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The reliability assessment for slope stability considering the spatial variability of soil
strength using random field numerical limit analyses

by
Kiyonobu KASAMA *and Kouki ZEN*

This paper presents a probabilistic approach to evaluating the geotechnical stability problem by incorporating the stochastic
spatial variability of soil strength within the numerical limit analyses. The undrained shear strength is treated as a random field
which is characterized by a log-normal distribution and a spatial correlation length (i.e., isotropic correlation structure). The current
calculations use a Cholesky Decomposition technique to incorporate these random properties in numerical limit analyses. The
Random Field Numerical Limit Analyses are applied to evaluate the effect of spatial variability of soil strength on the slope stability
and the failure mechanism. Monte Carlo simulations are then used to interpret the failure probability of slope for selected ranges of
the coefficient of variation in undrained shear strength and the ratio of correlation length to slope height. The results show how the
failure probability of slope is related to the average strength, the coefficient of variation and correlation length scale in the shear
strength of slope. Based on the result, the conventional safety factor of slope stability is evaluated to obtain a target probability of
failure.
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Strength ratio: 1.0
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a) Mesh for slope stability with uniform strength

« | Strength ratio

T r 0.60.81.01.21.41.61.82.02.22.42.6 COVFU-“x@:l-UX
=0 45 =
- =

>

= <>

== = = =

= = = =

b) Mesh considering the spatial variability of shear strength
Fig. 1 Typical mesh for slope stability

Table 1 Input parameters

Parameter Value
Angle of slope 45°
Mean undrained shear strength y, 10kN/m®
Coefficient of variability of unit 01
weight, COV, '
Mean undrained shear strength s 100kPa

Coefficient of variability of

undrained shear strength COV, 0.2,04,06,08,1.0

Ratio of vertical and horizontal

correlation length 1.0 (Isotropic)

Random, 0.25, 0.5,

Normalized correlation length ©@=6/H 1.0, 2.0, 4.0

Number of Monte Carlo iterations 1000
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Strength ratio: 1.0
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a) Deformed mesh
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b) Dissipated energy and displacement vector
Fig. 2 Result of NLA for slope stability with uniform strength
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Fig. 3 Accumulative mean and standard deviation of stability
factor in Monte Carlo iterations
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b) Dissipated energy and displacement vector
Fig. 11 Result of NLA for slope stability considering the
spatial variability of shear strength
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Fig. 14 Stability factor for slope and width of slope failure
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