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Abstract: Landslides, as highly destructive geological hazards, pose significant

threats to human lives, property, and engineering safety. The evolution mechanism of

slope instability is complex, involving both a progressive failure process from

continuum to discontinuum and a cross-scale evolution from micro-cracks to

macro-fractures. Conventional simulation methods struggle to fully capture the entire

landslide process. To address this, we developed the FDEM-Slope method, enabling

comprehensive simulation of the progressive failure evolution of slopes, including

dynamic processes from initiation and instability to sliding and deposition, as well as

complex behaviors like rock fragmentation, sliding, overturning, and collision.

Additionally, the impacts of groundwater fluctuation and ice expansion effects on

slope stability under extreme climate conditions are discussed.
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