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Analysis of failure mode and deformation evolution characteristics of slopes under

the influence of highwall mining

WANG Wencai, LI Junpeng, WANG Chuangye, CHEN Shijiang, WANG Peng
(Institute of Mining, Inner Mongolia University of Science and Technology, Baotou 014010, China)

Abstract: The slope has the typical deformation failure and instability characteristics under the interaction of natural and human factors
which has been given a lot of attention in geotechnical and mining engineering. During highwall mining, in particular, deformation evolu-
tion characteristics and failure mode are more complex under dual influence of open pit mine and underground mine. Physical modelling is
an important means to study the characteristics and behavior of deformation and evolution of various types of rock and soil mass, and it is
also an important supplement to the field study of large-scale rock and soil mass. It is widely used in mines and geotechnical engineering.
The determination of the material used for physical modeling is the foundation and key links of research. Therefore, the article firstly se-
lected river sand/aggregate, lime and gypsum/cemented material as the experimental materials through the relevant literature review and
based on the principle of economic and convenience, and adopted two proportioning schemes to make standard specimens. The uniaxial

compression test was carried out to compare and analyze the strength of the original rock, and it was determined that the scheme 2 could be
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used as the research scaling number of the physical modelling; Secondly, on the basis of determining the material proportion, the physical
and structural model of highwall mining is established, and the analysis shows that the evolution characteristics of slope deformation and
failure in the process of highwall mining can be divided into superficial transformation stage, structural transformation stage and aging de-
formation stage, the deformed and damaged rock mass can be divided into “vertical three zones”, namely caved zone, fractured zone and
continuous bending zone. According to the length of the panel, the coal seam can be divided into three stages: initial stage, middle stage
and final stage. The lower coal seam can be divided into two stages: the initial stage and the final stage. The evolution of the slope rock
mass due to the extraction of the upper coal seam to the stopping line is characterized by the formation of subsidence faded areas along the
center of the goaf to both sides, and finally a symmetrical distribution of semi-“pyramid” shape is formed. The rock mass that is deformed
and damaged due to the extraction of the lower seam to the mining stop line is in a semi-curve-like shape; Finally, based on the analysis of
physical modelling and field monitoring, it is concluded that when the upper coal seam of the highwall coal seam is mined to about 120 m,
the slope shows a slight instability. When the lower coal seam is mined to about 120 m, the goaf between the upper and lower coal seams is

connected, and the instability is intensified until the mining reaches the stopping line. In the upper part of the slope, 1 400 step forms a loc-

al collapse instability zone pointing to the open-pit, while the rest of the step are anti-dip instability pointing to the goaf.

Key words: slope stability; slope instability; material proportion; subsidence faded area; collapse instability; anti-dip instability
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Fig.1 Specimen model
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Table 1 No. 1 similar material ratio

. o PR /g
ok i b — - —
YD KE# arEe
DA 1037 105 3.15 7.35
el ey 1046 105 420 6.30
i 1055 105 5.25 5.25
k= 1073 105 7.36 3.14

W 1037258 BT A MR A 10+1=116y, Hpiavb S 10/11,
KEBFAE G111, 3TRIEK /RS MR 100y, KAK L
3/10, AEL7/10,

Rx2 2 SHEMUMBIELL

Table 2 No. 2 similar material ratio

. MR /g
i [[Ria=s — =
bERaS Kk AE
MR A 873 102.9 9.04 3.86
kA 773 101.3 10.13 434
i 673 99.26 11.58 4.96
WabA 564 96.50 11.58 7.72
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®3 1 SHOMREKEEEREER
Table 3 Strength test results of No. 1 similar material

model specimens

oy [ia=2 P H R EE/MPa PR EE/MPa
ik 1037 0.037 4 0.001 8
thihs 1046 0.099 1 0.004 6
gl 1055 0.047 8 0.002 6
WA 1073 0.094 5 0.004 1
FHE — 0.069 7 0.003 3

®4 2 SHEOPRREK 4R ERIE R
Table 4 Strength test results of No. 2 similar material

model specimens

ik A2 PR EE/MPa BRI B /MPa
ik 873 0.063 2 0.003 0
b 773 0.136 5 0.006 3
e 673 0.098 7 0.005 3
) 564 0.146 1 0.006 4
T — 0.1111 0.005 3

RS5 WULEEERNFER

Table 5 Main rock mechanics indexes of mines

oy B /M Pa BRI EE/MPa
Litkzes 18.70 0.910
b 39.60 1.830
il 28.70 1.550
bistiEey 4250 1.850
FHME 32.38 1.540

*F6 HUWIFrEAANFIERBUE
Table 6 Similar values of main rock mechanics

indexes of mines

ik PR EE/MPa BUriREE/MPa
itk 0.093 5 0.004 55
b 0.198 0 0.009 15
gl 0.143 5 0.007 75
bty 02125 0.009 00
FAME 0.1619 0.007 70
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Table 7 Rock mechanical parameter

233 JEEE/m FHE/(kg'm ) RBUTR/GPa B J1/MPa PR £/(°) PR EE/MPa BLhIss EE/MPa
WAEib S 12.0 2000 24 2.50 38 13.70 0.620
ik es 36.0 2350 42 2.80 38 18.70 0.910
hibs 44.0 2380 4.0 2.90 39 39.60 1.830
ey 28.0 2400 4.4 3.20 40 28.70 1.550
Fitw 4.4 2355 1.2 0.50 40 4.65 0.295
4R 11.6 1330 1.4 1.62 36 3.98 0.200
W s 4.0 2360 1.3 0.50 39 3.43 0.217
hibs 39.0 2380 4.0 3.10 40 39.60 1.830
b 36.0 2 600 4.4 5.00 38 42.50 1.850
WRe 4.0 2300 1.3 0.40 38 1.80 0.273
9L 13.0 1330 1.4 1.62 39 3.98 0.200
EilFa 38.0 2 400 4.1 3.10 40 28.70 1.550

x8 AAtAUMHIELL

Table 8 Rock similar material ratio

i WS EE/m ERUREem W HEke  ABREke  KAWMREAg  AREE/em KB BE/(kgmd)
RALAD & 873 12 6.00 9.6 0.84 0.36 1.50 4 2.00
HLED & 873 36 18.0 15.04 1.316 564 2.00 9 2.35
b 773 44 22.0 15.12 1.512 0.648 2.00 11 2.38
EilEes 673 28 14.0 14.81 1.722 0.738 2.00 7 2.40
Kitwm  40:1:2 44 2.20 17.38 0.435 0.869 2.20 1 2.36
AR 40:1:2 11.6 5.80 25.83 0.646 1.292 5.80 1 133
WA 773 4.0 2.00 14.87 1.485 0.637 2.00 1 2.36
b 773 39 19.5 14.99 1.499 0.643 2.00 10 2.38
b 564 36 18.0 15.6 1.872 1.248 2.00 9 2.60
KA 40:1:2 4.0 2.00 15.41 0.385 0.770 2.00 1 2.30
9EHE  40:1:2 13 6.50 28.95 0.724 1.448 6.50 1 1.33
b 673 38 19.0 14.81 1.722 0.738 2.00 10 2.40

Ve P TRPRZ LG b AN AR, FTIAS. I AM BT R ORI AR PR, AR SIS R
WAL
7 W S S A WA B SRR R R, T A
ARTURBER e JRE A BB AL, R R TR, a7
B R CIEL 1), (A i de b3 i e A R 3 A8 Al

g
K6 ¥ sEMEA IRt K7 AN A E
Fig.6 Slope structure model and mining design Fig.7 Layout of slope measuring points
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Fig.16 Structural model of roof rock mass in mining of
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Fig.17 Caving rock structure model of lower coal seam mining
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Fig.18 Structural model of the upper and lower coal seam

overlying strata penetration zone
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Fig.19 Slope deformation failure structure model
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