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Damage Analysis of Soil behind Retaining
Wall Based on FEM-SPH Coupling Method

TU Zhengnan, WU Yijun, FENG Jun®, LUO Hanling, YANG Tao

(School of Civil Engineering, Southwest Jiaotong University, Chengdu 610031, China)

Abstract; When a retaining wall experiences significant displacement, cracks often develop in the backfill soil,
posing challenges for traditional finite element method (FEM) simulations of the soil% stress and deformation. The
coupling of FEM with smoothed particle hydrodynamics (SPH) , known as FEM-SPH, combines the high precision
and efficiency of FEM with the ability of SPH particles to handle large deformations, enabling effective modeling of
crack initiation, propagation, and evolution. This paper presented the fundamental principles of the SPH method
and the coupling approach of FEM-SPH. A three-dimensional numerical computation was conducted using the
FEM-SPH adaptive coupling algorithm to simulate crack development in the backfill soil and the associated wall
pressure in a translational displacement mode of a retaining wall. The numerical results were compared with
experimental data, with the following conclusions: (1) The FEM-SPH method can effectively simulate crack
initiation and propagation in the backfill soil of a retaining wall. (2) The peak thrust of backfill landslide occurred
at approximately 2/3 of the distance from the top of the wall. (3) Under the translational displacement mode of the
retaining wall, tensile cracks and shear cracks occurred alternately, with tensile cracks propagating sequentially
from the far wall to the near wall, while shear cracks propagated from the bottom to the top of the soil mass. These

findings provide new insights for addressing significant deformations in geotechnical engineering of soil structures.

Key words: smoothed particle hydrodynamics; retaining wall; model test; numerical simulation; fracture

derivation
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