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Dynamic formation mechanism of a karst landslide triggered by mining of

multiple-layer & shallow-seated coal seams
CUI Fangpengl’z, wuU Qiangl’z, LI Bin®, XIONG Chen'?, LIU Xinrong4, LI Jiangshanl’z, LIU Xiaoyul’2
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Research Center of Coal Mine Water Hazard Controlling, Beijing 100083, China; 3. Institute of Geo-mechanics, Chinese Academy of Geological Sciences,
Beijing 100081, China; 4.School of Civil Engineering, Chongqing University, Chongqing 400045, China)

Abstract: Catastrophic geo-hazards have occurred frequently in the karst areas of Southwestern China for these years because of internal,
external geologic processes and human engineering activities, which makes it urgently necessary to reveal their triggering mechanisms for
their consequences controlling. Detailed site geological investigation, full-scale block distinct-element-code modeling and related engin-
eering geological analysis were conducted to recognize main characteristics, controlling factors and dynamic formation mechanism of a so-
called underground mining-induced landslide. Results on the Pusa landslide show its dynamic formation is influenced by micro-landform,
rock strata types, rock mass structure, weathering, goaf, heavy rainfall and, especially blasting vibration during underground developing
and mining, i.e. controlling factor. Based on the numerical modeling, whole subsidence and clock-wise rotation are obvious characteristics

of deformation caused by the goaf and the heavy rainfall during pre-failure of the landslide. What’s more, the whole subsidence which was

Y78 B #3: 2022-01-01 FERE: AT DOI: 10.13199/j.cnki.cst.2022-0002
E&TH: BEE A RBlAR A YR H (42272335); ER B SHF LRI I H (2018YFC1504802)
EE R B0 (1979—), B, WRH £ A, BIZERZ, 1-E 20, E-mail: cuifp@cumtb.edu.cn
BIREE: & R (1995—), &, LA EHR A, 094, E-mail: xionge@student.cumtb.edu.cn
317


https://doi.org/10.13199/j.cnki.cst.2022-0002
mailto:cuifp@cumtb.edu.cn
mailto:xiongc@student.cumtb.edu.cn

2023 4F55 2 A

# £ A F H# K 551 %

caused by the goaf is one of the key characteristics of the underground mining-induced landslide. After the landslide behaves its critical

failure, following dynamic responses include shattering, scraping off part top of the bed, debris flowing and final depositing. Finally, the

dynamic formation mechanism is proposed based on evolution of main forces contributing the Pusa landslide. The forces are actuated by

the seepage stress, vertical and horizontal blasting stresses, shear stress, unloading stress and dilation stress caused by the caved rock mass.

Key words: mining of multiple-layer & shallow-seated coal seam; karst slope; dynamic failure; Pusa landslide; key controlling factor
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Fig.1 A full-view picture of the Pusa landslide in Zhangjiawan

Town, Nayong County,Guizhou Province
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Fig.2 Geological profile of the Pusa landslide in Zhangjiawan Town, Guizhou Province along the main sliding direction
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Fig.6 Physical weathering of the marl and the silty mudstone in

the original Pusa slope in Zhangjiawan Town, Guizhou Province
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Fig.7 Striations and steps on the fault planes at the slope toe of Pusa slope in Zhangjiawan Town, Guizhou Province
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Fig.9 The large-scale karst fissures developed in the original Pusa slope in Zhangjiawan Town, Guizhou Province
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Zhangjiawan Town, Guizhou Province(karst microtopography)
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Pusa slope in Zhangjiawan Town, Guizhou Province
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ginal Pusa slope in Zhangjiawan Town, Guizhou Province
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Table 1 Recommended physical and mech

anical parameters of main lithology of slope

o % JE/(kg'm”) BT E/GPa BYIEEE/GPa % J1/MPa P BEFE £ /(°) BRI B /MPa
[DEYes 2700 36.58 20.32 5.60 36 3.00
ey S ey 2500 29.86 16.98 426 32 1.60
ey Ee) 2 600 25.22 14.12 4.86 35 2.20
YD BTe & 2 400 13.30 8.78 3.23 28 1.18
B2 1300 3.20 1.98 2.80 26 0.48
IR TR 1 800 1.20 0.82 1.20 20 0.22
HE A Ak (k)2 620 18.10 12.08 3.98 30 1.30
(M FM)2 680
x2 WEEHENFESH
Table 2 Mechanical parameters of structural planes in slope
L ey IS 12: 18] W BE/GPa PIm Wl EE/GPa Fi% J1/MPa PR F111(°) BRI BE/MPa
U2 68 9.60 2.0x10* 46 2.0x10*
(LY SR 26 0.60 3.00 32 0.20
Y/ SeREEL 28 0.50 2.30 28 0.10
eSO b & T 36 0.60 2.80 30 0.18
P ITE  H 42 0.46 2.00 24 0.08
T R 38 0.42 1.70 20 0.04
(K#R)26 0.12 0.80 16 0.003
HE AL 3
(HFm23 0.10 0.60 13 0.002
HE R YR 22 0.40 1.60 22 0.02
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Fig.16 The stepped mining subsidence difference at the toe of the slope
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Fig.18 A sketch of mined-out areas in the numerical model of Pusa slope in Zhangjiawan Town, Guizhou Province
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Fig.19 Deformation of the overlying strata and the slope triggered by coal mining and heavy rainfall
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Fig.20 Displacement evolutions of the slope shoulder caused by coal mining and heavy rainfall
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Fig.22 The dynamic evolution of the Pusa slope caused by mine blasting vibrations
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