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Numerical methods and model experiment for impact load induced
by vehicle bumping at bridge expansion joint

DING Yong'?, WANG Pei', YOU Jiuang', ZHUGE Ping'

(1.Department of Civil Engineering, Ningbo University, Ningbo 315211, Zhejiang, China; 2. State Key Laboratory of Bridge
Engineering Structural Dynamic ( Chongqing Communications Technology Research & Design Institute) , Chongqing 400067, China)

Abstract; To measure the impact load of moving vehicles on bridge expansion joint and avoid the early damage of
bridge expansion joint under such impact, models of vehicle and bridge were constructed with a scale of 1/30, and
the experimental study of the model vehicle passing through the model bridge was carried out. Considering the
change of the contact length between the tire and the road when the wheel passes through the bridge expansion
joint, two improved calculation methods for the impact load on the expansion joint were proposed, namely improved
calculation method with hypothetical trajectory of tire bottom and improved calculation method based on the
distributed spring-damper element. Then the numerical calculation was compared with the experimental results of
the scale model. Finally, based on the improved distributed spring-damper element, the numerical simulation and
parameter analysis of the impact load induced by three-axle heavy vehicle at single-gap expansion joint were carried
out. Results show that compared with the previous method, the impact load of the expansion joint obtained by the
improved calculation methods was closer to the measured value. Therefore, it is necessary to consider the change of
the contact length between the tire and the road for the calculation of impact load. The maximum impact factor of the
wheel load of heavy vehicle exceeded the allowable value of the bridge design specification, which can be controlled
within the allowable range by adjusting the opening width of the expansion joint.
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Fig.1 Bridge expansion joint with single gap
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Fig.2 Reduced-scale experimental model
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Fig.6  Deformation of the tire of heavy vehicle
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Fig.8 Trajectory of the tire bottom
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Fig.11 Iteration algorithm in the analysis of vehicle bumping at

expansion joint
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