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Effects of particle number and size distribution on
macroscopic mechanical properties of rock models in DEM

Hiroyuki SHIMIZU*, Sumihiko MURATA** and Tsuyoshi ISHIDA***

In this study, a new Distinct Element Method (DEM) code had been developed, and a series of rock test simulations, such as

uniaxial compression test, uniaxial tension test and Brazilian test are performed to investigate the effects of particle number and
size distribution on macroscopic mechanical properties of rock models. Each simulation result was in good agreement with actual

experimental results conducted by previous researchers, and the findings obtained from this study can be summarized as follows.
The variation of calculated values of macroscopic mechanical properties decreases with increasing the number of particles. When

the number of particles is 10000 or more, stable results are obtained as a rock test. Moreover, macroscopic mechanical properties of
rock model, such as uniaxial compressive strength, Young's modulus and uniaxial tensile strength are significantly affected by

porosity of the rock model. Since small particles fill the space among large particles, the porosity of the rock model decreases with
increasing the maximum/minimum radius ratio of the particles, and particles are densely packed in the rock model. When the

particle is closely arranged, the displacement of each particle is restrained with the adjacent particles even if the bond between
particles breaks. As a result, the macroscopic mechanical properties of rock model increase greatly.

Key words: Distinct Element Method (DEM), Rock, Particle size distribution, porosity, Macroscopic mechanical properties
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Tablel Rock model properties

Table2 Calibration results

Particle density: 2500 (kg/m®) -Uniaxial compression test- Simulation Experiment

Friction coefficient of particle: 0.5 UCS of rock model: 189.2 (MPa) 100 - 250 (MPa)

Friction coefficient of wall: 0.3 Young’s modulus of rock model:  71.4 (GPa) 50 - 75 (GPa)

Young’s modulus of particle (£,): 145 (GPa) Poisson’s Ratio of rock model: 0.261 0.1-0.26

Poisson’s Ratio of particle (v, ): 0.3 -Uniaxial tension test-

Spring stiffness ratio (& ): 0.3 Tensile strength of rock model: 16.2 (MPa)

Shear strength of bonding (o.): 245 (MPa) -Brazilian test-

Tensile strength of bonding (7. ): 60 (MPa) Tensile strength of rock model: 15.4 (MPa) 7 - 25 (MPa)
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Table3 Four data sets with different number of particles

For uniaxial compression (tension) test
Width: 51mm Height: 143mm

For Brazilian test
Diameter: 96mm

Number of particles (average):
Maximum particle radius:
Minimum particle radius:
Max/Min particle radius ratio:
Porosity of the model (average):

Group A

1.8mm
0.9mm

19.62%

Group B Group C Group D
1107 2591 5364 9444
1.16mm 0.8mm 0.6mm
0.58mm 0.4mm 0.3mm
2.0 2.0 2.0 2.0
19.37% 19.01% 18.80%

Group C
Fig.3  Close-up views of a rock model in group A, B, C and D. Sixteen models are randomly generated for each group.

Group D
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Fig.4 Relationships between the number of particles and macro properties of rock model.
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Table4 Four data sets with different Max/Min radius ratios.

Group G

Group E Group F Group H
Number of particles (average): 9378 9878 9375 9457
Maximum particle radius: 1.0mm 1.5mm 2.0mm 2.5mm
Minimum particle radius: 0.5mm 0.5mm 0.5mm 0.5mm
Max/Min particle radius ratio: 2.0 3.0 4.0 5.0
Porosity of the model (average): 18.89% 15.97% 14.08% 12.57%
Model width: 100mm 130mm 150mm 170mm
Model height: 200mm 260mm 300mm 340mm
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Fig.6 Relationships between the particle radius distribution and macro properties of rock model.
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