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Wind-Vehicle-Bridge Coupling Dynamic Analysis of
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Abstract: Taking the long span rigid frame arch bridge of Guangzhou rail transit as an example, a vehicle-bridge dynamic

analysis model under wind load was established. This model was based on the principle of total potential energy with

stationary value in an elastic system and the “set in right position” rule for the formulation of system matrixes. By using a
computer simulation method, the bridge dynamic response and train running performance were calculated and analyzed in
detail when trains run over the bridge to identify an optimum design scheme, and the results provided a theoretical basis for

the dynamic design of a rigid frame arch bridge.
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Fig. 1 Structural layout
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Fig. 2 Midspan section layout
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Fig. 4 Pile foundation layout of improved scheme
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Fig. 5 Spatial vibration analysis model
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Tab.1 Train operation safety and comfortable
evaluation index
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Tab.2 Train formation and calculation conditions
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Tab.3 Natural frequency of rigid frame arch bridge

. B 3k & /Hz
i 5 5 5 . 5

Vi3 FE 1 FE2 FE3 FE 4
1 0.677 4 0.722 5 0.765 6 0.767 5 0.768 4
2 0.878 2 0.890 0 0.9523 0.953 5 0.953 5
3 0.926 9 0.954 1 1.079 6 1.090 2 1.094 6
4 0.985 0 1.011 0 1.108 9 1.236 1 1.237 8
5 1.026 1 1.038 3 1.199 0 1.3849 1.3859
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Tab.4 Summary of maximum values
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R 13.14 0.72 9.12 1.13
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BRIy &

25 14.34 0.64 9.67 0.92

30 14.73 0.61 10.02 0.99

IR 3.23 0.29 6.33 1.05
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R4
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30 3.31 0.28 6.65 1.07
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Tab.5 Maximum dynamic response of motor vehicle
. Bt  4E Be HE AFiE M
. Rt/ ; P, . .
FE S (b)) RE RBE ik E/ iR/ B M
O/P APIP  (m/s®)  (m/sh) T R
TR 0.40 0.47 0.98 099 297 294

[? 20 0.49 0.55 1.08 1.20 3.03 3.01
; 25 0.60 0.61 1.19 1.26 3.09 3.16
30 0.77 0.80 1.33 1.34 323 336

TR 0.36 0.42 0.87 0.88 271 2.69

x4 20 0.44 0.49 0.96 1.07 276 275

25 0.53 0.54 1.06 .12 282 288
30 0.69 0.71 1.18 1.19 295 3.07
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Tab. 6 Maximum dynamic response of trailer
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IR ) RE O RBE ik E/ iR/ "
OP  APIP () (ms) =9 H®
TR 0.36 0.54 1.01 1.03 293 294

}% 20 0.67 0.61 1.19 1.18 297 298
;; 25 0.63 0.65 1.22 1.28 3.04 3.04
30 0.95 0.83 1.39 1.31 331 3.16

TR 0.32 0.48 0.90 092  2.68 2.69

SE4 20 0.60 0.54 1.06 1.05 272 273

25 0.56 0.58 1.09 1.14 278 278
30 0.85 0.74 1.24 1.17 3.03 2.89
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Fig. 7 Vertical comfort evaluation index
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