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Abstract: Soil-rock mixtures (SRMs), composed of a fine-grained soil matrix and rock blocks with highly dispersed shapes and sizes, are typical
strongly heterogeneous geomaterials, and most natural slopes are predominantly composed of SRMs. However, existing analyses of large slope
deformation commonly idealize SRMs as equivalent continua or assemblies of simplified blocks, neglecting the actual geometries and spatial
distributions of rock blocks, which leads to significant deviations in predicting slope-structure interactions in SRM slopes. In this study, a three-
dimensional modeling method for SRMs was developed by integrating three-dimensional laser scanning with a random placement algorithm,
enabling realistic representation of rock-block morphology, size distribution, and spatial structural characteristics. Based on a coupled smoothed

particle hydrodynamics-discrete element method (SPH-DEM), the large-deformation behavior of SRM slopes and their dynamic impact effects on
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rigid structures were investigated. The accuracy and reliability of the numerical model were validated through large-deformation chute model tests

on sandy slopes without rock blocks. On this basis, the influences of rock-block content, rock-block shape, slope angle, and the spatial position of

rigid structures on SRM-structure interaction were analyzed. The results show that irregular rock-block geometries markedly amplify both the

fluctuation and peak magnitude of impact forces, and their effect is significantly greater than that of idealized spherical blocks. As the rock-block

content and slope angle increase, the impact force acting on the structure increases significantly. As the distance between the rigid structure and

the end of the chute increases, the impact force exhibits a nonlinear trend, first increasing rapidly and then gradually attenuating. These findings

reveal, from a mesostructural perspective, the amplification mechanism by which rock-block geometric characteristics intensify impact effects,

and provide a theoretical basis for the rational design of protective structures for SRM slopes.
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Fig.10 Time-history curves of impact force with different block
stone shapes
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Table 2 Quantitative indicators of impact force fluctuation with
different rock shapes

PaETAR Je i K AR MR /N i bR
BRIEHAH 13.21 432

N TSR 19.58 5.68
PR 25.95 5.71
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Fig.12 Peak impact forces of soil-rock mixture slopes with
different slope angles
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Fig.13 Final deposition of soil-rock mixture slopes with rigid
structures at different locations
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