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Abstract: The dynamic lateral pressure when unloading vertical grain silos can render the process unsafe; thus, three
types of grains (corn, wheat, and rice) were selected to simulate unloading using the discrete element simulation software,
EDEM. The static lateral pressure distribution under the physical characteristics and contact properties of different stored
materials was studied and compared with the specification value. The distribution patterns of dynamic lateral pressure and
the corresponding overpressure coefficient, flow state, and velocity distribution relationships during unloading were analyzed
together with the factors influencing the dynamic lateral pressure during unloading using gray relational analysis. The

results showed that the maximum static lateral pressure for all three types of stored materials occurs towards the bottom of
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the silo wall and is greater than the specification value. Hence, the value calculated using the specification formula can be

considered relatively conservative. Increased oscillation of the dynamic lateral pressure during unloading and the maximum

dynamic lateral pressures of 6.08, 5.38, and 4.73 kPa observed for corn, wheat, and rice, respectively, at a depth of 0.8 m

exceeds the correction coefficient for horizontal lateral pressure required in the specifications. Thus, the correction coefficient

for horizontal lateral pressure required by the current code is unsafe. The main factors affecting the dynamic lateral

pressure include the density of the stored material, the static friction coefficient between the stored material and the silo

wall, and the collision recovery coefficient between the stored material and the silo structure. This paper can provide

theoretical support for the analysis of the collision recovery coefficient between stored materials and silo structures for

use in silo specifications.
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Table 1 Simulation parameters for different types of storage
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Table 2 Static lateral pressure for different storage types

) . F Rz /kPa )N K Bk [kPa A5k /kPa [ %1 /kPa
MEHST M ERA/ M —— — — —
A HAEMESH A HEMESN A HEMNEH  HEME HENED
P-1 0.2 0.69 1.06 0.80 1.27 0.48 0.82 0.95 1.67
P-2 0.5 1.46 1.90 1.56 2.05 1.02 1.72 2.12 2.32
P-3 0.8 1.99 2.14 2.00 2.56 1.42 2.16 3.04 3.87
P-4 1.1 2.37 2.63 2.26 2.86 1.70 2.17 3.76 4.33
P-5 1.265 3.74 4.72 3.29 4.09 3.16 4.23 5.50 5.97
% 3 AEFEMBEIRIE L FENE N RNSEERE
Table 3 Silo lateral pressure and dynamic overpressure coefficient under different kinds of storage
) & ERFFL kPa N E B [kPa #5542 [kPa %z /kPa
wE L AR i3 RE ML AFNE
/’7 o EAM sHAM Ziz HAM HEM Zix HEAN HEM Ay HAM HEM A ABEZIHC,
mOEh EA B EH EhH EA B RN
0.2 1.06 1.46 1.38 1.27 2.00 1.57 0.82 1.19 1.45 1.67 2.34 1.40 1.51
0.5 1.90 3.56 1.88 2.05 3.31 1.62 1.72 3.20 1.86 2.32 441 1.90 2.00
0.8 2.14 6.08 2.85 2.56 5.38 2.10 2.16 4.73 2.19 3.87 8.78 2.27 2.00
1.1 2.63 4.96 1.88 2.86 5.10 1.78  2.17 3.13 1.44 433 7.32 1.69 2.00
1.265 4.72 3.76 0.80 4.09 2.93 0.72 423 3.40 0.80 5.97 4.80 0.80 1.00
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Table 4 The correlation coefficients and correlation degrees
between the reference series and the comparison series

A HFAESSAL

R namk D AWE BAEE ME
&i(h) 1 0.727 0.798 0.653 0.794
&(k) 1 0.923 0.943 0.690 0.889
&k 1 0.563 0.830 0.468 0.715
0 1 0.744 0910  0.506 0.790
&s(h) 1 0.566 0.538 0.774 0.720
0 1 0373 0333 0.690 0.599
& (k) 1 0.432 0.626 0.550 0.652
0 I 0.795  0.898  0.543 0.809
20 1 0920 0878 0552 0.838
o1 0.698  0.657  0.506 0.715

®5 {IRMERSHEMEHNNKEKE
Table 5 Correlation degree between each influencing factor
and static lateral pressure

H5 AH 4 AR KB
1 B /(kg/m’) 7 0.889
2 S5 H L MBEREAK 7 0.838
3 LS MEIERLAK 7 0.809
4 PSS r 0.794
5 ¥ 4h442/m 7y 0.790
6 521 LR 75 0.720
7 WAL E /Pa ry 0.715
8 SR CEMENEERZEK 1y 0.715
9 REANEVFHK r 0.652
10 R RS ro 0.599

& 6 BRMERSHEMEHNKEKE
Table 6 Correlation degree between each influencing factor
and dynamic lateral pressure

H5 Bdg 4 AR RIRE
1 % & /(kg/m’) r 0.914

2 NP " 0.891
3 5808 MEERT A 1 0.890
4 K 4h¥ii2/m 7 0.858
5 5H S MBERAK Fo 0.807
6 SHecaMEHEREZK 0.790
7 WA E /Pa r 0.737
8 REIE WA B A 75 0.678
9 RANBW R r 0.663
10 R R ro 0.577
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