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Abstract; To evaluate the fatigue performance of concrete curved bridges under the influence of multi-
ple working conditions, vibration equations for the vehicle and bridge subsystems are established. The
coupling of the vehicle and bridge vibration equations was established by using the displacement coordi-
nation conditions and mechanical equilibrium conditions at the contact points of the model. The modal
analysis of the finite element model was used to compare the first-order frequencies, second-order fre-
quencies, and the mid-span deflection displacements calculated by the coupling model with the mea-
sured data, to verify the reliability of the model. Considering temperature, vehicle speed, bridge surface
irregularity and other working conditions, the dynamic response analysis of the concrete curved bridge
under vehicle load was carried out based on the finite element analysis software ANSYS, and the fatigue
hazard points of the model were determined, and the equivalent stress data under different working con-
ditions were obtained. The stress data were statistically processed using the rainflow counting method ,
and the initial crack length, crack type, critical crack length, and calculation method for the crack
propagation life of the concrete curved bridge based on the fracture mechanics theory were determined.

The study solved the problems of the vehicle-bridge coupled vibration response analysis method for fa-
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tigue analysis, the fatigue remaining service life assessment method for curved bridges, and the influ-

ence of different working conditions on the fatigue remaining service life. The results show that the crack

propagation presents an exponential growth characteristic of initial slow and later accelerated; the vehi-

cle driving position and temperature gradient have a significant impact on the fatigue life, while the

change in bridge surface irregularity level has a relatively smaller impact.

Key words: curved bridge; vehicle-bridge coupling; fatigue residual life; bridge deck irregularity
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Fig. 1 Schematic diagram of the semi-truck model
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Fig. 2 Schematic diagram of crack expansion
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Fig. 3 Diagram of the bridge model
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changing the unevenness level of the pavement
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