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Stability analysis of soft rock slope under rainfall infiltration
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Abstract: Instability mode of soft rock slope in rainy condition is one of bases for slope disposal. In order to research the stability of
soft rock slope under rainfall infiltration, this article put forward a new method which not only can consider the impact of seepage
field on the slope stability but also can reflect the adverse effect on the slope instability caused by rock softening effect.
Two-dimensional seepage numerical calculation method is used to simulate the slope pore water pressure size and the distribution of
transient saturated zone area on space and time in rainy condition. Combined the seepage field calculation results with the value of
physico-mechanical parameters of rock which are obtained from transient saturated zone area soften rocks test versus time, and
strength reduction method is used to analysis the stability of soft rock slope under rainy infiltration condition. The research of
example slope indicates that: in early rainfall period the representation of soft rock slope instability is the local layered collapsing of
slope surface under rainy infiltration condition. With the growth of rainfall duration, the representation form of the instability is the
combined local layered collapsing with whole sliding. After rainfall stopping, the recovery of slope negative pore water pressure has
certain delayed effect for the continuous reduction of safety coefficient of soft rock slope.
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Fig.1 Slope stability calculation process
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Fig.2 Profile of typical slope and initial water level
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Fig.3 2D finite element model
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Fig.6 Contours of pore water pressure (unit: kPa)
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Fig.7 Change processes of transient saturated zone area
and the movement of groundwater
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Fig.10 Experimental results of saturated silty mudstones
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Fig.11 Distribution of plastic zone

4.3 AP EZEREAENS T

TEXRS T3 AE B N 4 A 1 IR 98 1 DX 93 A B e
e PR i RS h e T R W = B 1 27
DR BRI 2 Fs. R,
B 2 MU N TR R RE 4L, A ke 4 R B B
AR, H1.65 B0 1.15. HiH8mr4n, 76 B 45
WA — M FEA%, (H FRARE A B B /N TR



% 8 3]

PRI BRI B AT T B TR E TR

2365

R 2 R PR . X IR U] B
FREEIERE, B AT DR i i AR P 2 A FLRRK
pALOPANEINS VR € SN UN SR PNV Y S E el
BT LIRS E TE AR PSS, i
TR XN KRB NGE, AL G K X
IR, NS A AR N R R
I, 27 AN DR 7 K e He e IXAE %€
REPE bSO GE T A AR T LU A3 B FO) 444
FEsE PERISEm, DAL, 5 R R 45 R 2 A AR 4
A /N BEA

®2 ARANAPEDZERH
Table 2 Different moments soft rock slope
stability safety coefficient

I Z1/d R I Z1/d 24 R HL
0 1.65 18 1.26
3 1.61 21 1.15
6 1.57 24 1.11
9 1.50 27 1.09
12 1.44 30 1.06
15 1.35
N
5 4w

(1) ASSCPE RN A5 T HCA T 3BAE T 23
Hr 7 IR RESS RE BB AR T A P FLBSK R 75 1
RIS TAIBRERE PE RIS, SRERG A K T A7 AE )
BN AR E M SR B AR L . Sy 37
PN AT N R AR PRI T — R ik,

(2) BEMITIR )R, AR IZAREAX HELE 2
TEALBRK Ty o Bl B R DO IR I, SR 2T
AR B SR, B A WA DX B T i A B A
A ST i) L SEA [ I R I LA T 1)
[ L3 A FR K

(3) T A B N e A A A FR) G [ £
N, FERERIAIY, WHERR A BN, R
LRSS oy JZ2 3 s B BN D I I
YR JZIPPE BT, R R385 P A 2
FATTOEVE R Z AR B b a, AN 4%
A B IRE D RUAAT FTgn,  (HI RN o

(4) IAAERE MR, 2 R AT W A,
R TR A B S AL BUK I 7 5 5 A A 3 v 3 )
SN ZE R BRI a R e S 18 A
B A SLBSUK s 7 R8T AR R B 1 2 4 2R AU
AR PR EAT e BIE SR

2 % X M

[1] NG CW, SHI Q. A numerical investigation of the stability

of unsaturated soil slopes subjected to transient

(4]

(5]

(7]

seepage[J]. Computers and Geotechanics, 1998, 22(1):
1—28.

PN R E R B M. dba RBRE HARAL, 1998.
X, XIEH, §18 7% JEHUNI R AR - RN
] AR A 25 0 T BTNV 0T I S U 3B 5 T 9 [0].
A%, 2010, 31(3): 903—910.

LIU Jun-xin, LIU Yu-tian, HU Qi-jun. Stability of
embankment slope subjected to rainfall infiltration
considering both runoff-underground seepage and
fluid-solid coupling[J]. Rock and Seil Mechanics, 2010,
31(3): 903—910.

JAZIC, tR DL, S, A5, BRI AB S NI
FasEMEHT[I]. AKFI2E3R, 2008, 39(9): 1066—1073.
ZHOU lJia-wen, XU Wei-ya, DENG Jun-ye, et al.
Analysis of slope stability under intensive rainfall[J].
Journal of Hydraulic Engineering, 2008, 39(9): 1066—
1073.

RKE, R, TN, S5 R AT R L mta
W AR AT ], A 0%, 2008, 29(2): 386—391.
WU Chang-fu, ZHU Xiang-rong, YIN Xiao-tao, et al.
Analysis of soil slope’ transient stability under intensive
rainfall[J]. Rock and Soil Mechanics, 2008, 29(2): 386
—391.

SR, RUFFE, FEZE, 2. A PUABEARE B R G
T[] REERZ AR, 1999,32(5): 560—564.
ZHANG Guo, ZHU Ji-xiang, ZHUANG Jun, et al. Rocky
slope hydromechanical coupling analysis[J]. Journal of
Tianjin University, 1999,32(5): 560—564.

R B, R, MR K, & A PULY R AN B
BRI, 5 A% 5 TR, 2003, 22(4): 625
—629.

QI Guo-qing, HUANG Run-qiu, SU Bao-yu, et al.
Numeric simulation on rainfall infiltration on rock
slope[J]. Chinese Journal of Rock Mechanics and
Engineering, 2003, 22(4): 625—629.

JiEEZ, AR, M- JE R dERR e B A E R A R
YEFLEMENT[I]. K AEIERLE, 2006, 24(5): 79—82.
ZHOU Gui-yun, LI Tong-chun. The rock slope stability
analysis under saturated-unsaturated seepage[J]. Water
Resources and Power, 2006, 24(5): 79—82.

TMER, B, Slln. BRAUE A SR N M.
P G TR HRRCRE, 1999,

JE 28, VB S A M. b st B A
bt AL, 2000.

VAN GENUCHTEN M T. A closed form equation for
prediction the hydraulic conductivity of unsaturated
soils[J]. Soil Science Society of America Journal, 1979,
44(5): 892—898.

B, BoREE. LS M] dbat P EK
MK L H FRAE, 1996.

A N ECHE AT KR, SL264—2001 KA K i TR 2
ARABVE[S]. SN SN R R, 2003.
HOEK E, BROWN E T. Empirical strength criterion for
rock masses[J]. Journal of the Geotechnical
Engineering Division, 1980, 106(9): 1013 —1035.



