57

Lampiran 1. Data Hasil Pengujian Ergonomi/Kenyamanan

A. Pengujian awal pada prototip-2

e Suasana pengujian
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No. Nama sampel DATA ANTROPOMETRI
1 2 3 4 3 ] 7 8 9
1 Addy Prasta W 167 155 137 60| 103 70 35 14 13
2 Ahmad Suhaeli 169 157| 150 69| 106 62 46 12 10
3 Bagas Yoga Arnowo 172 162| 142 b2| 103 b3 41 20 12
4 Bagus Isamail Dauda 176 1e4| 143 58| 107 64| 43 22 13
5 David Hasnaulin 166 151| 139 53 102 GE] 39 13 9
6 Dayu urbo Anggoro 177 165 150 67| 106 72 41 15 11
7 Dimas Suwendar J 168 157| 140 61| 103 63 42 16 11
g Hermawan Kurniawan 162 151 132 59 97 63 39 17 13
9 Heru Prasetyo 170 157| 145 65| 108 66| 48 13 11
10 M. Igbal 170 153| 142 59| 102 b4 43 15 12
11 Meygi Atriadi 167 156| 140 61| 103 70{ 48 15 10
12 Michael M 172 158| 144 59| 104 63 33 13 10
13 Muhammad Panji Mandra E 187 173| 156 67| 106 68| 46| 14 11
14 Munawir 167 156| 140 57| 104 63 40 12 9
15 Obrin anggi andreas 176 165| 157 67| 107 701 48| 17 12
16 Resthy 148 136| 122 50 62 48 48 12 9
17 Santo alridolf 173 160| 150 62| 110 700 40| 15 10
18 Uji Adam 173 160| 145 61| 105 67 42 22 11
19 Tanto AP 173 158| 141 65| 102 80| 49 16 12
20 Susi Indah Yani 154 143 123 54 94 61 47 15 11
21 Roy valentino 177 167| 148 67| 115 74| 53 14 11
22 Diki Aldila 175 163| 144 67| 107 75 33 13 11
23 Muhammad Furgon 170 153 139 63| 104 69| 50| 13 10
24 Sena Mahendra 172 161| 141 64 93 66| 43 19 12
25 Bayu Aji girawan 169 160 140 67| 102 b6 43 17 11
Min 148 136 1221 50 62 48 33 12 9
Max 187 1731 157 67] 115 B0 53 22 13
Rata-rata 169.7] 157.89] 141.6| 61.89] 101.8| 66.83] 45.17] 15.11] 10.89
Standar deviasi 8.594] 8.2952] 9.166] 4.91] 11.03] 6.732| 5.205] 2.587] 1..079|
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Studi waktu pemasangan dan pelepasan spesimen pada chuck mesin uji

tarik prototip-2

Sampel Waktu yang dibutuhkan tiap sampel tiapkeiatan —
pemasangan pembebanan pelepasan
1 404 BE 63 533
2 147 52 61 260
3 524 57 31 612
4 153 28 54 235
5 156 25 60 241
6 173 21 65 259
7 188 37 63 288
B 323 28 51 402
9 111 27 45 183
1] 124 25 70 219
1 142 45 6o 254
12 146 12 45 204
13 128 25 56 209
14 196 33 45 274
15 289 53 41 383
16 743 41 68 852
17 307 24 65 396
18 183 40 52 275
19 87 34 50 171
20 190 48 45 283
il 387 55 74 516
22 265 75 81 411
23 214 25 121 360
M4 144 34 59 237
25 230 52 59 341
MAX 743 75 121 852
MIN 87 12 31 171
RATA-RATA 23816 3852 59.64 336.32
STANDAR DEVIASI 14848 1555 17.07 156.74

Perancangan dan pengembangan..., Yeny Pusvyta, FT Ul, 2010.
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e Data parameter kenyamanan penggunaan mesin uji tarik prototip-2

" — Paramater kenyamanan Sys{mmH) (mmHg) dia [mmHe] Pulse detak/min)

Dol 3 SB[ T | 8|8 [10] 1| sehehm | semdsh | sehelm | sesudah [ sebehm | sesudah
1 |AddyPrasta W AR IR A A A 10 ] ] | B
1 |Ahmad Suhaeli Lol rp ey by s 14 ] ! 0|8
3 [BazzsYoza Amowo Dol 2SSy 3f 1% 155 8 8 B | %
4 |Baguslsamail Dauda T T T O O 13 Ii 1 g9
5 |David Hasnavin S T A S O O N O A S A B B 114 51 ] n| %
£ |Dayuurbo Angzom AR I AR AR A 12 7 ! B | %
7 |Dimas Suwendar) o3| 3R b AL e 14 N 7 B | 1N
8 [Hermawan kurniawan oLy )| % 07 5 B ol h
9 |HeruPraseto G T T O S O N A A O A O A O O (V- 12 (] (] 0| 7B
0 [Migbd - T 2 T T I 0 1 116 (] 5 o | %
U [MeygiArradi A A T O T T O O O A O I i 17 [£ ) | M
1 |Mimae|rv1 G A A A A 2 U O O O O % 5 (] 5 | B
3 |MuhammadFanjiMardraE VA A T T S 2 O O A - T O B 107 5 5 b | 65
W [Munawi SO A T A A O O A O O A A A 115 6 5% 0 | 0
15 (Obrin anggi andreas Dol ||l oM 1% ] 1 B | 6l
b [Resty AN IR AR 11§ 6 ] 0| 4
17 [Santoaridof R I A AR 1M ] 5 m| %
B [UjAdam P3|y pllow 17 7 ] | 8
B [Tanto#P SO T O O 2 A O - T O T O T 12 5 6 BB
0 [SusIndsh Vani R A A 121 (] 73 SR
A |Royvalenting O I I I T I O T - I e 1 o il I ]
2 |DikiAldi IR T I T A I A T I A B I B 1% 147 % 8 1 %
B [Muhammad Furgon VA I I I I T O T O I B B A I il 125 ] B i n
B [Sena Mehendr oLyt om 17 I ho| % ¥
5 [Bajudjgravan G- T A A O U O O O - I (¥ 13 1 [ B | 7
MIN S A O U O O A O B % 5 il o | 3®

WA AR I R N Nt 14 % B ® |

Ratzrai 167 24| lm| 2%| 178|234 11| 11| 11| 28| 28l llR3s 12006 B644 BRET | TR | TA7

Standar deviasi 10755 0821 | 0816 | 10408( 09781 096| 1021 11 (1001|1133 1 | 1415703481 | 1301435105 | 861540462 | 8892881 | 10.38079 | 13.083%
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B. Pengujian akhir pada prototip-3

e Suasana pengujian
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No. Nama sampel DATA ANTROPOMETRI
1 2 3 4 5 6 7 8 9
1 [Agung 168.5 159| 144 68| 105 62 55 18 17
2 Reza Suprayogi 175 160| 145 60| 105 70 30 20 11
3 Rezkiva 173 158| 145 60| 104 65 53 16 10
4 Gina tri andrea 173 158| 143 66| 106 70 30 18 12
5 Wahyu 168 165| 140 58| 102 66 43 17 10
6 [l made darmawan 167 164| 154 53| 102 62 35 11 10
7 Riky Maulana 170 157| 138 60| 102 63 30 15 10
8 Wulan jaya 172 161| 138 62| 104 68 43 18 15
9 Yanuar Pasaribu 166 163| 136 55| 102 66 40 15 9
10 |Ahmad Ashari 160 150| 134 85| 107 59 49 11 14
Min 160 150( 134 53| 102 59 30 11 9
Max 175 165| 154 85| 107 70 55 20 17
Rata-rata 169.3| 159.5| 142 62.7]103.9] 65.1] 40.8| 15.9] 11.8
Standar deviasi 4.38| 4.3012| 5.79]9.031| 1.853| 3.635| 9.496| 2.998| 2.658
e Studi waktu pemasangan dan pelepasan spesimen pada chuck mesin uji
tarik prototip-3
Waktu yang dibutuhkan tiap sampel tiap kegiatan Total waktu| Total waktu
Sampel Spesimen silindris (detik) | Spesimen lembaran (detik)| spesimen | spesimen
pemasangan pelepasan | pemasangan | pelepasan| silindris | lembaran
1 334 109 24 12 443 36
2 221 88 b2 26 309 88
3 201 88 49 19 289 68
4 252 83 24 34 335 58
3 171 76 30 7 247 37
6 269 150 34 12 419 46
7 263 80 32 15 343 47
] 283 172 27 23 455 50
9 139 59 54 27 198 81
10 188 64 252
MAX 334 172 62 34 455 28
MIN 139 59 24 7 198 36
RATA-RATA 232 97 37 19 329 57
STANDAR DEVIASI 58.81 36.82 14,04 8.73 87.57 18.61
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Spesimen silindris
Paramater kenyamanan , - , —
No. |  Namasampel Sy [mmHg| dia (mmHg] | Pulse detak/min)
V23| 456 7| 8|9 |10 1] sehelum| sesudsh | sebelum | sesudah| sebelum | sesudah
1 [tewne oo el oo e 2ol o] [ 89 [ a0 | o] e
? [Rezatupraye y el sslsl 222w e nn] &
3 [Rekiva NI E IR NN 17 B |7l I 80
4 |Ginatriandrea dpd 3222224 138 1 80 B0 i
5 [Wahy BRI I N, 114 58 )] 16 85
B |Imadedarmawan BRI I N RN 125 10 87 83 92
7 [Riky Maulzna 3|3 4|44 a4 d 4 a8 138 73 93 56 bl
§ [Wulanjaya NI RN 143 B | 9 10 99
9 [Vanuar Pasaribu 200 - T T A I A A A B A N 119 18 B4 | 13 | 114
10 |Ahmad Achari BRI IR [ | 82 | W | 1l
MIN 2222yl I 58 )] 56 bl
MAX S 4[4 5555|5555 148 143 | 9| U3 | 14
Ratzrata 340 30 32 33| 34 3y 33 33| 3y 33) 38| 12530 1.450) 78X 7R0) 8% 5RO
Standar deviasi 1075 | 0316 )0789) 105%) 1174 114| 1252 | 1152 | 1.317| 1418|1317 106776 | 18307558 | 14.07756 | 12083 | 18.34515 | 1687371
Spesimen lembaran
Ma. Mama sampel Sys (mmHg) dia (mmHg) Pulse (detak/min)
sebelum | sesudah | sebelum | sesudah | sebelum | sesudah
1 |Agung 143 119 123 78 29 87
2 |Reza Suprayogi 118 123 74 81 71 79
3 |Rezkiva 117 116 69 64 81 79
4 |Gina tri andrea 141 128 85 67 73 68
5 |Wahyu 100 107 48 52 71 74
6 |l made darmawan 124 121 84 76 97 g3
7 |Riky Maulana 124 113 78 73 56 61
8 |Wulan jaya 126 128 85 82 75 77
9 |Yanuar Pasaribu 121 129 76 b6 118 108
MIN 100 107 48 52 56 61
MAX 143 129 123 82 118 108
Rata-rata 123.78 120.44 80.22 71.00 81.22 79.56
Standar deviasi 12.86252 | 7.518496 | 19.73435 | 9.682458 | 18.07469 | 13.19196
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Lampiran 2. Tabel Hasil Perhitungan Tegangan Dan Tegangan

A. Spesimen silind
e Spesimen 1

ris

Spesimen 1
Data A= 7.065 mm? L=10mm
No Al
F (N) (mm) | o (N/mm?) €
1 311.377 0.000 44.073 | 0.000
2 686.079 0.003 97.110 | 0.000
3 764.110 0.004 108.154 | 0.000
4 793.179 0.005 112.269 | 0.000
5 869.040 0.008 123.006 | 0.001
6 900.524 0.013 127.463 | 0.001
7 928.951 0.073 131.486 | 0.007
8 1020.246 0.088 144.409 | 0.009
9 1019.059 0.152 144.240 | 0.015
10 1070.894 0.153 151.577 | 0.015
11 1077.910 0.154 152.570 | 0.015
12 1082.415 0.154 153.208 | 0.015
13 1141.509 0.155 161.572 | 0.016
14 1170.750 0.157 165.711 | 0.016
15 1188.754 0.165 168.260 | 0.016
16 1342.576 0.208 190.032 | 0.021
17 1473.429 0.261 208.553 | 0.026
18 1630.998 0.317 230.856 | 0.032
19 1792.689 0.372 253.742 1 0.037
20 1937.604 0.428 274.254 1 0.043
21 2124.658 0.496 300.730 | 0.050
22 2325.923 0.554 329.218 | 0.055
23 2610.151 0.618 369.448 | 0.062
24 2923.868 0.659 413.852 | 0.066
25 3212.305 0.703 454.679 | 0.070
26 3442.849 0.760 487.311 | 0.076
27 3504.904 0.894 496.094 | 0.089
28 3443.018 0.981 487.334 | 0.098
29 3333.257 1.076 471.799 | 0.108
30 3202.393 1.189 453.276 | 0.119
31 3083.464 1.308 436.442 | 0.131
32 2925.143 1.410 414.033 | 0.141
33 2735.990 1.522 387.260 | 0.152
34 1559.265 1.672 220.703 | 0.167
35 869.735 2.291 123.105 | 0.229
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Spesimen 2
Data No A= 7.065 mm? L=10mm
F (N) Al (mm) | o (N/mm?) €
1 1.616 0.001 0.229 | 0.000
2 1.735 0.002 0.246 | 0.000
3 23.863 0.001 3.378 | 0.000
4 100.767 0.001 14.263 | 0.000
5 152.303 0.004 21.557 | 0.000
6 225.053 0.010 31.855 | 0.001
7 258.107 0.009 36.533 | 0.001
8 257.493 0.009 36.446 | 0.001
9 273.864 0.011 38.763 | 0.001
10 301.012 0.006 42.606 | 0.001
11 328.069 0.009 46.436 | 0.001
12 376.085 0.009 53.232 | 0.001
13 528.420 0.008 74.794 | 0.001
14 628.858 0.016 89.010 | 0.002
15 719.926 0.042 101.900 | 0.004
16 821.153 0.062 116.228 | 0.006
17 1048.625 0.111 148.425 | 0.011
18 1178.310 0.125 166.781 | 0.013
19 1371.233 0.138 194.088 | 0.014
20 1721.322 0.164 243.641 | 0.016
21 2103.468 0.200 297.731 | 0.020
22 2216.581 0.219 313.741 | 0.022
23 2272.517 0.254 321.658 | 0.025
24 2298.480 0.294 325.333 | 0.029
25 2290.119 0.388 324,150 | 0.039
26 2208.328 0.537 312.573 | 0.054
27 2127.621 0.675 301.149 | 0.067
28 2056.252 0.766 291.048 | 0.077
29 1949.535 0.913 275.943 | 0.091
30 1882.838 0.968 266.502 | 0.097
31 1734.069 1.136 245.445 | 0.114
32 1651.990 1.206 233.827 | 0.121
33 1561.393 1.260 221.004 | 0.126
34 1452.789 1.324 205.632 | 0.132
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Spesimen 3
Data No A= 7.065 mm? L=10mm
F (N) Al (mm) | o (N/mm?) €
1 0.390 | -0.001 0.055 0.000
2 -35.252 | -0.004 -4.990 0.000
3 10.577 | -0.006 1.497 -0.001
4 132,994 | -0.006 18.824 -0.001
5 229.381 | -0.009 32.467 -0.001
6 333.937 | -0.009 47.266 -0.001
7 433.871 | -0.005 61.411 -0.001
8 549.010 0.000 77.708 0.000
9 682.416 0.005 96.591 0.001
10 801.449 0.010 113.439 0.001
11 984.097 0.015 139.292 0.002
12 1137.996 0.023 161.075 0.002
13 1290.396 0.028 182.646 0.003
14 1519.542 0.033 215.080 0.003
15 1713.501 0.037 242.534 0.004
16 1931.345 0.040 273.368 0.004
17 2064.524 0.044 292.219 0.004
18 2173.447 0.067 307.636 0.007
19 2233.585 0.119 316.148 0.012
20 2238.475 0.183 316.840 0.018
21 2284.385 0.210 323.338 0.021
22 2265.552 0.243 320.673 0.024
23 2247.183 0.285 318.073 0.028
24 2243.228 0.321 317.513 0.032
25 2196.211 0.364 310.858 0.036
26 2178.170 0.413 308.304 0.041
27 2110.710 0.461 298.756 0.046
28 2064.215 0.511 292.175 0.051
29 2025.852 0.562 286.745 0.056
30 1953.072 0.612 276.443 0.061
31 1929.297 0.662 273.078 0.066
32 1894.147 0.675 268.103 0.068
33 1831.879 0.738 259.289 0.074
34 1748.138 0.796 247.436 0.080
35 1693.039 0.857 239.638 0.086
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Spesimen 4
Spesimen 4
Data No A= 7.065 mm? L=10mm
F (N) Al (mm) | o (N/mm?) €
1 -0.450 0.003 -0.064 | 0.000
2 -1.143 0.002 -0.162 | 0.000
3 58.595 0.004 8.294 | 0.000
4 165.154 0.004 23.376 | 0.000
5 294.128 0.005 41.632 | 0.000
6 416.963 0.005 59.018 | 0.001
7 492.396 0.005 69.695 | 0.001
8 642.040 0.008 90.876 | 0.001
9 768.968 0.012 108.842 | 0.001
10 023.276 0.018 130.683 | 0.002
11 1113.687 0.022 157.634 | 0.002
12 1321.987 0.027 187.118 | 0.003
13 1554.196 0.041 219.985 | 0.004
14 1747.143 0.072 247.296 | 0.007
15 2005.815 0.112 283.909 | 0.011
16 2209.642 0.143 312.759 | 0.014
17 2295.620 0.161 324.928 | 0.016
18 2382.641 0.196 337.246 | 0.020
19 2402.600 0.236 340.071 | 0.024
20 2431.599 0.274 344.175 | 0.027
21 2433.354 0.319 344.424 | 0.032
22 2397.698 0.369 339.377 | 0.037
23 2378.700 0.430 336.688 | 0.043
24 2316.865 0.466 327.936 | 0.047
25 2283.008 0.499 323.143 | 0.050
26 2217.988 0.538 313.940 | 0.054
27 2132.168 0.583 301.793 | 0.058
28 2090.289 0.627 295.865 | 0.063
29 2004.489 0.685 283.721 | 0.069
30 1933.541 0.741 273.679 | 0.074
31 1901.690 0.751 269.170 | 0.075
32 1831.448 0.795 259.228 | 0.079
33 1714.201 0.855 242.633 | 0.086
34 1600.103 0.923 226.483 | 0.092
35 1465.121 0.976 207.377 | 0.098
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Spesimen 5
Spesimen 5
Data No A= 7.065 mrr;2 L=10mm
A
F (N) (mm) | o (N/mm?) €
1 0.068 0.002 0.010 | 0.000
2 185.529 0.000 26.260 | 0.000
3 257.190 0.005 36.403 | 0.000
4 353.493 0.003 50.034 | 0.000
5 435.129 0.012 61.589 | 0.001
6 540.845 0.011 76.553 | 0.001
7 633.154 0.014 89.618 | 0.001
8 860.365 0.016 121.778 | 0.002
9 976.806 0.020 138.260 | 0.002
10 1292.149 0.024 182.894 | 0.002
11 1450.254 0.023 205.273 | 0.002
12 1792.865 0.047 253.767 | 0.005
13 1967.836 0.061 278.533 | 0.006
14 2147.488 0.070 303.961 | 0.007
15 2265.896 0.082 320.721 | 0.008
16 2412.650 0.114 341.493 | 0.011
17 2474.563 0.130 350.257 | 0.013
18 2499.562 0.154 353.795 | 0.015
19 2486.755 0.181 351.982 | 0.018
20 2490.982 0.203 352.581 | 0.020
21 2470.194 0.262 349.638 | 0.026
22 2382.311 0.331 337.199 | 0.033
23 2372.183 0.340 335.766 | 0.034
24 2350.819 0.374 332.741 | 0.037
25 2255.715 0.434 319.280 | 0.043
26 2232.246 0.474 315.958 | 0.047
27 2172.376 0.508 307.484 | 0.051
28 2107.559 0.548 298.310 | 0.055
29 2040.703 0.579 288.847 | 0.058
30 1926.542 0.650 272.688 | 0.065
31 1884.486 0.673 266.735 | 0.067
32 1827.063 0.701 258.608 | 0.070
33 1739.529 0.735 246.218 | 0.074
34 1571.371 0.819 222.416 | 0.082
35 1486.300 0.850 210.375 | 0.085
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Spesimen 4
Spesimen 4
Data No A= 6.35 mm? L=25mm
F (N) Al (mm) | o (N/mm?) €
1 15.75 0.03 2.48 | 0.00
2 520.29 0.04 81.94 | 0.00
3 757.04 0.08 119.22 | 0.00
4 798.08 0.20 125.68 | 0.01
5 873.19 0.33 137.51 | 0.01
6 955.52 0.49 150.48 | 0.02
7 999.20 0.63 157.35 | 0.03
8 1047.43 0.83 164.95 | 0.03
9 1058.34 1.02 166.67 | 0.04
10 1084.78 1.20 170.83 | 0.05
11 1110.23 1.36 174.84 | 0.05
12 1128.29 1.56 177.68 | 0.06
13 1133.51 1.75 178.50 | 0.07
14 1149.02 1.96 180.95 | 0.08
15 1168.86 2.15 184.07 | 0.09
16 1167.05 2.34 183.79 | 0.09
17 1173.19 2.51 184.75 | 0.10
18 1182.25 2.73 186.18 | 0.11
19 1201.43 2.91 189.20 | 0.12
20 1188.33 3.09 187.14 | 0.12
21 1197.20 3.29 188.54 | 0.13
22 1203.60 3.49 189.54 | 0.14
23 1215.11 3.73 191.36 | 0.15
24 1208.37 4.10 190.29 | 0.16
25 1201.27 4.45 189.18 | 0.18
26 1193.18 4.83 187.90 | 0.19
27 1202.48 5.13 189.37 | 0.21
28 1166.85 5.45 183.76 | 0.22
29 1129.12 5.83 177.81 | 0.23
30 1091.17 5.90 171.84 | 0.24
31 1023.07 5.94 161.11 | 0.24
32 818.61 5.99 128.92 | 0.24
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Spesimen 6
Data No A= 6.1 mm? L=25mm
F (N) Al (mm) | o (N/mm?) €
1 0.42 0.02 0.07 | 0.00
2 67.27 0.02 11.03 | 0.00
3 263.08 0.01 43.13 | 0.00
4 612.30 0.02 100.38 | 0.00
5 815.16 0.03 133.63 | 0.00
6 906.81 0.10 148.66 | 0.00
7 939.41 0.33 154.00 | 0.01
8 975.50 0.55 159.92 | 0.02
9 1006.98 0.73 165.08 | 0.03
10 1042.18 0.96 170.85 | 0.04
11 1046.85 1.14 171.61 | 0.05
12 1072.75 1.35 175.86 | 0.05
13 1094.01 1.53 179.35 | 0.06
14 1114.94 1.72 182.78 | 0.07
15 1118.04 1.93 183.29 | 0.08
16 1133.59 2.13 185.83 | 0.09
17 1145.10 2.34 187.72 | 0.09
18 1144.59 2.53 187.64 | 0.10
19 1139.96 2.81 186.88 | 0.11
20 1145.46 3.02 187.78 | 0.12
21 1160.72 3.26 190.28 | 0.13
22 1145.82 3.45 187.84 | 0.14
23 1148.34 3.73 188.25 | 0.15
24 1147.51 4.13 188.12 | 0.17
25 1152.43 4.34 188.92 | 0.17
26 1156.36 4.60 189.57 | 0.18
27 1151.28 491 188.73 | 0.20
28 1148.40 5.21 188.26 | 0.21
29 1141.75 5.60 187.17 | 0.22
30 1146.43 5.91 187.94 | 0.24
31 1121.67 6.17 183.88 | 0.25
32 1094.47 6.61 179.42 | 0.26
33 1067.27 6.88 174.96 | 0.28
34 1011.49 7.20 165.82 | 0.29
35 908.87 7.56 149.00 | 0.30
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Spesimen 7
Spesimen 7
Data No A= 6.1 mm? L=25mm
F(N) | Al(mm) | o (N/mm?) €
1 0.50 0.00 0.08 | 0.00
2 302.64 0.00 49.61 | 0.00
3 317.67 0.00 52.08 | 0.00
4 350.09 0.00 57.39 | 0.00
5 480.88 0.00 78.83 | 0.00
6 702.09 0.02 115.10 | 0.00
7 795.01 0.06 130.33 | 0.00
8 869.01 0.18 142.46 | 0.01
9 918.91 0.46 150.64 | 0.02
10 963.91 0.62 158.02 | 0.02
11 1011.39 0.81 165.80 | 0.03
12 1002.08 1.02 164.27 | 0.04
13 1043.39 1.25 171.05 | 0.05
14 1058.35 1.41 173.50 | 0.06
15 1101.67 1.62 180.60 | 0.06
16 1131.87 1.83 185.55 | 0.07
17 1160.28 2.25 190.21 | 0.09
18 1186.83 2.45 194.56 | 0.10
19 1195.30 2.69 195.95 | 0.11
20 1186.63 2.93 194.53 | 0.12
21 1191.33 3.23 195.30 | 0.13
22 1214.68 3.43 199.13 | 0.14
23 1227.02 3.70 201.15| 0.15
24 1226.14 3.99 201.01 | 0.16
25 1210.78 4.23 198.49 | 0.17
26 1221.57 4.57 200.26 | 0.18
27 1231.44 4.87 201.87 | 0.19
28 1229.21 5.16 201.51 | 0.21
29 1212.37 5.45 198.75 | 0.22
30 1224.65 5.55 200.76 | 0.22
31 1197.84 5.87 196.37 | 0.23
32 1188.33 6.12 194.81 | 0.24
33 1164.06 6.44 190.83 | 0.26
34 1117.62 6.76 183.22 | 0.27
35 960.44 7.18 157.45 | 0.29
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Spesimen 11
Spesimen 11
Data No A= 6.9 mm? L=25mm
F (N) Al (mm) o (N/mm2) €
1 0.44 0.00 0.06 | 0.00
2 309.69 0.00 44.88 | 0.00
3 517.52 0.03 75.00 | 0.00
4 644.04 0.18 93.34 | 0.01
5 697.15 0.33 101.04 | 0.01
6 789.48 0.51 114.42 | 0.02
7 912.02 0.63 132.18 | 0.03
8 946.52 0.80 137.18 | 0.03
9 966.78 0.98 140.11 | 0.04
10 998.66 1.16 144,73 | 0.05
11 1031.74 1.34 149.53 | 0.05
12 1033.24 1.51 149.75 | 0.06
13 1043.22 1.67 151.19 | 0.07
14 1079.58 1.85 156.46 | 0.07
15 1092.25 2.01 158.30 | 0.08
16 1082.31 2.17 156.86 | 0.09
17 1093.98 2.34 158.55 | 0.09
18 1110.12 2.56 160.89 | 0.10
19 1115.04 2.75 161.60 | 0.11
20 1099.93 2.97 159.41 | 0.12
21 1109.27 3.25 160.76 | 0.13
22 1119.67 3.57 162.27 | 0.14
23 1121.17 3.89 162.49 | 0.16
24 1113.54 4.31 161.38 | 0.17
25 1106.07 4.59 160.30 | 0.18
26 1102.76 4.74 159.82 | 0.19
27 1100.29 4.79 159.46 | 0.19
28 1065.55 4.82 154.43 | 0.19
29 1011.88 4.94 146.65 | 0.20
30 938.51 5.02 136.02 | 0.20
31 744.43 511 107.89 | 0.20
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Spesimen 12
Spesimen 12
Data No A= 6.55mm? L=25mm
F(N) | Al(mm) | o (N/mm?) €
1 12.09 -0.01 1.85 | 0.00
2 1002.30 -0.01 153.02 | 0.00
3 1042.04 -0.01 159.09 | 0.00
4 1049.31 -0.01 160.20 | 0.00
5 1043.47 -0.01 159.31 | 0.00
6 1035.20 -0.01 158.05 | 0.00
7 1027.04 -0.01 156.80 | 0.00
8 1024.15 0.01 156.36 | 0.00
9 1023.39 0.01 156.24 | 0.00
10 1021.43 0.01 155.94 | 0.00
11 1020.05 0.01 155.73 | 0.00
12 1019.61 0.01 155.67 | 0.00
13 788.31 0.01 120.35 | 0.00
14 1107.75 0.01 169.12 | 0.00
15 1116.87 0.05 170.51 | 0.00
16 1143.28 0.31 174.55 | 0.01
17 1161.38 0.52 177.31 | 0.02
18 1194.20 0.70 182.32 | 0.03
19 1201.34 0.93 183.41 | 0.04
20 1189.94 1.11 181.67 | 0.04
21 1210.13 1.38 184.75 | 0.06
22 1222.55 1.57 186.65 | 0.06
23 1238.08 1.96 189.02 | 0.08
24 1246.89 2.02 190.36 | 0.08
25 1243.31 2.23 189.82 | 0.09
26 1234.35 2.43 188.45 | 0.10
27 1250.43 2.69 190.91 | 0.11
28 1257.79 2.91 192.03 | 0.12
29 1250.56 3.50 190.93 | 0.14
30 1222.84 3.79 186.69 | 0.15
31 1189.30 4.09 181.57 | 0.16
32 1160.15 4.30 177.12 | 0.17
33 1063.88 4.59 162.42 | 0.18
34 984.67 4.71 150.33 | 0.19
35 852.79 4.83 130.20 | 0.19
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C. Pengujian spesimen silindris dengan dudukan chuck yang telah

dimodifikasi
e Spesimen R5
Spesimen R5
A=6.6 mm? L=25mm
Patano F(N) Al(mm) | o(N/mm?) e
1 0.000 0 0.000 0.000
2 325.323 0.43 53.332 0.017
3 779.075 0.85 127.717 0.034
4 979.831 1.25 160.628 0.050
5 1037.622 1.69 170.102 0.068
6 1092.266 2.09 179.060 0.084
7 1122.708 2.5 184.051 0.100
8 1135.611 2.9 186.166 0.116
9 1176.849 3.35 192.926 0.134
10 1197.698 3.66 196.344 0.146
11 1198.722 4.18 196.512 0.167
12 1223.698 4.62 200.606 0.185
13 1229.883 5.04 201.620 0.202
14 1233.554 5.48 202.222 0.219
15 1246.632 5.93 204.366 0.237
16 1246.432 6.25 204.333 0.250
17 1240.005 6.7 203.280 0.268
18 1255.300 7.05 205.787 0.282
19 1260.149 7.61 206.582 0.304
20 1250.945 8.02 205.073 0.321
21 1263.855 8.4 207.189 0.336
22 1265.479 8.85 207.456 0.354
23 1257.116 9.2 206.085 0.368
24 1259.349 9.67 206.451 0.387
25 1252.780 10.1 205.374 0.404
26 1250.461 10.3 204.994 0.412
27 1251.165 10.5 205.109 0.420
28 1227.408 10.7 201.214 0.428
29 1225.976 10.9 200.980 0.436
30 1199.263 11.1 196.601 0.444
31 1139.363 11.3 186.781 0.452
32 1020.970 11.35 167.372 0.454
33 871.424 114 142.856 0.456
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Spesimen R6
Spesimen R6
A=6.1 mm? L=25mm
Patano FN) Al(mm) | o(N/mm?) | ¢
1 0 0 0.000 0.000
2 245,715 0.4 40.281 0.016
3 726.047 0.79 119.024 0.032
4 964.052 2.16 158.041 0.086
5 1035.150 2.53 169.697 0.101
6 1070.340 2.95 175.466 0.118
7 1111.018 3.4 182.134 0.136
8 1125.027 3.78 184.431 0.151
9 1140.534 4.2 186.973 0.168
10 1163.479 4.68 190.734 0.187
11 1172.904 5.12 192.279 0.205
12 1179.094 5.6 193.294 0.224
13 1184.758 5.99 194.223 0.240
14 1174.944 6.53 192.614 0.261
15 1185.700 6.91 194.377 0.276
16 1176.381 6.39 192.849 0.256
17 1147.209 6.79 188.067 0.272
18 1130.383 7.25 185.309 0.290
19 1071.339 7.5 175.629 0.300
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Spesimen R7
Spesimen R7
Data no A=6.8 mm? L=25mm

F(N) Al (mm) | o(N/mm?) €
1 0 0 0.000 0
2 150.180 0 22.085 0
3 495.148 0 72.816 0
4 746.521 0 109.783 0
5 932.312 0 137.105 0
6 1027.025 0.32 151.033 0.013
7 1078.375 0.9 158.585 0.036
8 1129.098 1.26 166.044 0.050
9 1151.692 1.71 169.366 0.068
10 1184.328 2.18 174.166 0.087
11 1213.794 2.57 178.499 0.103
12 1226.255 2.95 180.332 0.118
13 1241.914 3.39 182.634 0.136
14 1255.288 3.84 184.601 0.154
15 1255.004 4.2 184.559 0.168
16 1274.084 4.62 187.365 0.185
17 1269.179 5.06 186.644 0.202
18 1258.517 5.47 185.076 0.219
19 1278.264 5.95 187.980 0.238
20 1282.349 6.57 188.581 0.263
21 1269.635 6.8 186.711 0.272
22 1284.070 7.22 188.834 0.289
23 1284.067 7.66 188.833 0.306
24 1272.359 8.03 187.112 0.321
25 1272.111 8.41 187.075 0.336
26 1260.513 8.88 185.370 0.355
27 1236.477 9.28 181.835 0.371
28 1216.944 9.73 178.962 0.389
29 1149.875 10.23 169.099 0.409
30 888.951 10.55 130.728 0.422
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Lampiran 3.Diagram Blok Dan Front Panel Program Labview Untuk

Pengujian Tarik

e Diagram blok untuk dua input loadcell dan potensiometer

Logarithm Base 10

Elongation (mm)

o

a

]

DAQ Assistant

Eon )

Graph

g
|

=<

nput

data

ZERO ELONGATION

=y

B3
E3

raph v

Farce (N)

123

nput XY Graph

={D

IF = 0.7684%(v-8.0629);

o =
=
lg,_ :
I
— -
.
Wirite To
Measurement File
ﬁ» Signals
...... @

e Diagram blok pengujian revisi dengan satu input gaya dari loadcell

-
:
I [w
v

DAQ Assistant

[continue or stop message |

=1

Buid XY Graph
X Input

St g,

1 ¥ Input
Y Graph
Force (N)
o1
o

3
................ lp

b

v

=

o |

[F - 0.7684%(v-8.0623);

sl

3
File Name| Write To

Measurement File
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panel untuk dua input loadcell dan potensiometer

ji Tarik V1.vi Front Panel *
Operate Tools Window Help

ject

|E|| 130t Appication Font |~ |85+ | [T~
~

File Name.
]'; D:\DATA 20 10PROJECT 2010\Data Yeri T Mesin UTDATA PENGURLRANYData Lhn =]
|
XY Graph Plot 0

Force (N)

| | o
Elongation (mm)
10.00

Enable

0.0 " ! 0 !
0.0 02 04 06 08 L0 12 L4 L6 18 20 22 24 26 28 30 3.2
Time

v 0 |
3.4 36 38 40 42 44 45 48 50

ZERO FORCE ZERO ELONGATION

o
40 ,/0.000

Front panel pengujian revisi dengan satu input gaya dari loadcell

Fie

'’ Program Uji Tarik revisirevisi.vi Front Panel

ject Operate Tools Wi Help
IEH 13pt Application Font |~ | [ B | = |12

File Name
!% D:\DATA 2010'PROJECT 2010'Data Yeni FT Mesin UL\DATA PENGUKLRANData 1.lvm — '

Force (N)
0.0

Enable

1 |
300.0 350.0
Time (x100 ms)

ZERO FORCE

Jo
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Lampiran 4. Chuck Mesin Uji Tarik

e Prototip-2

e Prototip-3
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Lampiran 5. Mesin uji tarik prototip-2
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Lampiran 1. Data Hasil Pengujian Ergonomi/Kenyamanan

A. Pengujian awal pada prototip-2

e Suasana pengujian
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Data antropometri responden pada pengujian awal

58

No. Nama sampel DATA ANTROPOMETRI
1 2 3 4 3 ] 7 8 9
1 Addy Prasta W 167 155 137 60| 103 70 35 14 13
2 Ahmad Suhaeli 169 157| 150 69| 106 62 46 12 10
3 Bagas Yoga Arnowo 172 162| 142 b2| 103 b3 41 20 12
4 Bagus Isamail Dauda 176 1e4| 143 58| 107 64| 43 22 13
5 David Hasnaulin 166 151| 139 53 102 GE] 39 13 9
6 Dayu urbo Anggoro 177 165 150 67| 106 72 41 15 11
7 Dimas Suwendar J 168 157| 140 61| 103 63 42 16 11
g Hermawan Kurniawan 162 151 132 59 97 63 39 17 13
9 Heru Prasetyo 170 157| 145 65| 108 66| 48 13 11
10 M. Igbal 170 153| 142 59| 102 b4 43 15 12
11 Meygi Atriadi 167 156| 140 61| 103 70{ 48 15 10
12 Michael M 172 158| 144 59| 104 63 33 13 10
13 Muhammad Panji Mandra E 187 173| 156 67| 106 68| 46| 14 11
14 Munawir 167 156| 140 57| 104 63 40 12 9
15 Obrin anggi andreas 176 165| 157 67| 107 701 48| 17 12
16 Resthy 148 136| 122 50 62 48 48 12 9
17 Santo alridolf 173 160| 150 62| 110 700 40| 15 10
18 Uji Adam 173 160| 145 61| 105 67 42 22 11
19 Tanto AP 173 158| 141 65| 102 80| 49 16 12
20 Susi Indah Yani 154 143 123 54 94 61 47 15 11
21 Roy valentino 177 167| 148 67| 115 74| 53 14 11
22 Diki Aldila 175 163| 144 67| 107 75 33 13 11
23 Muhammad Furgon 170 153 139 63| 104 69| 50| 13 10
24 Sena Mahendra 172 161| 141 64 93 66| 43 19 12
25 Bayu Aji girawan 169 160 140 67| 102 b6 43 17 11
Min 148 136 1221 50 62 48 33 12 9
Max 187 1731 157 67] 115 B0 53 22 13
Rata-rata 169.7] 157.89] 141.6| 61.89] 101.8| 66.83] 45.17] 15.11] 10.89
Standar deviasi 8.594] 8.2952] 9.166] 4.91] 11.03] 6.732| 5.205] 2.587] 1..079|
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Studi waktu pemasangan dan pelepasan spesimen pada chuck mesin uji

tarik prototip-2

Sampel Waktu yang dibutuhkan tiap sampel tiapkeiatan —
pemasangan pembebanan pelepasan
1 404 BE 63 533
2 147 52 61 260
3 524 57 31 612
4 153 28 54 235
5 156 25 60 241
6 173 21 65 259
7 188 37 63 288
B 323 28 51 402
9 111 27 45 183
1] 124 25 70 219
1 142 45 6o 254
12 146 12 45 204
13 128 25 56 209
14 196 33 45 274
15 289 53 41 383
16 743 41 68 852
17 307 24 65 396
18 183 40 52 275
19 87 34 50 171
20 190 48 45 283
il 387 55 74 516
22 265 75 81 411
23 214 25 121 360
M4 144 34 59 237
25 230 52 59 341
MAX 743 75 121 852
MIN 87 12 31 171
RATA-RATA 23816 3852 59.64 336.32
STANDAR DEVIASI 14848 1555 17.07 156.74

Perancangan dan pengembangan..., Yeny Pusvyta, FT Ul, 2010.
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e Data parameter kenyamanan penggunaan mesin uji tarik prototip-2

" — Paramater kenyamanan Sys{mmH) (mmHg) dia [mmHe] Pulse detak/min)

Dol 3 SB[ T | 8|8 [10] 1| sehehm | semdsh | sehelm | sesudah [ sebehm | sesudah
1 |AddyPrasta W AR IR A A A 10 ] ] | B
1 |Ahmad Suhaeli Lol rp ey by s 14 ] ! 0|8
3 [BazzsYoza Amowo Dol 2SSy 3f 1% 155 8 8 B | %
4 |Baguslsamail Dauda T T T O O 13 Ii 1 g9
5 |David Hasnavin S T A S O O N O A S A B B 114 51 ] n| %
£ |Dayuurbo Angzom AR I AR AR A 12 7 ! B | %
7 |Dimas Suwendar) o3| 3R b AL e 14 N 7 B | 1N
8 [Hermawan kurniawan oLy )| % 07 5 B ol h
9 |HeruPraseto G T T O S O N A A O A O A O O (V- 12 (] (] 0| 7B
0 [Migbd - T 2 T T I 0 1 116 (] 5 o | %
U [MeygiArradi A A T O T T O O O A O I i 17 [£ ) | M
1 |Mimae|rv1 G A A A A 2 U O O O O % 5 (] 5 | B
3 |MuhammadFanjiMardraE VA A T T S 2 O O A - T O B 107 5 5 b | 65
W [Munawi SO A T A A O O A O O A A A 115 6 5% 0 | 0
15 (Obrin anggi andreas Dol ||l oM 1% ] 1 B | 6l
b [Resty AN IR AR 11§ 6 ] 0| 4
17 [Santoaridof R I A AR 1M ] 5 m| %
B [UjAdam P3|y pllow 17 7 ] | 8
B [Tanto#P SO T O O 2 A O - T O T O T 12 5 6 BB
0 [SusIndsh Vani R A A 121 (] 73 SR
A |Royvalenting O I I I T I O T - I e 1 o il I ]
2 |DikiAldi IR T I T A I A T I A B I B 1% 147 % 8 1 %
B [Muhammad Furgon VA I I I I T O T O I B B A I il 125 ] B i n
B [Sena Mehendr oLyt om 17 I ho| % ¥
5 [Bajudjgravan G- T A A O U O O O - I (¥ 13 1 [ B | 7
MIN S A O U O O A O B % 5 il o | 3®

WA AR I R N Nt 14 % B ® |

Ratzrai 167 24| lm| 2%| 178|234 11| 11| 11| 28| 28l llR3s 12006 B644 BRET | TR | TA7

Standar deviasi 10755 0821 | 0816 | 10408( 09781 096| 1021 11 (1001|1133 1 | 1415703481 | 1301435105 | 861540462 | 8892881 | 10.38079 | 13.083%
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B. Pengujian akhir pada prototip-3

e Suasana pengujian
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e Data antropometri responden pada pengujian akhir

DATA ANTROPOMETRI
No. Nama sampel
1 2 3 4 5 6 7 8 9

1 [Agung 168.5 159| 144 68| 105 62 55 18 17
2 |Reza Suprayogi 175 160| 145 60| 105 70 30 20 11
3  |Rezkiva 173 158| 145 60| 104 65 53 16 10
4 |Gina tri andrea 173 158| 143 66| 106 70 30 18 12
5 |Wahyu 168 165| 140 58| 102 66 43 17 10
6 I made darmawan 167 164| 154 53| 102 62 35 11 10
7 |Riky Maulana 170 157| 138 60| 102 63 30 15 10
8 |Wulan jaya 172 161| 138 62| 104 68 43 18 15
9 Yanuar Pasaribu 166 163| 136 55| 102 66 40 15 9
10 |Ahmad Ashari 160 150, 134 85| 107 59 49 11 14
Min 160 150( 134 53| 102 59 30 11 9
Max 175 165( 154 85| 107 70 55 20 17
Rata-rata 169.3| 159.5| 142 62.7|103.9| 65.1] 40.8] 15.9] 11.8
Standar deviasi 4.38( 4.3012| 5.79|9.031| 1.853| 3.635| 9.496( 2.998| 2.658

e Studi waktu pemasangan dan pelepasan spesimen pada chuck mesin uji
tarik prototip-3

Waktu yang dibutuhkan tiap sampel tiap kegiatan Total waktu| Total waktu
Sampel Spesimen silindris (detik) | Spesimen lembaran (detik)| spesimen | spesimen
pemasangan pelepasan | pemasangan | pelepasan| silindris | lembaran
1 334 109 24 12 443 36
2 221 88 b2 26 309 88
3 201 88 49 19 289 68
4 252 83 24 34 335 58
5 171 76 30 7 247 37
6 269 150 34 12 419 46
7 263 80 32 15 343 47
8 283 172 27 23 455 50
9 139 59 54 27 198 81
10 188 64 252
MAX 334 172 62 34 455 28
MIN 139 59 24 7 198 36
RATA-RATA 232 97 37 19 329 57
STANDAR DEVIASI 58.81 36.82 14,04 8.73 87.57 18.61

Universitas Indonesia

Perancangan dan pengembangan..., Yeny Pusvyta, FT Ul, 2010.



e Data parameter kenyamanan penggunaan mesin uji tarik prototip-3

63

Universitas Indonesia

Perancangan dan pengembangan..., Yeny Pusvyta, FT Ul, 2010.

Spesimen silindris
Paramater kenyamanan , - , —
No. |  Namasampel Sy [mmHg| dia (mmHg] | Pulse detak/min)
V23| 456 7| 8|9 |10 1] sehelum| sesudsh | sebelum | sesudah| sebelum | sesudah
1 [Agunz 21|y LS 10 133 8 | B1 | 100 | &8
2 |Reza Suprayog D243l 2yl 14 18 Jj b7 Jj b7
3 [Rekiva NI E IR NN 17 B |7l I 80
4 |Ginatri andrea dpd 3222224 138 1 80 B0 i
5 |Wahyp dls a4 a4l a4 d)d)dl v 114 % 60 16 85
£ |Imade darmawan S 143455155555 I 125 10 87 £ 92
7 Riky Maulana R I N 138 13 93 56 bl
§ [Wulanjaya NI RN 143 B | 9 10 99
9 |VanuarPasartu 0 T N A N A A A I I W 118 1B B4 | 113 | 114
10 |Ahmad Achari BRI IR [ | 82 | W | 1l
MIN 2222yl i} 58 )] 56 bl
MAX S 4[4 5555|5555 148 143 | 9| U3 | 14
Ratzrata 340 30 32 33| 34 3y 33 33| 3y 33) 38| 12530 1.450) 78X 7R0) 8% 5RO
Standar deviasi 1075 | 0316 )0789) 105%) 1174 114| 1252 | 1152 | 1.317| 1418|1317 106776 | 18307558 | 14.07756 | 12083 | 18.34515 | 1687371
Spesimen lembaran
Ma. Mama sampel Sys (mmHg) dia (mmHg) Pulse (detak/min)
sebelum | sesudah | sebelum | sesudah | sebelum | sesudah
1 |Agung 143 119 123 78 29 87
2 |Reza Suprayogi 118 123 74 81 71 79
3 |Rezkiva 117 116 69 64 81 79
4 |Gina tri andrea 141 128 85 67 73 68
5 |Wahyu 100 107 48 52 71 74
6 |l made darmawan 124 121 84 76 97 g3
7 |Riky Maulana 124 113 78 73 56 61
8 |Wulan jaya 126 128 85 82 75 77
9 |Yanuar Pasaribu 121 129 76 b6 118 108
MIN 100 107 48 52 56 61
MAX 143 129 123 82 118 108
Rata-rata 123.78 120.44 80.22 71.00 81.22 79.56
Standar deviasi 12.86252 | 7.518496 | 19.73435 | 9.682458 | 18.07469 | 13.19196
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Lampiran 2. Tabel Hasil Perhitungan Tegangan Dan Tegangan

A. Spesimen silind
e Spesimen 1

ris

Spesimen 1
Data A= 7.065 mm? L=10mm
No Al
F (N) (mm) | o (N/mm?) €
1 311.377 0.000 44.073 | 0.000
2 686.079 0.003 97.110 | 0.000
3 764.110 0.004 108.154 | 0.000
4 793.179 0.005 112.269 | 0.000
5 869.040 0.008 123.006 | 0.001
6 900.524 0.013 127.463 | 0.001
7 928.951 0.073 131.486 | 0.007
8 1020.246 0.088 144.409 | 0.009
9 1019.059 0.152 144.240 | 0.015
10 1070.894 0.153 151.577 | 0.015
11 1077.910 0.154 152.570 | 0.015
12 1082.415 0.154 153.208 | 0.015
13 1141.509 0.155 161.572 | 0.016
14 1170.750 0.157 165.711 | 0.016
15 1188.754 0.165 168.260 | 0.016
16 1342.576 0.208 190.032 | 0.021
17 1473.429 0.261 208.553 | 0.026
18 1630.998 0.317 230.856 | 0.032
19 1792.689 0.372 253.742 1 0.037
20 1937.604 0.428 274.254 1 0.043
21 2124.658 0.496 300.730 | 0.050
22 2325.923 0.554 329.218 | 0.055
23 2610.151 0.618 369.448 | 0.062
24 2923.868 0.659 413.852 | 0.066
25 3212.305 0.703 454.679 | 0.070
26 3442.849 0.760 487.311 | 0.076
27 3504.904 0.894 496.094 | 0.089
28 3443.018 0.981 487.334 | 0.098
29 3333.257 1.076 471.799 | 0.108
30 3202.393 1.189 453.276 | 0.119
31 3083.464 1.308 436.442 | 0.131
32 2925.143 1.410 414.033 | 0.141
33 2735.990 1.522 387.260 | 0.152
34 1559.265 1.672 220.703 | 0.167
35 869.735 2.291 123.105 | 0.229
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e Spesimen 2
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Spesimen 2
Data No A= 7.065 mm? L=10mm
F (N) Al (mm) | o (N/mm?) €
1 1.616 0.001 0.229 | 0.000
2 1.735 0.002 0.246 | 0.000
3 23.863 0.001 3.378 | 0.000
4 100.767 0.001 14.263 | 0.000
5 152.303 0.004 21.557 | 0.000
6 225.053 0.010 31.855 | 0.001
7 258.107 0.009 36.533 | 0.001
8 257.493 0.009 36.446 | 0.001
9 273.864 0.011 38.763 | 0.001
10 301.012 0.006 42.606 | 0.001
11 328.069 0.009 46.436 | 0.001
12 376.085 0.009 53.232 | 0.001
13 528.420 0.008 74.794 | 0.001
14 628.858 0.016 89.010 | 0.002
15 719.926 0.042 101.900 | 0.004
16 821.153 0.062 116.228 | 0.006
17 1048.625 0.111 148.425 | 0.011
18 1178.310 0.125 166.781 | 0.013
19 1371.233 0.138 194.088 | 0.014
20 1721.322 0.164 243.641 | 0.016
21 2103.468 0.200 297.731 | 0.020
22 2216.581 0.219 313.741 | 0.022
23 2272.517 0.254 321.658 | 0.025
24 2298.480 0.294 325.333 | 0.029
25 2290.119 0.388 324,150 | 0.039
26 2208.328 0.537 312.573 | 0.054
27 2127.621 0.675 301.149 | 0.067
28 2056.252 0.766 291.048 | 0.077
29 1949.535 0.913 275.943 | 0.091
30 1882.838 0.968 266.502 | 0.097
31 1734.069 1.136 245.445 | 0.114
32 1651.990 1.206 233.827 | 0.121
33 1561.393 1.260 221.004 | 0.126
34 1452.789 1.324 205.632 | 0.132
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Spesimen 3
Data No A= 7.065 mm? L=10mm
F (N) Al (mm) | o (N/mm?) €
1 0.390 | -0.001 0.055 0.000
2 -35.252 | -0.004 -4.990 0.000
3 10.577 | -0.006 1.497 -0.001
4 132,994 | -0.006 18.824 -0.001
5 229.381 | -0.009 32.467 -0.001
6 333.937 | -0.009 47.266 -0.001
7 433.871 | -0.005 61.411 -0.001
8 549.010 0.000 77.708 0.000
9 682.416 0.005 96.591 0.001
10 801.449 0.010 113.439 0.001
11 984.097 0.015 139.292 0.002
12 1137.996 0.023 161.075 0.002
13 1290.396 0.028 182.646 0.003
14 1519.542 0.033 215.080 0.003
15 1713.501 0.037 242.534 0.004
16 1931.345 0.040 273.368 0.004
17 2064.524 0.044 292.219 0.004
18 2173.447 0.067 307.636 0.007
19 2233.585 0.119 316.148 0.012
20 2238.475 0.183 316.840 0.018
21 2284.385 0.210 323.338 0.021
22 2265.552 0.243 320.673 0.024
23 2247.183 0.285 318.073 0.028
24 2243.228 0.321 317.513 0.032
25 2196.211 0.364 310.858 0.036
26 2178.170 0.413 308.304 0.041
27 2110.710 0.461 298.756 0.046
28 2064.215 0.511 292.175 0.051
29 2025.852 0.562 286.745 0.056
30 1953.072 0.612 276.443 0.061
31 1929.297 0.662 273.078 0.066
32 1894.147 0.675 268.103 0.068
33 1831.879 0.738 259.289 0.074
34 1748.138 0.796 247.436 0.080
35 1693.039 0.857 239.638 0.086
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Spesimen 4
Spesimen 4
Data No A= 7.065 mm? L=10mm
F (N) Al (mm) | o (N/mm?) €
1 -0.450 0.003 -0.064 | 0.000
2 -1.143 0.002 -0.162 | 0.000
3 58.595 0.004 8.294 | 0.000
4 165.154 0.004 23.376 | 0.000
5 294.128 0.005 41.632 | 0.000
6 416.963 0.005 59.018 | 0.001
7 492.396 0.005 69.695 | 0.001
8 642.040 0.008 90.876 | 0.001
9 768.968 0.012 108.842 | 0.001
10 923.276 0.018 130.683 | 0.002
11 1113.687 0.022 157.634 | 0.002
12 1321.987 0.027 187.118 | 0.003
13 1554.196 0.041 219.985 | 0.004
14 1747.143 0.072 247.296 | 0.007
15 2005.815 0.112 283.909 | 0.011
16 2209.642 0.143 312.759 | 0.014
17 2295.620 0.161 324.928 | 0.016
18 2382.641 0.196 337.246 | 0.020
19 2402.600 0.236 340.071 | 0.024
20 2431.599 0.274 344.175 | 0.027
21 2433.354 0.319 344.424 | 0.032
22 2397.698 0.369 339.377 | 0.037
23 2378.700 0.430 336.688 | 0.043
24 2316.865 0.466 327.936 | 0.047
25 2283.008 0.499 323.143 | 0.050
26 2217.988 0.538 313.940 | 0.054
27 2132.168 0.583 301.793 | 0.058
28 2090.289 0.627 295.865 | 0.063
29 2004.489 0.685 283.721 | 0.069
30 1933.541 0.741 273.679 | 0.074
31 1901.690 0.751 269.170 | 0.075
32 1831.448 0.795 259.228 | 0.079
33 1714.201 0.855 242.633 | 0.086
34 1600.103 0.923 226.483 | 0.092
35 1465.121 0.976 207.377 | 0.098
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Spesimen 5
Spesimen 5
Data No A= 7.065 mrr;2 L=10mm
A
F (N) (mm) | o (N/mm?) €
1 0.068 0.002 0.010 | 0.000
2 185.529 0.000 26.260 | 0.000
3 257.190 0.005 36.403 | 0.000
4 353.493 0.003 50.034 | 0.000
5 435.129 0.012 61.589 | 0.001
6 540.845 0.011 76.553 | 0.001
7 633.154 0.014 89.618 | 0.001
8 860.365 0.016 121.778 | 0.002
9 976.806 0.020 138.260 | 0.002
10 1292.149 0.024 182.894 | 0.002
11 1450.254 0.023 205.273 | 0.002
12 1792.865 0.047 253.767 | 0.005
13 1967.836 0.061 278.533 | 0.006
14 2147.488 0.070 303.961 | 0.007
15 2265.896 0.082 320.721 | 0.008
16 2412.650 0.114 341.493 | 0.011
17 2474.563 0.130 350.257 | 0.013
18 2499.562 0.154 353.795 | 0.015
19 2486.755 0.181 351.982 | 0.018
20 2490.982 0.203 352.581 | 0.020
21 2470.194 0.262 349.638 | 0.026
22 2382.311 0.331 337.199 | 0.033
23 2372.183 0.340 335.766 | 0.034
24 2350.819 0.374 332.741 | 0.037
25 2255.715 0.434 319.280 | 0.043
26 2232.246 0.474 315.958 | 0.047
27 2172.376 0.508 307.484 | 0.051
28 2107.559 0.548 298.310 | 0.055
29 2040.703 0.579 288.847 | 0.058
30 1926.542 0.650 272.688 | 0.065
31 1884.486 0.673 266.735 | 0.067
32 1827.063 0.701 258.608 | 0.070
33 1739.529 0.735 246.218 | 0.074
34 1571.371 0.819 222.416 | 0.082
35 1486.300 0.850 210.375 | 0.085
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B. Spesimen lembaran
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Spesimen 4
Spesimen 4
Data No A= 6.35 mm? L=25mm
F (N) Al (mm) | o (N/mm?) €
1 15.75 0.03 2.48 | 0.00
2 520.29 0.04 81.94 | 0.00
3 757.04 0.08 119.22 | 0.00
4 798.08 0.20 125.68 | 0.01
5 873.19 0.33 137.51 | 0.01
6 955.52 0.49 150.48 | 0.02
7 999.20 0.63 157.35 | 0.03
8 1047.43 0.83 164.95 | 0.03
9 1058.34 1.02 166.67 | 0.04
10 1084.78 1.20 170.83 | 0.05
11 1110.23 1.36 174.84 | 0.05
12 1128.29 1.56 177.68 | 0.06
13 1133.51 1.75 178.50 | 0.07
14 1149.02 1.96 180.95 | 0.08
15 1168.86 2.15 184.07 | 0.09
16 1167.05 2.34 183.79 | 0.09
17 1173.19 2.51 184.75 | 0.10
18 1182.25 2.73 186.18 | 0.11
19 1201.43 2.91 189.20 | 0.12
20 1188.33 3.09 187.14 | 0.12
21 1197.20 3.29 188.54 | 0.13
22 1203.60 3.49 189.54 | 0.14
23 1215.11 3.73 191.36 | 0.15
24 1208.37 4.10 190.29 | 0.16
25 1201.27 4.45 189.18 | 0.18
26 1193.18 4.83 187.90 | 0.19
27 1202.48 5.13 189.37 | 0.21
28 1166.85 5.45 183.76 | 0.22
29 1129.12 5.83 177.81 | 0.23
30 1091.17 5.90 171.84 | 0.24
31 1023.07 5.94 161.11 | 0.24
32 818.61 5.99 128.92 | 0.24
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Spesimen 6
Data No A= 6.1 mm? L=25mm
F (N) Al (mm) | o (N/mm?) €
1 0.42 0.02 0.07 | 0.00
2 67.27 0.02 11.03 | 0.00
3 263.08 0.01 43.13 | 0.00
4 612.30 0.02 100.38 | 0.00
5 815.16 0.03 133.63 | 0.00
6 906.81 0.10 148.66 | 0.00
7 939.41 0.33 154.00 | 0.01
8 975.50 0.55 159.92 | 0.02
9 1006.98 0.73 165.08 | 0.03
10 1042.18 0.96 170.85 | 0.04
11 1046.85 1.14 171.61 | 0.05
12 1072.75 1.35 175.86 | 0.05
13 1094.01 1.53 179.35 | 0.06
14 1114.94 1.72 182.78 | 0.07
15 1118.04 1.93 183.29 | 0.08
16 1133.59 2.13 185.83 | 0.09
17 1145.10 2.34 187.72 | 0.09
18 1144.59 2.53 187.64 | 0.10
19 1139.96 2.81 186.88 | 0.11
20 1145.46 3.02 187.78 | 0.12
21 1160.72 3.26 190.28 | 0.13
22 1145.82 3.45 187.84 | 0.14
23 1148.34 3.73 188.25 | 0.15
24 1147.51 4.13 188.12 | 0.17
25 1152.43 4.34 188.92 | 0.17
26 1156.36 4.60 189.57 | 0.18
27 1151.28 491 188.73 | 0.20
28 1148.40 5.21 188.26 | 0.21
29 1141.75 5.60 187.17 | 0.22
30 1146.43 5.91 187.94 | 0.24
31 1121.67 6.17 183.88 | 0.25
32 1094.47 6.61 179.42 | 0.26
33 1067.27 6.88 174.96 | 0.28
34 1011.49 7.20 165.82 | 0.29
35 908.87 7.56 149.00 | 0.30
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Spesimen 7
Spesimen 7
Data No A= 6.1 mm? L=25mm
F(N) | Al(mm) | o (N/mm?) €
1 0.50 0.00 0.08 | 0.00
2 302.64 0.00 49.61 | 0.00
3 317.67 0.00 52.08 | 0.00
4 350.09 0.00 57.39 | 0.00
5 480.88 0.00 78.83 | 0.00
6 702.09 0.02 115.10 | 0.00
7 795.01 0.06 130.33 | 0.00
8 869.01 0.18 142.46 | 0.01
9 918.91 0.46 150.64 | 0.02
10 963.91 0.62 158.02 | 0.02
11 1011.39 0.81 165.80 | 0.03
12 1002.08 1.02 164.27 | 0.04
13 1043.39 1.25 171.05 | 0.05
14 1058.35 1.41 173.50 | 0.06
15 1101.67 1.62 180.60 | 0.06
16 1131.87 1.83 185.55 | 0.07
17 1160.28 2.25 190.21 | 0.09
18 1186.83 2.45 194.56 | 0.10
19 1195.30 2.69 195.95 | 0.11
20 1186.63 2.93 194.53 | 0.12
21 1191.33 3.23 195.30 | 0.13
22 1214.68 3.43 199.13 | 0.14
23 1227.02 3.70 201.15| 0.15
24 1226.14 3.99 201.01 | 0.16
25 1210.78 4.23 198.49 | 0.17
26 1221.57 4.57 200.26 | 0.18
27 1231.44 4.87 201.87 | 0.19
28 1229.21 5.16 201.51 | 0.21
29 1212.37 5.45 198.75 | 0.22
30 1224.65 5.55 200.76 | 0.22
31 1197.84 5.87 196.37 | 0.23
32 1188.33 6.12 194.81 | 0.24
33 1164.06 6.44 190.83 | 0.26
34 1117.62 6.76 183.22 | 0.27
35 960.44 7.18 157.45 | 0.29
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Spesimen 11
Spesimen 11
Data No A= 6.9 mm? L=25mm
F (N) Al (mm) o (N/mm?) €
1 0.44 0.00 0.06 | 0.00
2 309.69 0.00 44.88 | 0.00
3 517.52 0.03 75.00 | 0.00
4 644.04 0.18 93.34 | 0.01
5 697.15 0.33 101.04 | 0.01
6 789.48 0.51 114.42 | 0.02
7 912.02 0.63 132.18 | 0.03
8 946.52 0.80 137.18 | 0.03
9 966.78 0.98 140.11 | 0.04
10 998.66 1.16 144,73 | 0.05
11 1031.74 1.34 149.53 | 0.05
12 1033.24 1.51 149.75 | 0.06
13 1043.22 1.67 151.19 | 0.07
14 1079.58 1.85 156.46 | 0.07
15 1092.25 2.01 158.30 | 0.08
16 1082.31 2.17 156.86 | 0.09
17 1093.98 2.34 158.55 | 0.09
18 1110.12 2.56 160.89 | 0.10
19 1115.04 2.75 161.60 | 0.11
20 1099.93 2.97 159.41 | 0.12
21 1109.27 3.25 160.76 | 0.13
22 1119.67 3.57 162.27 | 0.14
23 1121.17 3.89 162.49 | 0.16
24 1113.54 4.31 161.38 | 0.17
25 1106.07 4.59 160.30 | 0.18
26 1102.76 4.74 159.82 | 0.19
27 1100.29 4.79 159.46 | 0.19
28 1065.55 4.82 154.43 | 0.19
29 1011.88 4.94 146.65 | 0.20
30 938.51 5.02 136.02 | 0.20
31 744.43 5.11 107.89 | 0.20
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Spesimen 12
Spesimen 12
Data No A= 6.55mm? L=25mm
F(N) | Al(mm) | o (N/mm?) €
1 12.09 -0.01 1.85 | 0.00
2 1002.30 -0.01 153.02 | 0.00
3 1042.04 -0.01 159.09 | 0.00
4 1049.31 -0.01 160.20 | 0.00
5 1043.47 -0.01 159.31 | 0.00
6 1035.20 -0.01 158.05 | 0.00
7 1027.04 -0.01 156.80 | 0.00
8 1024.15 0.01 156.36 | 0.00
9 1023.39 0.01 156.24 | 0.00
10 1021.43 0.01 155.94 | 0.00
11 1020.05 0.01 155.73 | 0.00
12 1019.61 0.01 155.67 | 0.00
13 788.31 0.01 120.35 | 0.00
14 1107.75 0.01 169.12 | 0.00
15 1116.87 0.05 170.51 | 0.00
16 1143.28 0.31 174.55 | 0.01
17 1161.38 0.52 177.31 | 0.02
18 1194.20 0.70 182.32 | 0.03
19 1201.34 0.93 183.41 | 0.04
20 1189.94 1.11 181.67 | 0.04
21 1210.13 1.38 184.75 | 0.06
22 1222.55 1.57 186.65 | 0.06
23 1238.08 1.96 189.02 | 0.08
24 1246.89 2.02 190.36 | 0.08
25 1243.31 2.23 189.82 | 0.09
26 1234.35 2.43 188.45 | 0.10
27 1250.43 2.69 190.91 | 0.11
28 1257.79 2.91 192.03 | 0.12
29 1250.56 3.50 190.93 | 0.14
30 1222.84 3.79 186.69 | 0.15
31 1189.30 4.09 181.57 | 0.16
32 1160.15 4.30 177.12 | 0.17
33 1063.88 4.59 162.42 | 0.18
34 984.67 4.71 150.33 | 0.19
35 852.79 4.83 130.20 | 0.19
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C. Pengujian spesimen silindris dengan dudukan chuck yang telah

dimodifikasi
e Spesimen R5
Spesimen R5
A=6.6 mm? L=25mm
Patano F(N) Al(mm) | o(N/mm?) e
1 0.000 0 0.000 0.000
2 325.323 0.43 53.332 0.017
3 779.075 0.85 127.717 0.034
4 979.831 1.25 160.628 0.050
5 1037.622 1.69 170.102 0.068
6 1092.266 2.09 179.060 0.084
7 1122.708 2.5 184.051 0.100
8 1135.611 2.9 186.166 0.116
9 1176.849 3.35 192.926 0.134
10 1197.698 3.66 196.344 0.146
11 1198.722 4.18 196.512 0.167
12 1223.698 4.62 200.606 0.185
13 1229.883 5.04 201.620 0.202
14 1233.554 5.48 202.222 0.219
15 1246.632 5.93 204.366 0.237
16 1246.432 6.25 204.333 0.250
17 1240.005 6.7 203.280 0.268
18 1255.300 7.05 205.787 0.282
19 1260.149 7.61 206.582 0.304
20 1250.945 8.02 205.073 0.321
21 1263.855 8.4 207.189 0.336
22 1265.479 8.85 207.456 0.354
23 1257.116 9.2 206.085 0.368
24 1259.349 9.67 206.451 0.387
25 1252.780 10.1 205.374 0.404
26 1250.461 10.3 204.994 0.412
27 1251.165 10.5 205.109 0.420
28 1227.408 10.7 201.214 0.428
29 1225.976 10.9 200.980 0.436
30 1199.263 11.1 196.601 0.444
31 1139.363 11.3 186.781 0.452
32 1020.970 11.35 167.372 0.454
33 871.424 114 142.856 0.456
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Spesimen R6
Spesimen R6
A=6.1 mm2 L=25mm
Patano F(N) AL(mm) | o(N/mm?) | e
1 0 0 0.000 0.000
2 245,715 0.4 40.281 0.016
3 726.047 0.79 119.024 0.032
4 964.052 2.16 158.041 0.086
5 1035.150 2.53 169.697 0.101
6 1070.340 2.95 175.466 0.118
7 1111.018 3.4 182.134 0.136
8 1125.027 3.78 184.431 0.151
9 1140.534 4.2 186.973 0.168
10 1163.479 4.68 190.734 0.187
11 1172.904 5.12 192.279 0.205
12 1179.094 5.6 193.294 0.224
13 1184.758 5.99 194.223 0.240
14 1174.944 6.53 192.614 0.261
15 1185.700 6.91 194.377 0.276
16 1176.381 6.39 192.849 0.256
17 1147.209 6.79 188.067 0.272
18 1130.383 7.25 185.309 0.290
19 1071.339 7.5 175.629 0.300
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Spesimen R7
Spesimen R7
Data no A=6.8 mm? L=25mm

F(N) Al (mm) | o(N/mm?) €
1 0 0 0.000 0
2 150.180 0 22.085 0
3 495.148 0 72.816 0
4 746.521 0 109.783 0
5 932.312 0 137.105 0
6 1027.025 0.32 151.033 0.013
7 1078.375 0.9 158.585 0.036
8 1129.098 1.26 166.044 0.050
9 1151.692 1.71 169.366 0.068
10 1184.328 2.18 174.166 0.087
11 1213.794 2.57 178.499 0.103
12 1226.255 2.95 180.332 0.118
13 1241.914 3.39 182.634 0.136
14 1255.288 3.84 184.601 0.154
15 1255.004 4.2 184.559 0.168
16 1274.084 4.62 187.365 0.185
17 1269.179 5.06 186.644 0.202
18 1258.517 5.47 185.076 0.219
19 1278.264 5.95 187.980 0.238
20 1282.349 6.57 188.581 0.263
21 1269.635 6.8 186.711 0.272
22 1284.070 7.22 188.834 0.289
23 1284.067 7.66 188.833 0.306
24 1272.359 8.03 187.112 0.321
25 1272.111 8.41 187.075 0.336
26 1260.513 8.88 185.370 0.355
27 1236.477 9.28 181.835 0.371
28 1216.944 9.73 178.962 0.389
29 1149.875 10.23 169.099 0.409
30 888.951 10.55 130.728 0.422
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Lampiran 3.Diagram Blok Dan Front Panel Program Labview Untuk

Pengujian Tarik

e Diagram blok untuk dua input loadcell dan potensiometer

Logarithm Base 10

Elongation (mm)
i i
=
Filter Build XY Graph
. ] Signal e ¥ Input
.w Fllberedvswgnal ¥ . ¥ Input
XY Graph ¥
DAQ Assistant [
(I -
&t Force (N)
o, -
1=
o Fiter2
Signal
Th Fllberaciswgnal ¥ .
i
File Name| \irite To
ZERO FORCE Measurement File
[F - 0.7684%(v-8.0623); ¥
1000

g =@

...... @
e Diagram blok pengujian revisi dengan satu input gaya dari loadcell
[1000] [continue or stop message ]
=@
DAthz:stant ':E L} E
Filter
Buid XY Graph
e
Force (N)
File Name| Write To |
ZERO FORCE Measurement File
[100] L ! F = 0.7684(v-8.0623); ,E & Slgca\s
o
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panel untuk dua input loadcell dan potensiometer

ji Tarik V1.vi Front Panel *
Operate Tools Window Help

ject

|E|| 130t Appication Font |~ |85+ | [T~
~

File Name.
]'; D:\DATA 20 10PROJECT 2010\Data Yeri T Mesin UTDATA PENGURLRANYData Lhn =]
|
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Force (N)

| | o
Elongation (mm)
10.00
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0.0 " ! 0 !
0.0 02 04 06 08 L0 12 L4 L6 18 20 22 24 26 28 30 3.2
Time

v 0 |
3.4 36 38 40 42 44 45 48 50

ZERO FORCE ZERO ELONGATION

o
40 ,/0.000

Front panel pengujian revisi dengan satu input gaya dari loadcell

Fie

'’ Program Uji Tarik revisirevisi.vi Front Panel

ject Operate Tools Wi Help
IEH 13pt Application Font |~ | [ B | = |12

File Name
!% D:\DATA 2010'PROJECT 2010'Data Yeni FT Mesin UL\DATA PENGUKLRANData 1.lvm — '

Force (N)
0.0

Enable

1 |
300.0 350.0
Time (x100 ms)

ZERO FORCE

Jo
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Lampiran 4. Chuck Mesin Uji Tarik

e Prototip-2

e Prototip-3
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Lampiran 5. Mesin uji tarik prototip-2
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. . An American National Standard
[| DeS|g nation : E 8 - 04 American Association State

Highway and Transportation Officials Standard
ul I AASHTO No.: T68

INTERNATIONAL

Standard Test Methods for

Tension Testing of Metallic Materials !

This standard is issued under the fixed designation E 8; the number immediately following the designation indicates the year of original
adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A superscript
epsilon €) indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope* A 370 Test Methods and Definitions for Mechanical Testing

1.1 These test methods cover the tension testing of metallic ~ ©f Steel Products _ _
materials in any form at room temperature, specifically, the B 557 Test Methods of Tension Testing Wrought and Cast

methods of determination of yield strength, yield point elon- _Aluminum- and Magnesium-Alloy Products _
gation, tensile strength, elongation, and reduction of area. ~ E 4 Practices for Force Verification of Testing Machines
E 6 Terminology Relating to Methods of Mechanical Test-
Note 1—A complete metric companion to Test Methods E 8 has been
developed, therefore, no metric equivalents are shown in these test . . . _
methods. Committee E28 was granted an exception in 1997 by the E SI\I/I Tl\(/laSt MethOds for Tension Testing of Metallic Mate
Committee on Standards to maintain E8 and E8M as separate companion rials | et'f'C] . N L
standards rather than combining standards as recommended by the FormE 29 Practlce for Using S'Q’_“f'cam D!gns_ in Test Data to
and Style Manual. Determine Conformance with Specifications
Note 2—Gage lengths in these test methods are required to be 4D for E 83 Practice for Verification and Classification of Exten-
most round specimens. Test specimens made from powder metallurgy someters

(P/M) materials are exempt from this requirement by industry-wide E 208 Test Method for Conducting Drop-Weight Test to

Zggeg;nnes?ttyto keep the pressing of the material to a specific projected area Determine Nil-Ductility Transition Temperature of Ferritic
Note 3—EXxceptions to the provisions of these test methods may need Steels ) ) ) )
to be made in individual specifications or test methods for a particular E 345 Test Methods of Tension Testing of Metallic Foil

material. For examples, see Test Methods and Definitions A 370 and Test E 691 Practice for Conducting an Interlaboratory Study to

Methods B 557. Determine the Precision of a Test Method
Note 4—Room temperature shall be considered to be 50 to 100°F E 1012 Practice for Verification of Specimen Alignment
unless otherwise specified. Under Tensile Loading

1.2 This standard does not purport to address all of the )
safety concerns, if any, associated with its use. It is the3: Terminology
responsibility of the user of this standard to establish appro- 3.1 Definitions—The definitions of terms relating to tension
priate safety and health practices and determine the applicatesting appearing in Terminology E 6 shall be considered as

bility of regulatory limitations prior to use. applying to the terms used in these test methods of tension
testing. Additional terms being defined are as follows:
2. Referenced Documents 3.1.1 discontinuous yielding-in a uniaxial test, a hesitation
2.1 ASTM Standards? or fluctuation of force observed at the onset of plastic defor-

A 356/A 356M Specification for Steel Castings, Carbon,mation, due to localized yielding. (The stress-strain curve need
Low Alloy, and Stainless Steel, Heavy-Walled for Steamnot appear to be discontinuous.)
Turbines 3.1.2 lower yield strength, LYS [FI?]—in a uniaxial test,
the minimum stress recorded during discontinuous yielding,
ignoring transient effects.
*These test methods are under the jurisdiction of ASTM Committee E28 on  3.1.3 upper yield strength, UYS [FE]— in a uniaxial test,
Mechanical Testing and are the direct responsibility of Subcommittee E28.04 ofhe first stress maximum (stress at first zero slope) associated

Uniaxial Testing. . . . . . X
Current edition approved April 1, 2004. Published May 2004. Originally with discontinuous yleldmg at or near the onset of pIaStIC

approved in 1924. Last previous edition appproved 2008 8s- 03. deformation.

2 Annual Book of ASTM Standardgol 01.02. 3.1.4 yield point elongation, YPE- in a uniaxial test, the

For referenced ASTM standards, visit the ASTM website, www.astm.org, or ; - . _ : y
contact ASTM Customer Service at service@astm.org.Afotual Book of ASTM S.tram ((?Xpressed In percem) Separatmg the stress .S.tram curve's
Standards/olume information, refer to the standard’s Document Summary page onﬁrSt po_lnt of zero $|0pe from the pomt of tl‘anS.ItIOI’l from
the ASTM website. discontinuous yielding to uniform strain hardening. If the

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

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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transition occurs over a range of strain, the YPE end point isupported over their entire lengths by the heads of the testing
the intersection betweem)(a horizontal line drawn tangent to machine. This requires that liners of several thicknesses be
the curve at the last zero slope ano) @ line drawn tangent to available to cover the range of specimen thickness. For proper
the strain hardening portion of the stress-strain curve at thgripping, it is desirable that the entire length of the serrated
point of inflection. If there is no point at or near the onset offace of each wedge be in contact with the specimen. Proper
yielding at which the slope reaches zero, the material has 0 %lignment of wedge grips and liners is illustrated in Fig. 2. For
YPE. short specimens and for specimens of many materials it is
3.1.5 uniform elongation, EJ} [%]—the elongation deter- generally necessary to use machined test specimens and to use
mined at the maximum force sustained by the test piece just special means of gripping to ensure that the specimens, when

prior to necking or fracture, or both. under load, shall be as nearly as possible in uniformly
3.1.5.1 Discussior—Uniform elongation includes both elas- distributed pure axial tension (see 5.2.3, 5.2.4, and 5.2.5).
tic and plastic elongation. 5.2.3 Grips for Threaded and Shouldered Specimens and

L Brittle Materials—A schematic diagram of a gripping device
4. Significance and Use for threaded-end specimens is shown in Fig. 3, while Fig. 4

4.1 Tension tests provide information on the strength anghows a device for gripping specimens with shouldered ends.
ductility of materials under uniaxial tensile stresses. ThisBoth of these gripping devices should be attached to the heads
information may be useful in comparisons of materials, alloyof the testing machine through properly lubricated spherical-
development, quality control, and design under certain circumseated bearings. The distance between spherical bearings
stances. should be as great as feasible.

4.2 The results of tension tests of specimens machined to 5.2.4 Grips for Sheet Materials-The self-adjusting grips
standardized dimensions from selected portions of a part ashown in Fig. 5 have proven satisfactory for testing sheet
material may not totally represent the strength and ductilitymaterials that cannot be tested satisfactorily in the usual type of
properties of the entire end product or its in-service behavior ifvedge grips.
different environments. 5.2.5 Grips for Wire—Grips of either the wedge or snubbing

4.3 These test methods are considered satisfactory for agypes as shown in Fig. 5 and Fig. 6 or flat wedge grips may be
ceptance testing of commercial shipments. The test methoqged.
have been used extensively in the trade for this purpose. 5.3 Dimension-Measuring DevicesMicrometers and other
devices used for measuring linear dimensions shall be accurate

5. Apparatus . . .
PP . . , ) . and precise to at least one half the smallest unit to which the
5.1 Testing Machines-Machines used for tension testing ngividual dimension is required to be measured.

shall conform to the requirements of Practices E 4. The forces g 4 gytensometers: Extensometers used in tension testing
used in determining tensile strength and yield strength shall b?hall conform to the requirements of Practice E 83 for the

Withir?, the ver:ﬁfied force application range of the testing q|assifications specified by the procedure section of this test
machine as defined in Practices E 4. method. Extensometers shall be used and verified to include

5.2 Gripping Devic_es N . the strains corresponding to the yield strength and elongation at
5.2.1 General—Various types of gripping devices may be ., re (if determined).

used to transmit the measured force applied by the testing
machine to the test specimens. To ensure axial tensile stre n the nominal gage length of the specimen (dimension

Wit.hin' the gage length, the. axis of the test specimen shqul hown as G-Gage Length” in the accompanying figures) may
c0|nC|_de with the center line Qf the _heads of th(_a testing,q ysed to determine the yield behavior. For specimens without
mach_me. Any departure from th|s_ requwement may mtroducea reduced section (for example, full cross sectional area
bendm? t_stresfses tggt_da:jebnot mclude? n lthe usual Stre’i‘,?)ecimens of wire, rod, or bar), the extensometer gage length
computation (force divided by cross-sectional area). for the determination of yield behavior shall not exceed 80 %
Note 5—The effect of this eccentric force application may be illus- of the distance between grips. For measuring elongation at
trated by calculating the bending moment and stress thus added. Forfeacture with an appropriate extensometer, the gage length of
standardyz-in. diameter specimen, the stress increase is 1.5 percentagfe extensometer shall be equal to the nominal gage length

points for each 0.001 in. of eccentricity. This error increases to 2.2?, ; ; ;
percentage points/0.001 in. for a 0.350-in. diameter specimen and to 3. '?qu”ed for the specimen being tested.

percentage points/0.001 in. for a 0.250-in. diameter specimen. .
Note 6—Alignment methods are given in Practice E 1012. 6. Test Specimens

5.2.2 Wedge Grips-Testing machines usually are equipped 6.1 General
with wedge grips. These wedge grips generally furnish a 6.1.1 Specimen SizeTest specimens shall be either sub-
satisfactory means of gripping long specimens of ductile metastantially full size or machined, as prescribed in the product
and flat plate test specimens such as those shown in Fig. 1. Bpecifications for the material being tested.
however, for any reason, one grip of a pair advances farther 6.1.2 Location—Unless otherwise specified, the axis of the
than the other as the grips tighten, an undesirable bendingst specimen shall be located within the parent material as
stress may be introduced. When liners are used behind tHellows:
wedges, they must be of the same thickness and their faces6.1.2.1 Atthe center for product®4lin. or less in thickness,
must be flat and parallel. For best results, the wedges should lakameter, or distance between flats.

5.4.1 Extensometers with gage lengths equal to or shorter
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Dimensions
Standard Specimens Subsize Specimen
Plate-Type, 1¥2-in. Wide Sheet-Type, ¥2-in. Wide Ya-in. Wide
in. in. in.
G—Gage length (Note 1 and Note 2) 8.00+ 0.01 2.000+ 0.005 1.000 + 0.003
W—Width (Note 3 and Note 4) 1% + Y%, - Ya 0.500=+ 0.010 0.250 *= 0.005
T—Thickness (Note 5) thickness of material
R—Radius of fillet, min (Note 6) 1 Yo Ya
L—Over-all length, (Note 2, Note 7 and Note 8) 18 8 4
A—Length of reduced section, min 9 2Ya 1Y
B—Length of grip section, (Note 8) 3 2 1Ya
C—Width of grip section, approximate (Note 4 and Note 9) 2 Ya s

Note 1—For the ¥2-in. wide specimen, punch marks for measuring elongation after fracture shall be made on the flat or on the edge of the specimen
and within the reduced section. Either a set of nine or more punch marks 1 in. apart, or one or more pairs of punch marks 8 in. apart may be used.

Note 2—When elongation measurements &5-In. wide specimens are not required, a minimum length of reduced se&)iaf 24 in. may be used
with all other dimensions similar to those of the plate-type specimen.

Note 3—For the three sizes of specimens, the ends of the reduced section shall not differ in width by more than 0.004, 0.002 or 0.001 in., respectively.
Also, there may be a gradual decrease in width from the ends to the center, but the width at each end shall not be more than 0.015, 0.005, or 0.003 in.
respectively, larger than the width at the center.

Note 4—For each of the three sizes of specimens, narrower widiisutdC) may be used when necessary. In such cases the width of the reduced
section should be as large as the width of the material being tested permits; however, unless stated specifically, the requirements for elpnogticn in a
specification shall not apply when these narrower specimens are used.

Note 5—The dimensiofT is the thickness of the test specimen as provided for in the applicable material specifications. Minimum thickiegs. of 1
wide specimens shall b#s in. Maximum thickness o#2-in. and¥z-in. wide specimens shall b in. and ¥4 in., respectively.

Note 6—For the ¥2-in. wide specimen, &z-in. minimum radius at the ends of the reduced section is permitted for steel specimens under 100 000
psi in tensile strength when a profile cutter is used to machine the reduced section.

Note 7—The dimension shown is suggested as a minimum. In determining the minimum length, the grips must not extend in to the transition section
between Dimensions A and B, see Note 9.

Note 8—To aid in obtaining axial force application during testing/afin. wide specimens, the over-all length should be as large as the material will
permit, up to 8.00 in.

Note 9—It is desirable, if possible, to make the length of the grip section large enough to allow the specimen to extend into the grips a distance equal
to two thirds or more of the length of the grips. If the thickness/ein. wide specimens is ovéfs in., longer grips and correspondingly longer grip
sections of the specimen may be necessary to prevent failure in the grip section.

Note 10—For the three sizes of specimens, the ends of the specimen shall be symmetrical in width with the center line of the reduced section within
0.10, 0.05 and 0.005 in., respectively. However, for referee testing and when required by product specifications, the ericis ofitie specimen shall
be symmetrical within 0.01 in.

Note 11—For each specimen type, the radii of all fillets shall be equal to each other within a tolerance of 0.05 in., and the centers of curvature of the
two fillets at a particular end shall be located across from each other (on a line perpendicular to the centerline) within a tolerance of 0.10 in.

Note 12—Specimens with sides parallel throughout their length are permitted, except for referee testing, praytiedalfove tolerances are used;

(b) an adequate number of marks are provided for determination of elongatiorg)amuen yield strength is determined, a suitable extensometer is used.
If the fracture occurs at a distance of less th&viflbom the edge of the gripping device, the tensile properties determined may not be representative of
the material. In acceptance testing, if the properties meet the minimum requirements specified, no further testing is required, but if thegratadess th
minimum requirements, discard the test and retest.

FIG. 1 Rectangular Tension Test Specimens

6.1.2.2 Midway from the center to the surface for products 6.1.3.1 The reduced sections of prepared specimens should
over 22 in. in thickness, diameter, or distance between flats.be free of cold work, notches, chatter marks, grooves, gouges,
6.1.3 Specimen Machining-Improperly prepared test burrs, rough surfaces or edges, overheating, or any other

specimens often are the reason for unsatisfactory and incorregndition which can deleteriously affect the properties to be
test results. It is important, therefore, that care be exercised imeasured.

the preparation of specimens, particularly in the machining, to
maximize precision and minimize bias in test results.
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Wedge Grips Usper Heod of ’\Spher/cql
R - N Testing Machine {  Bearing
% SN\ : Upper Heod
Dl \\\ \i\\\ pper Heo
LA .
#f Testing
T Lin’erszhickness Varied Maching
According to Specimen Thick
ness to Keep Wedqge Grips 5p/l'/
Flat Specimen— from Protruding Above or Sockef
Below Head of Testing Ocker---—,
Machine
FIG. 2 Wedge Grips with Liners for Flat Specimens Solid
Clamping R
) Ring-"Wi
Spherical Specimen
Bearing with
Shouldered
Ends.
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=
/ === FIG. 4 Gripping Device for Shouldered-End Specimens
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FIG. 3 Gripping Device for Threaded-End Specimens ‘ Seot
! |

Note 7—Punching or blanking of the reduced section may produce
significant cold work or shear burrs, or both, along the edges which should
be removed by machining.

6.1.3.2 Within the reduced section of rectangular speci-
mens, edges or corners should not be ground or abraded in a

Section A-A—for Sheet and Strip
Specimen

manner which could cause the actual cross-sectional area of the 7 NN
specimen to be significantly different from the calculated area. 3“\// N
6.1.3.3 For brittle materials, large radius fillets at the ends of S E——

the gage length should be used. Section A-A— for Wire
6.1.3.4 The cross-sectional area of the specimen should be FIG. 5 Gripping Devices for Sheet and Wire Specimens
smallest at the center of the reduced section to ensure fracture
within the gage length. For this reason, a small taper is
permitted in the reduced section of each of the specimens 6.1.4 Specimen Surface FinisiWhen materials are tested
described in the following sections. with surface conditions other than as manufactured, the surface
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™ form of sheet, plate, flat wire, strip, band, hoop, rectangles, and

shapes ranging in nominal thickness from 0.00%4m. When
product specifications so permit, other types of specimens may
be used, as provided in 6.2, 6.4, and 6.5.

Note 9—Test Methods E 345 may be used for tension testing of
materials in thicknesses up to 0.0059 in.

6.3.2 Pin ends as shown in Fig. 7 may be used. In order to
avoid buckling in tests of thin and high-strength materials, it
may be neccessary to use stiffening plates at the grip ends.

6.4 Round Specimens

6.4.1 The standard 0.500-in. diameter round test specimen
shown in Fig. 8 is used quite generally for testing metallic
FIG. 6 Snubbing Device for Testing Wire materials, both cast and wrought.

6.4.2 Fig. 8 also shows small-size specimens proportional to
finish of the test specimens should be as provided in théhe standard specimen. These may be used when it is necessary
applicable product specifications. to test material from which the standard specimen or specimens

Note 8—Particular attention should be given to the uniformity and Sho"‘(” in Fig. 1 cannot be prepared. Other SIZ?S of Sm.a” rou.n(.j
quality of surface finish of specimens for high strength and very lowSPECIMeNs may be used. In any such small-size specimen it is
ductility materials since this has been shown to be a factor in thdmportant that the gage length for measurement of elongation
variability of test results. be four times the diameter of the specimen.

6.2 Plate-Type SpecimensThe standard plate-type test 6.4.3 The shape of the ends of the specimen outside of the
specimen is shown in Fig. 1. This specimen is used for testingage length shall be suitable to the material and of a shape to
metallic materials in the form of plate, shapes, and flat materidit the holders or grips of the testing machine so that the forces
having a nominal thickness 6hs in. or over. When product may be applied axially. Fig. 9 shows specimens with various
specifications so permit, other types of specimens may be uselypes of ends that have given satisfactory results.
as provided in 6.3, 6.4, and 6.5. 6.5 Specimens for Sheet, Strip, Flat Wire, and Plata

6.3 Sheet-Type Specimens testing sheet, strip, flat wire, and plate, use a specimen type

6.3.1 The standard sheet-type test specimen is shown in Figppropriate for the nominal thickness of the material, as
1. This specimen is used for testing metallic materials in thelescribed in the following:

Dimensions in.
G—Gage length 2.000 + 0.005
W—Width (Note 1) 0.500 *+ 0.010
T—Thickness, max (Note 2) Y8
R—Radius of fillet, min (Note 3) Y2
L—Over-all length, min 8
A—Length of reduced section, min 2Y4
B—Length of grip section, min 2
C—Width of grip section, approximate 2
D—Diameter of hole for pin, min (Note 4) Yo
E—Edge distance from pin, approximate 1¥>
F—Distance from hole to fillet, min Y2

Note 1—The ends of the reduced section shall differ in width by not more than 0.002 in. There may be a gradual taper in width from the ends to the
center, but the width at each end shall be not more than 0.005 in. greater than the width at the center.
Note 2—The dimensiorT is the thickness of the test specimen as stated in the applicable product specifications.
Note 3—For some materials, a fillet radidslarger than¥2 in. may be needed.
Note 4—Holes must be on center line of reduced section, withih002 in.
Note 5—Variations of dimension€, D, E, F, andL may be used that will permit failure within the gage length.
FIG. 7 Pin-Loaded Tension Test Specimen with 2-in. Gage Length
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Dimensions
Standard Specimen Small-Size Specimens Proportional to Standard
in. in. in. in. in.
Nominal Diameter 0500 0.350 0.250 0.160 0.113
G—Gage length 2.000 + 0.005 1.400 = 0.005 1.000 + 0.005 0.640 = 0.005 0.450 = 0.005
D—Diameter (Note 1) 0.500 = 0.010 0.350 + 0.007 0.250 + 0.005 0.160 =+ 0.003 0.113 *= 0.002
R—Radius of fillet, min ¥ Ya 16 Y32 Y32
A—Length of reduced section, min (Note 2) 2Ya 1% 1Ya Ya Y8

Note 1—The reduced section may have a gradual taper from the ends toward the center, with the ends not more than 1 % larger in diameter than the
center (controlling dimension).

Note 2—If desired, the length of the reduced section may be increased to accommodate an extensometer of any convenient gage length. Referenc
marks for the measurement of elongation should, nevertheless, be spaced at the indicated gage length.

Note 3—The gage length and fillets may be as shown, but the ends may be of any form to fit the holders of the testing machine in such a way that
the load shall be axial (see Fig. 9). If the ends are to be held in wedge grips it is desirable, if possible, to make the length of the grip sectioglgreat enou
to allow the specimen to extend into the grips a distance equal to two thirds or more of the length of the grips.

Note 4—On the round specimens in Figs. 8 and 9, the gage lengths are equal to four times the nominal diameter. In some product specifications othel
specimens may be provided for, but unless the 4-to-1 ratio is maintained within dimensional tolerances, the elongation values may not be comparable
with those obtained from the standard test specimen.

Note 5—The use of specimens smaller than 0.250-in. diameter shall be restricted to cases when the material to be tested is of insufficient size to obtair
larger specimens or when all parties agree to their use for acceptance testing. Smaller specimens require suitable equipment and greater skill in bot
machining and testing.

Note 6—Five sizes of specimens often used have diameters of approximately 0.505, 0.357, 0.252, 0.160, and 0.113 in., the reason being to permit eas
calculations of stress from loads, since the corresponding cross-sectional areas are equal or close to 0.200, 0.100, 0.0500, 0.0200, ahd 0.0100 in.
respectively. Thus, when the actual diameters agree with these values, the stresses (or strengths) may be computed using the simple madsiplying fact
5, 10, 20, 50, and 100, respectively. (The metric equivalents of these five diameters do not result in correspondingly convenient cross-ssciiotal are
multiplying factors.)

FIG. 8 Standard 0.500-in. Round Tension Test Specimen with 2-in. Gage Length and Examples of Small-Size Specimens Proportional to
the Standard Specimen

6.5.1 For material with a nominal thickness of 0.0005-prescribed in product specifications. In testing wire, rod, or bar
0.1875 in., use the sheet-type specimen described in 6.3. that has as-in. or larger diameter, unless otherwise specified,
6.5.2 For material with a nominal thickness of 0.1875-a gage length equal to four times the diameter shall be used.
0.500 in., use either the sheet-type specimen of 6.3 or th&he total length of the specimens shall be at least equal to the
plate-type specimen of 6.2. gage length plus the length of material required for the full use
6.5.3 For material with a nominal thickness of 0.500-0.7500f the grips employed.
in., use either the sheet-type specimen of 6.3, the plate-type 6.6.2 For wire of octagonal, hexagonal, or square cross
specimen of 6.2, or the largest practical size of round specimesection, for rod or bar of round cross section where the
described in 6.4. specimen required in 6.6.1 is not practicable, and for rod or bar
6.5.4 For material with a nominal thickness of 0.750 in., orof octagonal, hexagonal, or square cross section, one of the
greater, use the plate-type specimen of paragraph 6.2 or thellowing types of specimens shall be used:
largest practical size of round specimen described in 6.4. 6.6.2.1 Full Cross Section(Note 10)—It is permissible to
6.5.4.1 If the product specifications permit, material of areduce the test section slightly with abrasive cloth or paper, or
thickness of 0.750 in., or greater may be tested using anachine it sufficiently to ensure fracture within the gage
modified sheet-type specimen conforming to the configuratiomarks. For material not exceeding 0.188 in. in diameter or
shown by Fig. 2. The thickness of this modified specimen mustlistance between flats, the cross-sectional area may be reduced
be machined to 0.400 +/- 0.020 in., and must be uniform withirto not less than 90 % of the original area without changing the
0.004 in. throughout the reduced section. In the event ofhape of the cross section. For material over 0.188 in. in
disagreement, a round specimen shall be used as the referdiameter or distance between flats, the diameter or distance
specimen. between flats may be reduced by not more than 0.010 in.
6.6 Specimens for Wire, Rod, and Bar without changing the shape of the cross section. Square,
6.6.1 Forround wire, rod, and bar, test specimens having thieexagonal, or octagonal wire or rod not exceeding 0.188 in.
full cross-sectional area of the wire, rod, or bar shall be usetetween flats may be turned to a round having a cross-sectional
wherever practicable. The gage length for the measurement afea not smaller than 90 % of the area of the maximum
elongation of wire less tha#s in. in diameter shall be as inscribed circle. Fillets, preferably with a radius %fin., but
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Dimensions
Specimen 1 Specimen 2 Specimen 3 Specimen 4 Specimen 5
in. in. in. in. in.
G—Gage length 2.000 * 0.005 2.000 + 0.005 2.000 + 0.005 2.000 =+ 0.005 2.000 * 0.005
D—Diameter (Note 1) 0.500 *= 0.010 0.500 *= 0.010 0.500=+ 0.010 0.500=+ 0.010 0.500=+ 0.010
R—Radius of fillet, min Y8 s Y16 s EZ]
A—Length of reduced section 2Y4 , min 2Y%4 , min 4, approximately 2%, min 2Y4 , min
L—Over-all length, approximate 5 5Y%2 5% LEZ 9%
B—Length of end section (Note 3) 1% , approximately 1, approximately ¥4 , approximately > , approximately 3, min
C—Diameter of end section Ya Ya 2¥32 s Ya
E—Length of shoulder and fillet Y8 Ya s
section, approximate
F—Diameter of shoulder s Y8 1952

Note 1—The reduced section may have a gradual taper from the ends toward the center with the ends not more than 0.005 in. larger in diameter thar
the center.
Note 2—On Specimens 1 and 2, any standard thread is permissible that provides for proper alignment and aids in assuring that the specimen will break
within the reduced section.
Note 3—On Specimen 5 it is desirable, if possible, to make the length of the grip section great enough to allow the specimen to extend into the grips
a distance equal to two thirds or more of the length of the grips.
FIG. 9 Various Types of Ends for Standard Round Tension Test Specimens

not less thar¥s in., shall be used at the ends of the reduced 6.6.2.2 For rod and bar, the largest practical size of round

sections. Square, hexagonal, or octagonal rod over 0.188 ispecimen as described in 6.4 may be used in place of a test
between flats may be turned to a round having a diameter ngpecimen of full cross section. Unless otherwise specified in

smaller than 0.010 in. less than the original distance betweetle product specification, specimens shall be parallel to the

flats. direction of rolling or extrusion.

Note 10—The ends of copper or copper alloy Specimens. may beb 6.7 Specimens for_RectanguIar BaJrI_n testing rectangular.
flattened 10 to 50 % from the original dimension in a jig similar to that P&r one of the following types of specimens shall be used:
shown in Fig. 10, to facilitate fracture within the gage marks. In flattening  6.7.1 Full Cross Sectior-It is permissible to reduce the
the opposite ends of the test specimen, care shall be taken to ensure thaidth of the specimen throughout the test section with abrasive
the four flattened surfaces are parallel and that the two parallel surfaces @oth or paper, or by machining sufficiently to facilitate fracture
the same side of the axis of the test specimen lie in the same plane. within the gage marks, but in no case shall the reduced width
be less than 90 % of the original. The edges of the midlength
of the reduced section not less th#nin. in length shall be
parallel to each other and to the longitudinal axis of the
specimen within 0.002 in. Fillets, preferably with a radiugef

in. but not less thar¥s in. shall be used at the ends of the
reduced sections.

6.7.2 Rectangular bar of thickness small enough to fit the
grips of the testing machine but of too great width may be
reduced in width by cutting to fit the grips, after which the cut
surfaces shall be machined or cut and smoothed to ensure
failure within the desired section. The reduced width shall be
not less than the original bar thickness. Also, one of the types
of specimens described in 6.2, 6.3, and 6.4 may be used.

6.8 Shapes, Structural and Othefin testing shapes other
than those covered by the preceding sections, one of the types
FIG. 10 Squeezing Jig for Flattening Ends of Full-Size Tension of specimens described in 6.2, 6.3, and 6.4 shall be used.

Test Specimens 6.9 Specimens for Pipe and Tul{dlote 11):

PRESSURE
APPLIED

SPECIMEN

JIG
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6.9.1 For all small tube (Note 11), particularly sizes 1 in.
and under in nominal outside diameter, and frequently for
larger sizes, except as limited by the testing equipment, it is
standard practice to use tension test specimens of full-size
tubular sections. Snug-fitting metal plugs shall be inserted far
enough into the ends of such tubular specimens to permit the
testing machine jaws to grip the specimens properly. The plugs
shall not extend into that part of the specimen on which the
elongation is measured. Elongation is measured over a length
of 4D unless otherwise stated in the product specification. Fig.
11 shows a suitable form of plug, the location of the plugs in
the specimen, and the location of the specimen in the grips of Note 1—The edges of the blank for the specimen shall be cut parallel

the testing machine. to each other. _ o _
FIG. 12 Location from Which Longitudinal Tension Test
Note 11—The term “tube” is used to indicate tubular products in Specimens Are to be Cut from Large-Diameter Tube

general, and includes pipe, tube, and tubing.

6.9.2 For large-diameter tube that cannot be tested in fulkpecimens for large tube undgrin. in wall thickness shall be
section, longitudinal tension test specimens shall be cut asither of the small-size specimens shown in Fig. 8 or of the
indicated in Fig. 12. Specimens from welded tube shall b§orm and dimensions shown for Specimen 2 in Fig. 13. When
located approximately 90° from the weld. If the tube-wall ysing the latter specimen, either or both surfaces of the
thickness is unde¥a in., either a specimen of the form and specimen may be machined to secure a uniform thickness,
dimensions shown in Fig. 13 or one of the small-size speciprovided not more than 15 % of the normal wall thickness is
mens proportional to the standatd-in. specimen, as men- removed from each surface. For large then. and over in
tioned in 6.4.2 and shown in Fig. 8, shall be used. Specimengga|| thickness, the standard specimen shown in Fig. 8 shall be
of the type shown in Fig. 13 may be tested with grips havingysed for transverse tension tests. Specimens for transverse
a surface contour corresponding to the curvature of the tubgensjon tests on large welded tube to determine the strength of

When grips with curved faces are not available, the ends of th@elds shall be located perpendicular to the welded seams, with
specimens may be flattened without heating. If the tube-wallhe welds at about the middle of their lengths.

thickness i/ in. or over, the standard specimen shown in Fig. 6,10 Specimens for ForgingsFor testing forgings, the

8 shall be used. largest round specimen described in 6.4 shall be used. If round
Note 12—In clamping of specimens from pipe and tube (as may beSPecimens are not feasible, then the largest specimen described
done during machining) or in flattening specimen ends (for gripping), carén 6.5 shall be used.
must be taken so as not to subject the reduced section to any deformation6.10.1 For forgings, specimens shall be taken as provided in
or cold work, as this would alter the mechanical properties. the applicable product specifications, either from the predomi-
6.9.3 Transverse tension test specimens for tube may beant or thickest part of the forging from which a coupon can be
taken from rings cut from the ends of the tube as shown in Figobtained, or from a prolongation of the forging, or from
14. Flattening of the specimen may be either after separating &parately forged coupons representative of the forging. When
in A, or before separating as iB. Transverse tension test not otherwise specified, the axis of the specimen shall be
parallel to the direction of grain flow.
6.11 Specimens for Castingsln testing castings either the

T standard specimen shown in Fig. 8 or the specimen shown in
}.\;:‘ @ Fig. 15 shall be used unless otherwise provided in the product
N specifications.

6.11.1 Test coupons for castings shall be made as shown in
Fig. 16 and Table 1.

D

,L).: e R 6.12 Specimen for Malleable Iren-For testing malleable
s 58’\3‘ A l_ iron the test specimen shown in Fig. 17 shall be used, unless
Sis ;f% Testing machine jows ) l otherwise provided in the product specifications.
il /—\a AT l'~ 6.13 Specimen for Die CastingsFor testing die castings
—t | the test specimen shown in Fig. 18 shall be used unless
- . N I otherwise provided in the product specifications.
Hiih \ 6.14 Specimens for Powder Metallurgy (P/M) Materials

f For testing powder metallurgy (P/M) materials the test speci-
TS mens shown in Fig. 19 and Fig. 20 shall be used, unless
otherwise provided in the product specifications. When making
L = i test specimens in accordance with Fig. 19, shallow transverse
limiting the test machine jaws to the curved section. id b d in th ds t I
FIG. 11 Metal Plugs for Testing Tubular Specimens, Proper ng’OYeS’ Or rnages, may e_ pressed In e ,en s 1o allow
Location of Plugs in Specimen and of Specimen in Heads of gripping by jaws machined to fit the grooves or .”dges- Be_cause
Testing Machine of shape and other factors, the flat unmachined tensile test

Note 1—The diameter of the plug shall have a slight taper from the line
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Dimensions
Specimen 1 Specimen 2 Specimen 3 Specimen 4 Specimen 5 Specimen 6 Specimen 7
in. in. in. in. in. in. in.

G—Gage length 2.000 + 0.005 2.000 + 0.005 8.00 + 0.01 2.000+ 0.005 4.000 = 0.005 2.000 + 0.005  4.000 =+ 0.005
W—Width (Note 1) 0.500 * 0.010 1Y +Y% - Va 1Y +Y% - Va 0.750=+ 0.031 0.750 = 0.031 1.000 + 0.062 1.000 + 0.062
T—Thickness measured thickness of specimen
R—Radius of fillet, min Y2 1 1 1 1 1 1
A—Length of reduced 2Ys 2Y4 9 2Y4 4y 2Ys Y2

section, min
B—Length of grip sec- 3 3 3 3 3 3 3

tion, min (Note 2)
C—Width of grip sec- Wie 2 2 1 1 1> 1>

tion, approximate

(Note 3)

Note 1—The ends of the reduced section shall differ in width by not more than 0.002 in. for specimens 1 and 4, and not more than 0.005 in. for
specimens 2, 3, 5, 6, and 7. There may be a gradual taper in width from the ends to the center, but the width at each end shall be not more than 0.00
in. greater than the width at the center for 2-in. gage length specimens, not more than 0.008 in. greater than the width at the center for 4-il. gage lengt
specimens, and not more than 0.015 in. greater than the width at the center for 8-in. gage length specimens.

Note 2—It is desirable, if possible, to make the length of the grip section great enough to allow the specimen to extend into the grips a distance equal

to two thirds or more of the length of the grips.
Note 3—The ends of the specimen shall be symmetrical with the center line of the reduced section within 0.05 in. for specimens 1, 4, and 5, and 0.10

in. for specimens 2, 3, 6, and 7.

Note 4—For each specimen type, the radii of all fillets shall be equal to each other within a tolerance of 0.05 in., and the centers of curvature of the
two fillets at a particular end shall be located across from each other (on a line perpendicular to the centerline) within a tolerance of 0.10 in.

Note 5—For circular segments, the cross-sectional area may be calculated by multfMyand T. If the ratio of the dimensiohV to the diameter
of the tubular section is larger than abdat, the error in using this method to calculate the cross-sectional area may be appreciable. In this case, the
exact equation (see section 7.2.3) must be used to determine the area.

Note 6—Specimens wittG/W less than 4 should not be used for determination of elongation.

Note 7—Specimens with sides parallel throughout their length are permitted, except for referee testing, prayithedalfove tolerances are used;
(b) an adequate number of marks are provided for determination of elongatiorc)amaef yield strength is determined, a suitable extensometer is used.
If the fracture occurs at a distance of less th&viflom the edge of the gripping device, the tensile properties determined may not be representative of
the material. If the properties meet the minimum requirements specified, no further testing is required, but if they are less than the minimuentgquirem

discard the test and retest.
FIG. 13 Tension Test Specimens for Large-Diameter Tubular Products

7.2 Measurement of Dimensions of Test Specimens

ﬂ 7.2.1 To determine the cross-sectional area of a test speci-
= men, measure the dimensions of the cross section at the center
of the reduced section. For referee testing of specimens under

%16 in. in their least dimension, measure the dimensions where
FIG. 14 Location of Transverse Tension Test Specimen in Ring the least cross-sectional area is found. Measure and record the
Cut from Tubular Products cross-sectional dimensions of tension test specimens 0.200 in.

and over to the nearest 0.001 in.; the cross-sectional dimen-

sions from 0.100 in. but less than 0.200 in., to the nearest

specimen (Fig. 19) in the heat treated condition will have arp.0005 in.; the cross-sectional dimensions from 0.020 in. but

ultimate tensile strength of 50 % to 85 % of that determined iness than 0.100 in., to the nearest 0.0001 in.; and when
a machined round tensile test specimen (Fig. 20) of likepractical, the cross-sectional dimensions less than 0.020 in., to
composition and processing. at least the nearest 1 % but in all cases to at least the nearest

0.0001 in.

7. Procedures . § _ f _ i _
. . Note 13—Accurate and precise measurement of specimen dimensions
7.1 .Preparatlon of the TeSt MaChm,e Upon _St_artuP’ O can be one of the most critical aspects of tension testing, depending on
fOIIOWIﬂg a prolonged pgnod of machine inactivity, the test specimen geometry. See Appendix X2 for additional information.
machine should be_ QXQrCIsed or warmed up to normal opera}tlng Note 14—Rough surfaces due to the manufacturing process such as hot
temperatures to minimize errors that may result from transienbliing, metallic coating, etc., may lead to inaccuracy of the computed
conditions. areas greater than the measured dimensions would indicate. Therefore,
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A = approximate cross-sectional areaZin.
RN W = width of the specimen in the reduced section, in., and
T = measured wall thickness of the specimen, in.

Note 16—See X2.8 for cautionary information on measurements and
calculations for specimens taken from large-diameter tubing.

7.3 Gage Length Marking of Test Specimens

7.3.1 The gage length for the determination of elongation
shall be in accordance with the product specifications for the
Specimenl  Specimen2 Specimen3  material being tested. Gage marks shall be stamped lightly with

Dimensions

in. in. in. a punch, scribed lightly with dividers or drawn with ink as

G—Length of parallel section  Shall be equal to or greater than diameter D preferred. For material that is sensitive to the effect of slight
e et min 9500 = 0010 9750 = 0.015 725 = 002 notches and for small specimens, the use of layout ink will aid
A—Length of reduced section, 1% 1% 21/, in locating the original gage marks after fracture.
min 7.3.2 For materials where the specified elongation is 3 % or
L—Over-all length, min 3% 4 6¥s e :
B_Length of end section, 1 1 ull Ie§s, measure the original gage length to the nearest 0.002 in.

approximate prior to testing.
C—Diameter of end section, % 1Y 1% 7.4 Zeroing of the Testing Machine
approximate : : :
E-Length of shoulder, min ¥ Ve by, 7.4.1 The testing m'achlr)e §hal| be set up in such a manner
F—Diameter of shoulder % * Yos 1946 *+ Yea 176 + You that zero force indication signifies a state of zero force on the

specimen. Any force (or preload) imparted by the gripping of
Note 1—Note—The reduced section and shoulders (dimenstori3,  the specimen (see Note 17) must be indicated by the force
E, F, G andR) shall be as shown, but the ends may be of any form to ﬁtmeasuring system unless the preload is physically removed
the holders of the testing machine in such a way that the force can be axia&rior to testing. Artificial methods of removing the preload on
Commonly the ends are threaded and have the dimenBianslC given e e 'such T 4 ¢ b diust pot
above. p' ' , ' g It out by a zero a jUS pot or
FIG. 15 Standard Tension Test Specimen for Cast Iron removing it mathematically by software, are prohibited be-
cause these would affect the accuracy of the test results.

Note 17—~Preloads generated by gripping of specimens may be either
cross-sectional dimensions of test specimens with rough surfaces due fénsile or compressive in nature and may be the result of such things as:
processing may be measured and recorded to the nearest 0.001 in. — grip design

Note 15—See X2.9 for cautionary information on measurements taken

from coated metal products. — malfunction of gripping apparatus (sticking, binding, etc.)

. . . — excessive gripping force
7.2.2 Determine the cross-sectional area of a full-size test __ gensitivity of the control loop
specimen of uniform but nonsymmetrical cross section by nore 18It is the operator's responsibility to verify that an observed
determining the mass of a length not less than 20 times longgjeload is acceptable and to ensure that grips operate in a smooth manner.
than the largest cross-sectional dimension. Unless otherwise specified, it is recommended that momentary (dynamic)
7.2.2.1 Determine the weight to the nearest 0.5 % or less forces due to gripping not exceed 20 % of the material’s nominal yield
7.2.2.2 The cross-sectional area is equal to the mass of th;gength and that static preloads not exceed 10 % of the material’s nominal
specimen divided by the length and divided by the density o¥i€ld strength.
the material. 7.5 Gripping of the Test Specimen
7.2.3 When using specimens of the type shown in Fig. 13 7.5.1 For specimens with reduced sections, gripping of the
taken from tubes, the cross-sectional area shall be determinggecimen shall be restricted to the grip section, because
as follows: gripping in the reduced section or in the fillet can significantly
If D/W =6: affect test results.
7.6 Speed of Testing
7.6.1 Speed of testing may be defined in termsapféte of
straining of the specimen}j rate of stressing of the specimen,

A =[(W4) x (D* — W] + [(D%4)
x arcsin(WID)] — [(W/4) X ((D — 2T)2% — W?)¥2]

) :
(D — 2T)/2)" x arcsin(WI(D — 2T))] () (c) rate of separation of the two heads of the testing machine
where: during a test,d) the elapsed time for completing part or all of
A = exact cross-sectional area,?n. the test, or €) free-running crosshead speed (rate of movement
W = width of the specimen in the reduced section, in.,  of the crosshead of the testing machine when not under load).
D = measured outside diameter of the tube, in., and 7.6.2 Specifying suitable numerical limits for speed and
T = measured wall thickness of the specimen, in. selection of the method are the responsibilities of the product
arcsin values to be in radians committees. Suitable limits for speed of testing should be
If D/W > 6, the exact equation or the following equation may specified for materials for which the differences resulting from
be used: the use of different speeds are of such magnitude that the test
A=WXT (2)  results are unsatisfactory for determining the acceptability of

the material. In such instances, depending upon the material
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FIG. 16 Test Coupons for Castings (see Table 1 for Details of Design)

TABLE 1 Details of Test Coupon Design for Castings (See Fig. 16)

Note 1—Test Coupons for Large and Heavy Steel Castifigee test coupons in Fig. 16 are to be used for large and heavy steel castings. However,
at the option of the foundry the cross-sectional area and length of the standard coupon may be increased as desired. This provision does not apply t
Specification A 356/A 356M.

Note 2—Bend Bar:If a bend bar is required, an alternate design (as shown by dotted lines in Fig. 16) is indicated.

Log Design (5 in.) Riser Design

1. L (length) A 5-in. minimum length will be used. This length 1. L (length) The length of the riser at the base will be the same as the top
may be increased at the option of the foundry to length of the leg. The length of the riser at the top therefore
accommodate additional test bars (see Note 1). depends on the amount of taper added to the riser.

2. End taper Use of and size of end taper is at the option of the 2. Width The width of the riser at the base of a multiple-leg coupon
foundry. shall be n (2% in.) = % in. where n equals the number of

legs attached to the coupon. The width of the riser at the top
is therefore dependent on the amount of taper added to the
riser.

3. Height 1% in.

4. Width (at top) 1%4 in. (see Note 1)

5. Radius (at bottom) Y2 in. max

6. Spacing between legs A ¥2-in. radius will be used between the legs.

7. Location of test bars The tensile, bend, and impact bars will be taken
from the lower portion of the leg (see Note 2).

8. Number of legs The number of legs attached to the coupon is at 3. T (riser taper) Use of and size is at the option of the foundry. The minimum
the option of the foundry providing they are equis- Height height of the riser shall be 2 in. The maximum height is at the
paced according to Item 6. option of the foundry for the following reasons: (a) many risers

are cast open, (b) different compositions may require variation
in risering for soundness, or (c) different pouring temperatures
may require variation in risering for soundness.

9. Rs Radius from 0 to approximately 16 in.

and the use for which the test results are intended, one or more7.6.2.1 Rate of Straining-The allowable limits for rate of
of the methods described in the following paragraphs isstraining shall be specified in inches per inch per minute. Some

recommended for specifying speed of testing. testing machines are equipped with pacing or indicating
Note 19—Speed of testing can affect test values because of the ratgev!ces for the measurement af‘d control of rate of S”a'”_'”,g’
sensitivity of materials and the temperature-time effects. but in the absence of such a device the average rate of straining
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Dimensions
in.
D—Diameter EZ]
R—Radius of fillet Y%e
A—Length of reduced section 2Y>
L—Over-all length Y2
B—Length of end section 2Y>
C—Diameter of end section Ya
E—Length of fillet Y16

FIG. 17 Standard Tension Test Specimen for Malleable Iron
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Dimensions
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G—Gage length 2.000 =+ 0.005
D—Diameter (see Note) 0.250 * 0.005
R—Radius of fillet, min 3

A—Length of reduced section, min 2Ya
L—Over-all length, min 9

B—Distance between grips, min 4Y>
C—Diameter of end section, approximate bz

Note 1—The reduced section may hve a gradual taper from the end toward the center, with the ends not more than 0.005 in. larger in diameter than

the center.
FIG. 18 Standard Tension Test Specimens for Die Castings

can be determined with a timing device by observing the timelevices for the measurement and control of the rate of
required to effect a known increment of strain. separation of the heads of the machine during a test, but in the
7.6.2.2 Rate of Stressing-The allowable limits for rate of absence of such a device the average rate of separation of the
stressing shall be specified in pounds per square inch péreads can be experimentally determined by using suitable
minute. Many testing machines are equipped with pacing ofength-measuring and timing devices.
indicating devices for the measurement and control of the rate 7.6.2.4 Elapsed Time-The allowable limits for the elapsed
of stressing, but in the absence of such a device the averagiene from the beginning of force application (or from some
rate of stressing can be determined with a timing device bypecified stress) to the instant of fracture, to the maximum
observing the time required to apply a known increment offorce, or to some other stated stress, shall be specified in
stress. minutes or seconds. The elapsed time can be determined with
7.6.2.3 Rate of Separation of Heads During TesfEhe a timing device.
allowable limits for rate of separation of the heads of the 7.6.2.5Free-Running Crosshead SpeedThe allowable
testing machine, during a test, shall be specified in inches pdimits for the rate of movement of the crosshead of the testing
inch of length of reduced section (or distance between grips fomachine, with no force applied by the testing machine, shall be
specimens not having reduced sections) per minute. The limitspecified in inches per inch of length of reduced section (or
for the rate of separation may be further qualified by specifyinglistance between grips for specimens not having reduced
different limits for various types and sizes of specimens. Manysections) per minute. The limits for the crosshead speed may be
testing machines are equipped with pacing or indicatingurther qualified by specifying different limits for various types
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Pressing Area =1.00 in.? L i
Dimensions Specified, are Those of the Die
Pressing Area = 1.00 in. 2 Approximate Pressing Area of Unmachined Compact = 1.166 in.

Machining Recommendations

2

Dimensions 1. R_ot_Jgh machine reducet_j seqtion to 1/4_-in. di;}meter
2. Finish turn 0.187/0.191-in. diameter with radii and taper
in. 3. Polish with 00 emery cloth
G—Gage length 1.000 + 0.003 4. Lap with crocus cloth
D—Width at center 0.225 = 0.001 Dimensions
W—Width at end of reduced section 0.235 = 0.001 in
T—Compact to this thickness 0.140 to 0.250 :
R—Radius of fillet 1 G—Gage length 1.000 + 0.003
A—Half-length of reduced section s D—Diameter at center of reduced section 0.187=+ 0.001
B—Girip length 3.187 = 0.001 H—Diameter at ends of gage length 0.191 =+ 0.001
L—Overall length 3.529 = 0.001 R—Radius of fillet 0.250 *= 0.005
C—Width of grip section 0.343 = 0.001 A—Length of reduced section 1.875 + 0.003
F—Half-width of grip section 0.171 + 0.001 L—Overall length (die cavity length) 3, nominal
E—End radius 0.171 = 0.001 B—Length of end section 0.310 = 0.005
C—Compact to this end thickness 0.395 * 0.005
. N ; i W—Die cavity width 0.395 = 0.003
i Note 1—Note—Dimensions Specified, exc&pandT, are those of the E—Length of shoulder 0.250 = 0.005
1e. F—Diameter of shoulder 0.310 + 0.001
FIG. 19 Standard Flat Unmachined Tension Test Specimens for J—End fillet radius 0.050 + 0.005

Powder Metallurgy (P/M) Products

NoTe 1—The gage length and fillets of the specimen shall be as shown.

. . The ends as shown are designed to provide a practical minimum pressing
and sizes of specimens. The average crosshead speed can,R@ other end designs are acceptable, and in some cases are required for
experimentally determined by using suitable length-measuringigh-strength sintered materials.

and timing devices. NoTe 2—It is recommended that the test specimen be gripped with a

. . ) ) split collet and supported under the shoulders. The radius of the collet
Note 20—For machines not having crossheads or having stationary,

. . port circular edge is to be not less than the end fillet radius of the test
crossheads, the phrase “free-running crosshead speed” may be mterpregﬁgcimen_

to mean the free-running rate of grip separation. Note 3—Diameterd andH are to be concentric within 0.001 in. total
7.6.3 Speed of Testing When Determining Yieldindicator runout (T.I.R.), and free of scratches and tool marks.

Properties—Unless otherwise specified, any convenient speed FIG. 20 Standard Round Machined Tension Test Specimen for

of testing may be used up to one half the specified yield Powder Metallurgy (P/M) Products

strength or up to one quarter the specified tensile strength,

Wh'qhever ',S ,Sma"er', _The spged above th's_ p,o'”F shall b%e increased in order to maintain a stressing rate when the specimen

within the limits specified. If different speed limitations are pegins to yield. In practice, it is simpler to use either a strain rate, a rate

required for use in determining yield strength, yield pointof separation of the heads, or a free-running crosshead speed which

elongation, tensile strength, elongation, and reduction of areapproximates the desired stressing rate. As an example, use a strain rate

they should be stated in the product specifications. In théhat is less than 100 000 psi divided by the nominal Young’s Modulus of

absence of any specified limitations on speed of testing thﬁ%e material being tested. As another example, find a rate of separation of
following general rules shall apply: " " the heads through experimentation which would approximate the desired

stressing rate prior to the onset of yielding, and maintain that rate of
Note 21—In the previous and following paragraphs, the yield proper-Separation of the heads through the region that yield properties are
ties referred to include yield strength and yield point elongation. determined. While both of these methods will provide similar rates of

. stressing and straining prior to the onset of yielding, the rates of stressing
7.6.3.1 The speed of testing shall be such that the forces a d straining may be different in the region where yield properties are

strains used in obtaining the test results are accurately indietermined. This difference is due to the change in the rate of elastic
cated. deformation of the testing machine, before and after the onset of yielding.
7.6.3.2 When performing a test to determine yield properdn addition, the use of any of the methods other than rate of straining may
ties, the rate of stress application shall be between 10 000 arigsult in different stressing and straining rates when using different testing
100 000 psi/min. machines, due to differences in the stiffness of the testing machines used.

Note 22—When a specimen being tested begins to yield, the stressin 7.6.4 Speed of Testing When Determining Tensile
rate decreases and may even become negative in the case of a speci tﬁength—ln the absence of any specified limitations on speed

with discontinuous yielding. To maintain a constant stressing rate WOU|(p? testing, the following general rules shall apply for materials

require the testing machine to operate at extremely high speeds and, With eéxpected elongations greater than 5 %. When determining
many cases, this is not practical. The speed of the testing machine shall nonly the tensile strength, or after the yield behavior has been
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recorded, the speed of the testing machine shall be set between
0.05 and 0.5 in./in. of the length of the reduced section (or
distance between the grips for specimens not having a reducedin using this method, a Class B2 or better extensometer (see
section) per minute. Alternatively, an extensometer and straiPractice E 83) shall be used.

rate indicator may be used to set the strain rate between 0.05
and 0.5 in./in./min.

Yield strength(offset= 0.2 %) = 52 000 psi 3)

Note 27—There are two general types of extensometers, averaging and
non-averaging, the use of which is dependent on the product tested. For

Note 23—For materials with expected elongations less than or equal t6host machined specimens, there are minimal differences. However, for
5 %, the speed of the testing machine may be maintained throughout tf@me forgings and tube sections, significant differences in measured yield
test at the speed used to determine yield properties. strength can occur. For these cases, it is recommended that the averaging

Note 24—Tensile strength and elongation are sensitive to test speed fdYPe be used. , , , ,
many materials (see Appendix X1) to the extent that variations within the NoTe 28—When there is a disagreement over yield properties, the
range of test speeds given above can significantly affect results. offset method for determining yield strength is recommended as the

referee method.
7.7 Determination of Yield StrengthDetermine yield . ,
strength by any of the methods described in 7.7.1 to 7.7.4. 7,7.2 Extension-Under-Load MethedYield strength by the

Where extensometers are employed, use only those which a%iensmr:]—.under—load melthdod may ?e determlnted “’Y”f'r?g dat
verified over a strain range in which the yield strength will peautograpnic or numerical devices 1o secure stress-strain dala,
: and then analyzing this data (graphically or using automated
determined (see 5.4). ; o
methods) to determine the stress value at the specified value of
Note 25—For example, a verified strain range of 0.2% to 2.0 % isextension, or @) using devices that indicate when the specified
appropriate for use in determining the yield strengths of many metals. extension occurs, so that the stress then occurring may be
Note 26—Determination of yield behavior on materials which cannot ascertained (Note 30). Any of these devices may be automatic.
support an appropriate extensometer (thin wire, for example) is IDrObIemThis method is illustrated in Fig. 22. The stress at the specified

atic and outside the scope of this standard. :
) ; extension shall be reported as follows:
7.7.1 Offset Methoe-To determine the yield strength by the yield strengthEUL — 0.5 % — 52 000 psi @

offset method, it is necessary to secure data (autographic or
numerical) from which a stress-strain diagram may be drawn. ) , L
Then on the stress-strain diagram (Fig. 21) lay@fh equal to Extensometers and other devices used in determination of
the specified value of the offset, drawmn parallel toOA, and the extension shall meet Class B2 requirements (see Practice
thus locater, the intersection ofmn with the stress-strain E 83) at the strain of interest, except where use of low-
diagram (Note 32). In reporting values of yield strengthmagnlflcatlon Class C devices is helpful, such as in facilitating
obtained by this method, the specified value of offset usedneasurement of YPE, if obser\_/ed. If Class C devices are used,
should be stated in parentheses after the term yield strengti{iS Must be reported along with the results.

Thus: Note 29—The appropriate value of the total extension must be speci-

fied. For steels with nominal yield strengths of less than 80 000 psi, an
appropriate value is 0.005 in./in. (0.5 %) of the gage length. For higher

A strength steels, a greater extension or the offset method should be used.
y ? Note 30—When no other means of measuring elongation are available,
/ ,/ a pair of dividers or similar device can be used to determine a point of
,’ / detectable elongation between two gage marks on the specimen. The gage
/ /
R¥p---==—=——- Y-
/
/’ / r n
} / '
L2 - 1 i
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Om=Specified Offset

FIG. 21 Stress-Strain Diagram for Determination of Yield Strength
by the Offset Method

m=Specified Extension Under Load

FIG. 22 Stress-Strain Diagram for Determination of Yield Strength
by the Extension-Under-Load Method
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length shall be 2 in. The stress corresponding to the load at the instant of
detectable elongation may be recorded as dpproximateextension- YPE
under-load yield strength. ‘

7.7.3 Autographic Diagram Method (for materials exhibit- -
ing discontinuous yielding)-Obtain stress-strain (or A
forceelongation) data or construct a stress-strain (or load- |
elongation) diagram using an autographic device. Determine
the upper or lower yield strength as follows: I

7.7.3.1 Record the stress corresponding to the maximum
force at the onset of discontinuous yielding as the upper yield
strength. This is illustrated in Fig. 23 and Fig. 24.

Stress

l
Note 31—If multiple peaks are observed at the onset of discontinuous |
yielding, the first is considered the upper yield strength. (See Fig. 24.) I

7.7.3.2 Record the minimum stress observed during discon-
tinuous yielding (ignoring transient effects) as the lower yield |
strength. This is illustrated in Fig. 24.

Note 32—Yield properties of materials exhibiting yield point elonga- Strain v V
tion are often less repeatable and less reproducible than those of similarF|G. 24 Stress-Strain Diagram Showing Yield Point Elongation
materials having no YPE. Offset and EUL yield strengths may be and Upper and Lower Yield Strengths
significantly affected by force fluctuations occurring in the region where

the offset or extension intersects the stress-strain curve. Determination of . .
upper or lower yield strengths (or both) may therefore be preferable foSP€CIMeN at a uniform deformation rate. When the force

such materials, although these properties are dependent on variables sit@sitates, record the corresponding stress as the upper yield
as test machine stiffness and alignment. Speed of testing may also havestrength.
significant effect, regardless of the method employed.

Note 34—The Halt-of-the-Force Method was formerly known as the

Note 33—Where low-magnification autographic recordings are neede .
to facilitate measurement of yield point elongation for materials whichﬁ::E_g;_mgfggge'\;e%i?c’d’ EERRER -the-Beam Method, and the

may exhibit discontinuous yielding, Class C extensometers may be

employed. When this is done but the material exhibits no discontinuous 7.8 Yield Point Elongatior-Calculate the yield point elon-

yielding, the extension-under-load yield strength may be determinegjation from the stress-strain diagram or data by determining

instead, using the autographic recording (see Extension-Under-Loaghe difference in strain between the upper yield strength (first

Method). zero slope) and the onset of uniform strain hardening (see
7.7.4 Halt-of-the-Force Method (for materials exhibiting definition of YPE and Fig. 24).

discontinuous yielding)}-Apply an increasing force to the Note 35—The stress-strain curve of a material exhibiting only a hint of
the behavior causing YPE may have an inflection at the onset of yielding
with no point where the slope reaches zero (Fig. 25). Such a material has
no YPE, but may be characterized as exhibitingirg#ftection Materials

exhibiting inflections, like those with measurable YPE, may in certain
applications acquire an unacceptable surface appearance during forming.
7.9 Uniform Elongation (if required)
7.9.1 Uniform elongation shall include both plastic and
Al - elastic elongation.
-
wy
7]
7]
Stroin 8
0 o
FIG. 23 Stress-Strain Diagram Showing Upper Yield Strength Strain
Corresponding with Top of Knee FIG. 25 Stress-Strain Diagram With an Inflection, But No YPE

15
Perancangan dan pengembangan..., Yeny Pusvyta, FT Ul, 2010.



Ay e 8-

7.9.2 Uniform elongation shall be determined using auto- ¢ f

graphic methods with extensometers conforming to Practice
E 83. Use a class B2 or better extensometer for materials
having a uniform elongation less than 5 %. Use a class C or
better extensometer for materials having a uniform elongation
greater than or equal to 5 % but less than 50 %. Use a class D
or better extensometer for materials having a uniform elonga-
tion of 50 % or greater.

7.9.3 Determine the uniform elongation as the elongation at
the point of maximum force from the force elongation data
collected during a test.

7.9.3.1 Some materials exhibit a yield point followed by
considerable elongation where the yield point is the maximum
force achieved during the test. In this case, uniform elongation
is not determined at the yield point, but instead at the highest
force occurring just prior to necking (see Fig. 26).

7.9.3.2 Stress-strain curves for some materials exhibit a
lengthy, plateau-like region in the vicinity of the maximum
force. For such materials, determine the uniform elongation at
the center of the plateau as indicated in Fig. 27 (see also Note

- LOAD

04

ENGINEERING STRAIN

FIG. 27 Load-Strain Diagram for Determination of Uniform
Elongation of Steel Sheet Materials Exhibiting a Plateau at
Maximum Load

36 below).

maximum force.

Note 36—When uniform elongation is being determined digitally, - Digitally define the/plateati as consisting of all consecutive data points
noise in the stress-strain data generally causes many small, local peaks amberein the force value is within 0.5% of the magnitude of the peak force
valleys to be recorded in the plateau region. To accommodate this, thealue.

following procedure is recommended:

- Determine the uniform elongation as the strain at the mid-point of the

- Determine the maximum force recorded (after discontinuous yielding).“plateau.”
- Evaluate the sequence of force values recorded before and after the7 9.4 Discussion—The 0.5% value of Note 36 has been

UYs -

_MT\"S“
i

Stress

|
i
|
|
(
I
I
!
|
[
I
l
}

e Ely ——s
Strain

FIG. 26 Stress-Strain Diagram in Which the Upper Yield Strength
is the Maximum Stress Recorded

selected arbitrarily. In actual practice, the value should be

selected so as to be the minimum figure that is large enough to
effectively define the force plateau. This may require that the

percentage be about 5 times the amplitude of the force
fluctuations occurring due to noise. Values ranging from 0.1%

to 1.0 % may be found to work acceptably.

7.10 Tensile Strength-Calculate the tensile strength by
dividing the maximum force carried by the specimen during
the tension test by the original cross-sectional area of the
specimen.

Note 37—If the upper yield strength is the maximum stress recorded,
and if the stress-strain curve resembles that of Fig. 26, it is recommended
that the maximum stresafter discontinuous yieldinge reported as the
tensile strength. Where this may occur, determination of the tensile
strength should be in accordance with the agreement between the parties
involved.

7.11 Elongation

7.11.1 In reporting values of elongation, give both the
original gage length and the percentage increase. If any device
other than an extensometer is placed in contact with the
specimen’s reduced section during the test, this also shall be
noted.

Example: elongatior= 30 % increas€2—in. gage length  (5)

Note 38—Elongation results are very sensitive to variables such as: (
a) speed of testingb) specimen geometry (gage length, diameter, width,
and thickness),d) heat dissipation (through grips, extensometers, or other
devices in contact with the reduced sectiod),gurface finish in reduced
section (especially burrs or notchesg) @lignment, and f§ fillets and
tapers. Parties involved in comparison or conformance testing should
standardize the above items, and it is recommended that use of ancillary
devices (such as extensometer supports) which may remove heat from
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specimens be avoided. See Appendix X1. for additional information onthe 7.11.5.2 Percent elongation at fracture may be calculated
effects of these variables. directly from elongation at fracture data and be reported

7.11.2 When the specified elongation is greater than 3 %, finstead of percent elongation as calculated in paragraphs 7.11.2
ends of the fractured specimen together carefully and measuf@ 7-11.3. However, these two parameters are not interchange-
the distance between the gage marks to the nearest 0.01 in. f@ple. Use of the elongation at fracture method generally
gage lengths of 2 in. and under, and to at least the nearest 0.5 R§oVides more repeatable results.
of the gage length for gage lengths over 2 in. A percentage nNore 40—When disagreements arise over the percent elongation re-
scale reading to 0.5 % of the gage length may be used. sults, agreement must be reached on which method to use to obtain the

7.11.3 When thespecifiedelongation is 3 % or less, deter- results.
mine the elongation of the specimen using the following 7.12 Reduction of Area
procedure, except that the procedure given in 7.11.2 may be 7.12.1 The reduced area used to calculate reduction of area
used instead when tieeasurealongation is greater than 3 %. (see 7.12.2 and 7.12.3) shall be the minimum cross section at

7.11.3.1 Prior to testing, measure the original gage length ahe location of fracture.
the specimen to the nearest 0.002 in. 7.12.2 Specimens with Originally Circular Cross Sectiens

7.11.3.2 Remove partly torn fragments that will interfereFit the ends of the fractured specimen together and measure the
with fitting together the ends of the fractured specimen or withreduced diameter to the same accuracy as the original mea-
making the final measurement. surement.

7.11.3.3 Fit the fractured ends tqgether with _matChed S,ur' Note 41—Because of anisotropy, circular cross sections often do not
faces and apply a force along the axis of the specimen sufficiengmain circular during straining in tension. The shape is usually elliptical,
to close the fractured ends together. If desired, this force mawus, the area may be calculatednbyl, -d,/4, whered ; andd, are the
then be removed carefully, provided the specimen remaingajor and minor diameters, respectively.

intact. 7.12.3 Specimens with Original Rectangular Cross
Note 39—The use of a force of approximately 2000 psi has been foundsecuons_':'t th? ends of the f_raCtured speq_men together ahd
to give satisfactory results on test specimens of aluminum alloy. measure the thickness and width at the minimum cross section

i to the same accuracy as the original measurements.
7.11.3.4 Measure the final gage length to the nearest 0.002
in. and report the elongation to the nearest 0.2 %. Note 42—Because of the constraint to deformation that occurs at the

. rners of rectangular specimens, the dimensions at the center of the
7.11.4 Elongation measured per paragraph 7.11.2 or 7':I'lgiginal flat surfaces are less than those at the corners. The shapes of these

may be affected by location of the fracture, relative to thegy faces are often assumed to be parabolic. When this assumption is made,
marked gage length. If any part of the fracture occurs outsid@n effective thickness,, may be calculated as followst, ¢+ 4 t, +t.)/6,

the gage marks or is located less than 25 % of the elongategheret, andt 5 are the thicknesses at the corners, i the thickness
gage length from either gage mark, the elongation valu@t mid-width. An effective width may be similarly calculated.

obtained using that pair of gage marks may be abnormally low 7 12 4 Calculate the reduced area based upon the dimen-
and non-representative of the material. If such an elongatioBjons determined in 7.12.2 or 7.12.3. The difference between
measure is obtained in acceptance testing involving only ge area thus found and the area of the original cross section
minimum requirement and meets the requirement, no furthegxpressed as a percentage of the original area is the reduction
testing need be done. Otherwise, discard the test and retest thearea.
material. 7.12.5 If any part of the fracture takes place outside the
7.11.5 Elongation at fracture is defined as the elongatiomiddle half of the reduced section or in a punched or scribed
measured just prior to the sudden decrease in force associatgdge mark within the reduced section, the reduction of area
with fracture. For many ductile materials not exhibiting avalue obtained may not be representative of the material. In
sudden decrease in force, the elongation at fracture can kgceptance testing, if the reduction of area so calculated meets
taken as the strain measured just prior to when the force fallthe minimum requirements specified, no further testing is
below 10 % of the maximum force encountered during the testrequired, but if the reduction of area is less than the minimum
7.11.5.1 Elongation at fracture shall include elastic andequirements, discard the test results and retest.
plastic elongation and may be determined with autographic or 7.12.6 Results of measurements of reduction of area shall be
automated methods using extensometers verified over theunded using the procedures of Practice E 29 and any specific
strain range of interest (see 5.4). Use a class B2 or bettgrocedures in the product specifications. In the absence of a
extensometer for materials having less than 5 % elongation, specified procedure, it is recommended that reduction of area
class C or better extensometer for materials having elongatiotest values in the range from 0 to 10 % be rounded to the
greater than or equal to 5 % but less than 50 %, and a class @earest 0.5 % and test values of 10 % and greater to the nearest
or better extensometer for materials having 50 % or greatet %.
elongation. In all cases, the extensometer gage length shall be7.13 Rounding Reported Test Data for Yield Strength and
the nominal gage length required for the specimen being testedensile Strength-Test data should be rounded using the
Due to the lack of precision in fitting fractured ends togetherprocedures of Practice E 29 and the specific procedures in the
the elongation after fracture using the manual methods of thproduct specifications. In the absence of a specified procedure
preceding paragraphs may differ from the elongation at fracturér rounding the test data, one of the procedures described in
determined with extensometers. the following paragraphs is recommended.
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7.13.1 For test values up to 50 000 psi, round to the nearest 8.3.2 Equation used to calculate cross-sectional area of
100 psi; for test values of 50 000 psi and up to 100 000 psirectangular specimens taken from large-diameter tubular prod-
round to the nearest 500 psi; for test values of 100 000 psi andlcts.
greater, round to the nearest 1000 psi. 8.3.3 Speed and method used to determine speed of testing
0(see 7.6).

" 8.3.4 Method used for rounding of test results (see 7.13).
7.13.2 For all test values, round to the nearest 100 psi. 8.3.5 Reasons for replacement specimens (see 7.14).

Note 44—For aluminum- and magnesium-alloy products, see Method _ .
B 557. 9. Precision and Bias

7.13.3 For all test values, round to the nearest 500 psi.
7.14 Replacement of Specimené test specimen may be
discarded and a replacement specimen selected from the sal

Note 43—For steel products, see Test Methods and Definitions A 37

9.1 Precision—An interlaboratory test prograhgave the
following values for coefficients of variation for the most
ﬁ%mmonly measured tensile properties:

lot of material in the following cases: Coefficient of Variation, %
7.14.1 The original specimen had a poorly machined sur- Yield Yield
face, Strength Strength Elongation  Reduc-
i i H P Tensile Offset = Offset= Gage Length= tion of
7.14.2 The ongmal sp?eumen had the wrong dimensions, W  002% 02% 4 biamoter  Ares
7.14.3 The specimen’s properties were changed because of cy g, 0.9 2.7 14 2.8 28
poor machining practice, CV % 13 45 2.3 5.4 4.6

: CV %, = repeatability coefficient of variation in percent within a laboratory
7.14.4 The test procedure was Incorrect, CV %g, = repeatability coefficient of variation in percent between laborato-

7.14.5 The fracture was outside the gage length, ries

7.14.6 For elongation determinations, the fracture was out-
side the middle half of the gage length, or

7.14.7 There was a malfunction of the testing equipment.

9.1.1 The values shown are the averages from tests on six
frequently tested metals, selected to include most of the normal
range for each property listed above. When these materials are
Note 45—The tension specimen is inappropriate for assessing someompared, a large difference in coefficient of variation is found.

types of imperfections in a material. Other methods and specimen¥herefore, the values above should not be used to judge
employing ultrasonics, dye penetrants, radiography, etc., may be consifghether the difference between duplicate tests of a specific
ered when flaws such as cracksl, .ﬂakes, porosity, etc., are revealed du”ﬂQaterial is larger than expected. The values are provided to
a test and soundness is a condition of acceptance. ; - .

allow potential users of this test method to assess, in general
8. Report terms, its usefulness for a proposed application.

8.1 Test information on materials not covered by a product 9.'2 Bias.—The progedures in Te_st Methods E8 far mea-.
specification should be reported in accordance with 8.2 or botRU'NY tensile properties have no bias because these properties
8.2 and 8.3. can be defined only in terms of a test method.

8.2 Test information to be reported shall include the follow- 1. Keywords
ing when applicable:

8.2.1 Material and sample identification.

8.2.2 Specimen type (see Section 6).

8.2.3 Yield strength and the method used to determine yiel
strength (see 7.7).

8.2.4 Yield point elongation (see 7.8).

8.2.5 Tensile strength (see 7.10).

8.2.6 Elongation (report original gage length, percentag
increase, and method used to determine elongation) (see 7.1

8.2.7 Reduction of area, if required (see 7.12).

8.3 Testinformation to be available on request shall include: 3 Supporting data can be found in Appendix | and additional data are available

8.3.1 Specimen test section dimension(s). from ASTM Headquarters. Request RR: E28-1004.

10.1 accuracy; bending stress; discontinuous yielding; drop-
of-the-beam; eccentric force application; elastic extension;
glongation; extension-under-load; extensometer; force; free-
running crosshead speed; gage length; halt-of-the force; per-
cent elongation; plastic extension; preload; rate of stressing;
rate of straining; reduced section; reduction of area; sensitivity;
étrain; stress; taring; tensile strength; tension testing; yield
P?int elongation; yield strength
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APPENDIXES
(Nonmandatory Information)

X1. FACTORS AFFECTING TENSION TEST RESULTS

X1.1 The precision and bias of tension test strength andnaterial and test conditions, increasing the size of the propor-
ductility measurements depend on strict adherence to the statédnal specimen of Fig. 8 may be found to increase or decrease
test procedure and are influenced by instrumental and materialongation and reduction in area values somewhat.
factors, specimen preparation, and measurement/testing errorsX1.4.5 Use of a taper in the gage length, up to the allowed

1 % limit, can result in lower elongation values. Reductions of

X1.2 The consistency of agreement for repeated tests of thgs much as 15 % have been reported for a 1 % taper.
same material is dependent on the homogeneity of the material, X1.4.6 Changes in the strain rate can affect the yield
and the repeatability of specimen preparation, test conditionstrength, tensile strength, and elongation values, especially for
and measurements of the tension test parameters. materials which are highly strain rate sensitive. In general, the

. yield strength and tensile strength will increase with increasing

X1.3 Instrumental factors that can affect test results ingyqin rate, although the effect on tensile strength is generally

clude: the stiffness, damping capacity, natural frequency, anglss pronounced. Elongation values generally decrease as the
mass of moving parts of the tensile test machine; accuracy Qfi;4in rate increases.

force indication and use of forces within the verified range of w1 4 7 Brittle materials require careful specimen prepara-
the machine; rate of force application, alignment of the tes{o high quality surface finishes, large fillets at the ends of the
specimen with the applied force, parallelness of the grips, gri age length, oversize threaded grip sections, and cannot
pressure, nature of the force control used, appropriateness apfarate punch or scribe marks as gage length indicators.
calibration of extensometers, heat dissipation (by grips, exten- x1 4 g Flattening of tubular products to permit testing does
someters, or ancillary devices), and so forth. alter the material properties, generally nonuniformly, in the

X1.4 Material factors that can affect test results include:ﬂattened regign wINGINELPEFICgRIest results.

representativeness and homogeneity of the test material, sam-x1 5 Measurement errors that can affect test results in-
pling scheme, and specimen preparation (surface finish, dimegfyde: verification of the test force, extensometers, microme-
sional accuracy, fillets at the ends of the gage length, taper igrs, dividers, and other measurement devices, alignment and
the gage length, bent specimens, thread quality, and so forthheroing of chart recording devices, and so forth.

X1.4.1 Some materials are very sensitive to the quality of X151 Measurement of the dimensions of as-cast, as-rolled,
the surface finish of the test SpeCimen (See Note 8) and must %_forged, and other test Specimens with non-machined sur-
ground to a fine finish, or polished to obtain correct results. fzces may be imprecise due to the irregularity of the surface

X1.4.2 Test results for specimens with as-cast, as-rolletfatness.
as-forged, or other non-machined surface conditions can be x1.5.2 Materials with anisotropic flow characteristics may
affected by the nature of the surface (see Note 14). exhibit non-circular cross sections after fracture and measure-

X1.4.3 Test specimens taken from appendages to the part gient precision may be affected, as a result (see Note 37).
component, such as prolongs or risers, or from separately x1 53 The corners of rectangular test specimens are subject
produced castings (for example, keel blocks) may produce teg} constraint during deformation and the originally flat surfaces
results that are not representative of the part or component. may be parabolic in shape after testing which will affect the

X1.4.4 Test specimen dimensions can influence test resultprecision of final cross-sectional area measurements (see Note
For cylindrical or rectangular specimens, changing the tesjp),
specimen size generally has a negligible effect on the yield and x1.5. 4 If any portion of the fracture occurs outside of the
tensile strength but may influence the upper yield strength, ifyiddle of the gage length, or in a punch or scribe mark within
one is present, and elongation and reduction of area valuege gage length, the elongation and reduction of area values
Comparison of elongation values determined using differenhay not be representative of the material. Wire specimens that
specimens requires that the following ratio be controlled:  preak at or within the grips may not produce test results

LJ(A) Y2 (x1.1)  representative of the material.
X1.5.5 Use of specimens with shouldered ends (“button-
where: head” tensiles) will produce lower 0.02 % offset yield strength
L, = original gage length of specimen, and values than threaded specimens.

A, = original cross-sectional area of specimen.

X1.4.4.1 Specimens with smaller/(A.) Y ratios generally X1.6 Because standard reference materials with certified
give greater elongation and reduction in area values. This is thensile property values are not available, it is not possible to
case for example, when the width or thickness of a rectangulaigorously define the bias of tension tests. However, by the use
tensile test specimen is increased. of carefully designed and controlled interlaboratory studies, a

X1.4.4.2 Holding thelL /(A,)"? ratio constant minimizes, reasonable definition of the precision of tension test results can
but does not necessarily eliminate, differences. Depending obe obtained.
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TABLE X1.1 Precision Statistics—Tensile Strength, ksi

Note 1— X is the average of the cell averages, that is, the grand mean for the test parameter,
s is the repeatability standard deviation (within-laboratory precision),

s/X is the coefficient of variation in %,

S is the reproducibility standard deviation (between-laboratory precision),

se/X is the coefficient of variation, %,

r is the 95 % repeatability limits,

R is the 95 % reproducibility limits.

Material X S, s/X,% Sr Sr/X, % r R
EC-H19 25.66 0.63 2.45 0.63 2.45 1.76 1.76
2024-T351 71.26 0.88 1.24 0.96 1.34 2.47 2.68
ASTM A105 86.57 0.60 0.69 1.27 1.47 1.68 3.55
AISI 316 100.75 0.39 0.39 1.22 1.21 1.09 3.39
Inconel 600 99.48 0.42 0.43 0.72 0.72 1.19 2.02
SAE 51410 181.73 0.46 0.25 1.14 0.63 1.29 3.20

Averages: 0.91 1.30

TABLE X1.2 Precision Statistics—0.02 % Yield Strength, ksi

Material X S, s,/X,% Sk Se/X, % r R

EC-H19 16.16 0.65 4.00 1.19 7.37 1.81 3.33
2024-T351 51.38 0.84 1.64 0.89 1.73 2.36 2.49
ASTM A105 59.66 1.20 2.02 1.90 3.18 3.37 5.31
AISI 316 48.75 2.42 4.97 4.63 9.49 6.68 12.91
Inconel 600 38.74 0.46 1.18 0.76 1.96 1.28 2.13
SAE 51410 104.90 2.40 2.29 3.17 3.02 6.73 8.88

Averages: 2.68 4.46

TABLE X1.3 Precision Statistics—0.2 % Yield Strength, ksi

Material X S, S, /X, % SR Se/X, % r R

EC-H19 22.98 0.47 2.06 0.48 2.07 1.33 1.33
2024-T351 52.64 0.74 1.41 0.79 1.49 2.08 2.20
ASTM A105 58.36 0.83 1.42 1.44 2.47 2.31 4.03
AISI 316 69.78 0.95 1.36 2.83 4.06 2.63 7.93
Inconel 600 38.91 0.36 0.93 0.85 2.17 1.01 2.37
SAE 51410 140.33 1.29 0.92 2.30 1.64 3.60 6.45

Averages: 1.35 2.32

TABLE X1.4 Precision Statistics—% Elongation in 4D

Note 1—Length of reduced section = 6D.

Material X S, S, /X, % SR Se/X, % r R

EC-H19 17.42 0.64 3.69 0.92 5.30 1.80 2.59
2024-T351 19.76 0.58 2.94 1.58 7.99 1.65 4.43
ASTM A105 29.10 0.76 2.62 0.98 3.38 2.13 2.76
AISI 316 40.07 1.10 2.75 2.14 5.35 3.09 6.00
Inconel 600 44.28 0.66 1.50 1.54 3.48 1.86 4.31
SAE 51410 14.48 0.48 3.29 0.99 6.83 1.34 2.77

Averages: 2.80 5.39

X1.6.1 An interlaboratory test progrémvas conducted in standard deviations, and the seventh and eighth columns list
which six specimens each, of six different materials werehe 95 % repeatability and reproducibility limits.
prepared and tested by each of six different laboratories. Tables X1.6.2 The averages (below columns four and six in each
X1.1-X1.5 present the precision statistics, as defined in Pradable) of the coefficients of variation permit a relative compari-
tice E 691, for: tensile strength, 0.02 % vyield strength, 0.2 %son of the repeatability (within-laboratory precision) and
yield strength, % elongation in 4D, and % reduction in area. Irreproducibility (between-laboratory precision) of the tension
each table, the first column lists the six materials tested, theest parameters. This shows that the ductility measurements
second column lists the average of the average results obtainedhibit less repeatability and reproducibility than the strength
by the laboratories, the third and fifth columns list the measurements. The overall ranking from the least to the most
repeatability and reproducibility standard deviations, the fourtirepeatable and reproducible is: % elongation in 4D, % reduc-
and sixth columns list the coefficients of variation for thesetion in area, 0.02 % offset yield strength, 0.2 % offset yield
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TABLE X1.5 Precision Statistics—% Reduction in Area

Material X S, s/X,% Sr Sr/X, % r R

EC-H19 79.15 1.93 243 2.01 2.54 5.44 5.67
2024-T351 30.41 2.09 6.87 3.59 11.79 5.79 10.01
ASTM A105 65.59 0.84 1.28 1.26 1.92 2.35 3.53
AIS| 316 71.49 0.99 1.39 1.60 2.25 2.78 4.50
Inconel 600 59.34 0.67 1.14 0.70 1.18 1.89 1.97
SAE 51410 50.49 1.86 3.69 3.95 7.81 5.21 11.05

Averages: 2.80 4.58

strength, and tensile strength. Note that the rankings are in thtbese specimens. However, examination of the test results
same order for the repeatability and reproducibility averagehowed that one laboratory consistently exhibited higher than
coefficients of variation and that the reproducibility (between-average strength values and lower than average ductility values
laboratory precision) is poorer than the repeatability (within-for most of the specimens. One other laboratory had consis-

laboratory precision), as would be expected. tently lower than average tensile strength results for all
X1.6.3 No comments about bias can be made for thepecimens.

interlaboratory study due to the lack of certified test results for

X2. MEASUREMENT OF SPECIMEN DIMENSIONS

X2.1 Measurement of specimen dimensions is critical inreading to 0.00005 in.) indicates that the total variation due to
tension testing, and it becomes more critical with decreasingepeatability and reproducibility is around 0.0003 in. This is
specimen size, as a given absolute error becomes a largkess than or equal to 1 % only if all dimensions to be measured
relative (percent) error. Measuring devices and proceduresre greater than or equal to 0.03 in. The relative error in using
should be selected carefully, so as to minimize measuremettiis device to measure thickness of a 0.01 in. flat tensile
error and provide good repeatability and reproducibility. specimen would be 3 %—which is considerably more than that

allowed for load or strain measurement.

X2.2 Relative measurement error should be kept at or
below 1%, where possible. Ideally, this 1% error should X2.6 Dimensional measurement errors can be identified as
include not only the resolution of the measuring device but als¢he cause of manyut-of-control signals, as indicated by
the variability commonly referred to as repeatability andstatistical process control (SPC) charts used to monitor tension
reproducibility. (Repeatability is the ability of any operator 10 testing procedures. This has been the experience of a produc-
obtain similar measurements in repeated trials. Reproducibilityion laboratory employing SPC methodology and the best
is the ability of multiple operators to obtain similar measure-hand-held micrometers available (from a GR and R standpoint)
ments.) in testing of 0.018 in. to 0.25 in. flat rolled steel products.

X2.3 Formal evaluation of gage repeatability and reproduc- y, 7 Eactors which affect GR and R, sometimes dramati-

ibility (GR and R) by way of a GR.and R StUdY 5 high_ly cally, and which should be considered in the selection and
recommended. A GR and R study involves having multiple

e\faluation of hardware and procedures include:
operators each take two or three measurements of a number o :

parts—in this case, test specimens. Analysis, usually done by X2.7.1 Resqlun_on,

computer, involves comparing the observed measurement X2-7-2 Verification,

variations to a tolerance the procedure is to determine con- X2.7.3 Zeroing, , )
formance to. High GR and R percentages (more than 20 %) X2-7-4 Type of anvil (flat, rounded, or pointed),
indicate much variability relative to the tolerance, whereas low *X2:7-5 Cleanliness of part and anvil surfaces,
percentages (10 % or lower) indicate the opposite. The analysis X2-7-6 User-friendliness of measuring device,

also estimates, independently, the repeatability and reproduc- X2.7.7 Stability/temperature variations,
ibility. X2.7.8 Coating removal,

X2.7.9 Operator techique, and
X2.4 GR and R studies in which nontechnical personnel X2.7.10 Ratchets or other features used to regulate the
used different brands and models of hand-held micrometerglamping force.
have given results varying from about 10 % (excellent) to
nearly 100 % (essentially useless), relative to a dimensional X2.8 Flat anvils are generally preferred for measuring the
tolerance of 0.003 in. The user is therefore advised to be verfimensions of round or flat specimens which have relatively
careful in selecting devices, setting up measurement proc&mooth surfaces. One exception is that rounded or pointed
dures, and training personnel. anvils must be used in measuring the thickness of curved
specimens taken from large-diameter tubing (see Fig. 13), to
X2.5 With a 0.003 in. tolerance, a 10 % GR and R resultprevent overstating the thickness. (Another concern for these
(exceptionally good, even for digital hand-held micrometerscurved specimens is the error that can be introduced through
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use of the equatioA =W XT; see 7.2.3.) above affect dimensional measurement procedures, consider

the case of measuring the thickness of 0.015 in. painted, flat

X2.9 Heavy coatings should generally be removed from a0 steel specimens. The paint should be removed prior to
least one grip end of flat specimens taken from coated prOducFﬁeasurement, if possible. The measurement device used

to permit accurate measurement of base metal thICknesghould have flat anvils, must read to 0.0001 in. or better, and

assuming 4) the base meta! properties are what are desityd, ( Fnust have excellent repeatability and reproducibility. Since GR
the coating does not contribute significantly to the strength o : S L .
and R is a significant concern, it will be best to use a device

the product, andd coating removal can be easily accom- hich has a feature for regulating the clamping force used, and
plished (some coatings may be easily removed by chemica evices without digital displays should be avoided to prevent

stripping). Otherwise, it may be advisable to leave the coatin ading errors. Before use of the device, and periodically

intact and determine the base metal thickness by an alternatg”, . .
method. Where this issue may arise, all parties involved i uring use, the anvils should be cleaned, and the device should

comparison or conformance testing should agree as to whethBF verified or zeroed (if an electronic display is used) or both.
or not coatings are to be removed before measurement. Finally, personnel should be trained and audited periodically to
ensure that the measuring device is being used correctly and

X2.10 As an example of how the considerations identifiedconsistently by all.

X3. SUGGESTED ACCREDITATION CRITERIA FOR LABORATORIES PERFORMING TENSILE TESTS

X3.1 Scope eter not meeting the Class B2 requirements of Practice E 83

X3.1.1 The following are specific features that an assessdf@y Not be used in determination of offset yield strengths.
may check to assess a laboratory’s technical competence, if theX3-3.4 Before computerized or automated test equipment is
laboratory is performing tests in accordance with Test Method®Ut into routine service, or following a software revision, it is

E 8 and/or E 8M. recommended that measures be taken to verify proper opera-
_ tion and result interpretation. Guide E 1856 addresses this
X3.2 Preparation concern.

X3.2.1 The laboratory should follow documented proce- X3.3.5 Micrometers and other devices used in measurement
dures to ensure that machining or other preparation generate$ specimen dimensions should be selected, maintained and
specimens conforming to applicable tolerances and requiressed in such a manner as to comply with the appendixes of Test
ments of Test Methods E 8 or E 8M. Particularly important areMethods E8 and E 8M on measurement. Traceability to
those requirements that pertain to the dimensions and finish d¢fational standards should be established for these devices, and
reduced sections, as found in the text and in applicable figureseasonable effort should be employed to prevent errors greater

X3.2.2 Where gage marks are used, the laboratory shouldan 1 % from being generated as a result of measurement
employ documented gage marking procedures to ensure thatror, resolution, and rounding practice.
the marks and gage lengths comply with the tolerances a
guidelines of Test Methods E 8 or E 8M. nQ3_4 e i )

X3.2.2.1 The gage marking procedure used should not X3.4.1 The test machme. sh.aII t_:Je set up.and zeroed in such
deleteriously affect the test results. a manner that zero force indication signifies a state of zero

force on the specimen, as indicated in the Zeroing of the Test

Note X3.1—Frequent occurrence of fracturing at the gage marks mayachine sections of Test Methods E 8 and E 8M.
indicate that gage marks have excessive depth or sharpness and may be

affecting test results. NoTe X3.2—Provisions should be made to ensure that zero readings are
) properly maintained, from test to test. These may include, for example,
X3.3 Test Equipment zeroing after a predetermined number of tests or each time, under zero

X3.3.1 As specified in the Apparatus sections of Testforce conditions, the indicator exceeds a predetermined value.
Methods E 8 and E 8M, the axis of the test specimen should X3.4.2 Upon request, the laboratory should be capable of
coincide with the center line of the heads of the testingdemonstrating (perhaps through time, force, displacement or
machine, in order to minimize bending stresses which coul@xtensometer measurements, or both) that the test speeds used
affect the results. conform to the requirements of Test Methods E 8 or E 8M, or
X3.3.2 Equipment verification requirements of Practicesother standards which take precedence.
E4 and E 83 shall be met. Documentation showing the X3.4.3 Upon request, the laboratory should be capable of
verification work to have been thorough and technically correctiemonstrating that the offsets and extensions used in determin-
should be available. ing yield strengths conform to the requirements of Test
X3.3.2.1 Verification reports shall demonstrate that forceMethods E 8 or E 8M and are constructed so as to indicate the
and extension readings have been taken at the prescrib&arces corresponding to the desired offset strain or total strain.
intervals and that the prescribed runs have been qompleted. Note X3.3—Use caution when performing calculations with exten-
X3.3.3 Extensometers used shall meet all requirements Qfymeter magnification, because the manufacturer may report strain mag-
Test Methods E 8 or E 8M as to the classification of device taification, which relates the strain (not the elongation) to hexis
be used for the results determined. For example, an extensordisplacement on the stress strain diagram. A user or assessor interested in
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an extensometer's magnification may use calibration equipment to deter- X3.5.1.5 Broken specimens,
mine the ratio between elongation and chart travel or may verify a X3.5.1.6 Excess material,
reported magnification by calculating the Young’s modulus from tests of X3.5.1.7 Test reports, and

specimens of a known nominal modulus. X3.5.1.8 Verification reports and certifications.
X3.4.4 Measurement of elongation shall conform to re-

quirements of Test Methods E 8 or E 8M. X3.6 Environment
Nore X3.4—Test Methods E 8 and E 8M permit the measurement an X3.6.1 All test equipment should be located and connected
OTE L4 . e
reporting of elongation at fracture in place of elongation, as is often don(i:O p.owe.r sources n Su.Ch a 'manner as to minimize the effects
of vibrations and electrical disturbances on raw data collected,

in automated testing. " irain chart d i : : ;
. . stress-strain charts, and operation of equipment.
X3.4.5 Reduction of area, when required, shall be deter- P quip

mined in accordance with the requirements of Test Method¥%3.7 Controls

E 8 or E8M. X3.7.1 Controlled procedures and work instructions should
X3.4.6 Procedures for recording, calculating, and reportingover all aspects of specimen preparation, tensile testing, and

data and test results shall conform to all applicable requireresult reporting. These documents should be readily available

ments of Test Methods E 8 or E 8M. In addition, whereverto all involved in the documented tasks.

practical, the procedures should also be in accordance with X3.7.2 Clear, concise, operating instructions should be

widely accepted provisions of good laboratory practice, such againtained for equipment used in specimen preparation and

those detailed below. tensile testing. These instructions should be readily available to
X3.4.6.1 When recording data, personnel should record al|| qualified operators.

figures that are definite, plus the best estimate of the first figure X3.7.3 All applicable verification requirements shall be

which is uncertain. (If a result is known to be approximatelymet, as detailed in X3.3.2.

midway between 26 and 27, 26.5 should be the result recorded X3.7.4 Itis recommended that special studies and programs

(not 26, 27, or 26.475). be employed to monitor and control tensile testing, because
X3.4.6.2 When performing calculations, personnel shouldensile test results are easily affected by operators, measuring

avoid compounding of rounding errors. This may be accomdevices, and test equipment. Examples of such programs

plished by performing one large calculation, rather than severahclude but are not limited to:

calculations using individual results. Alternatively, if multi-  X3.7.4.1 Round-robin studies, proficiency tests, or other

step calculations are done, intermediate results should not Rgoss-checks,

rounded before use in subsequent calculations. X3.7.4.2 Repeatability and reproducibility (R and R) stud-
X3.4.6.3 In rounding, no final result should retain morejes,

significant figures than the least-significant-figure measure- X3.7.4.3 Control charting, and

ment or data point used in the calculation. X3.7.4.4 Determination of typical lab uncertainties for each

result typically reported.

X3.5 Retention , _ . L
. . NoTe X3.5—For nondestructive testing, repeatability and reproducibil-
X3.5.1 A retention program appropriate for the nature andiy are often measured by conducting gage R and R studies, as discussed
frequency of testing done in the laboratory should be mainin Appendix X2 of Test Methods E 8 and E 8M. These studies involve
tained. Items that may warrant retention for defined timerepeated determination of a test result, using a single part or specimen, so
periods include: gage R and Rs are not directly applicable to mechanical properties, which
X3.5.1.1 Raw data and forms, a;]re Sbtaigedl_through d_estructive t_(?stingﬁ (Tru? diff(_ereﬂcefs betv¥een eveF\r)l
: . the best duplicate specimens manifest themselves in the form of poorer
X3.5.1.2 Force-elonga}tlon or stress-strain charts, and R results than would be obtained for perfect duplicates.) Nevertheless,
X3.5.1.3 Computer printouts of curves and test _reSUItsv quasi-R and R studies conducted with these limitations taken into
X3.5.1.4 Data and results stored on computer discs or harghnsideration may be helpful in analyzing sources of error and improving
drives, reliability of test results.
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SUMMARY OF CHANGES

Committee E28 has identified the location of selected changes to this standard since the last issue (E 8M — 03)
that may impact the use of this standard. (Approved July 10, 2003)

(1) Section 7.9.3.2 was revised. Note 36 and a discussion were

added following this revised section.

Committee E28 has identified the location of selected changes to this standard since the last issue (E 8M — 01) that may
impact the use of this standard. (Approved Oct. 10, 2001)

(1) Section 6.5 and it subsections were revised. (3) Appendix X3 was added.
(2) Note 10 was deleted and the remaining notes were
renumbered.

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

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

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

Standard Test Methods and Definitions for

Mechanical Testing of Steel Products *

This standard is issued under the fixed designation A 370; the number immediately following the designation indicates the year of
original adoption or, in the case of revision, the year of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilonef indicates an editorial change since the last revision or reapproval.

This standard has been approved for use by agencies of the Department of Defense.

1. Scope* inch-pound (ksi) units then converted into SI (MPa) units. The

1.1 These test methctisover procedures and definitions €longation determined in inch-pound gage lengths of 2 or 8 in.
for the mechanical testing of wrought and cast steels, stainle82Y b€ reported in Sl unit gage lengths of 50 or 200 mm,
steels, and related alloys. The various mechanical tests hereiiSPectively, as applicable. Conversely, when this document is
described are used to determine properties required in tHéferenced in an inch-pound product specification, the yield
product specifications. Variations in testing methods are to bgnd tensile values may be determined in Sl units then con-
avoided, and standard methods of testing are to be followed t¢erted into inch-pound units. The elongation determined in SI
obtain reproducible and comparable results. In those cases it gage lengths of 50 or 200 mm may be reported in
which the testing requirements for certain products are uniqu'¢h-pound gage lengths of 2 or 8 in., respectively, as appli-

or at variance with these general procedures, the produ&able- — .

. evaluation of testing laboratories.
Tension 5t0 13 1.7 This standard does not purport to address all of the
Bend 14 safety concerns, if any, associated with its use. It is the
Hardness 15 responsibility of the user of this standard to establish appro-
Brinell 16
Rockwell 17 priate safety and health practices and determine the applica-
Portable 18 bility of regulatory limitations prior to use.
Impact 19 to 28
Keywords 2 2. Referenced Documents
1.3 Annexes covering details peculiar to certain products 2 1 ASTM Standards:
are appended to these test methods as follows: A 703/A703M Specification for Steel Castings, General
b Prod A:fix Requirements, for Pressure-Containing Parts
ar Products . o g .
Tubular Products Annex A2 A 781/A 781M Specmcatlon for Castings, Stegl and Alloy,
Fasteners Annex A3 Common Requirements, for General Industrial ¥se
EPU(‘fd Wire P][O'\fliutctﬁ SBar Imoact Tecti ﬁnnex 2;‘- A 833 Practice for Indentation Hardness of Metallic Mate-
Ignificance o otched-bar Impact lesting nnex . .

Converting Percentage Elongation of Round Specimens to Annex A6 rials by Co.mparlson. ngdness Te.SferS i .
Equivalents for Flat Specimens A 880 Practice for Criteria for Use in Evaluation of Testing
;esti”g! MU"fi-;N"teDSttfa“d ﬁ“”ex 2; Laboratories and Organizations for Examination and In-

ounding of les ata nnex - .
Methods for Testing Steel Reinforcing Bars Annex A9 spectlon_ of Steel’ Stamles;_ St_eel' and R(_alated A?ons
Procedure for Use and Control of Heat-Cycle Simulation Annex A10 E 4 Practices for Force Verification of Testing Machihes

1.4 The values stated in inch-pound units are to be regarde
as the standard.

1.5 When this document is referenced in a metric product
specification, the yield and tensile values may be determined in

dE® Terminology Relating to Methods of Mechanical Test-
ing®

E 8 Test Methods for Tension Testing of Metallic Mateals

E 8M Test Methods for Tension Testing of Metallic Mate-
rials [Metric]®

E 10 Test Method for Brinell Hardness of Metallic Materi-

1 These test methods and definitions are under the jurisdiction of ASTM alg
Committee AO1 on Steel, Stainless Steel and Related Alloys and are the direct
responsibility of Subcommittee A01.13 on Mechanical and Chemical Testing and
Processing Methods of Steel Products and Processes. —
Current edition approved Oct. 1, 2003. Published October 2003. Originally * Annual Book of ASTM Standardgol 01.02.

approved in 1953. Last previous edition approved in 2003 as A 370 — 03. 4 Annual Book of ASTM Standardgol 01.05.
2 For ASME Boiler and Pressure Vessel Caalgplications see related Specifi- S Annual Book of ASTM Standardéol 01.03.
cation SA-370 in Section Il of that Code. ¢ Annual Book of ASTM Standardéol 03.01.

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

Copyright © ASTM International, 100 Barr Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959, United States.
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E 18 Test Methods for Rockwell Hardness and Rockwell 3.2 Improper machining or preparation of test specimens
Superficial Hardness of Metallic Materiéls may give erroneous results. Care should be exercised to assure
E 23 Test Methods for Notched Bar Impact Testing ofgood workmanship in machining. Improperly machined speci-
Metallic Material$ mens should be discarded and other specimens substituted.
E 29 Practice for Using Significant Digits in Test Data to 3.3 Flaws in the specimen may also affect results. If any test
Determine Conformance with Specificatiéns specimen develops flaws, the retest provision of the applicable
E 83 Practice for Verification and Classification of Exten-product specification shall govern.
someterd 3.4 If any test specimen fails because of mechanical reasons
E 110 Test Method for Indentation Hardness of Meta”iCSuch as failure of testing equipment or improper specimen

Materials by Portable Hardness Tesfers preparation, it may be discarded and another specimen taken.
E 190 Test Method for Guided Bend Test for Ductility of

Welds
E 208 Test Method for Conducting Drop-Weight Test to u o ., B .,
Determine Nil-Ductility Transition Temperature of Ferritic 4.1 The'terms Ipng|tud|'n.al test and “transverse test” are
Steelé used only in material spguﬁcaﬂons for wrought prod'ucts and
E 290 Test Method for Bend Test of Material for Ductifity are notapplicable to castings. When such refere_nq_a is made to
E 1595 Practice for Evaluating the Performance of Me.& test coupon or test specimen, the following definitions apply:

4. Orientation of Test Specimens

chanical Testing Laboratorigs 4.1.1 Longitudinal Test unless specifically defined other-
22 Other Document: wise, signifies that the lengthwise axis of the specimen is
ASME Boiler and Pressure Vessel Code, Section V”Lparallel to the direction of the greatest extension of the steel
Division |, Part UG-84 during rolling or forging. The stress applied to a longitudinal
tension test specimen is in the direction of the greatest
3. General Precautions extension, and the axis of the fold of a longitudinal bend test

. o . specimen is at right angles to the direction of greatest extension
_ 3.1 Certam_ methods of fgbrlcatlon, _such as bending, form(Fig. 1, Fig. 2a, and 2b).

ing, and welding, or operations involving heating, may affect 4127 T | ifically defined otherwi

the properties of the material under test. Therefore, the product ™. ransverse estm'ess specriically detine Ot. erwise,
specifications cover the stage of manufacture at which me2ignifies thal th_e IengthW|se ! the specimen Is at right
chanical testing is to be performed. The properties shown b ng_les to _the d|rect|qn Gy et extension of the steel
testing prior to fabrication may not necessarily be represent uring rolling, or forging. The stress applied to a transverse

tive of the product after it has been completely fabricated. tgnsmn =t Specimen 1S atright angles to the greatest exten—
sion, and the axis of the fold of a transverse bend test specimen

is parallel to the greatest extension (Fig. 1).
4.2 The terms “radial test” and “tangential test” are used in
7 Annual Book of ASTM Standardéol 14.02. material specifications for some wrought circular products and
8 Discontinued, see 200Annual Book of ASTM Standardgol 03.01. are not applicable to castings. When such reference is made to

9 Available from American Society of Mechanical Engineers, 345 E. 47th Street,g test coupon or test Specimen, the foIIowing definitions app|y;
New York, NY 10017.

LONGITUDINAL SPECIMEN

LONGITUDINAL FL AT TENSION TEST

LONG!TUDINAL ROUND TENSION TEST

LONGITUDINAL
BEND TEST

- =~ INDICATES ROLLING DIRECTION o
OR EXTENSION ﬂ

LONGITUDINAL
IMPACT TEST

TRANSVERSE SPECIMEN
TRANSVERSE FeAT
TRANSVERSE
BEND TEST
TRANSVERSE

IMPACT TEST
FIG. 1 The Relation of Test Coupons and Test Specimens to
Rolling Direction or Extension (Applicable to General Wrought
Products)
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FIG. 2 Location of Longitudinal Tension Test Specimens in Rings Cut from Tubular Products

4.2.1 Radial Test unless specifically defined otherwise, material under examination to a measured load sufficient to
signifies that the lengthwise axis of the specimen is perpencause rupture. The resulting properties sought are defined in
dicular to the axis of the product and coincident with one of theTerminology E 6.
radii of a circle drawn with a point on the axis of the product
as a center (Fig. 2a).

4.2.2 Tangential Testunless specifically defined otherwise,
s[gnlfles that the Iengthv_vlse axis _of the specimen is Perpen: v ared in these test methods.
dicular to a plane containing the axis of the product and tangent
to a circle drawn with a point on the axis of the product as
center (Fig. 2a, 2b, 2c, and 2d).

TENSION TEST

5.2 In general, the testing equipment and methods are given
in Test Methods E 8. However, there are certain exceptions to
Test Methods E 8 practices in the testing of steel, and these are

%. Terminology

6.1 For definitions of terms pertaining to tension testing,
including tensile strength, yield point, yield strength, elonga-
5. Description tion, and reduction of area, reference should be made to

5.1 The tension test related to the mechanical testing of stederminology E 6.
products subjects a machined or full-section specimen of the
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7. Testing Apparatus and Operations 7.4.2 1t shall be permissible to set the speed of the testing
d- Mmachine by adjusting the free running crosshead speed to the

7.1 Loading SystemsThere are two general types of loa b ified val ; h h f : i
ing systems, mechanical (screw power) and hydraulic. ThesR?0V€ Speciiied values, inasmuch as the rate of separation o

differ chiefly in the variability of the rate of load application. head_?_ L(Jjndelr Ioadf ?t these machine hsett(ijngs isdless than the
The older screw power machines are limited to a small numbetPEC!!1€d Values of frée running crosshead speed. ,
of fixed free running crosshead speeds. Some modern screw’-4-3 As an alternative, if the machine is equipped with a

power machines, and all hydraulic machines permit steples@eVice to indicate the rate of loading, the speed of the machine
variation throughout the range of speeds. from half the specified yield point or yield strength through the

. : : S : ield point or yield strength may be adjusted so that the rate of
7.2 The tension testing machine shall be maintained in gooéﬁIe . ) )
operating condition, used only in the proper loading range, angUessing does not exceed 100 000 psi (690 MPa)/min. How-

calibrated periodically in accordance with the latest revision of Y& the minimum rate of stressing shall not be less than
Practices E 4. 10 000 psi (70 MPa)/min.

Note 1—Many machines are equipped with stress-strain recorders fo8. Test Specimen Parameters

autographic plotting of stress-strain curves. It should be noted that some 8.1 Selection—Test counons shall be selected in accordance
recorders have a load measuring component entirely separate from the =" p

load indicator of the testing machine. Such recorders are calibrate/Ith the applicable product specifications.
separately. 8.1.1 Wrought Steels-Wrought steel products are usually

7 3 Loading—It is the function of the ariboing or holdin tested in the longitudinal direction, but in some cases, where
j G gripping 9 size permits and the service justifies it, testing is in the

device of the testing machine to transmit the load from th . SR ) ;
heads of the machine to the specimen under test. The essenenrqnsverse, radial, or tangential directions (see Fig. 1 and Fig.

requirement is that the load shall be transmitted axially. This
implies that the centers of the action of the grips shall be i
alignment, insofar as practicable, with the axis of the specime

at the beginning and during the test and that bending of tati b ided by th licabl
twisting be held to a minimum. For specimens with a reduced’ @ representative numboer as provided by the appicable

section, gripping of the specimen shall be restricted to the griBrOdUCt specifications. Test specimens are normally taken at

section. In the case of certain sections tested in full sizem'd'rad'us' CEriain prOQEEigications permit the use of a

nonaxial loading is unavoidable and in such cases shall btéepresentanve . or.the dest_ructl_on of a.productlon part f_or
permissible. test purposes. For ring or disk-like forgings test metal is

7.4 Speed of TestingThe speed of testing shall not be provided by increasing the diameter, thickness, or length of the

. . 4 forging. Upset disk or ring forgings, which are worked or
greater than that at Wh'Ch Ioaq and strain readmgs_ cansbe ma &tended by forging in a direction perpendicular to the axis of
accurately. In production testing, speed of testing is commonl he forging, usually have their principal extension along
expressed:]) in terms of free running crosshead speed (rate o '

of th head of the testi hi h oncentric circles and for such forgings tangential tension
movement ot the crosshead of he esting machin€ when n%tpecimens are obtained from extra metal on the periphery or

under load), 2) in terms of rate of separation of the two headsend of the forging. For some forgings, such as rotors, radial

OI the. testtt:ng mag:hme ;l:dert loads) (f'n :[[em}s tof_rgte t?\f tension tests are required. In such cases the specimens are cut
stressing the specimen, at)(in terms of rate of straining the or trepanned from specified locations.

specimen. The following limitations on the speed of testing are 8.1.3 Cast Steels-Test coupons for castings from which

recommended as adequate for most steel products: . . h .
tension test specimens are prepared shall be in accordance with
Note 2—Tension tests using closed-loop machines (with feedbackhe requirements of Specifications A 703/A 703M or A781/
control of rate) should not be performed using load control, as this modé 781M, as applicable.
of test_ing will result in accel_eration of the crosshead upon yielding and g 2 Sjze and TolerancesTest specimens shall be the full
elevation of the measured yield strength. thickness or section of material as-rolled, or may be machined
7.4.1 Any convenient speed of testing may be used up tto the form and dimensions shown in Figs. 3-6, inclusive. The
one half the specified yield point or yield strength. When thisselection of size and type of specimen is prescribed by the
point is reached, the free-running rate of separation of th@pplicable product specification. Full section specimens shall
crossheads shall be adjusted so as not to ex¢edd. per min ~ be tested in 8-in. (200-mm) gage length unless otherwise
per inch of reduced section, or the distance between the grigpecified in the product specification.
for test specimens not having reduced sections. This speed8.3 Procurement of Test SpecimenASpecimens shall be
shall be maintained through the yield point or yield strength. Insheared, blanked, sawed, trepanned, or oxygen-cut from por-
determining the tensile strength, the free-running rate ofions of the material. They are usually machined so as to have
separation of the heads shall not exc&edh. per min per inch  areduced cross section at mid-length in order to obtain uniform
of reduced section, or the distance between the grips for teslistribution of the stress over the cross section and to localize
specimens not having reduced sections. In any event, thie zone of fracture. When test coupons are sheared, blanked,
minimum speed of testing shall not be less thin the  sawed, or oxygen-cut, care shall be taken to remove by
specified maximum rates for determining yield point or yieldmachining all distorted, cold-worked, or heat-affected areas
strength and tensile strength. from the edges of the section used in evaluating the test.

8.1.2 Forged Steels-For open die forgings, the metal for
ension testing is usually provided by allowing extensions or
rolongations on one or both ends of the forgings, either on all
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DIMENSIONS
Standard Specimens Subsize Specimen
Plate-Type, Sheet-Type, . )
1¥2-in. Wide Yo-in. Wide Ya-in. Wide
in. mm in. mm in. mm
G—Gage length (Notes 1 and 2) 8.00 + 0.01 200 + 0.25 2.000 * 0.005 50.0 = 0.10 1.000 + 0.003 25.0 = 0.08
W—Width (Notes 3, 5, and 6) 1Y2 +Ys 40+ 3 0.500 = 0.010 125 * 0.25 0.250 = 0.002 6.25 = 0.05
- Ya -6
T—Thickness (Note 7) Thickness of Material
R—Radius of fillet, min (Note 4) 12 13 Y2 13 Ya 6
L—Over-all length, min (Notes 2 and 8) 18 450 8 200 4 100
A—Length of reduced section, min 9 225 24 60 1Ya 32
B—Length of grip section, min (Note 9) 3 75 2 50 1Ya 32
C—Width of grip section, approximate 2 50 Ya 20 EZ] 10

(Notes 4, 10, and 11)

Note 1—For the ¥2-in. (40-mm) wide specimen, punch marks for measuring elongation after fracture shall be made on the flat or on the edge of the
specimen and within the reduced section. Either a set of nine or more punch marks 1 in. (25 mm) apart, or one or more pairs of punch marks 8 in. (200
mm) apart may be used.

Note 2—For the¥z-in. (12.5-mm) wide specimen, gage marks for measuring the elongation after fracture shall be madé-amctin€l2.5-mm) face
or on the edge of the specimen and within the reduced section. Either a set of three or more marks 1.0 in. (25 mm) apart or one or more pairs of marks
2 in. (50 mm) apart may be used.

Note 3—For the three sizes of specimens, the ends of the reduced section shall not differ in width by more than 0.004, 0.002 or 0.001 in. (0.10, 0.05
or 0.025 mm), respectively. Also, there may be a gradual decrease in width from the ends to the center, but the width at either end shall not be more thar
0.015 in., 0.005 in., or 0.003 in. (0.40, 0.10 or 0.08 mm), respectively, larger than the width at the center.

Note 4—For each specimen type, the radii of all fillets shall be equal to each other with a tolerance of 0.05 in. (1.25 mm), and the centers of curvature
of the two fillets at a particular end shall be located across from each other (on a line perpendicular to the centerline) within a tolerance of®.10 in. (2
mm).

Note 5—For each of the three sizes of specimens, narrower widiisutdC) may be used when necessary. In such cases the width of the reduced
section should be as large as the width of the material being tested permits; however, unless stated specifically, the requirements for elpnggticn in a
specification shall not apply when these narrower specimens are used. If the width of the material is [#gslieasides may be parallel throughout
the length of the specimen.

Note 6—The specimen may be modified by making the sides parallel throughout the length of the specimen, the width and tolerances being the same
as those specified above. When necessary a narrower specimen may be used, in which case the width should be as great as the width of the material bei
tested permits. If the width is¥ in. (38 mm) or less, the sides may be parallel throughout the length of the specimen.

Note 7—The dimensiofT is the thickness of the test specimen as provided for in the applicable material specifications. Minimum nominal thickness
of 1%2-in. (40-mm) wide specimens shall B&s in. (5 mm), except as permitted by the product specification. Maximum nominal thickné4srof
(12.5-mm) andz-in. (6-mm) wide specimens shall Bé in. (19 mm) and¥z in. (6 mm), respectively.

Note 8—To aid in obtaining axial loading during testing Bfin. (6-mm) wide specimens, the overall length should be as the material will permit.

Note 9—It is desirable, if possible, to make the length of the grip section large enough to allow the specimen to extend into the grips a distance equal
to two thirds or more of the length of the grips. If the thicknes%zihn. (13-mm) wide specimens is ov& in. (10 mm), longer grips and correspondingly
longer grip sections of the specimen may be necessary to prevent failure in the grip section.

Note 10—For standard sheet-type specimens and subsize specimens the ends of the specimen shall be symmetrical with the center line of the reduce
section within 0.01 and 0.005 in. (0.25 and 0.13 mm), respectively. However, for steel if the end¥sirth@l2.5-mm) wide specimen are symmetrical
within 0.05 in. (1.0 mm) a specimen may be considered satisfactory for all but referee testing.

Note 11—For standard plate-type specimens the ends of the specimen shall be symmetrical with the center line of the reduced section within 0.25 in.
(6.35 mm) except for referee testing in which case the ends of the specimen shall be symmetrical with the center line of the reduced section within 0.10
in. (2.5 mm).

FIG. 3 Rectangular Tension Test Specimens

8.4 Aging of Test SpecimerdJnless otherwise specified, it shorter time at moderately elevated temperatures by boiling in
shall be permissible to age tension test specimens. The timerater, heating in oil or in an oven.
temperature cycle employed must be such that the effects of 8.5 Measurement of Dimensions of Test Specimens
previous processing will not be materially changed. It may be 8.5.1 Standard Rectangular Tension Test Specimenhisese
accomplished by aging at room temperature 24 to 48 h, or iforms of specimens are shown in Fig. 3. To determine the
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DIMENSIONS
Standard Specimen Small-Size Specimens Proportional to Standard
Nominal Diameter in. mm in. mm in. mm in. mm in. mm
0.500 125 0.350 8.75 0.250 6.25 0.160 4.00 0.113 2.50
G—Gage length 2.00%= 50.0 = 1.400%= 35.0 = 1.000*= 25.0 = 0.640+ 16.0 = 0.450=+ 10.0 =
0.005 0.10 0.005 0.10 0.005 0.10 0.005 0.10 0.005 0.10
D—Diameter (Note 1) 0.500+ 12,5+ 0.350+ 8.75 = 0.250+ 6.25 = 0.160+ 4.00 = 0.113= 250 +
0.010 0.25 0.007 0.18 0.005 0.12 0.003 0.08 0.002 0.05
R—Radius of fillet, min ¥ 10 Ya 6 16 5 Y32 4 Y32 2
A—Length of reduced section, 24 60 134 45 1Y 32 Ya 20 Y8 16

min (Note 2)

Note 1—The reduced section may have a gradual taper from the ends toward the center, with the ends not more than 1 percent larger in diameter thal
the center (controlling dimension).

Note 2—If desired, the length of the reduced section may be increased to accommodate an extensometer of any convenient gage length. Referenc
marks for the measurement of elongation should, nevertheless, be spaced at the indicated gage length.

Note 3—The gage length and fillets shall be as shown, but the ends may be of any form to fit the holders of the testing machine in such a way that
the load shall be axial (see Fig. 9). If the ends are to be held in wedge grips it is desirable, if possible, to make the length of the grip sectioglgreat enou
to allow the specimen to extend into the grips a distance equal to two thirds or more of the length of the grips.

Note 4—On the round specimens in Fig. 5 and Fig. 6, the gage lengths are equal to four times the nominal diameter. In some product specifications
other specimens may be provided for, but unless the 4-to-1 ratio is maintained within dimensional tolerances, the elongation values may nable compar
with those obtained from the standard test specimen.

Note 5—The use of specimens smaller than 0.250-in. (6.25-mm) diameter shall be restricted to cases when the material to be tested is of insufficient
size to obtain larger specimens or when all parties agree to their use for acceptance testing. Smaller specimens require suitable equipnent and great
skill in both machining and testing.

Note 6—Five sizes of specimens often used have diameters of approximately 0.505, 0.357, 0.252, 0.160, and 0.113 in., the reason being to permit eas
calculations of stress from loads, since the corresponding cross sectional areas are equal or close to 0.200, 0.100, 0.0500, 0.0200, ahd 0.0100 in.
respectively. Thus, when the actual diameters agree with these values, the stresses (or strengths) may be computed using the simple madgiplying fact
5, 10, 20, 50, and 100, respectively. (The metric equivalents of these fixed diameters do not result in correspondingly convenient cross aetidnal are
multiplying factors.)

FIG. 4 Standard 0.500-in. (12.5-mm) Round Tension Test Specimen with 2-in. (50-mm) Gage Length and Examples of Small-Size
Specimens Proportional to the Standard Specimens

cross-sectional area, the center width dimension shall b&per in the gage length permitted for each of the specimens
measured to the nearest 0.005 in. (0.13 mm) for the 8-indescribed in the following sections.

(200-mm) gage length specimen and 0.001 in. (0.025 mm) for 8.6.3 For brittle materials it is desirable to have fillets of
the 2-in. (50-mm) gage length specimen in Fig. 3. The centelarge radius at the ends of the gage length.

thickness dimension shall be measured to the nearest 0.001 51 Plate-T Speci

for both specimens. - Fate-1ype specimen

8.5.2 Standard Round Tension Test Specimefitese 9.1 The standard plate-type test specimen is shown in Fig. 3.
forms of specimens are shown in Fig. 4 and Fig. 5. Tolhis specimenis used for testing metallic materials in the form
determine the cross-sectional area, the diameter shall B¥ plate, structural and bar-size shapes, and flat material having
measured at the center of the gage length to the nearest 0.08nominal thickness of1e in. (5 mm) or over. When product
in. (0.025 mm) (see Table 1). specifications so permit, other types of specimens may be used.

8.6 Generat—Test specimens shall be either substantially Nore 3—when called for in the product specification, the 8-in. gage
full size or machined, as prescribed in the product specificarength specimen of Fig. 3 may be used for sheet and strip material.
tions for the material being tested. ]

8.6.1 Improperly prepared test specimens often cause unsé0- Sheet-Type Specimen
isfactory test results. It is important, therefore, that care be 10.1 The standard sheet-type test specimen is shown in Fig.
exercised in the preparation of specimens, particularly in th&. This specimen is used for testing metallic materials in the
machining, to assure good workmanship. form of sheet, plate, flat wire, strip, band, and hoop ranging in

8.6.2 It is desirable to have the cross-sectional area of theominal thickness from 0.005 & in. (0.13 to 19 mm). When
specimen smallest at the center of the gage length to ensupeoduct specifications so permit, other types of specimens may
fracture within the gage length. This is provided for by thebe used, as provided in Section 9 (see Note 3).
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DIMENSIONS
Specimen 1 Specimen 2 Specimen 3 Specimen 4 Specimen 5
in. mm in. mm in. mm in. mm in. mm
G—Gage length 2.000+ 50.0 = 2.000+ 50.0 = 2.000+ 50.0 = 2.000+ 50.0 = 2.00+ 50.0 =
0.005 0.10 0.005 0.10 0.005 0.10 0.005 0.10 0.005 0.10
D—Diameter (Note 1) 0.500 = 12,5+ 0.500 = 12,5+ 0.500 = 12.5=+ 0.500 = 12.5% 0.500+ 125 *=
0.010 0.25 0.010 0.25 0.010 0.25 0.010 0.25 0.010 0.25
R—Radius of fillet, min EZ) 10 Vs 10 Y16 2 EZ] 10 s 10
A—Length of reduced 2Y4 , min 60, min 2%, min 60, min 4, ap- 100, ap- 2%, min 60, min 2%, min 60, min
section proxi- proxi-
mately mately
L—Overall length, approximate 5 125 5Y2 140 5Y%2 140 AYa 120 9Y>2 240
B—Grip section 1%, ap- 35, ap- 1, ap- 25, ap- ¥a , ap- 20, ap- Y2, ap- 13, ap- 3, min 75, min
(Note 2) proxi- proxi- proxi- proxi- proxi- proxi- proxi- proxi-
mately mately mately mately mately mately mately mately
C—Diameter of end section Ya 20 Z 20 2%32 18 78 22 Ya 20
E—Length of shoulder and L oo Y8 16 A e Ya 20 Y8 16
fillet section, approximate
F—Diameter of shoulder L s s 16 N S s 16 1932 15

Note 1—The reduced section may have a gradual taper from the ends toward the center with the ends not more than 0.005 in. (0.10 mm) larger in
diameter than the center.

Note 2—On Specimen 5 it is desirable, if possible, to make the length of the grip section great enough to allow the specimen to extend into the grips
a distance equal to two thirds or more of the length of the grips.

Note 3—The types of ends shown are applicable for the standard 0.500-in. round tension test specimen; similar types can be used for subsize
specimens. The use of UNF series of thre&ddg 16, %2 by 20,%s by 24, and/s by 28) is suggested for high-strength brittle materials to avoid fracture
in the thread portion.

FIG. 5 Suggested Types of Ends for Standard Round Tension Test Specimens

11. Round Specimens sharp, and accurately spaced. The localization of stress at the

11.1 The standard 0.500-in. (12.5-mm) diameter round tegiarks makes a hard specimen susceptible to starting fracture at
specimen shown in Fig. 4 is used quite generally for testingh€® punch marks. The gage marks for measuring elongation
metallic materials, both cast and wrought. after fracture shall be made on the flat or on the edge of the flat

11.2 Fig. 4 also shows small size specimens proportional tiEnsion test specimen and within the parallel section; for the
the standard specimen. These may be used when it is necess8rif- 9age length specimen, Fig. 3, one or more sets of 8-in.
to test material from which the standard specimen or specimer29e marks may be used, intermediate marks within the gage
shown in Fig. 3 cannot be prepared. Other sizes of small roun§ngth being optional. Rectangular 2-in. gage length speci-
specimens may be used. In any such small size specimen it /8€ns, Fig. 3, and round specimens, Fig. 4, are gage marked
important that the gage length for measurement of elongatiolith @ double-pointed center punch or scribe marks. One or
be four times the diameter of the specimen (see Note 4, Fig. 4fnore sets of gage marks may be used; however, one set must

11.3 The shape of the ends of the specimens outside of t apprpxmately centered in the reduced section. These' same
gage length shall be suitable to the material and of a shape fJecautions shall be observed when the test specimen is full
fit the holders or grips of the testing machine so that the loadS€ction.
are applied axially. Fig. 5 shows specimens with various types o ) )
of ends that have given satisfactory results. 13. Determination of Tensile Properties

13.1 Yield Point—Yield point is the first stress in a material,
12. Gage Marks less than the maximum obtainable stress, at which an increase

12.1 The specimens shown in Figs. 3-6 shall be gagén strain occurs without an increase in stress. Yield point is
marked with a center punch, scribe marks, multiple device, ointended for application only for materials that may exhibit the
drawn with ink. The purpose of these gage marks is taunique characteristic of showing an increase in strain without
determine the percent elongation. Punch marks shall be lighgn increase in stress. The stress-strain diagram is characterized
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DIMENSIONS
Specimen 1 Specimen 2 Specimen 3
in. mm in. mm in. mm
G—Length of parallel Shall be equal to or greater than diameter D
D—Diameter 0.500 * 0.010 12.5+ 0.25 0.750 = 0.015 20.0 = 0.40 1.25 + 0.025 30.0 = 0.60
R—Radius of fillet, min 1 25 1 25 2 50
A—Length of reduced section, min 1Ya 32 1> 38 2Y4 60
L—Over-all length, min 3%a 95 4 100 6% 160
B—Grip section, approximate 1 25 1 25 1% 45
C—Diameter of end section, approximate Ya 20 1Y 30 1% 48
E—Length of shoulder, min Ya 6 Ya 6 Y16 8
F—Diameter of shoulder % *+ Yea 16.0 = 0.40 15416 * Yea 24.0 = 0.40 176 * Yea 36.5 = 0.40

Note 1—The reduced section and shoulders (dimensfr3, E, F, G,andR) shall be shown, but the ends may be of any form to fit the holders of
the testing machine in such a way that the load shall be axial. Commonly the ends are threaded and have the dBhaersi®igs/en above.
FIG. 6 Standard Tension Test Specimens for Cast Iron

TABLE 1 Multiplying Factors to Be Used for Various Diameters of Round Test Specimens

Standard Specimen Small Size Specimens Proportional to Standard
0.500 in. Round 0.350 in. Round 0.250 in. Round
Dg(r:\:ﬁtler, Areg, Multiplying Dgﬁi?ér, Areg, Multiplying Dgcn:ﬁtlar, A_reg, Multiplying
} in. Factor ) in. Factor ) in. Factor
in. in. in.
0.490 0.1886 5.30 0.343 0.0924 10.82 0.245 0.0471 21.21
0.491 0.1893 5.28 0.344 0.0929 10.76 0.246 0.0475 21.04
0.492 0.1901 5.26 0.345 0.0935 10.70 0.247 0.0479 20.87
0.493 0.1909 5.24 0.346 0.0940 10.64 0.248 0.0483 20.70
0.494 0.1917 5.22 0.347 0.0946 10.57 0.249 0.0487 20.54
0.495 0.1924 5.20 0.348 0.0951 10.51 0.250 0.0491 20.37
0.496 0.1932 5.18 0.349 0.0957 10.45 0.251 0.0495 20.21
(0.05)2 (20.0)*
0.497 0.1940 5.15 0.350 0.0962 10.39 0.252 0.0499 20.05
(0.05)A (20.0)*
0.498 0.1948 5.13 0.351 0.0968 10.33 0.253 0.0503 19.89
(0.05)* (20.0)*
0.499 0.1956 5.11 0.352 0.0973 10.28 0.254 0.0507 19.74
0.500 0.1963 5.09 0.353 0.0979 10.22 0.255 0.0511 19.58
0.501 0.1971 5.07 0.354 0.0984 10.16 o o L
0.502 0.1979 5.05 0.355 0.0990 10.10
0.503 0.1987 5.03 0.356 0.0995 10.05
o.n" (10.0)*
0.504 0.1995 5.01 0.357 0.1001 9.99
(0.2)4 (5.04 0.2)# (10.0*
0.505 0.2003 4.99 .. ce Ce
0.27 (5.0
0.506 0.2011 4.97
.24 (5.04
0.507 0.2019 4.95
0.508 0.2027 4.93
0.509 0.2035 4.91
0.510 0.2043 4.90

A The values in parentheses may be used for ease in calculation of stresses, in pounds per square inch, as permitted in 5 of Fig. 4.

by a sharp knee or discontinuity. Determine yield point by onesteady rate. When the yield point of the material is reached, the
of the following methods: increase of the load will stop, but run the poise a trifle beyond
13.1.1 Drop of the Beam or Halt of the Pointer Methedn  the balance position, and the beam of the machine will drop for
this method, apply an increasing load to the specimen at a brief but appreciable interval of time. When a machine
uniform rate. When a lever and poise machine is used, keep threjuipped with a load-indicating dial is used there is a halt or
beam in balance by running out the poise at approximately aesitation of the load-indicating pointer corresponding to the
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drop of the beam. Note the load at the “drop of the beam” or
the “halt of the pointer” and record the corresponding stress as R
the yield point.

13.1.2 Autographic Diagram Method-When a sharp-
kneed stress-strain diagram is obtained by an autographic
recording device, take the stress corresponding to the top of the
knee (Fig. 7), or the stress at which the curve drops as the yield
point.

13.1.3 Total Extension Under Load MethedWhen testing
material for yield point and the test specimens may not exhibit
a well-defined disproportionate deformation that characterizes
a yield point as measured by the drop of the beam, halt of the
pointer, or autographic diagram methods described in 13.1.1
and 13.1.2, a value equivalent to the yield point in its practical
significance may be determined by the following method and
may be recorded as yield point: Attach a Class C or better
extensometer (Note 4 and Note 5) to the specimen. When the - — — e e
load producing a specified extension (Note 6) is reached record om=Specified Extension Under Load

the stress corresponding to the load as the yield point (Fig. 8). FIG. 8 Stress-Strain Diagram Showing Yield Point or Yield
Strength by Extension Under Load Method

-

Stress

Strain

Note 4—Automatic devices are available that determine the load at the
specified total extension without plotting a stress-strain curve. Such , .
devices may be used if their accuracy has been demonstrated. Multiplyifgms of strain, percent offset, total extension under load, etc.
calipers and other such devices are acceptable for use provided thdtetermine yield strength by one of the following methods:
accuracy has been demonstrated as equivalent to a Class C extensometerl 3.2.1 Offset Methog-To determine the yield strength by
Nore 5—Reference should be made to Practice E 83. the “offset method,” it is necessary to secure data (autographic
MPNO)T = 6—For steel with f‘yie.'d g%igés.pe/‘?iﬁedf ot OV?r 80 EOIO: psi (5|50 or numerical) from which a stress-strain diagram with a distinct
a), an appropriate value is 0. in./in. of gage length. For value N : :
above 80000 psi, this method is not valid unless the limiting total?‘nOdl‘IIUS characteristic of the mat?”al bemg tested may be
extension is increased. drawn. Then on thg stress-strain diagram (Fig. 9) layGofi
Note 7—The shape of the initial portion of an autographically deter- €qual to the specified value of the offset, draw parallel to
mined stress-strain (or a load-elongation) curve may be influenced b@A, and thus locater, the intersection ofmn with the
numerous factors such as the seating of the specimen in the grips, thitress-strain curve corresponding to loRd which is the
straightening of a specimen bent due to residual stresses, and the ragjfb|d-strength load. In recording values of yield strength

loading permitted in 7.4.1. Generally, the aberrations in this portion of theobtained by this method, the value of offset specified or used
curve should be ignored when fitting a modulus line, such as that used to : !

determine the extension-under-load yield, to the curve.
13.2 Yield Strength-Yield strength is the stress at which a

material exhibits a specified limiting deviation from the pro-
portionality of stress to strain. The deviation is expressed in
RiF—=rewccena/a=
RH——————, - =
o
[
] ©
[ -
. w
” | .
s |&
- |=
(2] [
I
I
: / Stroin
Strain 4 obe~=im
0 m om=Specified Offset
FIG. 7 Stress-Strain Diagram Showing Yield Point Corresponding FIG. 9 Stress-Strain Diagram for Determination of Yield Strength
with Top of Knee by the Offset Method
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or both, shall be stated in parentheses after the term yielibngth of the gage length, expressed as a percentage of the
strength, for example: original gage length. In recording elongation values, give both

Yield strength (0.2 % offse} = 52 000 psi360 MPa ) the percentage increase and the original gage Iengt_h.
13.4.2 If any part of the fracture takes place outside of the

When the offset is 0.2 % or larger, the extensometer useg,ijqle half of the gage length or in a punched or scribed mark

shal(! qualify as a Class B2 device over a strain range of 0.05 ;ithin the reduced section, the elongation value obtained may
1.0 %. If a smaller offset is specified, it may be necessary {5t pe representative of the material. If the elongation so

specify a more accurate device (that is, a Class B1 device) Qheasured meets the minimum requirements specified, no
reduce the lower limit of the strain range (for example, tOg,her testing is indicated, but if the elongation is less than the
0.01 %) or both. See also Note 9 for automatic devices. minimum requirements, discard the test and retest.

Note 8—For stress-strain diagrams not containing a distinct modulus, 13.4.3 Automated tensile testing methods .USin_g extensom-
such as for some cold-worked materials, it is recommended that theters allow for the measurement of elongation in a method
extension under load method be utilized. If the offset method is used fodescribed below. Elongation may be measured and reported
materials without a distinct modulus, a modulus value appropriate for thesither this way, or as in the method described above, fitting the
material being tested should be used: 30 000 000 psi (207 000 MPa) f%roken ends together. Either result is valid

carbon steel; 29 000 000 psi (200 000 MPa) for ferritic stainless steel; . . . .

28 000 000 psi (193 000 I\/[I)Pa)( for austenitic)stainless steel. For special 13.4.4 E_Iongat.lon at fracture is defined a.‘s the elongat_|on

alloys, the producer should be contacted to discuss appropriate modulfia€a@sured just prior to the sudden decrease in force associated

values. with fracture. For many ductile materials not exhibiting a

. sudden decrease in force, the elongation at fracture can be
.13'2‘2 Extension Under. Lo_ad MethedEor tests to deter- taken as the strain measured just pri%r to when the force falls

mine the acceptance or rejection of maten_al whose Stress-strajfly, 10 9% of the maximum force encountered during the test.

characteristics are well known from previous tests of similar 13.4.4.1 Elongation at fracture shall include elastic and

matgrial in which ;tress-strain diagrams'were plotted_,'the tota)|astic elongation and may be determined with autographic or
strain corresponding to the stress at which the specified offs -1 metholS using extensometers verified over the

(see Note 9 and Note 10) occurs will be known Within ¢yain range of interest. Use a class B2 or better extensometer
satisfactory limits. The stress on the specimen, when this totq) materials having less than 5% elongation; a class C or

strain is fe*”?‘:hed’ is the value_ of the yie!d strength. In recordin etter extensometer for materials having elongation greater
values ‘.Jf yield Stf?‘”gth obtained by this method, the Value Othan or equal to 5 % but less than 50 %; and a class D or better
exterlilon spf?mf[;d tor use_:dl,d O: bOt?h’ ?hall be slta.lted extensometer for materials having 50 % or greater elongation.
parentheses after the term yield strength, for exampie: In all cases, the extensometer gage length shall be the nominal

Yield strength (0.5 % EUL) = 52 000 psi360 MPa (2)  gage length required for the specimen being tested. Due to the
The total strain can be obtained satisfactorily by use of dack of precision in fitting fractured ends together, the elonga-
Class B1 extensometer (Note 4, Note 5, and Note 7). tion after fracture using the manual methods of the preceding

paragraphs may differ from the elongation at fracture deter-
Note 9—Automatic devices are available that determine offset yieldmined with extensometers.
;‘;ﬁgﬁtgggﬁrggt fl'Ott'Sg a Sd”ess's”a'” g”“’e' Such devices may be used 13 4 4 2 Percent elongation at fracture may be calculated
y has been emons,trate ' , _directly from elongation at fracture data and be reported
Nore 10—The appropriate magnitude of the extension under load will, 0 2§ of percent elongation as calculated in 13.4.1. However,
obviously vary with the strength range of the particular steel under test. In) .
general, the value of extension under load applicable to steel at anghese two parameters are not 'nterChange,able' Use of the
strength level may be determined from the sum of the proportional strai¢longation at fracture method generally provides more repeat-
and the plastic strain expected at the specified yield strength. Thable results.
following equation is used: 13.5 Reduction of Area-Fit the ends of the fractured
Extension under load, in./in. of gage lengthYSE) +r  (3)  Specimen together and measure the mean diameter or the width

and thickness at the smallest cross section to the same accuracy

where: - ) ) as the original dimensions. The difference between the area
YS = specified yield strength, psi or MPa, thus found and the area of the original cross section expressed
E = modulus of elasticity, psi or MPa, and as a percentage of the original area is the reduction of area.

r = limiting plastic strain, in./in.

13.3 Tensile Strengtk- Calculate the tensile strength by BEND TEST
dividing the maximum load the specimen sustains during a o
tension test by the original cross-sectional area of the speci4. Description

men. 14.1 The bend test is one method for evaluating ductility,
13.4 Elongation but it cannot be considered as a quantitative means of predict-
13.4.1 Fit the ends of the fractured specimen togetheing service performance in bending operations. The severity of
carefully and measure the distance between the gage marksttte bend test is primarily a function of the angle of bend and
the nearest 0.01 in. (0.25 mm) for gage lengths of 2 in. andnside diameter to which the specimen is bent, and of the cross
under, and to the nearest 0.5 % of the gage length for gageection of the specimen. These conditions are varied according
lengths over 2 in. A percentage scale reading to 0.5 % of théo location and orientation of the test specimen and the
gage length may be used. The elongation is the increase whemical composition, tensile properties, hardness, type, and
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quality of the steel specified. Method E 190 and Test Methodrom standard tables such as Table 6, which show numbers corresponding

E 290 may be consulted for methods of performing the test. to the various indentation diameters, usually in increments of 0.05 mm.
14.2 Unless otherwise specified, it shall be permissible to Note 12—In Test Method E 10 the values are stated in Sl units,

age bend test specimens. The time-temperature cycle employwdiereas in this section kg/m units are used.

must be such that the effects of previous processing will notbe 151 2 The standard Brinell test using a 10-mm ball em-

materially changed. It may be gccomplishgd by aging at roo loys a 3000-kgf load for hard materials and a 1500 or 500-kgf
temperature 24 to 48 h, or in shorter time at moderatel oad for thin sections or soft materials (see Annex on Steel

elevated temperatures by boiling in water or by heating in OILI'ubular Products). Other loads and different size indentors may

or in an oven. - .

14.3 Bend the test specimen at room temperature to a e used when specified. In recording hardness values, the
insidé diameter, as designated by the applicable produ iameter of the ball and the load must be stated except when a
specifications, to the extent specified without major crackinglo'mm ball and 3000-kgf load are used.

on the outside of the bent portion. The speed of bending is 16.1.3 A range of hardness can properly be specified only

ordinarily not an important factor. for quenched and tempered or normalized and tempered
material. For annealed material a maximum figure only should
HARDNESS TEST be specified. For normalized material a minimum or a maxi-

mum hardness may be specified by agreement. In general, no

15. General hardness requirements should be applied to untreated material.

15.1 Ahardness test is a means of determining resistance t016.1.4 Brinell hardness may be required when tensile prop-
penetration and is occasionally employed to obtain a quiclerties are not specified.
approximation of tensile strength. Table 2, Table 3, Table 4, 15 > Apparatus—Equipment shall meet the following re-
and Table 5 are for the conversion of hardness measuremer&airemems:
from one scale to another or to approximate tensile strength. 16.2.1 Testina Machi A Brinell hard . i
These conversion values have been obtained from computer: .~ esting N oelliis= j'c’ naraness test'lng ma-
generated curves and are presented to the nearest 0.1 pointqane |3 acceptgble for'use' B loading range within which
permit accurate reproduction of those curves. Since all contS 10ad measuring device is accurate-td %.
verted hardness values must be considered approximate, how-16.2.2 Measuring Microscope-The divisions of the mi-
ever, all converted Rockwell hardness numbers shall bérometer scale of the microscope or other measuring devices
rounded to the nearest whole number. used for the measurement of the diameter of the indentations
15.2 Hardness Testing shall be such as to permit the direct measurement of the
15.2.1 If the product specification permits alternative hard-diameter to 0.1 mm and the estimation of the diameter to 0.05
ness testing to determine conformance to a specified hardnessn.
requirement, the conversions listed in Table 2, Table 3, Table 4,
and Table 5 shall be used. Note 13—This requirement applies to the construction of the micro-
15.2.2 When recording converted hardness numbers, tpRsope only and is not a requirement for measurement of the indentation,
measured hardness and test scale shall be indicated in par&f¢ 164
theses, for example: 353 HB (38 HRC). This means that a 16.2.3 Standard Bal— The standard ball for Brinell hard-
hardness value of 38 was obtained using the Rockwell C scalgess testing is 10 mm (0.3937 in.) in diameter with a deviation

and converted to a Brinell hardness of 353. from this value of not more than 0.005 mm (0.0004 in.) in any

) diameter. A ball suitable for use must not show a permanent

16. Brinell Test change in diameter greater than 0.01 mm (0.0004 in.) when
16.1 Description pressed with a force of 3000 kgf against the test specimen.

16:1‘1 A specified load is applied to a flat su_n_‘ace _of the 163 Test SpecimerBrinell hardness tests are made on
specimen to be tested, through a hard ball of specified diamet&fiehared areas and sufficient metal must be removed from the
The average diameter of the indentation is used as a basis fgf,tace to eliminate decarburized metal and other surface

calculation of the Brinell hardness number. The quotient of th‘?rregularities. The thickness of the piece tested must be such

applied load divided by the area of the surface of the : :
indentation, which is assumed to be spherical, is termed thte!]at no bulge or other marking showing the effect of the load

Brinell hardness number (HB) in accordance with the follow-2PPEars on the side of the piece opposite the indentation.

ing equation: 16.4 Procedure

16.4.1 It is essential that the applicable product specifica-

HB = P/[(rD/2)(D — \/D* - d%)] @ tions state clearly the position at which Brinell hardness

where: indentations are to be made and the number of such indenta-
HB = Brinell hardness number, tions required. The distance of the center of the indentation
P = applied load, kgf, from the edge of the specimen or edge of another indentation
D = diameter of the steel ball, mm, and must be at least two and one-half times the diameter of the
d = average diameter of the indentation, mm. indentation.

Note 11—The Brinell hardness number is more conveniently secured 16.4.2 Apply the load for a minimum of 15 s.
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TABLE 2 Approximate Hardness Conversion Numbers for Nonaustenitic Steels A (Rockwell C to Other Hardness Numbers)
Rockwell Superficial Hardness
' Rockwell
Rockwell C Vickers Brinell Knoop A Scale 15N Scale, 30N Scale 45N Scale, )
Scale, 150-kgf Hardness Hardness, Hardness, 60-kaf Loéd 15-kgf 30-kgf 45-kgf Approximate
Load, Diamond Number 3000-kgf Load,  500-gf Load Dizgmond ' Load Load Load Tensile
. ’ . ' h ' Strength
Penetrator 10-mm Ball and Over Penetrator Diamond Diamond Diamond i MGIJD '
Penetrator ~ Penetrator ~ Penetrator st (MPa)
68 940 N 920 85.6 93.2 84.4 75.4
67 900 . 895 85.0 92.9 83.6 74.2
66 865 o 870 84.5 92.5 82.8 73.3
65 832 739 846 83.9 92.2 81.9 72.0
64 800 722 822 83.4 91.8 81.1 71.0
63 772 706 799 82.8 91.4 80.1 69.9
62 746 688 776 82.3 91.1 79.3 68.8
61 720 670 754 81.8 90.7 78.4 67.7
60 697 654 732 81.2 90.2 775 66.6 e
59 674 634 710 80.7 89.8 76.6 65.5 351 (2420)
58 653 615 690 80.1 89.3 75.7 64.3 338 (2330)
57 633 595 670 79.6 88.9 74.8 63.2 325 (2240)
56 613 577 650 79.0 88.3 73.9 62.0 313 (2160)
55 595 560 630 78.5 87.9 73.0 60.9 301 (2070)
54 577 543 612 78.0 87.4 72.0 59.8 292 (2010)
53 560 525 594 77.4 86.9 71.2 58.6 283 (1950)
52 544 512 576 76.8 86.4 70.2 57.4 273 (1880)
51 528 496 558 76.3 85.9 69.4 56.1 264 (1820)
50 513 482 542 75.9 85.5 68.5 55.0 255 (1760)
49 498 468 526 75.2 85.0 67.6 53.8 246 (1700)
48 484 455 510 74.7 84.5 66.7 52.5 238 (1640)
47 471 442 495 74.1 83.9 65.8 51.4 229 (1580)
46 458 432 480 73.6 83.5 64.8 50.3 221 (1520)
45 446 421 466 73.1 83.0 64.0 49.0 215 (1480)
44 434 409 452 72.5 82.5 63.1 47.8 208 (1430)
43 423 400 438 72.0 82.0 62.2 46.7 201 (1390)
42 412 390 426 71.5 81.5 61.3 45.5 194 (1340)
41 402 381 414 70.9 80.9 60.4 44.3 188 (1300)
40 392 371 402 70.4 80.4 59.5 43.1 182 (1250)
39 382 362 391 69.9 79.9 58.6 41.9 177 (1220)
38 372 353 380 69.4 79.4 57.7 40.8 171 (1180)
37 363 344 370 68.9 78.8 56.8 39.6 166 (1140)
36 354 336 360 68.4 78.3 55.9 38.4 161 (1110)
35 345 327 351 67.9 7.7 55.0 37.2 156 (1080)
34 336 319 342 67.4 g2 54.2 36.1 152 (1050)
33 327 311 334 66.8 76.6 53.3 34.9 149 (1030)
32 318 301 326 66.3 76.1 52.1 337 146 (1010)
31 310 294 318 65.8 75.6 51.3 325 141 (970)
30 302 286 311 65.3 75.0 50.4 31.3 138 (950)
29 294 279 304 64.6 74.5 49.5 30.1 135 (930)
28 286 271 297 64.3 73.9 48.6 28.9 131 (900)
27 279 264 290 63.8 733 417 27.8 128 (880)
26 272 258 284 63.3 72.8 46.8 26.7 125 (860)
25 266 253 278 62.8 72.2 45.9 255 123 (850)
24 260 247 272 62.4 71.6 45.0 24.3 119 (820)
23 254 243 266 62.0 71.0 44.0 23.1 117 (810)
22 248 237 261 61.5 70.5 43.2 22.0 115 (790)
21 243 231 256 61.0 69.9 42.3 20.7 112 (770)
20 238 226 251 60.5 69.4 415 19.6 110 (760)

A This table gives the approximate interrelationships of hardness values and approximate tensile strength of steels. It is possible that steels of various compositions and
processing histories will deviate in hardness-tensile strength relationship from the data presented in this table. The data in this table should not be used for austenitic
stainless steels, but have been shown to be applicable for ferritic and martensitic stainless steels. The data in this table should not be used to establish a relationship
between hardness values and tensile strength of hard drawn wire. Where more precise conversions are required, they should be developed specially for each steel
composition, heat treatment, and part.
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TABLE 3 Approximate Hardness Conversion Numbers for Nonaustenitic Steels A (Rockwell B to Other Hardness Numbers)
Rockwell Superficial Hardness
Rockwell B Rockwell A Rockwell F
Scale, 100- Vickers Brinell Knoop scale Scale 15T Scale, 30T Scale, 45T Scale, Approximate
kgf Load Y1e- Hardness Hardness, Hardness, 60-kaf 60-kaf 15-kgf 30-kgf 45-kgf Tensile
in. (1.588- 3000-kgf Load,  500-gf Load <9 g Load, Load, Load, Strength
mm) Number 10-mm Ball and Over Load, Diamond Load, Y1e-in. Y16 -in. Y1e-in. Ye-in. ksi (MPa)
Ball Penetrator (1.588-mm) Ball (1.588- (1.588- (1.588-
mm) Ball mm) Ball mm) Ball
100 240 240 251 61.5 . 93.1 83.1 72.9 116 (800)
99 234 234 246 60.9 S 92.8 82.5 71.9 114 (785)
98 228 228 241 60.2 e 92,5 81.8 70.9 109 (750)
97 222 222 236 59.5 S 92.1 81.1 69.9 104 (715)
96 216 216 231 58.9 S 91.8 80.4 68.9 102 (705)
95 210 210 226 58.3 e 915 79.8 67.9 100 (690)
94 205 205 221 57.6 S 91.2 79.1 66.9 98 (675)
93 200 200 216 57.0 S 90.8 78.4 65.9 94 (650)
92 195 195 211 56.4 e 90.5 77.8 64.8 92 (635)
91 190 190 206 55.8 S 90.2 77.1 63.8 90 (620)
90 185 185 201 55.2 . 89.9 76.4 62.8 89 (615)
89 180 180 196 54.6 no6 89.5 75.8 61.8 88 (605)
88 176 176 192 54.0 s 89.2 75.1 60.8 86 (590)
87 172 172 188 53.4 500 88.9 74.4 59.8 84 (580)
86 169 169 184 52.8 nog 88.6 73.8 58.8 83 (570)
85 165 165 180 52.3 e 88.2 73.1 57.8 82 (565)
84 162 162 176 51.7 500 87.9 72.4 56.8 81 (560)
83 159 159 173 51.1 .. 87.6 71.8 55.8 80 (550)
82 156 156 170 50.6 e 87.3 71.1 54.8 77 (530)
81 153 153 167 50.0 B oo 86.9 70.4 53.8 73 (505)
80 150 150 164 49.5 e 86.6 69.7 52.8 72 (495)
79 147 147 161 48.9 . 86.3 69.1 51.8 70 (485)
78 144 144 158 48.4 > 86.0 68.4 50.8 69 (475)
7 141 141 155 47.9 S 85.6 67.7 49.8 68 (470)
76 139 139 152 47.3 e 85.3 67.1 48.8 67 (460)
75 137 137 150 46.8 99.6 85.0 66.4 47.8 66 (455)
74 135 135 147 46.3 99.1 84.7 65.7 46.8 65 (450)
73 132 132 145 45.8 98.5 84.3 65.1 45.8 64 (440)
72 130 130 143 45.3 98.0 84.0 64.4 44.8 63 (435)
71 127 127 141 44.8 97.4 83.7 63.7 43.8 62 (425)
70 125 125 139 44.3 96.8 83.4 63.1 42.8 61 (420)
69 123 123 137 43.8 96.2 83.0 62.4 41.8 60 (415)
68 121 121 135 43.3 95.6 82.7 61.7 40.8 59 (405)
67 119 119 133 42.8 95.1 82.4 61.0 39.8 58 (400)
66 117 117 131 42.3 94.5 82.1 60.4 38.7 57 (395)
65 116 116 129 41.8 93.9 81.8 59.7 37.7 56 (385)
64 114 114 127 41.4 93.4 81.4 59.0 36.7 S
63 112 112 125 40.9 92.8 81.1 58.4 35.7
62 110 110 124 40.4 92.2 80.8 57.7 34.7
61 108 108 122 40.0 91.7 80.5 57.0 33.7
60 107 107 120 39.5 91.1 80.1 56.4 32.7
59 106 106 118 39.0 90.5 79.8 55.7 317
58 104 104 17 38.6 90.0 79.5 55.0 30.7
57 103 103 115 38.1 89.4 79.2 54.4 29.7
56 101 101 114 37.7 88.8 78.8 53.7 28.7
55 100 100 112 37.2 88.2 78.5 53.0 27.7
54 . S 111 36.8 87.7 78.2 52.4 26.7
53 S S 110 36.3 87.1 77.9 51.7 25.7
52 e e 109 35.9 86.5 775 51.0 24.7
51 . S 108 35.5 86.0 77.2 50.3 23.7
50 S S 107 35.0 85.4 76.9 49.7 22.7
49 e e 106 34.6 84.8 76.6 49.0 21.7
48 . S 105 34.1 84.3 76.2 48.3 20.7
a7 S S 104 33.7 83.7 75.9 471.7 19.7
46 e e 103 333 83.1 75.6 47.0 18.7
45 . S 102 32.9 82.6 75.3 46.3 17.7
44 S S 101 324 82.0 74.9 45.7 16.7
43 e e 100 32.0 81.4 74.6 45.0 15.7
42 . S 99 31.6 80.8 74.3 44.3 14.7
41 S S 98 31.2 80.3 74.0 43.7 13.6
40 e e 97 30.7 79.7 73.6 43.0 12.6
39 . S 96 30.3 79.1 73.3 42.3 11.6
38 S S 95 29.9 78.6 73.0 41.6 10.6
37 e e 94 295 78.0 72.7 41.0 9.6
36 . S 93 29.1 77.4 72.3 40.3 8.6
35 S S 92 28.7 76.9 72.0 39.6 7.6
34 e e 91 28.2 76.3 7.7 39.0 6.6
33 . S 90 27.8 75.7 71.4 38.3 5.6
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TABLE 3 Continued

Rockwell Superficial Hardness

Rockwell B Rockwell A Rockwell F
Scale, 100- Vickers Brinell Knoop Scale Scale 15T Scale, 30T Scale, 45T Scale, Approximate
kgf Load Y1e- Hardness Hardness, Hardness, 60k f 0.k f 15-kgf 30-kgf 45-kgf Tensile
in. (1.588- 3000-kgf Load,  500-gf Load <9 9 Load, Load, Load, Strength
Number Load, Diamond Load, ¥1e-in. Yie -i YVie-i Yie-i .
mm) 10-mm Ball and Over 16 -IN. 16-IN. 16-IN. ksi (MPa)
Ball Penetrator (1.588-mm) Ball (1.588- (1.588- (1.588-
mm) Ball mm) Ball mm) Ball
32 . o 89 27.4 75.2 71.0 37.6 4.6
31 L L 88 27.0 74.6 70.7 37.0 3.6
30 C L 87 26.6 74.0 70.4 36.3 2.6

A This table gives the approximate interrelationships of hardness values and approximate tensile strength of steels. It is possible that steels of various compositions and
processing histories will deviate in hardness-tensile strength relationship from the data presented in this table. The data in this table should not be used for austenitic
stainless steels, but have been shown to be applicable for ferritic and martensitic stainless steels. The data in this table should not be used to establish a relationship
between hardness values and tensile strength of hard drawn wire. Where more precise conversions are required, they should be developed specially for each steel
composition, heat treatment, and part.

TABLE 4 Approximate Hardness Conversion Numbers for Austenitic Steels (Rockwell C to other Hardness Numbers)

Rockwell Superficial Hardness

Rockwell C Scale, 150-kgf Rockwell A Scale, 60-kgf
Load. Diamond Penetrator Load. Diamond Penetrator 15N Scale, 15-kgf Load, 30N Scale, 30-kgf Load, 45N Scale, 45-kgf Load,
' ' Diamond Penetrator Diamond Penetrator Diamond Penetrator
48 74.4 84.1 66.2 52.1
47 73.9 83.6 65.3 50.9
46 734 83.1 64.5 49.8
45 72.9 82.6 63.6 48.7
44 72.4 82.1 62.7 47.5
43 71.9 81.6 61.8 46.4
42 71.4 81.0 61.0 45.2
41 70.9 80.5 60.1 44.1
40 70.4 80.0 59.2 43.0
39 69.9 79.5 58.4 41.8
38 69.3 79.0 57.5 40.7
37 68.8 78.5 56.6 39.6
36 68.3 78.0 55.7 38.4
35 67.8 77.5 54.9 37.3
34 67.3 77.0 54.0 36.1
33 66.8 76.5 53.1 35.0
32 66.3 75.9 52.3 33.9
31 65.8 75.4 51.4 32.7
30 65.3 74.9 50.5 31.6
29 64.8 74.4 49.6 30.4
28 64.3 73.9 48.8 29.3
27 63.8 73.4 47.9 28.2
26 63.3 729 47.0 27.0
25 62.8 72.4 46.2 25.9
24 62.3 71.9 45.3 24.8
23 61.8 71.3 44.4 23.6
22 61.3 70.8 43.5 225
21 60.8 70.3 42.7 21.3
20 60.3 69.8 41.8 20.2

16.4.3 Measure two diameters of the indentation at right
angles to the nearest 0.1 mm, estimate to the nearest 0.05 mm,
and average to the nearest 0.05 mm. If the two diameters differ
by more than 0.1 mm, discard the readings and make a new
indentation.
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Rockwell Superficial Hardness

Rockwell B
) J Diameter, mm J . ' 15-kgf Load, 30-kgf Load, 45-kgf Load,
in. (1.588- 10-mm Ball Diamond Penetrator Yie-in. (1.588- Yie-in. (1.588- Yie-in. (1.588-
mm) Ball mm) Ball mm) Ball mm) Ball
100 3.79 256 61.5 91.5 80.4 70.2
99 3.85 248 60.9 91.2 79.7 69.2
98 3.91 240 60.3 90.8 79.0 68.2
97 3.96 233 59.7 90.4 78.3 67.2
96 4.02 226 59.1 90.1 77.7 66.1
95 4.08 219 58.5 89.7 77.0 65.1
94 4.14 213 58.0 89.3 76.3 64.1
93 4.20 207 57.4 88.9 75.6 63.1
92 4.24 202 56.8 88.6 74.9 62.1
91 4.30 197 56.2 88.2 74.2 61.1
90 4.35 192 55.6 87.8 735 60.1
89 4.40 187 55.0 87.5 72.8 59.0
88 4.45 183 54.5 87.1 72.1 58.0
87 451 178 53.9 86.7 71.4 57.0
86 4.55 174 53.3 86.4 70.7 56.0
85 4.60 170 52.7 86.0 70.0 55.0
84 4.65 167 52.1 85.6 69.3 54.0
83 4.70 163 51.5 85.2 68.6 52.9
82 4.74 160 50.9 84.9 67.9 51.9
81 4.79 156 50.4 84.5 67.2 50.9
80 4.84 153 49.8 84.1 66.5 49.9
TABLE 6 Brinell Hardness Numbers #
(Ball 10 mm in Diameter, Applied Loads of 500, 1500, and 3000 kgf)
Diameter Brinell Hardness Number Brinell Hardness Number Diameter Brinell Hardness Number Brinell Hardness Number
of Indenta- Diameter of Indenta- Diameter
tion. mm 500- 1500-  3000- of |ndenta- 500- 1500-  3000- i - 500- 1500-  3000- of Indenta-  500- 1500-  3000-
' kgf kgf kgf tion. mm kgf kof kgf ' kgf kof kgf tion. mm kof kgf kgf
Load Load Load ' Load Load Load Load Load Load ' Load Load Load
2.00 158 473 945 2.60 92.6 278 555 3.20 60.5 182 363 3.80 42.4 127 255
2.01 156 468 936 2.61 91.8 276 551 &2k 60.1 180 361 3.81 42.2 127 253
2.02 154 463 926 2.62 91.1 273 547 3.22 59.8 179 359 3.82 42.0 126 252
2.03 153 459 917 2.63 90.4 271 543 3.23 59.4 178 356 3.83 41.7 125 250
2.04 151 454 908 2.64 89.7 269 538 3.24 59.0 177 354 3.84 41.5 125 249
2.05 150 450 899 2.65 89.0 267 534 3.25 58.6 176 352 3.85 41.3 124 248
2.06 148 445 890 2.66 88.4 265 530 3.26 58.3 175 350 3.86 41.1 123 246
2.07 147 441 882 2.67 87.7 263 526 3.27 57.9 174 347 3.87 40.9 123 245
2.08 146 437 873 2.68 87.0 261 522 3.28 57.5 173 345 3.88 40.6 122 244
2.09 144 432 865 2.69 86.4 259 518 3.29 57.2 172 343 3.89 40.4 121 242
2.10 143 428 856 2.70 85.7 257 514 3.30 56.8 170 341 3.90 40.2 121 241
211 141 424 848 2.71 85.1 255 510 3.31 56.5 169 339 3.91 40.0 120 240
2.12 140 420 840 2.72 84.4 253 507 3.32 56.1 168 337 3.92 39.8 119 239
2.13 139 416 832 2.73 83.8 251 503 3.33 55.8 167 335 3.93 39.6 119 237
2.14 137 412 824 2.74 83.2 250 499 3.34 55.4 166 333 3.94 39.4 118 236
2.15 136 408 817 2.75 82.6 248 495 3.35 55.1 165 331 3.95 39.1 117 235
2.16 135 404 809 2.76 81.9 246 492 3.36 54.8 164 329 3.96 38.9 117 234
2.17 134 401 802 2.77 81.3 244 488 3.37 54.4 163 326 3.97 38.7 116 232
2.18 132 397 794 2.78 80.8 242 485 3.38 54.1 162 325 3.98 38.5 116 231
2.19 131 393 787 2.79 80.2 240 481 3.39 53.8 161 323 3.99 38.3 115 230
2.20 130 390 780 2.80 79.6 239 477 3.40 53.4 160 321 4.00 38.1 114 229
2.21 129 386 772 2.81 79.0 237 474 3.41 53.1 159 319 4.01 37.9 114 228
2.22 128 383 765 2.82 78.4 235 471 3.42 52.8 158 317 4.02 37.7 113 226
2.23 126 379 758 2.83 77.9 234 467 3.43 52.5 157 315 4.03 37.5 113 225
2.24 125 376 752 2.84 77.3 232 464 344 52.2 156 313 4.04 37.3 112 224
2.25 124 372 745 2.85 76.8 230 461 3.45 51.8 156 311 4.05 37.1 111 223
2.26 123 369 738 2.86 76.2 229 457 3.46 51.5 155 309 4.06 37.0 111 222
2.27 122 366 732 2.87 75.7 227 454 3.47 51.2 154 307 4.07 36.8 110 221
2.28 121 363 725 2.88 75.1 225 451 3.48 50.9 153 306 4.08 36.6 110 219
2.29 120 359 719 2.89 74.6 224 448 3.49 50.6 152 304 4.09 36.4 109 218
2.30 119 356 712 2.90 74.1 222 444 3.50 50.3 151 302 4.10 36.2 109 217
2.31 118 353 706 291 73.6 221 441 3.51 50.0 150 300 411 36.0 108 216
2.32 117 350 700 2.92 73.0 219 438 3.52 49.7 149 298 4.12 35.8 108 215
2.33 116 347 694 2.93 72.5 218 435 3.53 49.4 148 297 4.13 35.7 107 214
2.34 115 344 688 2.94 72.0 216 432 3.54 49.2 147 295 414 35.5 106 213
2.35 114 341 682 2.95 71.5 215 429 3.55 48.9 147 293 4.15 35.3 106 212
2.36 113 338 676 2.96 71.0 213 426 3.56 48.6 146 292 4.16 35.1 105 211
2.37 112 335 670 2.97 70.5 212 423 3.57 48.3 145 290 4.17 34.9 105 210
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TABLE 6 Continued

Diameter Brinell Hardness Number Brinell Hardness Number Diameter Brinell Hardness Number Brinell Hardness Number
of Indenta- Diameter of Indenta- Diameter
tion. mm 500- 1500-  3000- of |ndenta- 500- 1500-  3000- tion. mm 500- 1500-  3000- of |ndenta-  500- 1500-  3000-
' kof kof kof tion, mm kof kgf kof ' kof kgf kof tion, mm kof kgf kof
Load Load Load Load Load Load Load Load Load Load Load Load
2.38 111 332 665 2.98 70.1 210 420 3.58 48.0 144 288 4.18 34.8 104 209
2.39 110 330 659 2.99 69.6 209 417 3.59 a7.7 143 286 4.19 34.6 104 208
2.40 109 327 653 3.00 69.1 207 415 3.60 47.5 142 285 4.20 34.4 103 207
2.41 108 324 648 3.01 68.6 206 412 3.61 47.2 142 283 4.21 34.2 103 205
2.42 107 322 643 3.02 68.2 205 409 3.62 46.9 141 282 4.22 34.1 102 204
2.43 106 319 637 3.03 67.7 203 406 3.63 46.7 140 280 4.23 33.9 102 203
2.44 105 316 632 3.04 67.3 202 404 3.64 46.4 139 278 4.24 33.7 101 202
2.45 104 313 627 3.05 66.8 200 401 3.65 46.1 138 277 4.25 33.6 101 201
2.46 104 311 621 3.06 66.4 199 398 3.66 45.9 138 275 4.26 334 100 200
2.47 103 308 616 3.07 65.9 198 395 3.67 45.6 137 274 4.27 33.2 99.7 199
2.48 102 306 611 3.08 65.5 196 393 3.68 45.4 136 272 4.28 33.1 99.2 198
2.49 101 303 606 3.09 65.0 195 390 3.69 45.1 135 271 4.29 32.9 98.8 198
2.50 100 301 601 3.10 64.6 194 388 3.70 44.9 135 269 4.30 32.8 98.3 197
251 99.4 298 597 3.11 64.2 193 385 3.71 44.6 134 268 431 32.6 97.8 196
2.52 98.6 296 592 3.12 63.8 191 383 3.72 44.4 133 266 4.32 32.4 97.3 195
2.53 97.8 294 587 3.13 63.3 190 380 3.73 44.1 132 265 4.33 32.3 96.8 194
2.54 97.1 291 582 3.14 62.9 189 378 3.74 43.9 132 263 4.34 32.1 96.4 193
2.55 96.3 289 578 3.15 62.5 188 375 3.75 43.6 131 262 4.35 32.0 95.9 192
2.56 95.5 287 573 3.16 62.1 186 373 3.76 43.4 130 260 4.36 31.8 95.5 191
2.57 94.8 284 569 3.17 61.7 185 370 3.77 43.1 129 259 4.37 31.7 95.0 190
2.58 94.0 282 564 3.18 61.3 184 368 3.78 429 129 257 4.38 315 94.5 189
2.59 93.3 280 560 3.19 60.9 183 366 3.79 42.7 128 256 4.39 314 94.1 188
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TABLE 6 Continued

Diameter Brinell Hardness Number Brinell Hardness Number Diameter Brinell Hardness Number Brinell Hardness Number
of Indenta- Diameter of Indenta- Diameter
tion. mm 500- 1500-  3000- of |ndenta- 500- 1500-  3000- tion. mm 500- 1500-  3000- of |ndenta-  500- 1500-  3000-
' kof kof kof tion, mm kof kgf kof ' kof kgf kof tion, mm kof kgf kof
Load Load Load Load Load Load Load Load Load Load Load Load
4.40 31.2 93.6 187 5.05 23.3 69.8 140 5.70 17.8 53.5 107 6.35 14.0 42.0 84.0
4.41 31.1 93.2 186 5.06 23.2 69.5 139 571 17.8 53.3 107 6.36 13.9 41.8 83.7
4.42 30.9 92.7 185 5.07 23.1 69.2 138 5.72 17.7 53.1 106 6.37 13.9 41.7 83.4
4.43 30.8 92.3 185 5.08 23.0 68.9 138 5.73 17.6 52.9 106 6.38 13.8 41.5 83.1
4.44 30.6 91.8 184 5.09 22.9 68.6 137 5.74 17.6 52.7 105 6.39 13.8 41.4 82.8
4.45 30.5 91.4 183 5.10 22.8 68.3 137 5.75 17.5 52.5 105 6.40 13.7 41.2 82.5
4.46 30.3 91.0 182 511 22.7 68.0 136 5.76 17.4 52.3 105 6.41 13.7 41.1 822
4.47 30.2 90.5 181 5.12 22.6 67.7 135 5.77 17.4 52.1 104 6.42 13.6 40.9 81.9
4.48 30.0 90.1 180 5.13 225 67.4 135 5.78 17.3 51.9 104 6.43 13.6 40.8 81.6
4.49 29.9 89.7 179 5.14 22.4 67.1 134 5.79 17.2 51.7 103 6.44 13.5 40.6 81.3
4.50 29.8 89.3 179 5.15 22.3 66.9 134 5.80 17.2 51.5 103 6.45 13.5 40.5 81.0
451 29.6 88.8 178 5.16 22.2 66.6 133 5.81 17.1 51.3 103 6.46 134 40.4 80.7
4.52 29.5 88.4 177 5.17 221 66.3 133 5.82 17.0 51.1 102 6.47 13.4 40.2 80.4
4.53 29.3 88.0 176 5.18 22.0 66.0 132 5.83 17.0 50.9 102 6.48 134 40.1 80.1
454 29.2 87.6 175 5.19 21.9 65.8 132 5.84 16.9 50.7 101 6.49 13.3 39.9 79.8
4.55 29.1 87.2 174 5.20 21.8 65.5 131 5.85 16.8 50.5 101 6.50 13.3 39.8 79.6
4.56 28.9 86.8 174 5.21 21.7 65.2 130 5.86 16.8 50.3 101 6.51 13.2 39.6 79.3
4.57 28.8 86.4 173 5.22 21.6 64.9 130 5.87 16.7 50.2 100 6.52 13.2 39.5 79.0
4.58 28.7 86.0 172 5.23 21.6 64.7 129 5.88 16.7 50.0 99.9 6.53 13.1 39.4 78.7
4.59 28.5 85.6 171 5.24 21.5 64.4 129 5.89 16.6 49.8 99.5 6.54 13.1 39.2 78.4
4.60 28.4 85.4 170 5.25 21.4 64.1 128 5.90 16.5 49.6 99.2 6.55 13.0 39.1 78.2
4.61 28.3 84.8 170 5.26 21.3 63.9 128 591 16.5 49.4 98.8 6.56 13.0 38.9 78.0
4.62 28.1 84.4 169 5.27 21.2 63.6 127 5.92 16.4 49.2 98.4 6.57 12.9 38.8 77.6
4.63 28.0 84.0 168 5.28 21.1 63.3 127 5.93 16.3 49.0 98.0 6.58 12.9 38.7 77.3
4.64 27.9 83.6 167 5.29 21.0 63.1 126 5.94 16.3 48.8 97.7 6.59 12.8 38.5 77.1
4.65 27.8 83.3 167 5.30 20.9 62.8 126 5.95 16.2 48.7 97.3 6.60 12.8 384 76.8
4.66 27.6 82.9 166 5.31 20.9 62.6 125 5.96 16.2 485 96.9 6.61 12.8 38.3 76.5
4.67 275 825 165 5.32 20.8 62.3 125 5.97 16.1 48.3 96.6 6.62 12.7 38.1 76.2
4.68 27.4 82.1 164 5.33 20.7 62.1 124 5.98 16.0 48.1 96.2 6.63 12.7 38.0 76.0
4.69 27.3 81.8 164 5.34 20.6 61.8 124 5.99 16.0 47.9 95.9 6.64 12.6 37.9 75.7
4.70 27.1 81.4 163 5.35 20.5 61.5 123 6.00 15.9 47.7 95.5 6.65 12.6 37.7 75.4
4.71 27.0 81.0 162 5.36 20.4 61.3 123 6.01 15.9 47.6 95.1 6.66 12.5 37.6 75.2
4.72 26.9 80.7 161 5.37 20.3 61.0 122 6.02 15.8 47.4 94.8 6.67 12.5 37.5 74.9
4.73 26.8 80.3 161 5.38 20.3 60.8 122 6.03 15.7 47.2 94.4 6.68 12.4 37.3 74.7
4.74 26.6 79.9 160 5.39 20.2 60.6 121 6.04 15.7 47.0 94.1 6.69 12.4 37.2 74.4
4.75 26.5 79.6 159 5.40 20.1 60.3 121 6.05 15.6 46.8 93.7 6.70 12.4 37.1 74.1
4.76 26.4 79.2 158 5.41 20.0 60.1 120 6.06 15.6 46.7 934 6.71 12.3 36.9 73.9
4.77 26.3 78.9 158 5.42 19.9 59.8 120 6.07 155 46.5 93.0 6.72 12.3 36.8 73.6
4.78 26.2 78.5 157 5.43 19.9 59.6 119 6.08 15.4 46.3 92.7 6.73 12.2 36.7 734
4.79 26.1 78.2 156 5.44 19.8 59.3 119 6.09 154 46.2 92.3 6.74 12.2 36.6 73.1
4.80 25.9 77.8 156 5.45 19.7 59.1 118 6.10 15.3 46.0 92.0 6.75 12.1 36.4 72.8
481 25.8 77.5 155 5.46 19.6 58.9 118 6.11 15.3 45.8 91.7 6.76 12.1 36.3 72.6
4.82 25.7 771 154 5.47 19.5 58.6 117 6.12 15.2 45.7 91.3 6.77 12.1 36.2 72.3
4.83 25.6 76.8 154 5.48 19.5 58.4 117 6.13 15.2 455 91.0 6.78 12.0 36.0 72.1
4.84 255 76.4 153 5.49 19.4 58.2 116 6.14 15.1 45.3 90.6 6.79 12.0 35.9 71.8
4.85 25.4 76.1 152 5.50 19.3 57.9 116 6.15 15.1 45.2 90.3 6.80 11.9 35.8 71.6
4.86 25.3 75.8 152 551 19.2 57.7 115 6.16 15.0 45.0 90.0 6.81 11.9 35.7 71.3
4.87 25.1 75.4 151 5.52 19.2 57.5 115 6.17 14.9 44.8 89.6 6.82 11.8 35.5 71.1
4.88 25.0 75.1 150 5.53 19.1 57.2 114 6.18 14.9 44.7 89.3 6.83 11.8 35.4 70.8
4.89 24.9 74.8 150 5.54 19.0 57.0 114 6.19 14.8 44.5 89.0 6.84 11.8 35.3 70.6
4.90 24.8 74.4 149 5.55 18.9 56.8 114 6.20 14.7 44.3 88.7 6.86 11.7 35.2 70.4
4.91 24.7 74.1 148 5.56 18.9 56.6 113 6.21 14.7 44.2 88.3 6.86 11.7 35.1 70.1
4.92 24.6 73.8 148 5.57 18.8 56.3 113 6.22 14.7 44.0 88.0 6.87 11.6 34.9 69.9
4.93 24.5 73.5 147 5.58 18.7 56.1 112 6.23 14.6 43.8 87.7 6.88 11.6 34.8 69.6
4.94 24.4 73.2 146 5.59 18.6 55.9 112 6.24 14.6 43.7 87.4 6.89 11.6 34.7 69.4
4.95 24.3 72.8 146 5.60 18.6 55.7 111 6.25 14.5 435 87.1 6.90 11.5 34.6 69.2
4.96 24.2 72.5 145 5.61 18.5 55.5 111 6.26 14.5 43.4 86.7 6.91 11.5 34.5 68.9
4.97 24.1 72.2 144 5.62 18.4 55.2 110 6.27 14.4 43.2 86.4 6.92 11.4 34.3 68.7
4.98 24.0 71.9 144 5.63 18.3 55.0 110 6.28 14.4 43.1 86.1 6.93 11.4 34.2 68.4
4.99 23.9 71.6 143 5.64 18.3 54.8 110 6.29 14.3 42.9 85.8 6.94 11.4 34.1 68.2
5.00 23.8 71.3 143 5.65 18.2 54.6 109 6.30 14.2 42.7 85.5 6.95 11.3 34.0 68.0
5.01 23.7 71.0 142 5.66 18.1 54.4 109 6.31 14.2 42.6 85.2 6.96 11.3 33.9 67.7
5.02 23.6 70.7 141 5.67 18.1 54.2 108 6.32 14.1 42.4 84.9 6.97 11.3 33.8 67.5
5.03 235 70.4 141 5.68 18.0 54.0 108 6.33 14.1 42.3 84.6 6.98 11.2 33.6 67.3
5.04 23.4 70.1 140 5.69 17.9 53.7 107 6.34 14.0 42.1 84.3 6.99 11.2 335 67.0

A Prepared by the Engineering Mechanics Section, Institute for Standards Technology.
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16.4.4 Do not use a steel ball on steels having a hardneds8. Portable Hardness Test
over 450 HB nor a carbide ball on steels having a hardness over 1g 1 Although the use of the standard, stationary Brinell or
650 HB. The Brinell hardness test is not recommended foRgckwell hardness tester is generally preferred, it is not always
materials having a hardness over 650 HB. possible to perform the hardness test using such equipment due
16.4.4.1 If a ball is used in a test of a specimen which showso the part size or location. In this event, hardness testing using
a Brinell hardness number greater than the limit for the ball agortable equipment as described in Practice A 833 or Test
detailed in 16.4.4, the ball shall be either discarded and/ethod E 110 shall be used.
replaced with a new ball or remeasured to ensure conformance
with the requirements of Test Method E 10. CHARPY IMPACT TESTING
16.5 Detailed Procedure-For detailed requirements of this ;g Summary
test, reference shall be made to the latest revision of Test . . . :
19.1 A Charpy V-notch impact test is a dynamic test in

Method E 10. which a notched specimen is struck and broken by a single
17. Rockwell Test blow in a specially designed testing machine. The measured
o test values may be the energy absorbed, the percentage shear

17.1 Description fracture, the lateral expansion opposite the notch, or a combi-
17.1.1 In this test a hardness value is obtained by determimation thereof.

ing the depth of penetration of a diamond point or a steel ball 19.2 Testing temperatures other than room (ambient) tem-

into the specimen under certain arbitrarily fixed conditions. Aperature often are specified in product or general requirement

minor load of 10 kgf is first applied which causes an initial specifications (hereinafter referred to as the specification).

penetration, sets the penetrator on the material and holds it idlthough the testing temperature is sometimes related to the

position. A major load which depends on the scale being usedxpected service temperature, the two temperatures need not be

is applied increasing the depth of indentation. The major loaddentical.

is removed and, with the minor load still acting, the Rockwell

number, which is proportional to the difference in penetration?0- Significance and Use

between the major and minor loads is determined; this is 20.1 Ductile vs. Brittle BehavieBody-centered-cubic or

usually done by the machine and shows on a dial, digitaferritic alloys exhibit a significant transition in behavior when

display, printer, or other device. This is an arbitrary numbermpact tested over a range of temperatures. At temperatures

which increases with increasing hardness. The scales moabove transition, impact specimens fracture by a ductile

frequently used are as follows: (usually microvoid coalescence) mechanism, absorbing rela-
Scale Major Minor tively Iarge amounts of energy. At lower temperatures, they
Symbol Penetrator Load, Load, fracture in a brittle (usually cleavage) manner absorbing less
ko kof energy. Within the transition range, the fracture will generally
B Yae-in. steel ball 100 10 be a mixture of areas of ductile fracture and brittle fracture.
c Diamond brale 150 10 20.2 The temperature range of the transition from one type

17.1.2 Rockwell superficial hardness machines are used f&f Pehavior to the other varies according to the material being
the testing of very thin steel or thin surface layers. Loads of 15tested. This transition behavior may be defined in various ways

30, or 45 kgf are applied on a hardened steel ball or diamontP! specification purposes.

penetrator, to cover the same range of hardness values as for?0:2-1 The specification may require a minimum test result
the heavier loads. The superficial hardness scales are H¥ a@bsorbed energy, fracture appearance, lateral expansion, or

follows: a combination thereof, at a specified test temperature.
) ) 20.2.2 The specification may require the determination of
Major Minor L. . .
Scale Load, Load, the transition temperature at which either the absorbed energy
Symbol Penetrator kgf kgf or fracture appearance attains a specified level when testing is
performed over a range of temperatures.

15T Yi1e-in. steel ball 15 3 . . L g .
30T Yie-in. steel ball 30 3 20.3 Further information on the significance of impact
45T Yae-in. steel ball 45 3 testing appears in Annex A5.

15N Diamond brale 15 3

30N Diamond brale 30 3

45N Diamond brale 45 3 21. Apparatus

) ) 21.1 Testing Machines
17.2 Reporting Hardness-In recording hardness values, 51 7 1 A Charpy impact machine is one in which a notched

the hardness number shall always precede the scale Symbo'vfé’ﬁecimen is broken by a single blow of a freely swinging

example: 96 HRB, 40 HRC, 75 HR15N, or 77 HR30T. pendulum. The pendulum is released from a fixed height. Since
17.3 Test Blocks-Machines should be checked to make the height to which the pendulum is raised prior to its swing,

certain they are in good order by means of standardizednd the mass of the pendulum are known, the energy of the

Rockwell test blocks. blow is predetermined. A means is provided to indicate the
17.4 Detailed Procedure-For detailed requirements of this energy absorbed in breaking the specimen.

test, reference shall be made to the latest revision of Test 21.1.2 The other principal feature of the machine is a fixture

Methods E 18. (See Fig. 10) designed to support a test specimen as a simple
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8-mm rad {0.315") 22.1.1 Test location and orientation should be addressed by
30°02° the specifications. If not, for wrought products, the test location
shall be the same as that for the tensile specimen and the
STRIKING EDGE _ 0 25-mm rad (0.010" orientation shall be longitudinal with the notch perpendicular
Fmm (0.157") to the major surface of the product being tested.
22.1.2 Number of Specimens
SPECIMEN 22.1.2.1 A Charpy impact test consists of all specimens
taken from a single test coupon or test location.
cm{ o 80¢ 2 22.1.2.2 When the specification calls for a minimum aver-
(o ol qu S"(l:(; g ANVIL age test result, three specimens shall be tested.
m 22.1.2.3 When the specification requires determination of a
transition temperature, eight to twelve specimens are usually
o needed.
SPECIMEN \90-39- 22.2 Type and Size
;‘;E—j}_ (35:1000) entes of 22.2.1 Use a standard full size Charpy V-notch specimen
v W/2) (Type A) as shown in Fig. 11, except as allowed in 22.2.2.
— o 22.2.2 Subsized Specimens
22.2.2.1 For flat material less th&fs in. (11 mm) thick, or

when the absorbed energy is expected to exceed 80 % of full
scale, use standard subsize test specimens.
22.2.2.2 For tubular materials tested in the transverse direc-
Note 1—A shall be parallel to B within 2:1000 and coplanar with B tion, where the relationship between diameter and wall thick-
within 0.05 mm (0.002 in.). Y \ ~_ness does not permit a standard full size specimen, use standard
wi{\rl](i)r:Eo.21;5Cnirr;1al(lot.)80%aiﬁl)l.el to D within @RI DRERIESEPlanar with D subsize test specimens or standard size specimens containing
Note 3—Finish on unmarked parts shall be 4 um (125 pin.). outer diameter (OD) curvat.ure as follows: . .
FIG. 10 Charpy (Simple-Beam) Impact Test (1) Standard size specimens and subsize specimens may
contain the original OD surface of the tubular product as shown
beam at a precise location. The fixture is arranged so that the
notched face of the specimen is vertical. The pendulum strikes b
the other vertical face directly opposite the notch. The dimen- 1
sions of the specimen supports and striking edge shall conform l
to Flg 10. b—tre —| 2 mm (0.079 in)} 025 mm
21.1.3 Charpy machines used for testing steel generally ) E L Foem D N
have capacities in the 220 to 300 ft:Ibf (300 to 400 J) energy P L P - omm '
range. Sometimes machines of lesser capacity are used; how- : o39mm T
ever, the capacity of the machine should be substantially in
excess of the absorbed energy of the specimens (see Test

All dimensional tolerances shall be £0.05 mm (0.002 in.) unless otherwise
specified.

Note 1—Permissible variations shall be as follows:
Notch length to edge 90 *2°

Methods E_23). The linear velocity at the point of impact = agjacent sides shall be at 90° = 10 min
should be in the range of 16 to 19 ft/s (4.9 to 5.8 m/s). Cross-section dimensions +0.075 mm (+0.003 in.)
P Length of specimen (L) +0,-25mm (+0,-0.100 in.)

21.2 Temperatu_re Media L Centering of notch (L/2) +1 mm (*=0.039 in.)

21.2.1 For testing at other than room temperature, it iS  Angie of notch Iy
necessary to condition the Charpy specimens in media at Radius of notch +0.025 mm (+0.001 in.)
controlled temperatures. Notch depth +0.025 mm (*0.001 in.)

. . . Finish requirements 2 pum (63 pin.) on notched surface and

21.2.2 Low temperature media usually are chilled fluids opposite
(such as water, ice plus water, dry ice plus organic solvents, or face; 4 pm (125 pin.) on other two
liquid nitrogen) or chilled gases. surfaces

21.2.3 Elevated temperature media are usually heated lig- @ Stg‘”,ff,“’ Ful S;Zi,snpemmen 6.7mm —7.5mm
uids such as mineral or silicone oils. Circulating air ovens may i(oo 98 in. )YE)‘FOm) Y(i‘mm) Ezsqm, (0.295in.)
be used. g

21.3 Handling Equipment-Tongs, especially adapted to fit 10 mm J—u
the notch in the impact specimen, normally are used for0.394in)
removing the specimens from the medium and placing them on 2 mm (0. 079 in.)
the anvil (refer to Test Methods E 23). In cases where the
machine fixture does not provide for automatic centering of the Nore 2—0n subsize specimens, all dimensions and tolerances of the
test specimen, the tongs may be precision machined to providgandard specimen remain constant with the exception of the width, which
centering. varies as shown above and for which the tolerance shait bébo.

(b) Standard Subsize Specimens

22. Sampling and Number of Specimens
22.1 Sampling FIG. 11 Charpy (Simple Beam) Impact Test Specimens
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in Fig. 12. All other dimensions shall comply with the 25.1.1 Condition the specimens to be broken by holding
requirements of Fig. 11. them in the medium at test temperature for at least 5 min in

. . . diquid media and 30 min in gaseous media.
Note 14—For materials with toughness levels in excess of about 5 . . .
ft-Ibs, specimens containing the original OD surface may yield values in 29-1.2 Prior to each test, maintain the tongs for handling test

excess of those resulting from the use of conventional Charpy specimen§P€cimens at the same temperature as the specimen so as not to

; ; ffect the temperature at the notch.
22.2.2.3 If a standard full-size specimen cannot be pre are& o . .
P brep 25.2 Positioning and Breaking Specimens

the largest feasible standard subsize specimen shall be pre- . . .
pared. The specimens shall be machined so that the specimerf>-2-1 Carefully center the test specimen in the anvil and
does not include material nearer to the surface than 0.020 if¢'éase the pendulum to break the specimen.

(0.5 mm). 25.2.2 If the pendulum is not released withb s after

22.2.2.4 Tolerances for standard subsize specimens afgmoving the specimen from the conditioning medium, do not
shown in Fig. 11. Standard subsize test specimen sizes arareak the specimen. Return the specimen to the conditioning

10X 7.5 mm, 10X 6.7 mm, 10X 5 mm, 10X 3.3 mm, and medium for the period required in 25.1.1.
10X 2.5 mm. 25.3 Recovering Specimendn the event that fracture ap-

22 225 Notch the narrow face of the standard subsiz€€arance or lateral expansion must be determined, recover the

specimens so that the notch is perpendicular to the 10 mm widdatched pieces of each broken specimen before breaking the
face. next specimen.

22.3 Notch Preparatior-The machining of the notch is  25.4 Individual Test Values
critical, as it has been demonstrated that extremely minor 25.4.11mpact energy- Record the impact energy absorbed
variations in notch radius and profile, or tool marks at theto the nearest ft:Ibf (J).
bottom of the notch may result in erratic test data. (See Annex 25.4.2 Fracture Appearance

A5). 25.4.2.1 Determine the percentage of shear fracture area by
any of the following methods:
23. Calibration (1) Measure the length and width of the brittle portion of the

23.1 Accuracy and SensitivityCalibrate and adjust Charpy fracture surface, as shown in Fig. 13 and determine the percent
impact machines in accordance with the requirements of Teshear area from either Table 7 or Table 8 depending on the units

Methods E 23. of measurement.
(2) Compare the appearance of the fracture of the specimen
24. Conditioning—Temperature Control with a fracture appearance chart as shown in Fig. 14.

he (3) Magnify the fracture surface and compare it to a

24.1 When a specific test temperature is required by f .
f A q i recalibrated overlay chart or measure the percent shear

specification or purchaser, control the temperature of th«? b £ 2 plani
heating or cooling medium within=2°F (1°C) because the acture area by means of a planimeter.

effect of variations in temperature on Charpy test results can be (4) Photograph the fractured surface at a suitable magnifi-
very great. cation and measure the percent shear fracture area by means of

a planimeter.
Note 15—For some steels there may not be a need for this restricted 25 4 2.2 Determine the individual fracture appearance val-

temperature, for example, austenitic steels. _ues to the nearest 5 % shear fracture and record the value.
Note 16—Because the temperature of a testing laboratory often varies

from 60 to 90°F (15 to 32°C) a test conducted at “room temperature” 25.4.3 Lateral Expansion

might be conducted at any temperature in this range. 25.4.3.1 Lateral expansion is the increase in specimen
width, measured in thousandths of an inch (mils), on the
25. Procedure compression side, opposite the notch of the fractured Charpy
25.1 Temperature V-notch specimen as shown in Fig. 15.
B | A ! B

e o ——

Dimension Description Requirement
A Machined Surface 28 mm Minimum
B Original OD Surface 13.5 mm Maximum
T Specimen Thickness Figure 11
t End Thickness 2 T Minimum

FIG. 12 Tubular Impact Specimen Containing Original OD Surface
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Notch
Shear Area
(dult) ——u_|
Cieavage Arec

i
{shiny} —————1
VJ

A

Note 1—Measure average dimensioAsand B to the nearest 0.02 in. or 0.5 mm.
Note 2—Determine the percent shear fracture using Table 7 or Table 8.
FIG. 13 Determination of Percent Shear Fracture

TABLE 7 Percent Shear for Measurements Made in Inches

Note 1—Since this table is set up for finite measurements or dimengicarsd B, 100% shear is to be reported when eitheor B is zero.

Dimen- Dimension A, in.
ion

5,%. 0.05 0.10 | 0.12 0.14 0.16 0.18 0.20 0.22 0.24 0.26 0.28 0.30 0.32 0.34 0.36 0.38 0.40
0.05 98 96 95 94 94 93 92 91 90 90 89 88 87 86 85 85 84
0.10 96 92 90 89 87 85 84 82 81 79 77 76 74 73 71 69 68
0.12 95 90 88 86 85 83 81 79 77 75 73 71 69 67 65 63 61
0.14 94 89 86 84 82 80 77 75 73 71 68 66 64 62 59 57 55
0.16 94 87 85 82 79 77 74 72 69 67 64 61 59 56 53 51 48
0.18 93 85 83 80 77 74 72 68 65 62 59 56 54 51 48 45 42
0.20 92 84 81 77 74 72 68 65 61 58 55 52 48 45 42 39 36
0.22 91 82 79 75 72 68 65 61 57 54 50 47 43 40 36 33 29
0.24 90 81 77 73 69 65 61 57 54 50 46 42 38 34 30 27 23
0.26 90 79 75 71 67 62 58 54 50 46 41 37 33 29 25 20 16
0.28 89 77 73 68 64 59 55 50 46 41 37 32 28 23 18 14 10
0.30 88 76 71 66 61 56 52 47 42 37 32 27 23 18 13 9 3
0.31 88 75 70 65 60 55) 50 45 40 35 30 25 20 18 10 5 0

TABLE 8 Percent Shear for Measurements Made in Millimetres

Note 1—Since this table is set up for finite measurements or dimengicarsd B, 100% shear is to be reported when eitheor B is zero.

Dimen- Dimension A, mm
sion

B, mm 1.0 15 2.0 25 3.0 BIo) 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 10
1.0 99 98 98 97 96 96 95 94 94 93 92 92 91 91 90 89 89 88 88
15 98 97 96 95 94 93 92 92 91 90 89 88 87 86 85 84 83 82 81
2.0 98 96 95 94 92 91 90 89 88 86 85 84 82 81 80 79 77 76 75
2.5 97 95 94 92 91 89 88 86 84 83 81 80 78 77 75 73 72 70 69
3.0 96 94 92 91 89 87 85 83 81 79 7 76 74 72 70 68 66 64 62
35 96 93 91 89 87 85 82 80 78 76 74 72 69 67 65 63 61 58 56
4.0 95 92 90 88 85 82 80 77 75 72 70 67 65 62 60 57 55 52 50
4.5 94 92 89 86 83 80 77 75 72 69 66 63 61 58 55 52 49 46 44
5.0 94 91 88 85 81 78 75 72 69 66 62 59 56 53 50 47 44 41 37
5.5 93 90 86 83 79 76 72 69 66 62 59 55 52 48 45 42 38 35 31
6.0 92 89 85 81 77 74 70 66 62 59 55 51 47 44 40 36 33 29 25
6.5 92 88 84 80 76 72 67 63 59 55 51 47 43 39 35 31 27 23 19
7.0 91 87 82 78 74 69 65 61 56 52 47 43 39 34 30 26 21 17 12
7.5 91 86 81 77 72 67 62 58 53 48 44 39 34 30 25 20 16 11 6
8.0 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 5 0

25.4.3.2 Examine each specimen half to ascertain that the 25.4.3.4 Measure the amount of expansion on each side of
protrusions have not been damaged by contacting the anvibach half relative to the plane defined by the undeformed
machine mounting surface, and so forth. Discard such samplgmortion of the side of the specimen using a gage similar to that
since they may cause erroneous readings. shown in Fig. 16 and Fig. 17.

25.4.3.3 Check the sides of the specimens perpendicular to 25.4.3.5 Since the fracture path seldom bisects the point of
the notch to ensure that no burrs were formed on the sidemaximum expansion on both sides of a specimen, the sum of
during impact testing. If burrs exist, remove them carefully bythe larger values measured for each side is the value of the test.
rubbing on emery cloth or similar abrasive surface, makingArrange the halves of one specimen so that compression sides
sure that the protrusions being measured are not rubbed durige facing each other. Using the gage, measure the protrusion
the removal of the burr. on each half specimen, ensuring that the same side of the
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FIG. 14 Fracture Appearance Charts and Percent Shear Fracture Comparator
e
1
|
— A —
FIG. 15 Halves of Broken Charpy V-Notch Impact Specimen Joined for the Measurement of Lateral Expansion, Dimension A

specimen is measured. Measure the two broken halves indbe separated by force applied by bare hands, the specimen may
vidually. Repeat the procedure to measure the protrusions doe considered as having been separated by the blow.

the opposite side of the specimen halves. The larger of the two

values for each side is the expansion of that side of th@6. Interpretation of Test Result

specimen. o _ 26.1 When the acceptance criterion of any impact test is
25.4.3.6 Me_asure the individual lateral expansion values t@pecified to be a minimum average value at a given tempera-
the nearest mil (0.025 mm) and record the values. ture, the test result shall be the average (arithmetic mean) of the

25.4.3.7 With the exception described as follows, any speciindividual test values of three specimens from one test loca-
men that does not separate into two pieces when struck by teon.
single blow shall be reported as unbroken. If the specimen can 26.1.1 When a minimum average test result is specified:
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FIG. 16 Lateral Expansion Gage for Charpy Impact Specimens

BILL OF MATERIAL

DESCRIPTION MATERIAL AND SIZE
i | R MOUNT 4 x5/ x1/2| STEEL SAE 1015-1020
| |BASE PLATE 714x3/4 [STEEL SAE 1085-1020
] PAD 6-1/4 %3-1/2 l|/|6“RU’B’a’ER ]
2 [SCREW-SOCKET STEEL k-éon"u:l
[}
[}

By

-~

__3%

»i»ﬁ
]
|
|

[ N S I

0N | - [
£ SCREW - SOCKET oA
i ‘ . SCREN BFET  [STEEL 1a-20034° LG
| 6 DIAL INDICATOR (SEE NOTE 2)
by ! | J 0625
- 2 P e B3 W g L
- . 625 ]
L PAD (3
~
@

NOTE: THESE SURFACES TO BE ON SAME
PLANE — LAP AT ASSEMBLY
—— No.2 STARRETT CONTACT POINT

459

{ 06 R(TYP)
1 /8,
: ﬁ:_é

DETAIL.B (ENLARGED)

DRILL 8 ®AP 174 -20 NC-2

A — SEE DETAIL A 75 - --—DRILL (.281) DIA.
i 8 8 90‘” / \ \3 ——"’/_‘/'D NOTES:
5 Y S AE?X\\\\"&\H\\ ] 1) FLASH CHROME PLATE ITEMS |8 2
o 8 -'//A"'.,///‘“?"' 2) DIAL INDICATOR- STARRETT NO. 25-24i
‘ i D e RANGE 00! ~ 250
/,/41,,4 TYP) 6 e DRILL {.281) DIA. 8 C'BORE BACK - ADJUSTABLE BRACKET
<"AFTER ASS'Y. OF ITEMS | 8 2, CEMENT ORILL (437) DIA—]"_2.62 23 (437) DIA. X 31 DEEP CONTACT POINT Mo 2

RUBBER PAD (ITEM 3} TO BASE
FIG. 17 Assembly and Details for Lateral Expansion Gage

26.1.1.1 The test result is acceptable when all of the below (3) The individual test value for any specimen measures

are met: not less than two-thirds of the specified minimum average.
(1) The test result equals or exceeds the specified minimum 26.1.1.2 If the acceptance requirements of 26.1.1.1 are not
average (given in the specification), met, perform one retest of three additional specimens from the

(2) The individual test value for not more than one same test location. Each individual test value of the retested
specimen measures less than the specified minimum averaggmecimens shall be equal to or greater than the specified
and minimum average value.
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26.2 Test Specifying a Minimum Transition Temperature 26.3 When subsize specimens are permitted or necessary, or
26.2.1 Definition of Transition TemperatureFor specifica-  both, modify the specified test requirement according to Table
tion purposes, the transition temperature is the temperature tor test temperature according to ASME Boiler and Pressure
which the designated material test value equals or exceeds\Messel Code, Table UG-84.2, or both. Greater energies or lower
specified minimum test value. test temperatures may be agreed upon by purchaser and
26.2.2 Determination of Transition Temperature supplier.
26.2.2.1 Break one specimen at each of a series of tempera-
tures above and below the anticipated transition temperaturé/- Records
using the procedures in Section 25. Record each test tempera-27.1 The test record should contain the following informa-
ture to the nearest 1°F (0.5°C). tion as appropriate:
26.2.2.2 Plot the individual test results (ft:Ibf or percent 27.1.1 Full description of material tested (that is, specifica-
shear) as the ordinate versus the corresponding test temperattitsn number, grade, class or type, size, heat number).
as the abscissa and construct a best-fit curve through the plotted27.1.2 Specimen orientation with respect to the material
data points. axis.
26.2.2.3 If transition temperature is specified as the tem- 27.1.3 Specimen size.
perature at which a test value is achieved, determine the 27.1.4 Test temperature and individual test value for each
temperature at which the plotted curve intersects the specifiespecimen broken, including initial tests and retests.
test value by graphical interpolation (extrapolation is not 27.1.5 Test results.
permitted). Record this transition temperature to the nearest 27.1.6 Transition temperature and criterion for its determi-
5°F (3°C). If the tabulated test results clearly indicate anation, including initial tests and retests.
transition temperature lower than specified, it is not necessar
to plot the data. Report the lowest test temperature for whic 8. Report
test value exceeds the specified value. 28.1 The specification should designate the information to
26.2.2.4 Accept the test result if the determined transitiorbe reported.
temperature is equal to or lower than the specified value.
26.2.2.5 If the determined transition temperature is higheR9- Keywords
than the specified value, but not more than 20°F (12°C) higher 29.1 bend test; Brinell hardness; Charpy impact test; elon-
than the specified value, test sufficient samples in accordanagtion; FATT (Fracture Appearance Transition Temperature);
with Section 25 to plot two additional curves. Accept the testhardness test; portable hardness; reduction of area; Rockwell
results if the temperatures determined from both additionahardness; tensile strength; tension test; yield strength
tests are equal to or lower than the specified value.

TABLE 9 Charpy V-Notch Test Acceptance Criteria for Various Sub-Size Specimens

Full Size, 10 by 10 mm % Size, 10 by 7.5 mm %3 Size, 10 by 6.7 mm %> Size, 10 by 5 mm ¥s Size, 10 by 3.3 mm Ya Size, 10 by 2.5 mm

ft-1bf [ ft-bf [J ft-Ibf [J] ft-1bf [J] ft-1bf [J ft-Ibf [J]
40 [54] 30 [41] 27 [37] 20 [27] 13 [18] 10 [14]
35 [48] 26 [35] 23 [31] 18 [24] 12 [16] 9 [12]
30 [41] 22 [30] 20 [27] 15 [20] 10 [14] 8 [11]
25 [34] 19 [26] 17 [23] 12 [16] 8 [11] 6 [8]
20 [27] 15 [20] 13 [18] 10 [14] 7 [10] 5 |
16 [22] 12 [16] 1 [15] 8 [11] 5 [7] 4 [5]
15 [20] 11 [15] 10 [14] 8 [11] 5 [7] 4 [5]
13 [18] 10 [14] 9 [12] 6 [8] 4 [5] 3 [4]
12 [16] 9 [12] 8 [11] 6 [8] 4 [5] 3 [4]
10 [14] 8 [11] 7 [10] 5 7 3 [4] 2 [3]

7 [10] 5 [7] 5 [N 4 [5] 2 [3] 2 [3]
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ANNEXES
(Mandatory Information)

Al. STEEL BAR PRODUCTS

Al.1 Scope nor for other bar-size sections, other than flats, less tharf 1 in.

AL.1.1 This supplement delineates only those details whicti645 mnf) in cross-sectional area.
are peculiar to hot-rolled and cold-finished steel bars and are A1.3.2 Alloy Steel Bars-Alloy steel bars are usually not

not covered in the general section of these test methods.  tested in the as-rolled condition. B _
Al1.3.3 When tension tests are specified, the practice for

Al.2 Orientation of Test Specimens selecting test specimens for hot-rolled and cold-finished steel

Al1.2.1 Carbon and alloy steel bars and bar-size shapes, dars of various sizes shall be in accordance with Table A1.1,
to their relatively small cross-sectional dimensions, are cusunless otherwise specified in the product specification.
tomarily tested in the longitudinal direction. In special cases
where size permits and the fabrication or service of a part'l-4 Bend Test 3
justifies testing in a transverse direction, the selection and Al.4.1 When bend tests are specified, the recommended
location of test or tests are a matter of agreement between ttigactice for hot-rolled and cold-finished steel bars shall be in
manufacturer and the purchaser. accordance with Table A1.2.

Al1.3 Tension Test Al1.5 Hardness Test

A1.3.1 Carbon Steel Bars-Carbon steel bars are not com- Al1.5.1 Hardness Tests on Bar Produetdlats, rounds,
monly specified to tensile requirements in the as-rolled condisquares, hexagons and octagons—is conducted on the surface
tion for sizes of rounds, squares, hexagons, and octagons undster a minimum removal of 0.015 in. to provide for accurate
Y2 in. (13 mm) in diameter or distance between parallel facehardness penetration.
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TABLE Al.1 Practices for Selecting Tension Test Specimens for Steel Bar Products

Note 1—For bar sections where it is difficult to determine the cross-sectional area by simple measurement, the area in square inches may be calculate
by dividing the weight per linear inch of specimen in pounds by 0.2833 (weight of birsteel) or by dividing the weight per linear foot of specimen
by 3.4 (weight of steel 1 in. square and 1 ft long).

Thickness, in. (mm)

Width, in. (mm)

Hot-Rolled Bars

Cold-Finished Bars

Flats

Under ¥ (16)

% to 1¥2 (16 to 38),
excl

1%2 (38) and over

Up to 1%2 (38), incl

Over 1%2 (38)

Up to 1% (38), incl

Over 1%2 (38)

Full section by 8-in. (203-mm) gage
length (Fig. 4).

Full section, or mill to 1%z in. (38 mm)
wide by 8-in. (203-mm) gage length (Fig.
4).

Full section by 8-in. gage length or ma-
chine standard ¥z by 2-in. (13 by 51-mm)
gage length specimen from center of sec-
tion (Fig. 5).

Full section, or mill 1% in. (38 mm) width
by 8-in. (203-mm) gage length (Fig. 4) or
machine standard %2 by 2-in. gage (13 by
51-mm) gage length specimen from mid-
way between edge and center of section
(Fig. 5).

Full section by 8-in. (203-mm) gage
length, or machine standard %2 by 2-in.
(13 by 51-mm) gage length specimen
from midway between surface and center
(Fig. 5).

Mill reduced section to 2-in. (51-mm) gage
length and approximately 25% less than
test specimen width.

Mill reduced section to 2-in. gage length
and 1%z in. wide.

Mill reduced section to 2-in. (51-mm) gage
length and approximately 25% less than
test specimen width or machine standard
Y2 by 2-in. (13 by 51-mm) gage length
specimen from center of section (Fig. 5).
Mill reduced section to 2-in. gage length
and 1%z in. wide or machine standard ¥2
by 2-in. gage length specimen from mid-
way between edge and center of section
(Fig. 5).

Machine standard %2 by 2-in. (13 by 51-
mm) gage length specimen from midway
between surface and center (Fig. 5).

Rounds, Squares, Hexagons, and Octagons

Diameter or Distance
Between Parallel
Faces, in. (mm)

Hot-Rolled Bars

Cold-Finished Bars

Under 9

% to 1¥2 (16 to 38), excl

1% (38) and over

Full section by 8-in. (203-mm) gage length on ma-

chine to subsize specimen (Fig. 5).

Full section by 8-in. (203-mm) gage length or ma-
chine standard ¥z in. by 2-in. (13 by 51-mm) gage

length specimen from center of section (Fig. 5).

Full section by 8-in. (203-mm) gage length or ma-
chine standard ¥z in. by 2-in. (13 by 51-mm) gage
length specimen from midway between surface and

center of section (Fig. 5).

Machine to sub-size specimen (Fig. 5).

Machine standard ¥z in. by 2-in. gage length specimen from
center of section (Fig. 5).

Machine standard ¥z in. by 2-in. (13 by 51-mm gage length
specimen from midway between surface and center of sec-
tion (Fig. 5)).

Other Bar-Size Sections

All sizes

Full section by 8-in. (203-mm) gage length or pre-
pare test specimen 1%z in. (38 mm) wide (if possible)

by 8-in. (203-mm) gage length.

Mill reduced section to 2-in. (51-mm) gage length and ap-
proximately 25% less than test specimen width.
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TABLE A1.2 Recommended Practice for Selecting Bend Test Specimens for Steel Bar Products

Note 1—The length of all specimens is to be not less than 6 in. (150 mm).
Note 2—The edges of the specimen may be rounded to a radius not excééeling (1.6 mm).

Flats

Thickness, in. Width, in. Recommended Size

(mm) (mm)

Up to ¥2 (13), incl Up to ¥ (19), Full section.

incl Full section or machine to not less than
Over ¥ (19) ¥4 in. (19 mm) in width by thickness of
specimen.
Over ¥z (13) All Full section or machine to 1 by ¥z in. (25

by 13 mm) specimen from midway be-
tween center and surface.

Rounds, Squares, Hexagons, and Octagons

Diameter or Distance

Between Parallel Recommended Size
Faces, in. (mm)

Up to 1%2 (38), incl Full section.
Over 1%z (38) Machine to 1 by ¥2-in. (25 by 13-mm) specimen
from midway between center and surface.

A2. STEEL TUBULAR PRODUCTS

A2.1 Scope extend into that part of the specimen on which the elongation
A2.1.1 This supplement covers test specimens and teét measured (Fig. A2.1). Care should be exercised to see that

methods that are applicable to tubular products and are ndfsofar as practicable, the load in such cases is applied axially.

covered in the general section of Test Methods and Definitionghe length of the full-section specimen depends on the gage

A 370. length prescribed for measuring the elongation.

A2.1.2 Tubular shapes covered by this specification include, A2.2.1.2 Unless otherwise required by the product specifi-
round, square, rectangular, and special shapes. cation, the gage length is 2 in. or 50 mm, except that for tubing
A2 2 Tension Test having an outside diameter &t in. (9.5 mm) or less, it is

customary for a gage length equal to four times the outside

A2.2.1 Full-Size Longitudinal Test Specimens = _ diameter to be used when elongation comparable to that
A2.2.1.1 As an alternative to the use of longitudinal SUID ST St larger test specimens is required

test specimens or longitudinal round test specimens, tension , .
test sppecimens of full—gize tubular sections apre used, provided #2-2-1.3 To determine the cross-sectional area of the full-
that the testing equipment has sufficient capacity. Snug-fitting€ction specimen, measurements shall be recorded as the
metal plugs should be inserted far enough in the end of suchVerage or mean between the greatest and least measurements
tubular specimens to permit the testing machine jaws to gr"g)f the outside dlamet.er and the average or mean wall t_hlckness,
the Specimens proper|y without Crushing_ A design that may bg) the nearest 0.001 in. (0025 mm) and the CrOSS-Sectlona| area
used for such plugs is shown in Fig. A2.1. The plugs shall nots determined by the following equation:

NLIE
L]
‘g N
-, /# \
4 =2

’///
)

ro e —  — 1
R oW p 1‘
859 . o
- 11 Testing machine jaws .

Lt
should not extend :
F\ beyond this hmn—/_ —-I [‘

FIG. A2.1 Metal Plugs for Testing Tubular Specimens, Proper Location of Plugs in Specimen and of Specimen in Heads of Testing
Machine
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A =3.1416(D —t) (A2.1)  specimens may be taken from rings cut from ends of tubes or
pipe as shown in Fig. A2.4. Flattening of the specimen may be

vAvheria: sectional area. if done either after separating it from the tube as in Fig. A@)4 (
D _ outside diameter. in.. and or before separating it as in Fig. A2.4){and may be done hot

or cold; but if the flattening is done cold, the specimen may
subsequently be normalized. Specimens from tubes or pipe for
Note A2.1—There exist_other methods of (_:ross-sectiqnal area detefgyhich heat treatment is specified, after being flattened either
mination, such as by weighing of the specimens, which are equallfyot or cold, shall be given the same treatment as the tubes or
accurate or appropriate for the purpose. pipe. For tubes or pipe having a wall thickness of less #tan
A2.2.2 Longitudinal Strip Test Specimens in. (19 mm), the transverse test specimen shall be of the form
A2.2.2.1 As an alternative to the use of full-size longitudi- and dimensions shown in Fig. A2.5 and either or both surfaces
nal test specimens or longitudinal round test specimensnay be machined to secure uniform thickness. Specimens for
longitudinal strip test specimens, obtained from strips cut fromyransverse tension tests on welded steel tubes or pipe to
the tubular product as shown in Fig. A2.2 and machined to thgletermine strength of welds, shall be located perpendicular to

dimensions shown in Fig. A2.3 are used. For welded structurghe welded seams with the weld at about the middle of their
tubing, such test specimens shall be from a location at least 9Qength.

from the weld; for other welded tubular products, such test A2.2.3.2 The width should be measured at each end of the
specimens shall be from a location approximately 90° from thegage length to determine parallelism and also at the center. The

weld. Unless otherwise required by the piiERcy sPeCiﬁcationthickness should be measured at the center and used with the

the gage length is 2 in. or 50 mm. The test specimens shall b(?enter measurement of the width to determine the cross-

tested using grips that are flat or HEECNEEEEIRES ContOLgectional area. The center width dimension should be recorded
corresponding to the curvature of the tubular product, or th(—ito the nearest 0.005 in. (0.127 mm), and the thickness
ends of the test specimens shall be flattened without heati LN Mo tﬁe nearést 0 001 in (O’ 025 mm)

prior to the test specimens being tested using flat grips. The tes y

specimen shown as specimen no. 4 in Fig. 3 shall be used,A2-2-4 Round Test Specimens

unless the capacity of the testing equipment or the dimensions A2.2.4.1 When provided for in the product specification, the

and nature of the tubular product to be tested makes the use Bfund test specimen shown in Fig. 4 may be used.

specimen nos. 1, 2, or 3 necessary. A2.2.4.2 The diameter of the round test specimen is mea-
Note A2.2—An exact formula for calculating the cross-sectional areasured at the center of the specimen to the nearest 0.001 in.

of specimens of the type shown in Fig. A2.3 taken from a circular tube is(0'025 mm).
given in Test Methods E 8 or E 8M. A2.2.4.3 Small-size specimens proportional to standard, as

A2.2.2.2 The width should be measured at each end of th&hown in Fig. 4, may be used when it is necessary to test
gage length to determine parallelism and also at the center. TrBaterial from which the standard specimen cannot be prepared.
thickness should be measured at the center and used with t¥her sizes of small-size specimens may be used. In any such
center measurement of the width to determine the crossimall-size specimen, it is important that the gage length for
sectional area. The center width dimension should be recordégeasurement of elongation be four times the diameter of the
to the nearest 0.005 in. (0.127 mm), and the thicknes§Pecimen (see Note 4, Fig. 4). The elongation requirements for
measurement to the nearest 0.001 in. the round specimen 2-in. gage length in the product specifica-

A2.2.3 Transverse Strip Test Specimens tion shall apply to the small-size specimens.

A2.2.3.1 In general, transverse tension tests are not recom-A2.2.4.4 For transverse specimens, the section from which
mended for tubular products, in sizes smaller than 8 in. irthe specimen is taken shall not be flattened or otherwise
nominal diameter. When required, transverse tension testeformed.

t thickness of tube wall, in.

Note 1—The edges of the blank for the specimen shall be cut parallel
to each other.
FIG. A2.2 Location of Longitudinal Tension-Test Specimens in
Rings Cut from Tubular Products
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D
Fgeduced
ection 3in. Min
ORI s [ S
» —Rad |in. Min
c
Gage
Length
DIMENSIONS
Dimensions, in.
Specimen No.
A B c D

1 ¥ + 0.015 116 approximately 2 + 0.005 2%4 min
2 ¥ = 0.031 1 approximately 2 = 0.005 2% min

4 + 0.005 4Y> min
3 1+ 0.062 1% approximately 2 = 0.005 2% min

4 + 0.005 4Y> min
4 1Y2 + Yg 2 approximately 2 = 0.010 2% min

4 +0.015 4Y> min

8 + 0.020 9 min

Note 1—Cross-sectional area may be calculated by multiplyirandt.

Note 2—The dimensiort is the thickness of the test specimen as provided for in the applicable material specifications.

Note 3—The reduced section shall be parallel within 0.010 in. and may have a gradual taper in width from the ends toward the center, with the ends
not more than 0.010 in. wider than the center.

Note 4—The ends of the specimen shall be symmetrical with the center line of the reduced section within 0.10 in.

Note 5—Metric equivalent: 1 in. = 25.4 mm.

Note 6—Specimens with sides parallel throughout their length are permitted, except for referee testing, prayithedalfove tolerances are used;
(b) an adequate number of marks are provided for determination of elongatiort)amdef yield strength is determined, a suitable extensometer is used.
If the fracture occurs at a distance of less th&nfidm the edge of the gripping device, the tensile properties determined may not be representative of
the material. If the properties meet the minimum requirements specified, no further testing is required, but if they are less than the minimuentgquirem
discard the test and retest.

FIG. A2.3 Dimensions and Tolerances for Longitudinal Strip Tension Test Specimens for Tubular Products

l—ﬂ

B8

A

FIG. A2.4 Location of Transverse Tension Test Specimens in
Ring Cut from Tubular Products.

. . . . Reduced

A2.2.4.5 Longitudinal test specimens are obtained from Section o
strips cut from the tubular product as shown in Fig. A2.2. Approx 2" M’I T‘ﬂﬁ
A2.3 Determination of Transverse Yield Strength, 7}**

Hydraulic Ring-Expansion Meth 7
ydraulic Ring-Expansion Method . e f_‘—Rod i et

A2.3.1 Hardness tests are made on the outside surface, 2 00010.005"
inside surface, or wall cross-section depending upon product- Gage Length
SpeCIflqatlon limitation. Surface preparation may be necessary Note 1—The dimensiort is the thickness of the test specimen as
to obtain accurate hardness values. provided for in the applicable material specifications.

A2.3.2 A testing machine and method for determining the Nore 2—The reduced section shall be parallel within 0.010 in. and may
transverse yield strength from an annular ring specimen, haveve a gradual taper in width from the ends toward the center, with the
been developed and described in A2.3.3-8.1.2. ends not more than 0.010 in. wider than the center.

A2.3.3 A diagrammatic vertical cross-sectional sketch of Note 3—The ends of the specimen shall be symmetrical with the center
the testing machine is shown in Fig. A2.6. “”E of tze r&(jefrcigdesﬁsggn‘;‘_”t{“; 0'1205'2'mm

.. . . OTE 4— . .= . .

A2'_3'4 In deterr_mnmg the transvgrse yleld st_rength on thi IG. A2.5 Transversg Tension Test Specimen Machined from Ring
machine, a short ring (commonly 3 in. (76 mm) in length) test Cut from Tubular Products
specimen is used. After the large circular nut is removed from
the machine, the wall thickness of the ring specimen is
determined and the specimen is telescoped over the oil resistaijht against the specimen. A slight clearance is left between
rubber gasket. The nut is then replaced, but is not turned dowthe nut and specimen for the purpose of permitting free radial

29
Perancangan dan pengembangan..., Yeny Pusvyta, FT Ul, 2010.



A8 A 370 - 03a
“afl

Nut

Test

Specimen Rubber

Gasket . IF

Hydraulic Pressure Line

FIG. A2.6 Testing Machine for Determination of Transverse Yield
Strength from Annular Ring Specimens

movement of the specimen as it is being tested. Oil unde
pressure is then admitted to the interior of the rubber gaske
through the pressure line under the control of a suitable valve
An accurately calibrated pressure gage serves to measure ¢
pressure. Any air in the system is removed through the bleede
line. As the oil pressure is increased, the rubber gasket expant
which in turn stresses the specimen circumferentially. As the
pressure builds up, the lips of the rubber gasket act as a seal
prevent oil leakage. With continued increase in pressure, th
ring specimen is subjected to a tension stress and elongat
accordingly. The entire outside circumference of the ring
specimen is considered as the gage length and the strain
measured with a suitable extensometer which will be describe
later. When the desired total strain or extension under load i
reached on the extensometer, the oil pressure in pounds p
square inch is read and by employing Barlow's formula, the FIG. A2.7 Roller Chain Type Extensometer, Unclamped

unit yield strength is calculated. The yield strength, thus

determined, is a true result since the test specimen has not been

cold worked by flattening and closely approximates the sam@2.4 Hardness Tests

condition as the tubular section from which it is cut. Further, A2 4 1 Hardness tests are made either on the outside or the
the test closely simulates service conditions in pipe lines. Ongyside surfaces on the end of the tube as appropriate.

testing machine unit may be used for several different sizes of A2 4.2 The standard 3000-kgf Brinell load may cause too
pipe by the use of suitable rubber gaskets and adapters. -~ much deformation in a thin-walled tubular specimen. In this
case the 500-kgf load shall be applied, or inside stiffening by
means of an internal anvil should be used. Brinell testing shall

Note A2.3—Barlow’s formula may be stated two ways:

(1) P=2S1D (A2.2)  not be applicable to tubular products less than 2 in. (51 mm) in
(2) S= PD/2t (A2.3)  outside diameter, or less than 0.200 in. (5.1 mm) in wall
thickness.
where: ) ) A2.4.3 The Rockwell hardness tests are normally made on
P = internal hydrostatic pressure, psi, the inside surface, a flat on the outside surface, or on the wall
S = unit circumferential stress in the wall of the tube ross-section depending upon the product limitation. Rockwell
produced by the internal hydrostatic pressure, psi,  pardness tests are not performed on tubes smallersthan.
t = thickness of the tube wall, in., and (7.9 mm) in outside diameter, nor are they performed on the
D = outside diameter of the tube, in.

_ _ inside surface of tubes with less th&min. (6.4 mm) inside
A2.3.5 A roller chain type extensometer which has beerjiameter. Rockwell hardness tests are not performed on an-
found satisfactory for measuring the elongation of the ringnealed tubes with walls less than 0.065 in. (1.65 mm) thick or
specimen is shown in Fig. A2.7 and Fig. A2.8. Fig. A2.7 showscold worked or heat treated tubes with walls less than 0.049 in.
the extensometer in position, but unclamped, on a ring spec{41.24 mm) thick. For tubes with wall thicknesses less than
men. A small pin, through which the strain is transmitted to andhose permitting the regular Rockwell hardness test, the Su-
measured by the dial gage, extends through the hollovperficial Rockwell test is sometimes substituted. Transverse
threaded stud. When the extensometer is clamped, as shownRockwell hardness readings can be made on tubes with a wall
Fig. A2.8, the desired tension which is necessary to hold theénhickness of 0.187 in. (4.75 mm) or greater. The curvature and
instrument in place and to remove any slack, is exerted on thghe wall thickness of the specimen impose limitations on the
roller chain by the spring. Tension on the spring may beRockwell hardness test. When a comparison is made between
regulated as desired by the knurled thumb screw. By removinockwell determinations made on the outside surface and
or adding rollers, the roller chain may be adapted for differendeterminations made on the inside surface, adjustment of the
sizes of tubular sections. readings will be required to compensate for the effect of
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A2.5.1.1 Flattening Test-The flattening test as commonly
made on specimens cut from tubular products is conducted by
subjecting rings from the tube or pipe to a prescribed degree of
flattening between parallel plates (Fig. A2.4). The severity of
the flattening test is measured by the distance between the
parallel plates and is varied according to the dimensions of the
tube or pipe. The flattening test specimen should not be less
than 2% in. (63.5 mm) in length and should be flattened cold
to the extent required by the applicable material specifications.

A2.5.1.2 Reverse Flattening TestThe reverse flattening
test is designed primarily for application to electric-welded
tubing for the detection of lack of penetration or overlaps
resulting from flash removal in the weld. The specimen
consists of a length of tubing approximately 4 in. (102 mm)
long which is split longitudinally 90° on each side of the weld.
The sample is then opened and flattened with the weld at the
point of maximum bend (Fig. A2.9).

A2.5.1.3 Crush Test-The crush test, sometimes referred to
as an upsetting test, is usually made on boiler and other
pressure tubes, for evaluating ductility (Fig. A2.10). The
specimen is a ring cut from the tube, usually abdutig. (63.5
mm) long. It is placed on end and crushed endwise by hammer
or press to the distance prescribed by the applicable material
specifications.

A2.5.1.4 Flange Test-The flange test is intended to deter-
mine the ductility of boiler tubes and their ability to withstand
FIG. A2.8 Roller Chain Type Extensometer, Clamped the operation of bending into a tube sheet. The test is made on
aring cut from a tube, usually not less than 4 in. (100 mm) long
and consists of having a flange turned over at right angles to the

curvature. The Rockwell B scale is used on all materials havm%Ody of the tube to the width required by the applicable

an expected hardness range of BOygE@P0. The ROCHIEN material specifications. The flaring tool and die block shown in
scale is used on material having an expected hardness rangel__o? P ' 9 . . .
C20 to C68. 1g. A2.11 are recommended for use in making this test.

A2.4.4 Superficial Rockwell hardness tests are normally A2:5.1.5 Flaring Test—For certain types of pressure tubes,
performed on the outside surface whenever possible an@? glternate to the flange test is made. This test consists of
whenever excessive spring back is not encountered. Otherwis@//ving a tapered mandrel having a slope of 1 in 10 as shown
the tests may be performed on the inside. Superficial Rockwell Fig. A2.12 @) or a 60° included angle as shown in Fig.
hardness tests shall not be performed on tubes with an insid®2.12 () into a section cut from the tube, approximately 4 in.
diameter of less tha®a in. (6.4 mm). The wall thickness (100 mm)in length, and thus expanding the specimen until the
limitations for the Superficial Rockwell hardness test are giverinside diameter has been increased to the extent required by the
in Table A2.1 and Table A2.2. applicable material specifications.

A2.4.5 When the outside diameter, inside diameter, or wall A2.5.1.6 Bend TestFor pipe used for coiling in sizes 2 in.
thickness precludes the obtaining of accurate hardness valuemd under a bend test is made to determine its ductility and the
tubular products shall be specified to tensile properties and ssoundness of weld. In this test a sufficient length of full-size

tested. pipe is bent cold through 90° around a cylindrical mandrel

having a diameter 12 times the nominal diameter of the pipe.

A2.5 Manipulating Tests For close coiling, the pipe is bent cold through 180° around a

A2.5.1 The following tests are made to prove ductility of mandrel having a diameter 8 times the nominal diameter of the
certain tubular products: pipe.

TABLE A2.1 Wall Thickness Limitations of Superficial Hardness Test on Annealed or Ductile Materials
for Steel Tubular Products #
(“T” Scale (Y1e-in. Ball))

Wall Thickness, in. (mm) Load, kgf
Over 0.050 (1.27) 45
Over 0.035 (0.89) 30
0.020 and over (0.51) 15

A The heaviest load recommended for a given wall thickness is generally used.
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TABLE A2.2 Wall Thickness Limitations of Superficial Hardness Test on Cold Worked or Heat Treated Material
for Steel Tubular Products #
(“N” Scale (Diamond Penetrator))

Wall Thickness, in. (mm)

Over 0.035 (0.89)
Over 0.025 (0.51)
0.015 and over (0.38)

Load, kgf

45
30
15

A The heaviest load recommended for a given wall thickness is generally used.

v

FIG. A2.9 Reverse Flattening Test

A2.5.1.7 Transverse Guided Bend Test of Weldghis bend
test is used to determine the ductility of fusion welds. The
specimens used are approximatelg In. (38 mm) wide, at .
least 6 in. (152 mm) in length with the weld at the center, and G- 2210 Ry Po-men
are machined in accordance with Fig. A2.13 for face and root
bend tests and in accordance with Fig. A2.14 for side bendequires bending with the outside surface of the pipe against
tests. The dimensions of the plunger shall be as shown in Fighe plunger; and a side bend test requires bending so that one
A2.15 and the other dimensions of the bending jig shall beof the side surfaces becomes the convex surface of the bend
substantially as given in this same figure. A test shall consist o§pecimen.

a face bend specimen and a root bend specimen or two side(a) Failure of the bend test depends upon the appearance of
bend specimens. A face bend test requires bending with theracks in the area of the bend, of the nature and extent
inside surface of the pipe against the plunger; a root bend tesliescribed in the product specifications.

— o . — ——— o —— ——

1
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Po;’illo;; T ,oR:.r/;fbr;/
after Usin ra i\ after Usn,
730/ * é / d

FHloring Flatter
Q \\\ - 1:‘ -
\§ N ;*. A e
Liners—%=-A-"

A=Quts. Diam. of Tube Jess §°
B=0uts. Diam. of Tube less 3°
C=0ufs. Diam. of Tube plus &’

Flering Tool Die Block

Note 1—Metric equivalent: 1 in. = 25.4 mm.
FIG. A2.11 Flaring Tool and Die Block for Flange Test

A<0uts. Diam. of Tube plus é.

[
FIG. A2.12 Tapered Mandrels for Flaring Test

6" min Rad Y max 6"min Rod '/5' max
-
AN iy
T4 I
v :
T4 ol
l 7 BN/ N\ o =1
____________ e s ) i \/ ] t 4
Foce Bend Spacimen Root Bend Specimen

Note 1—Metric equivalent: 1 in. = 25.4 mm.

Pipe Wall Thickness (i), in. Test Specimen Thickness, in.
Up to ¥, incl t
Over ¥ Y8

FIG. A2.13 Transverse Face- and Root-Bend Test Specimens

33
Perancangan dan pengembangan..., Yeny Pusvyta, FT Ul, 2010.



A8 A 370 - 03a
“afl

rnr FLAME CUT, NOT LESS THAN é'

| SHALL BE MACHINED FROM EOGES %' MIN -
; 5° MIN Ry= 5 MAX
S —
—  F—J]—-— e} !
_________ _L___—__—j:f_—" o=
| T
————— - [ — [P [
=X i ol TT L IN. T.IN
\J T ! [Fgroth]| ot
] ! >1Y2 |SEE NOTE
|

When t exceeds lk use one of the following:
1. Cut along line indicated by arrow. Edge
may be flame cut ané may or may not be

machined.

2. Specimens may be cut into approximately
egual strips between 3/4 in. and 1% in.
wide for testimg or the specimens may be
bent at full width (see reguirements on
jig width in Fig. 32)

Note 1—Metric equivalent: 1 in. = 25.4 mm.
FIG. A2.14 Side-Bend Specimen for Ferrous Materials

Tapped hole to suit
testing machine

Hardened rollers, 13" diam may be
substituted for jig shoulders N

~

N, - N
i 3 = A ; \
r< As required >1 // N |je——— As re?uwed ﬂ \l
T 7
— T 1 ||
% Y /
Piunger member\ o
e Shouiders hardened St ~|o q 14" //
and greased \| !
g
|
[ _ ¥ /
j// VNG Lo / D
. { /
[ R 1]
W__zr:_’l T " «—C
e
Yoke-" 7%"
fe——3%" i g |
Note 1—Metric equivalent: 1 in. = 25.4 mm.
Test Specimen Thickness, in. A B C D
¥s 1% Ya 2¥s 1%6
t 4t 2t 6+ Vs 3t+ Y16
Material
EZ) 2Y> 1Ya 3% 116 Materials with a specified minimum tensile strength of 95 ksi or
t 6% t 3t 8% t+ Ys 4% t+ Y16 greater.
FIG. A2.15 Guided-Bend Test Jig
A3. STEEL FASTENERS
A3.1 Scope dard tests required by the individual product specifications are

A3.1.1 This supplement covers definitions and methods ofo be performed as outlined in the general section of these

testing peculiar to steel fasteners which are not covered in th&ethods.
general section of Test Methods and Definitions A 370. Stan-
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A3.1.2 These tests are set up to facilitate production controlThe head or body of the bolt shall be marked so that it can be
testing and acceptance testing with certain more precise testsptaced in the same position for all measurements. The bolt shall
be used for arbitration in case of disagreement over test resultie assembled in the testing equipment as outlined in A3.2.1.4,

_ and the proof load specified in the product specification shall
A3.2 Tension Tests be applied. Upon release of this load the length of the bolt shall

A3.2.1 It is preferred that bolts be tested full size, and it isbe again measured and shall show no permanent elongation. A
customary, when so testing bolts to specify a minimumtolerance of =0.0005 in. (0.0127 mm) shall be allowed
ultimate load in pounds, rather than a minimum ultimatebetween the measurement made before loading and that made
strength in pounds per square inch. Three times the bohfter loading. Variables, such as straightness and thread align-
nominal diameter has been established as the minimum bathent (plus measurement error), may result in apparent elon-
length subject to the tests described in the remainder of thigation of the fasteners when the proof load is initially applied.
section. Sections A3.2.1.1-A3.2.1.3 apply when testing bolt$n such cases, the fastener may be retestedyusi@ percent
full size. Section A3.2.1.4 shall apply where the individual greater load, and may be considered satisfactory if the length
product specifications permit the use of machined specimensifter this loading is the same as before this loading (within the

A3.2.1.1 Proof Load— Due to particular uses of certain 0.0005-in. tolerance for measurement error).
classes of bolts it is desirable to be able to stress them, while A3.2.1.3 Proof Load-Time of Loading-The proof load is to
in use, to a specified value without obtaining any permanenibe maintained for a period of 10 s before release of load, when
set. To be certain of obtaining this quality the proof load isusing Method 1.
specified. The proof load test consists of stressing the bolt with (a) Method 2, Yield StrengthThe bolt shall be assembled
a specified load which the bolt must withstand without permain the testing equipment as outlined in A3.2.1.4. As the load is
nent set. An alternate test which determines yield strength of applied, the total elongation of the bolt or any part of the bolt
full size bolt is also allowed. Either of the following Methods, which includes the exposed six threads shall be measured and
1 or 2, may be used but Method 1 shall be the arbitratiorrecorded to produce a load-strain or a stress-strain diagram.
method in case of any dispute as to acceptance of the boltsThe load or stress at an offset equal to 0.2 percent of the length

A3.2.1.2 Proof Load Testing Long BoksWhen full size  of bolt occupied by 6 full threads shall be determined by the
tests are required, proof load Method 1 is to be limited inmethod described in 13.2.1 of these methods, A 370. This load
application to bolts whose length does not exceed 8 in. (208r stress shall not be less than that prescribed in the product
mm) or 8 times the nominal diameter, whichever is greater. Fospecification.
bolts longer than 8 in. or 8 times the nominal diameter, A3.2.1.4 Axial Tension Testing of Full Size BektsBolts are
whichever is greater, proof load Method 2 shall be used.  to be tested in a holder with the load axially applied between

(a) Method 1, Length Measurementhe overall length of the head and a nut or suitable fixture (Fig. A3.1), either of
a straight bolt shall be measured at its true center line with awhich shall have sufficient thread engagement to develop the
instrument capable of measuring changes in length of 0.000full strength of the bolt. The nut or fixture shall be assembled
in. (0.0025 mm) with an accuracy of 0.0001 in. in any 0.001-in.on the bolt leaving six complete bolt threads unengaged
(0.025-mm) range. The preferred method of measuring thbetween the grips, except for heavy hexagon structural bolts
length shall be between conical centers machined on the centahich shall have four complete threads unengaged between the
line of the bolt, with mating centers on the measuring anvilsgrips. To meet the requirements of this test there shall be a

FIG. A3.1 Tension Testing Full-Size Bolt
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tensile failure in the body or threaded section with no failure afFig. A3.2). The wedge shall have an included angle of 10°
the junction of the body, and head. If it is necessary to recordetween its faces and shall have a thickness of one-half of the
or report the tensile strength of bolts as psi values the stressominal bolt diameter at the short side of the hole. The hole in
area shall be calculated from the mean of the mean root anghe wedge shall have the following clearance over the nominal

pitch diameters of Class 3 external threads as follows: size of the bolt, and its edges, top and bottom, shall be rounded
A = 0.7854 D — (0.9743h)]2 (A3.1) to the following radius:
Clearance Radius on
where: Nominal Bolt in Hole, Corners of
As = stress area iﬁ. Size, in. in. (mm) Hole, in. (mm)
D = nominal diameter, in., qnd Yato ¥e 0.030 (0.76) 0.030 (0.76)
n = number of threads per inch. %16 10 Ya 0.050 (1.3) 0.060 (1.5)
A3.2.1.5 Tension Testing of Full-Size Bolts with a Wedge %101 0.063 (1.5) 0.060 (1.5)

The purpose of this test is to obtain the tensile strength andgz :2 12 8;8§§ gi; 8;1;2 82

demonstrate the “head quality” and ductility of a bolt with a )

standard head by subjecting it to eccentric loading. The A3.2.1.6 Wedge Testing of HT Bolts Threaded to Hedftbr
ultimate load on the bolt shall be determined as described if€at-treated bolts over 100 000 psi (690 MPa) minimum tensile
A3.2.1.4, except that a 10° wedge shall be placed under thetrength and that are threaded 1 diameter and closer to the
same bolt previously tested for the proof load (see A3.2.1.1)underside of the head, the wedge angle shall be 6° for sizes
The bolt head shall be so placed that no corner of the hexagdhrough#a in. (6.35 to 19.0 mm) and 4° for sizes ov&rin.

or square takes a bearing load, that is, a flat of the head shall A3.2.1.7 Tension Testing of Bolts Machined to Round Test
be aligned with the direction of uniform thickness of the wedgeSpecimens

g
\
.

-

Sd———l

d+c

¢ = Clearance of wedge hole
d = Diameter of bolt
R = Radius
T = Thickness of wedge at short side of hole equal to one-half diameter of bolt
FIG. A3.2 Wedge Test Detalil
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(a) (a) Bolts under ¥ in. (38 mm) in diameter which purposes of arbitration, hardness may be taken on two trans-
require machined tests shall preferably use a stan#dand.,  verse sections through a representative sample fastener se-
(13-mm) round 2-in. (50-mm) gage length test specimen (Figlected at random. Hardness readings shall be taken at the
4); however, bolts of small cross-section that will not permitlocations shown in Fig. A3.6. All hardness values must
the taking of this standard test specimen shall use one of theonform with the hardness limit of the product specification in
small-size-specimens-proportional-to-standard (Fig. 4) and therder for the fasteners represented by the sample to be
specimen shall have a reduced section as large as possible.donsidered in compliance. This provision for arbitration of a
all cases, the longitudinal axis of the specimen shall bealispute shall not be used to accept clearly rejectable fasteners.
concentric with the axis of the bolt; the head and threaded
section of the bolt may be left intact, as in Fig. A3.3 and Fig.A3.4 Testing of Nuts
A3.4, or shaped to fit the holders or grips of the testing machine
so that the load is applied axially. The gage length fo(rl:g

measuring the elongation shall be four times the diameter articular specification. A load axial with the mandrel or bolt

the g)';e(g)mgg bolts ¥ in. and over in diameter. a standard and equal to the specified proof load of the nut shall be applied.

A3.4.1 Proof Load— A sample nut shall be assembled on a
ardened threaded mandrel or on a bolt conforming to the

. . ) he nut shall resist this load without stripping or rupture. If the
¥2-in. round 2-in. gage length test specimen shall be turne bpIng P

from the bolt, having its axis midway between the center an reads of the mandrel are damaged during the test the
. ’ C ividual hall i . Th | shall
outside surface of the body of the bolt as shown in Fig. A3.5 NGHUSIESE N R° discarded e mandrel shall be

determine the properties prescribed by the product Spedﬁc‘?ﬁameter with a tolerance of + 0.002 in. (0.051 mm)

tions. The methods of testing and determination of properties A3.4.2 Hardness Test Rockwell hardness of nuts shall be

shall be in accordance with Section 13 of these test methOd%{etermined on the top or bottom face of the nut. Brinel

A3.3 Hardness Tests for Externally Threaded Fasteners hardness shall be determined on the side of the nuts. Either

A3.3.1 When specified, externally threaded fasteners shaﬁpethOd o u.sed alheoption of the manufacturer, taking
be hardness tested. Fasteners with hexagonal or square he g account_the size.and grade of the ngts under f[est. When the
shall be Brinell or Rockwell hardness tested on the side or to _andard Brinell hardness ek results in defo.rmmg the nut it
of the head. Externally threaded fasteners with other type O@/I” be necessary to use a minor load or substitute a Rockwell
heads and those without heads shall be Brinell or Rockwel'l1ardness R
hardness tested on one end. Due to possible distortion from the .
Brinell load, care should be taken that this test meets thé'3-5 Bars Heat Treatedor Cold Drawn for Use in the
requirements of Section 16 of these test methods. Where the Manufacture of Studs, Nuts or Other Bolting
Brinell hardness test is impractical, the Rockwell hardness test ~ Material
shall be substituted. Rockwell hardness test procedures shallA3.5.1 When the bars, as received by the manufacturer,
conform to Section 18 of these test methods. have been processed and proved to meet certain specified

A3.3.2 In cases where a dispute exists between buyer arngtoperties, it is not necessary to test the finished product when
seller as to whether externally threaded fasteners meet éhese properties have not been changed by the process of
exceed the hardness limit of the product specification, fomanufacture employed for the finished product.

Minimum Radius Recommended
=in,but not (ess thon %-m.

Permitted
\ p—— 2§ —

Paroile! Section

) .
222000 ¢

E

I

2°10.005" Gage Length for
Eiongation after Frocture

Note 1—Metric equivalent: 1 in. = 25.4 mm.
FIG. A3.3 Tension Test Specimen for Bolt with Turned-Down
Shank
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Reduced Section

T mi
14 min

0.357"+0.005" N
1.400"£0.005"—re——— s 8

Gage Length

Reduced Section

Rod f;"min

oos"/
005"

0.252"+0!
1.000"$0

Gage Length

Note 1—Metric equivalent: 1 in. =25.4 mm.
FIG. A3.4 Examples of Small Size Specimens Proportional to
Standard 2-in. Gage Length Specimen

FIG. A3.5 Location of Standard Round 2-in. Gage Length Tension
Test Specimen When Turned from Large Size Bolt

A -— —w» B 1/2 radius
1/2 radius
D nom —tedi

i
D rem ; D nom
e Section B-B Section A-A

A -— L » B

X=Location of Hardness Impressions
FIG. A3.6 Hardness Test Locations for Bolts in a Dispute
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A4. ROUND WIRE PRODUCTS

A4.1 Scope twice the length of wire required for the full use of the grip

A4.1.1 This supplement covers the apparatus, specimer@nployed. For example, depending upon the type of testing
and methods of testing peculiar to steel wire products whicinachine and grips used, the minimum total length of specimen

are not covered in the general section of Test Methods A 37gnay vary from 14 to 24 in. (360 to 610 mm) for a 10-in. gage
length specimen.

A4.2 Apparatus A4.3.2 Any specimen breaking in the grips shall be dis-

A4.2.1 Gripping Devices-Grips of either the wedge or carded and a new specimen tested.
snhubbing types as shown in Fig. A4.1 and Fig. A4.2 shall be _
used (Note A4.1). When using grips of either type, care shall b&4-4 Elongation
taken that the axis of the test specimen is located approxi- A4.4.1 In determining permanent elongation, the ends of the
mately at the center line of the head of the testing machinéactured specimen shall be carefully fitted together and the
(Note A4.2). When using wedge grips the liners used behindlistance between the gage marks measured to the nearest 0.01
the grips shall be of the proper thickness. in. (0.25 mm) with dividers and scale or other suitable device.

. . _ i __The elongation is the increase in length of the gage length,

Note A4.1—Testing machines usually are equipped with wedge grips,

These wedge grips, irrespective of the type of testing machine, may ngpressed as a percentage of the original gage length. In

referred to as the “usual type” of wedge grips. The use of fine (180 or 240EecorQIng elongation values, both 'Fhe percentage increase and
grit abrasive cloth in the “usual” wedge type grips, with the abrasivetn€ original gage length shall be given.

contacting the wire specimen, can be helpful in reducing specimen A4.4.2 In determining total elongation (elastic plus plastic
slipping and breakage at the grip edges at tensile loads up to about 10@ktension) autographic or extensometer methods may be em-
pounds. For tests of specimens of wire which are liable to be cut at thg|gyed.

edges by the “usual type” of wedge grips, the snubbing type gripping A4 4.3 If fracture takes place outside of the middle third of

device has proved satisfactory. . :
For testing round wire, the use of cylindrical seat in the wedge grippingthe gage length, the elongation value obtained may not be

device is optional. representative of the material.
Note A4.2—Any defect in a testing machine which may cause non- .
axial application of load should be corrected. A4.5 Reduction of Area

A4.2.2 Pointed MicrometerA micrometer with a pointed A4.5.1 The ends of the fractured specimen shall be carefully
spindle and anvil suitable for reading the dimensions of thditted together and the dimensions of the smallest cross section
wire specimen at the fractured ends to the nearest 0.001 ifeasured to the nearest 0.001 in. (0.025 mm) with a pointed
(0.025 mm) after breaking the specimen in the testing machingicrometer. The difference between the area thus found and the

shall be used. area of the original cross section, expressed as a percentage of
_ the original area, is the reduction of area.
A4.3 Test Specimens A4.5.2 The reduction of area test is not recommended in

A4.3.1 Test specimens having the full cross-sectional arewire diameters less than 0.092 in. (2.34 mm) due to the
of the wire they represent shall be used. The standard gad#fficulties of measuring the reduced cross sections.
length of the specimens shall be 10 in. (254 mm). However, if
the determination of elongation values is not required, any’4.6 Rockwell Hardness Test
convenient gage length is permissible. The total length of the A4.6.1 On heat—treated wire of diameter 0.100 in. (2.54
specimens shall be at least equal to the gage length (10 in.) plmsm) and larger, the specimen shall be flattened on two parallel

SPHERICAL
BEARING

CROSS-HEAD
OF TESTING
MACHINE

4—SERRATED FACES
A ON GRIPS

BSS  aa
EZN 7%

B D AN A
BN

SECTION A-A
FIG. A4.1 Wedge-Type Gripping Device
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SPHERICAL
BEARING

r SPECIMEN—]

FIG. A4.2 Snubbing-Type Gripping Device

sides by grinding before testing. The hardness test is natevelop which can be seen by the unaided eye after the first
recommended for any diameter of hard drawn wire or heateomplete turn. Wire which fails in the first turn shall be
treated wire less than 0.100 in. (2.54 mm) in diameter. Foretested, as such fractures may be caused by bending the wire

round wire, the tensile strength test is greatly preferred over thg) a radius less than specified when the test starts.
hardness test.

A4.7 Wrap Test A4.8 Coiling Test
A4.7.1 This test is used as a means for testing the ductility A4.8.1 This test is used to determine if imperfections are
of certain kinds of wire. present to the extent that they may cause cracking or splitting

A4.7.2 The test consists of coiling the wire in a closely during spring coiling and spring extension. A coil of specified
spaced helix tightly against a mandrel of a specified diametdength is closed wound on an arbor of a specified diameter. The
for a required number of turns. (Unless other specified, thelosed coil is then stretched to a specified permanent increase
required number of turns shall be five.) The wrapping may bén length and examined for uniformity of pitch with no splits or
done by hand or a power device. The wrapping rate may ndtactures. The required arbor diameter, closed coil length, and

exceed 15 turns per min. The mandrel diameter shall bgermanent coil extended length increase may vary with wire
specified in the relevant wire product specification. diameter, properties, and type.

A4.7.3 The wire tested shall be considered to have failed if
the wire fractures or if any longitudinal or transverse cracks

A5. NOTES ON SIGNIFICANCE OF NOTCHED-BAR IMPACT TESTING

A5.1 Notch Behavior materials the Charpy and Izod type tests are accordingly very
huseful. Some metals that display normal ductility in the tension

A5.1.1 The Charpy and Izod type tests bring out notc . X :
; : o ; ; test may nevertheless break in brittle fashion when tested or
behavior (brittleness versus ductility) by applying a Slrlglewhen used in the notched condition. Notched conditions

overload of stress. The energy values determined are quantita- ; Lo .
! : . nclude restraints to deformation in directions perpendicular to
tive comparisons on a selected specimen but cannot b% . L

. . . the major stress, or multiaxial stresses, and stress concentra-
converted into energy values that would serve for engineerin

design calculations. The notch behavior indicated in an indigons' Itis in this field that the Charpy and Izod tests prove

. . . . useful for determining the susceptibility of a steel to notch-
vidual test applies only to the specimen size, notch geometr g b Y

i - . . Yyrittle behavior though they cannot be directly used to appraise
and testing conditions involved and cannot be generalized e serviceability of a structure.

other sizes of specimens and conditions. _ A5.1.3 The testing machine itself must be sufficiently rigid
A5.1.2 The notch behavior of the face-centered cubic metpy tests on high-strength low-energy materials will result in
als and alloys, a large group of nonferrous materials and thgxcessive elastic energy losses either upward through the
austenitic steels can be judged from their common tensilgendulum shaft or downward through the base of the machine.
properties. If they are brittle in tension they will be brittle when |f the anvil supports, the pendulum striking edge, or the
notched, while if they are ductile in tension, they will be ductile machine foundation bolts are not securely fastened, tests on
when notched, except for unusually sharp or deep notcheguctile materials in the range of 80 ft:Ibf (108 J) may actually
(much more severe than the standard Charpy or 1zod spedhdicate values in excess of 90 to 100 ft-Ibf (122 to 136 J).
mens). Even low temperatures do not alter this characteristic of
these materials. In contrast, the behavior of the ferritic steel&5.2 Notch Effect
under notch conditions cannot be predicted from their proper- A5.2.1 The notch results in a combination of multiaxial
ties as revealed by the tension test. For the study of thessresses associated with restraints to deformation in directions
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perpendicular to the major stress, and a stress concentration atA5.2.5 Variations in notch dimensions will seriously affect
the base of the notch. A severely notched condition is generallthe results of the tests. Tests on E 4340 steel specifhbase

not desirable, and it becomes of real concern in those cases $iown the effect of dimensional variations on Charpy results
which it initiates a sudden and complete failure of the brittle(see Table A5.1).

type. Some metals can be deformed in a ductile manner even )

down to the low temperatures of liquid air, while others may”®-3 Size Effect

crack. This difference in behavior can be best understood by A5.3.1 Increasing either the width or the depth of the
considering the cohesive strength of a material (or the propert§Pecimen tends to increase the volume of metal subject to
that holds it together) and its relation to the yield point. In case$listortion, and by this factor tends to increase the energy
of brittle fracture, the cohesive strength is exceeded befor8PSOrption when breaking the specimen. However, any in-

significant plastic deformation occurs and the fracture appea/&€@S€ in size, particularly in width, also tends to increase the
degree of restraint and by tending to induce brittle fracture,

crystalline. In cases of the ductile or shear type of failure, q h ¢ of bsorbed. Wh
considerable deformation precedes the final fracture and t ay decrease the amount of energy absorbed. ere a
I§_tandard-s,|ze specimen is on the verge of brittle fracture, this is

broken surface appears fibrous instead of crystalline. In inte . ) :
mediate cases the fracture comes after a moderate amountp?rt'.cmalrIy true, and a double-width specimen may aptually
require less energy for rupture than one of standard width.

deformation and is part crystalline and part fibrous in appear- A5.3.2 In studies of such effects where the size of the

ance. material precludes the use of the standard specimen, as for
A5.2.2 When a notched bar is loaded, there is a normaéxample when the material i&-in. plate, subsize specimens
stress across the base of the notch which tends to initiatgre necessarily used. Such specimens (see Fig. 6 of Test
fracture. The property that keeps it from cleaving, or holds itMethods E 23) are based on the Type A specimen of Fig. 4 of
together, is the “cohesive strength.” The bar fractures when th@est Methods E 23.
normal stress exceeds the cohesive strength. When this occursA5.3.3 General correlation between the energy values ob-
without the bar deforming it is the condition for brittle fracture. tained with specimens of different size or shape is not feasible,
A5.2.3 In testing, though not in service because of siddut limited correlations may be established for specification
effects, it happens more commonly that plastic deformatiorPUrPOSes on the ba_S|s of special studies of pamcular materials
precedes fracture. In addition to the normal stress, the appligdld Particular specimens. On the other hand, in a study of the
load also sets up shear stresses which are about 45° to tﬁﬁ‘éﬂ“"e_ effect of Proces S’ ': evaluation by use of some
normal stress. The elastic behavior terminates as soon as tﬁéb'”?‘“'y SRk cd SPENE Will some _chosen notch will in
shear stress exceeds the shear strength of the material aWn?St B <N place the SEGEPs in their proper order.

deformation or plastic yielding sets in. This is the condition forAs_4 Effects of Testing Conditions

ductile failure. X . i
5 his behavi hether britl ductile’ d d A5.4.1 The testing conditions also affect the notch behavior.
A5.2.4 This behavior, whether brittle or ductile, depends ong, pronounced is the effect of temperature on the behavior of

whether the normal stress exceeds the cohesive strength befQt@ o) when notched that comparisons are frequently made by
the shear stress exceeds the shear strength. Several importgRhmining specimen fractures and by plotting energy value and
facts of notch behavior follow from this. If the notch is made fractyre appearance versus temperature from tests of notched
sharper or more drastic, the normal stress at the root of thgars at a series of temperatures. When the test temperature has
notch will be increased in relation to the shear stress and thgeen carried low enough to start cleavage fracture, there may
bar will be more prone to britFIe frgcture (see Table A5.1). Also,be an extremely sharp drop in impact value or there may be a
as the speed of deformation increases, the shear streng@latively gradual falling off toward the lower temperatures.
increases and the likelihood of brittle fracture increases. On th&his drop in energy value starts when a specimen begins to
other hand, by raising the temperature, leaving the notch and

the speed of deformation the same, the shear strength is

IO\_Nered and ductile behavior is promoted, leading to shear *°Fahey, N. H., “Effects of Variables in Charpy Impact TestinlyJaterials
failure. Research & Standardd/l 1, No. 11, November, 1961, p. 872.

TABLE A5.1 Effect of Varying Notch Dimensions on Standard Specimens

High-Energy High-Energy Low-Energy
Specimens, ft:Ibf (J) Specimens, ft:Ibf (J) Specimens, ft:Ibf (J)
Specimen with standard dimensions 76.0 = 3.8 (103.0 = 5.2) 445 + 2.2 (60.3 = 3.0) 12.5 = 1.0 (16.9 = 1.4)
Depth of notch, 0.084 in. (2.13 mm)* 72.2 (97.9) 41.3 (56.0) 11.4 (15.5)
Depth of notch, 0.0805 in. (2.04 mm)* 75.1 (101.8) 42.2 (57.2) 12.4 (16.8)
Depth of notch, 0.0775 in. (1.77 mm)* 76.8 (104.1) 45.3 (61.4) 12.7 (17.2)
Depth of notch, 0.074 in. (1.57 mm)* 79.6 (107.9) 46.0 (62.4) 12.8 (17.3)
Radius at base of notch, 0.005 in. (0.127 mm)®& 72.3 (98.0) 41.7 (56.5) 10.8 (14.6)
Radius at base of notch, 0.015 in. (0.381 mm)? 80.0 (108.5) 47.4 (64.3) 15.8 (21.4)

A Standard 0.079 = 0.002 in. (2.00 = 0.05 mm).
B Standard 0.010 =+ 0.001 in. (0.25 + 0.025 mm).
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exhibit some crystalline appearance in the fracture. The tranwill slow down and erroneously high energy values will be
sition temperature at which this embrittling effect takes placaecorded. This problem accounts for many of the inconsisten-
varies considerably with the size of the part or test specimenies in Charpy results reported by various investigators within
and with the notch geometry. the 10 to 25-ft-Ibf (14 to 34 J) range. The Apparatus Section
A5.4.2 Some of the many definitions of transition tempera<the paragraph regarding Specimen Clearance) of Test Methods
ture currently being used arel)(the lowest temperature at E 23 discusses the two basic machine designs and a modifica-
which the specimen exhibits 100 % fibrous fractur®) ghe  tion found to be satisfactory in minimizing jamming.
temperature where the fracture shows a 50 % crystalline and a ) .
50 % fibrous appearance)the temperature corresponding to A5-5 Velocity of Straining
the energy value 50 % of the difference between values A5.5.1 Velocity of straining is likewise a variable that
obtained at 100 % and 0% fibrous fracture, and)(the affects the notch behavior of steel. The impact test shows
temperature corresponding to a specific energy value. somewhat higher energy absorption values than the static tests
A5.4.3 A problem peculiar to Charpy-type tests occursabove the transition temperature and yet, in some instances, the
when high-strength, low-energy specimens are tested at loveverse is true below the transition temperature.
temperatures. These specimens may not leave the machine in ) ) )
the direction of the pendulum swing but rather in a sidewise®2-6 Correlation with Service
direction. To ensure that the broken halves of the specimens doA5.6.1 While Charpy or Izod tests may not directly predict
not rebound off some component of the machine and conta¢he ductile or brittle behavior of steel as commonly used in
the pendulum before it completes its swing, modifications mayarge masses or as components of large structures, these tests
be necessary in older model machines. These modificatioran be used as acceptance tests of identity for different lots of
differ with machine design. Nevertheless the basic problem ishe same steel or in choosing between different steels, when
the same in that provisions must be made to prevent rebounderrelation with reliable service behavior has been established.
ing of the fractured specimens into any part of the swingingt may be necessary to make the tests at properly chosen
pendulum. Where design permits, the broken specimens magmperatures other than room temperature. In this, the service
be deflected out of the sides of the machine and yet in othegemperature or the transition temperature of full-scale speci-
designs it may be necessary to contain the broken specimensens does not give the desired transition temperatures for
within a certain area until the pendulum passes through th€harpy or Izod tests since the size and notch geometry may be
anvils. Some low-energy high-strength steel specimens leaw different. Chemical analysis, tension, and hardness tests may
impact machines at speeds in excess of 50 ft (15.3 m)/sot indicate the influence of some of the important processing
although they were struck by a pendulum traveling at speedfctors that affect susceptibility to brittle fracture nor do they
approximately 17 ft (5.2 m)/s. If the force exerted on thecomprehend the effect of low temperatures in inducing brittle
pendulum by the broken specimens is sufficient, the pendulurbehavior.

A6. PROCEDURE FOR CONVERTING PERCENTAGE ELONGATION OF A STANDARD ROUND TENSION TEST
SPECIMEN TO EQUIVALENT PERCENTAGE ELONGATION OF A STANDARD FLAT SPECIMEN

A6.1 Scope where:

A6.1.1 This method specifies a procedure for converting€ = Percentage elongation after fracture on a standard test
percentage elongation after fracture obtained in a standard specimen having a 2-in. gage length and 0.500-in.
0.500-in. (12.7-mm) diameter by 2-in. (51-mm) gage length diameter, .
test specimen to standard flat test speciniéris. by 2in.and € = percentage elongation after fracture on a standard test
1%z in. by 8 in. (38.1 by 203 mm). specimen having a gage length L and a cross-sectional

area A, and
A6.2 Basic Equation a = constant characteristic of the test material.

A6.2.1 The conversion data in this method are based on an
equation by Bertelld! and used by Olivé? and others. The A6.3 Application
relationship between elongations in the standard 0.500-in. pg 31 In applying the above equation the constaris
diameter by 2.0-in. test specimen and other standard Specime{:‘ﬁaracteristic of the test material. The valme 0.4 has been

can be calculated as follows: found to give satisfactory conversions for carbon, carbon-
e=e, [4.47(\/AIL]? (A6.1)  manganese, molybdenum, and chromium-molybdenum steels

within the tensile strength range of 40 000 to 85 000 psi (275

1 Bertella, C. A.,Giornale del Genio CivileVol 60, 1922, p. 343. to 585_ MPa) a.nd in the hot-rolled, I.n. the hOt-I’O”EC! and

12 Oliver, D. A., Proceedings of the Institution of Mechanical Enginedr828, normall_zed, or in the annealed Condltlon* with or without
p. 827. tempering. Note that the cold reduced and quenched and
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tempered states are excluded. For annealed austenitic stainlessTABLE A6.2 Annealed Austenitic Stainless Steels—Material

steels. the valua = 0.127 has been found to give Satisfactory Constant a = 0.127. Multiplication Factors for Converting Percent
conve’rsions ’ Elongation from ¥2-in. Diameter by 2-in. Gage Length Standard

Tension Test Specimen to Standard ¥z by 2-in. and 1 ¥2 by 8-in.

A6.3.2 Table A6.1 has been calculated takayg 0.4, with Flat Specimens
the standard 0.500-|n._ (12.7-mm) diameter by 2-|n_. (51-mm) Thickness, ¥2 by 1% by Thickness, 1% by
gage length test specimen as the reference specimen. In the i, S gclr:nen S Sé'_’r‘r-]en in. S Sg_xen
case of the subsize specimens 0.350 in. (8.89 mm) in diameter pect pect pec
by 1.4-in. (35.6-mm) gage length, and 0.250-in. (6.35-. mm) 8:853 gzgig o 8:228 8:332
diameter by 1.0-in. (25.4-mm) gage length the factor in the 0.035 0.857 0.900 0.947
equation is 4.51 instead of 4.47. The small error introduced by ~ 0040 0.864 0.950 0.950
. . . 0.045 0.870 . 1.000 0.953
using Table A6.1 for the subsized specimens may be neglected. 50 0876 o 1125 0.960
Table A6.2 for annealed austenitic steels has been calculated 0.055 0.882 1.250 0.966
takinga = 0.127, with the standard 0.500-in. diameter by 2-in. g-ggg g-gg‘: e 1%3 g-g;g
gage length test specimen as the reference specimen. 0.070 0.895 1625 0.983
0.075 0.899 . 1.750 0.987
0.080 0.903 . 1.875 0.992
0.085 0.906 . 2.000 0.996
TABLE A6.1 Carbon and Alloy Steels—Material Constant a=0.4. 0.090 0.909 0.818 2.125 1.000
Multiplication Factors for Converting Percent Elongation from 0.095 0.913 0.821 2.250 1.003
¥2-in. Diameter by 2-in. Gage Length Standard Tension Test 0.100 0.916 0.823 2.375 1.007
Specimen to Standard ¥ by 2-in. and 1 ¥ by 8-in. Flat Specimens 0.110 0.921 0.828 2.500 1.010
0.120 0.926 0.833 2.625 1.013
Thickness ]/z.by e by Thickness e by 0.130 0.931 0.837 2.750 1.016
i 2-in. 8-in. - 8-in. 0.140 0.935 0.841 2.875 1.019
Specimen Specimen Specimen 0.150 0.940 0.845 3.000 1.022
0.025 0.574 . 0.800 0.822 0.160 0.943 0.848 3.125 1.024
0.030 0.596 . 0.850 0.832 0.170 0.947 0.852 3.250 1.027
0.035 0.614 . 0.900 0.841 0.180 0.950 0.855 3.375 1.029
0.040 0.631 . 0.950 0.850 0.190 0.954 0.858 3.500 1.082
0.045 0.646 . 1.000 0.859 0.200 0.957 0.860 3.625 1.034
0.050 0.660 . 1.125 0.880 0.225 0.964 0.867 3.750 1.036
0.055 0.672 . 1.250 0.898 0.250 0.970 0.873 3.875 1.038
0.060 0.684 o 1.375 0.916 0.275 0.976 0.878 4.000 1.041
0.065 0.695 . 1.500 0.932 0.300 0.982 0.883 - -
0.070 0.706 . 1.625 0.947 0.325 0.987 0.887
0.075 0.715 . 1.750 0.961 0.350 0.991 0.892
0.080 0.725 . 1.875 0.974 0.375 0.996 0.895
0.085 0.733 . 2.000 0.987 0.400 1.000 0.899
0.090 0.742 0.531 2.125 0.999 0.425 1.004 0.903
0.100 0.758 0.542 2.250 1.010 0.450 1.007 0.906
0.110 0.772 0.553 2.375 1.021 0.475 1011 0.909
0.120 0.786 0.562 2.500 1.032 0.500 1.014 0.912
0.130 0.799 0.571 2.625 1.042 0.525 1.017 0.915
0.140 0.810 0.580 2.750 1.052 0.550 1.020 0.917
0.150 0.821 0.588 2.875 1.061 0.575 1.023 0.920
0.160 0.832 0.596 3.000 1.070 0.600 1.026 0.922
0.170 0.843 0.603 3.125 1.079 0.625 1.029 0.925
0.180 0.852 0.610 3.250 1.088 0.650 1.031 0.927
0.190 0.862 0.616 3.375 1.096 0.675 1.034 e
0.200 0.870 0.623 3.500 1.104 0.700 1.036 0.932
0.225 0.891 0.638 3.625 1.112 0.725 1.038 e
0.250 0.910 0.651 3.750 1.119 0.750 1.041 0.936
0.275 0.928 0.664 3.875 1.127
0.300 0.944 0.675 4.000 1.134
0.325 0.959 0.686
0.350 0.973 0.696 . . ) ) ) )
0.375 0.987 0.706 A6.3.3 Elongation given for a standard 0.500-in. diameter
8'22? 1'8(1’(2) 8';5 o by 2-in. gage length specimen may be converted to elongation
0.450 1.024 0.732 for ¥z in. by 2 in. or 2 in. by 8-in. (38.1 by 203-mm) flat
0.475 1.035 0.740 e e specimens by multiplying by the indicated factor in Table A6.1
0.500 1.045 0.748 . .
0.525 1.056 0.755 . . and Table A6.2.
8'232 1832 8-;% e A6.3.4 These elongation conversions shall not be used
0.600 1084 0.776 o o where the width to thickness ratio of the test piece exceeds 20,
0.625 1.093 0.782 S as in sheet specimens under 0.025 in. (0.635 mm) in thickness.
) 1.101 7 . . . .
8_232 1,1(1)0 O_ ,2?8 A6.3.5 While the conversions are considered to be reliable
0.700 1.118 0.800 within the stated limitations and may generally be used in
g;gg ﬁgi 0.611 o o specification writing where it is desirable to show equivalent

elongation requirements for the several standard ASTM tension
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specimens covered in Test Methods A 370, consideration must
be given to the metallurgical effects dependent on the thickness
of the material as processed.

A7. METHOD OF TESTING MULTI-WIRE STRAND FOR PRESTRESSED CONCRETE

A7.1 Scope slurry consists of abrasive such as Grade 3-F aluminum oxide

A7.1.1 This method provides procedures for the tensiornd & carrier such as water or glycerin.
testing of multi-wire strand for prestressed concrete. This A7.3.6 Standard Sockets of the Type Used for Wire Repe
method is intended for use in evaluating the strand propertie§he gripped portions of the specimen are anchored in the
prescribed in specifications for* prestressing steel strands.” sockets with zinc. The special procedures for socketing usually
. employed in the wire rope industry must be followed.
AT7.2 General Precautions A7.3.7 Dead-End Eye SplicesThese devices are available
A7.2.1 Premature failure of the test specimens may result iin sizes designed to fit each size of strand to be tested.
there is any appreciable notching, cutting, or bending of the A7.3.8 Chucking Devices-Use of chucking devices of the
specimen by the gripping devices of the testing machine.  type generally employed for applying tension to strands in
A7.2.2 Errors in testing may result if the seven wirescasting beds is not recommended for testing purposes.
constituting the strand are not loaded uniformly. )
A7.2.3 The mechanical properties of the strand may be Note A7.1—The number of teeth should be approximately 15 to 30 per

materially affected by excessive heating during specimeW" and the minimum effective gripping length should be approximately 4
in. (102 mm).

preAF;agazo_lr_]h difficulti b SR tollowi Note A7.2—The radius of curvature of the grooves is approximately
e ese dimcultes m_ay_ € mlnlmlze . Y TOllOWING  he same as the radius of the strand being tested, and is lo¥atad
the suggested methods of gripping described in A7.4. (0.79 mm) above the flat face of the grip. This prevents the two grips from

L . closing tightly when the specimen is in place.
A7.3 Gripping Devices

A7.3.1 The true mechanical properties of the strand aré\7.4 Specimen Preparation
determined by a test in which fracture of the specimen occurs A7 4.1 If the molten-metal temperatures employed during
in the free span between the jaws of the testing machingot-gip tinning or socketing with metallic material are too high,
Therefore, it is desirable to establish a test procedure witly,er approximately 700°F (370°C), the specimen may be heat
suitable apparatus which will consistently produce such result$fected with a subsequent loss of strength and ductility.
Due to inherent physical characteristics of individual ma-carefyl temperature controls should be maintained if such

chines, it is not practical to recommend a universal grippindmethods of specimen preparation are used.
procedure that is suitable for all testing machines. Therefore, it

is necessary to determine Whjch of the .methods of gripping\7_5 Procedure
described in A7.3.2 to A7.3.8 is most suitable for the testing o _
equipment available. A7.5.1 Yield Strength- For determining the yield strength -
A7.3.2 Standard V-Grips with Serrated Teeth (Note A7.1) USe a Class B-1 extensometer (Note A7.3) as described in
A7.3.3 Standard V-Grips with Serrated Teeth (Note A7.1),Practice E 83. Apply an initial load of 10 % of the expected
Using Cushioning MateriakIn this method, some material is Minimum breaking strength to the specimen, then attach the
placed between the grips and the specimen to minimize thgXt€nsometer and adjust it to a reading of 0.001 in./in. of gage
notching effect of the teeth. Among the materials which haveé®ngth. Then increase the load until the extensometer indicates
been used are lead foil, aluminum foil, carborundum cloth, br&n extension of 1 %. Record the load for this extension as the
shims, etc. The type and thickness of material required i¥i€ld strength. The extensometer may be removed from the
dependent on the shape, condition, and coarseness of the tesiR€cimen after the yield strength has been determined.
A7.3.4 Standard V-Grips with Serrated Teeth (Note A7.1), A7.5.2 Elongation— For determining the elongation use a
Using Special Preparation of the Gripped Portions of theClass D extensometer (Note A7.3), as described in Practice
Specimen-One of the methods used is tinning, in which the E 83, having a gage length of not less than 24 in. (610 mm)
gripped portions are cleaned, fluxed, and coated by multipl€Note A7.4). Apply an initial load of 10 % of the required
dips in molten tin alloy held just above the melting point. minimum breaking strength to the specimen, then attach the
Another method of preparation is encasing the gripped portionextensometer (Note A7.3) and adjust it to a zero reading. The
in metal tubing or flexible conduit, using epoxy resin as theextensometer may be removed from the specimen prior to
bonding agent. The encased portion should be approximatelypture after the specified minimum elongation has been
twice the length of lay of the strand. exceeded. It is not necessary to determine the final elongation
A7.3.5 Special Grips with Smooth, Semi-Cylindrical value.
Grooves (Note A7.2}The grooves and the gripped portions of  A7.5.3 Breaking Strengtk-Determine the maximum load at
the specimen are coated with an abrasive slurry which holdghich one or more wires of the strand are fractured. Record
the specimen in the smooth grooves, preventing slippage. Thais load as the breaking strength of the strand.
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Note A7.3—The yield-strength extensometer and the elongation exjaws and yet meet the minimum specified values are considered as
tensometer may be the same instrument or two separate instruments. Twaeeting the mechanical property requirements of the product specifica-
separate instruments are advisable since the more sensitive yield-strengitn, regardless of what procedure of gripping has been used. Specimens
extensometer, which could be damaged when the strand fractures, may fat break outside of the extensometer or in the jaws and do not meet the
removed following the determination of yield strength. The elongationminimum specified values are subject to retest. Specimens that break
extensometer may be constructed with less sensitive parts or be coRatween the jaws and the extensometer and do not meet the minimum

structed in such a way that little damage would result if fracture OCCUrgpecified values are subject to retest as provided in the applicable
while the extensometer is attached to the specimen. specification.

Note A7.4—Specimens that break outside the extensometer or in the

A8. ROUNDING OF TEST DATA

A8.1 Rounding A8.1.2 Recommended levels for rounding reported values

A8.1.1 An observed value or a calculated value shall beof test data are given in Table A8.1. These values are designed
rounded off in accordance with the applicable product specifito provide uniformity in reporting and data storage, and should
cation. In the absence of a specified procedure, th&e used in all cases except where they conflict with specific
rounding-off method of Practice E 29 shall be used. requirements of a product specification.

A8.1.1.1 Values shall be rounded up or rounded down as

determined by the rules of Practice E 29. Note A8.1—To minimize cumulative errors, whenever possible, values

. L «—»Should be carried to at least one figure beyond that of the final (rounded)
A8.1.1.2 In the special case of rounding the number *5 value during intervening calculations (such as calculation of stress from

when no additional numbers other than “0" follow the “5,” load and area measurements) with rounding occurring as the final

rounding shall be done in the direction of the specificationsperation. The precision may be less than that implied by the number of
limits if following Practice E 29 would cause rejection of significant figures.

material.
TABLE A8.1 Recommended Values for Rounding Test Data
Test Quantity Test Data Range Rounded Value”
Yield Point, up to 50 000 psi, excl (up to 50 ksi) 100 psi (0.1 ksi)
Yield Strength, 50 000 to 100 000 psi, excl (50 to 100 ksi) 500 psi (0.5 ksi)
Tensile Strength 100 000 psi and above (100 ksi and above) 1000 psi (1.0 ksi)
up to 500 MPa, excl 1 MPa
500 to 1000 MPa, excl 5 MPa
1000 MPa and above 10 MPa
Elongation 0 to 10 %, excl 0.5%
9 10 % and above 1%
’ 0 to 10 %, excl 0.5%
Reduction of Area 10 % and above 1%
Impact Energy 0 to 240 ft:Ibf (or 0 to 325 J) 1 ft-Ibf (or 1 J)®
Brinell Hardness all values tabular value®
Rockwell Hardness all scales 1 Rockwell Number

A Round test data to the nearest integral multiple of the values in this column. If the data value is exactly midway between two rounded values, round in accordance
with A8.1.1.2.

B These units are not equivalent but the rounding occurs in the same numerical ranges for each. (1 ft-Ibf = 1.356 J.)

€ Round the mean diameter of the Brinell impression to the nearest 0.05 mm and report the corresponding Brinell hardness number read from the table without further
rounding.

A9. METHODS FOR TESTING STEEL REINFORCING BARS

A9.1 Scope A9.3 Tension Testing

A9.1.1 This annex covers additional details specific to A9.3.1 Test Specimen Specimens for tension tests shall be
testing steel reinforcing bars for use in concrete reinforcementong enough to provide for an 8-in. (200-mm) gage length, a
distance of at least two bar diameters between each gage mark

A9.2 Test Specimens and the grips, plus sufficient additional length to fill the grips
A9.2.1 All test specimens shall be the full section of the barcompletely leaving some excess length protruding beyond each
as rolled. grip.
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A9.3.2 Gripping Device— The grips shall be shimmed so A9.4 Bend Testing
thhei: dngfr?r?eriézﬁr?/z Irgégzlh?nrgm) of a grip protrudes from the A9.4.1 Bend tests shall be made on specimens of sufficient
9 - length to ensure free bending and with apparatus which
A9.3.3 Gage Marks— The 8-in. (200-mm) gage length shall ides:
be marked on the specimen using a preset 8-in. (200-mm[3rovI ' . ) o
punch or, alternately, may be punch marked every 2 in. (50 A9.4.1.1 Contlnuqus and unlform appl|ca}t|on of force
mm) along the 8-in. (200-mm) gage length, on one of theéhroughout the duration of the bending operation,
longitudinal ribs, if present, or in clear spaces of the deforma- A9.4.1.2 Unrestricted movement of the specimen at points
tion pattern. The punch marks shall not be put on a transverggf contact with the apparatus and bending around a pin free to
deformation. Light punch marks are desirable because deeptate, and

marks severely indent the bar and may affect the results. A A9.4.1.3 Close wrapping of the specimen around the pin

bullet-nose pun_ch is desirable. . _ ~ during the bending operation.
A9.3.4 The yield strength or yield point shall be determined  ag 4 2 Other acceptable more severe methods of bend
by one of the following methods: testing, such as placing a specimen across two pins free to

A9.3.4.1 Extension under load using an autographic dia’rotate and applving the bending force with a fix pin. mav be
gram method or an extensometer as described in 13.1.2 areged' PpYIng g pin, may

13.1.3, o . .
A9.3.4.2 By the drop of the beam or halt in the gage of the A9.4.3 When retesting is permitted by the product specifi-

testing machine as described in 13.1.1 where the steel tested Gation, the foIIovying i apply:. o o )

a sharp-kneed or well-defined type of yield point. A9.4.3.1 Sections of bar containing identifying roll marking
A9.3.5 The unit stress determinations for yield and tensileshall not be used.

strength on full-size specimens shall be based on the nominal A9.4.3.2 Bars shall be so placed that longitudinal ribs lie in

bar area. a plane at right angles to the plane of bending.

A10. PROCEDURE FOR USE AND CONTROL OF HEAT-CYCLE SIMULATION

A10.1 Purpose A10.4.1.1 master char—a record of the heat treatment
A10.1.1 To ensure consistent and reproducible heat treaféceived from a forging essentially identical to the production

ments of production forgings and the test specimens thdPrdings that it will represent. It is a chart of time and
represent them when the practice of heat-cycle simulation imperature showing the output from thermocouples imbedded

used. in the forging at the designated test immersion and test location
or locations.
A10.2 Scope A10.4.1.2 program chart—the metallized sheet used to
A10.2.1 Generation and documentation of actual productiorogram the simulator unit. Time-temperature data from the
time—temperature curves (MASTER CHARTS). master chart are manually transferred to the program chart.

A10.2.2 Controls for duplicating the master cycle during A10.4.1.3 simulator chart—a record of the heat treatment
heat treatment of production forgings. (Heat treating within thethat a test specimen had received in the simulator unit. It is a

essential variables established during A1.2.1). chart of time and temperature and can be compared directly to
A10.2.3 Preparation of program charts for the simulatothe master chart for accuracy of duplication.

unit. A10.4.1.4 simulator cycle—one continuous heat treatment
A10.2.4 Monitoring and inspection of the simulated cycle of a set of specimens in the simulator unit. The cycle includes

within the limits established by the ASME Code. heating from ambient, holding at temperature, and cooling. For
A10.2.5 Documentation and storage of all controls, inspecexample, a simulated austenitize and quench of a set of

tions, charts, and curves. specimens would be one cycle; a simulated temper of the same

specimens would be another cycle.
A10.3 Referenced Documents
A10.3.1 ASME Standards: A10.5 Procedure
ASME Boiler and Pressure Vessel Code Section lll, latest A10.5.1 Production Master Charts

edition. _ _ A10.5.1.1 Thermocouples shall be imbedded in each forg-

ASME Boiler and Pressure Vessel Code Section VIlLj,q trom which a master chart is obtained. Temperature shall be
Division 2, latest edition. monitored by a recorder with resolution sufficient to clearly
define all aspects of the heating, holding, and cooling process.
All charts are to be clearly identified with all pertinent
information and identification required for maintaining perma-
nent records.

*3 Available from American Society of Mechanical Engineers (ASME), ASME A10.5.1.2 Thermocouples shall be imbedded 180° apart if
International Headquarters, Three Park Ave., New York, NY 10016-5990. the material specification requires test locations 180° apart.

A10.4 Terminology
A10.4.1 Definitions
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A10.5.1.3 One master chart (or two if required in accor- A10.5.2.7 If the time parameter is exceeded in opening the
dance with A10.5.3.1) shall be produced to represent essefurnace door to beginning of quench, the forging shall be
tially identical forgings (same size and shape). Any change iplaced back into the furnace and brought back up to equaliza-
size or geometry (exceeding rough machining tolerances) of #ion temperature.
forging will necessitate that a new master cooling curve be A10.5.2.8 All forgings represented by the same master
developed. forging shall be quenched with like orientation to the surface of

A10.5.1.4 If more than one curve is required per mastefn® duench bath. _ _ .
forging (180° apart) and a difference in cooling rate is A10.5.2.9 All production forgings shall be quenched in the
achieved, then the most conservative curve shall be used as thi@Mme quench tank, with the same agitation as the master
master curve. forging.

A10.5.2 Repro_du0|bll|ty of Heat Treatment Parameters on difference in actual heat treating temperature between produc-
Production Forgings tion forgings and the master forging used to establish the
A10.5.2.1 All information pertaining to the quench and simulator cycle for them shall not excee®5°F (+14°C) for
temper of the master forging shall be recorded on an apprahe quench cycle(2) The tempering temperature of the
priate permanent record, similar to the one shown in Tablgroduction forgings shall not fall below the actual tempering
Al0.1. temperature of the master forgin(8) At least one contact
A10.5.2.2 All information pertaining to the quench and surface thermocouple shall be placed on each forging in a
temper of the production forgings shall be appropriatelyproduction load. Temperature shall be recorded for all surface
recorded, preferably on a form similar to that used inthermocouples on a Time Temperature Recorder and such
A10.5.2.1. Quench records of production forgings shall berecords shall be retained as permanent documentation.
retained for future reference. The quench and temper record of A10.5.3 Heat-Cycle Simulatian
the master forging shall be retained as a permanent record. A10.5.3.1 Program charts shall be made from the data
A10.5.2.3 A copy of the master forging record shall be®corded on the master chart. All test specimens shall be given

stored with the heat treatment record of the production forgingin® Same heating rate above, the AC1, the same holding time
e}nd the same cooling rate as the production forgings.

A10.5.2.4 The essential variables, as set forth on the hea A10.5.3.2 The heating cycle above the AC1, a portion of the
treat record, shall be controlled within the given parameters oﬂoldiné c':y.cle and the cooling portion of the m:alster chart shall

the production forging. y . ~ be duplicated and the allowable limits on temperature and time,
Al10.5.2.5 The temperature of the quenching medium priogg specified in (a)—(c), shall be established for verification of

to quenching each production forging shall be equal to or lowef,e adequacy of the simulated heat treatment.

than the temperature of the quenching medium prior t0  (a) Heat Cycle Simulation of Test Coupon Heat Treatment

quenching the master forging. for Quenched and Tempered Forgings and Balt cooling
A10.5.2.6 The time elapsed from opening the furnace doorate data for the forgings and bars and cooling rate control

to quench for the production forging shall not exceed thadevices for the test specimens are available, the test specimens

elapsed for the master forging. may be heat-treated in the device.

A10.5.2.10 Uniformity of Heat Treat Parameters(1) The

TABLE A10.1 Heat-Treat Record-Essential Variables

Master Production Production Production Production Production
Forging Forging 1 Forging 2 Forging 3 Forging 4 Forging 5

Program chart number

Time at temperature and actual temperature of
heat treatment

Method of cooling

Forging thickness

Thermocouple immersion

Beneath buffer (yes/no)

Forging number

Product

Material

Thermocouple location—0 deg

Thermocouple location—180 deg

Quench tank No.

Date of heat treatment

Furnace number

Cycle number

Heat treater

Starting quench medium temperature

Time from furnace to quench

Heating rate above 1000°F (538°C)

Temperature upon removal from quench after 5

min

Orientation of forging in quench

47
Perancangan dan pengembangan..., Yeny Pusvyta, FT Ul, 2010.



A8 A 370 - 03a
“afl

(b) The test coupons shall be heated to substantially thaccordance with A10.5.3&). If any one specimen is not heat
same maximum temperature as the forgings or bars. The tesgeated within the acceptable limits of temperature and time,
coupons shall be cooled at a rate similar to and no faster thagsuch specimen shall be discarded and replaced by a newly
the cooling rate representative of the test locations and shall h@achined specimen. Documentation of such action and reasons
within 25°F (14°C) and 20 s at all temperatures after coolingfor deviation from the master chart shall be shown on the

begins. The test coupons shall be subsequently heat treatedsimulator chart, and on the corresponding nonconformance
accordance with the thermal treatments below the criticateport.

temperature including tempering and simulated post weld heat g 5 4 Reheat Treatment and Retesting

treatment. . .

(c) Simulated Post Weld Heat Treatment of Test Specimens'A‘lo'E"Af'1 In the event 9f a test failure, retesting shall pe
(for ferritic steel forgings and bars)—Except for carbon steel ( and_lt_ed n accordance with rules set forth by the material
Number 1, Section IX of the Code) forgings and bars with aspeC|f|cat|on.
nominal thickness or diameter of 2 in. (51 mm) or less, the test A10.5.4.2 If retesting is permissible, a new test specimen
specimens shall be given a heat treatment to simulate ar§hall be heat treated the same as previously. The production
thermal treatments below the critical temperature that théorging that it represents will have received the same heat
forgings and bars may receive during fabrication. The simuireatment. If the test passes, the forging shall be acceptable. If
lated heat treatment shall utilize temperatures, times, andfails, the forging shall be rejected or shall be subject to reheat
cooling rates as specified on the order. The total time atreatment if permissible.
temperature(s) for the test material shall be at least 80 % of the A10.5.4.3 If reheat treatment is permissible, proceed as
total time at temperature(s) to which the forgings and bars argllows: (1) Reheat treatment same as original heat treatment
subjected during postweld heat treatment. The total time qttime’ temperature, Coo]ing rate): Using new test Specimens
temperature(s) for the test specimens may be performed infgom an area as close as possible to the original specimens,
single cycle. _ _ _ repeat the austenitize and quench cycles twice, followed by the

AlQ.5.3.3 Prior to heat_treatment in the s!mulator unit, teSkempering cycle (double quench and temper). The production
specimens shall be machined to standard sizes that have be\%’l’ging shall be given the identical double quench and temper
determined to aIIc_)w adequately for subsequent removal 0Ofq jis test specimens aboy@) Reheat treatment using a new
decarb and oxidation. _ heat treatment practice. Any change in time, temperature, or

A10.5.3.4 At least one thermocouple per specimen shall bg,qjing rate shall constitute a new heat treatment practice. A

used for continuous recording of temperature on an indepenyo; magter curve shall be produced and the simulation and
dent external temperature-monitoring source. Due to the Serfésting shall proceed as originally set forth

sitivity and design peculiarities of the heating chamber of A10.5.4.4 | . h . di
certain equipment, it is mandatory that the hot junctions of B | summatio\gsggyl test specimen and its corre-

control and monitoring thermocouples always be placed in th&Ponding forging shall receive identical heat treatment or heat
same relative position with respect to the heating sourc&r€atment; otherwise the testing shall be invalid.

(generally infrared lamps). A10.5.5 Storage, Recall, and Documentation of Heat-Cycle
A10.5.3.5 Each individual specimen shall be identified, andSimulation Data—All records pertaining to heat-cycle simula-
such identification shall be clearly shown on the simulatortion shall be maintained and held for a period of 10 years or as
chart and simulator cycle record. designed by the customer. Information shall be so organized

A10.5.3.6 The simulator chart shall be compared to thehat all practices can be verified by adequate documented
master chart for accurate reproduction of simulated quench irecords.

SUMMARY OF CHANGES

Committee AO1 has identified the location of selected changes to this standard since the last issue (A 370 — 03)
that may impact the use of this standard. (Approved Oct. 1, 2003.)

(1) Tensile testing section amended to allow automated
tensile testing/elongation measurement as described in Test
Methods E 8.
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Committee AO1 has identified the location of selected changes to this standard since the last issue (A3 70at 02ay
impact the use of this standard. (Approved June 10, 2003.)

(1) Clarification of Section 13.2.1-Offset Method.

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

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five years and
if not revised, either reapproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM International Headquarters. Your comments will receive careful consideration at a meeting of the
responsible technical committee, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known to the ASTM Committee on Standards, at the address shown below.

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