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[Abstract] As a key barrier in the flood control and disaster mitigation system, the safety and stability of dike
slopes under complex flow conditions are of utmost importance. This paper focuses on the optimization of scour
prevention design for dike slope structures in complex flow environments. Firstly, it analyzes the three primary
mechanical properties of slope structures under the combined effects of turbulent flow, seepage, and soil
behavior, highlighting the complexity of their stress environments. Secondly, it examines three main failure
modes of slope structures due to scouring: steep face erosion and collapse, shear erosion and collapse, and
immersion erosion. The mechanisms and progression of each mode are explained in detail. Based on this
understanding of mechanical properties and failure mechanisms, several strategies are proposed, including
coordinated design of composite structures and materials, permeable energy dissipation and pressure regulation
structures, biomimetic and ecologically integrated slopes, as well as digital intelligent monitoring and adaptive
control systems.
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