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Unsaturated transient seepage simulation of reservoir bank slope using a cascading physics-
informed neural network (CPINN)
Longhou Gan ]’2, Ming Pengl 2
1. State Key Laboratory of Disaster Reduction in Civil Engineering, Tongji University, Shanghai 200092, China
2. College of Civil Engineering, Tongji University, Shanghai 200092, China
Abstract: Rainfall and reservoir water-level fluctuations influence reservoir bank slope stability through their alteration of seepage behavior within
the slope. Therefore, accurately characterizing the spatiotemporal evolution of the seepage field is essential for slope stability analysis. However,
under the combined effects of rainfall infiltration and reservoir water-level variations, the seepage process is governed by dynamic hydraulic
boundary conditions and exhibits pronounced non-stationary characteristics (e.g., abrupt changes in boundary conditions and lag in hydraulic head
response), which pose significant challenges to the stable solution of conventional numerical simulation methods. To address this issue, this study
proposes a cascading physics-informed neural network (CPINN) framework. The proposed method adopts a cascading strategy of “segmented
modeling-sequential training-state transfer” to learn non-stationary physical processes induced by dynamically varying boundary conditions in a
stage-wise manner. Specifically, the entire time domain is divided into multiple sub-intervals according to the temporal evolution of seepage
boundary conditions or infiltration patterns, and a dedicated sub-PINN model is constructed for each interval. During training, a sequential time-
marching mechanism is introduced to ensure continuous information transfer and consistent physical constraints among successive sub-models.
During prediction, the corresponding sub-model is activated based on the target time interval, enabling the framework to capture both the global
temporal evolution of hydraulic head and the local transient responses under different seepage boundary conditions. The results demonstrate that
the proposed CPINN effectively addresses dynamic boundary conditions, significantly reduces the difficulty of solving, and achieves high-
accuracy simulation of transient seepage in reservoir bank slopes under the combined effects of rainfall and reservoir water-level fluctuations. This
approach provides an efficient and robust modeling strategy for complex seepage problems involving dynamically evolving boundary conditions.
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