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Abstract

Slope failure is one of the most frequently occurred natural disasters. Among many
factors causing slope failure, rainfall is widely recognized as a major driving force.
Meanwhile, with the rapid development in China western regions, the slope failure
caused by the freeze-thaw processes of the water in the slope also become an important
issue that deserves thorough investigation. However, the slope failure is a complex
process including the coupling and interaction of soil skeleton, water (ice), and air. Thus
usually it is hard to analytically study this problem and consequently numerical
methods are preferred to analyze, predict and prevent such failure. In this thesis, the
advantage of node-based meshfree method on large deformation is fully employed to
develop a three dimensional efficient regularized meshfree approach for reliable

simulations of slope failure induced by rainfall and freeze-thaw processes.

Firstly, the governing equations of unsaturated soil for the rainfall-induced slope
failure are discussed in detail within the framework of balance laws. In order to improve
the computational efficiency and regularize the discretization related material instability,
the two-level strain smoothing technique with the stabilized conforming nodal
integration is invoked to develop meshfree approximations for the soil deformation and
water pressure fields, and construct the three dimensional efficient regularized meshfree
algorithm for the simulation of rainfall induced slope failure. It is noted that the
investigation of earthquake induced slope failure can be incorporated into the present
framework via putting the earthquake inertia into the body force term. Secondly, the
governing equations for the freeze-thaw triggered slope failure are derived based upon
the balance laws, where four phases, namely, soil skeleton, water, ice, and air are
considered. Subsequently, the corresponding three meshfree algorithm is again
designed by employing the two-level strain smoothing strategy. Numerical examples
show reasonably good agreement between the simulation results and the experimental
or in-situ observations, which demonstrate that the proposed meshfree approach is
capable of effectively simulating the dynamic slope failure problem induced by rainfall
and freeze-thaw processes and provide a useful tool for the analysis, prediction and
prevention of slope failure.

Key Words: Three dimensional meshfree method, slope, rainfall, freezing and thawing,
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