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coal and rock samples in goaf

1,2 < .1 . 4 P
ZHANG Cun"*?, ZHAO Yi-xin">, TU Shi-hao’, ZHANG Ton
b b b
(1. School of Energy & Mining Engineering, China University of Mining & Technology (Beijing), Beijing 100083, China; 2. Key

Laboratory of Safety and High-Efficiency Coal Mining, Ministry of Education, Anhui University of Science and Technology, Huainan
232001, China; 3. Beijing Key Laboratory for Precise Mining of Intergrown Energy and Resources, China University of Mining and

Technology (Beijing), Beijing 100083, China; 4. School of Mines, China University of Mining & Technology, Xuzhou 221116, China)
Abstract: During the compaction process of broken coal and rock mass in a caving zone, the re-breakage of the rock and coal
affects the compaction stress and pore characteristics of the caving zone. In this study, a discrete element numerical simulation
of a broken coal and rock sample (BCRS) based on the bonded particle model is carried out to study the evolution
characteristics of stress, strain and breakage during its compaction. The influence of coal-rock combination ratio and structure
on the breakage and compaction characteristics of BCRS is analyzed. The stress—strain curve of the BCRS during compaction
can be divided into two stages with the maximum vertical strain ¢,,, and the stress models for these stages are given. When the
strain exceeds ¢,, the stress increases linearly, and the slope of the straight line is proportional to the proportion of rock
practices in the BCRS. But the proportion of rock practices has little effect on the ¢,. With the increase of strain, the breaking
rate of BCRS increases in an S-shaped manner. When the strain is greater than ¢,,, the coal and rock practices will be basically
no longer broken. Under the same coal-rock ratio, the coal-rock combination structure has a great influence on the breaking rate
of the BCRS. In the loading process of BCRS, the broken coal practices take precedence over the broken rock ones, and then
produce stress relief and filling effect on the surrounding broken rock particles, which greatly reduces the breaking rate of rock
samples. Finally, the fitting model for breaking rate-strain of ____

composite BCRS is given, and the strain at the maximum E&WH: EZRESFRIRITH (2018YFC0604701); EZK HAFR
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breaking rate.
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Table 1 Numerical simulation parameters of breaking coal and rock mass
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Fig. 1 llustration of two particle breakage simulation methods
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Fig. 2 Micro-parameters and illustration of yielding process for

micro-bonding®"
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Fig. 3 Comparison between laboratory and numerical simulation

of coal and rock mass UCS tests
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Fig. 4 Generation steps of broken coal and rock samples
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Table 2 Coal-rock ratio of broken coal and rock sample model
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Fig. 5 Composite structure of broken coal and rock samples
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Fig. 6 Stress-strain curves of broken coal and rock samples with

different strengths
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Fig. 7 Effects of ¢, and E, on stress-strain curves
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Table 3 Fitting results of stress-strain curves of broken coal and

rock samples
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Fig. 9 Evolution of B in BCRSs with different coal-rock ratios
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Table 5 Breaking rate-strain fitting results of broken coal and rock

samples with different coal-rock ratios
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