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Abstract: Research on slope deformation mechanism forms the foundation and key to formulating reasonable slope treatment
measures. After slope cutting and load reduction combined with micro-pile treatment, a submerged slide zone in an open-pit
mine in the Democratic Republic of the Congo experienced renewed deformation during subsequent deeper mining operations.
To develop a treatment scheme for this submerged slide zone, field investigations and borehole surveys were conducted within
the deformed area. The formation process of the sliding surface in the submerged slide zone was analyzed. Based on the
investigation results, the deformation mechanism of the submerged slide zone was analyzed in detail. Ultimately, a treatment
scheme centered on comprehensive slope cutting and localized reinforcement, comprising slope cutting and load reduction,
large-diameter anti-slide piles. and soil nail walls, was formulated. The research results indicate that the formation of the
sliding surface is predicated on geological tectonic processes. Under the disturbance induced by open-pit mining, continuous
deformation occurs, and the sliding surface extends progressively downward, potentially coalescing to form an integral sliding
surface in the final stage. The formation mechanism of the sliding surface in the submerged slide zone can be divided into three
stages: the advancing-type sliding stage induced by unloading rebound, the retrogressive-type sliding stage triggered by
excavation at the lower section, and the integral advancing-type sliding stage during later development. Based on the research

findings regarding the formation mechanism of the submerged slide zone. a combined treatment measure incorporating slope
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cutting and load reduction. soil nail walls, and anti-slide piles was formulated. The rationality of the treatment scheme was

verified through computational analysis. The research results can provide a reference for the study of treatment measures for

similar soft rock slopes in open-pit mines.

Key words: Open-pit slope, Submerged slip zone, Sliding mechanism, Treatment measure

0 5l &

T PR B KA LU TSR r i DL 1l i o 6 7
o B AT RN R R B A 2 1
SERRAE MR (8 I prHm 48 X 552 1 3 R A
M UUBUA K B IR AR B XA 2487 1A
TEM XU T, 30 3 AR T8 BIL ) A A 2 122 O AT
FURBEIATT X T 48 79 W 35 R RS A LA T 3K
I 2 2 S E AT IR R R R e S
TARIEFME

UK BN S A 3R] oy o A g | ORI RS S
BewiZe . Rk ak IR AR R 3 B TR A M B A A
IRGE T IE SIEE L3R N Y S B 6
MRS SR . R AR AE 30T T 0O 1 4 b 41 2 XA
T N AT 08 3 T A R AR L e B X S 3
22 LKL 3 I8 T A A ) A9 P 3 s B0 2 . 2RI
S LU K R R LB Ak L TR T 3
REAE R W PR3 AL S AL 20 A o 5 8 OR SOHL
B TE UL - 0 - WG a8 s P SO HE RS A
W, WHCOBIEIE R B 2 A IR0 22 S0 IE R
T T AL IF 52 A% 0 5 SBTAE

B OF AN [] 6 28 ) AR L e g R TR 3 A
FB WA E BORTT kAR 68 A 1 38 AL
1 25 AN AR T o BT 2R A B A7 7E B 35 X . £
AR AE LS b T A Y R AR L R = R
ST AEEL B 7 34 JF J T M1 5 K T i X
G B S A ik AR BT, H =D DL
SRR 23 B S BE Al 48 T AT - [ A - i B - R
IS IOREEL K Sy P C KSR R TR YR SN ]
5 2 SR AT DL ) RS2 0 DR 3% o T TR TR L S
G SRR KR . i SR B3 0 A R
AR T B VR 2 BT SR B R AR L A
TN R R BT 3 S B A B HE K
it o 6 B T T T B A% O B (B AR TR G R BT 6
RE % 55 17 I 1 Sl AL ) A1 DT I 5 BRI 96 BASOR,

A SCLANIER (48D FE 5 KA Wl g e 0 42
U Y M 5 R A B 37 9 A 2R o0 i T

I o 8 75 V0 A TR JROHL R L O AR 3 B 15 B0 )
B AG . %  TE MIL ) K B R It AT 5T 4 2R
A L 320355 B 9 ek K R i 2 A R S R i
X OR R R RS %,

1 7 L#R

W XA F WIS (B p5 BT 7 B8 Bl 5 35 55 117 v R
J ) 7 ke, M AR P 0 v JE S A b A R AR R L T
AR R AR 1 375~1 525 m, B X )@ T #H %
Ji S5 32 AR JE AR e A RS XA e S Bl 1 28 % 5
M, —4F P4 T I8 2R 4 WL AR R YRR RN A 1 231
mm, fEK AR A A 5], K EEE L 11
HAZEWAE S A EERFKER %L ., X
28 1 2 5 R AT B E BN S DU R ORIE R S
JEU B R AR X B )2 TR A Y
MEEE AR s A U A A VA B A
AR E, FEA A R, 4. R, 41 (CMN, SDS,
BOMZ.SDB.RSC.RSF il RAT) fl R, 4 #1)2.R,
HIEA DX BR & 1 s,

% CMN,: Bt EERZE

CMN,: KABHZRWE

R,

SDS: FEHBEZEE

BOMZ: KEGREFHZE
SDB: THHEHZEE

N = 0%
i

RSC: BRENMBZE

RSF: BB A

RAT: H=FRME

E1 FREMEERE
Fig.1 Roan group stratigraphic histogram
1 IX 32 DX IR 3 5 R B ., 2 el U2 0 vp T
FLEE e RERT LR 2 b R AL 2R 30°~40° 1



L3, FRRRESERT T EHIA R EEBENT[]]F LR E L .2026,46(5). 129

M I AR B 3 D R A VR R N R Mk i
ST X M BT A R R K SC M B AR R
Z IR ST AR M TR B . 0T L R KR 5 3 B0 AR
T PUHE A LA 4 DXL B RE Y 15 m,
J R IEBL, & Bk iH f 2 50°~60°, Bt IF oK i BE Ry
1425~990 m,

2 BEWAEAPILE

2.1 EBTEXEHE

WA AL T R A B PE M, 2022 4F 8 A 10 H
IR W DU R L 0 A X 1 365~1 380 m IX.
B RS R L AR A N 3.5 mm/d B E 12 mm/d.,
NI EE, 2022 4 9 H X Rg VAR #EAT T
AL,

2022 4F 10 H il T HI B IF7E 1 320 m
-5 it T = HE R A 3R B T R SRR S S .

2022 4F 12 A T I KB R HI 20 2 1 365 m
FHEMBEBEF B, 2023 4F 1 H,HEE
1335 m VP& 0Bl — 0 TR, ih4& 2, 0
PR R R TR E . 2023 4F 2 A L 52 iR #5 1)
#HOAE, 202345 H L8 M 1 320 m F & G
it T

AR W 5 2R FH ) 30 U 28 A R A AR v B O 48 %k
1320 m DA I Jmy @B i B R 4T 7 ¥R B8, 36 38 S i Bk A
T V2% i3k B IR A .

2023 4F 6 H .0 L FESFF R 2 1 260 m, fERE
PRBIA 1 320~1 260 m AP EBEMFEI T T
PR B LS, , Ry 7 sk Gt DI BB R, A LR A
FER TAESHI . FRR B R 2 T, 2023 4E 6 1.7 J1.8
A Az X400 B 3 % 430 2 3.71 mm/d. 1.01
mm/d.0.85 mm/d, BARAL B B R T . R
Weg Rk BHNME 2 iR,

B2 ARRELFRER

Fig.2 Current situation of existing crack development
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Table 1 The value of rock mass mechanical parameters
Al <k§;irr(3> HRF1/kPa W%{%ﬁ/ (flj?’%iz//s)
HE LYkt 22.4 25.0 20.0 2.88
SDS 19.3 19.0 25.2 1.00
RSF 24.3 575.0 24.7 7.06
RATI1 19.0 25.0 22.0 7.06
RAT2 19.5 28.0 20.0 3.00
RAT3 20.5 220.0 30.0 1.00
RAT4 28.5 637.0 31.6 0.10
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Fig.11 Displacement monitoring results of the treatment area
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