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Abstract 

Slope disasters triggered by earthquakes have resulted in significant human casualties and extensive 
economic losses. In order to address these challenges, our research focuses on key scientific issues and 
essential technologies in the seismic design and assessment of slopes. Our work begins by establishing an 
intensity-frequency non-stationary random earthquake model, enabling a comprehensive probabilistic 
representation of earthquake randomness. We introduce the concept of stochastic dynamic systems and 
propose a nonlinear stochastic dynamic analysis method for slope engineering based on the evolution of 
probability density. Additionally, we investigate the impact of nonlinear spatial variability in rock and soil 
masses, elucidating the laws governing probability density transport and propagation in slope engineering. 
Through large-scale seismic shaking table model tests, we unveil the dynamic coupling mechanism between 
randomness and the nonlinear response of rock and soil in complex slope systems. Furthermore, we leverage 
artificial intelligence methods to explore the prediction of nonlinear seismic dynamic responses in slopes. 
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