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Abstract

Particle discrete element method is a numerical simulation technique based on Newton’s laws of
motion, specifically used to study the mechanical behavior and dynamic evolution process of mate-
rials composed of discrete particles. With the continuous development of computational conditions,
the particle discrete element method has been applied to numerical analysis of geotechnical engi-
neering. Under real conditions, particle shapes are often complex, so simulating complex particle
shapes is crucial in studying the physical and mechanical properties of geotechnical granular mate-
rials. This article systematically elaborates on the research progress and application status of Dis-
crete Element Method (DEM) considering particle shape in geotechnical engineering. By analyzing
the complex mechanical properties of granular materials, the limitations of traditional continuum
mechanics methods are pointed out, and the advantages of discrete element method in revealing
the macroscopic and microscopic mechanical mechanisms of granular materials are emphasized.
The article focuses on the simulation methods of particle shape: typical shape simulation (quanti-
fying sphericity, aspect ratio, etc. through parameterization methods) and real shape simulation
(based on 3D scanning and mathematical reconstruction techniques), and summarizes the applica-
tion results of the two methods in mechanism research, complex stress path simulation, and multi-
scale coupling analysis. At the same time, key issues that currently exist were revealed, including
the lack of particle shape classification standards, the contradiction between computational effi-
ciency and accuracy in modeling real shapes, and the complexity of parameter calibration. Future
research needs to combine big data and algorithm optimization to improve computational efficiency,
and deepen the influence mechanism of particle shape on the mechanical response of loading and
unloading processes, in order to promote the practical application of discrete element method in
geotechnical engineering.
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