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Scour effect on dynamic performance of bridges under excitations of
vehicles with various driving conditions
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Abstract: To investigate the scour effect on the changes in the vehicle-induced dynamic behaviors of bridges, and
to promote the research on the scour diagnosis based on vibrations, a vehicle-bridge coupled vibration analysis
model was established which can simulate the excitations of vehicles with various driving conditions (i.e., uniform
speed, different speeds, and braking). The influence law of the vehicle-induced dynamic behaviors of a prestressed
concrete continuous bridge in time domain and frequency domain was analyzed through numerical simulation.
Results show that the local vibration mode frequency of the scoured piers decreased significantly with the increase in
the scour depth, and the mode frequency of the non-scouring piers showed no evident change. As the scour depth
increased from 1 m to 4 m, the longitudinal displacement and acceleration response peaks of the pier tops increased
obviously under the excitations of vehicles in various driving states, and the response peak was the largest at
braking under the same scouring condition. Compared with the non-scouring condition, the longitudinal
displacement and acceleration response peak grew linearly with an increase of 72.72% and 56.26% respectively.
Moreover, the spectral amplitude of the scouring sensitive response increased significantly, and the center frequency
shifted to low frequency. The results can provide theoretical basis and index reference for the foundation scour
diagnosis of bridges based on vehicle-induced dynamic responses.
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Tab.2 Natural vibration frequency of the bridge with various scouring positions and depths
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(1 m) (2 m) (3 m) (4 m) (1~4m) (1~4m) (1~4m) (1m) (1 m)

NS> 0.676 0.673 0.670 0.666 0.662 0.413 0.667 0.668 0.671 0.672
R 2 0.753 0.753 0.753 0.752 0.752 0.753 0.752 0.753 0.753 0.753
— iy 2.414 2.414 2.414 2.413 2.416 2.418 2.418 2.414 2.414 2.414
D3#—r UL 3.290 3.025 2.754 2.535 2.345 3.290 3.290 2.627 3.290 3.025
D3#— Bl % 5.328 4.990 4.615 4.269 3.946 5.328 5.328 4.523 5.328 4.990
D3#— Ky 7.667 7.150 6.549 5.933 5.396 7.667 7.667 6.417 7.667 7.150
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Tab.3  Peak response of the bridge under the excitation of vehicle with uniform speed

P3#HE Rk 1WA L IEEAF/ mm T JEE WA BT WL/ (- 57 2)
JER B/ m g 5 i 1) BT 1) TR [f) BT 16 VTR 1)
0 0.022 0.014 0.012 0.010 1.808 1.758
1 0.022 0.014 0.016 0.010 2.254 1.320
2 0.022 0.014 0.019 0.010 3.392 0.791
3 0.022 0.014 0.022 0.010 3.903 0.850
4 0.022 0.014 0.025 0.010 3.977 1.262
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Tab.4 Peak response of the bridge under the excitation of vehicle braking

AL M S 1 {H,/ mm T3 0 )5 L/ (mm - s72)
P3#H R E/m — — — —
Erh g n) NG| By 16] B in) BT m] HCTHUR 1]
0 3.773 0.716 0.010 57.400 14.652 0.985
1 3.807 0.821 0.009 57.120 16.561 0.836
2 3.850 0.958 0.010 57.690 19.058 0.766
3 3.877 1.093 0.010 57.060 21.097 0.850
4 3.926 1.236 0.010 56.640 22.894 0.927
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Fig.13  Response time history of B2~ 1# midspan under the

excitation of vehicle with different speeds
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Tab.5 Peak response of the bridge under the excitation of vehicle with different speeds
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Fig.14 Response spectrum on top of pier under the excitation of

vehicle with different speeds
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