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Study on disaster-prone geological structure and instability mode of typical goaf landslide in Southwest

mountainous area

Abstract: [Objective] Landslides occur frequently in the goaf areas of the mountainous regions in southwest China. The
purpose of this study is to explore the commonalities and differences among such landslides, so as to formulate scientific
disaster prevention and mitigation countermeasures. [Methods] This article takes the Jiguanling landslide in the
limestone area, the Zhaojiagou landslide in the clastic rock area and the Shanyang landslide in the metamorphic rock area
as the research objects for a comparative study. It adopts methods such as data collection and analysis, on-site
investigation, multi-phase remote sensing interpretation, physical and mechanical tests of rock and soil masses and
numerical simulation to analyze the similarities and differences in the disaster-prone geological structure and instability
mechanism of the research objects.[ Results] The research results show that when the slope has features such as steep
terrain, good open-air conditions and binary structure, landslide disasters are prone to occur. The numerical simulation
results indicate that under the goaf condition, the displacement of each landslide increases, the maximum shear strain
increment is concentrated in the potential sliding surface and the roof area of the goaf, and the overall stability of each
landslide decreases. [Conclusion] The limestone mountainous area is characterized by thick layers of hard rock
interbedded with thin layers of soft rock, presenting high-intensity rock mass characteristics. The Jiguanling landslide
belongs to the toppling - sliding failure mode type. The clastic rock mountainous area is affected by the interbedded
structure of thin-layer fragmented soft and hard rocks, and the overall strength of the rock mass is weakened. The
Zhaojiagou landslide belongs to the type of creep - tensile fracture failure mode. The metamorphic rock mountainous area
presents a structure of hard rock at the top and soft rock at the bottom, with significant differences in strength. The
Shanyang landslide belongs to the type of slipping-collapse failure mode. [Significance] This article provides an
important scientific basis for the early identification and disaster formation pattern research of landslides in goaf areas.

Keywords: Goaf landslide; Limestone mountainous area; Clastic rock mountainous area; Metamorphic rock

mountainous area; Disaster-prone geological structure; Instability mechanism
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Fig.1 Jiguanling Landslide and regional topography
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Fig.2 The engineering geological section A-A' of the Jiguanling landslide (modified by He et al.,2018; the section location is shown in
Fig.1)
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Fig.3 Geological structure of the source area of Jiguanling Landslide
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Table.1 Physical and Mechanical Parameters of rock Mass in Limestone Mountainous Areas (Quoted from Wang,2015; Li et al.,2015a)
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Fig.4 Zhaojiagou Landslide and regional topography

X G b 2 3 AT S R P ) e gk, B ZE 0 A R (BRORT45, 2013) = (1) 28 DY R AN BN Z
QN RFEF L. HPA: Q) B AATFHA Ty BEKE. AZSRFH LY 0) ZBA ULXA (D
BRINHEDIe S H=: BT hEERI S MBS . TUE RIS FBU(T) MibE s
4) “BRRMAP) TEEKE. FitE: 6) &R EEAH P MERDE. TUETEE: (6) & RIE
KA (Pp) Zalla KBRS WERE (K5) o AR T2 NI Z R LR A .

1900 N31°E | N61°E i N27°E |

oy 2 [EEs
A T o] 4 s [B2B] 6

e = NN

_TIRME

16005

15008

e 2 = . = —— £ = ‘ - . =
14007=160 200 300 400 500 600 700 800 900
5/ m

I—=FBFRKTHAKE . RFKE; 2—=F R VKA LB E . Wb RKE; 3—=8 R VISRHATBMDE . 64 4
—CBARARMATUERIKE . Bk s——BRRREMATCE. Bba. B2 6——BRME L XA H XA FEICE . ERE
T—HERUA; 8—IRaRIIE L 9— TR sl

Bl5 REAEH TR FHEA-A" (ERKRFE, 20138 ELERLE4)

Fig.5 The engineering geological section A-A' of Zhaojiagou Landslide (according to Yin et al., 2013; the section location is shown in



Fig.4)
EARGE R R RN, RIS ERUONS . T AR AR T A 38O A i A 51 A T R sE i,
FAAEZ LGSR, TR 5 G ST VR DX BRI T B 22 2 5K 588% (B PRFIAE, 2016)

il 5 S AR B

TREESE

BT 6 A% S TR R R DX M 4 A
Fig.6 Geological structure of the source area of Zhaojiagou Landslide
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Table.2 Physical and mechanical parameters of rock mass in clastic rock mountainous areas
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Fig.7 Shanyang Landslide and Regional Topography
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Fig.8 The engineering geological section A-A' of the Shanyang landslide (according to Meng et al.,2023; the section location is shown in
Fig.7)
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Fig.9 Geological structure of the source area of the Shanyang Landslide
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Table.3 Physical and mechanical parameters of rock mass in metamorphic rock mountainous areas (Quoted from Wang et al., 2019; Yin,

2019; Han, 2023; Kang, 2023)
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Table.4 Comprehensive Comparison of Geological structures prone to Landslides in goaf Areas
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Fig.10 Numerical simulation of the instability mechanism of Jiguanling Landslide
(a) Three-dimensional geological model; (b) Total displacement of the section under natural conditions; (c) Total displacement of the
section under open-mindedness conditions; (d) The maximum increment of shear strain under the open-mindedness condition
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Fig.11 Failure Mode of Jiguanling Landslide (modified by Li et al., 2015a)

(a) Initial creep stage; (b) Fracture propagation and rock mass bending stage; (c) Pouring and squeezing stage; (d) Shear slip and overall

instability stage
3.2 HBAWLKX: BFABE

T = YERD TR T oy IR Z I AR TR BRZ B 900m, B 450m, # 550m, ELE 196722 ML,
37285 M, UPEARRILE 122, SMESAERRE S, (UL ABELZIEE T3S 2m JEHEZ BEAT o 2
TFRAE DL
x5 BIUAFRELHIENFSYEER (GIBERKFTE, 2013)

Table.5 Physical and Mechanical Parameter Values of Rock and Soil Mass in Zhaojiagou Landslide (Quoted from Yin et al., 2013)
AHE KRS NEEEEA RRERLE

=ik HE[7N
/kNem™  ¢/MPa 0l° /MPa
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W 15.0 0. 30 20.0 5500 0.26
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Fig.12 Numerical simulation of the instability mechanism of Zhaojiagou Landslide

(a) Three-dimensional geological model; (b) Total displacement of the section under natural conditions; (c) Total displacement of the

section under open-mindedness conditions; (d) The maximum increment of shear strain under the open-mindedness condition
FEROAE, BGOSR T i —hi2” AR (B 13) o AR “Ih -3 43 TH—hi 2

OB INK NS - B f R - BRI ka5, 2014; B RAIAE, 2016; KRFEMHSE, 2021b) : FEKHIE

TIER TR R A eI, H2AM AR X, SRS KT R o051k B s AR piRE, i Rpsek i

AT, (eGR4 B 4 A T S BOE R FLBR PR, JF HAZ bk R IR E (B Sk S

fK), SEULBUKIE TR R, AN RSN, Al AR BACRN, B — D g ARSI SR, B

SEGGHIRRIRTHITEE, AR R RN AR, IR, DU g, (erERER

By e, mEJRGRRE, RERE.

£ c
U 7K 55 0K 5 ah ok

a— VIR B b—RERENEL; c—BRIEHEINEL, d—RRAFBEM B

Bl 13 AR T S A R

Fig.13 Failure mode of Zhaojiagou landslide

(a) Initial creep stage; (b) Crack development stage; (c) Seepage and sliding promotion stage; (d) The stage of cracking and instability
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Fig.14 Numerical simulation of the instability mechanism of Shanyang Landslide
(a) Three-dimensional geological model; (b) Total displacement of the section under natural conditions; (c) Total displacement of the
section under open-mindedness conditions; (d) The maximum increment of shear strain under the open-mindedness condition
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Fig.15 Failure mode of Shanyang Landslide (Modified by Yang et al., 2016; Meng et al., 2023)

(a) Forward layer creep and sliding stage; (b) Posterior margin crack propagation stage; (c) Structural damage stage of the anti-sliding

block body; (d) Collapse and instability stage
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