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Deformation and failure mechanisms of open-pit mine

rock slopes under water level fluctuations
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Abstract ; To investigate the instability of rock slopes along joint surfaces in water-impounded
abandoned open-pit mines under fluctuating water-level conditions, physical model tests were performed
using similar materials containing joints and weak interlayers. The mix proportion of the similar materials
was optimized through orthogonal experimental design to ensure that their mechanical and seepage
properties corresponded to those of the in-situ rock mass. Multiple types of sensors were embedded in the

model to monitor pore water pressure, earth pressure, moisture content, and displacement, enabling
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systematic observation of the multi-field responses of the slope during water-level fluctuations. Working
conditions with different numbers of cycles and varied rates of water-level change were designed to examine
the deformation characteristics and failure mechanisms of the slope. The results indicate that certain
damage to the slope surface is caused by the scouring effect induced by repeated water-level fluctuations at
a constant rate, although internal structural damage is limited. This suggests that overall stability is little
influenced by slow, single water-level fluctuations. The rate of water-level change is shown to significantly
affect slope behavior, with slope displacement increases positively correlated with the rate of water-level
decline. Furthermore, the greater the outward-directed pore water pressure of the slope is, the more

significantly it is influenced by the hysteresis effect, and the higher likelihood of slope instability becomes.

Keywords: water level rise and fall;  open-pit mine; rock slope;  deformation failure;  similar
materials; model test
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Table 1 Level of orthogonal design for similar materials

. K | E&RA | E&A | KR | K/
/% /g /g g g
1 1.0 1 810 1 000. 5 40 240
2 1.2 1 810 1 000. 5 48 250
3 1.4 1 810 1 000. 5 56 255
4 1.6 1 810 1 000. 5 64 260
5 1.8 1 810 1 000. 5 72 265
6 1.0 3 300 564 40 240
7 1.2 3 300 564 48 250
8 1.4 3 300 564 56 255
9 1.6 3 300 564 64 260
10 1.8 3 300 564 72 265
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Table 2 Measurement results of mechanical parameters

for similar materials
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1] 0.24 2. 437 29.31 | 5.884x107° | 0.28
2102685 2.520 27.15 | 5.54x107* | 0.33
310.3244 | 2543 28.27 | 5.652x10™* | 0.32
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51 0.13 2.349 35.75 | 6.130x107* | 0.29
6| 0.17 2.373 36.66 | 5.927x107* | 0.26
7] 0.33 2.392 35.42 | 6.429x10°° | 0.23
8 | 0.37 2. 406 38.95 | 6.698x107° | 0.27
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Table 3 Comparison of test results of mechanical

properties of materials

S AHRIBER | JEa R (A ) | AR

it m/g 482 500 1:1.04

B p/(g-em?) | 2.32 2.57 1:1.10
YURSRE o/MPa | 0.34 80 1:235
H{EL/N 2 p7 0.27 0.33 1:1.22
WYERE E/MPa | 29.31 6 600 1:225

2 EKRBRY DHEACERILE

2.1 RIWRGEE
ARG 2 ke L SRR KA T
FEZRg M R BRI REMEN R 5%, il
YRR AIRE AL S e e T B AR ss  J2 3 e
B, MEAR R B AR RN P 1 R, BRI S TE
1 mx0. 8 mx1 m, JR50 Ak IR T 300 A5 70 g
R 1 m AR 60°, T LIRS ARG, F4 T AR 2 1HT
[EHE A 50 mm , FRFGIJZIRLE N 4 em  (HFA Sy 45°, H

LRk

-3 AR B

B1 B REHL

Fig.1 Experimental system schematic diagram
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Fig.2 Distribution diagram of sensor arrangement
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Fig.3 Curves of model test results under different numbers of wet-dry cycles
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Fig.4 Curve of test results under different water level change rates
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Fig.5 Changes in slope infiltration line

B B

Vv

(c) SBIMEE

.y | {
N D
(d) SB4prE

6 4 MEERIRIKER

Fig. 6 Slope deformation in four stages

3) KA THFEAE PR 1R O 3BT, 2 A 36
BRSNS KR 02 R, T EOCa AT T o
JEFFLEREIN , 15 10 1 W 0, e A AR — 1l SR
PR AEL SR AR R fih Ko S A EREIR

g b PR A KA T B PR T T Y
MR — A HACA A EAE RS AR AL B8 TR
T BN S oM REUE A K I e A 55
b Bt B . KA AL E AR R M B R Y
eSS ESWRIAE/SIRNE T VoSS 8

4 &

1) J3B R 2 32 B th A Ak Dk A 5
ME . ZUOKALTHRET] K 8 R 15 Ao 341 35 2 i 7
A —TE R BRI, (H A RS it O )N 1 1] . —
A 7R A G R T R R AR E PRI A

2) JKASE A8 T T AR TR M Ay 2 KA
T A R A A T A SR IE AR G, 47 ) B A
SMIU A FL B K s 780, FLBR K T 77 A e g 52



52 IMESE KL TGN T 88 K04 B 3 TR R L] - 133 -
F4 KALFHFES| KBRS0 R
Table 4 Physical and mechanical response caused by water level rise and fall
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Table 5 Law of deformation accumulation and crack development
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