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Probabilistic Stability and Sensitivity Analysis for a Failed Rock Slope
using a Monte Carlo Simulation
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A probabilistic analysis of slope stability is an appropriate solution in dealing with uncertainty in problems
related to engineering geology. In this study, a Monte Carlo simulation was performed to evaluate the performance
function that is Barton’s equation. A large number of randomly generated values were obtained for random vari-
ables, and the performance function was calculated repeatedly using randomly generated values. A previous study
provided information of slope geometry and the random characteristics of random variables such as JRC and ICS.
The present approach was adopted to analyze two failed slopes. The probabilities of failure were evaluated for each
slope, and sensitivity analysis was performed to assess the influence of each random variable on the probability of
failure. The analysis results were then compared with the results of a deterministic analysis, indicating that the
probabilistic analysis yielded reliable results.

Key words : slope stability, probabilistic analysis, Monte Carlo simulation

M B dojl o2y M EEAe] Peld R £,
FEAQ A A BAE mRsiA e =88]
AAA) AAARE S8 P4 ANe oides 28] Folrhars R, 2007). Morgenstem et al. (2002p&-
e ARFEAR] EAdle Beago) wdkoes ¥ XA EAd glo] BEINS v & ode U
e, ol BBAAL SN 2 A g A o2 BEEA Mol Fdsital sgloH, B s
=& ARG wEh olHd B3RS dHr 2 siMdae) NS o] fs 71E ARBAY W

*Corresponding author: hjpark@sejong.ac.kr

437



438 g -

¥ g S8 EE ALk thMcMahon,
1971; Kim and Major, 1978; Kulatilake et al, 1985;
Muralha, 1991; Muralha and Trunk, 1993; Low,
1997; Nilsen, 2000; Park and West, 2001; Pathak and
Nilsen, 2004; Park et al., 2005).

&3 718e] AREA WY A% &L Fed]
FEEQ AX oM APH o) gt RTLE AAE
B, AR S AT ZEAA HASAE AXA R3t
© S Hol o, YukE o g orE 715 H| L
Aok 3 wEb olE a1 & Y= FEEH 3
A7149] Hgo] B a7dR & 4 Utk Casagrande
1965y A AAF3l loire) kA EAIE A
3} Adste] o & FAAE E AroMe
ZH7IEZA B AMCS)E ol8a SEEH sy
< FYea AT A H NESle AP E
23 S

LR

£ Aoae M) A7 EdS, 20112 53
A2 dd AQ7(ROE FS3IQTt o1E Y5k
) e}o| thiterrestrial LIDARYS 2-8-3led B579] DSM
(Digital Surface Modely& SH3l5 o o|22E A
W] profile FE3)3 72 2 Ai SATREE o] 83}
o APl AW AA7|(ROZ HI3ISIT B3 771)
EfHE o83l AeH YSATE 53 ol
54 JRC € JCSl i§ He, TFAA}, Exgs
59 SEE4S 53921 JRCY ICSE LR
3k Barton®] A=AE AEiEE AXsk, 78Ikl DSM
S2RE ApEe] A%, 7L 2o] T ALEYE FE

o EEFIERAEHOS 3 29 82
Zgsigin). Rl wE ARER Jeidrot 749
2237 FSHFE o183l S vHE ANt
olg g AA LHHE &< histogram, FEEE
A (PDF) 2 FHEEISZA(CDRE FE B
obd Fgol izt AE AN FES AP £ 7
SH@gEE 72 2 Aj FEHEd o5 &5% RC %
o WE A E e vnTo=A 7 7zt A8AE
3190}, gEusel it FIANFEHHAA dut
9l Simple random sampling (SRS)# Latin Hypercube
sampling (LHS)#H] ®lw#-4g F3) LHSS] FthE
FE&T 9 AR EAYAFE AAEIT

HCHA At bt 3

Slopel> Q1A AYT ARE FH 00FFE FA
Aol YA)5, Ao E A itk AR
Fo| ¢ o] A7t 19ms} S0mel| o229 AL & A
ApEke- 54/175(dip/dip direction)S HQITh APAWE)s}
AR o ©5o) of8) HHdrt SAERICHFig 2a).

Slope2= ZHE A JH FEEd I 38840 ¥
AR YR8 7Tkle] MAEXGRE TAE ot
ApRolt), Ale] Eo] 2 A%o] 7z} 46 met 100 mol
o]=2w AHAl L AAPISES 60/223(dip/dip direction)&
o]ZthFigure 3-20). YH-7ZHIAN e &5 & A=
Tz 98 FHu 7 BAEHATKFig. 2b).

Algio| iz ¥ =Y

Slope1 2IEXt&
Slopeloll 3t RdFgor AL AHEEolE

T

Ve o truncated RV¢ /X %,
normal D ,,,,,,,,,, - \\_
T T 1 1 7
e ¢1, 2,3, ¢4, > ¢n

Rve
= .0 v) | A oormel
M= C-D L /] g *\&\NWM B /( 0\\\

81 = 1{cl. 91, ¥)
Fsz=f(oz*¢2,x>[>

£5n = tlon, bn, ¥

Fig. 1. Procedure followed in the Monte Carlo simulation.
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(a) Slope 1
Fig. 2. Photograph of the investigated slopes.
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Table 1. Input parameters for the Monte Carlo simulation
(slope 1).

project  site method  sampling  state function

setting  glopel  MCS  SRS/LHS  Barton’s eq.
height(m) angle(®)  jpput  TAKN/M’) 44()
geometry

54  parameter ¢ 28
dlSF’ mean STh  CoV

function
statistics IRC Z2  pormal 54 145 027
Al normal 6.3 193 031

ICS normal  49.3(MPa) 9.2(MPa) 0.19
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Fig. 3. Slope 1 modeling.
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Table 2. Input parameters for the Monte Carlo simulation
(slope 2).

project  site  method  sampling  state function

sefting  glope2  MCS  SRS/LHS  Barton’s eq.
geometry height(m) angle(®) jnput  YANAT)  $4()
39 59  parameter  »g 25

mﬁ‘csttw . mem  STD COV

statistics JRC Z2 normal 72 151 021

IRC Ai normal 79 199 025

JCS  normal 74.7(MPa) 10.5(MPa) 0.14

Bs

Fig. 4. Slope 2 modeling.
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Fig. 5. Slope 1 FS (Z2) histogram.
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Fig. 6. Slope 1 FS (Ai) histogram.
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Table 3. Probability of failure and reliability index (Chowdhury,
2010).

short term long term
'slope re!iability ol PRY%)
height(m) index Pf(%) @50yt expected)
<10 1.0~1.5 15~5 0.3~0.01
10~20 1.5~2.0 5~1.0 0.1~0.02
20~30 2.0~2.5 1.0~0.5 0.02~0.01
>30 2.5~3.0 0.5~0.1 0.01~0.002
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Fig. 8. Slope 2 FS (Ai) histogram.
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Table 4. Input parameters and FS for deterministic stability
analysis.
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F8. 0680779

Fig. 12. Results of deterministic analysis.
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Fig. 13. Sampling comparison between JRC (SRS) and JRC (LHS) (n = 100).
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