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Fig. 1
shrinkage method

Numerical test model of synchronous filling
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Table 1 Mechanical parameters of wall and initial ore particles
Wall Initial particle
Shear stiffness/ Normal stiffness/ Friction coefficient/  Normal stiffness/ Shear stiffness/ Friction  Density/ Radius/
(N'm ™" (N'm ™" (N'm ™" (N'm ™" (N'm ™" coefficient (kg'm™) m
1X10 1X10’ 0.5 5% 107 5% 107 0.3 2800 0.008
x2 WMERNIIY¥SH
Table 2 Mechanical parameters of isolation layer
Normal Shear .
_Shear Normal stiffness of stiffness of Density/ Friction Elastic Radius/
stiffness/ stiffness/ 3 . modulus of
(N'm™) (N'm™) parallel bond/ parallel bond/ (kgm °)  coefficient arallel bond/Pa m
(N (N b
1x10’ 1X10’ 1X10° 1X10° 2000 0.4 5% 107 0.0015
&3 U ABRK S
Table 3 Mechanical parameters of ore particles
Shear stiffness/ Normal stiffness/ Friction Rolling resistance Density/  Radius/
(N'm ™" (N'm ™" coefficient coefficient (kg'm™) m
5% 107 5% 107 0.5 0.5 2800 0.008
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Fig. 2 Schematic diagram of force chain structure
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Fig. 3 Schematic diagram of force chain angle
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Fig. 4 Identification process of force chain
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Fig. 5 Macroscopic distribution characteristics of force chain
(e) Twelfth draw; (f) Fifteenth draw
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Fig. 6 Percentage of strong contact and force chain
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Fig. 7 Change law of force chains number in bulk medium

system during ore drawing
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Probability distribution of force chains with

different lengths
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Fig. 10 Evolution law of force chain strength
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Fig. 12 Evolution law of force chain direction: (a) First
draw; (b) Third draw; (c) Sixth draw; (d) Ninth draw; (e)
Twelfth draw; (f) Fifteenth draw
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Table 4 Fitting results of direction distribution of force

chain during 1—8 th ore drawing process

Draw No. fo ay O,
1 1.00 0.37 94.57
2 1.00 0.4 98.52
3 1.00 0.42 95.4
4 1.00 0.39 90.58
5 1.00 0.43 90.48
6 1.00 0.37 93.43
7 1.00 0.30 96.02
8 1.00 0.37 94.57
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Table 5 Fitting results of direction distribution of force

chain during 9—15 th ore drawing process

Draw No. fo a, 0,
9 1.00 0.29 12.78
10 1.00 0.41 11.90
11 1.00 0.57 14.48
12 1.00 0.45 14.11
13 1.00 0.75 14.47
14 1.00 0.69 14.86
15 1.00 0.66 14.57
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Fig. 13 Change law of collimation coefficient of force

chains
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Simulation on evolution characteristics of force chain in
granular ore rock with single funnel under flexible isolation layer

CHEN Qing-fa, QIN Shi-kang. YANG Cheng-ye

(School of Resources, Environment and Materials, Guangxi University, Nanning 530004, China)

Abstract: It is of great significance to carry out the simulation on the evolution characteristics of the force chain in
granular ore rock with a single funnel under a flexible isolation layer so as to further reveal the internal mechanism
of the flow law of the granular medium under the flexible isolation layer. Based on the numerical test model of the
mass draw and synchronous filling with shrinkage stoping method, the evolution characteristics of the force chain
length, quantity, intensity, direction and collinear coefficient in the granular medium system with a single funnel
during ore drawing process are quantitatively studied by using the powerful data processing and image output
functions of PFC and combining with the relevant knowledge of contact mechanics and statistical mechanics. The
results show that in the ore drawing process with a single funnel under a flexible isolation layer, the ratio of strong
contact gradually decreases from 37% to 32% with the increase of ore drawing times, and gradually remains stable
in the later stage of ore drawing. As a structure of strong contact self-organization, the contact ratio of force chain
contact is stable at about 17% in the ore drawing process. The total number of force chains gradually decreases
with the increase of the number of ore drawing, and stabilizes at about 810 in the later period of ore drawing. The
probability distribution of force chain length under different times of ore drawing is almost the same, which
decreases exponentially with the increase of the length of the force chain. The probability distribution of force
chain strength under different times of ore drawing firstly increases exponentially and then decreases exponentially,
and a peak value appears at 0.7 F (F is the average contact force). In the initial stage of ore drawing, the force
chain is mainly distributed along the vertical direction, and its distribution pattern is similar to that of peanut, with
the increase of ore particles sustained drawn, the direction of the force chain distribution from peanut shape
gradually into elliptical form eventually evolved into a petal shape form, and the main direction of force chain
distribution evolved from one to three (the vertical direction and the direction with +£30° angle to the horizontal
direction). The collimation coefficient of the force chain reached its peak after the 9th ore drawing, and then
gradually declined and remained stable.

Key words: flexible isolation layer; granular media; force chain; synchronous filling; discrete element
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