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American Bearing Manufacturers Association (ABMA)
American Gear Manufacturers Association (AGMA)
American Institute of Steel Construction (AISC)
American Iron and Steel Institute (AISI)

American National Standards Institute (ANSI)
American Society of Heating, Refrigerating and Air-Conditioning Engineers
(ASHRAE)

American Society of Mechanical Engineers (ASME)
American Society of Testing and Materials (ASTM)
American Welding Society (AWS)

ASM International

British Standards Institution (BSI)

Industrial Fasteners Institute (IFI)

Institute of Transportation Engineers (ITE)

Institution of Mechanical Engineers (IMechE)
International Bureau of Weights and Measures (BIPM)
International Federation of Robotics (IFR)

International Standards Organization (ISO)

National Association of Power Engineers (NAPE)
National Institute for Standards and Technology (NIST)
Society of Automotive Engineers (SAE)
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2F,=0: o,AA — 0,(AA cos 0) cos 0 = 7,(AA cos 0) sin 0 —o,(AA sin 0) sin 6 — 7,,(AA sin 6) cos 0 = 0
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Table A-20

Deterministic ASTM Minimum Tensile and Yield Strengths for Some Hot-Rolled (HR) and Cold-Drawn (CD) Steels

2 3 a 5 6 7 8
Tensile Yield
SAE and/or Process- Strength, Strength, Elongation in Reduction in  Brinell
UNS No.  AISI No. ing MPa (kpsi) MPa (kpsi) 2in, % Area, % Hardness
G10060 1006 HR 300 (43) 170 (24) 30 55 86
CcD 330 (48) 280 (41) 20 45 95
G10100 1010 HR 320 (47) 180 (26) 28 50 95
CD 370 (53) 300 (44) 20 40 105
G10150 1015 HR 340 (50) 190 (27.5) 28 50 101
CD 390 (56) 320 (47) I8 40 11
G10180 1018 HR 400 (58) 220 (32) 25 50 116
CD 440 (64) 370 (54) 15 40 126
G10200 1020 HR 380 (55) 210 (30) 25 50 111
cD 470 (68) 390 (57) 15 40 131
G10300 1030 HR 470 (68) 260 (37.5) 20 42 137
CcD 520 (76) 440 (64) 12 35 149
G10350 1035 HR 500 (72) 270 (39.5) 18 40 143
CD 550 (80) 460 (67) 12 35 163
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Table A-21

Mean Mechanical Properties of Some Heat-Treated Steels

3 Bl 5 6 7 8
Tensile Yield
Temperature Strength Strength, Elongation, Reduction Brinell
AlSl No. Treatment *C (°F) MPa (kpsi) MPa (kpsi) % in Area, % Hardness

4130 Q&T* 205 (400) 1630 (236) 1460 (212) 10 41 467
Q&T* 315 (600) 1500 (217) 1380 (200) 11 43 435

Q&T* 425 (800) 1280 (186) 1190 (173) 13 49 380

Q&T* 540 (1000) 1030 (150) 910 (132) 17 57 315

Q&T* 650 (1200) 814 (118) 703 (102) 2 64 245
Normalized 870 (1600) 670 (97) 436 (63) 25 59 197

Annealed 865 (1585) 560 (81) 361 (52) 28 56 156

4140 Q&T 205 (400) 1770 (257) 1640 (238) 8 38 510
Q&T 315 (600) 1550 (225) 1430 (208) 9 43 445

Q&T 425 (800) 1250 (181) 1140 (165) 13 49 370

Q&T 540 (1000) 951 (138) 834 (121 18 58 285

Q&T 650 (1200) 758 (110) 655 (95) 22 63 230
Normalized 870 (1600) 1020 (148) 655 (95) 18 47 302
Anncaled 815 (1500) 655 (95) 417 (61) 26 57 197

4340 Q&T 315 (600) 1720 (250) 1590 (230) 10 40 486
Q&T 425 (300) 1470 (213) 1360 (198) 10 RE} 430

Q&T 540 (1000) H70 (170) 1080 (156) 13 51 360

Q&T 650 (1200) 965 (140) 855 (124) 19 60 280

*Water-quenched

&. oty Lgy igwyda = el (st (o1 dlgo Cuoglin Jguo

Table A-22

Results of Tensile Tests of Some Metals

Strength (Tensile)

Yield Ultimate Fracture, Coefficient Strain
S S T Tos Strength, Fracture
Material Condition MPa (kpsi) MPa (kpsi) MPa (kpsi) MPa (kpsi) Exponent m Strain ¢
1018 Steel Anncaled 220 (32.0) 341 (493) 628 (91.1) 620 (90.0) 025 105
1144 Steel Annealed 358 (52.0) 646 (93.7) 898 (130)" 992 (149) 014 0.49
1212 Steel HR 193 (28.0) 424 (61.5) 729 (106)' 758 (110) 024 088
1045 Steel Q&T 600°F 1520 (220) 1580 (230) 2380 (345) 1880 (273)' 0.041 081
4142 Steel Q&T 600°F 1720 (250) 1930 (280) 2340 (340) 1760 (255) 0048 043
303 Stainless Anncaled 241 (35.0) 601 (87.3) 1520 221) 1410 (205) 051 116
steel
34 Stainless Anncaled 276 (40.0) 568 (82.4) 1600 (233) 1270 (185) 045 1.67
steel
2011 Aluminum Té 169 (24.5) 324 (47.0) 325 (47.2) 620 (90) 028 0.10
alloy
2024 Aluminum T4 296 (43.0)Q 446 (64.8) 33 M3 689 (100) 0.15 0.18
wlloy
7075 Aluminum T6 542 (78.6) 593 (86.0) 706 (102)° 882 (128) 013 0.18
alloy

*Valoes from ane or two heasts and belicved to be ammsnshle using proper purchase specifications. The fracture strain may vary &5 much as 100 percent
"Derived valoe.
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<~ Brittle behavior - Ductile behavior

Mod. Mohr Brittle Coulomb-Mohr Ductile Coulomb-Mohr

(MM) (BCM) (DCM)
Eq. (5-32) Eq. (5-31) Eq. (5-26)
Distortion-energy Maximum shear stress
(DE) (MSS)
Eqs. (5-15) Eq. (5-3)

and (5-19)




