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Mechanism and control of slope instability slip induced by

overburden migration in side coal mining

LI Junpeng'?, WANG Wencai’, WANG Chuangye’, WU Xiangye’
(1.S8chool of Energy Engineering, Shanxi Institute of Technology, Shuozhou 036000, China; 2. Institute of Mining, Inner Mongolia University of
Science and Technology, Baotou 014010, China)
Abstract: Due to multiple factors, open pit mining will form a large amount of trapped coal on the side wall. With the end of internal dis-
charge and reclamation, these trapped resources will be permanently lost, resulting in great waste. In order to reduce resource waste, shaft
mining is widely used, but due to the typical deformation, failure and instability of slope, it brings great safety risks to the mining on the
side wall and seriously restricts the recovery of resources. Therefore, it is an important topic for geotechnical engineering and mining en-
gineering to clarify the sliding mechanism and control mechanism of mining slope under mining disturbance and guarantee the stability of

slope. In view of this, this paper comprehensively uses physical and numerical simulation, mechanical analysis and other means to study

%5 B #A: 2024-01-31 RXIGmEE: KB EERE: B DOI: 10.12438/cst.2024-0169
EE£TH: ILV9E HAABAILE TR B H (202403021222358); LLPH4 = 55 AR A3 98 Bhaot H (20241436); 1L PE 22 =5 )2 IR A ARG s 9%
B H (2024026005 )

YEE R : 505(1989—), B, ILVEHAIIHA, YHIE, 1+, E-mail: m15513345261@163.com
127


https://doi.org/10.12438/cst.2024-0169
https://doi.org/10.12438/cst.2024-0169
https://doi.org/10.12438/cst.2024-0169
mailto:m15513345261@163.com

2025 445 5 0] # 2 M FH K 5553 4%

the overburden migration law, the deformation and failure characteristics of mining slope, the instability sliding mechanism and its control
mechanism. The following innovative results have been achieved: The evolution law and formation mechanism of the failure form in the
“transverse three zones” of the mining slope are revealed, and the relationship between the failure and the coupling failure and instability
slip of the mining slope is clarified, and the phenomenon of “circular arc” sliding surface, shear slip zone and local instability slip of the
slope is easily caused by mining in the lower coal seam. The co-existent failure characteristics of step collapse and tensile and shear crack
of mining slope are obtained. A mechanical model of “masonry beam” of mining slope was established, and the dynamic evolution of “ma-
sonry beam” and the relationship between the rotation mechanism of key rock B and the instability and sliding of mining slope were re-
vealed. It is found that the main reasons for the sliding of mining slope are the repeated movement of the “masonry beam” structure, the
continuous forward movement of the “transverse three zones” structure, the horizontal thrust formed by the key block B's instability, and
the sliding mechanism of “mining cave-bedding creep—slope instability”. The control method of mining slope instability slip for con-
trolling the rotation of key rock block B of “masonry beam” is proposed and analyzed. It is concluded that the backfill pressure foot con-
trol method can effectively change the fracture degree of hinged rock block and inhibit the rotation of key rock block B on the basis of
curbing horizontal thrust transmission, and achieve the effective control of mining slope instability slip. Based on this, the engineering ap-

plication and verification are carried out, and the stability control system of mining slope is formed, which provides guarantee for the safe

and efficient recovery of side coal.

Key words: side coal; overburden migration; mining slope; masonry beam; backfill presser foot
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Fig.2 Slope deformation and failure diagram
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Table 1 Rock mechanical parameter

=k JELRE/m R/ (kgm ) U 4E/GPa P2R F1/MPa PIEESE /() PR/ MPa B/ MPa
RARRD 12.0 2000 24 2.50 38 13.70 0.62
bkt 36.0 2350 42 2.80 38 18.70 0.91
HEbE 44.0 2380 4.0 2.90 39 39.60 1.83
lires 28.0 2400 44 3.20 40 28.70 1.55
Ridw 4.4 2355 1.2 0.50 40 4.65 0.30
AR 11.6 1330 1.4 1.62 36 3.98 0.20
gy 4.0 2360 1.3 0.50 39 3.43 0.22
ERPey 39.0 2380 4.0 3.10 40 39.60 1.83
WibE 36.0 2600 4.4 5.00 38 42.50 1.85
RV 4.0 2300 1.3 0.40 38 1.80 0.27
95 13.0 1330 1.4 1.62 39 3.98 0.20
i) 38.0 2400 4.1 3.10 40 28.70 1.55

®2 HRMAMRIEL

Table 2 Rock similar material ratio

A WS EEm BREEem  Wike ABke  KEMke  EEEem KB EE(kgm?)
KA E 873 12.0 6.0 9.60 0.840 0.360 1.50 4 2.00
Hbs 873 36.0 18.0 15.04 1316 564.000 2.00 9 235
b 773 44.0 22.0 15.12 1.512 0.648 2.00 11 2.38
YiwbA 673 28.0 14.0 14.81 1.722 0.738 2.00 7 2.40
Fitw 4012 44 22 17.38 0.435 0.869 2.20 1 2.36
AR 4012 11.6 5.8 25.83 0.646 1.292 5.80 1 1.33
WS 773 4.0 2.0 14.87 1.485 0.637 2.00 1 2.36
b 773 39.0 19.5 14.99 1.499 0.643 2.00 10 2.38
bitEes 564 36.0 18.0 15.60 1.872 1.248 2.00 9 2.60
YRIe= 4012 4.0 2.0 15.41 0.385 0.770 2.00 1 2.30
O 4012 13.0 6.5 28.95 0.724 1.448 6.50 1 1.33
YiebE 673 38.0 19.0 14.81 1.722 0.738 2.00 10 2.40
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Fig.17 Structure model of roof rock mass in coal seam mining

under overlying goaf
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Fig.19 Overburden through model
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Fig.20 Slope deformation and failure model
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Table 3 Microparticle parameters of rock

a2 Wik 48 /m R (kg'm ) Hfif/MPa R L JEEFEE DR B B EE/MPa B S1/MPa PR £A (°)
WD & 0.5~0.85 2000 3000 2.12 0.517 1.92 0.80 23
Habs 0.5~0.85 2050 4800 2.20 0.517 3.90 1.82 26
b 0.5~0.85 2280 4700 2.15 0.517 4.40 2.20 22
gl 0.5~0.85 2400 4500 1.83 0.517 4.90 2.86 27
it 0.5 ~0.85 2013 1300 2.00 0.517 1.88 1.00 28
AR 0.5~0.85 1330 1000 1.20 0.517 1.40 0.89 19
W Eles 0.5~0.85 2060 1500 1.80 0.517 2.65 1.41 25
ERUEey 0.5~0.85 2300 4200 2.20 0.517 5.60 3.50 30
b 0.5~0.85 2540 4600 1.90 0.517 5.20 2.90 27
VRl 0.5~0.85 2100 1600 2.20 0.517 1.82 0.80 21
9S-I 0.5~0.85 1330 9500 2.12 0.517 1.70 0.90 17
glilees 0.5~0.85 2400 4500 1.83 0.517 4.90 2.86 27
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