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Figure 1 The characteristic displacement curves of landslides (revised
and redrawn based on refs. [17,20], Copyright©2012, Editorial
Department of Journal of Engineering Geology).
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Figure 2 The block-slider model.
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Table 1 Direct shear test parameters of rocks and soils”
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Figure 3 The curves of deformation over time for landslide dynamics model.
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Figure 4 (Color online) Displacement-time curves under different
driving stresses.
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Mechanisms and characteristics of landslide deformation

XU Qiang & GUO PengYu

State Key Laboratory of Geohazard Prevention and Geoenvironment Protection, Chengdu University of Technology, Chengdu 610059, China

The complex slip behaviors of landslides are effectively described by the three-stage deformation curve of rock and soil materials,
which serves as a valuable phenomenological tool for early warning and prediction. However, the physical mechanisms underlying
these stages remain unclear, limiting the development of accurate landslide prediction methods. In this study, we reconstruct the
dynamic nature of the deformation process preceding landslide failure based on D’ Alembert’s principle. By incorporating the strain-
softening properties of rock and soil, we establish a dynamic model that captures the three-stage deformation characteristics of
landslides under constant gravitational forces. The model analysis yields the following insights. (1) The first stage of landslide
deformation comprises two sub-stages: initiation and deceleration. The traditionally assumed constant-velocity deformation reflects a
gradual change in velocity rather than an actual constant state. (2) The theoretical analysis reveals that landslide instability under
gravity occurs when the driving stress exceeds the ultimate stress of the rock and soil material, which can be directly calculated using
shear strength parameters. (3) The landslide mass and the brittle properties of rock and soil are intrinsic factors governing landslide
deformation behavior. (4) Inertial force drives a positive feedback mechanism within the landslide system, facilitating nonlinear
accelerated deformation and ultimately controlling its progression. (5) The three-stage deformation behavior of landslides is governed
by the combined effects of strain softening and inertial force. This dynamic model provides a new theoretical framework for
calculating landslide deformation, uncovering the mechanisms driving landslide occurrence, and improving time-prediction methods.
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