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240Comparative Study of System Reliability
Analysis Methods for Soil Slope Stability

Xiao Liu, D.V. Griffiths, and Hui-ming Tang

Abstract
Generally, a soil slope might have numerous potential slip surfaces, and each of them can lead
to a failure of the slope. So, the soil slope’s reliability analysis is naturally a system reliability
problem, and the overall failure probability may be larger than that of any single slip surface.
This paper focuses on the comparative study of system reliability methods for soil slopes.
Initially, a rigorous analytic solution is presented, followed by the classification of the existing
analysis methods into four categories. Then, a comparison study between these categories is
carried out. We conclude that the Monte Carlo-based analysis is best suited to resolve the
system reliability assessment of soil slopes and that within this category the finite-element-
based approach is superior to the limit-equilibrium-based one. Other methodologies tend to
underestimate the failure probability of the soil slope system.

Keywords
Slope stability � System reliability �Multiple failure modes � Probabilistic methods �Monte
Carlo simulation

240.1 Introduction

A slope reliability analysis often reveals a huge number of
possible slip surfaces, which combine into an almost infinite
number of failure models. A well designed reliability anal-
ysis should recognize that slope failure analysis is a system
reliability problem and must reveal an overall slope failure
probability. Any reliability analysis that does not confront
this reality is weakened by simplification.

Cornell (1971) was the first to point out that the overall
slope failure probability may be larger than that of any single
slip surface, and this fact has been successively confirmed by
many researchers (e.g., Oka and Wu 1990; Chowdhury and
Xu 1995; Huang et al. 2010; Zhang et al. 2013). However, a
considerable number of existing studies (e.g., Hassan and
Wolff 1999) still focus on the failure probability along a
single slip surface (e.g., the slip surface with maximum
failure probability labeled the probability critical slip sur-
face) instead of overall failure probability that involves
multiple failure modes.

Because the system reliability analysis of slopes is gen-
erally more difficult to achieve than calculation of a single
mode, researchers seek and use methods that can simplify
the task. Unfortunately, most of these methodologies tend to
underestimate the failure probability of the system which can
cause serious consequences in engineering practice. So
efficacy evaluation of the different methods is essential, and
it is critical to recognize their inherent error characteristics.
For decades there has been little research aimed at exploring
this fundamental topic.
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number of slip surfaces involved in the slope system is not
limited within the Monte Carlo framework. Increasing the
number of slip surfaces does not increase the difficulty of the
algorithm programing and if the FEM is applied, it can deal
with the infinite series system of slopes. Second, one no
longer needs to evaluate separately the complex association
between each slip surface because the Monte Carlo simu-
lation automatically satisfies this requirement. The problem
of system reliability is unresolvable by any current analytic
solution because a soil slope can have infinite potential slip
surfaces and the huge number of complex associations
between the slip surfaces produce a type of “dimension
disaster”. In contrast, the third category, which can evaluate
an unlimited number of slip surfaces and automatically
evaluates the associations between each slip surface, is
especially suitable to the system reliability analysis of soil
slopes. Moreover, except for current limitations of compu-
tational efficiency, FEM is superior to LEM, so improvement
in the efficiency of the FEM algorithms is a promising
direction of future development. In this field, Huang et al.
(2010) have suggested an efficient method based on tech-
nology of response surface.

240.5 Conclusion

In the complex reality of natural conditions, a slope reli-
ability analysis must be considered a system reliability
problem. The existing methodologies of system reliability
analysis can be divided into four categories, and three of
them can approach the infinite series system of soil slopes.
Theoretical studies have shown that the third category, based
on Monte Carlo simulation, has a much more solid theo-
retical foundation than the other categories. If the same
system is evaluated by all three of these categories of
methods, the third category will yield the largest failure
probability and will be much closer to the true solution,
followed by the second category, with the first yielding
the smallest one. Moreover, in the third category, the
FEM-based approach is superior to the LEM-based one.

Acknowledgements The research work presented here and the prep-
aration of this paper have been financially supported by the National
Nature Foundation of China (NSFC; Grant No. 41102195 and No.
41230637), the National Basic Research Program of China (973 Pro-
gram; Grant No. 2011CB710606), China Postdoctoral Science Foun-
dation (Grant No. 2012M521500) and the Special Fund for Basic
Scientific Research of Central Colleges, China University of Geosci-
ences (Wuhan) (Grant No. CUGL100234). All support is gratefully
acknowledged.

References

Chowdhury RN, Xu DW (1995) Geotechnical system reliability of
slopes. Reliab Eng Syst Saf 47(3):141–151. doi:10.1016/0951-8320
(94)00063-T

Christian JT et al (1994) Reliability applied to slope stability analysis.
J Geotech Eng-ASCE 120(12):2180–2207. doi:10.1061/(ASCE)
0733-9410(1994)120:12(2180)

Cornell CA (1971) First-order uncertainty analysis of soils deformation
and stability. In: Proceedings of the first international conference on
application of statistics and probability in soil and structure
engineering (ICAP1). University of Hong Kong, Hong Kong,
pp 129–144

Ditlevsen O (1979) Narrow reliability bounds for structural systems.
J Struct Mech 7(4):453–472. doi:10.1080/03601217908905329

Griffiths DV, Fenton GA (2004) Probabilistic slope stability analysis by
finite elements. J Geotech Geoenviron Eng 130(5):507–518. doi:10.
1061/(Asce)1090-0241(2004)130:5(507

Hassan AM, Wolff TF (1999) Search algorithm for minimum reliability
index of earth slopes. J Geotech Geoenviron Eng 125(4):301–308.
doi:10.1061/(ASCE)1090-0241(1999)125:4(301

Huang JS et al (2010) System reliability of slopes by RFEM. Soils
Found 50(3):343–353. doi:10.3208/sandf.50.343

Oka Y, Wu TH (1990) System reliability of slope stability. J Geotech
Eng-ASCE 116(8):1185–1189. doi:10.1061/(ASCE)0733-9410
(1990)116:8(1185)

Pasculli A et al (2006) The effects of spatial variability of mechanical
parameters on a 3D landslide study. In: Hart RD, Varona P (eds)
Proceedings of the 4th international FLAC symposium on numer-
ical modeling in geomechanics. Madrid, Spain, pp 1–5

Zhang J et al (2013) Application of the kriging-based response surface
method to the system reliability of soil slopes. J Geotech Geoen-
viron Eng 139(4):651–655. doi:10.1061/(asce)gt.1943-5606.
0000801

1366 X. Liu et al.

http://dx.doi.org/10.1016/0951-8320(94)00063-T
http://dx.doi.org/10.1016/0951-8320(94)00063-T
http://dx.doi.org/10.1061/(ASCE)0733-9410(1994)120:12(2180
http://dx.doi.org/10.1061/(ASCE)0733-9410(1994)120:12(2180
http://dx.doi.org/10.1080/03601217908905329
http://dx.doi.org/10.1061/(Asce)1090-0241(2004)130:5(507
http://dx.doi.org/10.1061/(Asce)1090-0241(2004)130:5(507
http://dx.doi.org/10.1061/(ASCE)1090-0241(1999)125:4(301
http://dx.doi.org/10.3208/sandf.50.343
http://dx.doi.org/10.1061/(ASCE)0733-9410(1990)116:8(1185
http://dx.doi.org/10.1061/(ASCE)0733-9410(1990)116:8(1185
http://dx.doi.org/10.1061/(asce)gt.1943-5606.0000801
http://dx.doi.org/10.1061/(asce)gt.1943-5606.0000801



