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C=Q}}eD ?}=Q[ w xYNWt |=yp}rLD x@ \w@ Qt C@=F Q=Okt =@ Q@=Q@ |xOWv|WmyR
u=ty xm j}kLD u}= QO xar=]t OQwt QDt=Q=B C}=yv QO "CU= xOW s=Hv= hrDNt
=@ |iO=YD w xYNWt pOt Cr=L 2 |=Q@ 'CU= |v=wQ}W |Q=O}=B u=v}t]= ?} Q[
xOW u}}@D xYNWt p}rLD =@ xU}=kt QO |iO=YD p}rLD C}ty= w xU}=kt Qo}Om}
QO =Q xOWv|WmyR |WQ@ Ctw=kt QDt=Q=B C=Q}}eD l}D=tW Qw]x@ 4 pmW "CU=
xOWv|WmyR u=UWm pwOt "OyO|t u=Wv OwOLt p[=iD p}rLD hrDNt Cq=L
Q_v QO |]N |xDU@ty 'xOWv|WmyR |WQ@ Ctw=kt =@ pt=m CQwYx@ �Eu�

%CU= xOW xO=O u=Wv 8 |x]@=Q =@ |oDU@ty u}= xm CU= xOW xDiQo
Eu = � su (8)

QO 500 =@ Q@=Q@ xar=]t u}= QO xm CU= 1500 =D 300 u}@ � C=Q}}eD |xOwOLt
[16]"CU= xOW xDiQo Q_v

xYNWt |=yp}rLD
Q=Okt 'xar=]t u}= QO |m =N ?}W |Q=O}=B p}rLD |=Q@ xYNWt p}rLD VwQ
|=[i QO =Q l =N |xOWv|WmyR |DNU |=yQDt=Q=B w |WQ@ Ctw=kt CN=wvm}
xO=iDU= =@ �|rm u=v}t]= ?} Q[� u=wva =@ =Q ?}W |Q=O}=B w Ovm|t ?=NDv= pOt
QHvt VwQ u}= "Ovm|t |@=} RQ= |WQ@ Ctw=kt Vy=m VwQ =@ |OOa |=yp}rLD R=
|v=wQ}W |Q=O}=B |@=} RQ= |xH}Dv w CU= xOW l =N ẁv |=Q@ OQivt p}rLD s=Hv= x@
3 pwOH QO =yp}rLD u}= G}=Dv "OwW|t OQivt u=v}t]= ?} Q[ l} |x�=Q= x@ QHvt

"CU= xOW x�=Q=
u=v}t]= ?} Q[ su = 25 kPa =@ ?}W |=Q@ OwW|t xOy=Wt xm Qw]u=ty
|=Q@ |rw "CU= xOW xDN}Uo |O=OQ=Qk ^=Lr R= ?}W xH}Dv QO 'CU= 1 Q=Okt Q} R
xOw@ 1 5 R= V}@ u=v}t]= ?} Q[ su = 75 kPa w su = 50 kPa =@ ?}W
VvQm =@ |L=wv w |}=H@=H |=yQ=OQ@ R= |}xvwtv 5 pmW "OvDUy ut}= xH}Dv QO w

"OyO|t u=Wv su = 25 kPa |=Q@ =Q |WQ@ |xv}W}@

|Dq=tDL= |=yp}rLD
xOW s=Hv= su |}=[i |Q}PB Q}}eD uDiQoQ_vQO =@ |Q=O}=B p}rLD 'Q_vOQwt ?}W |=Q@
uoty |iO=YD Q}eDt CQwYx@ xOWv|WmyR |WQ@ Ctw=kt Qw_vt u}O@ "CU=

"?}W |Q=O}=B |xYNWt p}rLD G}=Dv "3 pwOH
75 50 25 su (kPa)

2 73 1 82 0 91 u=v}t]= ?} Q[

18



|Q=
vJ|

O}W
tH

=[Q
w|

}qa
==[

QO}U

|WQ@ Ctw=kt C=Q}}eD hrDNt ?}=Q[ =@ COVFS w �FS C=Q}}eD "8 pmW
"hrDNt |=yTQ |=Q@ xOWv|WmyR

"|Dq=tDL= |OOa |=yp}rLD G}=Dv "5 pwOH
COVsu (�)

�su (kPa)80 60 40 20 5
0 623 0 665 0 779 0 873 0 904 �FS 2524 3 23 4 10 1 7 0 4 COVFS ���
1 087 1 249 1 568 1 745 1 810 �FS 5031 2 22 7 8 6 1 7 0 4 COVFS ���
1 545 1 915 2 337 2 662 2 714 �FS 7529 7 23 3 10 1 1 5 0 4 COVFS ���

xYNWt p}rLD =@ xU}=kt QO |iO=YD p}rLD
G}=Dv R}v 9 pmW "CU= xOW xO=O u=Wv 5 pwOH QO |Dq=tDL= |=yp}rLD G}=Dv
pmW u}= j@=]t "OyO|t u=Wv =y|R=Ux}@W O=OaD Q@=Q@ QO =Q |Dq=tDL= |=yp}rLD
"OQ=O u=v}t]= ?} Q[ |wQ Q@ |yHwDp@=k QF= su = 25 kPa C=Q}}eD ?} Q[
xm |]}=QW QO |v=wQ}W |Q=O}=B u=v}t]= ?} Q[ u}ov=}t Q=Okt xm OwW|t xOy=Wt
uoty\}=QW QO xOWx@U=Lt u=v}t]=?} Q[ R= 'OQ=O|iO=YD |Q}PB Q}}eD su Q}eDt
=@ xU}=kt QO u=v}t]= ?} Q[ Vy=m Q=Okt COVsu Q=Okt V}=Ri= =@ "CU= QDtm
l =N |=Q@ "O@=}|t V}=Ri= |yHwDp@=k Qw]x@ u}ov=}t ẁv 3 Qy |=Q@ uoty Cr=L
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|WQ@ VvQm QO su C=Q}}eD ?} Q[ xm CU= u}= V}=Ri= u}= Cra "CU= |QDW}@
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"OyO|t u=Wv |oDN}Uo
sR}v=mt =@ x@=Wt Q=}U@ |oDN}Uo sR}v=mt 'CU= sm COVsu xm |t=ovy
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FS
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?} Q[ w u}ov=}t x@ \w@ Qt Cq=L |x}rm |=Q@ |R=Ux}@W 250 O=OaD '7 pmW QO
"OW ?=NDv= xOWv|WmyR |WQ@ Ctw=kt C=Q}}eD
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Qt= u}= xm 'O@=}|t V}=Ri= u=v}t]= ?} Q[ C=Q}}eD ?} Q[ 'COVsu V}=Ri= =@
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1. spatial correlation length
2. probabilite dendity function
3. safe index
4. �rst order reliability method
5. second order reliability method
6. point estimate method
7. MonteCarlo simulation
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Abstract
Slope stability analysis is a geotechnical engineering prob-
lem characterized by many sources of uncertainty. Some
of the uncertainties are related to the variability of soil
properties involved in the analysis. The in
uence of spa-
tial variation on the mean of the safety factor is dis-
cussed in both deterministic and stochastic numerical
analysis contexts. A numerical procedure for a proba-
bilistic slope stability analysis, based on Monte Carlo
simulation, which considers the spatial variability of soil
properties, is presented to assess the in
uence of ran-
domly distributed undrained shear strength. In the pro-
posed method, the commercially available �nite di�er-
ence numerical code, FLAC 5.0, is merged with random
�eld theory generated using the Cholesky decomposi-
tion technique. For each realization, the random �eld of
cu is generated by Cholesky decomposition at the cen-
ter of the element level, and the in-situ stresses in the
slope are generated by applying gravity loading. This
method considers the spatial variability of soil proper-
ties, and applies a strength reduction method to esti-
mate the safety factor of a slope. Considering the case
of a 5.0 m high cohesive soil slope of 54:50 (a range
of coe�cients of variation (COV) from 10% to 50% in
cohesion values), parametric studies are performed to
study the e�ect of stochastic soil cohesion on the statis-
tics of the safety factor, in comparison to the determinis-
tic solution available for the uniformly constant cohesion
property. E�ects of the statistical range of variability of
cu on the mean of the safety factor are also presented
and give an important insight into their e�ect on relia-
bility analyses. The results obtained in this study are
useful to understand the role of cohesion variations in
slope stability analysis under di�erent slope conditions
and material properties. The coe�cient of variation of

undrained shear strength was proven to have a signi�-
cant e�ect on the reliability of safety factor calculations.
The observations made from this study help to explain
the requirement for slope stability calculations in a prob-
abilistic framework. It is further demonstrated that the
variability of soil properties translates into a substantial
reduction in the safety factor (in an average sense), com-
pared to the corresponding deterministic (homogeneous
soil) case.

Key Words: Heterogeneity, random �eld, stochastic anal-
ysis, factor of safety, reliability index, Monte Carlo.
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