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Analysis of Probabilistic Model of Stay Cable Stress and Reliability
Under Random Vehicle Loads
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(1. School of Civil Engineering, Dalian University of Technology, Dalian 116024, Liaoning, China;
2. Department of Bridge Engineering., Tongji University, Shanghai 200092, China)

Abstract: Taking Sutong Yangtze River Bridge as a project background, the stay cable stress
under random vehicle loads was calculated and the probability models of stay cable stress under
random vehicle loads were developed based on the stochastic process theory. Then the reliability
of stay cable under random vehicle loads was analyzed. The results show that the stay cable stress
can be modeled by a Gaussian stationary stochastic process and the probability function of
maximum stay cable stress can be determined using up-crossing theory. The stay cable reliability
index was from 7. 93 to 14. 55 for the long span cable-stayed bridge under random vehicle loads.
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Tab.1 Material Mechanical Properties
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- b ! 24 3K
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Tab.2 Cable Stresses of Cable-stayed Bridge Under Dead Load

GG | RA/MPa | RHS | RA/MPa | KHS | RA/MPa | R4S | RH/MPa | R4i5 | £H/MPa | £4i% | %H/MPa
Al 97.52 A7 114.63 Al3 119. 84 Al9 121. 69 A25 128.18 A3l 140. 29
A2 97. 47 A8 113. 84 Al4 120. 62 A20 123.81 A26 129. 88 A32 141.43
A3 102.42 A9 115. 33 Al5 120.93 A21 125.95 A27 134, 31 A33 142. 21
A4 107.59 Al0 116. 26 Al6 120. 89 A22 127. 31 A28 131. 89 A34 142.75
A5 111.14 All 118.76 Al7 120. 70 A23 127.78 A29 136. 67
A6 112.82 Al2 117.51 Al8 120. 77 A24 128.73 A30 138.70
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Fig. 2 Influence Lines of Stay Cable

Stress Under Moving Load
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Tab.3 Proportions of Different Kinds of Vehicles for Measuring Points in Non-controlling Area

4 5 ENGE KR ) A

TR R R THIRE g 1| =X i pu il B 4 i tE 4 At i e

1 0.592 3 0.048 9 0.284 1 0.0310 0.017 1 0.013 8 0.012 8

2 0.644 8 0.051 5 0.236 5 0.030 9 0.016 3 0.010 5 0.009 4

3 0.608 9 0.045 8 0.277 2 0.026 5 0.016 2 0.013 1 0.012 4

4 0.6519 0.050 0 0.236 5 0.027 5 0.012 9 0.010 7 0.010 6

5 0.663 0 0.046 0 0.228 3 0.026 7 0.014 3 0.009 8 0.0119

6 0.625 7 0.050 6 0.2518 0.031 1 0.015 0 0.012 5 0.013 3

7 0.680 2 0.049 8 0.207 1 0.026 7 0.014 9 0.009 2 0.012 1

8 0.612 2 0.048 2 0.2717 0.029 9 0.015 1 0.011 3 0.0116

9 0.669 0 0.043 5 0.224 3 0.027 3 0.016 5 0.009 8 0.009 6
10 0.649 5 0.049 6 0.234 9 0.030 8 0.015 9 0.009 4 0.009 8
11 0.596 5 0.048 7 0.279 4 0.030 9 0.018 5 0.013 1 0.012 8
12 0.602 5 0.050 4 0.2716 0.0330 0.017 6 0.014 6 0.010 2
13 0.656 4 0.046 5 0.2327 0.028 4 0.016 5 0.009 9 0.009 5
S 0.634 8 0.0484 0.248 9 0.029 3 0.0159 0.011 4 0.011 2
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Tab. 4 Statistical Parameters of Vehicle Loads

KEit] HIn(Gy Oln(Gy ) pui u6,, /keg a6, /kg Do pGy, ke oc,, /'kg
TR AR R 7.65 0. 36
TR EE 8. 84 0.67
TR 9.51 0.39
=R 0.55 16 236 4934, 9 0.45 32 500 13 500
DU % 1% % 0.43 20 570 3 545.6 0.57 36 857 19 441
St 0. 46 23 671 4931, 2 0.54 61123 20 950
ANt E 0.54 31 405 8798.8 0.46 78 913 26 193
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Tab.5 Inter-axles Distances and Axle Weight Proportion of Different Kinds of Vehicles

B/ m il = L 1)
£
ih1-2 il 2-3 i 3-4 i 4-5 i 5-6 i 2 3 4 5 e
TR R A 3.0 0.39 0.61
THIRE A 5.0 0.26 0.74
— s A 5.0 0.28 0.72
=t 5.0 1.3 0.15 0. 44 0.41
PO b % 2 2.5 6.0 1.3 0.10 0.19 0. 36 0.35
Al 3.4 7.4 1.3 1.3 0.06 0.27 0.24 0.22 0.22
VaY il 3.2 1.5 7.0 1.3 1.3 0.04 0.19 0.17 0.21 0.19 0.21
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Tab. 6 Average and Standard Deviations of Stay Cable Stress Under Random Vehicle Loads MPa

RS 2x (D) ox (D) RS ux (D) ox (1) Riis ux (D ox () R 2ux (D) ox (D)

A4 5. 27 1.73 Al2 13. 36 3.01 A20 46. 95 18. 34 A28 62. 46 17.43

A5 6. 87 2.26 Al3 14. 60 3.36 A21 47.57 18.59 A29 63. 88 17.82

A6 6.97 2.29 Al4 15.73 3. 49 A22 48.92 19.12 A30 64. 68 20. 38

A7 7.63 2.52 Al5 17. 26 4.21 A23 52.69 20.58 A31 64. 68 25.27

A8 8.68 2.57 Al6 19. 49 7.61 A24 53.16 20.77 A32 65. 85 25.73

A9 9.14 2.66 A17 30. 71 12.00 A25 59.53 16. 61 A33 67.02 26.19
A10 9.19 2.69 Al18 42.10 16. 45 A26 60. 10 23.48 A34 79.06 31.81
All 10. 64 2.73 A19 45. 24 17.68 A27 61.21 23.92
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Tab.7 Fitting Parameters of Autocorrelation Coefficient Curves for Stay Cable Stress Under Random Vehicle Loads
RS A K5 A K5 A RS A K5 A K5 A RS A
A4 10.08357 | A9 |0.08540 | Al4 | 0.08239 | Al9 | 0.078 15| A24 | 0.078 36 || A29 | 0.078 41 || A34 | 0.078 49
A5 0.082 85 A10 0.088 68 Al5 0.079 55 A20 0.078 13 A25 0.078 32 A30 0.078 43
A6 0.083 12 All 0.104 38 Al6 0.078 67 A21 0.078 16 A26 0.078 38 A31 0.078 45
A7 0.084 13 Al2 0.096 28 A17 0.078 34 A22 0.078 21 A27 0.078 40 A32 0.078 47
A8 0. 083 50 Al3 0.092 41 Al18 0.078 20 A23 0.078 28 A28 0.078 39 A33 0.078 48
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Fig.7 Up-crossing Rates and Fitting Curves for A34
Stay Cable Stress Under Random Vehicle Loads
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Tab. 8 Fitting Parameters of Up-crossing Rates for Stay Cable Stress

R o n/MPa |6/MPa (& 45 o 1/MPa |6/ MPa || R4 g n/MPa |6/MPa || R 45 o n/MPa |6/MPa
A4 |2 751.74 ] 14.09 5.05 Al2 |3 128.63| 14.33 4.92 || A20 | 507.33 | 52.99 | 17.09| A28 | 388.61 | 68.56 | 21.78
A5 |1945.59| 18.78 6.35 Al13 |2 750.99| 15.80 5.59 | A21 530.03 | 50.46 | 16.24 | A29 | 524.12| 50.92 | 16.30
A6 | 1921.01] 18.80 6. 54 Al4 |1919.41| 17.46 5.66 | A22 | 510.34 | 52.25 | 16.91| A30 |561.48 | 47.63 | 15.12
A7 |2332.90| 15.83 5.23 Al15 |1630.25] 18.02 5.80 | A23 | 449.61 | 59.25 | 19.08| A31 |537.52 | 49.81 | 15.91
A8 |2 040.81 | 17.96 5.94 Al6 |1275.93| 21.76 6. 96 A24 361.55 | 73.46 | 23.61 A32 460.24 | 58.12 | 18.67
A9 |2916.39 | 13.17 4. 44 Al17 791.47 1 34.25 | 11.04 || A25 | 396.24 | 67.01 | 21.57 | A33 | 375.96 | 71.48 | 23.38
A10 |3 948.39 | 10.25 3.33 Al18 574,43 | 46.96 | 15.12 || A26 | 353.65 | 75.09 | 23.88| A34 | 298.01| 89.59 | 29.06
A1l |4 089.44 | 11.09 4.17 Al19 493.58| 54.39 | 17.67 || A27 | 451.83 | 59.04 | 18.73
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