159 10.7 24000 | 309 196 |44 000
(fine graned) | 260 500 -— —_ — 0.2 | 0.20@ 4500 | 0.81 . 051 1150
Cold Worked | 148 | 300 — — — 15.5 9.8 22 000 35.2 22,2 50 000
8427 204 400 — — — 0.08@ | o063 | 14000 | 25 1.6 3500
{fine grained) { 260 500 — — — o8 | 041w 2500 [ 049@ 1 0319 700t

(a) Extrapolated value,

N.B.:—Original values are printed in bold type; other values are converted.

Cu Zn28—Cu Zn30
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54 FATIGUE PROPERTIES

5.4.1 Fatigue Strength at Room Temperature

Metric Units English Units American Units
Number kgfmm? tonfin? psi
of
Form Temper Cycles
x 108 Tensile Fatigue Tensile Fatigue Tensile Fatigue
Strength | Strength | Sfrength | Strength | Strength | Sirength
Annealed
(grain size 100 34.5 11t 22 7 49 000 15 500
0.025 mm)
Annealed
(grain size 100 35 gl 22 5.5 49 500 12 500l
0.035 mm) '
Annealed
Strip® (grain size 100 3.5 7.5 20 4,5 45 000 10 500
0.100 mm)
0.81 mm
©.032 in.
Annealed
(grain size 100 31.5 gl 20 5 45 000 11 500%
0.120 mm)
219/(h) 100 44.5 134 28.5 8.50) 63 400 18 5004«
219 () 100 43.5 12,50 27.5 glat 62 000 18 0G0l
379 100 o4 15.50a 34 j0t? 76 500 22 goot
Cold Worked 570710 100 50.5 15t 32 9.5 71500 | 21 000
607 (0 100 65 15.50 41.5 10t= 92 500 22 000
609, (e 100 64.5 17 4 10.5¢ 92 000 24 000¢2
striphm
Cold Worked 60%;
i mm and Stress Relieved 10 67 1gla) 42.5 120 95 GO0 21 0004
0.04 in.
Quarter Hard @ 100 38.5 1= 24.5 7.5@ 54 900 17 ool
Half Hard (b 100 43.5 15 27.5 9.5(a 61 700 21 DOp
Three Quarter Hard (¥ 100 61.5 igla ag 106 87 800 22 600
Sheet? Hard 100 54 176 34 10.5¢ 76 600 | 23 900
1 mm thick
0.04 in, thick Exira Hard 100 66 18t 42 11,52 43 800 25 5002
Spring ¥ 100 66.5 18 42 11.512 94 300 25 500
Extra Spring (* 100 70.5 1gia 44.5 jotal 100 200 27 20002
Super Spring ? 100 77.6 20 48 13t 110 000 28 700'
Rod12
. Cold Worked  21% 100 40 10,50 25.5 6,50 57 000 15 opo»
46 mm diam.
0,625 in, diam.
continued overleaf
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5.4.1. Fatique Strength at Room Temperature {continued)

Metric Units English Units American Units
Number kg/mm? ton/in? psi
of
Form Temper Cycles
X108 Tensile Fatigue Tensile Fatigue Tensile Fatigue
Strength | Strength | Strength | Strength | Strength | Strength
Annealed 50 33 1640 21 100 47 200 22 5004
Rodi1®
Cold Worked 27% 50 52 15,50 33 100 74 100 22 00QtD
19 mm diam. N
0.75 in. diam
) Cold Worked 27% (0 W o
and Stress Relieved (0 50 51.5 19.6¢i 33 12.5( 73500 | 28 000U
Annealed 100 N5 10.50 20 6,507 45 000 15 000
Cold Worked 100 51.5 12,60 325 gt 73 200 17 5000
14
Rod Cold Warked and
i 0] %) 0 ()
25.4 mm diam. Stress Relieved 80 51.5 14% 32,5 gt 73 000 20 0004
1in. diam.
Cold Worked and
Stress Relieved (™ 80 52 140 33 gtn 73 800 20 0000
Cold Worked and
Stress Relieved 70 51.5 1500 33 9,54 73 400 21 5000
Annealed
{grain size 50 38 140 24.2 9w 54 000. 20 0004
0.016 mm)
Rodti®
Annealted
(grain size 50 33 1ot 21.0 6.5 47 000 14 50040
0.04 mm)
iret1®
Wireft? 60 100 69.5 13.50) 44 8.5 98 500 | 19 500
1.8 mm diam Cold Worked "
a " [+ (i) i (i)
0.072in. diam. 845 100 84.5 15,04 53.5 100U 120 000 22 000¢

(2) Reversed-bending test. (b Ready-to-finish grain size 0.025 mm. ) Ready-to-finish grain size 0.080 mm. @) Ready-to-finish grain size 0.035 mm. (&) Ready-
to-finish grain size 0.075mm. () Stress relieved for 1 h at 204 °C(400 °F). (a) Ready-to-finish grain size £.025 mm, (0 Ready-to-finish grain size 0.015 mm. (i) Ready-
to-finish grain size 0.010 mm. () Rotating-beam test. () Stress relieved at 275 °C (527 °F ). { Stress relieved for 1.5 h at 204 °C (400 °F). (™ Stress relieved for
1.5 h a1 232 °C {450 °F }, (M) Siress relieved for 1.5 h at 260 °C (560 °F ).

N.B.: — Original vatues are printed in bold type; other values are converfed.

— Further data can be obtained from the following:

M France, W.D., Trout, D.E. and Mulholland, J.A. Fatigue Characteristics of Five Copper-Base Strip Alloys Commenly Used for Spring Applicatiens-
J. Materials, Vol. 4 {196%), No. 3, Sept., pp. 633-6486.

B Contribution by A. Fox to discussion of paper under reference (11) in bibliegraphy.

B Sinclair, G.M. and Craig, W.J. Influence of Grain Size on Work Hardening and Fatigue Characteristics of Alpha Brass, Trans. ASM, Vol. 44 (1952}
pp. 929-948,
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Cu Zn33

Common names: §7/33 Brass
2/1 Brass
67/33 Yellow Brass
A copper—zinc alioy with an alpha phase structure. The alloy exhibits a good combination of strength and ductility, and is commonly

selected whenever excellent cold-working properties and relatively low cost are desirable. Service environment must be considered to predict
corrosion behaviour. The alloy is often used for a variety of deep-drawn components.

COMPOSITION (weight %)
Cu . . 65.5-68.5
Zn . . rem,
1 SOME TYPICAL USES
Architectural
Grillwork
Electrical
Lamp caps and lampholder components.
Hardware
General coppersmithing work; chain, eyelets, fasteners, hinges, locks and fingerplates.
Mechanical
Wide variety of deep-drawn and spun components; automobile radiator tanks, tubes and fins; general industrial pressings formed from

sheet and strip, including clock, watch and instrument cases; cald-headed or “upset" products such as rivets, pins and screws; torch and
flashlight cases; reflectors; etched and chemically engraved work; springs.

2 PHYSICAL PROPERTIES

Metric Units English Units
21 Densityat 20°C  68°F . . , . . . . . 8.50 g/em® 0.305 Ib/fin3
2.2 Melting range . . . . . . . . . . 902-940°C 1655-1 725 °F
2.3 Coefficient of thermal expansion (linear) at:
20 to 100 °C 68 to 212°F . . . . . . 0.000 018 per °C 0.000 011 per °F
20 to 300°C 68 to 572°F . . . . . . . o.p00020 ,, |, Q.ooo01t  ,, o,
2.4 Specific heat (thermal capacity) at:
20°C 68°F . . . . . . . .t 0.09cal/g”C 0.09 Btuflb °F
200°C 392°F . . . . . . . . on " 0.1 "
2.5 Thermal conductivity at:
—200°C -328°F . . . . . . . . 0.12 cal cmfcm? s °C 30 Btu ftjft? h °F
20°C 68°F . . . . . . . . 0.29 " 70 "
200°C 392 °F . . . . . . . . 0.34 " 82 "
2.6 Electrical conductivity (volume) at:
—196°C —321 °F (annealed) . R . . . . 24 mfohm mm?2 41 %IACS
20°C 68°F { i ) R . . . . . 16 " 27 . "
200°C 392 °F ( S B . . . . . 12 “ 21 ., .
2.7 Electrical resistivity (volume) at: ‘
—~196°C —321 °F (anneated) . . . . . . 0.042 ohm mmZfm 25 ohms (circ mikfft)
42 microhm cm 1.7 microhm in
20°C 68°F ( R . . . . . 0.084 ohm mm?/m 38 ohms (circ miifft)
6.4 microhm cm 2.5 microhm in
200 °C 392 °F ( U B . . . . . 0.082 ohrm mm?/m 49 ohms (circ mil/ft)
82 microhm cm 3.2 microhm in
2.8 Temperature coefficient of electrical resistance at:
20°C &8 °F (annealed} . . . . 0.001 6 per °C (27% IACS) 0.000 9 per °F (279, {ACS)
applicable over range from 0 to 100 °C 3210 212°F
2.9 Modulus of elasticity (tension) at 20 °C 68 °F
annealed . . . . . . . . . . . 11 400 kgfmm? 16 200 000 |bfin?
cold worked . , . . . . . . . . 9 700-11 400 kg{mm? 13 80O 000-16 200 000 tbfin?
210 Modulus of rigidity (torsion) at 20 °C 68 °F
annealed . . . . . . . . . . 4 050 kg/mm? 5 750 000 Ibfin?
cold worked . . . . . . . . . . 3 600-4 050 kg/mm? 5 100 000-5 750 000 Ibfin?

N.B.: The values shown in Section 2, which have been appropriately rounded in view of the composition range involved, are based on selected lHerature
references.

INDEX NUMBERS RELATE TO LITERATURE REFERENCES (see page 10); INDEX LETTERS RELATE TO FOOTNOTES AT END OF TABLE

Prepared by Distributed by DATA SHEET No. D §
CONSEIL INTERNATIONAL POUR LE COPPER DEVELOPMEMNT ASSOCIATION c >
u Zn33
DEVELOPPEMENT DU CUIVRE (CIDEC) 55, South Audley Street - London WIY 684 © 1970 Edition

100, rue du Rhdne - 1204 GENEVE
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3 FABRICATIOCN PROPERTIES

The information given in this table is for general guidance only, since many factors influence fabrication techniques.

The values shown are approximate only, since those used in practice are dependent upon form and size of metal, equipment available,

techniques adopted and properties required in the material.

Metric Units English Units
3.1 Casting temperature range . 990-1 020°C 1 8151 870°F
3.2 Annealing temperature range 450- 650°C 840-1 200°F
Stress relieving temperature range 250- 350°C 480- 660 °F
3.3 Hot working temperature range 750~ 850°C 1 380-1 560 °F
3.4 Hot formability Fair
3.5 Cold formability Excellent
3.6 Cold reduction between anneals 857, max.

3.7 Machinability :
Machinability rating (free-cutting hrass == 100}

3.8 Joining methods:

Soldering

Brazing

Ouxy-acetylene welding

Carbon-arc welding

Gas-shielded arc welding

Coated metal-arc welding

Reslstance welding: spot and seam

butt

See General Data Sheet No. 2
30
See General Data Sheet No. 3.4
Excellent
Excellent
Good
Not recommended
Fair
Not recommended
Fair

Good

Cu Zn33




5.1 MECHANICAL PROPERTIES AT ROOM TEMPERATURE®

5.1.1 Typical Tensile Properties and Hardness Values—Metric Units

This table is representative of practice in many European countries. For British and American practices, see tables 5.1.2 and
5.1.3, respectively.

The values shown represent reasonable approximations for general engineering use, taking account of variations In composition and
manufacturing procedures. For design purposes, national specifications should be consulted.

For a given temper, individua! elongation values may show some variation ahove or below the typical values indicated.

Elongation Hardness
. Proof
Tensile Stress Shear
Form Temper Strength o, Strength | Typical Size Related
kg/mm? 0.2% offset gauge kg/mm? | %o Properties Shown i
kg/mm? A Brinell |Vickers
{ength
Annealed
grain size 0,035 mm 34 13 58 | 5.65V'S, 65 68 26 0.2-8 mm thick
grain size 0.0256 mm 36 14 55 50 mm 80 84 27 0.2-2.5 mm thick
grain size 0.015 mm 38 16 52 50 mm 85 89 28 0.2-1.5 mm thick
Plate 39 25 38 50 mm 100 105 28 0.2-3 mm thick
Sheet 43 a3 30 50 mm 120 125 29 "
Strip
Typical 49 41 15 50 mm 135 140 31 0.2-2 mm thick
Cold Worked 53 48 8 50 mm 145 150 32 “
Tempers
58 55 3 50 mm 155 160 33 0.2-1.5 mm thick
63 — — — 165 170 34 0.2-1 mm thick
Annealed 34 14 60 | 5.65V'S, 65 63 26 —
Rod 38 23 42 | 5.65V'S, 95 100 28 —
Typical - 6--40 mm diam.
Cold Worked 41 a2 32 |565vS, [ 115 120 29 or equivalent area
Tempers g 6-12 mm diam.
47 # 16 | 5.65V'S, 130 135 3 or equivalent area
37 — 45 100 mm — — 27 1.5-6 mm diam.
Annealed 39 — 35 100 mm —_ — 28 0.5-1.5 mm diam.
43 — 20 100 mm —_ — 29 up to 0.5 mm diam.
41 — 32 100 mm — — 28 1.5-6 mm diam.
56 - 8 | 100mm — - 3 "
Wire
. 66 — — — s — 36 1.5-3 mm diam.
Typical 79 _ _ _ _ _ 40
Cold Drawn "
Tempoers a5 - 15 | 100 mm — — 30 0.5-1.5 mm diam.
59 — 2 100 mm — — 33 "
7 — — — — — 36 "
86 — —_ — — — 44 "
Annealed 35 13 55 | 6.65V'S, 80 84 26 -
— 10-50 mm Q.D.
Tube Typical 42 33 30 |s585vS, | 10 115 29 over 2 mm wail
Cold Drawn = up to 25mm O.D
o .D.
Tempers 49 44 12 | 5.56V'S, 135 140 32 up to 2 mm wall

@ It will be noted that tables 5.1.1, 5.1.2 and 5.1.3, giving typical tensile properties and hardness values in Metric, English and American units, respectively,
This is because the properties quoted reflect to some extent the metalworking techniques, specification practices, and testing
procedures in the countries concerned, and in view of the different sizes of products referred to in these tables. Individual manufacturers of semi-fabricated

are not directly comparable,

products can, however, normatly meet the requirements of any national standard.

{8 |1 Is possible to obtain sizes outside the ranges given in this column, but information on their mechanicat properties should be obtained from the metal

manuiacturers.
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5.1.2 Typical Tensile Properties and Hardness Values—English Units
This table is based on British practice. For other European and American practices, see tables 5.1.1 and 5.1.3, respectively.

The values shown represent reasonable approximations for general engineering use, taking account of variations in composition and
manufacturing procedures. For design purposes, national specifications should be consuited.

For a given temper, individual elongation values may show some variation above or below the typical values indicated.

Elongation
T " Proof Sh
F T @ Stenm& Stress Vickers st ea:h Typical Size Related
orm emper reng 0.19; offset Hardness reng {o Properties Shown®
tonfin? fonfin? o gauge tonfin2
° length
Annealed
grain size 0.070 mm 20 6 67 2in, 60 15 —
grain size 0,050 mm 21 7 65 2in, 65 16 —
grain size 0,036 mm 21 7 60 2in, 70 16 —
grain size 0.025 mm 22 8 58 2 in. 80 17 —
Sheet grain size 0.015 mm 23 9 55 2 in, € 17 0.01-0.125 in. thick
Strip
Cold Worked
Quarter Hard 23 15 50 2in. 95 17 0.0M-0.375 in. thick
Haif Hard 26 19 38 2in. 125 18 0.01-0.25 in. thick
Hard 31 25 i8 2 in. 150 20 0.01-0.1  in. thick
Extra Hard 37 3 8 2in. 175 21 "
Annealed 21 7 55 |5.65v'5, | 70 16 e
Rod Cold Worked
23 14 45 | 5.65V'S, 90 17 -
p— o dn
25 18 35 |5esvs]| 10 | 18 a
22 — 65 2in. — 17 0.10-0.25 in. diam,
Annealed 23 - 60 | 2in. - 17 0.02-0.10 In. diam.
Cold Drawn
Wire Quarter Hard 27 — 35 2in, — 19 0.10-0.25 in. diam.
Half Hard 35 — 12 2in, — 25 .
Mard 43 — — — — 28 '
Extra Hard 48 e o — — 29 "
Half Hard 37 — 10 2 in, — 26 0.02-0.10 in. diam.
Hard 45 — — e — 29 '
Extra Hard 50 — — —_ — 30 "
Annealed 21 7 55 | 5.65V'S, 70 16 —
Tube® o
Cold Drawn
As Drawn 3 25 15 |5.65v'S, | 160 20 10.25-2in. 0.D., 0.02-0.08 in, wall

(2) The recognised temper designations used in the relevant or nearest British Standards are also given, to clarify the cold-worked tempers shown,

() jt is possible to obtain sizes outside the ranges given in this column, but information on their mechanical properties should be obtained from the metal
manufacturers.

(<) Drawn tubes are usually stress relieved after the final draw. Tubes for heat exchangers are mainly supplied in the two tempers whose representative mechanical
properties are shown.
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5.2 MECHANICAL PROPERTIES AT LOW TEMPERATURE

5.2.1 Tensile Properties—Impact Properties

Testing
Temperature Tensile Strength Elongation | Reduction| 1™MPact Strength
Form Temper “aon | of Area
1.3V'S, o
°C °F kgfmm?® | tonfin? psi kg mfcm? ft b
20 68 — — —_ — — 14,350} 51,06k
Annealed 23 73 40.0 25.5 57 060 50.4 72.0 — —
- 78 =108 43.0 27.5 61 000 49.8 76.6 16,89()b) 61,1¢a)b)
-183 -297 53.7 34 76 500 50.8 70.7 14150 51,2
20 68 — —_ —_ — — 8.12@ 29,4
m
Rod ColciQ\;orked 78 _108 B _ _ _ _ 9900} 33,30
° -183 -2497 — — - — — 9.4 34,000
23 73 60,0 38 85 500 6.3 66.5 — —
C°'d4‘;‘i/°r"ed -78 | 108 | 650 | #1.5 | 92500 7.8 .5 — —
° ~183 -287 72.3 486 103 000 101 66.5 — —
2 70 - — — — - 3.9 14
- 83 117 — - — — - 4.40 163
Square Annealed 200 208 — — - — - 5.0 18
Rod® 243 405 — — - — — 3.9 14
12.7 mm
0.5 in. 21 70 — — — - — 3.00 1140
Soft - 83 -117 —_ — — — — 3.3 12(0)
-200 ~328 - — — — — 3.9 140

{&) Charpy test, 10 x 8 x 100 mm specimen, 45° V-notch, 3 mm deep; cross-sectional area at the notch 0.5 cm2
{» Unbroken specimen.
(<} Charpy test, 10 x 10 x 50 mm specimen, keyhole notch; cross-sectional area at the notch 0.5 cm?.

N.B.:—~Qriginal values are printed in bold type; other values are converted.

—All converted values for impact strength are to be taken as indicative only; the impact energy has been converted from kg m/cm2 into ft tb (and vice versa)

taking into account the actual cross-sectional area of the specimen at the notch.

—Data not available:
Proof strees, 0.1% and 0.2%, offset,

Yield strength, 0.5% extension under load.
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5.3 MECHANICAL PROPERTIES AT ELEVATED TEMPERATURE
5.3.1 Short-Time Tensile Properties—Impact Properties

o
Testing Tensile . Impact )
Temperature Strength Elongation Strength
Form Temper
°C °F kgfmm? tonfin? psi % F;:,ugs{f, kg mfcm? ft Ib
20 68 — - — — — 14,3500 | 51,900
23 13 40.0 255 57 000 504 |11.3VS, —_ —
46 115 - — — — - 121 43.8@
106 293 - — — — — A= 40,12
108 226 38.2 24.5 54 500 40.7 l113vs, — —
150 302 — — - — _ 10.9@ 39.4(
200 392 35.6 22.5 50 500 45.3 11.3VS, — —
203 397 —_ —_ - - — 10.6@ 383t
951 484 — —_ — — — 9.52() 34.4
298 568 32,7 21 46 500 M3 111.3VS, — —
301 574 — — - — - 3.37@ 12,20}
Annealed 350 662 — — —— —_ — 1.55( §.6@
352 666 30.6 19,5 43 500 268 |11.3V'S, — —
400 752 22.6 14.5 32 000 20.7 113VS, — —
401 754 — — — — — 1.39( 4.7
450 842 - — —_ — — 1014 3.7
493 928 _ — — — - 1.08 3.9@
500 932 10.9 7 15 500 168 |113V5, — —
550 1 022 — — — — — 0.86% 3.4
598 1108 — - — — — 0.80( 2.9
617 1143 4.2 3 6 000 173 | 11.3v's, — -
646 1195 — — — — — 0.97@ 3.5
695 1283 — — — - — 0.96¢ 3.5
697 1 287 27 1.5 4000 16.3 11.3V'S, - —
Rod®
20 68 - — — — — 812 29.4ta)
50 192 — — — —_ — 8.440) 30,50
100 212 — — — - - 8.10@ 29,3(2)
152 306 — — — — — 7.10@ 25,70
200 392 — —_ — - — 7.03(2) 25, 4(a)
950 482 — — — — — 5.91(2) 21 .4t
Cold Worked 302 576 - —_ — — — 3.700@ 13.4)
12% 350 662 — - — — — .52 .61
401 754 - — - — — 1010 3.76@
450 842 —_ - - — — 093 3.4
500 932 _ — — — — 0.79(2 2.9(2)
550 1022 — — — — - 0.60@ 2,2(2)
600 1112 — —_ — — — 1.01) 3.7
850 1202 - — — — — — 1.20() 4.3@
700 1292 - — - — — .99 3.6t
23 73 60.0 38 85 500 6.3 [11.3V5, — —
100 228 58.6 37 83 500 63 |11.3vS, — —
Cold Worked 200 392 56.3 35.5 80 000 52 |11.3VS, - —
40%, 306 583 52.8 33.5 75 000 4.0 | 1.3V5, — —
347 657 44.9 28.5 64 000 43 1 11.3VS, - —
378 712 28.5 18 40 500 19.6 | 11.3VS, — —_
396 745 23.6 15 33 500 2.8 | 11.3VS, — —_
25 77 58.5 37 83 000 1" 2 in. - —
Rod® 250 482 49.5 315 70 700 3 2 in. - —
375 707 19.5 12 27 400 35 2 1in, - —
Cold Worked 500 932 6.5 4 9 300 28 2i
12.8 mm diam. 50%, : n. - -
Tm e o 625 1157 3 9 4 200 19 2in — —
0.505 in. diam. in.
750 1382 1.5 0.9 2 100 17 2 in. — —
875 1607 0.6 0.4 900 10 2in. — —

a) Charpy test, 10 x 8 X 100 mm specimen, 45° V-notch, 3 mm deep; cross-sectional area at the notch 0.5 cm?.
() Unbroken specimen.

N_H.:—Original values are printed in pold type; other values are converied.
—All converted vatues for impact strength are to be taken as indicative only; the impact energy has been converted from kg mfcm? into {t Ib taking
into account the actual cross-sectional area of the specimen at the notch.
—Data not availahle:
Proof stress, 0.1% and 0.2% ofiset
Yield strength, 0.5% extension under foad
e
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5.3.2 Creep Properties

At the date of publication of this sheet, no data relating to this material have been fraced.

5.4 FATIGUE PROPERTIES
5.4.1 Fatigue Strength at Room Temperature

Metric Units English Units American Units
Number kgfmm? tonfin? psi
of
Form Temper Cycles
x 108 Tensile Fatigue Tensile Fatigue Tensile Fatigue
Sirength| Strength ] Strength | Strength | Strength | Strength
Annealed
{grain size 100 32,5 8.5t 20.5 5.5t 46 000 12 ¢oot
0.070
Flat Products® mm)
1mm () @ (o)
0.04 in Cold Worked 100 52 10 33 6.5 74 000 14 000@
Cold Worked!< 100 64 14 40.5 gl 91 000 20 000
Strip®®
1 mm Cold Worked(@ 100 67 10.5( 42.5 6.5} 95 500 15 900«
0.04 in.
Wirel®
2 mm diam Cold Worked!(® 300 49 15.5(0 31.5 10th 70 000 22 opoth
0.08 in.diam.

& Reversed-bending test. () Quoted as "'hard” in original document, but amount of ¢old work not defined. (v} Quoted as “spring"” in original document, but
amaunt of cold wark not defined. (&) Quoted as “extra spring” in criginal document, but amount of cold work not defined. (2 Quoted as "'guarter hard"” in
original document, but amount of cold work not defined. () Rotating-beam test.

N.B.:~Original values are printed in bold type; other values are converted.
—Further data can be obtained from the following paper:
MWalker, H.L. and Craig, W.d. Effect of Grain Size on Tensile Strength, Etongation and Endurance Limit of Deep-Drawing Brass. Trans. AIME, Vol.
180 (1949), pp. 42-51.
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Cu Zn37
Common names: 63/37 Brass
Basis Brass

Common Brass
63{37 Yellow Brass

A copper—zinc alloy with an alpha phase structure possibly alse containing a smafl amount of beta phase, depending upon fabrication
history. Service snvironment must be considered to predict corrosion behaviour. The alloy can be hot or cold worked and its ductility,
although lower than that of Cu Zn28, Cu Zn30 and Cu Zn33, permits guite severe deformation, inciuding cold heading of red and wire.
Cu Zn27 is mainly used for simple cold presswork not involving deep-drawing.

COMPOSITION (weight %)
Cu . . 62.0-655

Zn . . rem.
1 SOME TYPICAL USES

Electrical

Lamp caps, lampholder and switch components.

Hardware

General coppersmithing work; chain; eyelets, fasteners, hinges, kicking plates, locks, fingerplates and wire brushes.
Mechanical

Miscellaneous cold presswork products, including instrument covers and containers, and blanked articles, such as instrument plates and
wheels; cold-headed items including pins, rivets and screws; springs; ink containers for ball-point pens; automobile radiator tanks;

torch and flashlight cases; reflectors.
2 PHYSICAL PROPERTIES
Metric Units English Units
21 Density at20°C  68°F 8.45 gfcm? 0.305 Ih/fin?
2.2 Melting range 902-920 °C 1 655-1 680 °F
2.3 Coefficient of thermal expansion (linear) at:
—243°C —459°F . . . 0.0000005 per °C 0.000 000 3 per °F
—173°C —--279°F o.c00M3  ,, |, 0000007 ,,
— 13°C — 99°F . g.o00017 ,, 0.000009 ,,
20 to 100°C 68 to 212°F 00009, |, o.000011 ,,
20 to 300°C 68 to 572 °F 0.00002% ,, o.000012 ,,
2.4 Specific heat {thermal capacity} at:
20°C 68°F . . 0.09 cal/{g °C 0.09 Btufib °F
200°C 392°F 0.11 0 0.11 '
2.5 Thermal conductivity at:
—--200°C —328°F 0.12 cal emfem? 5 °C 30 Btu ftjft2 h °F
20°C 68 °F 0.30 " 73 "
200°C 392°F 0.34 " 82 "
2.6 Electrical conductivity {(volume) at:
20°C 68 °F {annealed) 15 mjohm mm? 26 % 1ACS
200°C 392°F ( P | 12 " 21, .
2.7 Electrical resistivity (volume) at:
20°C 68 °F (annealed) 0.066 ochm mm?/m 40 ohms (circ milfft}
6.6 microhm cm 2.6 microhm in
200°C 392°F( ) 0.082 ochm mm?/m 49 ohms {circ mil/ft)
8.2 microhm cm 3.2 microhm in
2.8 Temperature coefficient of electrical resistance at:
20°C 68 °F (annealed) . . . 0.001 7 per °C (26%, 1ACS) 0.000 9 per °F (26 % 1ACS)
applicable over range from 010 100°C 32 fo 212°F
2.9 Modulus of elasticity (ténsion) at 20 °C 68 °F
anneated . . . . . . 11 100 kgJmm? 15 800 000 khfin2
cold worked 9 700-11 100 kgfmm? 13 800 000-15 800 000 |bfin?
2190 Modulus of rigidity {torsion) at 20 °C 68 °F
annealted . . . . . . 4 000 kg/mm? 5 700 000 Ibfin?
cold worked 3 550-4 000 kgJmm? 5 050 000-5 700 Q00 Ebfin?
N.B.: The values shown in Section 2, which have been appropriately rounded in view of the composition range involved, are based on selected literature
references,
INDEX NUMBERS RELATE TO LITERATURE REFERENCES (see page 10); INDEX LETTERS RELATE TO FOOTNOTES AT END OF TABLE
Prepared by Distributed by DATA SHEET No.D 7
CONSEIL INTERNATIONAL POUR LE COPPER DEVELOPMENT ASSOCIATION Cu Zn37
PEVELOPPEMENT DU CUIVRE (CIDEC) 53, South Audley Sireet - London WIY 6BJ 1970 Edition
100, rae du Rhone - 1204 GENEVE
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3 FABRICATION PROPERTIES

The information given in this table is for general guidance only, since many factors influence fabrication techniques.
The values shown are approximate only, since those used in practice are dependent upon form and size of metal, equipment available,
techniques adopted and properties required in the material.

Metric Units English Units

3.1 Casting temperature range .

1 040-1 080 °C 1905-1 975 °F

3.2 Annealing temperature range 450- 850°C 8401 200 °F
Stress relieving temperature range 250 350°C 480~ 660 °F

3.3 Hot working temperature range . 720~ 820°C 1330-1510°F

3.4 Hot formability Good

3.5 Cold formability . Good

3.6 Cold reduction between anneals 65%; max,

3.7 Machinability:
Machinability rating (free-cutting brass = 100)

3.8 Joining methods .

See General Data Sheet No. 2
35

See General Data Sheet No. 3.4

Soldering Excellent
Brazing . Excelient
Oxy-acetylene welding Good

Carbon-arc welding

Gas-shielded arc welding

Coated metal-arc welding
Resistance welding: spot and seam

butt

Not recommended
Fair

Not recommended
Fair

Good

Cu Zn37 .




5.1 MECHANICAL PROPERTIES AT ROOM TEMPERATURE®
5.1.1 Typical Tensile Properties and Hardness Values—Metric Units

This table is representative of practice in many European countries. For British and American practices, see tables 5.1.2 and
5.1.3, respectively.

The values shown represent reasonable approximations for general engineering use, taking account of variations in composition and
manufacturing procedures. For design purposes, national specifications should be consulted.

For a given temper, individual elongation values may show some varlation above or below the typical values indicated.

Elongation Hardness
Tensile | croot Shear | 5o ical Size Related
Form Temper Strength Strength yp ize nelale
kg/mm 0.2% offset gauge kg/mm? to Properties Shown®
k] [ . .
kg/mm % length Brinell { Vickers
Annealed ]
grain size 0.086 mm 34 13 56 | 5.65V'S, 65 68 26 0.2-5 mm thick
grain size 0.025 mm 36 14 53 50 mm 80 B4 o7 0.2-2.5 mm thick
grain size 0.015mm 38 16 50 50 mm 35 89 28 0.2-1.5 mm thick
Plate 39 25 3 | 50 mm 100 105 28 0.2-3 mm thick
Ss*t':-‘_e* 43 33 2% | 50 mm 120 125 29 .
ip ,
Typical 49 41 12 | s0mm 135 140 3 0.2-2 mm thick
Cold Worked 53 48 51 50mm 145 150 32 .
Tempers
58 55 - | — — 155 160 33 0.2-1.5 mm thick
63 — - — 165 170 34 0.2-1 mm thick
Annealed 34 14 55 | 5.65VS, 65 68 26 _
Rod . 38 23 a8 | 5.65V'S, 95 100 28 -
1] N .
Typicat = 6-40 mm diam.
Cold Worked 4 82 2 5.65VS, 15 120 2 or equivalent area
T .
empers a7 4 12 | 565vVS 130 135 3t 6-12 mm diam.
° or equivalent area
a7 — 42 | 100mm - — 27 15-6 mm diam.
Annealed 39 — 32 100 mm — — 28 0.5-1.5 mm diam.
43 — 18 100 mm e — 29 up to 0.5 mm diam.
41 — 30 100 mm — — 28 156 mm diam.
56 —_ 5 100 mm — — kil .
wi
re : 66 — — — - - 37 153 mm diam.
Typical 79 _ _ _ _ _ 40
Cold Drawn 1
Tempers 45 — 12 | 100 mm — — 30 0.5-1.5 mm diam.
59 — — — - — 33 .
7 — — — - — 36 "
86 — — — - — 44 "
Annealed 35 13 52 | 565V'S, | 80 84 26 —
p— 10-50 mm 0Q.B.
Tube Typical 42 33 28 | 565v'S, | 110 115 29 over 2 mm wall
Cold Drawn L up 1o 25 mm O.D
T . N -
smpers 49 44 10 5.65v'S, 135 140 32 up to 2 mm wall
Sections Annealed 34 13 50 | 5.65VS, 65 68 26 —
cont R o 38 20 | 33 | 565vS, | %0 % 27 -
Shapes Temperst® 40 30 26 | 565VS, 110 115 28 _

(® It will be noted that tables 5.1.1, 5.1.2 and 5.1.3, giving typical tensile properties and hardness values in Metric, English and American units, respectively,
are not directly comparable. This is because the properties quoted reflect to some exfent the metalworking techniques, spacification practices, and testing
precedures in the countries concerned, and in view of the different sizes of products referred to in these tables, Individual manufacturers of semi-fabricated
products can, hawever, normally meet the requirements of any national standard,

(b} |§is possible to obtain sizes outside the ranges given in this cotumn, but information on their mechanical properties should be obtained fram the metal
manufacturers.

(¢} The mechanical properties will be largely dependent upon the size and cross-sectional area or complexity of the product,

Cu Zn37 : —4—




5.1.2 Typical Tensile Properties and Hardness Values—Engiish Units
This table is based on British practice. For other European and American practices, see tables 5.1.1 and 5.1.3, respectively.

The values shown represent reasonable approximations for general engineering use, taking account of variations in composition and
manufacturing procedures, For design purposes, national specifications should be consulted.

For a given temper, individual elongation values may show some variation above or below the typical values indicated,

Proof Elongation
F T A S'I;ensilteh Stress Vickers S?hea:h Typical Size Related
orm emper fe".gz 0.1%, offset Hardness reng to Properties Shown(b}
tonfin Lo ° gauge tonfin2
tonfin %
° length
Hot Rotled 23 9 45 | 5.65vV5, 90 17 0.5-2 in. thick
Plate | ¢oid Rotied -
Hard 25 17 35 5.65\/§_0_ 100 18 0.625-1 in. thick
27 20 25 5.65\/80 120 19 0.375-0.625 in. thick
Annealed
grain size 0.050 mm 22 7 60 2in. 65 17 -
grain size 0.035 mm 22 7 58 2in. 70 17 —
grain size 0.025 mm 23 8 55 21in. 80 17 —
grain size 0.015 mm 24 9 52 2in. 80 18 0.01-0.125 in. thick
Sheet
Strip
Cold Worked
Quarter Hard 24 16 40 2 in. 100 18 0.01-0.375 in. thick
Half Hard 27 21 30 2in. 130 19 0.01-0.25 in. thick
Hard 32 26 15 2in. 155 21 0.01-0.1 in. thick
Extra Hard 38 3 7 2 in. 180 22 "
Annealed 22 8 50 | 5.65V'S, | 75 17 —
Rod Cold Worked
24 15 35 | 5.65V'S,| 100 18 o
As Manufactured o 0.25-1 in, diam.
26 20 30 |565vS,] 120 19 or equivalent area
22 — 60 21in, — 17 0.10-0.25 in, diam.
Annealed 23 — 55 21n. - 17 0.02-0.10 in. diam.
Cold Drawn
. Quarter Hard 20 — 20 2 in. — 16 0.10-0.25 in, diam.
Wire Half Hard 36 — 0| 2in. — 26 .
Hard 44 — — — — 29 ,,
Extra Hard 47 — — — — 30 ”
Haif Hard 38 — 8 2in. — 26 0.02-0.10 in. diam.
Hard 46 — — — — 29 "
Extra Hard 50 - —_ —_ - 3 "
Annealed 22 8 50 | 5.65V5, 75 17 —
Tubete! Cotd Drawn or
Temper Annealed
Temper Annealed 24 12 45 5.65\/5; 80 18 0.25-2 in. 0.D., 0.02-0.08 in, wall
As Drawn 32 26 15 | 5.65V'S, 160 21 o
(8 The recognised temper designations used in the refevant or nearest British Standards are also given In this table, to clarify the cold-worked tempers shown.
) K is possible to obtain sizes cutside the ranges given in this column, but information on their mechanical properties should be obtained from the metal
manufacturers. )
(©) Intermediate tube tempers are generally obtained by temper annealing. Drawn tubes are usually stress relieved atter the final draw.
’ —d3— Cu Zn37




5.2 MECHANICAL PROPERTIES AT LOW TEMPERATURE
5.2.1 Tensile Properties—Impact Properties

Testing . . Impact
Temperature Tensile Strength Elongation Strength®
. Reduc-
Yield tion of
Form Temper Str;:igth Area
°C °F  |kgimm?Z|tonfin2 | psi o gauge Zo kg mfcm? | ft th
length
Rod"b
20 68 50.5 32 72000 | 54 000D 235 2in. 65 6.6 38
(e}
12.7 mm diam. | Cold Worked®@ |- i | 4o | 525 | 335 [74500| 5800000 | 2535 2 in. 65 64 |37
0.5 in. diam.
20 68 | 38 24 54 000 — 41 565VS,| — — —
-40 |[-40 | 40 | 255 |57000 — M 565vS, |  — — -
—(2)e) Cold Waorked(® - 80 -112 F4] 26 58 500 — 4 5.65\/50 e — —
120|184 | 44 28 |62500 - 49 585VS, | — — —
-195 ~319 52 33 74 000 — 53 5.65V'S, — —_ —

(@ lzod specimen; cross-sectional area at the notch 0.8 cm?. (M Containing 0.31% Sn. () Quoted as “hard drawn’ in original document, but amount of ¢old work
not defined. ) Quoted as '"yield strength’ In original document, but offset strain not defined. () Farm not stated in original document. (0 Quoted as
“half hard” in ariginal document, but amount of cold work not defined.

N.B.:—OQriginal values are printed in bold type; other values are converted.

~Al converted values for impact strength are to be taken as indicative only; the impact energy has been converted from ft Ib into kg m/cm? taking into
account the actual cross-sectional area of the specimen at the notch,

—The 0.1% and 0.2% offset proof stress values are not available.

5.3 MECHANICAL PROPERTIES AT ELEVATED TEMPERATURE
5.3.1 Short-Time Tensile Properties

Testing Temperature Tensile Strength Proof Stress | Elongation

Form Temper €.1% offset %

°C °F kg{mm?2 tonfin? psi tonfin? on2in.
Strip(d 20 68 35.5 22,5 50 500 8.1 60
p Annealed 100 212 34 215 4B (00 7.8 57
2 mm (grain size 200 392 32.5 20.5 46 000 7.8 M
0.08 in 0.035 mm) 250 464 30.5 19.5 43 500 1.7 50
' ' 300 572 27 17.3 38 500 7.2 39
25 77 43 27 61 000 - 27
250 482 37.5 24 53 700 - 20
Rod(@ 390 734 14.5 9.5 20 900 - 41
Cold Worked 500 932 5.5 3.5 7 500 - 43
12.8 mm diam 20/ 550 1 022 4 25 5 800 - 32
0605 in dfam. o 630 1 166 2 1 2 800 — 217
. ' . 725 1 337 0.7 0.5 1040 — 40
800 1472 0.4 0.2 530 — 138
875 1 607 0.1 0.08 180 - 167

N.B.:—Original values are prinied in bold type; cther values are converted.

—Data not available:
Proof stress, 0.2% ofiset,
Yield strength, 0.5% extension under foad.

5.3.2 Creep Properties

At the date of publication of this sheet, no data relating to this material have been traced.
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5.4 FATIGUE PROPERTIES
5.4.1 Fatigue Strength at Room Temperature

Metric Units English Units American Units
Number kagfmm? tonfin2 psi
of
Form Temper Cycles
X 108 Tensile Fatigue Tensile Fatigue Tensile Fatigue
Strength | Strength | Strength Strength | Strength | Strength
Annealed® 100 33 10,5 21 6.5(0) 46 600 15 00Q
31.1% 100 54.5 13.508 34.5 8.5t 77 200 19 500
(a) o
Cold Worked® 68.7%, 100 67 140 425 gib} 95 600 | 20 000w
. Annealed( 100 a3 9,50 21 Ble) 46 600 | 13 500t
Strip®
0.51 mm
: 3711% 100 52 1210 33 glo} 73 700 17 5000}
X . (c) o
0.02in Cold Worked' 60.5% 100 64.5 120 P gib 91 900 | 17 50009
Hot Rolled 100 - 9,5(0) - G0 - 13 500 .
311 Y 100 49 10,540} 31 6.5 69 600 15 0ot
cdy o
Cold Worked 687 100 66 14,5 42 gl&) 93 900 | 20 5000
Annealed
(grain size 100 36.5 10.50} 23 6.5 51 700 15 ogole
Stript® 0.030 mm)
0.81 mm
0.032in. 24°% 100 45.5 13,50 29 8.5¢0 64 800 19 00QE
Cold Worked 37%, 100 56.5 13,50 36 8.5 80 700 19 0004
609 100 66 13.5¢(0 42 8,5 94 000 19 00piD)
Rod!"
0 e} (e} (e)
12.7 mm diam. Cold Worked 301 9%, 300 51 i6ie 32 10! T2 200 22 700t
0.5 in. diam.
15.2%, 041 40 31.5te 255 20te) 57 200 44 500t
Cold Worked 30.19%, 0.1 LY 3gte 32 24(e) 72 200 54 000(e
50.1% 0.1 64.5 43,54 41 27.5(e) 91 600 62 000t
15.2% 1 40 23te) 25.5 14,59 57 200 | 33 000
Cold Worked 30.1% 1 51 25,5() a2 16t 72200 | 36 000
50.1% 1 64.5 29te) 4 1859 91 600 | 41 000
15.2%, 10 40 15t 25.5 9.5¢@ 57 200 21 5900
Cold Worked 30.1% 10 51 17 32 10,50 72 200 24 DO
Rod'® 504% 10 64.5 23(e} 41 14,5t a1 600 33 ooote
12,7 mm diam.
9.5 in. diam. 15.2%, 100 40 13.510) 25.5 8.5t 57 200 19 0001
Cold Worked 30.1% 100 51 16t 32 10.5¢¢ 72 200 23 000
50.1%; 100 64.5 24t 41 13.5¢¢ 91 600 30 000t
15.2% 300 40 13 25.5 8.5t 57 200 | 18 500%
Cold Worked 30.1% 300 51 16t 32 1Qte 72 200 22 5002
50.1% 300 64.5 20,5 4 130 91 600 | 29 500t
15.2% 1 000 40 12.5(e 25.5 gl 57 200 18 000
Cold Worked 301% 1 000 51 15,5(¢} 3z 10te) T2 200 22 000
50.1% 1 000 64.5 20.5¢9 41 13te 81 600 29 000

confinued on opposite page
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5.4.1. Fatigue Stfrength at Room Temperature (continued)

Metric Units English Units American Units
Number kg/mms? tonfin? psi
of
Form Temper Cycles
x 108 Tensile Fatigue Tensile Fatigue Tensile Fatigue
Sirength | Strength | Strength | Strength | Strength | Strength
Annealed 10 33 12.5(e) 21 gt 47 000 18 0000
20 30.5 10.5() 18.5 6.5 43 500 15 000¢e
Rod®
23.4 mm diam
y . Y 5 50 120e) 31.5 7.50e ™ o000 17 000t
1in. diam. Cold Waorked and 2 38 ote 24 ) 54 000 | 13 000
ress felleve 40 58 17.5( 37 11t 82 500 25 0ale)
Wirel®
60%, 100 65.5 13.5¢ 4.5 8.50e 93 000 19 0oote!
1.8 mm diam, | Co'd Worked 847 100 83 15,50 52.5 106 118 000 | 22 ooote
0.072 in. diam.

() Cu 65.09%. (b Reversed-bending test. () Cu 64.78%. () Cu 65.01%. (e) Rotating-heam test. (! Stress relieved for 3 h at 232 °C {450 °F).

N.B.: Original values are printed in bold type; other values are converted,
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Cu Znd0

Common names: 60/40 Brass (Lead-Free)

A copper-zinc alloy with a duplex aipha-plus-heta phase structure and excellent hot-working properties. Service environment must he
considered to predict corrosion behaviour. Cu Zn40 has somewhat better cold-working and joining properties, but is less readily machined,

Muntz Metal
Yellow Metal

than the similar low-leaded alloy Cu Zn40 Pb. The most commonly used wrought forms are plate, rod and sections/shapes.

COMPOSITION (weight %)
Cu . . 59.0-62.0
Zn . . rem.

1 SOME TYPICAL USES

Architectural

Extruded sections including angles, channels and trim; heavy-gauge panels and sheets,

Chemical and Marine
Condenser and heat exchanger tubeplates.

Mechanical

Hot forgings and “upset” products requiring limited cold bending or riveting.

2 PHYSICAL PROPERTIES

Metric Units English Units
21 Density at 20°C  68°F 8.40 g/cm® 0.305 Ib/in?
2.2 Melting range 895-900 °C 1 645-1 650 °F

2.3 Coefficient of thermal expansien {linear) at:
20 to 100°C 68 to 212 °F
20 o 300°C 68 to 572 °F

2.4 Specific heat (thermal capacity) at:

20°C 68 °F
2.5 Thermal conductivity at:
—200°C —328°F
20°C 68°F
200 °C - 392°F
2.6 Electrical conductivity {volume) at:
20°C 68 °F (annealed)
200°C 392°F( )
2.7 Electrical resistivity (volume) at:
20°C 68 °F (annealed)
200°C 92°F(C . )

2.8 Temperature coefficient of electrical resistance at:
20°C 68 °F (annealed) . . . .
applicable over range from Qto 100°C 32 fo 272°F

2.9 Modulus of elasticity (tension) at 20°C 68 °F
annealed K . . . . .
cold worked

210 Moduius of rigidity (torsion) at 20 °C 68 °F
anneated . . . . . . .
cold worked

0.000 020 per °C
0.000021 ,,

0.09 calfg °C

0.15 cal cmfecm? s °C
0.30 "
0.34 "

16  mjfohm mm?
12 "

0.062 ohm mm?2/m
62 micrchm cm

0.082 ohm mm?%/m
8.2 microhmcm

0.002 0 per °C (285 IACS)

10 400 kgfmm?
9 600-10 400 kgfmm?

3 900 kglinm?
3 500-3 900 kgfmm?

0.000 011 per °F
g.000012 ),

0.09 Btufib °F

37 Btuft/2 h°F
73 "
82 11

28 °/ IACS
21 "

37 ohms {circ mil/it)
2.4 microhm in

49 ohms {circ mil/fft)
3.2 microhm in

0.001 1 per °F (285 IACS)

14 800 000 lbfin?
13 650 00014 800 000 Ibfin?

5 550 000 Ibfin?
5 000 000-5 550 000 Ibfin2

KN.B.: The values shown in Section 2, which have been appropriately rounded in view of the composition range invelved, are based on selected literature

references.

INDEX NUMBERS RELATE TO LITERATURE REFERENCES (see page 12); INDEX LETTERS RELATE TO FOOTNOTES AT END OF TABLE

Prepared by

CONSEIL INTERNATIONAL POUR LE COPPER DEVELOPMENT ASSOCIATION

Distributed by

DATA SHEET No. D8

Cu Zndd

 DEVELOPPEMENT DU CUIVRE (CIDEC) 55, South Audiey Street - London WIY 6BJ © 1970 Edifion

100, rue du Rhéne - 1204 GENEVE
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3 FABRICATION PROPERTIES

The information given in this table is for general guidance only, since many factors inftuence fabrication techniques.

The vatues shown are approximate only, since those used in practice are dependent upon form and size of metal, equipment available,
technigues adopted and properties required in the material.

Metric Units English Units

3.1 Casting temperature range .
3.2 Annealing temperature range
Siress relieving temperature range
3.3 Hot working temperature range .
3.4 Hot formabillity
3.5 Cold formability .
3.6 Cold reduction between anneals
3.7 Machinabitity :
Machinability rating (free-cutting brass == 100)
3.8 Joining methods :
Soldering
Brazing
Oxy-acetylene welding
Carbon-arc welding
Gas-shielded arc welding
Coated metal-arc welding
Resistance welding: spot and seam

butt

1 010-1 050 °C 1 850-1 920 °F

450- 650°C B40-1 200 °F
250- 350°C 480- 660 °F
650~ 750°C 1 200-1 380 °F

Excellent

Limited

40% max.

See General Data Sheet No. 2
45

See General Data Sheet No. 3.4

Excellent
Good
Good
Not recommended

Fair

Not recommended
Fair

Good

Cu Zndd




51 MECHANICAL PROPERTIES AT ROOM TEMPERATURE®
5.1.1 Typical Tensile Properties and Hardness Values—Metric Units

This table is representative of practice in many European countries. For British and American practices, see tables §5.1.2 and
5.1.3, respectively.

The values shown represent reasonable approximations for general engineering use, taking account of variations in composition and
manufacturing procedures. For design purposes, national specifications should be consulted.

For a given temper, individual elongation values may show some variation above or below the typical values indicated.

Elongation Hardness
Tensile gtrr‘;::s Shear TFypical Size Related
Form Temper S;;fﬁ?:zh 0.2% offset] gauge ) Sktgfn:atzh to Properties Shown (b
2 o - .
kg/mm % length Brinell | Vickers
Annealed a8 16 40 | 565vS, | 85 89 29 —
Plate Hot Rolled 38 16 30 | 565VS, | 85 89 29 30--80 mm thick
Sheet
Strip
Typical & .
Cold Worked 45 a2 25 | 5.65vV'S, 125 130 a2 0.5-20 mm thick
Tempers 52 45 8 | 565V5, 145 150 34 0.5- 5 mm thick
Annealed 38 16 40 | 565vS, | 85 89 29 —
Hot Worked 38 16 30 | 565V, g5 80 29 10-80 mm diam.
or equivalent area
Rod
6-4 diam,
Typical 43 2 | 2| sesvS, | 120 | i 30 or squivatent area
Cold Worked di
Tempers 50 45 10 | 565VS, | 135 140 a3 6-12 mm diam.
or equ valent area
Annealed 42 — 35 100 mm — — 32 1.5-6 mm diam.
Wire R
COTgF’;;:‘m a8 — 15 | 100 mm — - 31 1.5-6 mm diam.
60 — 4| 100mm - — 33 "
Tempers
Annealed 40 18 40 | 5.85vS, 85 B89 a0 —
Tube ‘ . 10-50 mm 0.D.
Typical 45 33 20 | 5.65VS, [ 125 130 a2 over 2 mm wall
Cold Drawn to 25 mm O.D
Tempers s | up io -
P 50 40 8 | 565VS, 140 145 33 upto 2 mm wall
Anneated 38 16 40 | s.65v'S, 85 89 29 —
Sections Hot Worked(© 38 16 30 | 5.65v'S, 85 89 29 -
/ .
Shapes
Typical
Cold Worked 42 25 28 | 5.65V'S, 100 105 29 —
Temper(®
Forgings Hot Worked (@ a8 16 30 | 5.65V'S, 85 a9 29 —

It will be noted that tables 5.1.1, 5.1.2 and 5.1,3, giving typical tensile properties and hardness values in Metric, English and American units, respectively, are
not direcily comparable. This is because the properties guoted reflect to some extent the metalworking techniques, specification practices, and testing
procedures in the countries concerned, and in view of the different sizes of products referred to in these tables. Individual manufacturers of semi-fabricated
products can, however, normally meet the requirements of any natienal standard.

it is possible to obtain sizes outside the ranges given in this celumn, but information on their mechanical properties should be obtained from the metal
manufacturers.

(©) The mechanicat properties will be largely dependent upon the size and cross-sectional area or complexity of the product. -

F]
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5.1.2 Typical Tensile Properties and Hardness Values—English Units

This table is based on British practice. For other European and American practices, see tables 5.1.1 and 5.1.3, respectively.

The values shown represent reasonable approximations for general engineering use, taking account of variations in cemposition and
manufacturing procedures. For design purposes, national specifications should be consulted.

For a given temper, individual elongation values may show some variation above or below the typical values indicated.

T e —
= 8 i TR o g LKA T 0D

Proof Elongation
Tensile . Shear . .
Stress Vickers Typical Size Related
)
Form Temper Strenath | g 4o/ ofiset Hardness | Strenath [ 45, herties Shown®
tonfin tonfin? o gauge tonfin
o length
Annealed 23 8 45 |5.65v'S, | 90 17 —
Hot Worked 24 9 40 5.65\/§ 100 18 0.5—2‘ in. diam.
or equivalent area
Rod Cold Worked
25 10 40 |565VS,| 110 19 1-2 in. diam.
or equivalent area
As Manufactured 27 14 35 |569v5,| 125 20 0.375-1in, diam.
or equivalent area
30 18 25 |565vS.| 140 7 0.125-0.875 in. diam.
or equivalent area
Hot Workedt® 24 9 40 | 5.65v'S,| 100 18 —
Sections
(extruded) Cold Drawn
As Manufactured 26 12 35 | 5655 | 120 19 —
Forgings | Hot Worked® 24 9 40 | 5.65v'5,| 100 18 —

() The recognised temper designations used in the relevant or nearest British Standards are also given, to clarify the cold-worked tempers shown.
b} it is possible to obtain sizes outside the ranges given in this column, bul information on their mechanical properties should he obtained from the metal

manufacturers.

&) The mechanical properties will be largely dependent upon the size and cross-sectional area or complexity of the product.
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5.2 MECHANICAL PROPERTIES AT LOW TEMPERATURE
5.2.1 Tensile Properties—Impact Properties
Testing Tensile Strength Elongation impact
Temperature Reduc-
tion of Strength
Form Temper Area
o o - ; o gauge 7 2
C F kgfmm?2 | tonfin psi A length kg mfcm ft th
20 68 | 2o05% | 18.60m | a1 s5p00 14 2in. 26.5 6.0 34.5(
Plate!? -50 | - 58 — — — — - — 6.60) g
i —-t00 | 148 — — — - — — 6.6 380
12719 mm 120 | <184 | 3350 | 2140 |48 opow 15 2in. 27.0 - —
0.5—0.75 in. -150 | 238 | 355% | 22,50 |50 5000 15 2in. 26,5 6.3 36.50
196 | -321 | 3gw 24.8 | 56 ppot! 14 2in, 24.5 6.7t 396
20 68 § 405 | 255 57 500 51.3 13vVs, | .5 8.55 1 30.9t
Annealed -78 | -108 43.0 275 61 000 53.0 11.3V'S, 74.6 8.57( 31.060
~183 | -207 53.3 34 76 000 55.3 11.3v5, 71.0 8.30 30,0
20 628 — — — — — — 5.08( 18.4W
Rod® Cold Worked | _7g | -108 | — _ — _ _ _ 5200 | 19.4@
7 183 | 207 | — — — — — — 5270 | 19,0
Cold Worked 20 68 | 56.0 365 | 79500 19.8 13V'S, | 655 - | -
oo |- fm | sm3 | a 83 000 20 | 113vS. | 617 — -
° -183 | 297 69.2 a4 98 500 244 11.3V'S, 64.1 — —
20 68 36 23 51 000 51 565V'S, — — -
Annealed -8 | -112 38 24 54 000 53 5.65V'S, — — —
-195 [ 319 47 30 67 000 55 5.65v'S, — - —
__[3¥e}
20 68 | 50 315 | 71000 20 5.65V'S, - - -
Cold Worked® | - 80 | -112 52 32.5 72 500 2 5.65V'S, — — —_
-195 | -319 61 38.5 87 000 24 565V 5, — — —

(@ Temper not stated in original document; probably annealed.

() Tipper notched tensile test; section of notch 19 x 15 mm (0.75¢ » 0.610 in.). {¢) Charpy test; 10 x 10 x 100 mm specimen; 45° V-notch, 2 mm deep; cross-
sectional area at the notch 0.8 cm2, (4) Charpy test; 10 X 8 X 160 mm specimen; 45° V-notch, 3 mm deep; cross-sectional area at the noteh 0.5 cm?. (¢} Form
not sated in original document, () Quoted as "'hard" in original document but amount of cold work not defined.

N.B.:—Original values are printed in bold type; other values are converted.

—AH converted values for impact strength are to be taken as indicative anly; the impact energy has been converted from ft Ib into kg m/em?2 (and vice versa)
taking into account the actual cross-sectional area of the specimen at the notch.

—Data not available;
Proof stress 0.1% and 0.2%, offset,
Yield strength 0.5% extension under load.

5.2.2 Navy Tear Test

Corrected Energy Values Reduction of Plate

Testing Maximum Load Thickness at
Temperature
sy . Fracture
Form Temper initiation { propagation total
°C °F kg ton b |kgm|ftib] kgm Jftlb| kgm | ftlb | mm in. pA
Plate!!)
20 68 | 9195 {9.05 |20 270 |15.5 [ 112 805 | 582 95.9 68 | 38 | 0.150 | 20.0
129 — 19 mm —(a) —120 | —184 |10 975 |10.8 |24 190 [30.1 | 218 94,7 | 885 | 124.8 %03 7 4 0.160 | 21.5

0.5 — 0.75in. —196 | —321 (13 410 (13.2 (29 570 {83.7 ; 244 | 117.7 | 851 § 1514 | 1 095 | 3.8 | 0.450 { 20.0

(8} Temper not stated in original decument; prokably annealed,

N.B.: Original values are printed in bold type; other values are converted.
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5.3 MECHANICAL PROPERTIES AT ELEVATED TEMPERATURE

5.3.1 Short-Time Tensiie Properties-—-Impact Properties

Testing Tensile Proof . kmpact
Temperature Strength Stress Elongatien Strength
Yield
Form Temper
0.2% | 0% St;e;‘ugth kg m
°C °F  |kgfmm? [tonfinZ psi offset | offset " A % gauge ftib
Kgjmm? | tonfin? extension length | .
under load
psi
20 63 34 2.5 | 48000 | 10.42 | 6.2 - 62 2in. — —_
66 150 345 | 21.8 | 49000 | 1012 | 6.2 — 65 2 in. - —
Plate® Annealed 124 250 32 20.2 45 000 | 10.1%= 6.2 —_ 62 2in. — —
177 350 305 | 19.4 | 43500 | 10.5® | 6.5 — 63 2 in. — —
204 400 30 19.2 | 43000 | 11.2@ | 6.8 — 62 2 in. —_ —
Rod® 24 75 385 | 245 {54700 | 134w — 18 600 51.0 2 in. — —
Annealed 149 300 — —_ — 12.90 | — 18 500 - — - —
3.2 mm diam. 204 400 — —_ — 12,00 | 18 500 — — — —
0.125 in. diam. 260 500 — — — 12.40 | — 17 900 - — — —
19 66 — — — — — —_ — — 8.550 | 30,90
20 68 405 | 255 | 57500 — — — .3 |11.3vVSs,| — —
51 124 — — — — — — — — 8.26(2 | 20,9t
55 131 39.7 | 25 56 500 — - — .0 |11.3VE, | — —
100 219 38.8 | 245 | 55000 — - — 50.8 |11.3v'S, | 7.561 | 27.3@
151 304 — — — — — — —_ — 6.94 | 25,0@
154 309 35.2 | 225 50 000 — - — 50.3 |11.3vS,| — —
200 392 — — e — - — — — 6.27¢0 | 22,70
206 403 44 | 2 49 000 — — — 498 111.3vVS,| — -
250 482 3.5 | 20 45 000 — - — 48.7 |11.3V5, | 5179 | 18.70
283 541 306 | 195 | 43500 — — — 478 |113vS. | — —
Annealed 300 572 — — - - — — - — 2.38© | 8.6
327 621 - — — — — — — —  l2a3@ | 770
336 637 268 | 17 38 500 — — — 33.2 j11.3vS8, | — -
351 664 -— —_ — — — — — — 1.08© | 3.9(2)
355 671 253 | 18 36 000 — - — 372 |navs,| — —
400 752 21.2 135 | 30000 — — - #1.6 [11.3VS, |0.81@ | 29@
450 842 — — — — - — — — 0.920 | 3.3w@
454 849 16.7 | 105 23 500 — — —_ 37 avs, | — —
Rod® 500 932 9.6 8 13 500 — — - 33.3 [11.3vS, |07 | 280
550  f1022 — — - — — — — - 1140 | 41
509 |1110 — - — — — — — - 1379 | 5.00
850 {1202 — — — — — — - - 7.8 26.06)D
704 |1299 — — — — — — — — 4.82(c(4] 17, 4(c)d}
19 66 — — — — — — — — 5080 | 184
53 127 — — — — — — — — 5.000) | 18,4
100 22 - — — - - — — — 4850 | 17,7t
152 306 — — — — - —_ - — 4.4 1746
201 304 — — — - — — — — 4410 {149
250 482 — _— — — — —_ — —_ 3.27@ |11.8()
Cold 301 574 - — — - - — - — 20600 | 7.5
Worked 351 664 — — - - — — — — 1.06¢ | 3.8
11% 400 752 - — — — - —_ — - 0.96(0 | 3.5
450 842 - — — — - — — — 1.68@ | 6.1
500 932 - — — — - — — — 1.58() | 5.8
550 [1022 — — - - - — — — 207 | 7.5
600 |1z — — — — — — — — 2840 {1030
650 {1202 — — - —_ — — — - 7.93 (] 08, 7(o)d
700 11202 — — — — — — - - 5.10(c)d] 18,4(eNe
continued on opposite page
3 — 8 —
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5.3.1 Short-Time Tensile Properties—Impact Properties (confinued)
( Testing Tensile Proof Elongation Impact
' Temperature Strength Stress Strength
Yield
Form Temper
P _ feay [ eay 5‘;;“;“‘ gauge | K8 ™
°C °F  ikg/mm?|tonfin? psi |‘offsetz nﬁs.e: exten;ion A length - ftlb
g{mme {tonfin under load cm
psi

21 70 56.0 { 355 | 79500 — . — 19.8 |11.3vS,| — —

50 122 54.2 | 845 | 77000 — — — 19.6 [11.3vS,| — —

100 212 53.06 | 335 | 75500 — —_ — 194 |11.3vVS,| — -

156 313 40.3 | 315 | 70000 — — — 19.2 |11.3v's,| — —

Cold 194 381 451 28.5 64 000 — — - 200 [11.3vsS,| — —

Rod® Worked 253 487 432 | 275 | 61500 — — — 19.6 [11.3v'S,] — -
25% 206 565 38.4 | 245 54 500 - - - 165 [11.3v'5,] — -

325 617 36.7 | 235 | 52000 — — — 14.2 [11.3vVS,] — —

365 689 227 | 145 | 32500 — — — 14.7 |11.3vsS,] — —

396 745 207 | 18 29 500 — — — 2.4 |11.3vs,| — —

450 842 13.6 85 | 12500 — — — 325 [11.3v8,] — —

505 941 5.5 3.5 8 000 - — — 1.8 |113vVSs,| -— —

Rod(® 24 75 3% 245 | 55350 - — - 51.0 2in. — —
Hot Worked | 204 400 335 | 215 45 750 - — —_ 50.5 2in. — —

19 mm diam. | {grain size 316 600 11.5 11 25150 - —_ — 40.0 2in. —_ —_
0.75 in. diam. | 0.020 mm) 427 800 6 4 8 700 — — — 18.6 2 in. - -
Room |Room | 28 18 48 000 o s 20 000 wan — — —_

66 150 28 18 40 000 — — 20 000 —_ - - -

121 250 3.5 20 45 000 - - 20 000 — - - —

Tube® Annealed 148 300 30 19 43 000 - - 20 000 — - — —
177 350 28 18 40 000 - — 20 000 — -~ — -

204 400 26 16.5 | 37 000 — — 20 000 — — _ -

232 450 24 15 34 000 - - 18 000 - - — -

{a} This value was originally reported in tonfin2; in this table it is given in kg/mm? to 3 significant figures.

) This value was originally reported in psi; in this table it is given in kg/mm? te 3 significant figures.

(c) Charpy test, 10 = 8 x 100 mm specimen, 45° V-notch, 3 mm deep; cross-sectional area at the notch 0.5 cm2,
{d) Unbroken specimen.

N.B.:—Original values are printed in bold fype; other values are converted.
~All converted values for impact strength are to be taken as indicative only; the impact energy has been converted from kg m/cm2 into ft Ib taking into
account the actual cross-sectional area of the specimen at the notch,
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5.3.2 Creep Properties

5.3.2.1 Original Creep Data

Testing
Stress
Temperature . Total Minimum
Form Temper D"r:t"m Extension Inte:/cept Creep Rate
o @ ° % per 1000 h
°C °F  |kg/mm2| tonfin2| psi
3.5 2.2 5 000 6 430 0.053 5 0.009 5 0.001 1
5.2 3.3 7 450 6 430 0.099 0.029 0.002 3
149 300 1.0 4.4 10 000 6 430 0.158 0.039% 0.006
- 10.5 6.7 15 000] 6 430 0.313 0.084 00115
Rod 140 | 89 |19900| 6 430 3.580 1.265 0.20
3.2 mm diam. Annealed
0.425in. diam. 0.74| 047 {1050{ 7700 0.048 0.0132 | 00028
204 400 14 0.92 2 050 T 760 0.090 0.025 0.005 8
2.8 1.8 4 050 2 280 0.18 0.010 0.022
4.3 27 6 100 7 686 1.975 0.053 0.246

(8) Total extension= Initial extension + Total creep = initial extension -+ Intercept + (Minimum creep rate x Duration).

N.B.: Original values are prinfed in bold type; other values are converted.

5.3.2.2 Stress for Designated Creep Data

Testing ;
Temperature Stress for Designated Creep Rate
Form Temper 0.001% per 1 000 h 0.01% per1 000 h 0.1% per1 000 h
DC OF
kg/mm? itonfin? | psi |kg/mm?|tonfin2| pst |[kg/mm?2 |tonfinZ | psi

Rod‘s’ 5‘;
3.2 mm diam Annealed 149 300 33 2.1 4 700 9.7 6.2 13 800 | 13.6 8.6 19 300
0125 in, diam.

Rod® .

” 'ggggfiize 149 | 300 | - _ ~ | 63 {40 |oo0e0|l e4 | 54 f1za00

19 mm diam. po 020 mm) 204 400 — — - 1.4 0.89 2 008 3.3 241 4 750
0.75 in. diam. '

MNL.B.: Origlnal values are printed in beld type; other values are converted.
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5.4 FATIGUE PROPERTIES

5.4.1 Fatigue Strength at Room Temperature

Metric Units English Units American Units
Number kgfmm? fonfin? psi
of
Form Temper Cycles
X108 Tensile Fatigue Tensile Fatigue Tensile Fatigue
Strength | Strength | Strength | Strength | Strength | Strength
Annealed 50 42 15t 26.5 9.5 59 500 21 500
Rod(®
Cold Worked 25% 50 54.5 19.5( 34.5 12.50 77 600 27 7004
19 mm diam.
0.75 in. diam.
Cold Worked 25%; (a} 12 (a)
and Stress Relieved(® 50 51.5 21,54 32.5 13.5% 73 200 30 400t
Hot Worked® 100 54 11 34 7ta) 76 600 16 0got=)
Rod®
. Hot Workedt® 100 55.5 13 35.5 8.5 79 200 18 5000
25.4 mm diam.
1in. diam.
Hot Worked® 100 46 12,5t 29.5 gl 65 600 18 000

(2) Rotating-beam test. (0 Drawn at 249 °C (480 °F)_ (©) Drawn at 343 °C (650 °F). @) Drawn at 450 °C {840 °F), (e) Stress relieved at 275 *C (527 °F).

N.B, :--Original values are printed in bold type; other values are converted.
—Further data can be obtained from the following paper:

M Frost, M.E. and Greenan, A.F. Further Experiments on the Propagation of Edge Cracks in Plate Specimens. National Engineering Laboratory, East
Kilbride, Glasgow: NEL Repert No. 132 (1964}, Feb.
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