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Fig. 14 MPM model of Xinmo landslide
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Fig. 15 Numerical simulation failure process of Xinmo landslide
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An Improved GPU-accelerated MPM and Application in Landslide Modelling
WANG Bin'"?, CHEN Penglin'®, WANG Di', XU Shunxin"’, XU Zikai"*, WU Jindong"”’

(1. State Key Laboratory of Geomechanics and Geotechnical Engineering Safety, Institute of Rock and Soil Mechanics,
Chinese Academy of Sciences, Wuhan 430071, China;
2. School of Engineering Science, University of Chinese Academy of Science, Beijing 100049, China;
3. School of Resources and Environmental Engineering, Wuhan University of Technology, Wuhan 430070, China;
4. School of Highway, Chang’an University, Xi’an 710064, China)

Abstract: In recent years, the material point method (MPM) has become an important large-deformation numerical simulation method in geotech-
nical engineering and is widely utilized to study issues such as landslides, foundations, dam failures, and water-soil gushing in shield tunnels. As
the scale and complexity of application scenarios increase, the accuracy requirements and efficiency needs for numerical methods also rise, result-
ing in higher computational costs that restrict the further application of MPM in large-scale geotechnical engineering problems. The simulation ef-
ficiency of MPM improves significantly by introducing parallel acceleration technology; however, specific issues, such as program architecture
and extensibility, still limit their development in engineering applications. This study proposes an improved GPU acceleration strategy for MPM
by incorporating modular programming concepts, efficient data structures, and data competition handling methods to establish a high-
performance and easily extendable program architecture. The software’s performance is evaluated by simulating aluminum rod collapse experi-
ments and the slope failure process. The results indicated that the software achieves effective parallelization and demonstrates approximately a
10% improvement over the existing Taichi-GPU MPM. Finally, the proposed MPM method is applied to simulate the Xinmo landslide, and the
computational efficiency improves by approximately 20 times when the number of material points increases by about 2.5 times.

Key words: GPU-accelerated; material point method; landslide; large deformation numerical simulation
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