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Study on vehicle bridge coupled vibration and support reaction force of
curved steel-concrete composite box girder bridge

SUN Bojia', MA Hailong®, WANG Rongxia', WANG Dongsheng'
(1. School of Civil Engineering and Transportation, Hebei University of Technology, Tianjin 300401, China;
2. Hebei Capital New Airport Expressway Development Co., Ltd., Langfang 065000, China)

Abstract; Many steel-concrete composite curved box girder bridges have been built recently, while in these bridge
designs, the understanding of vehicle-bridge coupled vibration was limited. Due to the effect of bending-torsion
coupled under vertical loading, the change of the reaction force of the relevant support bearing has not been well
solved. In this paper, based on the ABAQUS general finite element software, the horizontal curved motion of the
vehicle was simulated by the method of Fourier series, which made the numerical analysis of vehicle bridge coupled
vibration be possible. The numerical analysis results had verified for its accuracy with the existing experimental and
theoretical ones. Taking a steel-concrete composite box girder bridge with four spans as an example, further analysis
were carried out considering the influence of the support bearing force of bridge under the case of vehicle on the
inside and outside lanes and superelevation . The results indicate that the outer support bearing of the other side of
the box girder will appear falling, when the vehicle is driving along the inside or outside lanes of the curved girder
bridge. The vehicle speed has little influence on the peak support bearing force, while the bearing separation can be
alleviated by the lower vehicle speed. The superelevation has little effect on the support bearing reaction force.
When the vehicle is driving along the inside lane, it will be easy to alleviate the falling of some support bearings of

the outside box girder. When it is driving along the outside lane, it will aggravate the bearing separation of the
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inside box girder.
Key words: steel-concrete composite curved box girder bridge; vehicle bridge coupled vibration; numerical

model ; bearing separation
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Fig. 1 Calculated vehicle model diagram
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Fig.2  Corresponding relationship between the Fig.3 Schematic diagram of converter connectors

rotation and the sine function
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Table 1 Material parameters of curved bridge
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Table 2 The first three measured frequencies and simulated frequencies
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Table 4 Peak reaction force of inside and outside supports
_ X HEWEAR ) 1/kN
1792 /m B/ (km/h)
1437 Ji 243 JRE 3H 4437
R=156 30 173.27 9.07 -3.97 -0.79
50 172.80 8.65 -3.96 -0.87
70 173.06 7.94 -4.00 -0.94
90 172.92 7.40 -4.00 -0.97
R=158 30 46.74 129.69 1.99 -0.95
50 46.63 129.30 1.79 -0.98
70 46.54 128.88 1.48 -1.19
90 46.22 128.69 1.39 -1.41
R=160 30 0.84 87.33 88.22 1.08
50 0.69 87.00 87.74 0.84
70 0.54 86.91 87.48 0.56
90 0.30 86.84 87.39 0.27
R=162 30 -0.90 -1.65 120.62 59.39
50 -0.95 -1.78 120.35 58.89
70 -1.15 -2.03 120.39 58.41
90 -1.31 -2.38 120.37 58.15
R=164 30 -0.73 -2.59 5.27 175.69
50 -0.81 -2.71 5.38 174.73
70 -0.85 -2.98 5.43 174.25
90 -0.87 -3.16 5.09 174.00
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Fig. 11  Reaction force of inside and outside supports under different super elevation
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Table 5 Peak reaction force of inside and outside supports under different super elevation

SRR 2 F1/kN
LT R/ m /%

1437 J3 2#37 3H R 4457 A

R=156 0 172.80 8.65 -3.96 -0.87
6 173.21 2.43 4.46 -0.86

R=158 0 46.63 129.30 1.79 -0.98
6 54.16 120.72 5.44 -0.91

R=160 0 0.69 87.00 87.74 0.84
6 -0.30 78.58 99.08 1.83

R=162 0 -0.95 -1.78 120.35 58.89
6 -1.35 -10.66 129.19 62.38

R=164 0 -0.81 -2.71 5.38 174.73
6 -0.95 -9.70 7.27 185.30
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