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Plastic zone distribution and main controlling factors analysis of large mining

height face in steeply dipping coal seam

ZHANG Hao'?, WU Yongping'?, XIE Panshi'?

(1.School of Mineral Engineering, Xi’an University of Science and Technology, Xi’an 710054, China;
2.Key Laboratory of Western Mine Exploitation and Hazard Prevention Ministry of Education, Xi’an 710054, China)

Abstract: Coal wall of large mining height face in steeply dipping coal seam has large free height, wide free movement space and poor
self-stabilization balance, coal wall is not an isolated body in the face, it can form a load-bearing structure with the surrounding rock, sup-
ports and other mediators, and the mining behavior is closely linked. The dip angle effect can easily promote the dissimilation of the coal
wall bearing environment, complicate its response behavior, increase the difficulty of coal wall and surrounding rock stability control, and
restrict the safe and efficient production of the face. In order to solve the problem of coal wall stability control of large mining height face
in steeply dipping coal seam, theoretical analysis and numerical calculation are comprehensively used for research. The stress in the plastic
zone of large mining height face in steeply dipping coal seam increases exponentially, there is an asymmetric arch residual stress influence
zone in the vicinity of the coal wall, the plastic zone breadth is dissimilated in different regions, and the width from large to small is the up-
per, middle and lower part, and the distribution pattern is in the shape of stepped arch, coal in the plastic zone bears repeated pressure, and
will be enhanced with the expansion of plastic zone. As the mining height increases, the residual abutment pressure near the coal wall de-
creases, the compressive strength, displacement value and disturbed range of the coal in front of the coal wall will increase. The stress and

transport of the coal wall under the dip angle effect develop in a zonal manner, in which the stress distribution is lower> upper> middle,
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while for the displacement is middle> upper> lower. In addition, the working face inclination under the oblique angle will lead to the trans-

formation of the coal wall instability mode, when the oblique angle is large, the dip angle of face is small, the compression component of

abutment pressure is enhanced, and the external convex spalling mainly occurs. On the contrary, it’s the sliding instability under the coup-

ling of mining stress and self weight. The comprehensive analysis shows that the coal wall mining behavior is regionally heterogeneous

under the coupling effect of dip angle and mining height, and because the stress unloading and migration in the middle and upper part of

the face are larger, therefore the two regions should be the key prevention and control areas for coal wall instability of large mining height

face in steeply dipping panel.

Key words: steeply dipping; large mining height; three-dimensional model; coal wall stability; plasticity area
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Table 1 Mechanical parameters of coal and rock

™ Pplp S PR, FR AN/
GPa MPa MPa
B 2 0.35 1.1 0.8
REE S 1 0.30 0.8 0.6
KA E RLBRRD 2 0.26 L1 0.8
PRERER e 12 0.31 0.9 1.0
IR ERTE 14 0.24 2.0 1.8

2 KRS TEREEX S

2.1 BUYRMASH

A A 2 IR i3 LA T2 T SRIE B
KeaE X, A T AR G = 4k Ry A A5 SRR,
b A SR 2 X N B, T 7E DL i 8 v Bl 2 A £,
T T LA iR A A P, (A5 0T 2825 2 1) T AR T i 7
ARG B IV SRR T SRR T, T SRR ) AR 4 i
T e e RE RN AR 2R, R A AR AR TR B Mk,

FHAEHERE T J5 — 52 Y5 R B AL X, HABE X
OPART RE 22 BB TAR AL AN R R R (181 3) . #h
TIVEARIE AT A TR A, BRI AL B 2 Fp 2k R
R, DRI 2B DX S A 08 3 PRy AR K 2 o 2 Ak
TR, ARIEVERER AL, AT SOR IS Z AR,
A 55 (o T HAE R AR AACIE W T 23 ) B HE R 20K

HBEX X

(a) [FI3% 25 m (b) [FIR 45 m

3 RMUAARE TIEEE W2 XER
Fig.3 Evolution of strike plastic zone of large mining height

face in steeply dipping coal seam
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Fig.8 Variation curves of abutment pressure and plastic zone under different mining conditions
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Fig.9 Stress and displacement curves of coal with different
mining heights
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Fig.11 Distribution law of rib mechanical behavior of large

mining height face in steeply dipping coal seam
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