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Abstract ; Due to the limitation of technology and safety factors,the end side slope angle of open-pit coal mine in Chi-
na is relatively low, which is only 20°-35° under normal circumstances , therefore , billions of tons of coal resources are
trapped under the end side slopes,and after the completion of internal drainage and reclamation, most of these trapped
resources will not be recovered. With the decrease of coal resources and the progress of mining technology , coal mining
is gradually transferring from shallow coal resources to deep coal resources and complex and difficult coal resources,
and more attention has been paid to the coal under end side slope and residual coal recovery in open pit coal mine.
Engineering practice shows that the mining technology of end-side shearer is a fast,flexible, safe, efficient , economical
and environmentally friendly end-side coal mining process in open pit coal mine. The essence of this technique is to
construct a series of roadways along the coal seam at the exposed position of the coal seam at the lower part of the
slope ,and the roadways are perpendicular to the slope. There is no support in the whole mining process,and the weight
of the overburden is supported by the supporting coal pillars retained between each roadway. As a result, the mining
effects of “surface mining” and “roadway mining” are superimposed and influenced each other,and finally formed a
dynamic complex system with diversified spatial forms. Once the supporting coal pillar is damaged , it is likely to induce
the chain instability of the pillar group,which will lead to the large area landslide at the end-side coal mining area.
Therefore , it is of great importance to ensure the safety of the mining area,and the stability of supporting coal pillar.
Slope is the key to ensure the safety of the mining area. To overcome the problems above,taking the end slope coal ex-
traction of an open-pit mine in Erdos area in China as the background,the influence of the superposition of “surface
mining” and “roadway group mining” ,which effects on slope stability,is investigated comprehensively. The 3DEC nu-
merical analysis model for the deformation and failure of rock and soil mass in the coalface of end slope under near-
horizontal condition is constructed , the deformation movement and stress distribution characteristics of overlying rock in
the whole process of coal mining are simulated. The research results show that according to the moving deformation
characteristics of rock and soil mass,the deformation and failure process of mining slope can be divided into four sta-
ges ;supergene transformation stage , structure modification stage , time-dependent deformation stage and final instability
(stability) stage. the structure modification stage is the critical stage of slope deformation and failure,and the upper
part is the key area of deformation and instability in the process of end-side coal mining,and the possible instability
modes are the circular sliding inside the bulk material or the bedding sliding along the soft rock layer. Through the re-
search , the formation process and evolution law of “distensible pressure arch” in the overlying strata of roadway groups
are revealed ,a method for the stability control of overburden rock of the coalface in end slope based on reasonable sup-
porting coal pillars reservation is presented,and a method for determining the size parameters of permanent isolation
pillar is established, finally ,the applicability of the theoretical formula is verified by numerical analysis and engineer-
ing practice.

Key words:end slope coal extraction ;strata movement ;slope stability ; supporting coal pillars ; resource recovery
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Table 1 Value of physical and mechanical parameters of rock and soil mass

itk W p/ (kg - m™Y)  ABUEER K/GPa JTUIE G /GPa  WEESEM @/ (°) BN C/MPa  BUHISRIE 0\, /MPa
EHITENIN /9= 1950 0.01 0.06 18.5 0.025 0. 007
YRR 7 2 350 19. 58 10. 90 29.0 17.520 1. 050
b BT A 2 300 11.35 6.48 25.5 12. 300 0. 890
HURLRD 5 2 240 21.20 14.27 28.5 22. 800 1. 850
T 2 440 5.85 1. 89 24.0 9.500 0. 150
HoRLRD A 2270 20. 65 13.55 30.2 18.750 1. 600
6 SHEZ 1 400 8. 90 2.38 26.3 8. 450 0. 200
9 SR 1 400 8. 90 2.38 26.3 8. 450 0. 200
WA 0= 2 520 25.65 15.20 32.4 25. 500 2. 000
x2 SHHEYENESH
Table 2 Physical and mechanical parameters of the structural plane
i HIRRE K, /(GPa - m™" ) YIMAIE K,/ (GPa - m™) WM ¢ /(°) A C/MPa  ILHIRE o, /MPa
EHITEY NS¢ 2.54 0.75 15.5 0. 005 0. 002
AR 7 12.32 1.04 20.3 1. 500 0. 130
W le 10. 53 1.15 18.1 1. 060 0. 100
itk TR 15. 40 2.05 21.0 1. 200 0. 200
Vi 8.75 0.78 17. 4 0. 800 0. 050
PRI A 9.39 1.98 21.5 1. 250 0. 180
6 FIHZE 5.78 0. 80 16.0 0. 150 0. 060
9 SIHZE 1. 40 0. 80 16.0 0.150 0. 060
Wi sE )2 18. 00 3.50 23.2 2.000 0.250
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Fig.2  Schematic diagram of stress and deformal

tion monitoring line arrangement of the mining slope
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Fig. 8 Vector diagram of vertical principal stress in

the supergene transformation stage
LRI SRR, VRS LA Y8 (2 s R
HARTERIAN Ty XA I, 7078 (A A IR X I ] 321
B AR N TR B R 1A B2 25 ) BB DR DX [ 38 O
) R B 22 8 A 13 PN iR R B K P
Fe 7, i B i 15 5% 39 B M sh S IR 1R G Bk B B
SIS B Bol Bes AR BT R T 9 FiR

S e A A AP s e
| ||

4 2 9 9 o 9 o 9 o o 9o o
G o= ] (=)} [>=] o~ o vy = o o —
e 8

BTN 13/102MPa
K9 gl B Be a8y v

Fig. 9 Vector diagram of maximum shear stress in
the structure modification stage
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Schematic diagram of “distensible pressure arch” formation process in the overlying strata of roadway groups
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Fig. 12 Vertical stress distribution characteristic curve of No. 6 monitoring point in each monitoring line of the mining slope
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