Cu Zn38 Snl

Common name: Naval Brass

A copper-zinc alloy with a duplex alpha-plus-beta phase structure, and containing tin; a small amount of lead may also be added to improve
machinability. The alloy has good hot-working properties and the presence of tin improves corrosion resistance in marine and other mildly
aggressive environments. The wrought material is generally supplied as plate, sheet or rod.

COMPOSITION (weight %)*

Cu . . . 59.5-63.5
Sn v f A 0.5- 1.5
Zn g E S rem.

*Leaded alloys containing up to about 2% Pb are also covered by this data sheet. In American practice, Cu Zn33 Sni1 may be inhibited with arsenic, antimaony
or phosphorus (0.02-0.10%).

1 SOME TYPICAL USES
Marine and Mechanical
Condenser and heat exchanger tubeplates; bolts, nuts, rivets and other hardware for underwater applications; forged and machined components
for marine equipment.

2 PHYSICAL PROPERTIES

Metric Units English Units
; % . 8.40 ' g/em? 0.305 ' Ibfin®
2.1 Density at 20 °C 68 °F e e . S 845 ® 0.305 ®
2.2 Melting range . g . 3 . ; ; ; ; : 885-915 °C 1 625-1 680 °F
2.3 Coefficient of thermal expansion (linear) at:
20 to 100°C 68 to 212 °F y y ¥ " i . i 0.000 020 per °C 0.000 011 per °F
20 to 300°C 68 fo 572 °F ; . ; : : i . 0.000022 ,, 0.000 012 ,, ,,
2.4 Specific heat (thermal capacity) at:
20°C 68 °F . . " ; ; ; ’ 4 , 0.09 cal/g °C 0.09 Btu/lb °F
2.5 Thermal conductivity at:
20°C 68 °F . . . . . . . . . 0.28 cal emfecm?® s °C 68 Btu ft/ft* h °F
200°C 392 °F | . 7 i i i 3 ! 5 0.32 Vi 77 ,,
2.6 Electrical conductivity (volume) at:
20°C 68 °F (annealed} . . . . . . 15  mfohm mm?* 26 % |ACS
200°C 392°F( . ) . : ; . ; ; 12 T 20 ,, -
5t Ele;:;riccal res:stig;yeﬁv?;::;a)l:;; 0.066 chm mm?/m 40 ohms (circ mil/ft)
' ' ’ ' ' 6.6 microhmcm 2.6 microhm in
200°C 392°F( ) i s : . : : 0.086 ohm mm?*'m 52 ohms (circ mil/ft)
8.6 microhm cm 3.4 microhm in
2.8 Temperature coefficient of electrical resistance at:
20°C 68 °F (annealed) . 5
applicable over range from 0 to 100°C 32 to 212 °F 0.0018 per °C (26% IACS) 0.001 0 per °F (26% IACS)
2.9 Modulus of elasticity {tenslon) at20°C 68°F:
annealed : i ‘ ; : 10 500 kg/mm’* 15 000 000 Ib/in®
2.10 Modulus of rigidity {torsion) at20°C 68 °F:
annealed . ; . . ; 4 . . 3900 kgfmm?® 5500 000 Ibfin®

(a) Non-leaded alloy.

(b) Leaded alloy containing about 2% Pb.

N.B.: Tl;e 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 12); INDEX LETTERS RELATE TO FOOTNOTES AT END OF TABLE
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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

3.2 Annealing temperature range
Stress relieving temperature range

3.3 Hot working temperature range

3.4 Hot formability

3.5 Cold formability .

3.6 Cold reduction between anneals

3.7 Machinability:

Machinability rating (free-cutting brass = 100)

3.8 Joining methods:
Soldering
Brazing
Onxy-acetylene welding
Carbon-arc welding

Gas-shielded arc welding

Coated metal-arc welding

Resistance welding: spot and seam

butt

1 000-1 050 °C
450- 600 °C

225- 325°C

650~ 750°C

Excellent!s
Good'™

Fair

40941
25%“‘:!

See General Data Sheet

40 tal
70 v

See General Data Sheet
Excellent

Good
Good @

1 830-1 920 °F
840-1 110 °F
435- 615°F

1.200-1 380 °F

No, 2

No. 3.6

Not recommended '

Mot recommended
Fair =

Not recommended ®

Not recommended
Fair

Not recommended ™

Good '+
Fair

(a) Mon-leaded alloy.
(b} Leaded alloy containing about 2% Ph.

Cu Zn38 Sn1



4 NATIONAL SPECIFICATIONS FOR MANUFACTURED FORMS

and 1SO Recommendation

Designation | Designation |Specification Plate Saptions
Country of of Material |for Chemical | Sheet Rod Wire Tube | _— | Forgings
Standards |in Standards | Composition®| Strip
Shapes
. H3 H3 H3
Australia . SAA —- — - H4 — — Ha Ha
Belgium . NBN Lt60 Sn1 — 266.13 266.13 — — — —
HC.ZT391 464
Canada CSA  |HC.ZT381P 482 = i S = e HEeSs | Hes
HC.ZP372T 485 i - ~
Chile INDITECNOR| Cu Zn38 Sn1 247 of. 68 257 ¢, 65 256 ¢. 65 258 ¢. 65 259 ¢. 65 | 256 c. 65 —
France. NF —_ — — —_ — — — —
Cu Zn39 Sn
Germany . DIN (2.0530) 17 660 17 670 - — — — .
India 1S — — — 320 — — 320 —
italy UNI P-Cu Zn39 Sn1 — 6399 6399 — 6399 6399 6399
NBsP1 NBsB1
Japan . JIS NBsP2 NBsB2 — H3203 H3424 — H3633 — —
BsTP
Netherlands N or NEN® | Cu-Zn38 Sn1 NEN 6030 NEN 6033 e —_ — — —_
South Africa SABS — — — — —_ — — _
Spain UNE Cu Zn Sn 62-1 - 37103 37103 — 37103 — —_
Sweden SIS — — —_ — — — —_ —
Switzerland . VSM — — - - — - — —
409
251
1541 251 251
United 2872 — -
Kingdom BS CZ112 — 2870 2874 2874 2872
2875
Nos. 462, 464, B21 B21 B21
United States!® ASTM 465, 466, 467, — B124 B124 — - B124 B283
482 and 485 B171
International
Organization for I1ISO Cu Zn38 Sn1 R 426 - - — - - —
Standardization

{a) Applicable when the chemical composition is not given in the specifications for wrought forms.

{b} Older specifications bear prefix N; for new specifications the NEN prefix is used.
{c) In the United States, bar is covered under the Plate-Sheet-Strip column.

5.1 Mechanical properties at room temperature

Tensile properties

Hardness

Shear strength

5 MECHANICAL PROPERTIES

see tables 5.1.1/2/3

"

Modulus of elasticity (tension)

Modulus of rigidity (torsion)

w  5.1.1/2/3
w  5.1.1/2(3
see 2.9

o 210

5.3

5.4

5.2 Mechanical properties at low temperature
Tensile properties
Impact properties

Short-time tensile properties
Creep properties

Fatigue properties

see table 5.2.1

Mechanical properties at elevated temperature

5.2.1

see table 5.3.1
see tables 5.3.2.1/2

Fatigue strength at room temperature see table 5.4.1

Cu Zn38 Sn1



< VSAMECHANICALUPROPERTIES'AT ROOM  TEMPERATURE®
5.1.1 Typical Tensile Properties and’Hardness Values—Metric Units

This table is represen‘fatwe of practice in m‘“fw ‘European countrles. For British and American practices, sée tahles 5.1.2 and 5.1.3,
respectively.. i1 | | |

sigl¥q noilaoiticeqd | noitsnpizadl |noilsnpired |
The values shown :epresenbmasonable apptbxlrhatlons:fbr generalsengineering iusey! taking aceoun .a( vanatlons in composition iand. manu-

abysbnetd

For design purposes, national specifications shotild be consultedic™ | shishineiz

For a given temper. individual elongatmn values may show ‘some variation above or beiow the typlcal values |ndscated

facturing proeed ure

The properties quoled are typical for alloys containing up to about 0.5%Pb, as encountered in normal commercial pract;ce free m¢chmmg

alloys:of higher lead confeni are likely to have somewhat-lower mechanical properties, especially in respect of e."ongatmn and shear” s‘t’reny(h
values.

- — N AR S A N TH— -Elongation |  Hardness . | — S
! Tensile ProofStress L_bAk Shear
Farm Strength| ‘Oﬁ/ offset' [~ | - 8819 §.t.rerrn_th pxpieal Slcs Ra'amﬂ,m;
kg/mm? | kg}mm! ©PoH gauge oo kg fmm? to Properties Shown
% h Brinell |Vi¢kers| "M
. ‘“.—\ s (:‘..-\ * [ - \--:\_.. i L‘v P g . g e e E il_l '._':._\ .1_ :),T.'-.; -) ..... '_::u =211
! | _ -
I [ RO ,....__Kﬁr‘_éalea SRS PSSRt [ ._3.§_ 45140 s:s\svs,ﬂ._‘._..g_o. __95 — 29__ ] — o e .’
R o - L= i A3mE1d
1 S S i S E——— e e
Hot Rolled 42 20 |35 |5.65V'S,| 100, | 105i¢ [©82° ... 20-80 mmthick .
Sheet v — 4= - o i Jod Vo A ey ity U VR =
| Typicals Cold Worked Tamper 43i pop 82 24 [5.65v/S,| 130 135 | _ 34 | o1 312 mm thick sibni
| | eeez b sl = teeknSud-a(| Mt N
. o | 18 565V, 90 | |95 | 30 | ' - :
l !
y okt - LOhEH | epeEH| . o s— ngan b
Hot Worked a2 |7 20 I35 s65vS, 10-80'mm diam. or equiv. area
Rod |
o SERRR I ~ 30 “P30(8.65v/SY U118V ' 50-80 M diam. 6r écuiv. aréa
Typical Cold Worked Tempers™ g {43 | og 565V, -25:50-mn dlam:orequiv.area
- 52 — 39 20 [5.65V'S, 5-25'mm diam. 6requiviarea”
- 0Ot VE ; £01 §E gqr V| | | r-8 2 nX uld | FL | ; niGg e
Forgings| . Hot Worked | 42 | _,._20.....__.3215.3;5315., 100 | f05 | s | =
| 2l

{a) It will be noted-that tables 5.1.1, 5.1.2 and 5.1.3, giving typical tensile preperties . and hardness-values- in-Metric,- Sl and- English, and -American -units re-
spectively, are not directly comparable. This is because the prOpFrtles quoted reflect to some extent the metalworking techni {wes » 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 qny,n.ailnnal.s.tandald SR .
(b) It is possible to obtain sizes outside the ranges gu{en in this column, hu; Zinformation on their mechanical properties should be obtamed from the rnetal
manufacturers. i 4 | |
(c) The mechamcal pmperties will be largely dependent upor\iﬁ'e size! and c.(gﬁ;; -sectional area of the product, . . . Fpe bafindl
| ATRE b | L = mobpniM

WP S R O, T 0 £ e T N 1 e ST AR L R BT LT TR T AT AL T




5.1. 2 Typical Tensule Propertnes and Hardness Values——SI and Enghsh Units

3 ”;, NE :8HE eesnn '.-- '!.a":-!'.':, 30 ‘ﬁ‘: iar T Je "t"'

This table is based on British practica For othsr European and American practlces see tables 5.1.1 and 5.1.3 respectively.

The Valie's shown Feprésent reasonable approximations fof genérat engineering-usey taking accountof! ﬁaﬁatiorts*ih‘cdrﬁpbmtibﬁ and: marmfactur-
ing procedures. For design purposes;’national speéiféations’should be consulted 0 ‘@vihvinuos nsasgoiui sadio bos feil 8 107 2hasbosi 2
For a-given temper,individual, elongation:values may:show.some variation,above or,below the typical values.indicated.. .

The properties quoted are typical for alfoys containing up to-‘about 0.5%" Pb,as" encounteredin ‘nwormal commerdial:, pracﬁee fre‘e—makemmng
alfoys of higher lead content are, I.-ke.fy to have, sqmewhat ,-'ower mechamcaf properg.'es, espec'{aﬂy .-n re.spect of e:‘ongaf.'on and shear
sirengih values. ! .

L . it W Trensile’ | Proot Stréss "";L'Eiﬂ . ti ol isdwamos dunigpgglamit 4 tistnns besh 1adgin Yo ayais
Strength | 0.1% offset oagation Strength MY Blgneve
N —— TV vickeis T~ — | Typleal Size Related
Haas - HardneTs T to Properties Shown''
! = o Lepndigaugens i@ bisl o
.slhbar |tonj/in % length @0 .|;bbar|ton/in
Hiphala S § (N A :. N e B i 4 ' I = mio3
I s | i 5 | splsp|| T _ - o I
Annealed | a7 | 24" | Ha| |7 9nnfaorf 5e5VS, Y o5 | |28 | 18 -
- . | | ' | | |
"HotRolled = CiPdo || 26 ||F470 |11 {88 | Sw5VE, (00 110 | (080¢ || 20 | 42:50'mm(0.5-2in.) thick

Plate amT———

Cold Rolled
Azlrif i QMO

19337 [ 21 |16-25 rh 0.625-1 th
i .ni ozehlard _ m ( jn) t |c]§

347 | 22 |10- 16mmﬂ]3?5062 ,in);icg

00l s 99 (g3 “15 30 -,3_;55'\/5—,
C00ide || @b ||%e [-17 |26 || BlesVS,

i G001 | 82 ! 22 kg qon 06 trigid [ fan®y g g
e | S | R B ) e i | [ | N '
Annealed 37 | 24 | 14 9 |45 (50mm(2in.) 95 28 18 —
: | . | | | | | hadaW blod |
it . 0 LE T T 1 P 3 T uop 8t I [ i 7 Sl EIRTE I
Shogt | HotRolled-. .| 43| 28 | 25 | 16|35 |50 mm.(@in)| 125 | 32 | 21 | 310mm (0.125-0.375in.) thick .
Strip : : - - ; r e
R TP Lt 0 ) | 00g G i Tl ag ,I nle I as el 10 1 7 \ 3
3 'Cold"Worked | ; fos | T 4 <k I % i . e
T T | 32 |"B1 |20 725 |50 mm (in))| "¢ 150 22 | 3-10 M (0.125-0.375 in.) thick
il i | B84 |34 {22 .1[20 [50mm (2imy{iv 160 | U0BTC || 24 0.5- 3 mm{0.02-0.125 in.) thick
| | |08 - | 48 0k 08 | (00 ES Higid
ndib o ogor | — |laa |, [ alg [ re ) | Ho
| 00¢ 3p — 1loa | ale e — (0 82 i ; 5
Hot Worked 30 | 25 || 15 1_% a5 | sesvs, T 110 | { 19 12-50mm (9.0-8 fn:) diam; or
- ) | W B s o e O T - | 0| 5o _equivalent area.
| |
I | | oY A
aaiih Col Worked' J0fEh | (|os | | ale i o 0% sH 18he00 |
| ang 25 an | - | p— n P b Ll b
Rod - ; 26 |“200 [ 13 735 | 585V'S, 120 | 130" | 20 25.50 mm (1-2 in.) diam. or
gl 0 | [ | & | ot & {1554 o0 equivalent area
| ]

et | o1 10-25 M (0.375-1 In.) diam. or

| i 0 no ©a ) equlva[ent area
| | t |
= > =, I | | 46 30] 28, 18 20 | |3 | 23 | 3 10_mm (0.125-0.375 in.) diam.
: ] | I or equivalent area
| | N blaD |
wW.NEGO L O Al eRe0]  oopsr | — (fee | f= ] .2 [ 81 | oo 4d | doose | (ree)|m bisH | s
| HotWorked ! | 30 | 25 || 15 | 10 [a5 )l 56505, | 110 |99 |19 | L
Se_,c*io,n,s,. ¥ hapiatedn ad hliyonds satlam; f-far d nnit ankni ; Ina Bidd Al s 3 i - i
(eanded) Cold Drawn Jouborq adf 1o geve lsacktaed-gzooo bne sxigl el noqo rneldnsaasd flapisl aff e gsinugoig lezinsas re
As-Manufactured's’ 42 27 22 14 |30 | 565VS, 130 32 20 —
Forgings Hot Worked ‘"' 39 25 15 10 |35 5.65‘\/5; 110 29 19 —

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

{b) Itis Dfosslble to obtain sizes outside the ranges given in this column, but information on their mechanical properties should be obtained from the metal
manufacturers.

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




5.1.3 Typical Tensile Properties and Hardness Values—American Units

This table is based on American practice and the temper designations shown are those referred to in ASTM and other American
Standards. For British and other European countries' practices, see tables 5.1.2 and 5.1.1, respectively.

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

The properties quoted are typical for alloys containing up to about 0.5% Pb as encountered in normal commercial practice; free-machining
alloys of higher lead content are likely to have somewhat lower

strength values.

mechanical properties, especially in respect of elongation and shear

, i Rochkwell
Yield Strength| Elongation Hardness
Tensile 0.5% Shear Typical Size Related
Form Temper Strength extension Strength | to Properties Shown'®
psi under load — psi
psi % length F B 30T
As Hot Rolled 55 000 25 000 50 2in, _ 55 55 40 000 1 in. thick
Annealed
Light 62 000 30 000 40 2in. —_ 60 57 41 000 0.040 in. thick
Fg‘lt t" ’?5‘?_‘“‘:‘ Soft 58 000 25 000 49 | 2in. | — | 56| 55| 40000 0.250 in. thick
(Rlate; Shast, Light 60 000 98 000 45 | 2in. | — | 58| 56 | 41000 .
Strip and Bar)
Cold Worked
Quarter Hard 70000 58 000 17 2in. _ 75 68 43 000 0.040 in. thick
Annealed®
Soft 58 000 27 000 45 2 in. — 56 —_ 40 000 0.250 in. diam.
Light 63 000 30 000 40 2in. — 60 — 42 000 i
Soft 57 000 25 000 47 2in., — 55 — 40000 1 in. diam.
Light 63 000 30 000 40 2in. — 60 —_ 42 000 T
Soft 56 000 25 000 47 2in. — 55 —_ 40 000 2 in. diam.
Light 62 000 28 000 43 2in, — 60 —_ 42 000 1
Rod
Cold Worked®
Quarter Hard 70 000 48 000 25 2 in. _ 80 —_ 43 000 0.250 in. diam.
Half Hard 80 000 57 000 20 2in, —_ 85 — 45 000 "
Quarter Hard 69 000 46 000 27 2in. —_ 78 - 43 000 1 in. diam.
Half Hard 75 000 53 000 20 2in, — 82 _ 44 000 "
Quarter Hard 67 000 40 000 35 2in, — 75 —_ 43 000 2 in. diam.
Tube Cold Worked
Hard Drawn (35%) | 88 000 66 000 18 | 2in. | — | 95| — | 48000 |0.375in.0.D.x 0.097 in. wall

(a} It is possible to obtain sizes different from those given in this column, but information on their mechanical properties should be obtained from the metal

manufacturers,

(by The mechanical properties will be largely dependent upon the size and cross-sectional area of the product.

Cu Zn38 Sn1



5.2 MECHANICAL PROPERTIES AT LOW TEMPERATURE

5.2.1 Tensile Properties—Impact Properties

Testing K . Impact
Temperature Tensile Strength Proof Stress Elongation Strength
Reduc-
Form Temper Yield t‘:n of
rea
0.2% Strength auge % ,
°C °F |kg/mm?|tonfin?| psi offset | 0.5% ext.| % Igen gth g am ft b
kg/mm? |under load g cm?
psi
22 | 72| 445 | 285 | 63300 21.8 - 37 |4.52V'S,| 52 6.6 | 38 v
Rod!" P — 78 (—108 | 47.5 | 30 | 67400 23.8% — 37 [(4.52v/S,| 54 7.3 | 42 v
19 mm diam. o —197 | —323 | 56.5 36 80 400 | 26.7'% _ 44 4-52\’!'30 48 6.6 3
75 i s (grain size 0,036 mm) k
073 In; diam: —253 |—423 | 74 | 47 (105200 335" ~ |4 |asevs, a2 | eow |35
—269 | —452 | 70 44,5 99 600 30.7'% -_ 40 4‘52\/8., 48 — —
20 68| 45.5 29 64 600 —_ 33000 41.0 2in, —_ 4,451 | 16.1'¢
&l | = = — — = = — — | 4459 | 161t
Rod'? — 18 0l = — — — — — = — | 4879 | 17.6%
19 mm diam. Annealed — 30— 22 — — — - - —_ — — 5.06'" | 18.3'¢
0.75 in. diam. — 50| — 58| — — = — — ~ . — 5.00'= | 18.1%
— 80| —112| — — — — = — — — | 495@ | 7.9t
—115|—175| — = — — — — — — | 467 | 16,9
20 68| 40 25.5 57100 — 28 800 47.4 2in. 50.5 — —
o) te)
Rod Rolledte —183 | —207 | 57 36 | 81100 — 37200 [48.3| 2in. | 484 | — | —
27 81 — — — —_ — — — — 7.5t 27 =
— {di3 Annealed — 78| —108| — — - — — — — — 9.4i< | 34 =
—197 | —323 — _ —_ — — —_ — — Friribl 28 =
27| 81| — = — = — = — | 44 |46 @
—{dn3) Cold Worked 27% | — 78 | —108| — — — — — - - — 53¢ |19 @
—197 | —323| — = — - - s s — | 50 |18 ©

(a) This value was ariginally reported in psi;in this table it is given in kg/mm? to 3 significant figures.
(b} Charpy specimen, V-notch; cross sectional area at the notch 0.8 cm?,

(c) Charpy specimen, keyhole-notch; cross sectional area at the notch 0.5 cm?,

{d) Form not stated in original document.

{e) Amount of cold working not defined in original document.

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 b into kg mfcm? taking into
account the actual cross-sectional area of the specimen at the notch.
— The 0.1% proof stress values are not available.

—7— Cu Zn38 Sn1



5.3 MECHANICAL PROPERTIES ‘AT -ELEVATED TEMPERATURE
201931 Short-Time Tensile, Properties; - »

' Testing Tensile Strength 1o Proof Stress Elongation
oid peotiemperature | Ginnsie slian I S
“Form - Temper B I Yield |
b [ 0.2% | 04% |.Strength | | ngalige
: 3 SE | kg/mm? |tonfin® [ psi offset | offset [ 0.5% ext. | % | ‘:h
i g a— - kg/mm? [ton/in® lunder load 9
bealls X psi
L 3 20 68 275 | 61000 | 29 — | =  |® |113V5,
Plate'® N T — 100 | 212 | 41.5 | 265 | 59000 | 29 — —_ 26 | 11.3V5,
10 to 60 mm thick | (g-ra.n;‘mg o;Q-mm) 200 | 392 |" 380 |"24 | |'sdoe0 | 28 | — - 30 | 11.3V5,
to 24inthick |* ENSBSRTRIM | qop [0sp |Wadh | 8 | afoar”] 2" | — s | w0 | RIVS,
: g —~ 350 662|260 | 165 | 37000 | 15 s — yaf L3S,
21 0 [*365 |"23.3 | 520007 ] 150 | 9.1 = 47 2in.
T S S 66 1501 355 | 22,7 | 51.000 | 13.9¢2 | 8.6 — 45 _2in.
_Plate'” Annealed I 4 250 | 855 | 22.4 | 50000 | 14.5'% 8.6 — 46 2in,
At [ 0. b i € 51?7 350 . M 34 2!.1 48 500‘ 1;4.:.0“} 8.5 — 49 2in.
204 400 | 33 211 | 47500 - 14.60 8.7 — 38 2 in.
i - - . | - L5 : ) oL e @1
A 20 68 47.7 30.5, 68 000 27.5 —_ =, 401 7[175.65 \/._n-
S 2 ey 100 212 || “43.6| | 275 | 62000 | 27" — = 35 | 5.65VS,
‘C.a :i‘i - -— orge e - ! ' H - il T a _ o ,;
Plate (gratin size | 0.030.mm)| 2% 392 || 320 | 205 | 45500 | 19 : 45 | 5.5 \fg,_
e graiReizh | BRIRMIL e 5721|2361 | 15| 33500 | 175 | = . 65 | 5.65V'5.
( 5 752 [y A0:2 ] [+ 65 | 14500, 7o —_ —_ 70 | 5.65VS,
[ I S T T, 68 | 423, [ 27 | | 60000 [ 187 | e 40. | 565VS,
. _ 100 212 | 41.0 | 26 | | 58500 | 20.4 — — 39 | 5.65VS,
i+ Plate'®) Hot Rolted 200 392 || 364 | 28 51500, | 17,8 — — 51 565V S,
5o Sheet - 300 572 | -25.2 | 16 | |.36000:2 155 — — 40 | 565V'S,
o 360 | 662 | 17.3 | 11 | | 24500 | 136 | — = 34| 565V'S,
400 752 || 10.3| | 65 | 14500 | 9.8 — — 32 | 565VS,
2t I T . [ . &1 13 W L '
5t ‘Rediet ] 24 75 || 465 | 205 | 66000  @— bl 31 200 40.0 2 in.
3.2 mm diam Annealed | 14 ool | I 4 s = & = | (3R89 = ==
5 _Ei ‘125_ In_ai_al"l:; = e 204 - 400 - i — iy L —_ -31 500 —_ I
’ ! ! 260 500 — Tihress — i G 24000 )|l AT 14
27 80 | 45 285 64'000 L 2o g2 000 |45 | cpa,
Annealed 204 400 | 36 23 51 000 — 204610000 1 { (5512 1 R, 18
{grain size 0.0256 mm) 316 600 18.5 115 | 2600000 00 == =0 0001|163 2R, (5
Rod 1) 427 800 | 7 45500140000 | v su ke b | o B0 L) BB il 02 0@ ¢
“19 mm diam. — S
0.75 in. diam. 27 80 | 445 | 28 63000 | sl e 0111 000 .| 4T 1 0]odT 240N,
Annealed 204 400 32.5 205 | 46000 - - 10 500" 55 2in.
(grain size 0.045 mm)| 316 600 16 105 | 23000 — — 2 000" | 80 2in.
427 800 | 55 3.5 7500 — — 500 | 37 2 in.
21 70 425 | 27 60 300 e= = 15700 | 41.5 2in.
Rod!'" 149 300 | 355 | 225 | 50400 as - 19700 | 50.5 2 in.
19 mm diam. Annealed 232 450 | 285 | 18 40 500 — — 21300 | 35.0 2in.
0.75 in. diam. 288 550 22 14 31 000 — — 15500'' | 45.5 2in,
427 800 8 5 11 500 = = 4500 | 385 2 in.
Rod('? 24 75 44 28 62 750 — = 11000 | 46.0 2in,
i diads Hot Worked 204 400 32 20.5 | 45875 — = 10500 | 54.0 2 in.
0.75 in. di ' {grain size 0.025 mm) 316 600 16 10.5 23 050 — — 1750" | 79.5 2in.
=N glam; 427 800 5 3 6950 = = 250 | 39.0| 2in.
continued on opposite page



5.3.1 Short-Time Tensile Properties (continued) gale 3

1 g3 B8
Efsd nopl IsniphC
T g resting - e Stength | Proof Stress | [Elongation
Temperature | - maT vnitaeT | ’
g - i Ly IETD . = i N I
ajE R | LEE ‘. AL iofanalxdg | o — - — —_— e =" = _— Sum
U0 Form Temper | A wnet o qe| e Yield
s = } 0.2% | 0.4% | Strength —
. G T °F  [kg/mm? [ton/in® | psi | offset |offset | 0.5% ext. | % Ige n gu.l
2.0 s g oorlz | oob I o | kg/mm? | tonfin* |under load 9
sod ¢ atle 1 ge.0 fg. 09e o4 3| E psi ‘ " i
Li0.0 GE0.D ET0.9 L 21 G4 7495 '| 315 ; 70 300 — afr 1 49 500'¢’ 31.0 2in.
Rod! : —— 4P 44| 28 | 62000 | = | = | 45500 | 345 |2in,
19 mim'diam. ** Hot Worked 079 232 40 t3 | 247 | 54100 | — f — | 250001 |39.0 |2in.
0.75%h diam. 794 teero R I 30 19 | 43000 | | — — 16500'¢ | 45.0 | 2in.
b 1| I 497 8.5 55 111850 | —— = 4 000'< 43.0 2in.
#en.0 b0 0T.G |
2810 R0 : AR
! 5 * 21 Y0P 0igo | 585 || 37 || 83000 - - - 20 |2in.
o 38 100 575 | 365 | B2000 | — — — 21 2in.
"ﬁqd qp TE80 | Crreau 6isl 93 P igo0 865 | 865 | 718000, — | — - 25 2in.
1ED.! B0 CEY 149 0P 300 | U B25 33.5 74 500 = T = - 26 2in.
o :
2514|mmd|::m Sold Worked 28% | oo 400 | 475 | 30 /{61500 | - — | — - 29 |2in.
a0 60.0 $E0.0 i 260 0o 1500|1835 | 215 | 48000: — of — - 9 | 2in.
i e | 316 600 18.5 11.5 26 000 l— = shunind 57 2in.
\ TELD (0. D aeel 871 gl s 700 | ;8.5 096 12000 - — a3k — — 65 2in.
| 427 800 45 | 3 | 6500 = | = - 52 2in.
E o i 3o o ap 0 AT A ana |
] - e 21| 425 | 27 60600 | — | — - a6 2in.
0 orre | 225 950 eop | 482 |31 ‘og 44 300" — A _ _ 65 2in.
s 400 75865 49000 = | = - 51 2in.
BRSO | 0%e9 | =Ear0 025 sp0 U0 fgz2 frO1.5 400 2100 — I <4 — 27 2in.
—Rodl™ _ . Annealed | g0 | 4412|0705 | tos0 | — - - 38 2in.
B.b b/ HQ0S. P | [rhig 5?5 oap 1247 FROO4 0.3 600" —_ s = _ 74 2in.
1 . - | 750 | 1382 0.2 01 240 - — g —_ 118 2in,
1500, s 825 e 1517 k04 ;-,n.oai . A I s 168 2in.
(a) This value was originally repor‘ted [n ton/in®: in thls fable If :5 g]ven in ltg,fmm' to 3 s[gn{ﬁcanl figures. . T e B
(b) Prcﬁﬂﬂhnal l]mft pat _‘ s e : _ :
(c) Yieidf“o' t, UL RV Hd c & 0 lsgnnd -
N.B.: — 6rrgmal e pnnted in hoid type o’ther values ire converted. - B - o o
V,alues for mpact strengih 'f’ﬂ to 205 °£‘. are gwen m eference (2)‘
MG € .8 o.0f
0.2 »|5
L 1 '“ | '
ap or.c
) &1 3
. -
0 { |
t g { PA0E
a | ok
il } | .0 D
. o0 Looger | 88D
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5.3.2 Creep Properties
5.3.2.1 Original Creep Data

Testing T t St
esting emperature ress 5 . Total Min. Creep
uration p Intercept
Form Temper h Extension o Rate
O a) o 0
“@€© °F kg/mm? tonfin? psi % % per 1000 h
Rod"
s D — 0.28 0.18 400 5400 0.155 0.047 0.020
.25 in. diar 260 500 0.91 0.58 1.300 3 800 2.546 -0.615 0.83%
149 300 7.0 4.5 10 000 250 0.033'! 0.030 0.013
- . 2.1 1.3 3000 250 0.025(< 0.023 0.009
7.0 4.5 10 000 500 0.159:% 0.062 0.194
0.70 0.45 1000 250 0.035(<) 0.031 0.020
204 400 2.1 1.3 3000 250 0.070> 0.023 0.185
7.0 4.5 10 000 250 0.474'% 0 1.90
_ A 0.70 0.45 1 000 250 0.061'® 0.031 0.121
21 1.3 3000 250 0.198% 0.030 0.65
Rod''" 260 500 0.70 0.45 1000 250 0.054() 0.032 0.088
19 mm diam. Annealed
0.75 in. diam. 288 550 0.70 0.45 1000 250 0.037 0.037 (i
315 600 0.70 0.45 1 000 250 0.062 0 0.248
343 650 0.70 0.45 1 000 250 0.110¢ 0 0.440
371 700 0.70 0.45 1 000 250 0.165¢! 0.020 0.58
309 750 0.70 0.45 1 000 250 1.200'¢ 0 4.8
0.70 0.45 1000 250 0.044'¢ 0.044 0
Hot Worked 288 550 2.1 13 3000 750 0,935 0.190 1.00
Wire!'t) 2.2 1.4 3100 5 600 0.028 0,007 0.000 4
3.2 mm diam. Annealed 149 300 5.0 3.2 7100 5 600 0.077 0.024 0.001 2
0.125 in. diam. 14.0 8.9 20 000 6 050 0.456 —0.072 0.067 410
3.2 2.1 4 600 4750 0.057 0.015 0.002 6
149 300 7.1 4.5 10 050 4500 0.132 0.022 0.009 6
10.6 6.7 15100 4500 0.228 0.048 0.017
0.81 0.51 1150 5 000 0.045 0.019 0.003 7
Wire''? 1.1 0.70 1575 5000 0.075 0.027 0.007 5
3.2 mm diam. Annealed 204 400 2.0 1.3 2 800 3630 0123 0.025 0.022
0.125 in. diam. 2.9 1.9 4180 4730 0.387 0.080 0.061
4.2 2.7 5950 4820 1.000 0.035 0.19
9.1 5.8 12 900 550 2.090 - —
- - 0.51 0.33 730 2180 0.253 0.059 0.084
1.4 0.88 1980 1080 0.822 0.032 0.7
Wirehs 0.70 0.45 1 000 5 600 0.024 0.012 0.000 7
) 1.4 0.92 2050 5 550 0.060 0.038 0.001 1
:'122’5“_“‘ ‘L'.am' Cold Worked 37| 149 S0 5.6 3.6 8 000 6 000 0.212 0.124 0.004 5
. 17.5 11.1 24 900 5830 1.273 0.504 0.098
o 46 3.2 2.0 4580 4750 0.120 0.059 0.005 2
10.6 6.7 15 050 4900 0.497 0.305 0.015
0.81 0.51 1150 5000 0.068 0.033 0.004 8
1.1 0.70 1570 5 000 0.086 0.040 0.005 9
Wire!'* 204 400 2.0 1.3 2820 5160 0.147 0.079 0.009 0
3.2 mm diam. |Cold Worked 37% 42 2.6 5920 4820 0.426 0.220 0.031
0.125 in. diam. 9.6 6.1 13700 1220 1.328 0.53 0.48
0.23 0.14 320 1 440 0.095 - —
0.52 0.33 740 2160 0.491 — —
260 500 0.82 0.52 1160 | 1080 0.496 = ot
1.4 0.88 1980 900 1.699 — —

(a) Total extension = Initial extension + Total creep = Initial extension + Intercept + (Minimum creep rate x Duration).
(b) Accelerating creep rate,

(c) Total creep = Total extension — Initial extension,

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

Testing Temperature Stress for Designated Creep Rate
Form Temper 0.001% per 1000 h 0.01%; per 1000 h 0.1% per 1000 h
DC "F
kg/mm? |tonfin? psi kg/mm? |tonfin® psi kg/mm? | tonfin® psi
Rod 22
” m:’nddiam (};?;iszli':: 149 300 - = = 8.4 54 (12000 | 10.6 67 | 15000
0.75 in. diam. 0.025 mm) 204 400 — — — 2.5 1.6 3500 4.0 2.5 5700
149 300 3.4 21 4 800 8.4 5.4 12000 >14.1" [>8.9" |>20 000"’
Annealed 204 400 0.42™ | 0.27'" 600 1.3 0.85 1900 3.5 2.2 5 000
. 260 500 — — — 0.18™ 0.1 250'* 0.53 0.33 750
w'"e {14}
3.2 mm diam.
A Ry dian: 149 300 1.1 0.69 | 1550 8.7 55 (12400 | 176 | 112 | 25000
Cold Worked 37% 204 400 — — — 2.1 1.3 3 000 6.3 4.0 9 000
260 500 —_ — — 0.07'" 0.04 100!~ 0.28 0.18 400
149 300 —_ _— — 7.4 4.7 10 500 —_ —_ —_
Annealed 204 400 —_ —_ — 1.3 0.85 1900 35 2.2 5 000
Wire % 260 500 —_ — — 018" | o™ 250! 0.56 0.36 800
3.2 mm diam.
0.125 in. diam.
149 300 — o - 6.3 40 | 9000 — — —
Cold Worked 372 9y 400 - - — 2.1 13 | 3000 6.3 40 9000

(a) Extrapolated value, (b) Produces accelerating creep rate,
N.B.: Original values are printed in bold type; other values are converted.

54 FATIGUE PROPERTIES
5.4.1 Fatigue Strength at Room Temperature

Metric Units English Units American Units
Number kg/mm? tonfin® psi
of
Form Temper Cycles
X 108 Tensile Fatigue Tensile Fatigue Tensile Fatigue
Strength Strength Strength Strength Strength Strength
Rodllﬁ)
13 mm diam. Cold Worked 8.4% 300 46.5 19.5 30 12.5¢ 66 300 28000
0.5 in. diam.
Rod!'"
13 mm diam. Rolled' 200 48 15.5™ 30.5 10t 68 200 22 000"
0.5 in. diam.
Cold Worked 24%" 100 61 23t 39 14,5 87 000 33 000"
Rod!'#
13 mm diam. ——
0.51n. diam. | /4 Worked 249 100 61.5 15t 39 9.5 87300 21 000"
Cold Worked 27%"" 100 61.5 gatd 39 144 87 200 31 500"
Rod!'#
13.5 mm diam. — - -
0.53in. diam. | 011 Worked 275 100 64.5 185 41 12 91 400 26 500"

continued overleaf

—11— Cu Zn38 Sni



5.4.1. Fatigue Strength at Room Temperature (continued)

Metric Units English Units American Units
Number kg/mm? ton/in® psi
of
Form Temper Cycles
x 10° Tensile Fatigue Tensile Fatigue Tensile Fatigue
Strength Strength Strength Strength Strength Strength
Rod'*)
19 mm diam. Rolled"™! 300 48 15 305 9.5t 68 215 21 000"
0,75 in. diam.
Rod!® — 415 151 26.5 9.5 59 000 21 000"
25.4 mm diam. Annealed
LIz dlhomy = 415 15,5 26.5 10 59 000 22 000"
Rod 2
25.4 mm diam. Hot Rolled 100 41.5 13 26.5 8.5 59 300 18 500"
1in. diam.
300 49 16,5 31 10.5 69 600 23 700"
Rod('®
25.4 mm diam. | Cold Worked 11.5% 300 49 10.5' 31 6.5 69 600 15 000
1 in. diam.
300 51 10.5" 32.5 6.5 72 300 15 000'*!
Cold Worked 28% — 60.5 18.5' 38.5 11.5* 86 000 26 000"
Rod?
25.4 mm diam.
Tin.diam. | & 014 Worked 30% = 60.5 19t 38.5 12 86 000 27000

(a) Rotating-beam test.

(b} Fine grained.

(c) Coarse grained.

(d) Amount of work not defined in original document.

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