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Influence factors for failure of cohesionless soil slopes triggered by heavy rainfall
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Abstract: Using the self-developed flume, the model tests are conducted to trigger heavy rainfall-induced failure of
cohesionless soil slopes with Japan silica sand No. 6, No. 7 and No. 8 under the fixed rainfall intensity of 90 mm/h. The failure
process is described and the effects of slope thickness and unloading at the leading edge, and the particle size and fine-particle
content on the failure process are discussed. Moreover, the response of pore-water pressure in the failure process is also studied.

The results show that: (1) Under the sustained heavy rainfall, the failure process of cohesionless soil slopes can be divided into

three stages, i.e., rainfall infiltration, initial failure and major failure. (2) At the major failure stage, the tension cracks gradually

appear from the toe to the middle, shoulder and top of the slope. The failure mode is controlled by the particle size of soils and

fine-particle content with the mechanism of the extent of shear dilation effect. (3) The smaller the slope thickness is, the shorter

model test

the duration of failure process is, while the smaller the sliding distance and velocity are. In addition, unloading at the leading
and then the sudden sliding is induced. At the same time, the pore-water pressure at the sliding surface decreases sharply due to

edge can accelerate the failure process of the slope, and make it have a longer sliding distance and a larger sliding rate. (4)

When the deformation of the saturated slope is accelerated, the excess pore-water pressure is generated at the sliding surface,
the decrease of slope thickness and the occurrence of shear dilation effect.

o 5 =

Key words: cohesionless soil slope; influence factor; rainfall infiltration; pore-water pressure; shear dilation effect; flume
=

2008 EFIBC) LR 51 K 1 R 6 J3 MR K7
Wea IR DL AR R R T BRI R TR

FEEER: 2020 - 05 - 20

ELWH: “fEARRFEETH (1508085QD78); EXK HARERL %
HEE&WH (41502335); FEELERFEETH (2016M592032)



% 2 3

g, A RN R S IOA B R 3R I Y 301

S AR BOERAN . RS R, XA
RUAARAT FT BE RASBIIR IR J o ML (R AL T 3 B
AR E, TRt thhh, KgE#Ed
P AN AT G 2 PO BN LR BRI (U 42 S 4
S50, MIMTREIR T JR S HERIRAS T A RL 7P, BRI v)
Refid R HER R R AR . RIL, JFREFERT 61 TR
Ja SRS O RUA R B R S LR IR 3R CAnEAR
JERE . BRI N THEh5ED et o ja E b
IRl 9 o LA L

ek 9 75 A T B AR AR 6 2 H AT ATV Sl A i A
W E B %, b AT 3, R AT
B SRR s i 35T ) S AR AR AL LE 51 ik s A
=N KRERRAER . SR, Bl N TR SR AL 156
BN A R, T AT RE AR AR E, HOT IR
Do BT Sy 2 R AR AR EE B R06 — f BLU TR S
M DX R T SR Z I O R, I TR
B YR VT A3 S AN 5E A sh i B0 T+
FOARGE, FECRTM R, % KRR 6 B )
AAK, TR, URSARAN 5§ SEBLAEA A5 o

BRI, E W ANEE AN E RS 2 A K
FEREATTT R T KB R U5 A LB RIBT 7T T AX
RYEMA: Wang SEUCNIFfE T — R 51 A /K RS A 1
B, SrHT T UKL INFI AR RIURL £ B R NS A
IR LK 707 A LR SR e 118 3l
TEREFEME R Moriwaki S5 IR A7 T H AR SR [ 52
B KRR AR FLAT (NIED), FIFK 23 m, 7 7.8 m
ATE 3 m AKRERERY, SR 1.6 m JE AR 3t AT
TR, R BARAFE AL ALK AL
fill; Sasahara “FUEIZHE AT EEAT TR MIALS,
06 R0 B 4575 R N8 e A PP A B A 4
SERE KA BRI, FUBRAR S 4 A O
FFR BT ML AR AT LG K IS A 58 RN T R 5
JRA 3 RAG I TR AR AR s Jo) fi ST B o mL ZK R A
RORIHT 7T T R LSRR A AR LR, 22
H AU IT 1 B I A1 N HERUA LS R. A&
o BIRAUBIRLE RS (UL, PR R0RE 2 e HER 1A
TR ENE MR B SR MEEN ST T R HEAR
RLETC M IR 25 T IR R S A HER IS Bt 7R, 1R
VORI e Sl R AR S R R S Bl
RS R . B4, Hu SFEUS20EE X 50 =
Ja (R BOAT HEARD A o W AT AR AR IR A F T
IR B IE — IR HEAT T — R B KRR R 56 BT
TCo A7 T RSO HERRID Y iR A Bl I R A
T P AN AR R £ B 1) A IR AR o

A1 EIRSCHR T AT &, TR S E T AR
S LB ABRIZAC . RRAT . 400K S AR L3508

T A A TR ACRPE AL, B R
JE ST Bl AR RIORA AR A A UAE 25 B 35 5l
BN . BPAMR A SRR, A W S AR
PONTERBC AR, W& TR, SRR, R, Bk
PARRIRE AR, b &R & BUARANE2), R R]
MOATEFE L FET 0, ASORIA B AT R K 2 K
FERAY, e HIAS FIRURL I ) HAERS (Y6 77
AN*8), JT Jee [t R Bk PR 96 E T 175 R o Rk - S5 R g
RS, DU RIBR R . RN S & IR
AN 020 25 PR 3 H A A e e, IF 0 dr
FLBEK s A8 3 BRI R rh R Sh &S Wi RERFAE , B
N R E R L ARG 7E L T TR AT ok
RIS

1 RIEMR

RIGHRLA 3 B HAEERD, BIRERY 6, #7 F178 (it
g5 S6. S7 A1 S8), ULt 2 1 frow.

HH AN 5] A Cu Rl 28 B3 Ce TS AT %0, 3
FAREEY N R EA R b £ UFE S6, S7 A1 S8 (14
Wik CRiA2/NT 0.075 mm) & & Poors 70 AIN 1.19%,
3.40%, 13.88%, “THIKifE dso CEH RN AN
FE) 4518 0.26, 0.18, 0.10 mm, AP F B
W 1.

S

oo
=]
T

=)
(=}
T

N
(=]
T

[
(=]
T

AINTHRAR LR R R T A B %

=)
o
S
=2

0.01 0.1 1
$if2/mm

1 R AERRIREC 2
Fig. 1 Grain-size distribution curves of samples
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Table 1 Physical properties of samples

N c o
S6 2.64 2.73 0.98 0.26 1.19
S7 2.63 2.20 0.79 0.18 3.40
S8 2.63 2.20 1.34 0.10 13.88
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Table 2 Schemes of flume model tests
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Table 3 Summary of characteristics of slope section during failure process of soil slopes
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Fig. 5 Time series of pore-water pressure of monitoring point P2
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