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Abstract: The simulation accuracy of the particle discrete element method (DEM) mainly depends
on the accuracy of calibrated mesoscopic parameters. To improve the calibration accuracy and efficiency

of mesoscopic parameters, firstly,the rolling-resistance linear contact model was used to simulate sand
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triaxial compression tests. Then, the variance analysis method in orthogonal experiments is used to
select the controlling mesoscopic parameters (CMP), and response surface equations are established to
relate the macro parameters to the CMP. By substituting the macro parameters determined from triaxial
tests into the response surface equations, the values of the CMP are solved. Finally, the accuracy of the
calibrated micro parameters is verified by comparing the simulation results with the triaxial test results.
The results show that the macro parameters include elastic modulus, Poisson’s ratio, dilatancy angle,
and peak friction angle. The CMP for the elastic modulus are effective modulus and friction coefficient,
while the controlling micro parameters for Poisson’s ratio are stiffness ratio and friction coefficient. The
CMP of the peak friction angle and dilatancy angle are the friction coefficient. The elastic modulus,
Poisson’s ratio, peak friction angle and dilatancy angle from the triaxial tests, are 83.83 MPa, 0.45,
34.47° and 8.93°, respectively. The corresponding mesoscopic parameters are determined as follows:
Effective modulus of 153.35 MPa, stiffness ratio of 2.16, and friction coefficient of 0.45. Comparing
simulation results from the calibrated mesoscopic parameters with the triaxial tests, the difference in

peak strength is 7.2% at a low level of confining pressure (100 kPa), and the errors are within 15.0% at

higher level of confining pressures (300 and 500 kPa).

Key words: sand; discrete element method; mesoscopic parameter; orthogonal test; response

surface method; marco parameter; elastic modulus; Poisson’s ratio
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Fig.1 Rolling resistance linear model
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Table 2 Orthogonal experimental results table

DU 34 EMS
1 56 G
BRBE/ MPa EHERE i R WIBEt  SREBEEE/MPa  JAARIL WREEEEM/C) BT/ C)
1 50 0.2 0.2 1.0 85 0.35 28.9 8.3
2 50 0.4 0.4 1.5 38 0.42 33.3 10.6
3 50 0.6 0.6 2.0 29 0.45 35.6 9.6
1 50 0.8 0.8 2.5 26 0.47 36.8 9.2
5 50 1.0 1.0 3.0 24 0.49 37.1 8.5
6 100 0.2 0.4 2.0 99 0.40 29.6 8.2
7 100 0.4 0.6 2.5 56 0.46 33.7 6.5
8 100 0.6 0.8 30 44 0.49 35.8 6.9
9 100 0.8 1.0 10 50 0.39 39.2 7.5
10 100 1.0 0.2 1.5 61 0.43 34.7 8.9
11 200 0.2 0.6 2.5 143 0.42 30.1 6.6
12 200 0.4 0.8 3.0 89 0.48 33.9 6.1
13 200 0.6 1.0 1.0 88 0.41 37.8 5.5
14 200 0.8 0.2 1.5 117 0.43 33.8 7.9
15 200 1.0 0.4 2.0 82 0.46 37.2 8.6
16 300 0.2 0.8 3.0 171 0.42 30.2 5.6
17 300 0.4 1.0 1.0 137 0.41 25.3 8.0
18 300 0.6 0.2 1.5 189 0.43 32.6 6.8
19 300 0.8 0.4 2.0 121 0.46 36.3 8.9
20 300 1.0 0.6 2.5 98 0.50 38.2 9.7
21 400 0.2 1.0 1.0 237 0.48 30.8 5.3
22 400 0.4 0.2 1.5 281 0.42 31.3 7.6
23 400 0.6 0.4 2.0 166 0.46 35.3 6.6
24 400 0.8 0.6 2.5 128 0.49 37.6 10.6
25 400 1.0 0.8 3.0 109 0.53 38.9 16.3
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Fig.4 Statistical results of variance in orthogonal experiments
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Table 4 CCD experimental design results

W G A L L3/ FS W2 L
1 0.43 0.20 3.00
2 0.45 0.50 2.00
3 0.39 0.80 1.00
4 0.41 0.20 2.00
5 0.45 0.50 2.00
6 0.50 0.80 3.00
7 0.45 0.50 2.00
8 0.46 0.90 2.00
9 0.49 0.50 3.40
10 0.36 0.50 0.60
11 0.45 0.50 2.00
12 0.45 0.50 2.00
13 0.36 0.20 1.00
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Fig.7 Fitting curve of peak friction angle
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Fig.8 Fitting curve of dilation angle
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Table 5 Basic physical indicators of Fujian standard sand

dso / dio / dso/
G € min € max
mm mm d 1o
2.64 0.69 1.01 0.175 0.115 1.522 0.7

TE G g T A D 1) L R AH X 25 8 5 € ma A € min 23 501 2 2 19 0
K I /NFLBR s dso BT d o 43 501 Sk U 4 A o LG R B 50 % F0 10 %6 B
FEXT LB RLAR sd 50/ d o AN BN D 3R - AR X % BE

B A (L)) O L 6 F o AR A G 3
B Y BE 4 B0 M 0.45.0.63, ~F 2 BE., &
JE R RD Ry BE SR RL PR O AR YA T 8 1 JEE 4
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Fig.9 Result of confining pressure 100 kPa triaxial
compression test
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Table 6 Macroparameters values
A e/ . W BE 5 0 / SN
AR L
MPa ) )
83.83 0.45 34.47 8.93
x7 HAVSHEE
Table 7 Micro parameters values
A1 B it/ MPa JEE 42 2R B B 2 R B W BE He
153.35 0.45 0.5 2.16
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Fig.10 Comparison between numerical simulation and

laboratory test results
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