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Failure patterns of soil - rock mixture slopes under extreme rainfall:

A flume modelling test study
Guo Zheheng"?, Su Zhengyang'?, Wang Kaiyu'*, You Ming"*, Wang Shun'~’
(1. State Key Laboratory of Water Resources Engineering and Management, Wuhan 430072, China;
2. Institute of Hydraulic Engineering Risk and Disaster Prevention, School of Water Resources and Hydropower Engineering,
Wuhan University, Wuhan 430072, China)

Abstract: A series of flume modelling tests were conducted to investigate the deformation and failure processes
of soil - rock mixture slopes under different scenarios, considering various rainfall intensities, slope gradients,
and rock contents. Some key monitoring data, including volumetric water content, pore water pressure, and
earth pressure, were used to analyze the evolutionary characteristics and dominant controlling factors of rainfall-
induced failure. The results indicate that the instability of soil - rock mixture slopes during rainfall infiltration
exhibits distinct stage-dependent behavior, which can be generalized into three typical phases: toe softening,
traction-type collapse, and overall sliding. Increasing rainfall intensity and slope gradient significantly accelerate
the coupled seepage - deformation process, leading to earlier failure and larger damage extent, whereas a higher

rock content enhances the skeleton structure and drainage pathways, effectively suppressing pore water pressure
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accumulation and thereby improving overall slope stability. The peak values of volumetric water content, pore

water pressure, and earth pressure increase with increasing rainfall intensity and slope gradient, but decrease

overall with increasing rock content. This study reveals the multi-field coupled failure mechanism of soil - rock

mixture slopes under rainfall, providing an important theoretical basis for stability assessment and disaster

prevention of such slopes.
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Fig.1 Particle size distribution curve of soil-rock mixture
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Fig.2 Experimental setup and monitoring system
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Fig.3 (a) Uniformity test of the rainfall simulation device and (b) the test results
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Table.1 Test conditions for the soil-rock mixture slope model
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Failure process of a soil-rock mixture slope
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Fig.5 Changes in water content during the failure process of a soil-rock mixture slope
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Fig.6 Changes in pore water pressure during the failure process of a soil-rock mixture slope
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Fig.7 Changes in earth pressure during the failure process of a soil-rock mixture slope

TERE T A 1o B v, W 7K R A A T B R A
R I O, AN TR ) B 2 R SRR
LR EEARRE BT SR, T AR AR
R R A7 55 A0ORE A AR IR R R R 37 X R 22
S, Jay DX 2 kAR N ) Ty A A5 A R A O A
) it £ 5 B S B0 5 9 B B AR A . iR A SRR

e R A s 7 20t B AR AR A R I A i Al 3 T L
B 0 P DA S 4 A o AR R LA R A o
YEM o e AR R AR 00 b, b Ty il 20 7 1K B i
(LT 1 B BT 1 ok b 90 % B R X I 1 R
2y W B B R 0 45 1 5% AR R R I X A% 8 8 7 AR Y bR
I i RN o Bl Bl A S AR R AR A5 IR



SRPTAE, 45 o W o e W P A 3R S MR e e R A = R AT 9

R RNV A S R AT R i | = A RN )
Fo kol — R AR T R T S B A R
RBEMEENIKGS . MR, 7R LA BRI
T, R D) 7E IS B (E S DR FE AR XS FR 2, R
MRAREH IR .

AN [) 5% me DAL 28 % 4 T g e AR AR HL AT I R
FEAE . SRR E T, R 7 3 K s S
R, 7E R 5% B S 100 mm/h A9 T b, + 6 78 4%
S I ) P TR TF & 3.0 kPa L b, 3 s T HAl T
B, 2% W = T 5 2% 2 T 3 A o S R ) B R O A
TR EA . BEE &A=, £ K (%
R TR & AR R30% M THLEES
VEAE 29 1.7 kPa, IR TAR & A & T80, H K J7 0w i
BB G . X R YA R e R LT
PR TR T HE 7, 0 S R Ak AR B T S P 2%
VR o AR ARSI T 0, b R 7 B S ] S B A
i PR S R E 2N 1.5 kPa, N5

LS 513

50
(a) T1 (10%-60°-50mnvh) —W,
! Py | 1 H1.2
gl —s,
«
e N £
S d = " 095409
ELA 4 /) 2
’ —_— I | 0.6% 0.6
; | =
| - | i
“‘ j’:"" 0. 10.
| \.‘—,‘r‘ﬁ;ﬁ‘ﬁriw Zog
L\ WA
0 L - L L 00 -0.0
0 500 1000 1500 2000 2500
/s
50 15: a1
(c) T5 (10%-30°-50mnvh) —W,
40+ P2
+ S'l <
[ N =
30+ 095 4
™~
20+ i = 0.6 :
20 s P 0 /y%
b / = {
/
10t 03 40
,-’L/
0 L L L L 0.0 -“0.0
0 500 1000 1500 2000 2500
I /s

1§ J1/kPa

3o oo el B o 2 5 s R D7
/N JE 2% PR 1A O O 5 R e R T
B d PR i MR
3 s RTE

1 R T S % R A P 0 8 1 2
Faid B R LR BT AR N 5 K % LK FE )
A R 3% 1 B R T R A 1 0 7 T A
I 0K 7 5 12 0 15 G , ST, o — B 1] 91
B 5 A0 4 T 30 B e L i
3 T A ) ) R 2 R 5 4
5 e B 9 71 B 39T 30 0
LI 5 40 B . 4T 1 i BT 30 38 K R A i e
B S O 25 0 D A S 0 B 0 T LA T80 (T4
(e ) TACR ML ) TS (e K W R )
P R T3 A K LK P ) % T g g )
S Al et PR 0 L, JE4% SR P8 95

Iy <45

50
[ () T4 (30%-60°-50mmih) —w,]

gl 1
40+ \ Pl 2 {12
SJ |
! ! =
i o
S30f (:\13 ‘n\)g
} =
¥ B
20 F ‘ <(lh% 4)‘(14_:
| A = 1
10 - J/TN‘ ! 03 40
I/ | - ﬁ&%
ol - L i . 0.0 00
0 500 1000 1500 2000 2500
B fil/s
50 1.5 <15
(d) T8 (10%-60°-100mmvh) —W,
40+ /' 2 Poliz
( ‘ “ VAR Seid el
oy
2 f,' A ” =2 ]
2 30 + M w0 ‘ \ u‘)_}\. 'n,«);
S ; | 2 \ 5 i -'\“‘
_f”_pn + un:;_’:_r 4)0_7:
]
Hi o
10H ‘ / | 03 4o
oLF x
l T
0 — L L L L 0.0 -0.0
0 500 1000 1500 2000 2500

i fel/s

8 HMATRTHIRBEMIERS S7BE MR FFAEXT L

Fig.8 Comparison of stability indices and multi-field coupled response characteristics of slopes under typical conditions
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