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Influences of self-organization of granular materials on particle crushing
based on discrete element method
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Abstract: Starting from the Apollonian sphere packing method in mathematics, four kinds of self-organization of breakage are
established, and the linear expansion method is introduced to guarantee the mass conservation. On this basis, the numerical
experiments on different self-organizations are carried out, and the influences of self-organization on gradation evolution and
macro and micro mechanical behaviors of granular materials are studied. It is found that the fractal dimension and the average
inter-particle stress decrease with the increase of fragment number, while the relative breakage B, and the compressibility
increase with the increase of particle number in the self-organization. The anisotropic rose diagram of contact orientation and
contact normal force show that the larger the number of particles in the self-organization is, the lower the anisotropy of the
specimens at the end of loading is. In addition, the number of particle contact increases with the increase of self-organized
particles, while the normal contact force decreases. Furthermore, the probability distributions of coordination number and
contact force are also closely related to the self-organization of fragmentation.
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Table 1 Input parameters of discrete-element method for simulation

PfiA  D/mm Hmm ey fu G/GPa V. gyo/MPa  m  dpy/mm  dp/mm  dy/mm o p(grem)

A A i

600 150 063 0577 30 03 3000 10 50 2.5 0.25dmin 2.65
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Fig. 1 Four alternative configurations of post-crushing

replacement

2 HEREER

ARBUE AR R A | AR Bk b AT I #k . Rkl
AR LI TR IR — 3, TR TR
ORI (4047 s B AR o SRR PRI s I A wh i i
WA INFGEFE — 8 WG4 AR gk b R — L
HER T 5R 7 EE R R .

2.1 WESHSH

INEREE A ST, SHARE UL F B R S AT T
et Xl B2 (b) ~ (&) malRRAEHE L (a) ~
(d) BRI FE R B B, J50R (1) 20 € A R R
RLAT AL (B RRAS . B 2 AT AEWE H, RAA
v FRORBERRE [ LR, B R 81 5 R RO ) 4 A A7 AN I
BB 5 TR A UL A 50 E AR 1 42 b R £ H
Mm%, BARE 2~4 iR,

R 2 AT WS IRESHBRREE 2. 4
BB R [ 443 o R A BB P R T 2 7 LU AR
B PR AR [ ZH U6 W 46 (0 Bl R R B S e S S
B2, BEmMEWEAASREREE NS E, bR A

(c) MBF—AHL =

32370

(d) mBE—AHLR=



746 H O+ T OB % M

2018 4F

(e) mEE—H AN

E: BOHR AERFGRR R EHFRER; K6 OK) RhEGBR AL
— PR R 206 (BB ) B SR OPURBEE S B, MIA4T %
Bt (BR ) R 4L BRI R I BUL, BVRAET S5, ERAG A
B RETERAPRBREHE

2 HEI
Fig. 2 Numerical specimens

R 3 RAE T A PR BORTRIE H & A 7 He S
e BERRWE E AL BRI H G 2, b T = R
RS BURRLEL H 23 By, b T — 2N — AR
AIBRLEH B A 7 e R. y BEDWL Wl % R e
PRI H , 3% 4 givk 7RG I 1 Hh R AR ROk A
PRIRTRIECH o ks, BEE B HHA b7 Bk H
M2, EAHRIRINEAIRS T, RORLAR AR ) B
N A — PR R B A s TR =2
BRCRE AT E H A 5 5 SR DRORE ) 12 Ak /370 W
HANERR.

R 2 A THEBESIRSHARRER

Table 2 Mass percentage of particles in every crushing state

UL ROHE  —BRE CRE SR
4 TRk 43.1% 26.6% 15.4% 14.9%
9 TRk 41.0% 32.2% 20.1% 6.7%
21 Pk 41.7% 40.4% 16.3% 1.6%
45 PRk 42.2% 43.3% 13.9% 0.6%
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Table 3 Number and percentage of particles in every crushing state

B ORDRE B TR R

4 FHkL 280/3.5%  676/8.3% 1908/23.6% 5232/64.6%
9 FEKL 272/1.5% 2322/12.5%  8933/48.0% 7083/38.0%
21 FHURL 272/0.9%  6994/21.6% 19560/60.4% 5544/17.1%
45 TRk 279/0.5% 15901/29.0% 35664/65.1% 2970/5.4%

* 4 TR ESE
Table 4 Amount of crushing

Rk WO H  — R R =R
4 TRk 2482 370 804 1308
9 TRk 2245 378 1080 787
21 FHRL 1586 378 944 264
45 F kL 1231 371 794 66

2.2 REEL
FEMNE LR, X FEREESE 0.375 mm, #id

S UCGRRE T I 28, i A0 il 282> Bl il 3~6
B, HpE (a) ZRRiEH Mg 2, (b)
S WUk I B (R ZC /T 28 . Turcotte! ™A N 7E 4 B 43 TR
BJE, FREH L

ND>d)=kd™® . (6)
K o ADTEEEG k NESEL d NERLRAR;
N (D>d) NRFZEKT d MPFREH. H4E Einav!"
IETE, b anT DU o IR T Ik, SR AR &
sy AneREL, B

3-a 3-a
d " -d
_ m
F(d) - d3—a _ d3—a ’ (7)
M m
] =) e AY =) e
K, do AEBAKIR, du HERKKIAE.
10* u initial
® G,=20 MPa
A 5,=27 MPa
v 0,=31 MPa
¢ 0,=35MPa
< 0,=38 MPa
2\ R » G, =44 MPa
210 * ©,=50 MPa
= ® 5,=76 MPa
% 0,=103 MPa
& o, =135 MPa
102t L I I S
1x10-3 0.002 0.003 0.004 0.005
Rifd/m
(a) fBORIEL B AL 2
100  ——initial
—8—5,=20 MPa
L | -=0,=27MPa
R 80 ——0,=31 MPa
ﬁ —4G,=35MPa  RIRAA
1 60 | —¥—0,=38 MPa a=2.65
= —%— 0, =44 MPa
ﬂé —%—0,=59 MPa
Gl 40 | =+—0,=76 MPa
& —<—0,=103 MPa
ﬁ —+—0,=135 MPa
20+
z

1 1 J
0.003 0.004 0.005

0 0.002
AR dIm
(b) FRERAHMLE

3 #ZBEA | HIEEHRECHZ

Fig. 3 Evolution of particle-size distribution using configuration 1

K3 (a) ~6 (a) XU EARFR T Bk 5 H 2%
FCHiZE, JRenth 1A alie R G ik, R4
(6) FNZHI KRR E D B4R o - 4 DHRIHAE
SEORIN RORIE H R 21k B TR RS, R
TR P ANE, 4 Pl 5 2230 7 4: 5003 0 8
2.65, 2.48, 2.42, 2.39. WIKE H AL PR H £
ANFURLIT o5 LU BRI OK, TR YEROE TR o 1K 1 B
LSRR R A RS R U E VS NP G ST e S e 21
PRSI IR R

IS (7) W LA 2R E 414400 TR 4R i £&
IPBR AL, sl 3~6 i (b) EIFIR. W2



55 4 3] SRESF, AE. B EOTH R E 4SO R AR R BT 747
_ = initial 1051 = initial
7108 ® 5,=20 MPa ® 5,=20 MPa
A §,=26 MPa 1 A G,=25MPa
. v 0,=30 MPa : ¢ 0,=27 MPa
* o e ¢ 0,=33MPa < 0,=29 MPa
10|y < 6,=35MPa 000 |3 > 5,33 MPa
< « > 0,=42 MPa N . ¢ 0,=36 MPa
é\ . ® G, =53 MPa S A * 0,=43 MPa
=1 v * 0,=72MPa = ® 0,=57 MPa
B A * 0,=98 MPa 103F ° o 0,=78 MPa
103 v v
. o 0, =130 MPa 0,=108 MPa
2 1
10? : 10 —
1x1073 0.005 1x1073 0.005
Pifzdim Pifed/m
4
(a) SRS FRIEMILE (a) O AR AR
100  ——initial 100 F —jnivial
——0,=20 MPa . ——05,=20 MPa
< —— G, =26 MPa g g0 | % =25 MPa
;\9\ 80 ——0,=30 MPa g —4—0,=27 MPa
- —&—0,=29 MPa
& —A—0,=33 MPa v
m | —¥0,=35MPa mﬁ 60 |-—¥—0,=33 MPa
g 60 ©,=42 MPa i —*—0,=36 MPa
= —%—G,=53 MPa g ——0,=43 MPa
2 oL ——o,=12MPa 40 F——0,=57 MPa
Gl —0,=98 MPa :ﬁl —<0,=78 MPa
& ——0,=130 MPa ® —+—0,=108 MPa
ﬁ 20 B 20 - e fractal psd
T <
<
0
210+ 0.005 1.4x107

BiBdIm
(b) FEFR L

[ 4 #BHEA 2 WEERECHLZ

Fig. 4 Evolution of particle-size distribution using configuration 2
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Fig. 5 Evolution of particle-size distribution using configuration 3
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Fig. 8 One-dimensional normal compression curves
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Fig. 11 Rose diagrams of contact orientation anisotropy
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Fig. 13 Rose diagrams of four configuration samples in post-tests
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