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Abstract: In order to provide more accurate parameters for the design and optimization of soil contact components in red
soil of Yunnan, the Hertz—mindlin with JKR Cohesion contact model in EDEM was used to calibrate the numerical
simulation parameters of red soil in Yunnan. Firstly, the basic physical properties and contact parameters of red soil were
determined by physical tests, and the parameters of simulation tests were determined based on the results of physical tests.
The Plackett—burman test was carried out to screen the significant factors affecting repose angle of simulation tests, three
parameters, the static friction coefficient between red soil and red soil, the recovery coefficient between red soil-45* steel
plates and the surface energy of JKR, were obtained. Then the steepest climbing test was designed to optimize the optimal
value range of significance parameters. And the Box—Behnken experiment was carried out to optimize the second-order
regression equation by taking the repose angle of red soil on 45* steel plate as the response value, the optimal combination

of contact parameters was obtained: the static friction coefficient of red soil-red soil was 0.502, the recovery coefficient of
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red soil -45" steel plate was 0.464, and the surface energy of JKR was 4.938 J+-m™. Finally, the optimal combination of
contact parameters is used to carry out the simulation experiment, and the result shows that the error between the simulation
result and the physical experiment is 1.7% , and there is no obvious difference. This result indicates that the reliability of the
discrete element simulation parameters for the calibrated Yunnan red soil is relatively high, and it can provide basic
parameters for the design and optimization of soil-engaging parts under the condition of red soil operation in Yunnan.

Key words: discrete element method; parameter calibration; red soil; repose angle
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Figure 1 Physical test of red soil Figure 2 Extraction of repose angle of red soil

repose angle
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Figure 3 Inclined plate impact test
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Figure 4 Static friction coefficient test
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Figure 5 Rolling friction coefficient test

I 2838 3ok PR TR 2h i 5 I A5 21458 5 fioh 4=
PR AS 4 22 1] 14 7R ) JEE 45 [ %0 0.05~0.45, 38 i
ZLEE S bR ORI AR VR 3l i S0 75 21358 5 21 3% 1] 11
RSP 0.03~0.1,
1.3 BRTHESHRE
131 RHERAG RS O E S E
AT AFIEDEMH, [3 f8] BLA% L% 2 0 100 mm,
[52 £ FE 4 H2 200 mm (1816 , B f] 5 He dl b1 ) o 457 :
B AR b3 S B SR AR O A LG, o BORL B A T .
S R 2.5,1.5,0.5 mm, SR 8 2 H A AR ai i E6 HREBFERR
L5391 A 15.98% . 40.66% Fl143.36% ., + 3 Uk (1Y Figure 6 Simulation test of repose angle




% 4 BMEFF A TERANTHLEG ARG ~469-

ARG RE D902 kg e s, AR RO 0.1 kg, DT BRSO3 s KNI E 527% B LIEAAES AL 4519
IARMESHL

R1 TRASHEESH

Table 1 Soil and 45* steel intrinsic parameters

AL 24 Ml
Materials Parameter Value
e % Density/(kg-m™) 1340
Soil JAFA L Poisson's ratio 0.47
01 e
BY Y Shear modulus/MPa 1.308
45 %*EE Densi'ty/(kg~ m‘.3) 7 865
JARA EE Poisson's ratio 0.3
45% steel e
B Y)#% i Shear modulus/MPa 79 000

1.3.2 K MF2RIEET il Plackett-Burmanif 56 | 5% FETE I3 56 1 Box—Behnkenit 56 #E 47 S 80k1
o LE PRI, T LD R K S RECH0.15~0.75 R EEHE A BUH0.3~0.6 VR B EEHE 2 50R0.03~0.1,
ST 545 3 W] K 52 22BN 0.05~0.65 i FE 15 22 %000.5~0.8 TR Bl BE 48 2 %10.05~0.45 , JKR K T fiE2~8., LA
HEFR S NI HR B , 1 8 Hh R 0 A SR IR E TR R R B A5 R K a2,

®2 HERBEEZR

Table 2 Simulation test factors

TR
% Level
Factors kT FKT
Low Level High level

LTI ZH(A)

. . . - 0.15 0.75
Red soil-red soil restoration coefficient
LTI AR AL (B)

. . S - 0.30 0.60
Red soil-red soil static friction coefficient
L1 -LHGR R R ) 008 oo
Red soil-red soil rolling friction factor ’ ’
LS4 IR S RACD) 005 o6s
Red soil-45 # steel plate restoration coefficient ' ’
LI 45 AR R BRI N B (F) 0.50 0.80
Red soil-45* steel static friction coefficient ’ :
L4 R BER () 008 04
Red soil-45*steel rolling friction factor ' ’
JKREETRE(6)/(J-m™2) 5 8

JKR surface energy

2 HEREHMH
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<0.05, RS HEFA A S22 .t 3 4 mT 0, X HERR AR s R e 3 Y 3 PR AR Ok BT
-2 e FE R B D (L1 - 45" AR M PR 52 2480 .G(JKR 3R THIfiE) o
22 EREREAEIREER

FF Plackett—Burman iR 55 5 48 ) 3~ 3 S8 B(LTIE- 213 M FR BRI S 800 D (413458 Hi
KA 280 (GJKR R IERE) B 3 10 35 P S 80V B BEC S 0 (9 1K R 3R, DAk ff o Wl 25 Pk
SEEAL X 8], IR AR NZE s, hER S T, 26 3 A AR R 22 E e/, B2 LASE 3 413
K RRERT, B D .G 3 E WS B/ R 2ZEH K, B.D .G 3B EMWESHOG K RIS, |




-470- oomo R kX OF F R % 55 %
LR, 7R 3 2 6K - B AR A o A e X T
%3 Plackett-Burman i HFRR LR
Table 3 Plackett-burman test plan and results
RS ES
iS5 Test factors HERR )
Test number A B C D B P c I 7 ] K Angle of accumulation
1 1 -1 1 1 -1 1 1 -1 -1 -1 32.38
2 1 1 -1 1 1 1 -1 -1 -1 1 -1 34.56
3 -1 1 -1 1 1 -1 1 1 -1 -1 36.58
4 1 1 1 -1 -1 -1 1 -1 1 1 -1 37.58
5 -1 1 1 -1 1 1 1 -1 -1 -1 1 39.64
6 1 1 -1 -1 -1 1 -1 1 -1 1 36.34
7 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 31.45
8 1 -1 1 1 1 -1 -1 -1 1 -1 1 29.45
9 -1 -1 -1 1 -1 1 1 -1 1 1 1 33.07
10 1 -1 -1 -1 1 -1 1 -1 1 1 34.63
11 -1 1 1 1 -1 -1 -1 -1 1 1 35.16
12 -1 -1 1 -1 1 1 -1 1 1 -1 34.56
%4 Plackett-Burman X35 45 R0 #7
Table 4 Plackett-Burman test results analysis
I P 3R H HE ¥Jr A RFEMHF
Test factors Degree of freedom Mean Square sum P Significance order
A 1 2.54 4 0.116 2 5
B 1 49.29 71.57 0.000 9 1
C 1 0.3816 0.600 6 0.481 6 7
D 1 14.08 22.17 0.009 3 2
E 1 0.986 1 1.55 0.280 8 6
F 1 2.71 4.26 0.107 9 4
G 1 12.73 20.04 0.0110 3
®5 WBERFXERER
Table S The steepest climbing test and results
e 5 HERRAC) AR R 1%
B D G .
Test number Repose angle Relative error
1 0.3 0.05 2 27.69 15.1
2 0.37 0.2 3.5 30.56 6.3
3 0.44 0.35 5 33.78 3.6
4 0.51 0.5 6.5 36.44 11.7
5 0.58 0.65 8 42.67 30.8

2.3 Box-BehnkenIE i I& 45 R

BT R BENCH RIS 25 0, DL B (L1 -1 SR (R R BE R 240 D (L1 E-45" AR MK 2 Z%8) .G(JKR
FIARE) R AE 3 NSO K, LUK 34K BN bR HEZKT 56 2 B M IRKF 58 4 il &
KT Box—Behnken 5 , HEBUf M I FE AR, 00 Jr E g5 R k6.

XTI EE AT Z2 0 NAHLE ST, AT AS HERR A [l AR A 7 .

Y=30.47-1.75B+0.53D+1.52G+2.3BD-2.21 BG+DG+1.74B>+0.61D°-0.13G> (4)

I 7 BRI P R AL R°=0.9627 , P R BRI adj R=0.9148 , 28 5 REL CV=2.42% K % FE
Adeq Precision 24 15.841, F& WIZ A RS A BERCAT , 300 FLSE AT & R R0 25 R E AT R Iml I
T 500, AT Rk 7, R 7 I, 7 BRALAL p B4 0.000 3, p /T 0.01, 158 BF HE FRUAf [l ) 455 A6
W2, Ao, B - 2T 3 # BE 45 50 . G(JKR 22 I BE ) X HE AR A 52 i My 538 ; BD (4T 43 41 4%
R 4 DR B0 1 3 -4 BRI (R PR 2 R B 58 T )\ BG (21 HE— 21 e R 82 D 8 5 JKR 2R 1fT B ) 58 H
T )Xo MERR AR 04 5% M B Sy 025 5 B2 (21 0 — 21 IR EE 42 DR B 1) R I00) )5 T L 340 A i Wl 2, AR L R
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Table 6 Box-Behnken test plan and results
75 HERR A
Test number B b ¢ Repose ar(lgie
1 0.44 0.35 5 30.99
2 0.51 0.2 5 28.46
3 0.37 0.5 5 32.69
4 0.44 0.2 6.5 31.27
5 0.44 0.35 5 29.56
6 0.44 0.35 5 29.66
7 0.37 0.35 3.5 30.53
8 0.44 0.5 3.5 28.74
9 0.44 0.2 3.5 29.39
10 0.51 0.5 5 33.82
11 0.51 0.35 6.5 29.21
12 0.44 0.35 5 30.96
13 0.44 0.5 6.5 34.62
14 0.37 0.35 6.5 37.16
15 0.51 0.35 3.5 31.42
16 0.44 0.35 5 31.18
17 0.37 0.2 5 36.54
%7 Box-Behnken Design — )% [B] |34 8 /5 2= 1
Table 7 Box-behnken Design quadratic regression model analysis of variance
J5 2R Rl A E ¥or P
Source of variance Sum of squares Degree of freedom Mean square P
Y Model 105.23 9 11.69 20.10 0.000 3
B 24.54 1 24.54 42.18 0.000 3
D 2.22 1 2.22 3.81 0.0919
G 18.54 1 18.54 31.88 0.000 8
BD 21.21 1 21.21 36.46 0.000 5
BG 19.54 1 19.54 33.59 0.000 7
DG 4.00 1 4.00 6.88 0.034 3
B? 12.77 1 12.77 21.95 0.002 2
D? 1.87 1 1.87 3.21 0.116 1
G? 0.0725 1 0.072 5 0.124 7 0.734 4
5% 2% Residuals 4.07 7 0.5817
RAUIR Lack of fit 1.57 3 0.524 3 0.8393 0.5389
A #Ri% 2 Natural error 2.50 4 0.624 7
BB Total 109.30 16
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Figure 7 Interaction response surface
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Figure 8 Comparison between physical test and simulation test
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