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Abstract; Under the influence of tidal fluctuations in estuarine sluices, the seepage direction in the foundation periodi-
cally reverses with tidal cycles, forming a complex bidirectional fluctuating seepage environment that may lead to cumula-
tive soil deformation and structural instability. To investigate the impacts of such dynamic seepage mechanisms on sluice
safety, a two-dimensional fluid-solid coupling model was established using PLAXIS2D software, based on the Huaihe
River Estuary Channel Haikou Hub Project. The small-strain (HSS) model was employed to simulate the complex stress
paths of the soil under dynamic seepage conditions. The displacement responses of the structure and foundation soil , the
distribution of excess pore water pressure, and the evolution of plastic failure were systematically analyzed. The results
indicate that bidirectional fluctuating seepage primarily affects horizontal deformation of the soil and structure. As the dy-
namic hydraulic head difference approaches zero, the vertical displacement of the structure nearly vanishes, but signifi-
cant residual horizontal displacement remains, predominantly caused by cumulative plastic strain. Under the computa-
tional conditions, the absolute values of excess pore pressure generated during bidirectional fluctuating seepage are small
(less than 5 kPa) , with limited impact on stability. The ground surface on the side with active water level changes is
more prone to plastic failure, necessitating focused protection and monitoring in practical engineering applications.
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