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Calibration of discrete element model parameters for cohesive soil
considering the cohesion between particles

WU Tao, HUANG Weifeng, CHEN Xueshen, MA Xu, HAN Ziqi, PAN Tong
(College of Engineering, South China Agricultural University, Guangzhou 510642, China)

Abstract ; [ Objective] To calibrate contact parameters and contact model parameters for the cohesive soil
discrete element model. [ Method ] The Hertz-Mindlin with JKR contact model which consider the cohe-
sion between particles was employed for the repose angle simulation test. The simulation test was based
on the results of physical test for angle of repose. The key parameters including JKR surface energy,
coefficient of restitution, coefficient of static friction and coefficient of rolling friction were obtained from
the GEMM ( Generic EDEM material model) database. A Box-Behnken design was then used to perform
the simulation test for repose angle in above value ranges. [ Result]The regression model for repose angle
was acquired from the test results by multiple regression analysis. Analysis of variance showed that the
model was extremely significant, and the relationship between experimental factors and repose angle was
fitted to a quadratic polynomial with complex liner and quadratic interactions. The optimized solution was
acquired by using 40. 45° as the target of repose angle. The optimized solution was as follow, JKR
surface energy was 7.91 J - m >, coefficient of restitution was 0. 66, coefficient of static friction was
0. 83, and coefficient of rolling friction was 0.25. The optimized solution was then used for simulation

test and the obtained repose angle was 39. 73°. The simulation test was highly matched with physical test
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on both angle and shape of repose. [ Conclusion] For the soil sample used in this research, the optimized

parameters can be used for further simulation of kinematics and dynamics between cohesive soil and soil

contact components, and for providing the motion characteristics of cohesive soil under the actions of soil

contact components.

Key words : cohesive soil; discrete element model; contact parameter; Johoson-Kendall-Roberts contact

model; cohesion; repose angle
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Fig.1 Testing instrument of repose angle
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Fig.2 A geometric model of virtual test of repose angle
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Tab.1 Factors and levels of simulation test for repose angle

A RIE R #E AR HAKE K
%, JKR K THAE 3.50 7.00 10.50
%, GEY 0.15 0.45 0.75
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Tab. 2  Results and arrangement of simulation test for
repose angle
K JKRZRINRE/ REfEVK  #REEME ShEERE HERUM/
Fe (J-m™) HFREHE RE RE ()
1 10.5 0.45 0.80 0.05 42.19
2 .0 0.45 0.44 0.05 36.44
3 .5 0.45 1.16 0.15 37.00
4 10.5 0.45 0.44 0.15 39.03
5 7.0 0.45 0.44 0.25 37.16
6 7.0 0.15 0.44 0.15 36.50
7 7.0 0.75 1.16 0.15 36.40
8 7.0 0.45 0.80 0.15 37.90
9 10.5 0.45 1.16 0.15 36.86
10 .0 0.75 0.80 0.05 28.85
11 .5 0.45 0.44 0.15 37.33
12 10.5 0.15 0.80 0.15 33.02
13 3.5 0.15 0.80 0.15 32.76
14 10.5 0.75 0.80 0.15 38.54
15 3.5 0.45 0.80 0.25 39.92
16 10.5 0.45 0.80 0.25 38.52
17 7.0 0.45 0.80 0.15 37.98
18 7.0 0.15 0.80 0.05 40.07
19 7.0 0.15 0.80 0.25 35.62
20 7.0 0.45 1.16 0.05 37.71
21 3.5 0.45 0.80 0.05 30. 69
22 3.5 0.75 0.80 0.15 33.03
23 7.0 0.45 0.80 0.15 37.28
24 7.0 0.75 0.80 0.25 39.60
25 7.0 0.75 0.44 0.15 34.29
26 7.0 0.45 1.16 0.25 37.78
27 7.0 0.15 1.16 0.15 31.09
28 7.0 0.45 0.80 0.15 37.39
29 7.0 0.45 0.80 0.15 37.46

#r adj-R* =0. 989 1, Ud B [m1 )55 FE A $BLA BEAR G, AT
PARIZ A 7 R B S i &5 SR T b AR
BRI 2250 BT R W32 3, P <0. 05 F/RiZ P Z %R
Wtetn A B, 3 3 A, 7R 45 i
HZRES TG E N, ) vy g X HEFR A9 52 0 4
LM UF RN x, 2y (xg 520, X HEFR A 1 52 0 A
W I R — KA AR I, w0, X HEFR
piLiOp AT N s R R Ll S b N R @
i, ® X HERUA RO AN B R B, K
ISR R 7 5 — RO Wi 58 BAE I 8 3
RGN R WA HAE T« BRI &
F a0 IR, BRI P =0.000 2 <0.05,
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Tab.3 ANOVA of regression model of repose angle

W FM amE By F P
BT 257. 11 24 10.71  107.00 0.000 2
x 25.50 1 25.50  254.72 <0.000 1
X 13.10 1 13.10  130.89 0.000 3
X 0.89 1 0.89 8.92 0.0405
%, 0.16 1 0.16 1.56  0.2800
X, %, 6.89 1 6.89 68.82 0.0012
X)X, 0.85 1 0.85 8.45 0.043 8
X%, 41.60 1 41.60  415.53 <0.000 1
%)%, 14. 14 1 14.14  141.21 0.000 3
%)%, 57.76 1 57.76  576.91 <0.000 1
X3, 0.11 1 0.11 1.05 0.3624
x,’ 0.24 1 0.24 2.36 0.1989
x,’ 19.19 1 19.19  191.65 0.000 2
%y 3.39 1 3.39 33.86 0.004 3
x,’ 1.36 1 1.36 13.56 0.0212
x,°%, 21.22 1 21.22  211.97 0.000 1
%%, 2.41 1 2.41 24.06 0.008 0
x, %, 2.84 1 2.84 28.41 0.006 0
x,%,° 2.34 1 2.34 23.41 0.008 4
X, %5 9.12 1 9.12 91.06 0.000 7
%, % 3.37 1 3.37 33.63  0.004 4
%, %, 3.80 1 3.80 37.90 0.003 5
X,%5 13.36 1 13.36  133.48 0.000 3
x, 7, 0.62 1 0.62 6.23  0.0670
x, 0% 1.42 1 1.42 14.14 0.019 8
a2 0.40 4 0.10
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PL By BT 3R], JKR SRIH 8 K2 7 50 iR
FRACHN Bl JZE 152 22 RO HERR AR B 52 i D IR 2 i
HAFEE B — IR S HAR AT, kWi ke 1 %
PE BT 2 Bobn 8 10 1 52 2 1, X TR0l B
VEH DL RETE 3R UF, e 04T B OOy J AR
SEH /D k1) R A R ARG AR bR e S R . A
Bl GEMM 3 #F ) B4 P 1 HL AT 45 /N 2 801 s o 3l
Bl 4 A i e By vk BT LA 2 80bR o
AR, br e R b 2R R E B,

2.2 JKR REREXS T IEHRIHERR LR B0

Hertz — Mindlin with JKR #5#1 fp F] JKR & 1A
FAERURLEE b 1 2 1, PO S 800 T 261 Y
BHOCT B A EEAAEM . YIKE R EE R
IR S B R B Ry b L oK, AN TR JKR 26 i
REJE LR - UKL HE FFUR S A0 18 3 s fi 8] 3a
AIOL, 2 KR KARER 3.5 1+ m ™7 i, L HER0RL A G
BEWRRAE G, T IEURL 1 T S R B, PRIHOE 1

14 - SEORE S BVHE 10 B P R AT 3b AT I, 2
JKR ZKHEREN 7.0 1 + m i, #8533 R0RL 1] 31
FAEGE A TR A AL —& , T8/ N B ) KL 2R
S, MR 1 L SEBURL A Sl , DR b - S A 3 AR
e B S MRS . d & 3e L, 2 JKR %
TETRE 10.5 )+ m ™" B, - 3EAG0RE ] (1 6 45 B 4 5
AT, /IR PR R 2R 4 TR 286 MR — AR A T R B g
URL IR S, - HEURL It s PR AR 22 , DR bt A S R

144 7
AR T 7 A B R ) TR
A o
. N A o
XG5 NN A
% T 88 200 S T DT >
5 Whe L S 1S GO F  Sg¥ i G M),
¢ At J -~ \'\_J /5 i 4\~/ 4 -
¢ i\ B AP EYI® o oW
e [ et -
a: JKR A fE=3.5] - m”
CoaVa ;
N *
-® e ’r’z,_\"'v“ -
- ' Nalx [ ~
s (- o O v
“YK P S O
-, 26”0 il o e & Oy b
\" S :,::)_/.)f:“ O i -,
A/ X Yok | > ’ #4
L A, 5 & ot % PSR, o
- o SPPE
&)

N~
w
v g
Nt

c:JKR HfE=10.5] - m”
B3 TEBAAHERES
Fig.3 Stack shape of soil particles

HH DA_E A a] 0, TKR 6 18] E e B 1 0k 8] 55
S5 TIRI RN R UKL IR It 20 1k R Sk 2 5, DA TG 2
E T BRI HERIE A, BEE JKR 3 1 68 1Y 1
2118 A 21 =2l B N 1 A i) ol N i w2 T A
A HE AR e BE FRMEAR A T
2.3 SEMRUERIE

FIFH design-expert (LA INRE , 7E 50 P R BUE
O HE N DLHERR £ 40. 45° 0 H bR [l A Y ik 47 -
P8, B B0 AR e — i, Ty T A, XX
Sepn Ak kAT HE AR AR O B ik, SRS A S
TR HERUE R L) — A etk g, Horp JKR &
TEAER 7.91 T - m ™2 WRE ZECHK 0. 66, §EE# R KL
0. 83, ShEEHE RN 0. 25, MARALAR T (1 HEF
PiEE AR 39. 73 OUAbfg T i HERUAA 7 ok e 2
REY IR0 45 R L&l 4 frs. K4 LW,
T HERR A 5 B AR AT 1 HE AR A B B R AT
W, AT B — S EL, FIZ AL S EOR A  HE
TRA D5 EL 0 25 2R 5 HE R A 1 B0 4 2R A HE AR
JERMERUE AR B # B A Bm AR, X R BT, %t

http://xuebao.scau.edu.cn



98 CE S S PN

¥oE AR 438 %

TARKIE: P BT T B i 38, R P e A A 2 Bt
Ay HERUA D75 B0 BT AUl i ok i e o 5 1 S 1
DUAR— 20, %2 BT Dy B il 1 3 15 fk = 3078 18] 40
YRR RE— 2 1 B RO H AR K

by AR
4 BRUBTHHERAHELRSYEREER

Fig.4 Results of the physical test and simulation test under

the optimal solution
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