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Study on the Formation Mechanism of Rain-Frost
Coupling Landslides in the Loess Area of Eastern Qinghai
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Abstract

The eastern region of Qinghai is located in the transition zone between the Qinghai-Tibet Plateau and the Loess Plateau, where thick
loess deposits are widely distributed. The area features a typical plateau continental climate, with intense freeze-thaw effects during
winter and spring, and concentrated rainfall in summer and autumn. This leads to frequent rainfall-freeze-thaw coupled landslide
disasters, posing a serious threat to people's lives, property, and the safety of major engineering projects. Based on a detailed analysis
of the regional geological environment, this paper systematically elucidates the coupled mechanisms of rainfall and freeze-thaw
cycles on loess slopes. The study suggests that freeze-thaw cycles primarily contribute to landslide formation by altering the physical
and mechanical properties of the soil, creating freezing-induced water stagnation effects, redistributing moisture, and forming
impermeable frozen soil layers. Meanwhile, rainfall acts as a direct triggering factor, ultimately inducing landslides by increasing
slope load, raising groundwater levels, and softening the sliding zone soil. The temporal succession and spatial superposition of
these two factors constitute the unique landslide development pattern in this region. Finally, the paper proposes a conceptual model
of "preliminary freeze-thaw weakening followed by rainfall triggering," which is validated using numerical simulations and field
monitoring data, aiming to provide a scientific basis for landslide disaster early warning and prevention in the area.
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