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Calibration of Peat Discrete Element Parameters Based on
Uniaxial Closed Compression Test
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Abstract: To enhance the accuracy of simulating charcoal loading, hole pressing, and overlaying in the
hole tray seeding process, based on the material properties of charcoal, the Edinburgh Elasto — Plastic
Adhesion (EEPA) model was selected to establish a discrete element simulation model of charcoal in
EDEM software. The peat parameters were calibrated through shaft-closed compression and virtual
simulation tests, while the density, particle size distribution, and contact parameters of peat were
measured through physical experiments. Significance analysis experiments were designed by using
Plackett — Burman Design and the steepest climbing test to determine the restitution coefficient, static
friction coefficient, tangential stiffness factor, and shear of peat, with modulus having a significant effect.
A quadratic polynomial regression model was established between the response value and four significant
parameters using the central composite design test. The axial pressures of 3.83 N and 91.45 N
corresponding to the uniaxial closed compression of 20% and 50% axial strain were used as target values
for testing the significant parameters. After optimization, the optimal combination was determined to be a
recovery coefficient of 0.202 between peat plants, a static friction coefficient of 0.595 between peat
plants, a tangential stiffness factor of 0. 667, and a peat shear modulus of 0. 613 MPa. Finally, the
simulated values and the measured values under this parameter combination were compared and verified.
The average error between the measured values and the simulated values in the axial strain range of 20%
to 50% was approximately 8. 08% , with the relative error reaching the maximum value of 15.34% at
about 40% of axial strain. These results demonstrated that the EEPA model parameters calibrated based
on the response surface method can be used for discrete element simulation research.
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Fig. 1 Charcoal shape particle size classification charts
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FIMRE D/ 4 10 16
WAL E 0.20 0.40 0. 60
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Tab.4 Scheme and result of the steepest ascent test

L H% Hm S il 77 Fyg 1%t Fyo Mt
e A B G J/MPa Fy/N Fso/N R/ % W2/ %
1 0.20 0.2 0.30 0. 60 0. 66 59.52 82.77 34.91
2 0.35 0.4 0.45 0.85 1.76 84.85 54.05 7.21
3 0.50 0.6 0. 60 1.10 4.53 189. 05 18.28 106. 72
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Tab.5 Factors and codes of CCD

it
-1.414 -1 0 1 1.414

SN

A 0. 107 0. 200 0. 425 0. 650 0.743
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Tab.6 Scheme and results of PBD

SES E7 7

A B C D E F G ] Fy/N Fyq/N
1 1 -1 1 1 1 -1 -1 61678 124.509
-1 1 1 -1 1 1 1 -1 3.070 40.6123
0.027 142.124
10.585 183.051
1.140 107.527
0.030 46,842

2.114 142,185
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Tab.7 ANOVA of test of PBD

febe 2RI BH e F P
T 117.22 8 16.47  0.0209*
A 0.490 8 1 0.5517 0.5115
B 82. 40 1 92.63  0.0024*
C 4.27 1 4.80  0.1162
D 6.92 1 7.78  0.0685
Fy E 4.86 1 5.47  0.1014
F 8.69 1 9.77  0.0522
G 0.1122 1 0.1262  0.7460
J 9.47 1 10.64  0.0471°*
2 2.67 3
A 119. 89 11
iR 56815. 14 8 20.29  0.0155"
A 3555.71 1 10.16  0.0498*
B 13 425.24 1 38.36  0.0085*
C 426. 11 1 1.22  0.3504
D 682.37 1 1.95  0.2570
Fs, E 3355.23 1 9.59  0.0534
F 1123.84 1 3.21  0.1710
G 3817.25 1 10.91  0.0456*
J 30 429. 29 1 86.95  0.0026 "

B2z 1049. 84 3
M 57864.98 11

T+ FR L (0.01 SP <0.05), == R E kD%
(P<0.01), R,
F o Wi OB XF 07 P 2 550 ) ] ST gy PRI, AR S
5 e (R VR S 2R 80 e I e JEE 42 DR K 170 1) D1 B2 A
T ORI R TOE i E SR A B e e
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2.2 ERERERKEBEEZESHEMERE

HRAE PBD X945 3, 0 3 M 2 801 e 1o (B =2 [
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552 GURSE 3 dUARNRZE /N IR SRR 1 ~4 4
R4 5 251 2 000 B ARV B Oy O AR B R K
0.2 ~0. 65 Fpx A FFEEEREL 0.2 ~ 0.8 I [a] Wil B2
0.3 ~0.75 KL B U 0. 60 ~ 1. 35 MPa,
2.3 MRz E S AR

BT PBD i 5 e BEICH LS 74, b CCD
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Tab.8 Scheme and results of CCD

B} % FFTE ) ST )
L A’ B’ G’ J Fyy/N Fso/N
1 -1 -1 -1 -1 0. 839 69. 903
2 1 -1 -1 -1 0.755 60. 601
3 -1 1 -1 -1 4.010 107. 541
4 1 1 -1 -1 3. 656 105. 748
5 -1 -1 1 -1 1.022 55.387
6 1 -1 1 -1 1.022 63.634
7 -1 1 1 -1 4.235 93. 183
8 1 1 1 -1 4.574 141. 683
9 -1 -1 -1 1 0.935 114.267
10 1 -1 -1 1 1.253 122. 488
11 -1 1 -1 1 7.238  234.283
12 1 1 -1 1 5.740  220.057
13 -1 -1 1 1 1.103 108. 682
14 1 -1 1 1 1. 047 123. 326
15 -1 1 1 1 7.567 176. 393
16 1 1 1 1 7.021 257.590
17 -1.414 0 0 0 3.138 111.232
18 1.414 0 0 0 4. 621 162. 726
19 0 -1.414 0 0 0.276 49. 029
20 0 1.414 0 0 7.038 183. 628
21 0 0 -1.414 0 5.012 156. 845
22 0 0 1.414 0 4. 344 171. 837
23 0 0 0 -1.414  2.767 80. 223
24 0 0 0 1.414 4.204  224.033
25 0 0 0 0 4.612 164. 740
26 0 0 0 0 4. 128 171. 437
27 0 0 0 0 3.895 169. 239
28 0 0 0 0 4.713 176. 209
29 0 0 0 0 4. 498 166. 925
30 0 0 0 0 4.354 153. 015

Jui ] Design-Expert 3 {4 XF 12 55 25 SR #1750 7
ST A W AH 5 B O SR M A RIHSC R . %R
BT 7 2553 BT, Gk 9 iR, REO [ K 52 3 4K
(A) XFE N AE Fgo 52 0 B 50 35, 0 ) 3 B8 442 R
(B) FARGYIRLHRE (J) YT NAE F,q  Fso 5 M0 B i
. ORI EC(B) MER BT VIR A (J) Z
[ A2 HAE I (BJ) XF 0 WA Foy  F sy 5 MB35
B (RS R HL(A) FnOD e W BE R - (G) Z [R] 58
AR (AG) XU REAE F oo 52 W B 385 0 7 o) 1 52
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Tab.9 ANOVA of central CCD model

febn ERE By B F P
s 129. 41 14 41.08  <0.0001*
A 0.002 4 1 0.0105 0.9197

B 104. 09 1 462.56  <0.0001**
G 0.246 2 1 1.09 0.3122

J 9.55 1 42.45  <0.0001*
Fyp AB 0.3126 1 1.39 0.2569
AG 0.1151 1 0.5117 0.485 4
AJ 0.176 9 1 0.7862 0.3893
BG 0.3426 1 1.52 0.2362
BJ 6.75 1 29.98  <0.0001*
GJ 0.0000 1 0.000 1 0.9910
A2 0.896 6 1 3.98 0. 064 4
B? 1. 66 1 7.36 0.016 1"
G 0.0742 1 0.3297 0.574 4
J 2.40 1 10. 66 0.0052*
g 3.38 15
P 2.90 10 3.04 0.1159
PR 0.4771 5
oyl 132.79 29
L 86637.00 14 33.31  <0.0001*
A 2169. 65 1 11.68 0.003 8
B 32 686. 92 1 175.94  <0.000 1 **
G 1.92 1 0.0103 0.920 4
J 37219.93 1 200.34  <0.0001 "
Fs, AB 527.47 1 2.84 0.1127
AG 1799. 66 1 9.69 0.007 1™
AJ 122.01 1 0.656 8 0.430 4
BG 19. 03 1 0.102 4 0.7533
BJ 3050. 57 1 16. 42 0.001 0"
GJ 77.43 1 0.416 8 0.5283
A? 1 340. 65 1 7.22 0.0169*
B? 4 645. 69 1 25.01 0.0002 **
G 26. 85 1 0.1445 0.709 2
J 181.56 1 0.9773 0.3385
i 2786. 73 15
P 2 476.57 10 3.99 0.069 9
R 310.17 5

B 89423.74 29
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T 5 BRLA R IE R 22 LU N SUA MR T
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F,, = —38.088 +146. 6534 +269. 013B - 87. 659G +
53.669J +209. 494AG +122. 738BJ -
247.466A% -253.925B° (6)
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Fig. 10  Effect of interactive factors on axial pressure
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Fig. 11 Comparison of simulation and measured curves
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