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Large deformation analysis of 3D soil-rock mixture slopes using SPH-DEM method
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Abstract: Most natural slopes are composed of soil-rock mixtures, whose large deformation and failure pose severe threats to human safety and
infrastructure. To overcome the challenges in high-fidelity modeling and coupled soil-rock mixture interaction analysis, this study develops a high-
fidelity 3D modeling technique for soil-rock mixture slopes and proposes an SPH-DEM coupling method to simulate the large deformations. We
further analyze the impact of boulders on the deformation and failure process of the slope and predict the variation of the impact on dam appurtenant
structures after the reactivation of the Langjia landslide in Qinghai Province. The results reveal that boulders within the landslide body significantly
increasing the landslide velocity, and the content and position of the boulders affect the impact process. Higher boulder content leads to a more
pronounced difference in the impact force time-history curve. When boulders collide directly with buildings, the peak impact force increases by
about 30% compared to scenarios without boulders. After reactivation, the maximum movement distance of the front edge of the Langjia landslide
in Qinghai Province reaches 108 meters, with peak impact forces on the intake and construction camp structures reaching 20 times and 4 times
their own weight, respectively, making them highly vulnerable to destruction by the landslide. The findings of this study provide valuable insights
for disaster prediction and risk analysis of soil-rock mixture landslides.
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Table 1 Relevant parameters of block stones

F5 YA E (kg/m?) oA (m?)
1 2714.27 2.01
2 2768.21 1.79
3 2818.20 1.67
4 2781.98 1.42
5 2725.37 1.96
6 2751.22 2.01
7 2780.48 1.88
8 2809.44 1.98
9 2786.14 2.00
10 2727.79 1.69
11 2702.48 1.60
12 2696.91 1.63
13 2776.73 1.74
14 2704.51 1.80
15 2768.69 1.92
16 2696.17 2.06
17 2742.33 2.31
18 2786.14 2.00
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Fig.5 Soil-rock mixtures slope with different block content
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