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Shear mechanism and shear strength component characteristics of
soil-stone mixtures
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Abstract: In order to study the shear mechanism and shear strength component characteristics of soil-rock mixtures, seven
groups of graded soil-stone materials are prepared, covering three typical cases of good gradation, uniform particle size and
missing intermediate particle size, representing the forms of stone content in the range of 10% to 75%. Under this condition, the
construction models for shear strength and gradation-stone content, shear mechanism and shear strength component are studied.
It is concluded that the content of coarse particles in soil-stone mixtures is the key factor to determine the strength. The shear
strength of soil-rock mixtures is composed of the occlusal component, friction component and fracture component. Through
analysis, the friction component accounts for about 10% of the total shear strength, and the theoretical model formula for the
occlusion component and friction component is deduced from the shear transport mechanics process from the angle of the
micro-motion of particles. The model formula covers the parameters such as stone content, initial contact horizontal angle,
internal friction angle and particle size. From the calculation of the model, it is found that the proportion of occlusion and
friction components is exponentially positively correlated with the stone content, and the functional expression under the
boundary condition is given.
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Fig. 1 Grain-size distribution curves of designed samples
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Fig. 2 Shear strength-normal stress curves of direct shear tests
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Table 1 Statistics of shear strength test results
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c/kPa 665 674 362 312 448 1189 66.5
o/(°) 448 399 37.1 368 298 360 39.1
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Fig. 3 Particle rotation slips and actual shear plane in shear

process
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Fig. 4 Macroscopic particle occlusal model for direct shear tests
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Fig. 5 Microscopic elliptic particle displacement model for direct
shear tests
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Fig. 6 Friction sliding model for microscopic elliptic particles in

direct shear tests
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Table 2 Calculated results of proportion of each component
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10 1.52 10.61 0.14 11.29 78.71
20 5.90 10.61 0.56 32.17 57.83
30 12.61 10.61 1.19 48.88 41.12
40 20.84 10.61 1.96 59.65 30.35
50 29.60 10.61 2.79 66.26 23.74
60 37.83 10.61 3.57 70.29 19.71
70 44.54 10.61 4.20 72.69 17.31
80 48.91 10.61 4.61 73.96 16.04
90 50.44 10.61 4.76 74.36 15.64
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Fig. 7 Proportions of strength component under different stone
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