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Abstract; As for the open-pit slope with fault structure, studies on its deformation and failure characteristics were
carried out by means of remote sensing images, field investigation and numerical simulation, and its safety factor was
also calculated, so as to explore the influence of fault structure on slope stability. Then, based on the analysis of
deformation and failure process of slope, the failure rule for open-pit slope with fault structure was discussed. It is found
that the landslide hazard occurring on the north slope of the open-pit mine is attributed to an internal factor of fault
structure combined with an external factor of unloading by underground mining. Under the combined action of
disturbance by underground mining and cutting by F15 fault, a landslide is prone to occur along the fault structure, and
then the failure zone will be gradually expanded. The deformation and displacement of upper slope above the F15 fault
structure becomes relatively larger, and proceeds towards the eastern bottom along the F15 fault structure. The F15 fault
structure changes the deformation and failure trend of the upper part of the northern slope. It is shown that when the
safety factor of open-pit slope is 1.45, F15 fault zone is the potential sliding plane, and no larger deformation has
occurred along the fault zone of the northern slope.

Key words: open-pit slope; fault structure; deformation and failure characteristics of slope; safety factor; numerical

simulation ; slope stability

W JZ AR B TR e TR B OB P KU S A N R AR ) W R A AR R S AR, B
Ko BARH IR R A, IREG SRBIRSD kR AR RS AR X T e R

@ W EE: 2024-03-02
BEEWH: FEARBERE(52104184) IR H A ABER S (2024))6110) ; 5 RTTHA)SF HFFS I H 455109 Bl (2021XM3038)
YEH B 2 (1980—) , 55, B VT4t PHT A i PRI, 32 N TR K 54535 10 5T . E-mail ; halesky@ 163.com
BIEMESE, TEK1990—) , 5B 2k A -4, TR, FZNE P Ik 5B TRV, E-mail ; wangfeifei@ mails.cqjtu.edu.cn



55 4 )

BREAR A S WTR A i R R IR I B RHIE SR R Y5 151

L, e 2R X W2 M S AR B XA 2 2 I RS
YERTR W5y A A 39 W= M fin el 1 i Kok
P ASTEREIR 2 Rl AR A TR Wi
1 B KIS I IR IR S A€ PEF ST o

B R R 2 A 1 S OIS AR AR e
R XABARE N E B BN , AT TR
FF RV | 2 8 25 e 4 3B LA )2 4
O TR E PERY A AR SCAEURERH B AR
e I T I SRAE LA e R SR 7 1 3 0 K 5 D T
XA R AR BB B A £ 5 M E R AT T T B,
TR W 2L 1 B RIS IR B AG 2 PERE ST,
WFFECR AT U™ L B F R 4R 2%

187 X o5 T RO

1.1 HRESHERE

W DA T 1) R AR 8 1Y) e B, M2 R R TR
THL PR E , XA LA I A AR T TR kAR
B, VXA B LS =2 E R L
GLIT 524 (Zbd) , B K] 50k 8 J2, Horh Zbd5 | Zbd6 |
Zbd7 Zbd8 R EW 2,

W VRIRAE TR ) KA 1) 5 7 2 i 7 B ) e 8 =
Yerbyd v, DL F1 A FLS il A iz W B i) v G 1) 2
315°,K 15~20 km, T8 150~600 m, LL— & il ff) % & 28
A A Zrh, B W 2R T, 20 XN
FET BV

F15 W2 060 T X AGHS, i A6 VG- A 513
X, WA A X M 5 A G T 3 Wi R & e SR 6
WA 0 X R Tl = FH K 15~20 km,
$50.7~6.3 m, ZEHIFEVR 240 m, SWTHE 408 m, fiil[7] B§
PU L 7R, i 56° ~89° , AL 74 VY ] 7 284, Wi w™ 1y A ~F
il 2, 0 5 PR IE W2, iR T AR E A
1R,

R,

1 BEXIIPAIFHE FI5 BTE

1.2 FFRER

HAT, %0 1158 K IT R E 2R o, PR RN 55
FRGFR LT (1884 m /KFLU LM ZA8 B, DL 11
LN TR R PEPIARIX, B E N 60 m, B
%1434 2124 m 2 064 m 2 004 m.1 944 m.1884 m
s A B i, 87 IEAT LR RSO B &
B AFEIL KW Z 038, JCH: F15 B2 800 1]
S X LA ;@) B LT A AR R AE R R
PR 2 SRR 5 L EZ R e B #5 R
TR IR A KR FH 53 B B RS
1.3 FHENESH

KT ARG A AN FS8 TRT =
WA A 15800, A5 T A A 112350, R RQD 4
Gk HUERR) CSIR 4390 \Q RS9k (GSI 43
Hk A T L L R S AT
TR LR AR RIE R ISR 1,

®1 BENFESH

R BH y/ ek MEEgEAm MR JAmLL
25 (kN-m?)  ¢/MPa  ¢/(°)  E,/MPa ©
Mz 2.80 1.50 45 8095.06  0.22
e 2.90 0.20 15 1044.02  0.29
(¥ 2.69 0.55 30 3348.65  0.27
IS 3.21 0.95 35 4634.14  0.25
FEIAR 2.10 0.50 23 2631.00  0.23

2 E K2R 3 AR T AR RRAE
2.1 BETHHERERELRE

T ARR E W R A i AR Y R R AR R AR
BRI AE SR T 2012—2022 4E (1) 8 KR4t EBih
PRI sl A Hoh R s B AR R 2 BT,

AL 2 BT, N 2012 AFEFF AR 7EDLER 33T i Ab I
BRSNS . UL N TR R )
FAERS , W2 M1 KA AR TR A RS, 2 T2 Lk A
JCHB S A LSS , BRI I A TE IR, 2015 4F i i
BSARS 2012 4EFEAR—F, BAH 2012—2015 4F47 1L
FERXF ISR SR ma #5706 A B0 0 35 0 4 7
— LRI, B 2017 4 LB A7
JRIEB 3 B T A R RS IS (B 2 () TP EBE)
T VI8 L 41 T B33 %) DX 3 o ARtk — 209 K HE i) ) Bt
FET FF RS 8 R R 300 35 1) 5% W 328 5 1) b 36 O e, TF
U B T PRSI 3 4 . F] 2020 4, R KR
ARy B T 2SR B b B )R
BB B AR R X ) 28 55 I 35 DX S, TR T
PLFLS S i X, I N R RIE B SR 25



152 7R

T 5 44

DXARNIBrA K, 0 B L AR AR AR T A T
EFTAE R, A BT W SR vE B, RV BL T S
FLIFBL G, BACEHIE KA H T FI1S Wiz, 76 T #
ORI REAT T A i 3 W= AR R s AT

(2) 5 o

AN -

R
)

(a) 2012 4E; (b) 2015 4E; (c¢) 2017 4E; (d) 2020 4E; (e) 2022 4F
2 2012—2022 FERERAFZFI AW TR TEHE T ER

i 29 1l 115720 4 17 N Ra =% 0 O e i T A
JCHBII I T B 23 A Ji OB AR A R 3
2.2 FTWRIDIFWIAFFE

K BA A 7 Bk i 281 7 8k IR AL i 3
SRS IR, A& 3 Brzs o FEIE AR 0™ A T 1B
JERGE SIS B | B2 M3 v A R AR
JEwg AR KR RS I T S 4 3R 0 W 2 4 i A P
IR, TR IRRIC R A X B i 7 B SR 18
B RRYBURIE T M 3R BE v IR T, HH 5 1 35 i Y W
JERIEEAE TR K R I T R AL T 241> 24, 4 55 1k B
1 mZiAy WP 4 o Lo BRI = sk hn 4 Ak
MRFA B 2.1 m B RUURE &, E2OR M T R 2 XI5
BB 5 5R 23 D2 [ B A A BRBHE 5 R U0, 28
WG TUUE G, HBH2E, Akl 5 Bis

- - = i

. O

4 BRESKHI4E

B LR G IRAE 7 B v i PR T4k, 01
TFRJe ARSI T | B0 T e (A5 8 i 7 28 R 2
Xrp R XZH Ry R, HREX EEARZ
AbYE TR B I BRSBTS Wk Y LAY T
R, EECARRME A AR, 7EH N AW R sh 55
FERTB AT, DERHCA RE s 18 B ik &
FABURRE, VIS AR F15 WUR e e,



55 4 )

BREAR A S WTR A i R R IR I B RHIE SR R Y5 153

FEESH A 100 m Zefq , 0 (RZE B BT RGP L) R =S
DB K, AR RS 5, 0 W2 AAS e PRI L TR
W], 5 BOR 25 X5 W7 2= 22 ) 8 e AR 8 1) 2R 28 XA
{3, 7 A R S CRER . AR B R A S O, = AL E 24
BB B KA 4

18

Bs5 FATNHEA

i R AR 5 B R A o0 A, AL 3 ) T 4
RERWIZIE () ST HIFR M (ShA) 3k
FIVEFIROZE R fEd N0 (R JT R AL S T, AL &R
WeAE F15 Wi ZVIHIMVE R |, 2138 5y T 1 4 i J2 44
T WS IR I AN T R X

3 AR

3.1 IHEER

T W R AR BER, Al Rhino , 3DMine |
AUTOCAD B # A & 0 IR R HE I T o1k J
A AR I =R A . R kubrix F1 griddle i
XA 1 22 i 1 R I 2 ) ) — TR AT A )
oy AR BN LEA PR A3 2 173 FLAC™ )
SEOYHIREL WLIE 6,

FLAC3D 6.00
©2018 Itasca Consutting Group, Inc.

z Y

<

X

Bo tEMigEE

VRN B R B, B A R

T BRI S8R T 3~5 TR a5 ik (5
A) B, 120 5% B AR 45 SR 1 5 i T 2 AR S
LR = HERIAIK 1 152.43 m T 886.88 m 5 395.65~
1065.10 m, B K B 300 ~ 450 m, it i AR5
Ko FEASERY S [l BT b R T SR XY i, B
SPGB E AR ARG HR T 1 L PR T S A X
Y. Z =ANT7 ), RIS S 45 S A 5 Ml L R I, A
TR, = BB AT UR 5L R - S A F R A
BUEA AT T S B 45 M R 7 P-4 B s AR T
K BT SR B TR R A RBO T
3.2 MIRTRALBSH

K = EEEBAH AR NIRRT Y
AIEALFS , WAL B = RN 7 i

7 IR ERALE B

B & 7 AT A YR 5% Q1 1 B i ——G i i B
PeToR A= T AR R AR TEALAS | IS HB [l AR T AL 35
BTN, e RO K 5.4 em, 1E F15 W2 7E 4 L
T ERERTEABA N, EERI TR R G
TE LR ZS X, 5 W7 2 AR 15 DL 1 25 4R 1) PR BB AR T 412
BT R S5, PRI 1) 2R 3 A8 T A I 1 AT e PR /DN
TETEM S DA A R AT BT F1S 7244 1 1] 2 3
AR B F15 W2 A ok 2s 7 Ae ki i bk
UNIORYSI 2T/ N RN
3.3 MIRRERH

i GB 51016—2014¢ AL EE R 13 TR AR
FIED ST ST ) B2 o S UF < Sl N U R O R o )
1.25~1.20, K H 4 REOTAN #8 R R 0 AR eI
TR G BIRRE I, 5Y AR B A A R AN A 8 B

F ] 8 W BB I b AR AR i AR T i IR 32 B
MIZRER A S . B AR e K IX I F15 Wi 2493,
Yotk F LRIV H8TUIRImIRREE, A A g
RS, A AE AL B U F15 W20 3 0 0 T 9 I K
L SEUEBIUZE RV A IESE T B 45 5 ) n] 5
P SRR T RS B R KRG i R



154 7R

T & 5 44

B0l 1.45 AR Sl F1S W2 BEE H Arde s
T AT R A3 1 B AR T IR | 37 9 A
BER R A R4 W S A ) R 1 B K AU
BAUAS R —E, I %4 R B0 R L EOR B %
D RBOURBUN A W2 F i R 2 WAL 935 gk
R IFRICBHIR , A2 5 199 ] B2 A = E g R AL T
WK F AR i KRG A AL R 1 SRR 1t
5 W DM AR T3 BT T B K

FLAC3D 6.00

©2018 Itasca Consuling Group, Inc.

3 0000€ -02
I7nom(-w
1

(S

8 HNEERERY

4 4k v

TR R B S R A T T ih3 A
TR K Je 53t , R B AR RT3 T & )2 4
T RIS J 4 R A Ha s 1 & W R 1 i i
KNP ARSI FFAE R A5 T LU F2458,

1) deEea s = AR W R K E =W 2 (IR |
T ARTF R B (S FLRE R ZE R, fEH T
WRTERAE S T, AL P AE F15 W2 D15 1R
FHTE 303 5y T 36 Wi S22 4 35 0 1 1 3 0% 3 0T R ™ K
I X3

2) F15 W23k DL B AR K A i A28 I8 A # A
XK, BT F15 Wi 24038 W) R 58 VA 4 & g, F15 W
JEHA 3 AR T AR 3 b R AR A AT R R

3) Ba R RGP 2 RO LASH , AR 3)

T4 F15 W)z 3, AT 58 2 5 i AR 0 2 W= A i
H R A TEREIR | 337 18] A5 295 21 by 2R 37 N 1) 2 4
1 H BB R 0 38 9  , SRUERAAE R —E

SE 3k

FRR, MEFH AT, 55, T 5= 2R A5 X5 | 2 35 F i
R REEAUBT S [J]. 7R AR, 2020,40(6) :22-25.
FERRALTH AP 5 AT AR R IR B L S
RIRHLEIBIZEL)]. 5L 01%%, 2020,41(11) :3757-3768.
TR EEIR JLFRE. SR T RS R KR
B RUERAOBSE (1], §R TR, 2022,42(3) :14-17.
B, B AT, AF. bR RS | 3R 6 A B BT PRCD
BUEBHATIE[ )], 9716 T/, 2023,43(2) :30-34.
X, BL R HEEIR, 5. TRE A2 LR R B B0 8 UL 2
SEAEBHUBTIE[)]. 676 T/, 2022,42(4) :35-38.
TT IO, XA, R AE. MR R AT 1S LA R i s AR A
ERIUBETEL )], BIR TR, 2021,41(4) :29-32.
YREAZN XS, TR UTAL A5, RIRIB R IE W2 T SRR R 3R
UL T]. IWARBHE R A2 4l ( B AREA IR, 2023,42(1)
38-48.
R, RPREE W, A5 KRB B P U R TR AR
TAH)]. Bl2EdAR S TR, 2023,23(8) :3493-3501.
FIA B2, FROICEE, AF, IR R A F st DX it R
BRG] R 5% A TR, 2023,40(1) :69-81.
RS TRFRITZ 3 DX s B OB S 2 4R I AT [ D ).
Pr IR KA, 2021,
WANG F F, REN Q Y, JIANG X L, et al. Engineering geology and
subsidence mechanism of a mountain surface in the Daliang lead-zinc
ore mine in China[ J]. Bulletin of Engineering Geology and the Envi-
ronment, 2022 ,81(11) ;488.
[12] WANG F F, JIANG X L, NIU J Y. The large-scale shaking table
model test of the shallow-bias tunnel with a small clear distance[ ] ].
Geotechnical and Geological Engineering, 2017,35(3) ;1093-1110.
rhA R T [ A 57 IR & e, b e N RS [ [ R B
W BRI A B Ry, ARMEER R0 I TR AR . GB 51016—
2014 S]. Jtat. h EHRI A, 2014,

[13]

SIAARI: Fx8 Tk, £2K, 5. A ENSEERAIREH IR
FAERAL R AR ]]. 7k TA2, 2024,44(4) :150-154.

R A 7= B
ASTIE T AT 1 A AP SRS 38 3 0 e 2 7 0 R JFG 28 9 e ™ il v B A T X2 3 R AT

F AR M ZSALREAR T 430 RN 16 TR S W B ST SCa SR S ITHOR L, AT 1h TR EAH S E

[ A — U SRR B B 5 VAU T 3, A R SRR G A B AN VR SRR 2R 13 1 A Tl 523

BRI T R R [ AR ) ik e i

W5 TR A S g
2024 48 H



