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PROBABILISTIC MODEL FOR SHEAR STRENGTH OF
SHEAR-CRITICAL REINFORCED CONCRETE COLUMNS
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Abstract: Traditional computational models for determining the shear strength of shear-critical reinforced
concrete (RC) column are generally deterministic models, and exhibit large fluctuation, low computational
accuracy, and poor applicability, due to the fact that they do not take into account the uncertainties of geometric
conformation, material properties, and external loads. In order to overcome the above limitations, a probabilistic
model for shear strength of shear-critical RC column was established based on the variable angle truss-arch model
and Bayesian theory. Firstly, based on the variable angle truss-arch model, an improved deterministic
computational model of the shear strength of an RC column was established by taking into consideration the
influence of the axial load ratio on the critical crack angle. Then, a probabilistic computational model of shear
strength for shear-critical RC columns which takes into account the influence of both epistemic and aleatory
uncertainties was developed by combining the Bayesian theory and the Markov Chain Monte Carlo (MCMC)
method. Finally, the applicability, accuracy, and efficiency of the proposed probabilistic computational model
were validated by comparing with the experimental data and existing deterministic models. The results indicate
that the proposed probabilistic computational model can describe the probabilistic characteristic of shear strength
of shear-critical RC column reasonably. Meanwhile, the proposed probabilistic computational model provides a

Wk ): 2016-02-18; & HI: 2016-06-24

REWH: ERERBEERESETH (51368006, 51478125); | 14 5 4 LI %= RS MERT 423 H (2013ZDX06)

WIVES: & B(1982—), T, PUNISINN, BI#E, T2t 302 SRR 45 M A RIS 400 i 7 (E-mail: gxuyubo@gxu.edu.cn);

fE& A Br UK(1990—), %, VIVG#ES N, WitAr, EB M FMFTRE L4558 2 T 78 (E-mail: chenbing1635@sina.com);
SARIL(1989—), W, RFEBHN, WidAs, 32BN TR E - 5 K #7140 Mt 7T (E-mail: wuranli2013@hotmail.com).



71 e 137

benchmark to calibrate the confidence level of traditional deterministic models. Furthermore, the proposed
probabilistic computational model provides an efficient way to determine the characteristic values of shear
strength of shear-critical RC columns with different confidence levels.
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probabilistic computational model
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Table 2 Basic parameters and test shear strength of RC columns

i b/mm d/mm L/mm Py (%) p,1(%) f./MPa f/MPa f:/MPa P/kN Viest /KN oy ais
1 400 500 1650 2.66 0.36 318.00 336.00 27.10 392.00 471.30 FF
2 230 410 910 3.01 0.28 441.28 413.70 34.90 533.76 324.00 FF
3 410 230 910 3.01 0.31 441.28 413.70 34.90 533.76 265.00 FF
4 230 410 910 3.01 0.28 441.28 413.70 42.00 1067.52 412.00 FF
5 305 305 914 244 0.09 462.00 414.00 29.90 288.00 214.00 FF
6 457 457 2946 3.03 0.07 330.96 399.91 26.90 503.00 271.50 FF
7 457 457 2946 3.03 0.07 330.96 399.91 27.60 1512.00 338.20 FF
8 457 457 2946 3.03 0.17 330.96 399.91 27.60 1512.00 356.00 FF
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2 b/mm d/mm L/mm Pl (%) £, 1(%) fyt/MPa fW/MPa f./MPa P/KN Vet /KN Ly &
9 457 457 2946 3.03 0.07 330.96 399.91 26.90 503.00 267.00 FF
10 350 350 1700 2.05 0.13 408.00 392.60 22.60 553.70 218.90 FF
11 350 350 1700 2.05 0.13 408.00 392.60 24.20 1482.25 237.60 FF
12 350 350 1200 2.05 0.13 408.00 392.60 29.80 182.53 276.40 FF
13 350 350 1200 2.05 0.13 408.00 392.60 27.50 673.75 294.20 FF
14 350 350 1200 2.05 0.13 408.00 392.60 25.50 1093.31 335.50 FF
15 250 490 1700 2.05 0.18 408.00 392.60 24.50 600.25 305.50 FF
16 350 350 1200 2.05 0.13 320.00 500.00 29.20 1251.95 353.30 FF
17 300 300 1200 2.65 0.19 402.00 392.00 30.70 552.60 234.00 FF
18 300 300 1200 2.65 0.09 402.00 392.00 30.70 552.60 230.00 FF
19 300 300 1200 2.65 0.19 402.00 392.00 30.70 828.90 261.00 FF
20 300 300 900 1.69 0.08 340.00 587.00 13.50 364.50 160.40 FF
21 300 300 900 1.69 0.28 340.00 384.00 13.50 364.50 171.10 FF
22 300 300 900 1.69 0.28 340.00 384.00 13.50 243.00 203.90 FF
23 300 300 900 1.69 0.28 340.00 384.00 18.00 486.00 233.00 FF
24 300 300 900 1.69 0.28 340.00 384.00 18.00 243.00 262.10 FF
25 300 300 900 1.69 0.28 340.00 384.00 18.00 324.00 217.10 FF
26 300 300 600 1.69 0.43 447.00 398.00 27.70 540.27 341.10 FF
27 300 300 600 1.69 0.43 447.00 398.00 26.10 540.27 341.60 FF
28 300 300 900 2.26 0.14 447.00 398.00 28.15 540.27 242.80 FF
29 300 300 900 2.26 0.14 447.00 398.00 28.15 540.27 250.40 FF
30 300 300 900 2.26 0.43 447.00 398.00 26.10 540.27 266.10 FF
31 300 300 900 2.26 0.43 447.00 398.00 26.10 540.27 296.10 FF
32 300 500 1000 3.10 0.24 438.00 458.00 23.40 365.00 402.00 FF
33 300 500 1000 3.10 0.24 438.00 458.00 25.50 1094.00 460.00 FF
34 152 305 876 244 0.33 496.00 345.00 33.60 111.20 85.00 FP
35 550 550 1485 1.95 0.10 434.00 425.00 44.80 2086.00 578.00 FP
36 254 254 1016 2.46 0.74 510.00 449.00 86.00 1068.00 324.00 FF
37 270 300 1200 0.99 0.07 536.00 362.00 18.40 596.16 82.50 FP
38 160 160 960 3.53 0.29 370.00 273.00 31.92 367.72 77.18 FF
39 300 300 900 2.68 0.19 380.00 375.00 26.50 429.00 264.00 FF
40 300 300 900 2.68 0.19 380.00 375.00 26.50 645.00 263.00 FF
41 300 300 600 2.68 0.19 396.00 392.00 25.20 430.00 222.00 FF
42 300 300 600 2.68 0.19 396.00 392.00 25.20 657.00 264.00 FF
43 300 300 600 1.77 0.19 350.00 392.00 25.20 430.00 260.00 FF
44 152 305 876 244 0.33 496.00 345.00 34.70 189.00 96.00 FP
45 152 305 876 244 0.33 496.00 345.00 33.60 178.00 97.00 FP
46 152 305 876 244 0.46 496.00 345.00 26.10 178.00 95.00 FP
47 200 200 500 2.00 0.28 345.00 475.70 19.60 156.80 68.50 FP
48 200 200 400 1.00 0.13 324.00 524.00 13.10 120.50 58.30 FP
49 200 200 400 1.00 0.13 372.00 524.00 13.90 133.40 68.90 FP
50 200 200 400 1.00 0.13 372.00 524.00 13.10 125.80 67.20 FP
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Fig.4 Comparison between different models of shear strength
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Table 5 Calculation results of different models of shear strength

PLBI AR IIKN

o B
SUME BB SCERR[2IBT SCRR[SIBEE SCRR[4IBEZY SCRR[SIREZY  SCRR[EETY  SCBR[7)E SCERSIE SCR[OIBE
1 471.3 510.6 252.3 389.2 393.1 317.2 316.3 566.0 458.7 547.2
2 324.0 322.1 303.8 216.0 232.0 180.4 172.2 439.8 407.5 405.8
3 265.0 257.5 287.3 207.1 201.0 176.1 169.7 370.3 258.1 251.8
4 412.0 374.6 389.2 264.9 255.6 194.1 190.2 555.7 519.3 467.4
5 214.0 198.9 186.7 119.7 112.7 98.9 84.8 230.6 202 2111
6 271.5 303.1 368.3 232.4 175.7 189.5 159.4 386.5 211.3 283.3
7 338.2 338.5 468.4 289.6 222.2 225.5 199.2 460.8 277.9 316.6
8 356.0 395.6 266.1 361.6 306.9 285.5 271.1 550.9 341.2 392
9 267.0 300.6 368.3 232.4 175.7 189.5 159.4 386.5 211.3 283.3
10 2189 225.1 253.1 168.5 149.3 139.9 129.9 292.2 199.4 209.3
11 2376 235.5 190.5 221.0 155.3 145.0 135.0 327.7 267.4 244.2
12 2764 267.0 244.9 163.8 149.4 130.6 117.1 283.8 226.5 247.3
13 2942 274.5 285.2 186.9 178.3 154.9 142.2 354.0 288.1 274.3
14 3355 292.0 316.0 204.5 173.2 148.9 138.3 378.8 326.6 289.5
15 3055 300.5 297.7 204.3 200.7 168.4 160.6 373.8 300.5 298.3
16 3533 320.0 195.8 239.2 202.8 172.5 162.7 388.2 343 333.9
17 2340 216.8 111.7 158.6 149.2 1325 125.2 262.1 199.3 200.8
18 230.0 196.2 81.7 128.7 113.9 107.5 95.2 2175 171.6 1747
19 2610 230.7 139.0 174.3 150.3 1325 126.1 287.2 223.6 2111
20 1604 157.1 60.7 97.6 93.1 76.1 72.9 152.5 151 166.1
21 1711 185.3 107.2 144.0 147.7 114.9 119.4 217.3 176.9 189.2
22 203.9 201.5 99.2 139.4 147.2 114.9 119.0 204.2 141.4 177.7
23 2330 220.1 120.3 158.8 160.1 126.1 128.7 244.4 212.3 207.0
24 2621 234.1 101.7 148.1 154.1 123.6 123.6 211.7 173.9 196.6
25 2171 211.9 107.9 151.7 159.4 126.1 128.1 223.9 176.6 197.0
26 3411 317.3 183.5 229.1 256.6 189.2 196.3 425.1 386.1 358.6
27 3416 316.3 182.0 226.2 252.3 185.8 193.4 411.8 373.4 350.6
28 24238 215.4 94.7 140.7 138.5 115.9 108.0 208.4 199.9 206.6
29 2504 219.0 94.7 140.7 138.5 115.9 108.0 208.4 204.4 209.2
30  266.1 273.4 182.0 226.2 238.5 185.8 193.4 344.7 268.1 285.0
31 29%.1 288.4 182.0 226.2 238.5 185.8 193.4 344.7 260.8 282.6
32 402.0 432.5 181.5 275.5 306.9 226.4 224.3 522.7 509 604.5
33 460.0 470.0 252.5 320.9 340.6 251.0 251.0 670.1 659.5 662.8
34 85.0 94.6 55.3 87.8 79.4 71.8 70.0 134.4 83.1 83.9
35 578.0 596.9 361.0 544.0 417.8 4443 374.0 742.9 524.9 548.4
36 3240 346.0 377.0 386.2 350.9 282.7 294.8 551.1 372.3 362.1
37 82.5 94.4 155.2 96.6 67.8 68.4 60.8 141.3 83.1 79.5
38 77.2 71.01 56.7 61.5 43.9 40.5 38.7 74.6 55.2 59.8
39 264.0 229.5 94.0 1425 143.1 121.4 112.6 208.3 196.0 209.5
40  263.0 229.2 113.8 153.8 147.3 121.4 116.1 291.8 251.4 229.8
41 2220 217 95.5 142.8 157.9 120.7 1141 252.5 223.1 251.6
42 264.0 239 115.9 154.4 160.4 120.7 116.2 291.4 268.4 278.3
43 260.0 233.3 95.5 142.8 157.9 120.7 1141 251.4 252.5 256.2
44 96.0 100.5 63.5 92.9 84.7 775 74.5 1315 85.6 86.2
45 97.0 100.7 62.0 91.5 83.7 76.4 73.6 133.3 85.6 85.6
46 95.0 105.1 77.2 103.2 101.4 87.2 88.3 133.8 86.3 93.3
47 68.5 75.75 54.5 73.0 72.8 61.5 63.4 97.0 63.6 69.2
48 58.3 60.94 30.5 47.3 455 38.5 38.4 64.6 43.7 48.4
49 68.9 66.61 31.6 48.6 46.4 39.4 39.1 66.5 52.4 53.0
50 67.2 65.5 30.8 47.5 45.5 38.5 38.4 65.1 47.2 50.6
PIME - 249.7 244.6 176.5 184.1 173.5 147.2 140.8 302.7 242.0 251.6
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Fig.7 Characteristic values of shear strength at different
confidence levels
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