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 One of the major challenges in geotechnical engineering is the inherent variability in 

soil strength parameters and the unknown factor of the earthquake. These uncertainties, 
in part, led to inconsistent results of the engineering analysis, which become a reality. 

Today, the cross walls as a new system stabilizers, have a large spread in different parts 

of the world, hence it is important to evaluate their performance. In this paper, we use 
the probabilistic Monte Carlo method, the effect of the uncertainties is analyzed on the 

cross walls. 
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INTRODUCTION 

 

 The crossing is a situ technique for mechanical stabilization of the areas. In this method, the natural soil 

mass is reinforced by the soil nails, and the practice of the structure is normally covered by reinforced concrete. 

Reinforced concrete can be a combination of welded and sprayed concrete, concrete components are ready and/ 

or in situ rebar networks.     

 The surveys conducted in different parts of the world on past earthquakes, the behavior of reinforced soil 

structures, including a set of factors are associated with each other that each has a distinct impact on the entire 

structure. Therefore, the extensive studies have been conducted on each of these factors to present better 

understanding of the behavior of structures under seismic loads. Earthquake and its effects, today, is considered 

as one of the key issues in the design of most of the structures, and for better understanding the behavior of 

structures under seismic loading design is needed more than ever.  

 There is some uncertainties in the cross walls, such as the variability of soil properties, simplifying 

assumptions in different ways, no distinct impacts of seismic coefficients. Usually, the engineers using the 

deterministic methods calculate only a number as confidence coefficient. However, using the probabilistic 

techniques, all the existing uncertainties can be considered in the analysis.  

 Hence in the present paper, to consider the uncertainties in the cross walls, the probabilistic analysis of 

sustainable project of a part of the bezel wall with 10 meters height was conducted and were compared with the 

definite results of the limit equilibrium method. 

 

Defining the problem: 

 The bezel wall with 10 meters height in this paper, was designed permanently and have the following 

characteristics: 

 

1-2- geotechnical characteristics of the soil layers: 

 In this model to analyze the soil profile, the Mohair Coulomb was used that its characteristics is in 

accordance with Tables 1 and 2. Figure 1 shows a view of the cross walls. 
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Fig. 1: Stabilization of the pit wall with 10 meters height with cross method. 

 
Table 1: Characteristics of the soil. 

  (degree) 
characteristics of the soil 

2000 5 25 0-2 meters 

2000 30 29 2-10 meters 

 

2-2- modeling: 

 For modeling and analysis, the geostudio software and the part of w/slope were used based on the 

equilibrium point. For characterization of the nails, according to the FHWA regulations, the cohesion and tensile 

strength are determined 2 and 8.1, respectively. Nails bonding strength with respect to the soil type and method 

of drilling with the table provided in the FHWA regulations is determined equal to 100 kpa.  

 
Table 2: Nails characteristics 

10 meters excavation 

Nails angle from horizontal line (˚) Length 

(m) 

Diameter of the hole injection 

(cm) 

Diameter of the nails Number of rows 

15 8 10 25 1 

15 8 10 25 2 

15 8 10 25 3 

15 8 10 25 4 

15 8 10 28 5 

15 8 10 28 6 

15 8 10 28 7 

 

3- Sources of uncertainty: 

 Most of the soils are naturally formed; hence the different physical properties will vary due to different 

environmental conditions. There are also the changes in the properties even in a homogeneous layer of the soil. 

The variability in the soil properties consists a large part of the uncertainty analysis in geotechnical engineering. 

The experimental results on the natural soil showed that most of the soil properties can be considered as a 

normal distribution and random variables. In addition to the mentioned resources, the pseudo-static factor 

considered in the analysis has also uncertainty that should be considered. [1] 

 

4- Probabilistic methods used for uncertainty analysis: 

 In general, probabilistic methods can be divided into two main groups of simulation and analytical methods. 

The analytical approach used the mathematical model and describing the problem in terms of the mathematical 

formulas and solutions, while a simulation approach , probabilistic analysis based on simulating the real process  

and the study of variable and stochastic behavior of a system consisting of a series of real experiments. Each of 

these methods has advantages and shortcomings together. Simulation method requires a large amount of 

computational time that today has been solved due to the increasing use of computers, versus the analytical 

method due to its simplifications have been done, it can’t be possible to cover all the unaffected system. 

Therefore, the same simulation method was used to probabilistic analysis. [2] 

 

5-Monte Carlo simulation method: 

 One of the most widely used simulation methods is Monte Carlo method. The Monte Carlo method is aimed 

to calculate the reliability and probability of failure. Reliability index is defined as Equation 1. The probability 

of failure occurs when the confidence coefficient is less than one, and to calculate the probability of failure, the 

structural failure numbers should be divided on total number of the analysis. In the slope stability, the 

confidence coefficient smaller than one can be viewed as a failure.  
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 (Equation 1)                          

 

 Where in equation 1,  is the average, and σ is the standard deviation. 

 According to the classification published by US Army Corps of Engineering in 1997, the allowable values 

for the probability of failure and the reliability index and the confidence coefficient is shown in Figure 2.  

 

 
 

Fig. 2: allowable values of the probable failure and confidence index [3] 

 

  Monte Carlo simulation method includes the following steps: 

• Select a definite analytical technique that in this problem the Morgenstern method is used. 

• Select the input parameters for probabilistic modeling and quantifying their changes. So in this case, soil 

strength parameters c, φ and pseudo-static seismic coefficient is taken into consideration. 

• Random sampling of specified input parameters. 

• Problem solving and calculation of cross wall of definite analytical method using the random samples selected 

in the previous step. 

• Drawing a confidence probability density function using the results of previous stage. 

• Calculate the mean and standard deviation using the probability density function 

• Using Equation 1 to calculate the confidence index. 

 

6- Problem analysis using Monte Carlo Simulation Method: 

 For the analysis, first the strength parameters were chosen, such as cohesion and angle of internal friction 

and the coefficient of static acceleration, as the uncertainty parameters. Then, using the mean and standard 

deviation related to them, the graph of the probable density function of each of them was drawn, the mean 

values of soil resistance profile according to Tables 3 and 4. [1] 

It should be noted that the parameters of a normal probable density function is considered normal. [4] 

 
Table 3: Mean and standard deviation for the first layer of soil. 

type of soil 0-2 meters 

Standard deviation Mean 

C 2 5 

Phi 3.15 25 

 

Table 4: Mean and standard deviation for the second layer of the soil 

Type of soil 2-10 meters 

Standard deviation Mean 

c 12 30 

phi 3.65 29 

 

  The mean coefficient of so-called static acceleration due to the placement of projects in Tehran and taking 

into account the seismic acceleration equals to 0.35 g, is calculated as follows: 

Am=A*(1.45 –A)   

0.35 * (1.45-0.35) = 0.385 

kh = 0.5 Am =0.385*0.5 

kh = 0.19 
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  The standard deviation values of static acceleration were chosen equal to 6%. After quantification of 

uncertainty parameters, the random sampling was done for 2000 analyses, and the problem was solved for these 

2000 randomized numbers in Morgenstern Price method and the same numbers were produced for reliability 

coefficient. Figure 3 depicts the probability density function of confidence coefficient and the probability of 

failure is given in Table 5, that are 081/3 and 0 respectively. By comparing the obtained values, it can be seen in 

Figure 2 with valid values that the values are out of mean range.  

  It should be noted that the final analysis with Morgenstern method, which is the common method used for 

design, was performed and reliability if critical failure has been made according to Figure 4 equal to 12/1. The 

performed probabilistic analysis was undertaken on the critical slip surface.  

 
Table 5: Results if the probabilistic analysis 

Mean Confidence 1.4341 

Trusting Index 3.081 

Probability of failure (%) 0 

Standard deviation of reliability coefficient 0.141 

Minimum factor of safety 1.1067 

Maximum Confidence 2.041 

Random sampling frequency 2000 

 

 
 

Fig. 3: The probability density function of the safety factor. 

 

 
 

Fig. 4: Wedge rupture of the wall of the definitive analysis. 

 

7. Summary and conclusion: 

 Due to the uncertainty in solving the problem of armed and unarmed slope stability as the variability of soil 

properties, simplifying assumptions in the analytical equations in different ways, the lack of incoming seismic 

coefficients, … usually the engineers using the certain methods and calculating a number as the reliability 

coefficient cannot calculate and identify the existing risk. But with the probabilistic method, we can judge all 

existing uncertainties in the analysis process. Hence, in order to investigate the cross slopes by probabilistic 

method, a wall that the effect of resistance against the earthquake had been seen on it, were investigated and 

analyzed. From the above analyses of the wall that were designed for the permanent states, regarding the 

uncertainties due to the earthquake and soil strength parameters, trusting indicators, and probability of failure 
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were obtained 081/3 and 0, respectively. The results of the probabilistic analysis indicate the relatively good 

performance of the permanent cross walls under the mentioned uncertainties with Monte Carlo method.  
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