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1- Beer, F.P. and Johnston, E. R., Mechanics of Materials, McGraw-Hill, 1992.
2- Popov, E. P., Engineering Mechanics of Solids, Prentice-Hall, 1990 (150056).
3- Hibbeler, R. C., Mechanics of Materials, 6th Edition, Prentice-Hall, 2005.
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MEANING
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Mechanical Properties of Selected Carbon and Alloy Steels

Slge el
3Yg8 sl 5l slo by (SlSe ols

A

; ; Izod Impact
Tensile Strength  Yield Strength . Bedution:  Driedl Strength
I:AISI Elongation  in Area Hardness,

Number*  Treatment MPa ksi MPa ksi (%) (%) Hy J ft-1b
1015 As-rolled 420.6 61.0 3137 455 390 61.0 126 110.5 815
Normalized 424.0 61.5 3241 47.0 370 69.6 121 1155 8.2

Annealed 386.1 56.0 2844 413 370 69.7 111 115.0 848

1020 As-rolled 443.2 65.0 3309 48.0  36.0 59.0 143 86.8 6040
Normalized 441.3 64.0  346.5 503 358 67.9 131 117.7  86.8

Annealed 394.7 513 2948 428 365 66.0 111 1234 91.0

1030 As-rolled 551.6 80.0 3447 500 320 57.0 179 746 550
Normalized 520.6 755 3447 50.0 32,0 60.8 149 936 69.0

Annealed 463.7 67.3 3413 495 312 51.9 126 69.4  51.2

1040 As-rolled 620.5 90.0 4137 60.0  25.0 50.0 201 48.8  36.0
Normalized 589.5 85.5 3740 543 8.0 549 170 65.1  48.0

Annealed 518.8 753 3534 513 302 57.2 149 43 327

1050 As-rolled 7239 105.0 4137 60.0  20.0 40.0 229 32 230
Normalized 748.1 108.5 427.5 62.0 200 394 217 27,1 200

Annealed 636.0 92.3 365.4 530 237 39.9 187 169 125

1095 As-rolled 965.3 140.0 5723 83.0 9.0 18.0 293 4.1 3.0
Normalized 1013.5 147.0  499.9 72.5 9.5 13.5 293 54 4.0

Annealed 656.7 95.3 379.2 550  13.0 20.6 192 2.7 2.0

1118 As-rolled 521.2 75.6 3165 459 320 70.0 149 108.5  80.0
Normalized 4718 69.3 3192 463 335 65.9 143 103.4 76.3

Annealed 450.2 65.3 2848 43 345 66.8 131 106.4  78.5

3140 Normalized 8915 1293  599.8 87.0 19.7 5713 262 336 395
Annealed 689.5  100.0  422.6 613 245 50.8 197 464 342

4130 Normalized 668.8 97.0 4364 633 255 59.5 197 86.4  63.7
Annealed 560.5 81.3  360.6 323 282 55.6 156 61.7 455

4140 Normalized 10204  148.0  655.0 on0t AT 46.8 302 26 167
Annealed 655.0 95.0  417.1 60.5 257 56.9 197 545 40.2

4340 Normalized  1279.0 1855 861.8 125.0 122 36.3 363 159 117
Annealed 7446  108.0 4723 68.5 220 49.9 217 ) )

6150 Normalized 939.8 1363 6157 8.3 218 61.0 269 355 262
Annealed 667.4 96.8 4123 598 23.0 48.4 197 274 2.2

8650 Normalized  1023.9  148.5  688.1 9.8 140 40.4 302 13.6  10.0
Annealed 715.7 1038 386.1 56.0 22.5 46.4 212 294 217

8740 Normalized 9294 1348  606.7 88.0 16.0 47.9 269 176  13.0
Annealed 695.0 100.8  415.8 603 222 46.4 201 40.0 295

9255 Normalized 9329 1353  579.2 84.0 197 43.4 269 136 10.0
Annealed 743 1123 486.1 705 217 41.1 229 8.8 6.5

“All grades are fine-grained except for those in the 1100 series, which are coarse-grained. Heat-treated specimens were oil-quenched unless otherwise indicated.
Note: Values tabulated are approximate median expectations for 1-in. round sections. Individual test results may differ considerably.

Source: ASM Metals Reference Book, American Society for Metals, Metals Park, Ohio, 1981.
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Material Modulus of elasticity, E Material Mass density, p°
i
GPa MIbffin. kg/m? Ibm/in.}
Metals:
Aluminum 62 9.0 Metals:
Aluminum alloys? 70 10.2 Aluminum and its alloys? 2.7x108 | 0.097
Aluminum tin 63 9.1 Aluminum tin il 11
Babbitt, lead-based white metal | 29 42 Babbitt, lead-based white metal | 10.1 36
Babbitt, tin-based white metal | 52 7.5 Babbitt, tin-based white metal 7.4 27
Brasses 100 14.5 Brasses 8.6 31
Bronze, aluminum 17 17.0 Bronze, aluminum 1.5 27
Bronze, lcaded 2! H Bronze, leaded 8.9 32
Bronze, phosphor 110 16.0 b - 3
Blisse: Soms 60 87 Bronze, phosphor (cast) 8. :
Copper 124 18.0 Bronze, porous 6.4 23
Iron, gray cast 109 15.8 Copper 8.9 32
Iron, malleable cast 170 247 Copper lead 9.5 34
Iron, spheroidal graphite® 159 231 Iron, cast 74 27
| Tron, porous 80 11.6 Iron, porous 6.1 22
,F Iron, wrought 170 4.7 Iron, wrought 7.8 28
| Magnesium alloys 41 5.9 Magnesium alloys 1.8 .065
Steel, low alloys 196 28.4 Steelst 7.8 28
Steel, medium and high alloys | 200 29.0 Zine alloys 6.7 24
Steel, stlamless“ 193 28.0 Polymers:
Steel, high speed 212 0.7 Acetal (polyformaldehyde) 1.4 051
Zinc alloys? 50 73 Nylons (bolvami 14
Polymss: ylons (po yarn}des) . il 041
Acetal (polyformaldebyds) 27 39 Polyethylene, high density 95 034
Nylons (polyamides) 19 28 Phenol formaldehyde 1.3 047
Polyethylene, high density 9 13 Rubber, naturald 1.0 036
Phenol formaldehydes 7.0 1.02 Rubber, silicone 1.8 065
Rubber, natural’ 004 L0006 Ceramics:
| Ceramics: Alumina (Al,04) 39 .14
Alumina (Al,04) 3% 56.6 Graphite, high strength 1.7 061
Graphite 27 3.9 Silicon carbide (SiC) 2.9 10
Cemented carbides 430 65.3 Silicon nitride (Si;Ny) 32 12
Silicon carbide (SiC) 450 65.3
Silicon nitride (Si3Ny) 314 455 “Structural alloys.

PBar stock typically 8.8 x 103 kg/m? (0.30 Ibm/in.%).

*Structural alloys. g A
Excluding “refractory” steels.

"For bearings. 4 ?
“Precipitation-hardened alloys up to 211 GPa (30 Ibf/in.2). “Mechanical” rubber.
ISome alloys up to 96 GPa (14 Ibf/in.2).

“Filled.

"25-Percent-carbon-black *mechanical” rubber.
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“Structural alloys,

"Cast alloys can be up to 15-107% /K.

“Typical bearing materials.

925 % 107 /K to 80 x 10~°/K when reinforced.

“Mineral filled.,

"Fillers can reduce coefficients.
“Varies with composition.

"0 to 200°C.

ESDU (1984) 3
Material Linear thermal expansion . . \
SciiRedil 3 Material P01ss.on s
ratio,
/K 11°F v
Metals: Metals:
; -6 -6

Aluigim 21 [ZEX10 Aluminum and its alloys? 0.33
Aluminum alloys? M 13.3 ; A
Aluminum tin 24 13.3 A]um_mum tin T
Babbitt, lead-based white metal | 20 1 Babbitt, lead-based white metal T
Babbitt, tin-based white metal 3 13 Babbitt, tin-based white metal s
Brasses 19 10.6 Brasses 33
Bronzes 18 10.0
Copper 18 10.0 | Bronze 33
Copper lead 18 10.0 Bronze, porous 22
Iron, cast 1l 6.1 Copper .33
Iron, porous 12 6.7 Copper lead ————
Iron, wrought 12 6.7 Tron, cast 26
Magnesium alloys 2 15
Steel, alloy? 11 6.1 Iron, porous 20
Steel, stainless 17 9.5 Iron, WFOUghl .30
Steel, high speed 1 6.1 Magnesium alloys 33
Zinc alloys 27 15 Steels .30
P%«mrs:l _ - | Zinc alloys 2T

ermoplastics® -100)x 10-6 | (33-56)x 10~ ;
Thermosets® (10-80)X10-6 | (6-44)x 10~ Polymers:
Acetal (polyformaldehyde) 90x10-0 50%10-4 Acetal (polyformaldehyde) I
Nylons (polyamides) 100 56 Nylons (polyamides) .40
Polyethylene, high density 126 70 Polyethylene, high density .35
Phenol formaldehyde< (25-40)x 1076 | (14-22)x 10-6 Phenol formaldehyde —
Rubber, naturalf (80-120)x 10-6 | (44-67)x 10-¢
Rubber, nitrile2 34x10-6 62x10-6 RUbber 50
Rubber, silicone 57 103 Ceramics:

Ceramics: Alumina (Al,03) 28
Alumina (Al,O;)" 3.0 28 Graphite, high strength ———-
Graphite, high strength 4.5 822 Cemented carbides 19
et (B 1 i4 Silicon carbide (SiC) 19
Silicon nitride (Si;N,) 32 1.8 o ety :

Silicon nitride (SizNy) .26

Structural alloys.
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Material Specific heat capacity. C,
kl’/kg K | Buw/lb °F
Metals:
Aluminum and its alloys 0.9 0.22
Aluminum tin 96 23
Babbitt, lead-based white metal 15 036
Babbitt. tin-based white metal 2l 05
Brasses 39 093
Bronzes 38 091
Copper* 38 091
Copper lead 32 076
Iron. cast 42 10
Iron, porous 46 Al
[ron, wrought | 46 Al
Magnesium alloys | 1.0 24
Steelsh | 45 Al
Zinc alloys | 4 096
Polymers: |
Thermoplastics ‘ 1.4 a3
Thermaosets | S— S
Rubber. natural | 2.0 A8
Ceramics: |
Alumina (Al,05) - srs
Graphite 8 2
Cemented carbides ) 17
Silicon carbide (SiC) S s
Silicon nitride (Si;N,) - s

:‘\Iuminum bronze up to 0.48 kJ /kg K (0.12 Btu /1b °F).
Rising to 0.55 kI /kg K (0.13 Btu/Ib °F) at 200°C (392°F).

Material Thermal conductivity, Ky
WimK | Buw/ft hr °F

Metals:
Aluminum 209 120
Aluminum alloys, casting?® 146 84
Aluminum alloys, silicon? 170 98
Aluminum alloys, wrought¢ 151 87
Aluminum tin 180 100
Babbitt, lead-based white metal 24 14
Babbitt, tin-based white metal 56 32
Brasses? 120 69
Bronze, aluminum? 50 29
Bronze, leaded 47 27
Bronze, phosphor (cast)¢ 50 29
Bronze, porous 30 17
Coppert | 170 98
Copper lead |30 17 [
Iron, gray cast ] 29 |
Iron, spheroidal graphite L0 17
Iron, porous I 16 i
Iron, wrought 70 40 '
Magnesium alloys 110 64
Steel, low alloy® 35 20
Steel, medium alloy [ 30 17
Steel, stainless’ [ 15 8.7
Zinc alloys | 110 64
Polymers:
Acetal (polyformaldehyde) 24 14
Nylons (polyamides) 25 14
Polyethylene, high density 3 29
Phenol formaldehyde | -—— | -
Rubber. natural 1.6 92
Ceramics:
Alumina (Al,05)2 25 14
Graphite, high strength 125 7
Silicon carbide (SiC) 15 8.6
Silicon nitride (Si;Ny) = e

At 100°C,

PAt 100°C (~ 150 W/m K at 25°C).
€20 to 100°C.

“Bar stock typically 69 W/m K.
"Typically 22 W/m K at 200°C.
*Typically 12 W/m K at 400°C.
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Sut (ksi) UNS# 5T ol %Cu
3250 | C10000-C13000 — LT ose | Commercially Pure “AZ“: 99.9
i
C17000 Zn+Be &9, 9 pseliy | Beryllium Brass FYWEgey Sye
37 C21000 Zn &9 Gliding Brass Moy | 95
C22000 Zn &9 Commercial Bronze S sa| 90
39-70 | C23000 Zn &9 Red Brass wimn| 85
C24000 Zn &9, Low Brass Swmp| 80
8-65 C26000 Zn &9 Cot ridge Brass Kby | 70
C27000 Zn 3 Yellow Brass 55 @
25-53 C28000 Zn &9, Montez Metal 36l 58| 60
C33000 Zn+Pb <36y, | Led Brass S TR
66-128 | C50000 Sn &3 Phosphor Bronze Srad By 90
85-90 C606000-C64200 Al pouiogl] Aluminum Bronze poimogdl 550 | 93
C64700-C66100 Si Ol Silicon Bronze TS IR
C70000 Ni I Copper Nickel S e
185 ? O'Zﬁ/of)BCeo poekn -2l | Beryllium copper P9l e
? Mn e Magnesium copper e e




