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DEM-Based Direct Shear Test on Calcareous Sand: Study on Rate Effects of
Particle Size Range and Breakage Ratio

YANG Xiaofei"**, YI Kai*, LEI Yuheng®, XU Shilin’
(1. Shandong Geophysical and Geochemical Exploration Institute, Jinan 250013, China; 2. Shandong Provincial Engineering Research
Center for Geological Prospecting, Jinan 250013, China; 3. Shandong Engineering Research Center for High Precision Detection of
Underground Resources and Environment, Jinan 250013, China; 4. College of Engineering, Ocean University of China, Qingdao

266404, China; 5. College of Environmental Science and Engineering, Ocean University of China, Qingdao 266100, China)

Abstract: The mechanical behavior of calcareous sand is significantly governed by its complex particle morphology and fragmentation
characteristics, which traditional spherical particle models struggle to accurately simulate. To address this limitation, this study innovatively
establishes a 3D discrete element direct shear model for crushable calcareous sand based on a multi-sphere aggregation algorithm and a
parallel bond model, enabling high-fidelity simulation of realistic particle morphology and crushing behavior. The influence of particle size
range and shear rate on macro- and meso-mechanical properties was systematically investigated. Results show that under high normal
stress, rate dependence exhibits a decreasing-then-increasing trend with increasing particle size, while the critical shear rate rises from
0.005 m/s to 0.04 m/s. At the meso-level, the study reveals a positive correlation between particle breakage ratio and particle size, along
with a non-monotonic response of fragmentation behavior to shear rate under high stress conditions. This work systematically elucidates the
influence of particle size on the rate-dependent behavior of calcareous sand, addressing a gap in current research under these specific con-
ditions. The revealed meso-mechanisms provide crucial numerical evidence for constructing a more comprehensive theoretical framework
for the rate effects in calcareous sand.

Keywords: calcareous sand; Discrete Element Method ; particle breakage; direct shear test; force chain



