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Fig. 7 Mixed accumulation of differently shaped particles

351
4 —&— Kinetic energy
3.0 —e— Potential energy
—a— Total energy
25F
=
> 20
5
s 1.5F
=
ﬁ 1.0 -
0.5+
0.0 L L o
0.0 0.5 1.0 1.5 2.0

Time/s

&1 8 AR A TBUREHE B o AN [ B i 9 e A8 06 R
Fig. 8 Transformation relationship of different energies in

the packing of mixed particles

4.2 FRLAE RN Y B BT L

Oy i — A B UE K T S 4 B8 3k o DR 2 T i
TIURLBA I 3 BEASE DL ) v 8 R T B HOT O U
B 5 R S WURLAE BB E R B9 WERIE O
O B PR (LS T A A R R UKL AL 8] 38 5 T2
MHERRIEI S . W LU L BOE A A AR 2R E
KL 5y U SRR 3l L I H B A B A e B
WIE % T2 B A T 0B B AT 52 2 ) R 24 L X (S
TR A (8] 45 1o v JE B AT 7 R EL BLAS 4 I BELAG
KL A A S s R . DR, HAT B A A Y BORE
AR ELAT AR 1 370 A A o O A e

e A RIIE 25 OB B ORE Y AR 1E f 2 A7 5831,
K10 s o BRIERURLHY AR 1R A 2900 15. 97 X AR
X IO AURE 6] ) B 45 R K 0. 3. BRI AN ] BRE 5
W H A ST Y R XA A T OR8] A X 2l
HE TR AR 1 OREAS R B A2 E PR HL ™ AR B/ B AR IR

o A AAE ORI EA M 2 TR L 75 5 I
fih 5 2HL PR AV 2 A A OB B L R G 4 A
SUPHLAT 1 BOREFE (9 30 B i A+ 22E 1007 2B LE BROE A 5
PRI OB R ) SR A AR Ik A . WIS TE 0B R R A
R AT S 7% (0 B R A5 X R 2 JL AR P £ 72
LT 25 ) T8 W A e 285 48 A EL BN L O HLAE i 3l i
T 2 5 T8 WAL TR 45 4 O 2 — 20 BHLAS JBUR 12 3
PRI 1k« WG 4% JE2 0 B R TR JMORE B AT e R A AR L A

(a) BEHIT

(¢) BIEE T
Bl O ORI AR G ISURY A 5115 s M BUIR 75 10 B

Fig. 9 Effect of particle shapes on the packing state after

the collapse of the granular column
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Mechanical behaviour of granular media in flexible

Level set contact algorithm for DEM simulations of
concave polyhedron elements

WANG Si-giang', XUE Yi-zhen', Michael Zhuravkov?®®, JI Shun-ying*'"’
(1. State Key Laboratory of Structure Analysis of Industrial Equipment,
Dalian University of Technology,Dalian 116024 ,China;
2. Department of Theoretical and Applied Mechanics, Belarusian State University, Minsk 220030, Belarus;
3. DUT-BSU Joint Institute,Dalian University of Technology.Dalian 116024 ,China)

Abstract: The polyhedral model can theoretically be used to construct arbitrarily shaped particles in the
discrete element method (DEM). Due to the limitations of the DEM contact algorithm, the polyhedral
model is only used to simulate the dynamic properties of particles with convex morphology. For
polyhedral elements with concave surfaces, the contact algorithm for individual contact points can not
accurately calculate the forces between elements. To accurately calculate single or multiple contact points
between polyhedral particles, a level-set contact algorithm is developed for convex and concave
polyhedral elements. In this method, the spatial level-set function and zero level-set function of the
polyhedral element are established by the point-triangle element distance calculation method and the odd-
even judgment method, and single or multiple contact points between polyhedral elements are obtained
by solving the two level-set functions. To examine the reliability of the level-set contact algorithm, the
packing and collapse processes of spherical and concave polyhedral granular materials are simulated using
the DEM. Meanwhile, the effects of particles shapes on the volume fraction and angle of repose are ana-

lyzed.

Key words: discrete element method;concave polyhedron;multiple contact points;level set method
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