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Calibration Method of Contact Characteristic Parameters of Soil in
Mulberry Field Based on Unequal-diameter Particles DEM Theory
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Abstract: To obtain the physical parameters and contact parameters of discrete element modelling
(DEM) for simulating soil and interaction between soil and soil-engaging components in mulberry field, a
method combining the experiments and the DEM simulations for calibrating the contact parameters of soil
particles in mulberry field was proposed. Firstly, the particle size distribution and physical parameters of
soil, such as the angle of repose of soil, sliding friction angle of soil and 65Mn steel, shear stress of soil,
cohesion and angle of internal friction of the soils sampled at different depths in the mulberry field, were
measured respectively with the powder instrument, inclinometer and equal strain direct shear apparatus.

Then an unequal-diameter sphere particles model was built according to the measured particle size
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distribution by using the EDEM. On this basis, the coefficient of the static friction, coefficient of rolling
friction and coefficient of restitution between soil particles and between soil and 65Mn steel were used as
test factors, and the angle of repose of soil and the sliding friction angle between the soil and 65Mn steel
were used as target values to construct a central combined experimental design ( CCD) scheme ( three
factors and five levels). Subsequently, by analyzing with the Design-Expert software, the simulated
optimum values of the coefficient of static friction, coefficient of rolling friction and coefficient of
restitution between soils were calibrated to be 0. 89, 0. 45 and 0. 43, respectively; the simulated optimum
values of coefficient of static friction, coefficient of rolling friction and coefficient of restitution between
soil and 65Mn steel were calibrated to be 1. 15, 0. 05 and 0. 4, respectively. The simulation experiments
for verifying the values of the angle of repose of mulberry field soil and the sliding friction angle between
the mulberry field soil and 65Mn steel were performed with the simulated parameters such as the

The

simulating results showed that the relative errors between the simulating values and the experimental

coefficient of static friction, coefficient of rolling friction as well as coefficient of restitution.

values for the angle of repose and for the sliding friction angle between the mulberry field soil and 65Mn
steel were 1.69% and 2. 88% , respectively. On the basis of these simulating results, using the soil
shear stress gained from the experiments as the judgment standard, the bond parameters of the Hertz —
Mindlin with the Bonding contact model for describing the particles of soils were calibrated with the trial-
and-error method with measured soil internal friction angle as the target value. The normal bond stiffness
and the tangential bond stiffness were calibrated to be 1 x 10° N/m’ and 5 x 10’ N/m’, both of the
critical normal stress and the critical tangential stress was calibrated to be 10 kPa, and the contact radius
was 1. 1 time of radius of the particles, the simulating angle of the internal friction was 30.24°, the
relative error between the simulation value and the experimental value of the angle of internal friction was
5.53%.

Key words: soil in mulberry field; simulation model; discrete element method; parameter calibration;
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Fig. 1 Measuring principle of repose angle
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Tab.3 Testing result of shearing stress
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Fig. 6 Relationship between shear stress and normal stress
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Fig.8 Repose angle of soil measured in

simulation experiment
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Tab.7 Factors and codes of repose angle simulation

Gify  RHOBURLRIERE R HENOR RS SRR R
PERH x, VSRR FH x,
-1.682 0.36 0.20 0.35
-1 0.52 0.30 0. 44
0 0.76 0.45 0.57
1 1.00 0. 60 0.71
1.682 1.16 0.70 0. 80
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Fig.9  Simulation test of sliding friction angle

between soil and 65Mn
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Tab.8 Factors and codes of sliding friction

angle simulation

EES
gty LE-65Mn 4 LIE-65Mn 4N - 65Mn
BRI x, RIFEEHE x, WERE x
-1.682 0. 50 0.05 0.20
-1 0. 64 0.12 0.26
0 0. 85 0.23 0.35
1 1.06 0.33 0. 44
1. 682 1.20 0. 40 0. 50

SR FE LA FE L I NI BE S, VI WIBE S, il ik )
N o JEAVI IR Ty 7 SRS AR RS,
KRG SR F 2w By il ik . R A
WEFE, WURLAT O 78 BE AR AL X RG 45 W BE 2 80 A8 4
AR G RS SERIE 9 1 x 10° N/m® ) 1) K
BRI S X 10 N/m' L W =7 R
BRAE SR R B Al AR R 1L R AR
Ik S 107 17 2 ST DB 245 B 2 7 DBy 4 19 B AR b, HUHK
(B0 55 R 5 50 8 85 DA OC o B R e 0 L - 1Y
MR R B ARV B 7o DL+ BT il 3 + )2 0 ~
200 mm (1% P 452 A1 45 R R Bs o AR R R il
N T I o A LAt RS 25 2 808 s B0 R,
R m AN Ty AT b 8 7 B RLK 5, 15 2R
[ B0 0 T T By e . S IR 44 ey ik
0 1 25 SR HEAT 1R 25 A3 BT, 3 A 3 Il B T o

M4 FL BT 3K 50 B B, o7 7 FOBC R A 1A 11 B
L, BB E RS A $100 mm x40 mm, T 8§14
gl 15 S I 52 O ) ol S < 2 o P o
A5 T8 ) T L A8k o 3 sk %k b B D) G i e A it n e
H 0 N AR 2 MR R TS A, 43 5 B I BURL S
JIHAE T B 1) A A B R B0 B 5 ) B
£2 R TR

\

LR &
BTYTH
TH&
B 11 e gy ) Bl
Fig. 11 Soil direct shear simulation test
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Tab.9 Simulation test design and result of angle

of repose of soil-soil

RS
fmﬁ TR ROERE WERK IS
5 X, B X, X, Y, /(%)
1 -1 -1 -1 44.37
2 -1 -1 1 43.10
3 1 -1 -1 41.29
4 1 -1 1 44.11
5 -1 1 -1 44.83
6 -1 1 1 44.97
7 1 1 -1 50.91
8 1 1 1 50. 94
9 0 0 -1.682 47.73
10 0 0 -1.682 47.59
11 -1.682 0 0 38. 88
12 1.682 0 0 50. 63
13 0 -1.682 0 38.90
14 0 1. 682 0 52.17
15 0 0 0 47.37
16 0 0 0 47.95
17 0 0 0 50. 49
18 0 0 0 48.02
19 0 0 0 48.82
20 0 0 0 48.06
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Tab.10 Variance analysis of response surface of

simulation test of angle of repose of soil

3/ FHR B HUr F P
TR 255.89 9 28.43 8.35 0.001 3 *
X, 64. 68 1 64.68  19.00  0.0014*
X, 123.76 1 123.76  36.36  0.0001*
X, 0.15 1 0.15 0.04  0.8365
X, X, 24.78 1 24.78  7.28  0.0224°*
XX, 1.96 1 1.96 0.58  0.4655
X, X, 0.24 1 0.24 0.07  0.7939
X2 26. 81 1 26. 81 7.88  0.0186"
X; 17.18 1 17.18 5.05 0.0485 "
X3 1.64 1 1. 64 0.48  0.5040
5k 2% 34.04 10 3.40

25 ) 35 27.99 5 5. 60 4.62  0.0591
4l iR 22 6.05 5 1.21

peg | 289.93 19
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Tab.11 Simulation test design and result of sliding

friction angle of soil —65Mn

. % B EEE A
gjﬁ i 4 WIEEE WERK Y,/
4 X, R4 X5 Xg (°)
1 -1 -1 -1 20. 1
2 -1 -1 1 22.4
3 1 -1 -1 25.3
4 1 -1 1 26.3
5 -1 1 -1 18. 8
6 -1 1 1 21.0
7 1 1 -1 24.1
8 1 1 1 24.9
9 0 0 - 1.682 23.2
10 0 0 1. 682 24.7
11 - 1.682 0 0 15.5
12 1. 682 0 0 26.9
13 0 - 1.682 0 24.7
14 0 1. 682 0 24.0
15 0 0 0 24.3
16 0 0 0 23.9
17 0 0 0 23.3
18 0 0 0 23.8
19 0 0 0 24.1
20 0 0 0 23. 4
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Bl BE 52 £ 5 R PR 2 G i 22 R] ) O R AR AR Ry
Y, =24.53 +2.69X, —0. 51X, +0. 67X, +0.025X,X, -
0.35X,X, —0.05X,X, —0. 86X, —0.085X: —0.24X.
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XoF 45 TG AT 5 22 43 A R Il U 2R 80 A 5
Gi N 12 Fron. HER 12 WG, Ty g
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Tab.12 Variance analysis of response surface of simulation

test of sliding friction angle of soil — 65Mn

R CPOTA BB ¥or F I

HL A 120. 40 9 13.38 12.90  0.0002 *
X, 98. 67 1 98. 67 95.17  <0.0001*
X 3.53 1 3.53 3.41 0. 094 7
X 6. 09 1 6.09 5.88 0.0358"
Xy X5 0. 005 1 0.005 0.004822 0.9460
X, X, 0.98 1 0.98 0.95 0.3539
Xs X, 0. 02 1 0. 02 0.019 0.8923
X; 10.73 1 10.73 10.35  0.0092*
X3 0.10 1 0.10 0.10 0.757 4
X2 0. 86 1 0. 86 0.83 0.3839
i 10.37 10 1.04

LI 7.76 5 1.55 2.98 0.1283
aifR2z  2.61 5 0.52

eyl 130.77 19
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