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Research on the Bearing Capacity Evaluation Method of Damaged
Continuous Beam Bridge under Vehicle-Bridge Coupling Vibration

Qi Xingjun, Si Zhenzhen, Li Shukun, Guo Dongmei

(School of Transportation Engineering Shandong Jianzhu University, Jinan 250101, China)

Abstract: [ Objective]In order to simplify the test process and improve the detection efficiency, a two-span con-
tinuous beam bridge in the actual project was taken as the research background, and the light load numerical anal-
ysis was carried out based on the moving vehicle, and the accuracy and feasibility of the evaluation method of
the damaged bridge bearing capacity under vehicle-bridge coupling vibration were explored. [ Method ] The vehi-
cle-bridge coupling vibration model was established, the deflection and strain dynamic time-history response of
the control section of the bridge structure were extracted, the dynamic components were removed by empirical
mode decomposition (EMD) and variational mode decomposition (VMD) and the quasi-static response curve
was identified, and the influence of bridge deck roughness and vehicle speed on the accuracy of the static re-
sponse recognition was analyzed. The loading efficiency of different loading positions was calculated by the dif-
ferent responses of the control section during vehicle driving, and the standard check coefficient of the quasi-stat-
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ic response of the control section of the damaged bridge under light load efficiency was calculated by using the
“Changding model”, and the bearing capacity of the damaged continuous beam bridge was evaluated. [ Result ] Com-
pared with EMD, the quasi-static response curve of VMD decomposition is in better agreement with the static re-
sponse curve. With the increase of bridge deck roughness and the moving speed of the loading vehicle, the error
of the recognized quasi-static response and the static response also gradually increases. The quasi-static response
identified during the loading process of the moving vehicle is relatively accurate and can be calculated as the
measured value of static load. The calculated standard check factors are all greater than 1, which accurately eval-
uates the damage state of the bridge. [ Conclusion ]It is highly applicable and feasible to evaluate the bearing ca-
pacity of damaged bridges based on vehicle-bridge coupling vibration.
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damage; vibration; continuous girder bridge
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Tab.1 Range of difference of strain check coefficient of reinforced concrete slab bridge

Loading efficiency 7 A4, range A, range A4, —n regression equations
0.65~0.84 0~7% 2%~12% A,=-15.782+39.2 n -10.3
0.55~0.64 6%~10% 10%~15% A,=66-106.5 n +37.29 ’
0.45~0.54 7.5%~13% 13.5%~19% A, =-28+156 n -292.8 i’
0.30~0.44 10%~15.6% 17%~21.7% A,=51.553-108.8 n +143.87 i’
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Tab.2 The range of the difference of the check coefficient of the deflection of the reinforced concrete slab bridge

Loading efficiency 7 4, range A, range 4, -n regression equations
0.65~0.84 0~6.5% 2%~11% A, =—15+47.03 n -19.2 5"
0.55~0.64 5%~9% 9%~14.4% A,=-32.14+138.6  -178.437 i’
0.45~0.54 7%~10.7% 11%~16.2% A, =-22.46+146.9 1 -279.437 i’

0.3~0.44 9%~13.8% 15%~20% A,=-21.1+200.9 7 -618.027 #°
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Fig. 1 Bridge cross-sectional profile (Unit:mm)
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Pavement unevenness coefficient/( X10™° m®)
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Tab.4 Control section loading efficiency
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1 0.38 11 0.47 1/20 0.33
2 0.57 12 0.65 2/19 0.48
3 0.77 13 0.84 3/18 0.61
4 0.85 14 0.83 4/17 0.72
5 0.83 15 0.82 5/16 0.80
6 0.82 16 0.83 6/15 0.85
7 0.83 17 0.85 7/14 0.85
8 0.84 18 0.77 8/13 0.81
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Tab.5 Distribution range and average value of standard check coefficient
Item Deflection in the first ~ Strain in the first ~ Deflection in the middle of ~ Strain in the second Pier fulcrum
span span the second span span strain
Distribution 0.97~1.29 0.96~1.26 0.92~1.30 0.86~1.37 0.88~1.29
Average value 1.06 1.05 1.05 1.05 1.03
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