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Problem
A reliability analysis consists of estimating the
probability that the system of interest will fail
to meet a performance criterion. The behaviour
of the system of interest is captured by a compu-
tational model such as the finite element model
(FEM).

Abstract
The goal is to find the difference between two
types of probabilistic slope stability analysis.
The first admits a uniform soil and takes into
account uncertainty of the soil properties. The
second includes spatial variability of the soil
properties. Both analyses are performed using
a Monte Carlo framework with the help of a
meta-model, in particular a Polynomial Chaos
Expansion (PCE). The PCE is built based on
NED 2D finite element realisations and allows
a quick evaluation of new ones. This provides
an efficient reliability analysis when performing
the Monte Carlo Simulation method. A compar-
ison between the probabilities of failure between
the two approaches is shown. Furthermore, the
effect of the correlation lengths of the random
field on the probabilities of failure is evaluated.

Reliability analysis using PCE
A reliability analysis consists of estimating the
probability that the system of interest will fail to
meet a performance criterion [3]. To efficiently
compute a large number of samples, the FE-
model is approximated and replaced by a meta-
model, the Polynomial chaos expansions (PCE).
Its mathematical definition is as follows [1]:

M(U) ≈ MPC(U) =
∑
α∈A

aαψα(U)

where ψα(U) are multivariate polynomials or-
thonormal with respect to the vector of the joint
probability density function of the random inde-
pendent input variables fU , and aα ∈ R are the
corresponding polynomial coefficients to indices
α in the truncated set A ∈ NK [1]. In this con-
text, the failure probability can be estimated by:

Pf =
NFail

NTot

Random Fields
A random field H(x, ω) is a set of random vari-
ables whose geographical location is given by
the spatial variable x ∈ Dx and the associ-
ated outcome ω ∈ Ω in the space of elemen-
tary events [1]. Gaussian random fields are de-
fined by their mean µ(x), their standard devi-
ation σ2(x), and their auto-correlation function
ρ(x, x′|l) with spatial correlation length l. The
latter describes the distance over which proper-
ties tend to be spatially correlated [2]. The con-
tinuous field is discretized using the Karhunen-
Loève expansion method:

H(x, ω) ≈ Ĥ(x, ω) = µ(x) +

M∑
i=1

√
λiξi(ω)φi(x)
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Workflow
The procedure applied to perform reliability analysis on a slope’s stability is illustrated in the figure
below. The left side of the figure, includes all steps which are performed using the finite element
software ZSOIL. In this part of the approach, a finite element model of the considered slope is created
with the mean values of the soil properties. All relevant information, such as the finite element mesh
and the boundary conditions, are stored in a ZSOIL input file. The right side represents the steps
followed in the probabilistic approach using the uncertainty quantification tool Adranis Sigma. The
white arrow boxes between the two sides depict the coupling between the approaches, permitting the
reliability analysis.

• First the uncertain input parameters along
with their distributions and statistical mo-
ments are identified

• To create the random fields, the coordinates
of the centroids (xc,i, yc,i) of each element
i = 1, 2, ..., nelem (nelem being the total
number of elements in the FE-mesh) are ex-
tracted. An independent standard normal
sample matrix of dimension NED × M is
generated. The matrix is then transformed
to the physical, correlated space and NED

ZSOIL input files are created with different
soil properties for each element.

• These samples are further evaluated by the
finite element model and the quantities of
interest (QoI) are extracted.

• A PCE is constructed on the basis of the
computed samples and finally the failure
probability is given through a Monte-Carlo
Simulation.

Slope reliability analysis with spatially variable friction angle

Finite element model of the considered slope

Exemplary random field realizations for a het-
erogenous field with lx = 8 m, ly = 8 m and a
horizontal stratiphication field with lx = 103 m,
ly = 8 m

Probability density function PDF of the safety factor SF of the slope for the heterogenous random
field in blue, for the horizontal layered random field in red and for the uniform field in black


