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Fig. 1 The 3D physical model of bottom draw
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Fig. 2 Limestone particles of different size and labeled markers: (a) [3, 8) mm; (b) [8, 16) mm; (c) [16, 25) mm; (d) [25, 45) mm; (e)

Labeled markers
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Fig. 3 Particle size distribution curves in physical draw tests
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Fig. 4 Longitudinal profiles of the IEZ’s shapes in three physical draw tests: (a) Fine particle group; (b) Medium particle group; (c)
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Fig. 5 Fitting curves between the height and maximal radius of

IEZ in three physical draw tests
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Fig. 7 Schematic 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
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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

2.2 AR ILIE

SN B AR VG 30 528 %o T ok AR R e, A
YT B R 30 A (B 8) I R ~F K x B <
=30x30x50 m’; BRI R I T O6 I LR IR
IR 18] A2 0% 1R A B 10, AR YRR - PRC
B A WP AR R (Rigid Block Model)PAE i
TRRHERL L PR R A0 7R = A RS D )
BB B S S HUA TR, FFARYER 1 PR
AT e 2% e B o DY 4 5 R 6 P BT AS TR B
HOIEIRESETN g =

A

Triangular pyramid type ~ Symmetrical type  Slender type

v
N
$
S
Nq/ /

8 JH AR SR Y

Fig. 8 Model used in numerical draw tests

R HE KR ITGRRT, Bhgi IR A
FIUE RO 5 25 HERUA 22 b A [R] i B2 1 25 B 2 (Void
ratio) A1 41 ki ~F #5) FiC A7 % (Average coordination
number); A IR, g FISH F2 5 SEm)
SOE AR 2 O AR TS, Girt Hom JE i K
TR HRERIERESS 1.2 Wi
B REORSF — 8 Z =8 50 m {1k
™o DUZH T K il 50 b i A 55 91 1 A 1) 48
MZHHUE WK 2.



% 3x BE 00 H
Volume 3x Number 00

TEHEERFR

The Chinese Journal of Nonferrous Metals

202x 4F 00 H
Nooooooo 202x

2 RS NIPES R4S H

Table 2 Meso-parameters of walls and rigid blocks

Wall Rigid block
Normal stiffness Shear stiffness Friction Normal stiffness Shear stiffness Density Friction
/(N-m™) J(N-m™) coefficient /(N-m™) J(N-m™) J(kg'm™) coefficient
5x10’ 5x10’ 0.50 3x10’ 3x10’ 2620 0.50
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Fig. 9 The shapes of IEZs with the height of 50 m in four numerical draw tests: (a) Numerical draw test 1; (b) Numerical draw test 2;

(¢) Numerical draw test 3; (d) Numerical draw test 4
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of IEZ in four numerical draw tests
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Research on 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 Mine, 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: 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: 1) In the range of different particle size distribution values studied, the larger the average particle size is, the
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larger the IEZ’s maximal width is. 2) 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. 3) 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
1IEZ’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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