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Analysis of landslide mechanisms of the southern red bed slope in the No.2
opencast coal mine in eastern Shengli coal field

FAN Zhiyong® ZHOU Yang' LIU Xiaoyu' LI Shihai® ZHANG Xin?
(1. Key Laboratory for Mechanics in Fluid Solid Coupling Systems  Institute of Mechanics Chinese Academy of Sciences Beijing
100190 China 2. Inner Mongolia Datang International Xilinhaote Mining Co. Ltd. Xilinhaote Inner Mongolia 026000 China)

Abstract Sliding mechanisms have been studied for the series of the landslides of the southern red bed slope in
the No.2 opencast coal mine in eastern Shengli coal field. The geological exploration is used to determine the
distribution of the faults and the properties of the strata. By field survey and comparison of the four images
photographed by an unmanned aerial vehicle the deformation and failure characteristics of every landslide area are
analyzed phenomenally. Using the monitoring data of the GPS the deformation characteristics of the two large
landslides are analyzed quantitatively. Combined with boreholes’ information the slip face of the deforming area
is obtained. Based on the generalization of the stratum structure and the effect of water a physical model
experiment is made to qualitatively explore the failure evolution mechanisms of the southern red bed landslide.
The research shows that the watertight property of the F68 fault the different deformation between the sandstone
layers and mudstone layers and the distribution of lots of weak layers with low shear strength in the southern slope
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are the primary geological factors resulting in the series of the landslides the increase of the rainfall intensity
aggravates the deformation of the southern slope. In fact Sandstone and mudstone belong to hard rock and soft
rock respectively and the mudstone softens easily when encountering water because of the different deformation
of sandstone and mudstone the steep joints in the sandstone become open and then the surface water infiltrates
easier besides the groundwater cannot dissipate in the F68 fault. All of the above reasons cause the ulceration at
the toe of the slope and the formation of the fracture zones on the surface of the slope. Under the condition of the
rainstorm plenty of rainwater infiltrates and softens the weak layers the higher seepage water pressureexists in the
weak layers and the hydrostatic pressure forms in the fracture zones consequently leading to the multistage
““horizontal-pushing-type~~landslides.

Key words slope engineering opencast coal mine model experiment evolution mechanisms
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Fig.3 Strata for the 37th profile of the southern slope
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Table 1 The shear strength of each stratum
(g - cm ) IkPa 16
16.5 215 31.1
185 20.0 333 \
185 774 21.0
( ) 22.0 102.9 23.4
( ) 21.6 148.3 25.1
( ) 22.0 1725 243
4
6 ) 13.1 413.7 21.8 ] )
Fig.4 The shear deformation of the southern slope
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Table 2 Series of landslides of the southern slope
3 / EW xSN /
/(104 m?)
m (mxm)
3.1 1 20110516 960 280x110 20
2 20110822 912 948 320x180 120
2011 3 20111006 924 250100 15
10 4 20111107 912 984 150%x200 40
5 20120728 860 900 400350 60
2011 2 900 m 6 20120816 912 1040 800x500 2000
02m 7 20130816 940 1130 1620x1800 8500
130 m( 4)
7 2 5 18 m( 5)
2
2011 1 2f 2011 11 2012 10
2012 7 28 60 a 6
8 16 1* 924 m
2000 m° 2013 8 16
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Fig.9 Failure of rolled road in the west of the loose mass

3.3 GPS
GPS(Global Position System)

[15]

GPS
10 10 11 2012
L3 ‘8 _ 16’ £
CL26 CL112
2012 8
0 0.05m/d
9 8
11m/d
0.3m/d CL26
47 m
CL142
CL104 cLi17  CLI35
CL136 CL109 CL115
CL156
RN CREY.
10

Fig.10 Distribution of the monitoring points

2013 ““8-167~

50
40 - n CL26
aCL112
E 30t
20
10 +
() AT 1 1 1 1 IJI 1 1 |
O O O W 0 O o W O 0 0 W O o0
O O O O O O O O O O O O O o
9] d 0 ® ¥ LD O K ®» O O AN
— 4 O O O O ©O O O O O A A
4 9 ] NN &N 8§ N
oA A A A A A A A d A A
O O O O O O O O O ©O O O 9O o
N § I AN QNN

A
S
|



35 2 * 4069 »

Lof o 11 CL109 CL117 CL135
ogf  wcL2s L CL115
0k  acLu2 &

~ A 05 0.6mid

= 0.7F Ay

* 06 ' 2014 3 CL135

3

| : 6am 2* CL142 CL136 CL156
041
03} ; 10
02r N 20m CL104

2013 11 7 2014 1

o o
(=l
’

o0 O O ©® 0 O O W 0 W W W W
O O O O O O O O O O O o o o
A N d N MO I 1 © I~ 00 O O «Hd N 7
== S I S S IS R R S IS S R R N R
SS8cgggocoss oo 88
N & ] d Jdd d N d N 7(3) (b)
1*
(b) —
CL135
11 2012 — 0 01m/d
. . . . A m
Fig.11 Displacement-time and speed-time curves of the
monitoring points of the large landslide in 2012
11 4
i
09} " CL26 A
08} acCL112 e 13 1" of
0.7+ A:
E o6l - 3
0.5 N 92% 100%
04 ] “
03} s RQD 1
02Ff . RQD = 30% 60% 954.37
g-;" l 962.67 m 2" 1 018.90
sg8g88885888¢8¢8¢8 1021.40 m RQD = 60%
-1 4 O O O O O O O O O « «d -
— 4 N N N N N N N N N N NN
B B e B B B B B B B e B B B B |
O O O O O O O O O O O o N o 3
N N N NN NN NN N NN N
@ —
097
= CL109 4
081 ecL117 4
07+ 4CL135 ot a
* CL115
=08 sl
' 05F  XCL136 o#
£
< gub *CL156
v CL104
0.3r
0.2f
0.1f
0'01\ N~ T~ I~ I~ > 'S N~ 5
[eNeoNeoNoNoNeoNeoNoNoNoNoloNoNoho el RoloNo)
VOO AT NTdANMNMITLW OO 4N dNM
OO d 11000000000 dddOoO OO
N AN NANNOOOOOHOOOOHOOHOOHOMO S I
Dl =l I I I A= I = I = A B = A = I = = A = B B M
[cNeoNeoNoNoNoNeoNoNeoNoNoNoNoNeoNo oo lNolNoNo)
N AN AN ANNAN NN NNNNNNNNNNNN
[16]
(b) —
12 2013

Fig.12 Displacement-time and speed-time curves of the
monitoring points of the large landslide in 2013

2012
2013 9



* 4070 «

2016

BB =y ipad
i 2 :2:'*.‘_"4.:’7 Hit Bim RODI% *5,
= |®mRs|omar| 9 100
= MmubE | 97487 | 80 93
E -1 | #% [sms1| w0 100
= [\| s | omoer | 0 100
E—1 | ®BE | %737 %2 100
L) | A | 96597 | 100 93
=1 | ®Be [2e7| o5 97
. " 9%1.57| 50 100
K [ BRHEE | %6067 | 85 100
" 95047 | 30 100
— ®E | 95817 %0 92
= B |95557| 60 100
- BE |9sa17| %0 100
3 95437 | 50 100
‘A |94827| 9 100
BBE | Mes7| 95 100
®E | 9357 90 100
wod || 9 100
- ®E |28 92 100
@1
W | oEn | At J}ﬁ: ROD /% 4;;;)1{1
= W1 |1058.80 5 99
o it (104350 100 100
0 | [ |104200 g0 93
= P |1041.50| 95 100
- - || s | 10407 | 65 94
=——=l///| ¥ 103900 95 100
B Wb 1103770 80 100
= I 103640 | 90 100
gifber 1103520 80 92
— W 1102690 95 98
::: M 102370 65 94
/)| w 102140 100 100
| /| A 101890 60 100
Ko L2/ e [101630] o5 100
/)| iz |1015.80| 95 100
_7 A 1101540 100 100
=== g 101448 | 100 100
(b) 2*
13 37"

Fig.13 Borehole diagrams of the profile #37

37"

14

1

605

(b)

14
Fig.14 The experimental model of the landslide

5.1
)
3
2cm
lcm
6= 18< 21cm
F68 b5<
(2)
6 cmx3 cm
3
3
Table 3 Soil parameters in the experiment
/ / / /
(kg - m 3) kPa (F (m-s b
1450 0 31.2 3.69x10 °
1390 0 255 3.12x10 °
1210 0 40.6 2.01x10 °
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