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Modified Greenwood-Williamson model based stochastic discrete element
method for contact with surface roughness
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Abstract: The surface roughness of particles may have a strong influence on the mechanical properties of granular assemblies. The
assumption made in the classic discrete element method(DEM) that the particle surface is smooth makes it difficult to describe the
contact behavior of real granular materials accurately. It is necessary therefore to develop the stochastic discrete element method
(SDEM) which could quantitatively consider the surface roughness of particles. To this end, the most popular statistical treatment of
rough surface—the Greenwood-Williamson(G-W) model is introduced. Then the defects of incorporating the G-W model into DEM
simulation are fully addressed. An extended model which treats the rough surface as the combination of two parts is proposed and the
corresponding non-dimensional form for subsequent DEM simulations is presented. The pressure distribution, deformation
distribution and total contact force obtained by the G-W model and the extended version are compared. It shows that the extended
model can better reflect the influence of the surface roughness on contact between rough particles. Based on the extended model, a
new normal interaction law ready to be incorporated into DEM is derived by the curve-fitted empirical formula. A user defined
contact model of the new normal interaction law is incorporated into (the particle flow code)PFC3P. Numerical simulations are first
conducted to compare the influence of the surface roughness on mechanical properties of particulate system under different loading
conditions.
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H b, b, b, b,

1 1.0 0.6187 -0.069 4 0.0513
2 1.0 0.907 8 -0.0220 0.059 3
4 1.0 1.2343 0.093 8 0.048 1
10 1.0 1.693 8 0.3399 0.008 5
20 1.0 2.046 6 05777 -0.034 4
35 1.0 23291 0.7919 -0.0745
50 1.0 2.506 9 0.9361 -0.101 8
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Tablel 2 Coefficients of polynomial for different values of
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H b, b, b,

1 03011 0.796 0 0.508 2
2 0.498 9 0.987 7 0.463 0
4 0.767 2 1.204 4 0.409 0
10 12141 1.498 6 0.3339
20 1.602 2 1.7139 02781
35 1.9357 1.8810 0.234 2
50 2.154 4 1.984 5 0.206 6
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Table1l 3 Coefficients of polynomial for different values of
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1 03011 04385 0.2431 0.0604 0.0057
2 0.4989 0.6638 03227 0.0665 0.0047
4 0.7672 0.8981 03460 0.0408 -0.0010
10 12141 11507 02440 -0.0498 -0.0161
20 16022 12872 0.1058 -0.1316 -0.0277
35 19357 13770 00012 -0.1810 -0.0333
50 21544 14295 -0.0516 -0.1999 -0.0345
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Tablel 4 Proportion of contact number for three cases
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i
o, =0 0,=0.001 o,=0.005 o, =0010
1 100.00 92.25 41.17 7.51
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