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ABSTRACT The purposes of this study is to verify the fracture characteristic of steel which is manufactured in Korea, subjected
to cyclic loading. This investigation deals with the low cycle fatigue behavior of longitudinal reinforcement in reinforced concrete
bridge substructure (piles and columns of piers). Eighty-one specimens of longitudinal reinforcement were tested under axial strain
controlled reversed cyclic tests with strain amplitudes. The selected test variables are ratio of tension strain to compression strain,
yield stress of longitudinal reinforcement, ratio of diameter of longitudinal steel to clear length of longitudinal steel, size of lon-
gitudinal steel and strain amplitudes. Low cycle fatigue behavior and low-cycle fatigue life are investigated and discussed in this

paper.
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Fig. 1 Behavior of strain for longitudinal steel according to
direction of lateral load
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Fig. 2 Flow chart

Table 1 Variables of moment-curvature analysis

D (mm) 2,000
Py 0.01, 0.02
1y & fin (MPa) 300, 400
Jfou (MPa) 20, 30, 40
P/P, 0.1, 0.2
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Fig. 3 Distribution of strain for longitudinal steel according to
direction of lateral load

Table 2 Results of moment-curvature analysis

fcu ./{v & fyh
Pi (MPa) (MPa) P/Po Vie
0.1 3.767
300
0.2 2.595
20
0.1 3.419
400
0.2 2.229
0.1 4.165
300
0.2 2.760
0.01 30
0.1 3914
400
0.2 2.542
0.1 4.500
300
0.2 2.908
40
0.1 4.264
400
0.2 2.709
0.1 2.818
300
0.2 2.053
20
0.1 2.378
400
0.2 1.591
0.1 3.292
300
0.2 2.325
0.02 30
0.1 2.974
400
0.2 1.794
0.1 3.587
300
0.2 2.459
40
0.1 3.337
400
0.2 2.119
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Table 3 Variable of low-cycle fatigue test

Bar

: 5
Class | SR* |s/dp,| diameter (M{)a) n
(mm)
GROUP I| -3 10, 20, 35, 50, 65
GROUP 11| -1 139(D16), 300, 50 735 65
19.1(D19),| 400,
GROUP I} -3 222(D22)| 500 20
GROUP1V| -3 10
xg R = Emax _ _ tension strain
7 &,, compression strain

(a) Testing machine (b) Tést setup

Fig. 4 Photograph of test setup

(a) Swaging processing

(b) Form rolling screw processing
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(c) Machining

Fig. 5 Specimen fabrication procedure
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Table 4 Summary and comparison of test results

No.| dy dib[ SR| & | & ((gja) (Hfz) 2N, | AW, | Wy |No.| dy dibl SR| & | & (é%a) (Hi) 2N, | AW, | Wy
1 0.0075[0.0060 | 216 | 38 [442] 9.6 | 424 | 42 0.0487[0.0472] 219 [ 364 | 1.2 [66.9] 80
2 0.0148(0.0133] 217 | 41 [19.0| 184 350 | 43 0.0209{0.0188| 206 | 134 | 5.1 [30.9] 158
3] 00253]0.0238] 199 | 77 | 82 | 353 | 289 [ 44| 17 0.0350{0.0331] 208 | 210 | 3.0 | 62.6 | 189
I 0.0376[0.0361 | 212 | 168 | 5.0 [ 243 ] 121 | 45 (]I;f;) 0.0665|0.0644 | 207 | 633 | 0.8 [109.8 88
5 0.0486[0.0471| 218 | 306 | 12 [66.7] 80 |46 0.0251]0.0226 | 206 | 164 | 4.0 [ 49.8 | 200
6| 159 0.0099[0.0080| 210 | 34 [22.1] 143317 |47 0.0443[0.0417] 219 [ 310 | 1.1 [655]| 73
"7 | mm 0.0198(0.0178| 219 | 67 [ 10233.0| 336 | 48 0.0160{0.0145] 217 | 89 | 9.1 [22.1] 201
"8 |(D16) 0.0351]0.0330( 199 | 202 | 22 | 65.0 | 143 | 49 0.0264(0.0249| 213 | 145 | 3.1 [ 454 139
9 | 0.0440[0.0423| 211 [ 425 [ 12 [ 89.8 108 | 50 0.0486]0.0471] 216 [ 323 | 12 [ 78.1| 94
10| 006491 0.0620] 216 [ 431 | 12 [1062] 127 [51] 2! 0.0212]0.0191] 218 | 112 | 6.1 [34.5] 211
I 0.0135[0.0109] 201 | 62 |152(20.0 [ 304 | 52 (gf(‘)) 6 | 1 100350]0.0330] 201 [ 207 | 22 [ 633 ] 139
12 0.0215[0.0195 205 | 131 | 52 [30.0] 156 | 53 0.0650{0.0630| 217 | 551 | 0.8 [119.8] 96
13 0.0439[0.0414| 222 [ 414 | 12 [ 847 102 | 54 0.0248(0.0223] 202 | 153 | 42 [46.0] 193
14 0.0076]0.0060| 219 | 54 [31.1| 88 | 275 |55 0.0441[0.0416] 207 | 372 | 1.1 [103.8] 114
15| 0.0155]0.0139] 217 | 140 [ 9.1 [27.0| 243 | 56 0.0158[0.0142] 202 | 94 | 7.1 [21.9] 155
16| 0.0263[0.0248| 201 | 193 | 32 [37.5] 120 | 57 0.0261[0.0246| 219 | 102 | 52 [36.7 | 189
17 0.0375]0.0360| 219 [ 327 | 12 [ 650 78 |58 0.0488(0.0473| 217 | 526 | 0.8 [ 79.5] 65
18] 00487000472 210 [ 313 | 12 [628] 75 [59] 222 0.0211{0.0190| 207 | 56 | 7.0 | 34.0 | 238
E 19.1 0.0102{0.0081| 200 | 90 [27.211.0 | 298 | 60 (]I;zn;) 0.0353]0.0333] 206 | 186 | 3.1 |51.2] 159
20 | mm -3 10.0225[0.0203 | 207 | 161 | 92 [ 304 | 280 | 61 0.0660(0.0640| 210 | 321 | 1.2 [159.3] 185
Z(DIO) 6 0.0350{0.0331] 198 | 173 | 32 [ 556 178 | 62 0.0255[0.0230] 209 | 48 | 9.0 [44.2] 398
22 0.0532[0.0511| 201 [ 203 | 2.1 [ 79.0] 162 | 63 0.0447[0.0421] 202 | 126 | 2.7 [ 89.7 | 238
23] 0.0752[0.0729] 217 | 386 | 1.1 [1422] 149 [ 64 | 159 0.0153[0.0138] 209 | 107 | 9.1 [ 146 133
24| 0.0129[0.0104] 208 | 189 | 8.1 [232] 188 [ 65| mm 0.0204[0.0184] 200 | 136 | 5.1 [23.0] 117
25 0.0256]0.0231| 215 [ 239 | 3.1 [ 439 136 | 66 | (D16) 0.0252{0.0228| 218 | 233 | 42 [ 286 120
26| 0.0426]0.0401| 219 [ 319 [ 2.1 [ 789 166 | 67| 19.1 0.0154[0.0139] 219 | 183 | 52 [ 153 ] 79
27 0.0075]0.0060| 216 | 126 [30.1| 7.7 [ 232 [ 68 | mm | 8 0.0209]0.0188| 211 | 192 | 42 [24.9] 104
28] 0.0150[0.0135| 219 | 26 [26.1|18.8| 491 | 69 | (D10) 0.0250(0.0225| 217 | 203 | 32 [ 31.6] 101
29| 0.0270[0.0255| 218 | 185 | 4.1 406 | 166 | 70 | 22.2 0.0151[0.0136| 218 | 115 [ 13.2] 103 | 136
30| 0.0375{0.0360| 198 | 308 | 1.1 | 583 | 64 | 71| mm 0.0201[0.0181( 207 | 265 | 32 [ 54.6| 175
31 0.0490(0.0475| 217 [ 349 | 12 [ 739 86 | 72|(D22) ~310.0246[0.0221| 218 | 284 | 14 [419] 60
321 222 0.0097[0.0078| 219 | 80 | 11.1|152] 169 | 73| 159 0.0152{0.0136] 203 [ 208 | 52 [ 129 67
33| mm 0.0223]0.0201] 219 [ 107 | 9.0 [35.0 | 246 [ 74 | mm 0.0215]0.0193] 199 | 383 | 22 [ 223 49
34 |(D22) 0.0351[0.0331| 218 | 111 | 4.1 |59.4 | 241 | 75 | (D16) 0.0241[0.0217] 203 | 522 | 22 [ 31.5] 68
E 0.04950.0476[ 198 [ 420 | 1.0 [94.1] 94 [76[ 19.1 | o 0.0151[0.0135] 218 | 188 | 52 [ 13.1] 68
36 0.0647[0.0627] 199 | 447 | 09 [122.9] 119 [ 77 | mm 0.0200(0.0180( 219 | 246 | 32 [229] 72
37 0.0131]0.0106| 217 | 35 [ 16.1|21.0| 338 | 78 | (D10) 0.0252{0.0226| 209 | 263 | 22 [31.0| 68
38| 0.0259]0.0233| 204 | 170 | 52 [46.1[238 79| 222 0.0150{0.0135] 215 [ 230 | 22 [ 19.7 | 42
39| 0.0435]0.0410] 200 | 432 [ 0.7 [113.3] 82 [ 80| mm 0.0200{0.0180] 201 | 132 | 23 [19.0] 43
40| 159 0.0158[0.0142] 218 | 7 [142]20.7] 294 | 81 0.0250(0.0225| 201 | 478 | 0.8 [ 54.0| 41
41 (gllné) b 0.0265|0.0250| 214 | 111 | 6.0 | 37.0| 223 AW, : cyclic hysteresis energy, Wy: total energy
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Table 5 Comparison of test result

Mander’s test

Test result

Speci-
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