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Failure forms and numerical simulation of small and

medium-sized sea-crossing bridges under storm surge and wave

Wang Yuqi
(China Railway 19th Bureau Group Sixth Engineering Co. . Ltd, Wuxi 214028, Jiangsu, P. R. China)

Abstract: Waves and storm surges induced by strong typhoons pose a serious threat to the safety of sea-
crossing bridges. In order to study the damage mechanism of the superstructure and the substructure of the
small and medium-sized sea-crossing bridges under the combined action of storm surge and wave, and the
affecting law of wave under different water levels during the storm surge on the substructure, the damage
patterns of the small and medium-sized sea-crossing bridges induced by the combined action of typhoon
storm surge and wave are investigated. Survey results show that the failure patterns of the superstructure
of the small and medium-sized sea-crossing bridge under the action of storm surge and wave mainly include
beam body dislocation, beam body shedding and beam body fracture. The main failure reasons are that the
beam is forced to undergo unconstrained movement. The failure patterns of the substructure are mainly
structural deviation, collapse and failure of the girder connection failure, and the main cause is large
hydrodynamic effect and impact of superstructure. Subsequently, wave loads on bridge substructure are
studied by CFD three-dimensional numerical simulation and an empirical formula of wave impact on pier

under storm surge is obtained. Finally, based on the investigation and numerical simulation, some
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suggestions and measures are proposed for structural design and structural construction.

Keywords: storm surge; sea-crossing bridge; damage modes; damage reason; hydrodynamic
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Fig.1 Cause of beam displacement (shedding)
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Fig. 2 Cause diagram of fracture of beam body
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Fig.3 Damage form of guardrail structure
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Fig. 4 Damage and failure modes of substructure
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Fig. 5 Diagram of numerical calculation of flume
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Fig. 6 Validation of numerical waveform
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Fig.7 Horizontal wave force time history
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Fig. 8 Longitudinal moment duration
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Fig. 9 Fitting results of maximum horizontal wave force
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Fig. 10 Fitting results of maximum longitudinal moment
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