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Macro- and micro-properties and formation mechanisms of granular piles
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Abstract: A DEM study is carried out to simulate the construction of granular piles by considering various particle shapes. The
underlying mechanisms are analyzed through the examination of the macro and micro-characteristics of granular piles. It is
found that angle of repose decreases as particle shape evolves towards a regular pattern. Microscopically, the anisotropy
magnitudes of contact orientation vectors, contact normal and tangential force vectors decrease as particle shape evolves from
an irregular one to a regular one. The summation of the angle difference A¢, between the principal anisotropy direction of
contact orientation vectors and the vertical direction, with the angle of repose ¢, is almost a constant, and the angel differences
A¢rand Ag for the principal anisotropy directions of contact normal and tangential forces are revealed to be a linear function of

angle of repose a. In addition, a relationship is also established between the direction where the most intense arching effect

occurs and the principal anisotropy directions of contact orientation vectors, contact normal and tangential force vectors.

Key words: granular pile; discrete element method; angle of repose; force chain; anisotropy; arching effect

it

0 3l
BORLARM L, Wb FERA S, fEEER T2
B E SRHERR, XS IR B SR T 1 B 1 A7 7
Ko HAMRIEMR R EBENHERRIEZ —, AR
KRR BHEE JJVE R T K B R, s+
M. AT BEsh . 2SR S BORLAAR A R AL 35 45 45
P EE TS FE TS E AR A SR
RARM B HERRRFIE I & T K& 9T TAE .
WRIGHT 7e R A2, BOREHER A ) JES B 15 72 T
P X s BRI B R« B AT R 7 BARHE
HUATEAR 5G] R M TIAEE, (HIEAREE 2R
ISR AR I L] . Geng Z50IA0 Zuiguel 2512442,

FA RS SRS HIOR SR A 1 N 4544 5 ) AL i
FRAE . AR IE ' 330 ] S B I TR HE A7)

Fefil DL K ) B ANE S, (HIXE T A2t
B J79%, ASBENHECH HERR R I T L) S it se B &
1L fiE#E . Luding” F1 Goldenberg 25V 4> 15 J12¢ 40
B HOCALAUAIE FT T R R B SRR L AR s

Liffman %7R1 Li %008 i B ST 78 T BRI
1A% A IS F) B A 33 RN ES BB S 39345« Dai 2501 Matuttis

EeWmE: EXRARBEELETHE (51209237, 51779279); T Mt
HitRImE (201707010082

kS HHEA: 2019 - 04 -29

*EIEE (E-mail: liuft@mail.sysu.edu.cn)




58 H O+ T OB % M

2019 4¢

1T Zhou A I A3 T UKL IR X IO HERR 74
TERIIREN . S0 52 )2 NS B ek (K BB A
P F 7 HORLHEAR A B Z D B ) 22 L 0 B B
{ELH R K 03 W7F FU 52 B A AL A S0 2 B S ik
ITMERVE MR — R, B A E N BLR T A IR
AHLEIBEAT BT, AR BEA AU SL IR HER (A2 W
RAEAMTN AR AL A AL G 2R PRIE,  BSOREHERA (4
(KITE AL 1 AR A5 21 58 A g

ARSCRE 2T AN I TE R DL (1 B O
ERNEER, B D MrHERR AR A B A5 AN ) A% 3
RRAE, ST ARIR L A S B HERURRAE [F) WL 45 )
EAREAL R AR, fE7m BRI A 400 7 2B

1 HEEUNAR

ASCRIH PRC™ JFJE B BT L, BufE 5 RV W
SCHR[9To 6 FRRIURLTEZAR AR L CARD FHIEI % EE (CR)
PR bR &, SHUE WK 1. Bihiki 28 BN 0.02~
0.03 m, N 2.65 glem®, HEflida A R N
10° N/m, 34 S 553 A ) I RIUEE Rl 10° N/m, ki
HEEAA BEE R B0 N 0.5, PHIE RECN 0.7, FFH A
PRRE UL A ERUA, 2 10 IR, BRRBEIRY)
300 MR, BRI, — ANHERUAR S KZ) 3000 ANFITRE o

R (1)~ (3D X RURLEE fk 7 o7 [ B R0 4 )
BT Geit o il BREAS ) S E Fe bR AR A
A, B Oa, My, 53R BUREE fih 77 07 % 17)
S AR R =TT M @ ap M g 53 BRI TE )
Fefuh 73 % m e e AR SR A DT 1A @a Mg,
A IR AT [ i 73 % 1e) S P 23 A (R SR EE AN 327 1)

E($) = Ey{1+a,cos2(p—¢,)} - (1)
f@)=fy{l+a;cos2(p— )} )
1($)=—foa, sin2(p—¢,) - 3)

®=1 MREY

Table 1 Shape parameters of particles

TEARZE S

AR A B C D E F

1.000 0.800 0.667 0.571 0.500 0.955
1.000 0.976 0.905 0.783 0.798 0.912

JEAREE (ARD
% (CR)

2 BRIKILERA

K1 NERRIEfaFRIRE AR IR, 4
BORERUAAAAE 22 A PN, BRI 1 ) B ARIK
AR E A AN A P 3E . TR, IRIE S
BEASAR LB g b, = RUAIR A, K1k &
Ao HIEEERL (AR = 1) A2 sRHERUAR R EH SRR L F
N 16.8° , MHEIRE (AR = 0.5) Fir=4E 1) HIRIK

ARk (a=36.5° ).

50
~ 40
é 30} o
-
< 2l a=-30.628AR+53.013
& R=0.7 o
T 0|
0 1 1 1 J
04 0.6 0.8 1.0 12
JEARLAR

1 FRLIFZAR XS B SR IR L F B S
Fig. 1 Effects of particle shape on angle of repose
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unit normal vectors and aspect ratio
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Fig. 4 Relations of anisotropic magnitudes of ar and a, with aspect

ratio AR

B 5 45 T Bl ey R 1) g 2% 1a) Sk A
7 18] 58 BT 1] (K F B 2E Ay FIAG, Al H SRR IE ff o
IR R, BRI 5 HHEE B EUE LR, BE
HAg FIAG 7 cdT AR E MRS R o FEfi: ) ) 2%
1) S 7 1) 5 8 L5 1) B AR T 22 A gy AT ALLHG /R Ay =
0.67 ct, TSI 1) 738 1) 57 4% 32 07 1) 5 e EL 7 T F) £
J& ZE AL AR Ad = 0.69 ct

w0 A4=0.694Ta 740
u NG () 20342
o A¢r (H#) i\
30| o4 (ZH) om 1%
- [ ]
9 oad (HE) A <
o {207
< ° " 3
3 0o 5
10l T A4=06701x 11
R=0.4392
L s ’ . 0
0 10 20 30 050

al (°)
Bl 5 AEEAGFIAGFBRIKILERHBIX R
Fig. 5 Relations of angle differences of A¢, and Ad,, with angle of

repose a

4 BN ot
6 S HOBE AR BRI I, JUrh AL it
YRR K T T 357 1), B £ R 55 0

i J3 /N T AR T BB 6 AT R, EEEAS TIBERI 2%
LR AR B TR S SR, B
58T EE— SR AR E AR B T B X, TR R AR
715 QIR

6 BURIER IR NEMEE (BRI B)
Fig. 6 Force network in granular piles (shape B)
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