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Fig. 4 Longitudinal profiles of IEZ’ s shapes in three physical draw tests: (a) Fine particle group; (b) Medium particle
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Fig. 7 Schematic diagrams of four numerical draw tests under different spatial distributions of caved ore and rock:

(a) Numerical draw test 1; (b) Numerical draw test 2; (¢) Numerical draw test 3; (d) Numerical draw test 4



2438 T A e E SR

2022 £ 8 H

JE 2R T 48 it 5 1 3 Hp 40 o 2 s v SR 2 )
FERIL— 8, H5 R P ER S 1:25 AL
DRk, O™ 25 R 56 H 1 SR B 5 ) Gn % 1 T
R P ERE D=0.0149 mx25=0.3725 m.
o, R 1B S e R R B AR A — B, B
AN TR B () SR AT = b SRR HL Y 50 4 A (O
Kl 7(a)), FILMSGIGO BUE R B R TSV %t
R, R 2 He AN R PR RO o 2 S HEAR

BI51 5y A (LB 7(b))s RS 3 RIS 4 oA ] B
SORE (14 23 (8] 43 AR B R 20 500 1 o AR TR (L
B 7 () AR IR IE R (UL 7)) I b B SR HERR 7 =K

22 HERWIIIZ

DB AR DY S 320 S8R TR I RR ) s, AR
T BSR4 2 (O ] &) R ST K x B x 1y 2 30
m>30 mx50 m; BRI RO [ T o vk s (it
SUREL ) A2 8 1T B 010, O ISR F PRC 3
eF () 1) 4 B 44 A% 78 (Rigid block model) POV Bl = 45
HERL L HAR Y R A 2R =P AN K0 D1 B A A5 41
OB B A HUAR TR, JRIRYE R 1 o BUkL e
SR IC A DU 2H 5 5 B R AS (R BB R A 1 B
.

RSO BE IR 46T, B Rg IR EA)
J8 RIURE 15 25 HE B 2 b AN (] 1wy B2 0 78 B %2 (Void
ratio) £ $51 K 1 35 FC fi7 X (Average coordination
number); W EFEF, I8 YwPF FISH 27 KR

F1 VUL O Hi A a6 o ) Rk B i 4 Fic
Table 1 Particle size distributions in four numerical draw

tests

Particle size/m Cumulative mass fraction/%

0.20 3.53
0.30 15.75
0.40 34.74
0.50 55.75
0.60 74.00
0.70 86.86
0.80 94.34
0.90 97.93
1.00 100.00

AN F N ZIH TR RIS, et Hewm BEN B oK 98 2
SEE HRBIE Y S 1.2 55 Frid sy Yyt
K FEORFF— 20 T80 A 50 m N A 1R AT
VU A0 B 1k 6 s - 55 DI B A F) 240 0 2 40
ERE2.

2.3 BEREERSH

VUL BRI 25 m AT AR S48
MR G BUA T IR PR AU FE R A
ST TR EE 20 W AN [ RORE HE R K 22 f B V&5 AL
P

1) TR ATE AR A B

N T REBHER, RRBERE RS

50m

Triangular pyramid type ~Symmetrical type

Slender type

_v

S
7 30m, S
El8 iy B ki A

Fig. 8 Model used in numerical draw tests



B3 EHH W, S BTN SIPUR A B R SR 2439

I 1 R A S5 A R 3 T R 52 B s 8 T 4 2 1] T
. EI9A10 475 9 VU H A 208 58 B 19 = 2
50 m I (RS HHAA T 25 DA B0 A 151 FE 5 e AR U
Ak Bkt OBV IR 1R ok AR ) B R S
FIT A T80 AR T 25 (0L 1] 9(a) AT I 4(b)) M HL e i 5 8
KA Z ] TE 58 R (LB 10 H i) 38 g il 2 A ]
St tah£R), wRLRI: RS EUE IR
S EARIG 45 FREEAR 5, BPIER T AR B
TR S AH B AW Z BB I T 5E 1 . TE LR
XoF AN [ BRURE HE AR A 22T 10 DU 2H T80 5 A 5 25
e, B 10 A% PO U BRI BT A 0 Ak g
5 R 2 a5 2 ()R R RO R
PAAEE RP KT 0.996. 4780 H A i 5 A /N (A
20 m), FURLEE SEHERAR B R EUE R 2 BT
REREROR, 0K AR MER A RN I H AR = A
RIS FIT A9 I HH AA B P A — s T 28 R A v B AR
KBS (50 m), BRI 2 BT 157550 H 1R 58 B B /)

=2 RS NIESAR G S KL

Table 2 Meso-parameters of walls and rigid blocks

HOE XL 4 BT A TSR AR B8 Bz, BUE S 1 AN 3
B AR A B8 P e k. B 9 T i R [ SR HEAN
2T B RS 1. 3704 s b Ak 1y 2 450 Bk
W, HIEATLEZEZRN; MBRE SRR RT
BUE RS 2 BT/ AR 2« R K /N BEALE
BIKMTE

TEFIFHE 9 e A et B, e A
[FIHERA 77 QT TS AR A R TR A 1 22 e, 28T
A v FEE AL /N AT 6] S A T S s ma ), 4
THPU2H 3 BUE R I8 BT 15 30~50 m i B 30 H A 1Y) B
B BT m L 1), T EE UL, B
SE S AR TR AR 1/2 v FE T E I v R
IKFE (U 50 mos BESCHEAA “ w825 m), H
LG5 H7 AR AETBOH AR TE A N ) 5 B . FH I 11
AR, BUEREE 1. 3804 BT A3 A e K 58 B i/
REEYIR T AR =2k, B IR AR
B EAER A — ORISR T/ R 1

Material Normal stiffness/(N-m™) Shear stiffness/(N-m™)  Density/(kg-m™) Friction coefficient
Wall 5%107 5%10’ - 0.50
Rigid block 3x10’ 3x107 2620 0.50

B9 DU BB R KT 75 L 50 m I TS AR TR &

(a) H i i

Fig. 9 Shapes of IEZs with height of 50 m in four numerical draw tests: (a) Numerical draw test 1; (b) Numerical draw test

2; (c) Numerical draw test 3; (d) Numerical draw test 4
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Flow characteristics of caved ore and rock based on
inhomogeneous particle size distribution

SUN Hao'"?, ZHU Dong-feng"?, JIN Ai-bing"?, YIN Ze-song" >

(1. Key Laboratory of Ministry of Education for Efficient Mining and Safety of Metal Mines,
University of Science and Technology Beijing, Beijing 100083, China;
2. School of Civil and Resources Engineering, University of Science and Technology Beijing,
Beijing 100083, China)

Abstract: In order to reveal the migration and evolution mechanism of caved ore and rock under the condition of
inhomogeneous particle size distribution, a series of physical and numerical draw experiments were carried out to
study the flow characteristics of caved ore and rock. The flow characteristics of caved ore and rock were
quantitatively studied under different particle size distributions and particle packing systems from the aspects of
the IEZ’s shape change law, void ratio, the average coordination number and its probability distribution of caved
ore and rock. The main research results prove that, in the range of different particle size distribution values studied,
the larger the average particle size is, the larger the IEZ’s maximal width is. The void ratio of packing system of
caved ore and rock increases with the increase of spatial height, while the average coordination number of particles
decreases with the increase of spatial height. The probability distribution of the particle average coordination
number conforms to the Gaussian distribution, and the average coordination number of particles in the peak range
is about 7—11. With the change of packing state from natural packing to dense packing, the anisotropy degree of
the packing system of caved ore and rock becomes greater, the IEZ’s shape changes from the upside down drop
shape to the normal drop shape, and the IEZ’s maximal width is smaller, which can provide a strong support for
the establishment of a unified IEZ characterization model based on the structural characteristics of particle system
of caved ore and rock.

Key words: draw; inhomogeneous particle size; packing pattern; caved ore and rock; flow characteristics; rigid
block model
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