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Effect of Rubber Particle Shape and Content on Shear Characteristics of
Rubber-Sand Mixtures
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Abstract: The effects of the content of square and flat rubber particles on the shear characteristics of rubber-sand
mixtures were investigated through indoor direct shear tests. A discrete element method (DEM) model was
established to reveal the macro-meso mechanical responses of rubber-sand mixtures, in which real river sand scanning
data files and a particle clustering method were used to simulate sand particles and rubber particles, respectively.
The results indicate that the internal friction angles of both types of rubber-sand mixtures decrease with the increase
of rubber particle content, reaching a maximum value when the rubber particle content is 5%. Under the same rubber
particle content, square rubber-sand mixture has higher shear strength, while flat rubber-sand mixture has a more
significant dilatancy inhibition effect. The force chain network of rubber-sand mixture is dominated by “sand-sand”
contacts, which bear the main stress. Compared to flat rubber-sand mixture, the square rubber-sand mixture has a
higher proportion of “sand-sand” contacts, which is macroscopically manifested as higher shear strength.
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Table 1 Physical property indexes of rubber and pure sand

Median particle size/mm

Coefficient of uniformity ~ Coefficient of curvature
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Fig. 3 Shear characteristic curves of rubber-sand mixtures with w,=5% under different vertical stresses
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Table 2 Micro-parameters of rubber-sand mixtures in DEM

Parameter Value
Sand particle density/(kg-m *) 2650
Rubber particle density/(kg+-m %) 1400
Effective modulus of sand/MPa 300
Effective modulus of rubber/MPa 1.10
Effective modulus of sand-rubber/MPa 2.19
Friction coefficient of sand 0.55
Friction coefficient of rubber 0.70
Friction coefficient of sand-rubber 0.50
Initial porosity 0.25
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