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Macroscopic and mesoscopic correlation of granular materials based on rolling
resistance linear contact model

WANG Yi-wei, LIU Run, SUN Ruo-han, XU Ze-wei
(State Key Laboratory of Hydraulic Engineering Simulation and Safety, Tianjin University, Tianjin 300072, China)

Abstract: Macro-meso parameter calibration of the contact model is the key to successful use of the discrete element method. Linear
contact model and rolling resistance linear contact model in the discrete element contact model can be used to simulate the
mechanical behavior of sand, and the rolling resistance linear contact model has advantages in simulating the dilantancy of dense
sand. Discrete element simulation is carried out for triaxial test of dense sand by using the rolling resistance linear contact model,
which verifies the reliability of the rolling resistance linear contact model. Furthermore, the correlations between the meso-parameters
such as inter-particle friction coefficient, stiffness ratio and rolling resistance coefficient and the macro-parameters such as peak
internal friction angle, residual internal friction angle and peak angle of dilantancy of sand are systematically analyzed. The influence
of meso-parameters on shear band width and inclination of dense sand under deviatoric stress is revealed. An empirical formula of
shear band inclination angle considering dilatancy angle is proposed. Quantitative relationship between macro and meso parameters
of rolling resistance linear contact model is established through research, which providing basis for precisely simulating mechanical
characteristics of dense sand by using rolling resistance linear contact model. The flow chart of calibration is given. A method for fast
calibration of macroscopic parameters is proposed and verified by an example.
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Fig.1 The rolling resistance linear contact model!®!
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Fig.2 Grain size distribution of soil
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Fig.4 Deviatoric stress vs. strain curves of dense sand
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Fig.6 Curves of biaxial test with different E*
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Table 4 Effects of E* on shear band
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Table 5 Effects of E” on properties of shear band

E'/(N *m™) w /mm 0/(° ) YIS
1x107 1.83 59 7
1x108 2.14 60 7
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Table 6 Effects of 1 on shear band
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Table 7 Effects of zzon properties of shear band

u w/mm /) B S
0.1 - - ¥

0.5 2.14 59 B
1.0 1.03 110.93 73 170 3] v 7l
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Table 8§ Effects of 4 on shear band
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Table 9 Effects of 4 on properties of shear band

n w/mm 0/° ) LIk SIS
0.2 2.52 58 B
0.5 2.14 59 7
1.0 2.11 63 7
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Fig.18 Relationship between inclination angle of shear
band and dilation angle
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Fig.19 Deviatoric stress vs. strain curves
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