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Abstract: Collapse and slide disasters frequently occur in high and steep karst mountainous areas in Southwest China.
Long-term underground mining activities are one of the important inducements of the collapse and slide disasters in these areas.
Under the action of mining, the expansion and evolution of deep and large structural plane at the back edge of the slope controls
the stability and instability failure mode of high and steep karst slopes. On the basis of field geological survey, combined with
indoor physical model tests and discrete element numerical simulation, the propagation and evolution laws of overlying rock
fractures under underground mining disturbance are revealed, the control effects of deep and large structural plane on slope
stability are expounded, and the failure modes of slope deformation are discussed. The results show that the influences of
underground mining disturbance on slope stability are mainly reflected in the redistribution of overburden stresses caused by

underground mining unloading and the propagation of fissures

EeWH: EXEAMRITRITE (2018YFC1504802); [H S AR A
the slope body forms a "cantilever structure” on the two- HRIWE (2021 YFB3901402)
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induced by mountain deformation. After underground mining,
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dimensional section, and the original deep and large structural plane of the slope body controls the stability of the slope body.

Under downward mining, the goaf range is in front of the fault, and the mountain height is small. Under the action of self

weight, the "cantilever structure" rock stratum cooperates to deform towards the fault and goaf, and will not produce a large

number of separation fissures. The coal seam roof only breaks and collapses and fills the goaf. After the goaf reaches the fault,

the mountain at the left has collapsed and the mountain stresses are redistributed. The overburden forms a large number of

tension fissures under the action of self weight, and the direct roof collapse height and fracture zone height also increase with

the increase of goaf range. The evolution process of deformation and failure can be generalized as follows: underground mining

unloading - stress redistribution—overburden fault subsidence - fissure propagation—slope fissure penetration - cantilever

failure—deformation extrusion in the slope - rock bridge shear— overall instability failure of the slope.

Key words: mining action; deep and large karst fissure; failure mode; UDEC; cantilever beam; similarity model test; slope

0 35 B

PR L R A R AL AR R,
TR A B BRI E M3 . Tk A 2 T
B, XA G B ¢ B R H0 R
SEMIA R BE R0 “87 AU SIS, e K
B, Ak, IR WEURSSHUR R RS SRR T, K
Thrp % B 2 2RI AMBUR K R T, T
PR P 20 5, 20 3 R 52 R R,
TV A3 T A I,

R, PR X P o B R A, T
IR, FERMBR, TG, HEEET 2
KRR K, LB LGRS, BFRT %
KR N T, RS REIATEBES), A

RALEHT. ST N RIS, AL S I 205 b kA
IR B ERP, = BT O, G T BN R

TR P24 o KRBT FER B, A RH0J5T 45 04 i)
ESRLUN S C T S ey b SN PN Y e NS R e N |
HMRAZ). ¥ RS TEH DN, Fik, 45
2 1) 2R A R K B T T B Y R A3,
2017 4F 8 H 28 H 5N gzl S 1™ X kA= KA
BV, WEARTRZ) 66X 10% m?, &K 35 NiEME. A7
RO, (AR N ER B 2 55 BEMUA SMBTER K5 Vi S5 AT
TERHBCRAERA T, HEANREERTHE, Jha
RGBT, B R AR TERR, R RRR . BTk
), [ NS E T KREIRAREF, Thomosn %
WAL N R S BRSSP A S UTRE, SikIE
FAK PR, TEREM AL K KIS ER T, 2488
WY R R IR R B R K [, HRR
I FEHAEN JE A, BERKERESE, HreE
24P, R PEAKIS), Jones S5 STE Ik BUE AL ] R JE R
A Ll 3 A TSR A3 BT HRAIE 5K, SR A IX S R K
HEAEH TR E R N T, R X EE R R
JEI. WERRRAYT R, FEIA e REEK.

DA AIF T3 3R MR SR 1 AR R A B

FAER, NI B RN B “ TR % 1o,
BETT T EBEBU AMBTAR KRB AW 22, TR B Y]
2 H AT, T2 I AT BTN IRR
BT A L ARR Y S SRR F it — 25
JEIE,  SRBNAERTTIROC G5 L) TG S5 A2 o L A R
KA R B AR AT AT ST TR o
ASCUANGEE I O TR 5, I8 I A 5
AW, AR S AN B RO AUE Y, $Rs i R OT
KM T LEEZ . RIS R SRR,
LAY 00 R o i L AR RS UR T i 2% .

1 NESHBEER

YNGR G T R AR T D A BT T g g B
Ko WX AHL A EE S, BEThR R 2147 m, HE
bR 1842 m, AX 25 305 m, S PR A L X
BAY i RORRSRUS) R AR T IR B, B
SRUEPE N 55° ~75° 5 HIRIAR T AN 22, S
A 10° ~25° U3

XN R HLE R R RN R (Qa)s
Z=BRTEEWH (T, Tp?H). —BREGKM—
KBEH (Prct+d)s —BRLEGHEH (P:D. FIUAR
BLEFENF R L R B T T
Pactd KA TIKAEMEE, J15mEs, it
RETam; AR TTERE Pal YR AR ERK, MIER “ g
TR F ARG AENS), BT 5 X b 5 T s o P
1 iR

2 ARG
2.1 RIEIRE

NERFCH N IR N LA R Y ik 55
AR TR IR AN, B S R X LA AT S B AL
(B 200 SEBRFF RN Z R TR, (R Z REER,
BRI 0.41.2 m, ARSI L AR AR AL L 4
G WPEE S N, AR ol 2 I E AN



8

BT, & CRAMER T SRS

TS H TIA R R S AT 1399

Y A N 4 ) T 2150

IR . 1: 1000 ~310°

E=1m 9

E=2(1y 10
E3Rexd 11
4R 12
NJI50F0 13
6] 14
0N7

o8

1850 I 1850
1750 i 1750

0 100 200 300 400 500 600 700 800 900 1000 1100 1200
W LIKE; 2-RIKE; 3-BE; 4RE; 5-H2; 6 REKX; 7-IAMR;
8-Wi2; 9-F=/EBRAE:; 10-F=EBERMPAH B 11- L BGK M+
KEEUL; 12-BiR1; 13-WR2; 14- LB uRg

2050

===-11950

1 AR E REE
Fig. 1 Geological slope in study area
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Tablel Physical and mechanical parameters of strata

b FE O ONE bk

" P . A

w0 oww o wmome
& /GPa /MPa /(°) /MPa

K& 2700 3128  8.16 45 290 030

Ve K 2450 25.62  6.53 39 1.60 0.28
W E 2650 20.00  7.52 35 2.40 0.24
Ve 2460 6.00 5.86 32 1.40 0.26
12 1350 4.00 0.52 48 0.31 0.18

* 2 AEREBUELEM MRS %

Table 2 Test parameters of stone and its similar materials

aE EF pl(kg'm?3)  HAYEAE E/GPa

Wb 2650 20.000

Vv 2460 6.000
A A AR AL 1780.5 0.104
Ve A AR AL 1640.6 0.034

=3 KIS HHRNIER

Table 3 Similarity constant of test parameters

ZH FHBLOE FEABLH HL
I p ap 1.5
KEL al 1/200

R E aE 1/200
INWAR ac=aE 1/300
i u au=al 1/200
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Fig. 9 Plastic flow tensile fracture deformation and failure process of gently inclined layered karst mountain
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Fig. 10 Schematic diagram of slope deformation and failure under mining action
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Table 4 Physical and mechanical parameters of structural plane
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Fig. 12 Nephogram of vertical displacement of karst slope under mining action
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Fig. 13 Cloud chart of horizontal displacement of karst slope under mining action
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Fig. 14 Comparison of rock collapses in footwall of fault
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Fig. 15 Cantilever beam structure on top of slope
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