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A Discrete Element Method for Irregular Granular Materials
Based on Multi-Dilated Polyhedron Elements
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Dalian, Liaoning 116024, P.R.China)

Abstract: Irregular granular materials are widely available in nature and industrial fields. To construct a theo-
retical model closer to the real granular materials, a multi-dilated polyhedron model based on the dilated poly-
hedron element was developed. To verify the reliability of the multi-dilated polyhedron model, the discharge
processes of the convex triangular prism particles and concave upward-downward conical particles in the flat
bottom hopper were simulated and compared with experimental results, to show good consistency. Besides,
the piling and discharge process of differently shaped multi-dilated polyhedron particles were simulated. Fur-
thermore, the effects of particle shapes on the piling fractions, mass flow rates and angles of repose were dis-
cussed. The results indicate that, given a more complex particle shape, the interlocking between particles will

be stronger, thereby the stability of the granular system will be higher. The effective application of multi-dilated
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polyhedron elements provides a new model-building method for irregular granular materials.

Key words: discrete element method; multi-dilated polyhedron particle; combined element; irregular granular

material
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Fig. 5 The convex triangular prism element and the concave upward-downward conical element
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Table 1  Major geometric and physical parameters of the triangular prism and the upward-downward conical elements

parameter symbol triangular prism element upward-downward conical element
element mass m/g 0.346 9 0.347 0
density p /(kg/m?) 652 1283
dilating radius r/mm 0.1 0.1
friction coefficient o 0.3 0.3
Young’ s modulus E /GPa 1.0 1.0
Poisson’ s ratio v 0.3 0.3

o PRI ZE A BATTASTLL T IR SR o 2 T 45 45 2R 5 A0 DI 0 L K 8 HOe A AL 45 SR A T LA AT,
7. JE 8 PR AL =R AL OCRIR G ORI TR S M P a] [ 1 2k B LA ST R V Bl X 2
J2 1 TG 2 v ) PR i T 0 i B ) O AT RIS A b 3 SAE 1.6 s 1 2.4 s IR G
PR AT (EAE R R DL o S AR s L e e P O I E AR SCR L T | B B AE 1.6 s AbWLERE]
WEREHET TR B, WS HET T8, s S 2k Uk, 2.4 s B PRI iR e Bt 171 30 8 L J2 R A T T J00KT 11
Tl RIS, L S W S AL Bl SRR NI UKL — ke ELBTE iR A2 Y BEE 45 K. 10X T M T £ 4 1A
FAIT, TR A RIS UL R A SO BB P I TE 0.8s AMIE UkS € I HEIE 254, BB Bl A rpr it
FEAHR DRAFARE X T B2 IO MR 0k 22 (8] 1) LA 25 40 BEL RS 1 20 J0RE 1% 3% S 3t 2l HLYR, S 3 100 B g 11
T UL B 25 2 1 E BRSO, I TR BB DA A IR 4544,

Ryt — AP B UEAS SCR HIT 7 35 9 AT SR, T TR EURR A A9 R R4 708 M SCHIR [ 46 ] 3E#E47 T 20
ORI 5 YRAERLAL, Forp 20 YK PSS RATAE—E 22 57, X B 2R i TRURLA R R 3R HES RS BoA



776 A R~ G SO | ) = 2023 4 44 %

RS Y BEAL S A R, S BURZMEFUR SR F] , 330 22 6 HURHE SR ™ e — 5 30 P 9 S P i dhw < VBRI P
HA R A UK LU A9 RS 18] 1 22 AR AR B0 , 76 20 T SCRR[ 46 ] 20 YR 45 R 1 1 F FROAT— OB (BB G 25

AT LLE B, XTI SRR OT , AR SRS, SAE SR 46 110045 S i X P, B B ST gl e
A LI — B AN AR SCBLADLZE SR SR [ 46 ] ARSI AN SR e 280 A JURE LE (AR T, AN TR 54 2 T 8 i A S
AL <1 AR B B PR, T S R PR FEAS YR BA 1B 7 A A BT oA R 22 TRIHA BT, BV 25 5 19
JEAEARARIN B S AT 55, 0K 1T S R DI, ORE B 5 it 2.

t=0s t=0.8s t=1.6s t=24s

. 46]
experiment

. .46
simulation

|4

R R AT A

\ & 4 O 1 S
present o ' - '

B 7 PR SOHR AR B BT S 1R T
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Fig. 10 Multi-dilated polyhedrons with various shapes
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Table 2 Major geometric and physical parameters of multi-dilated polyhedrons

parameter value parameter value
density p /(kg/m?) 2 500 Poisson’ s ratio v 0.3
Young’ s modulus E /GPa 10 friction coefficient 0.3
dilating radius r /m 0.02 restitution coefficient 7 0.3
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