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Study on collision effect of high-speed railway sea-crossing
cable-stayed bridge considering ground shaking hydrodynamics
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Abstract; In order to investigate the influence of ground shaking hydrodynamic force on the longitudinal
collision effect of the bridge, a cross-sea cable-stayed bridge with a main span of 400 m was taken as an
example. The additional mass of the ground shaking hydrodynamic force through the nodes was applied to the
bearing platforms and foundations, so as to establish a water-structure interaction model considering the ground
shaking hydrodynamic force. The impact of collision effects at the expansion joints of the main and approach
bridges of a high-speed railroad cable-stayed bridge on the seismic performance of the bridge was investigated
by means of nonlinear time course analysis. Midas Civil was used to establish a finite element model, with and
without considering the ground shaking hydrodynamic model, add collision units at the expansion joints, and
then input seismic waves along the longitudinal direction of the bridge to compare the dynamic hydrodynamic
effect on the collision effect of the main approach bridge. Results show that the larger the peak ground shaking
acceleration, the larger the collision effect, and the collision effect is at least 2 ~ 3 times higher in rare
earthquakes than in design earthquakes. The collision force at the expansion joint, the tower top displacement,
and the spectral characteristics are significantly enhanced when considering the hydrodynamic forces, with the
tower top displacement response increasing by at least 30%-40% in the presence of ground shaking
hydrodynamic forces. From the perspective of frequency domain, the longitudinal acceleration power spectrum
amplitude increases significantly because the dynamic hydraulic force of the group piles increases the inertia
force of the substructure, which shifts the peak of the acceleration power spectrum at the bottom of the tower to
the lower frequency band. The research findings can provide a certain reference for the study of collision in
high-speed railway cross-sea cable-stayed bridges.
Keywords: sea-crossing cable-stayed bridge; ground shaking hydraulics; collision effect; longitudinal
collision ; nonlinear analysis
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