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Abstract—Slope stability analyses are largely carried out by 

deterministic methods and evaluated through a single security factor. 
Although it is known that the geotechnical parameters can present 
great dispersal, such analyses are considered fixed and known. The 
probabilistic methods, in turn, incorporate the variability of input key 
parameters (random variables), resulting in a range of values of 
safety factors, thus enabling the determination of the probability of 
failure, which is an essential parameter in the calculation of the risk 
(probability multiplied by the consequence of the event). Among the 
probabilistic methods, there are three frequently used methods in 
geotechnical society: FOSM (First-Order, Second-Moment), 
Rosenblueth (Point Estimates) and Monte Carlo. This paper presents 
a comparison between the results from deterministic and probabilistic 
analyses (FOSM method, Monte Carlo and Rosenblueth) applied to a 
hypothetical slope. The end was held to evaluate the behavior of the 
slope and consequent risk analysis, which is used to calculate the risk 
and analyze their mitigation and control solutions. It can be observed 
that the results obtained by the three probabilistic methods were quite 
close. It should be noticed that the calculation of the risk makes it 
possible to list the priority to the implementation of mitigation 
measures. Therefore, it is recommended to do a good assessment of 
the geological-geotechnical model incorporating the uncertainty in 
viability, design, construction, operation and closure by means of risk 
management. 

 
Keywords—Probabilistic methods, risk assessment, risk 

management, slope stability. 

I. INTRODUCTION 

HE study to analyze the stability of the slope can be done 
through deterministic or probabilistic methods. Normally, 

a stability analysis is performed to determine the conditions 
for the project in such a way to ensure the required minimum 
security. 

The probabilistic analysis differs from the deterministic 
methods, mainly because it considers the variability of the 
parameters. Most of the input data in a slope stability analysis 
are not known with precision. The variability is due to the 
dispersion of the results of tests or to the natural variability in 
the value of the grandeur that exists from one point to another 
in the slope. It is, therefore, a distribution of values for each 
parameter, which are considered random variables. Thus, it is 
concluded that the safety factor itself is a random variable 
which depends on many input variables and has its own 
distribution [13]. 
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There are three commonly used probabilistic methods in 
geotechnical medium: FOSM (First-Order, Second-Moment), 
Rosenblueth (Point Estimates) and Monte Carlo. 

The Monte Carlo method establishes that the probability 
distribution functions of the independent variables are initially 
known. In the absence of these, it usually adopts a normal 
distribution. This method has the advantage of obtaining the 
distribution of safety factor (dependent variable). As an 
example of a disadvantage, the method demands time, large 
computational effort, and specific programs [1]. 

The FOSM method (First-Order, Second-Moment) 
presented by [2], is based on the truncation of the Taylor 
series for determination of the dependent variable (safety 
factor). The average value of the dependent variable is 
calculated from the average values of the independent 
variables. The standard deviation is calculated from the input 
parameters and variances of the derivatives of the dependent 
variable for each independent variable. An advantage of this 
method is the quantification of the influence of each 
independent variable in the variance of the safety factor. As a 
disadvantage, this method does not obtain a distribution of the 
safety factor and so adopts assumptions on this distribution. In 
addition, the maximum probability of failure is not always 
related to the surface of failure for the minimum safety factor 
[3]. 

The last commonly used method would be the method of 
point estimates [4]. The Rosenbleuth method requires the 
knowledge of the distribution functions of the independent 
variables, using only their values calculated in so-called point 
estimates (average standard deviation and mean less standard 
deviation). The dependent variable is calculated for these 
points, obtaining a sample of what one can calculate the 
corresponding average and standard deviation. The method is 
easy to apply. One must, however, take a distribution for the 
safety factor (usually normal) and it is assumed that the 
distribution of each independent variable is symmetric. 

While the deterministic approach adopts the safety factor as 
stability index in the balance problem of the slope, the 
probabilistic methods adopt as the probability of failure, which 
is a data input on risk analysis. 

The risk assessment process generally involves the scope 
definition and selection of the method of analysis, definition 
and identification of hazard conditions, estimate the 
probability of failure and consequence, risk estimation, 
documentation, verification, and analysis update. The methods 
of risk assessment can be qualitative or quantitative. The 
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VI. CONCLUSION 

It should be emphasized that a great advantage of the 
probabilistic analysis is to reduce the level of conservatism, as 
it can be considered the variability of geotechnical properties 
of the materials and not just a single value. 

A slope in which predominated the effect of friction angle 
of sandy silt was analyzed. The slope was reviewed by three 
probabilistic methods (FOSM, Monte Carlo, and 
Rosenblueth). In general, the following points can be 
highlighted. 

The accurate determination of the standard deviation of 
each variable in the problem is important. Small errors in the 
coefficient of variation of a variable, can lead to significant 
errors in the probability of failure in a slope that depends 
strongly on this variable. 

At first, the specific weight cannot be discarded. This 
parameter affects both resistive efforts, as active. In this way, 
it can positively or negatively affect the safety factor. 

It is emphasizing the importance of strict determination of 
the surface of failure, once all other variables are calculated 
around this surface. 

The random variables to be used in the other two methods 
(Monte Carlo and Rosenblueth) are obtained by using the 
FOSM method and they are the variables that contributed most 
in variation of the safety factor. 

Considering all the cases analyzed, the one that presents the 
highest probability value corresponds to the method of 
Rosenblueth (Pf = 2 x 10-3). 

By this way, having assessed the probability of failure, it 
would be possible to perform the calculation of risk. 

The acceptability of the individual risk of breach is on the 
order of 10-6 the 10-6 to 10-8 per person per year. The 
individual risk, usually associated with the probability of loss 
of a human life, is a suggestive shape to represent the risk, as 
it allows their immediate comparison with different types of 
accident [12]. 

The acceptability of the societal risk is calculated by FN 
curves, established in terms of the number of victims, N, and 
the corresponding annual probability of failure (or frequency, 
F, accumulated by slope per year), with an expected value of 
victims equal to or greater than N. The criteria for 
acceptability and tolerability represent the maximum 
permissible limits for the risk and they are represented in the 
following graphic, where the annual probability of failure is 
on the vertical axis and the consequence, both in monetary 
cost and loss of life, on the horizontal [2]. 

The study of the consequences was not performed, so the 
risk assessment could not, effectively, be evaluated. Therefore, 
the risk was not appreciated in relation to any criterion of 
tolerance necessary to decide whether the risk should be 
mitigated. 

Another important note is that values of probability of 
failure are annual and must be updated whenever changes 
occur in the conditions assumed in the analysis or a greater 
knowledge of the properties and geotechnical parameters. 
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