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Typical cross-section diagram of mine slope
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Table 1 Swelling potentiality classification
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Fig. 2 Plasticity chart classification
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Table 2  Critical value of the comprehensive index
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Fig. 3 Relationship curve between free swelling ratio and

cation exchange capacity
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Fig. 4 Relationship curve between free swelling ratio and

montmorillonite content
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Fig. 5 Discrimination result of plasticity chart
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Fig. 6 Relationship curve between free swelling ratio and

comprehensive index
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Fig. 7  Curve of water content variation with depth
1370
1368 F
1366
E 1364

=
w1362 f
1360

1358

1 356 1 1 1 1 1
15 25 35 45 55 65
A gk %
B8 BEHBEKERMERET{HE

Fig. 8 Curve of free swelling ratio variation with depth
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Table 3 Mechanical parameters of rock mass
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Fig.9 Equivalent plastic strain curve
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Fig. 10 Contour lines of displacement in the slope direction

5 BREREEE

(2} QSR SIS BLLIINE IR A NI RZ IR o B
SEF T A T, Al R SR [ 4 A 4B T A
b TAR MR A IR



2025 5 6 B/ % 46 % N

DB, W A K WA 8 e (5 % X W]
A TN RIS S, /. H- *D;IL, i 574 52 ‘A/\ NRIWKE . jt:
W REAT AR P BB A BRI sty 1 O 8 BT AT AL DAL

WEFCE o BB EEA KT B R TTATSE [2) UM SRR T WK M LSRR 2015,

Frde o b T RO AR K va T B R B g A I K T Bk (3] JEISAR M0 R A i PR 2K AR R e s IR AR FH AR a5 LT ] H i
) ) $%,2020,36(20) :27-28.

F MY FRIKGE T AV S W T (4] e sk x0T WK AN RIS T RS (D]

A ] a1 Bk TG A R RAKIT,2013,44(5) :31-35.
S e . . (5] BraGfil, 37, 287, 46 PO ks A i i itk [0 ] R4k
2) WA I, *EHEHUﬁﬂI%%i&EHﬁ{ﬁ;@ X5 RHTH,2022.,22( 13;:5 358-5 365.

W B I M R AT M 0t MR URBE R ik (6] SRR IK b AL S BB A H AR (M. s o
e e e B B s [ s b 7 1 IS Tl H R L 2017,
BT TR AW RCHE 5 AU IEINR 1) e oo, 5 6. 000 ) U3 2% Tl G 2008,
WS RS, BEABA S Tl T et KR (8] v AR R A 0 , e A B 0 ) 50 ot W A
N N Y ,'é\n. ) 7 ;./éf\"; A — . j::
ARG, e BT T W E L 0 06 T e o P G 01452007 51 AL HRE
PO M, P —FAEERAS R, T AR HTAS (9] Wil , A0, FLA 6, % K £ 200 90 5 40 K0k i [0 ). 4

e 2 o SH] 43 LR J12,2005,26(12) : 1 895-1 900.
REE RN P IS T A SR )l e e ke . 20
PR ZHEESE SRR, ARBFFE R BARAAEBCA T Rb KT, 2013,

2 AT L AR A — I B R 5 (1) SR AR T PR R I A

FELJ]. =Wz 24 (AR B 24 , 2024, 46(3) :43-49.

HEARE R —TETRIE - [12]  ZBME L. Bk - 20p0 B RO 5 SR 1056 & (1], KV R
N 2EREBEdR ,2022,39(10) : 1-7.
6 4 it [13]  ZeHife, #R T ISt KRR R 5 Aok T T4 X R i

AR EESEUAEL) ] #54:,2023,44(8) : 35-43.
ARSCEES TREE 5= IR EIE , X% 5 4 [14] k% EIRP AR 55 . SR B LR U s B T R

- \ P VB BEBLIF 9 ()] A7 6% I8 (5L 4 ) . 2023,75(2) -
B W IR E VR T RGBT 41 L0 F 25 o rae I G AR 2075 (2)
e [15] EHOTE . O % 76 R 52 407 o1 B0 P 0], 2%
)i % S 7 7 K R ELAT 2010,31(9):3 000-3 004.
)S‘LX ];t L% ﬁfj%w% H FHHE’HEF ﬁ'ﬁ? (161 Bz, S 7 . T AR S BT 7 R SR i PP
B G BAERRR S S AT sy AR ROV AR AR HreR R (] A 664 8 (5 LAY ) , 2012, 64(2) : 73-79.
FSCHE B TR R I 45 [17] 254G B L3R, % P B 3 R PR LT

. . s ™ R 551 1]. %4> ,2024,45(10) : 109-115.
2)AWREEDNT GGG R EBE (18] semise iR/ w6 e bk 0 0 B L

HEBN, ARSI 2 S AR R e Sk WHIE ST TR SER ()], % 4r,2022,43(12) :33-38,
. . SN [19]  WhEPR, OWAR . & Mk 40055 e 2 TP 32 TR AR B 38 7
Ll S e TSI ==
REET IR BT, 4R 5 SR T B— 2 Hrio]. b7k A),2023(12) : 36-44.
3)EFXTRZ MK A T 3k B RE e, TR FH 2 R s AR [20] ARV, BE5E % . %5 i S B AR 1 0 I 0 e A8 B 5
T N e B P R[], 112 ,2004,25(10) : 1 581-1 586.
SR AT 37 W R LT A A [21] Bk, BB, A, &5 MBI Ik 1 b Bk e p sz m [ 1.
VU REARE A5 ke 17 65 g TERER2012,34(12) 12 155-2 161,

Stability analysis of swelling rock slopes in an open-pit copper—cobalt mine in the DRC

Zhang Tongkai, Zhao Xu, Bai Jingchao
(China Railway Resources Group Survey and Design Co., Ltd.)

Abstract: To ensure the stability of slopes and reduce the risk of slope failure at an open-pit copper—cobalt mine
in the DRC, this study conducted an integrated analysis based on engineering geology, field investigations, and laboratory
testing. The swelling characteristics of the slope rock mass were identified using typical geological cross-sections, and
deformation and failure features were analyzed. A numerical simulation method was then employed to evaluate slope
stability. The results show that swelling potential can be determined through a combination of visual indicators and test
parameters, with different discrimination methods yielding consistent results. Based on moisture content and free swelling
rate, the swelling rock strata were classified into an upper weakly swelling layer and a lower non-swelling layer,
and corresponding mechanical parameters were established for each. Finite element modeling revealed that zones of
equivalent plastic strain matched the distribution of swelling strata, and simulated slope displacements were consistent
with observed conditions. On this basis, a slope stabilization scheme tailored for swelling rock in the mining area was
proposed. The findings enrich the theoretical framework of special rock and soil mechanics and provide technical
support for slope engineering under complex geological conditions.

Keywords: swelling rock; discrimination method; swelling potentiality; mechanical parameter; stability analysis;

stabilization measure



