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Variation Rules of Cross-section Size Effect of High-strength
Concrete Frame Column

ZHANG Guo-jun
(College of Civil Engineering, Shanghai Normal University, Shanghai 201418, China)

Abstract: According to the collected test results of 117 high-strength concrete frame columns
under fixed axial load and horizontal repeated load, the skeleton curve, yield displacement and
yield load, maximum displacement and maximum load, ultimate displacement and ultimate load,
ductility coefficient, elastic stiffness, strengthening stiffness, maximum stiffness and degradation
stiffness, area of each hysteretic loop and accumulated hysteretic loop area of the test column
were calculated by the program compiled by MATIAB software. The relationship between them
and section area or section height was fitted linearly by ORIGIN software. Then the influences of
section size on bearing capacity. ductility, stiffness and energy consumption of frame columns
were analyzed according to ORIGIN software regression results. The results show that with the
increase of section area, the nominal bending moment decreases gradually. The ratio of the
maximum bearing capacity of specimens to the maximum bearing capacity calculated according to
the code decreases gradually, and the ductility of frame columns decreases gradually. With the
increase of section height, the ultimate displacement angle of frame columns decreases gradually,
the strengthening stiffness, degradation stiffness and ratio of maximum stiffness to elastic

stiffness of frame columns increase gradually, and the average energy dissipation coefficient of
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frame columns decreases gradually.

Key words: high strength concrete; frame column; size effect; flexural failure; nominal moment;

ductility; stiffness; energy dissipation
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Tab.1 Main Test Parameters and Results of Specimens
Jat AR R 2 WA RS e BRTR 75
i M/ Vmax/

WA G5 fe/MPa| b/mm | h/mm | H/mm | %/ | #5#k/ | (i%/ | w8/ | 6%/ | #i/

Z¥ | (WN-+m) | kN
mm kN mm kN mm kN

ORC1 62.8 305 508 1 829 36. 7 134.0 77.6 251.7 111.0 214.0 3.02 472 258
ORC2 62.8 305 508 1 829 31.2 295.7 47.1 383.6 81.5 326.1 2.61 710 308
ORC3 62.8 305 508 1829 30. 4 343.9 40,1 420. 4 70.1 357.4 2.31 775 423
AS-2HT 55.5 305 305 1473 7.6 114.9 9.9 149.1 34.0 126.7 3.77 300 140
AS-3HT 55. 6 305 305 1473 6.3 123.8 7.8 145. 7 24.8 123.8 3.32 296 135
AS-4HT 595.7 305 305 1473 7.6 112.4 13.4 143. 2 36.0 121.8 4. 46 301 127
AS-5HT 73.4 305 305 1473 4.2 160. 9 5.6 190. 7 11.8 162.1 2.74 349 173
AS-6HT 73.4 305 305 1 842 8.0 163.9 9.3 183.3 28.6 155. 8 3.52 341 154
AS-7THT 73.5 305 305 1473 8.2 147.9 9.5 165. 6 19.1 140. 7 2.26 316 144
ES-1HT 55.8 305 305 1473 6.1 117.4 12.2 141.6 25.4 120.4 3.69 290 124
ES-8HT 73.6 305 305 1473 7.1 153. 4 8.4 173.7 18.8 147.6 2.57 349 166
AA1 60. 9 250 250 1 140 8.2 79.1 13.9 128.7 15.6 109. 4 1.12 169 130
AA2 60. 9 250 250 1 140 8.7 72.9 15.1 121.8 16.7 103. 6 1. 20 159 121
AA3 60.9 250 250 1 140 8.3 56.4 15.4 96. 8 19.0 82.3 1.23 124 95
AA4 60.9 250 250 1 140 7.9 74.4 14. 8 134. 3 19.5 114. 2 1. 32 171 138
AB1 60.9 250 250 1 140 14.2 113.7 22.6 166. 9 13.0 141.9 2.03 221 175
AB2 60.9 250 250 1 140 11.6 113.0 18.0 164.9 37.0 140. 2 2.06 224 165
AB3 60.9 250 250 1 140 12.5 114.3 23.3 169. 3 34.9 143.9 1. 82 230 166
AB4 60.9 250 250 1 140 13.9 137.5 21.4 202.4 30.1 172.1 1.52 255 205
BA1 60.9 250 250 1 140 9.1 92.4 16.2 139.1 20.5 118. 2 1. 35 176 141
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BA2 60. 9 250 250 1 140 8.8 83.9 14.2 127.0 19.9 107.9 1.40 163 126
BA3 60. 9 250 250 1 140 8.4 79.9 14.3 130.9 15.8 111.3 1.10 170 131
BA4 60. 9 250 250 1 140 9.7 68. 3 16. 3 107.7 22.6 91.6 1. 39 141 110
BB 60. 9 250 250 1 140 14.2 110.4 24.4 159. 8 43. 4 135.9 2.05 206 195
BB1 60. 9 250 250 1 140 12.3 135.5 24.9 191. 2 38.0 162.5 2.16 246 175
BB4 60. 9 250 250 1 140 12.4 111.9 22.4 174.7 41.8 148.5 2.09 240 171
BB4B 60.9 250 250 1 140 12.6 110.1 22.2 169. 1 42,2 143. 8 2.09 234 171
CA1l 60.9 250 250 1 140 9.3 59.1 16.7 100. 2 25.2 85.2 1.51 131 101
CA2 60. 9 250 250 1 140 9.6 83.7 16. 4 126.5 27.3 107.5 1. 84 173 126
CA3 60. 9 250 250 1 140 8.5 70. 8 16.1 129.2 26.6 109. 8 1.79 166 132
CA4 60. 9 250 250 1 140 9.0 71.7 16.9 130.0 23.0 110.5 1. 36 178 135
CB1 60. 9 250 250 1 140 15.3 117.8 25.9 168.9 47.4 143.5 2.08 229 172
CB2 60.9 250 250 1 140 16. 3 127.9 24.1 170.0 42.7 144.5 1.77 216 167
CB3 60. 9 250 250 1 140 13.3 94. 0 26.1 168. 4 51.6 143.2 2.11 252 170
CB4 60. 9 250 250 1 140 14.8 110.3 29.4 174.6 39.9 148. 4 1.73 246 172
No. 2 33.4 550 550 1 200 5.8 517.2 13.0 787. 8 84.6 669.7 13.22 953 764
C10-05N 54.1 203 203 610 7.4 45.8 12.8 68. 3 30.4 58.0 2.48 45 70
C10-05S 54.1 203 203 610 6.9 47.4 11.6 67.2 30. 4 57.1 2.62 43 68
C10-10N 52.9 203 203 610 6.9 53.2 14.7 94.7 33.0 80. 5 2.68 63 96
C10-10S 52.9 203 203 610 6.7 55.9 14.5 93.6 32.6 79.6 3. 00 62 93
C10-20N 51.3 203 203 610 7.2 58.3 16.9 104. 3 29.3 88.7 1.95 76 108
C10-20S 51.3 203 203 610 7.1 56.2 17.5 102. 8 29.4 87.3 2.25 72 102
C5-20N 38.7 203 203 610 6.2 41.1 14.4 71.9 24.2 61.1 1. 87 48 71
C5-20S 38.7 203 203 610 5.9 39.3 11.5 71.0 24.0 60. 3 2.09 46 69
AH-2 64. 4 200 200 500 3.3 149.9 7.5 244.6 21.3 207.9 5.59 137 242
AH-1 64. 4 200 200 500 3.9 177. 2 10.1 243.8 37.3 207. 3 8.78 154 244
Al-1 64. 4 200 200 500 3.3 188.5 7.0 240. 8 21.5 204.7 5.73 132 239
AlL-2 64. 4 200 200 500 2.9 176.5 5.3 239.2 8.8 203. 3 2.69 137 242
BH-1 79.8 200 200 500 2.8 158. 4 5.2 250. 7 33.7 213.1 7.42 147 246
BH-2 79.8 200 200 500 3.2 218.8 8.2 288.0 24.3 244, 8 6.67 161 283
BL-1 79.8 200 200 500 2.6 140.1 6.4 247.8 25.0 210.6 5.76 136 241
BL-2 79.8 200 200 500 3.0 240.0 6.7 286. 1 24.8 243.1 7.07 161 283
No. 1 32.8 279 279 2134 16. 8 38.5 30. 3 60. 2 34.8 51.1 2.06 121 42
No. 10013015 69.7 305 305 2 000 18.7 89.1 30.4 108. 4 77.2 92.1 3.43 217 90
10013025 71.2 305 305 2 000 20. 2 135.5 28.9 160. 5 44. 8 136. 4 2.02 349 140
10013040 74.6 305 305 2 000 18.6 154.1 24. 1 177.0 32.4 150.5 3. 24 388 150
No. 1006015 68. 3 305 305 2 000 18.9 80.9 30.7 118.9 133.4 101.1 5.91 237 100
No. 1006025 68.8 305 305 2 000 21.0 131.1 31.9 155.0 85.8 131.8 3.69 349 130
No. 1006040 71.5 305 305 2 000 18.7 152. 4 25.0 178.5 66. 2 151.7 3.24 344 123
No. 1005540 77.1 305 305 2 000 21.8 149.0 36.7 193.6 101.1 164.6 4,43 396 143
No. 1005552 74.7 305 305 2 000 13.3 161.7 15.0 197.0 51.3 167.5 3. 80 403 150
No. 1006052 77.0 305 305 2 000 17.2 196.5 18.5 209. 4 67.4 178.0 4,06 417 150
No. 1008040 74.6 305 305 2 000 20. 8 166.9 25.9 193.8 52.9 164.8 2.46 372 136
No. 1206040 76.9 305 305 2 000 25.1 140. 2 55.6 198.1 91.0 168. 4 3.51 426 156
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No. 806040 60. 1 305 305 2 000 22.9 114.0 46. 3 168. 2 186.7 143.0 7.73 334 130
Ul 35.1 305 305 1 000 21.1 226.5 45. 2 263.8 54.9 224.2 2.56 284 267
B1 72.2 250 250 500 2.8 329.7 4.1 402. 6 9.3 342. 2 2.74 196 375
B2 72.2 250 250 500 3.1 296.0 7.6 410. 1 15.8 348. 6 4,33 203 371
B3 72.2 250 250 500 3.2 352.4 4.6 427.2 6.0 363.2 1. 65 214 406
B4 72.2 250 250 500 2.6 331.1 4.3 397.6 11.8 338.0 3.56 195 375
B5 72.2 250 250 500 2.7 329.3 4.6 394. 1 6.1 363.7 1. 84 203 387
B6 72.4 250 250 500 2.9 340. 4 4.3 416.7 7.0 354.2 2.02 210 400
B7 72.2 250 250 500 2.2 308. 4 3.3 384.0 5.1 326.4 1.92 182 352
No. 1 37.4 400 400 1 600 11.7 118.6 32.5 192.9 87.5 164.0 6.66 354 200
No. 2 35.5 400 400 1 600 9.3 211.5 16. 3 264. 8 40.1 225.1 3.72 481 279
No. 3 35.5 400 400 1 600 9.2 217.0 15.1 271.9 33.0 231.2 3.18 474 277
No. 4 32.4 400 400 1 600 9.4 205. 2 16. 8 250. 9 34.0 213.2 3.00 457 265
UCI0H 80.7 225 225 450 1.7 285.5 2.5 324.5 4.8 275.8 2. 80 161 334
UC15H 80.7 225 225 450 2.0 279.5 3.5 363.6 7.1 309.1 3.53 182 365
UCI15L 80.7 225 225 450 2.1 264.7 4.9 365.1 12.2 310.4 5. 64 176 363
UC20H 80.7 225 225 450 2.5 241.6 5.6 400. 3 11.5 340. 2 4.51 198 392
UC20L 80.7 225 225 450 2.2 227.8 5.9 363.0 13.9 308. 6 6. 25 179 370
Al 73.8 152 152 597 11.3 26.9 26.2 45.4 29.9 38. 6 2.65 26 44
A3 64.8 152 152 597 4.5 43.8 8.6 65.7 16.6 55.8 3.69 44 67
B1 65.5 152 152 597 9.3 19.8 22.6 36.4 27.6 30.9 2.97 19 32
B2 63.0 152 152 597 4.4 26.9 10. 1 53.5 17.0 45.5 3. 96 31 48
B3 67.0 152 152 597 3.5 47.8 6.6 64.1 12.1 54.5 3. 50 38 58
Cl 52.7 152 152 597 10.5 22.1 22.5 36.3 23.0 33.3 2.47 22 37
C2 57.4 152 152 597 4.7 31.2 10. 4 49,1 20.9 41.7 4,41 28 44
C3 62.1 152 152 597 3.6 34.4 7.8 56. 6 13.4 48. 1 4,11 33 50
D1 58.2 152 152 597 3.5 31.0 7.8 56. 6 12.9 48. 1 3.76 34 52
D2 65. 2 152 152 597 3.7 35.1 7.5 61.0 14.0 51.8 3. 80 35 55
D3 55.2 152 152 597 1.0 37.6 7.7 53.5 12.6 45.5 3. 30 32 48
No. 5 33.1 400 400 1 600 8.7 199. 4 17.9 286. 8 31.6 243.7 3. 17 535 292
No. 6 32.4 400 400 1 600 8.4 196.7 16.7 290. 9 25.4 247.3 2.63 528 295
No. 7 33.9 400 400 1 600 6.3 210.5 9.6 265. 4 13.6 225.6 1.99 525 293
No. 9 32.4 400 400 1 600 7.1 246. 4 13.4 289.6 30. 4 246. 1 3. 90 602 310
HC4T10-0. 1P 64.6 254 254 508 4.8 159.5 11.5 265.0 35.3 225.2 7.31 144 268
HC4T10-0. 2P 64.6 254 254 508 4.8 206.0 13.2 318.7 31.3 270.9 6. 44 174 324
HC4T10-0. 1P 58.4 254 254 508 6.3 124.3 26.3 321.0 46. 9 272.8 7.42 179 324
HC4T10-0. 2P 58.4 254 254 508 4.7 228. 8 11.7 373.7 36.4 317.7 7.74 213 378
No. 8 32.4 400 400 1 600 11.8 163.7 46.9 264.0 66. 6 224.4 5.03 554 269
C-4 38.3 140 280 1120 1.1 91.8 1.6 109. 2 2.8 92.8 2.65 122 109
C-5 38.3 140 280 1120 1.0 88.2 1.8 110.6 2.4 94.0 2.35 124 111
C-6 38.3 140 280 1120 0.9 79.4 1.4 108.1 2.3 91.9 2.54 121 108
C-7 38.3 140 280 1 400 1.1 60. 6 1.7 74.1 2.4 63.0 2.25 104 74
C-8 38.3 140 280 1 400 1.3 66.0 1.8 81.7 3.2 69.5 2. 44 114 82
C-9 38.3 140 280 1 400 1.2 66.9 1.9 83.4 3.0 70.9 2.42 117 83
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HC-1 56.7 450 650 1690 22.6 841.0| 31.7 1 064.5 42.1 904.9| 1.86 1799 1 065
HC-2 56.7 450 650 1690 25.8 915.5| 36.7 1152.1 44,9 979.3| 1.74 1947 1152
HC-3 56.7 450 650 1 690 28.3 1022.6 38. 4 1 255.7 47.6 1067.3 1.68 2122 1 256
HC-4 79.0 450 650 1690 13.0 1044.9] 16.0 1137.6 18.6 967.0| 1.43 1923 1138
HC-5 79.0 450 650 1 690 30.0 940. 1 40. 1 1122.2 55.2 953.9 1. 84 1 897 1122
HC-6 79.0 450 650 1690 29.3 1114.5] 38.3 1275.3 55.2 1084.0| 1.89 2 155 1275
HC-7 85.0 450 650 1 690 30. 1 834.3 39.8 1034.0 61.5 878. 9 2.04 1747 1034
HC-8 85.0 450 650 1690 28.3 906. 9 38.1 1177.1 59.8 1 000. 6 2.11 1 989 1177
HC-9 85.0 450 650 1 690 28.7 1042.4| 31.4 1107.3 35.9 941.2| 1.25 1871 1107
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