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Parameter Calibration for Discrete Element Simulation of Red Clay Soils
in Sloping Cropland in Central Yunnan
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Abstract: Aiming at the problems of insufficient parameters and inaccurate simulation in discrete element
simulation for Yunnan red clay soil, taking the red clay soil of sloping cultivated land in central Yunnan
as the research object, the simulation model of the unconfined compressive strength test based on the
EEPA model and the Bonding model was established by combining the unconfined compressive strength
test and the discrete element simulation method, and the relevant parameters in the simulation model were
calibrated. The maximum axial pressure of soil sample fracture in the unconfined compressive strength
test was 431. 19 N. The Plackett — Burman test was designed with the maximum axial pressure as the
response value to screen out the factors that had a highly significant influence on the response value, and
the optimal parameters of the highly significant factors were determined by the Steepest Ascent test and
Box — Behnken test. The results were as follows: the normal stiffness per unit area of the Bonding model
X, was 3. 14 x 10° N/m’, the critical normal stress X, was 53 175. 4 Pa, and the contact-plasticity ratio of
the EEPA model X, was 0.318 24. In the validation simulation under this parameter combination, the
relative error between the maximum axial pressure and the test was only 1. 71% , and the fracture surface
of the bonding Bond was compared favorably with the test. The data obtained from the simulation were
consistent with the test, indicating that the parameter combination was reliable and can provide a
theoretical basis for the subsequent discrete element simulation of red clay.
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Fig.1 Unconfined compression strength test
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Tab.2 Value range of parameters to be calibrated

2 Yt )

-1 0 1
LA NI X, /(N-m™?)  1x10® 3x10® 5x108
AT FNE X,/ (Nem ™) 3 %108 5x10° 7 x10°
I S 8 2 71 X,/ Pa 30000 50000 70 000
i S Y1) )32 73 X,/ Pa 3x10°  5x10°  7x10°
FIAE X,/ (J-m™2) 12 24 36
el 3 M L X 0.2 0.4 0.6
RERE T X, 1.0 1.5
I 1) W BE Y5 X 0.50 0.75 1. 00
+ i+ SRR i R AL X 0.2 0.4 0.6
+ M-+ e EE R A X 0.6 0.8 1.0
- RS B X 0.1 0.3 0.5

A5 32 2 rx o 1 fE 5 e AR I R LA 1
AR 5 S O R e R ZR B Rl 1) s g Sy o B A
it Plackett — Burman {55, B A& 55 75 8 e 45 21
W% 3 PR, x, ~x, X, ~ X, X5 G 18

% 3 Plackett — Burman ifIE A EE5 &R

Tab.3 Plackett — Burman test program and results

e S R KA1 K/
X Xy X3 Xy X5 Xg X7 Xg Xg X190 Xy N
1 1 1 -1 1 1 1 -1 -1 -1 1 -1 189.91
2 -1 1 1 -1 1 1 1 -1 -1 -1 1 390. 38
3 1 -1 1 1 -1 1 1 1 -1 -1 -1 292.45
4 -1 1 -1 1 1 -1 1 1 1 -1 -1 541.05
5 -1 -1 1 -1 1 1 -1 1 1 1 -1 507. 14
6 -1 -1 -1 1 -1 1 1 -1 1 1 1 229.51
7 1 -1 -1 -1 1 -1 1 1 -1 1 1 111.98
8 1 1 -1 -1 -1 1 -1 1 1 -1 1 180. 81
9 1 1 1 -1 -1 -1 1 -1 1 1 -1 389. 27
10 -1 1 1 1 -1 -1 -1 1 -1 1 1 860. 54
11 1 -1 1 1 1 -1 -1 -1 1 -1 1 392.36
12 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 384.55
13 0 0 0 0 0 0 -1 0 0 0 0 460. 15
14 0 0 0 0 0 0 -1 0 0 0 0 447.92
15 0 0 0 0 0 0 -1 0 0 0 0 435.95

GiEe . R C R DO NN R AR AR DR rv s
R, e 2 A R AT AR A TR R X e R
(52 Wi B BE AT HE R, I g R Oy 2 an k4
Fi7s o

il 1 Design-Expert 4 %} Plackett — Burman iz
B 5 AT A B, A5 30 & 12 56 DR 3ROk e 1 A 1 5
FERE JF 2l i RICEI A& 4 s, Horh B x|
%, X #8115 Bonferroni Limit FL 2%, 5 Wi %% R He i 2% .
fIT IR BGX 3 A~ BU1E M J5 4L Steepest Ascent i K

SRV 7 e = O a1 530 N RS e S 7S B, OO 4 |
TR HEEEC 1 1 LS, MGk rh i E N
1, A R 28 O S (KO 30 ME . BB 1 FR
PRI X, 5 x 10° N/m®; i 501 i 5 1 X, K
5 x10° Pa; R AE X, 9 24 J/m’ s BRI T X, 9 15
VI W BE X X oA 0. 755 43— 1 e flf 3 K 52 3R 4k
Xooh 0.4 - 51 e BB N2 X ol 0. 85 48—+
HeR B RN AL X, R 0.3,

J3 ANE B T e F R TS AR ), B R 3R R R
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Tab.4 Plackett — Burman test analysis of variance
UEE 3 7 fil F R ¥or F P DUHREE / %
LT 4.627 x 10° 11 42 063. 33 64.70 0.002 8
% 1.533 x10° 1 1.533 x10° 235. 83 0. 000 6 33.00
%) 33493.16 1 33493.16 51.52 0.0056 7.21
x5 1. 189 x 10° 1 1.189 x 10° 182. 84 0. 0009 25.58
x, 24 452,34 1 24 452. 34 37.61 0. 008 7 5.26
xs 3 478.55 1 3478.55 5.35 0.1037 0.75
g 65 941. 60 1 65 941. 60 101. 43 0.002 1 14.19
%, 38222.89 1 38222.89 58.79 0.004 6 8.23
xg 22 359. 47 1 22 359. 47 34.39 0.009 9 4.81
%o 8. 89 1 8. 89 0.0137 0.9143 0.0019
%10 949. 63 1 949. 63 1. 46 0.313 4 0.20
Xy 1 605.22 1 1 605.22 2.47 0.214 1 0.35
W% 1.950.37 3 650. 12
2 4L T 1657.54 1 1657. 54 11.32 0.078 1
15 25 T 292. 83 2 146. 42
S 4.646 x 10° 14

K4 fnRIEE
Fig.4 Pareto chart
RO B R A1 3 A FE X X8
TF A5 00, 15088 A T Xof 7 14 e Al 1] s g /) 5 X
IS AIE SR DN DA E - SN DDA N
FIF LAESIEAT Steepest Ascent 5 5 I 55 2244 1 B 5 1

) R 2 T HES
2.2 Steepest Ascent iz I

X R 3 A4 52 m BE R i K By g &R U AT
Steepest Ascent fi 4,4 B R RWME S5 i,
b B R T 3 6 R R KO S R HES i E Al

K

%R 5 Steepest Ascent RIEHFEELER

Tab.5 Steepest Ascent test program and results

F% X,/(N-m™?) X;/Pa Xe o KAl 1) R 3 /N
1 5%x10° 30 000 0.6 159. 85
2 4 x10° 40 000 0.5 267. 46
3 3 x10° 50 000 0.4 389.27
4 2 x10° 60 000 0.3 577. 64
5 1 x10® 70 000 0.2 778. 48

PR Sy TG FR e it B 3 %) o K Bl 1) R 7 °F- 3%
{8 9 431. 19 N, HAGA T 3 A0 4 4856 b ], Ky By
1E B R B e e e A 10 L 7 RHOK P E RS L 3
W2 A4 21 05 B K F{EAE S Box — Behnken i
5 1 e AR
2.3 Box — Behnken i 1§

MR b3 s A 36 PR 38 KO Y8 R i g
K 2 #E 17 Box — Behnken M 17 #4347 , 12058 77 48 F1 45
R 6 Wion A9 8 & K R B H 32 BAE G R {8
(A5 0 56 27, 45 21 [l 05 O A% R0 PR 2R (8] 5 B4R T )
M 0 T

% 6 Box-Behnken i FRE5ER

Tab.6 Box — Behnken test program and results

FH X, /(N.m™?) X,/Pa X, Bl £ 53 /N
1 2 x10° 40 000 0.4 162. 31
2 4 x10° 40 000 0.4 282.76
3 2 x10° 60 000 0.4 561.99
4 4 x10° 60 000 0.4 434. 68
5 2 x10° 50 000 0.3 483. 58
6 4 x10° 50 000 0.3 363.07
7 2 x10% 50 000 0.5 490. 33
8 4 x10° 50 000 0.5 365. 83
9 3 x10° 40 000 0.3 361. 40
10 3 x10% 60 000 0.3 443.16
11 3 %108 40 000 0.5 316.97
12 3 %108 60 000 0.5 459. 41
13 3 x10° 50 000 0.4 450. 87
14 3 x10% 50 000 0.4 431.32
15 3 x10° 50 000 0.4 393.07
16 3 %108 50 000 0.4 417.02
17 3 x10% 50 000 0.4 392.61
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Tab.7 Box — Behnken test analysis of variance

FERW CFHAM AME ¥ F P
iR 2.376 x10'* 9 2,640 x10"° 5.83 0.0150"
X, 5.575x10”% 1 5.575x10" 12.30 0.0099**
X3 1.425x10'° 1 1.425x10' 31.45 0.0008*
X 2.815x10" 1 2.815x10" 0.0001 0.9939
X, X5 3.232x10"% 1 3.232x10°  7.13  0.0320"
X, Xg 3.426 x 10" 1 3.426 x10 0.0076 0.933 1
X3 X 1.598 x 10" 1 1.598 x10'* 0.3527 0.5713
X; 2.269 x 10" 1 2.269%x10" 0.5006 0.5021
X; 3.295x10™ 1 3.295x10" 0.7271 0.4220
X; 9.146 x10 1 9.146 x10'2 0.0202 0.8910
5k 2% 3.172x10"% 7 4.532x10"

AT 2.465 x10° 3 8.218 x10'"  4.65 0.0859
WET 7.069 x10* 4 1.767 x10™

pagll 2.693 x10 16

T RoR W 3 (0.01 <P <0.05); =+ KR 5wk 2%
(P<0.01), F[E,

TEPRIERC A 25 R AU B2 S 00T, B Bk
SR 358 BLUE 6 U  n)ARE R EA T AR AL,
Linear Regression J5 2\ i No Transform 1% & Power
(Lambda £ F 3) 1525 /) 1 H 5 2 K

Y = —4.85 x10° +1. 16X, +12 748. 24X, +

5.93 x10°X, -2.8 x 10 °X, X, (8)

8 AL E 1 B [l 9 R AU 1)y 22 43 BT,
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Tab.8 ANOVA for reduced quadratic model of
Box — Behnken test

DIk T AmE F P
LAY 2.306 x10'® 3 7.687 x10'° 25.80 <0.000 1"

X, 5.575x10"” 1 5.575x10" 18.71 0.0008 **
X, 1.425 10" 1 1.425x10' 47.85 <0.0001 *
X 2.815x10" 1 2.815x10'° 0.0001  0.9927
XXy 3.232x10"” 1 3.232x10' 10.85 0.0058"
5k 2 3.873 x 10" 12 3.227 x10"

JAUT 3,166 x 10" 8 3.957 x10' 2.24 0.227 4

.767 x 10

—_

RET 7.069 x 10 4
Js¥ill 2.693 x10'° 16
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Tab.9 Simulation parameters calibration results

SN R

B3y TR R X, /(Nem ) 3. 14 x 10°
B TR Y i R X,/ (Nem ™) 5%10°
Il S 15 0] Ji2 73 X3/ Pa 53 175. 4
Wi FL V) i i 73 X, /Pa 5% 10°
FHEHE X,/ (Jom™?) 24
P E L X, 0.318 24
RRE T X, 1

U1 15 DI B2 R 7 X 0.75
+ -+ AR R E R X, 0.4
A R R R X, 0.8
- VR B EE R X 0.3

T 1) M RE X, e SR 1) T X 4 i BB R L XX T
B2 470 1 5 32 3 26 114 5 DR 1 Ty B o A O W
THkE 4> 3 33.00% .25.58% . 14.19% , H K
X 3 AN ZE 1k Bonferroni Limit 54k, 52 0 &% 512 %
&,

(3) XX 3 A~ 8 K 2 347 Box — Behnken iz
5, 45 3 de K 1) e ) 1 [m10E 5 B O 2 il & R A2
AR TS W W 15 T 38 A Dy 2 43 B AT AL, R0 T AR
V25 1] I BE X, RT3k 1] IO T X, A DR 2R e R
[6] Js 3 B9 52 00 DA A0 8. 3 5 B A7 T AR 925 1o P R R Il AL
WA I N A8 HOI N W DL g K e s 4 E
431.19 N R HbrfE , 850 R W s LA A R
RALA7 TR ) W EE S 3. 14 x 10° N/m® i 335 1) i
1853175, 4 Pa $Efb¥ETELL N 0. 318 24,

(4) 3 X S50 A e B B B S
SCULAT Bl 9 T 7 5 0 423,81 N, T il R
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