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1. Introduction 
MSE walls also known as reinforced earth walls are a cost-effective alternative for transportation infrastructure 

such as roads and railway embankments [1]. MSE walls, which support bridge approach or departure slabs and bridge 
decks and hold embankment fill materials, are presently the most extensively utilized earth retaining structures in the 
worlds transportation system [2]. Mechanically Stabilized Earth (MSE) walls are a form of reinforced earth 
construction that is commonly used for transportation advancement projects such as highway ramps and bridge 
approach embankments [3].  There are also various load types stability of MSE wall. Internal stability of MSE wall and 
external stability of MSE walls both are types of stability of MSE walls. In internal stability of MSE walls, it has 
Coherent Gravity Method, the Tieback Wedge Method, the FHWA Method and Stiffness of Structure Method [4]. The 
finite element method (FEM) is a popular technique for numerically solving differential equations in geotechnical 
engineering. In some MSE wall analysis, the numerical studies were carried out using the two-dimensional finite 
element software which known as PLAXIS software [5]. For instance, geosynthetic reinforced soil slopes, finite 
element method was used to perform probabilistic slope stability studies [6]. FOS can be determined from finite 
element method based on several parameters such as friction angle, cohesion, unit weight, Young’s Modulus and 

Abstract: Mechanically Stabilized Earth (MSE) wall is a composite retaining structure construction made up of 
alternating layers of compacted backfill and soil reinforcing components. Surcharges on top of MSE wall is one of 
the factors that can lead to the failure of the MSE wall. In Senai City Airport, a MSE wall with high 9 m and length 
up to 400 m has been constructed. However, the effect of various surcharges of the MSE wall slope did not well 
investigate and was poorly understood. This study aims to investigate the effect of surcharge to the stress 
behaviour and the factor of safety of Mechanically Stabilized Earth Wall (MSE) wall using Finite Element Method 
(FEM). The study conducted using different loads in order to determine the stress behaviour and the safety factor 
of MSE wall using PLAXIS software. The geometry and parameters of sandy silt slope of Senai City Airport, 
Senai, Johor was taken from design consultant and previous soil investigation report, respectively. The soil 
parameters were used in this study are the unit weight of the soil, cohesion, Poisson Ratio, Young Modulus and the 
friction angle. This study gave the best result in order to determine the effect of surcharges to the behaviour of 
stress and safety factor of MSE wall. The highest total displacement was at 100 kN with total displacement 19.23m 
with 0.884 factor of safety. This study revealed the effect of various surcharges on the behaviour of stress and 
factor of safety of the MSE wall. The increase of surcharge increased the stress behind the wall and increased the 
factor of safety (FOS) when the loads was increased. 
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Poisson ratio. Surcharges on top of MSE wall is one of the factors that can lead to the failure of the MSE wall. 
Calculation of the factor of safety was used to assess the stability of the walls (Fs) model [7]. 

The aim of this study is to determine the effect of various surcharge to the stability of MSE wall using Finite 
Element Method (FEM) via PLAXIS software. PLAXIS 2D software was used to determine the stress distribution 
behind the MSE wall and its factor of safety. Soil parameters were taken from previous soil investigation report from 
Senai City Airport, Senai, Johor. Slope geometry is based on the proposed by a client for the project. Uniform loads 
used are 0 kN/m2, 25kN/m2, 50 kN/m2 and 75 kN/m2 and 100 kN/m2. When the stress of the MSE Wall increased, it 
reduced the factor of safety of the wall. This study provides a whole understanding of the results that obtained will be 
analyzed to determine the effect of surcharges to the stress behaviour and the safety factor of the MSE wall in order to 
design MSE walls stability slope. To ensure the safety of MSE walls, FEM is the alternative approached that predict the 
potentially dangerous designs due to wider failure surfaces that are less likely to mobilize significant amounts of shear 
strength. 

 
1.1 Application of Finite Element Method in Engineering Field 

Geotechnical field application, FEM mostly used in stress analysis, slope stability analysis, soil structure 
interactions, seepage of fluids in soils and rocks, analysis of dams, tunnels, bore holes, propagation of stress waves and 
dynamic soil structure interaction. It is the simplest available stress-strain relationship. According to the Hooke law, it 
only provides two input parameters, that is, Young’s modulus E and Poisson’s ratio ν [8]. The finite element method 
(FEM) was created to handle difficulties in various disciplines in engineering fields, such as fluid dynamics and 
structural analysis, geotechnics and rock mass [9]. This model experienced a slide surface failure. As indicated in 
Figure 1, there has also been some bulging of the slope and some punching of the crest under the laden zone [10]. Slip 
failure and bulging of the slope with punching under the loaded zone and regulate the failure pattern [10] when use the 
parameters of ß=45˚ and cohesion, c= 1.0, 2.5 and 4.7 kN/m2 as indicated in figure 2. A slip surface failure occurs, 
resulting in the bulging of the upper half of the slope when use the parameters of for = 60° and c = 5.44 kN/m2 similar 
to figure 1 as indicated in Figure 3 [10]. 

 

 
Fig. 1 - Example of Deformed Mesh for β = 30° and c = 5.44 kN/m 

 

 
 

Fig. 2 - Example of Deformed Mesh for β = 45° and c = 5.44 kN/m 
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Fig. 3 - Example of Deformed Mesh for β = 60° and c = 5.44 kN/m 
 

In this study, the model had been analyze using PLAXIS software to determine the surcharge due to the different 
parameter that had been used in this study and to determine the factor of safety (FOS) [10]. Table 2.1 shows the 
different surcharge loads and their factor of safety with similar cohesion value. 

 
Table 1 - Different surcharge loads and their factor of safety with similar cohesion value [6] 

Load (N) Surcharge load 
(kN/m2) 

Cohesion 
(kN/m2) 

FOS 

Slope angle (ß)=30˚ 

5102.65 106.31 5.44 1.615 

6873.03 143.19 5.44 1.547 

7000.0 145.84 5.44 1.509 

Slope angle (ß)=45˚ 

3718.88 77.48 5.44 1.310 

4047.85 84.33 5.44 1.172 

4500.00 93.75 5.44 1.172 

Slope angle (ß)=60˚ 

1343.97 27.99 5.44 0.794 

2466.75 51.39 5.44 0.759 

3000.00 62.50 5.44 0.750 

 
In constant, the surcharge of MSE wall and the factor of safety of MSE wall can be analyzed using PLAXIS 

software using the soil parameters that can be obtained from the fieldwork. 
 

1.2 Materials and Methods 
The study was to analyze the MSE walls model using data from soil investigation report from Senai City Airport. 

The data was extracted from soil investigation report in order to model the design of MSE walls using PLAXIS 
software. The parameter that had been extracted from soil investigation report of Senai City Airport were the friction 
angle, cohesion, unit weight, Poisson’s Ratio and Young Modulus. The model of MSE walls had been analyzed using 
PLAXIS software to determine the deformation and the factor of safety (FOS) of MSE walls. The flow of research 
methodology is showed in figure 4. 
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Fig. 4 - Flow of research methodology 

 
1.2.1 Extract Data from Soil Report of Senai City Airport 

The data that extracted from soil investigation report was cohesion, unit weight, friction angle, Poisson ratio’s and 
Young Modulus in order to design the MSE walls. Poisson’s ratio and Young Modulus need to be determined because 
of the lack of parameters from Soil Investigation Report of Senai City Airport. In order to find the parameter of Poisson 
Ratio, figure 5 was used to find the parameter. 

 

 
 

Fig. 5 - Example of Deformed Mesh for β = 60° and c = 5.44 kN/m 
 

The Young modulus formula is shown in equation 1. 
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v is a Poisson’s ratio at a void ratio. It can be determine using the formula below. Equation 2 shows on how to 

determine the v values. The v values can be determined after using this formula using in the table below. Table 2 shows 
standard values of Poisson’s Ratio by values c and φ.  
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σ1 is the critical value, cII is for cohesion value and φII is the internal friction angle value. 

 

 

 

 

 

 

 



Alias et al., Journal of Sustainable Underground Exploration Vol. 2 No. 1 (2022) p. 20-27 

24 

Table 2 - The standard values of Poisson’s Ratio 

Type of soil The Poisson Ratio v at a void ratio 

Liquid limit 0.55 0.65 0.75 0.85 

Sandy loam 0< IL<0.25 0.2200 0.2344 0.2556 - 

0.25<IL,0.75 0.2402 0.2556 0.2784 0.3030 

Loam 0<Il<0.25 0.2211 0.2211 0.2424 0.2516 

0.25<IL<0.50 0.2332 0.2441 0.2555 0.2745 

0.50<IL<0.75 - 0.2631 0.2763 0.2955 

Clay 0<IL<0.25 - 0.2281 0.2386 0.2472 

0.25<IL<0.5 - 0.2415 0.2498 0.2591 

0.50<IL<0.75 - 0.2622 0.2700 0.2840 

 
When the data obtained from figure 5, table 2 had been used. The value from the table 2 was used in equation 2 to 

get the v value. Lastly, equation 1 had been used to find the Young Modulus value. 
 
1.2.2 Modelling the MSE Wall Using PLAXIS Software 
       This study used the Moh’r coulomb criteria in order to defined the parameter that need to be used. This study used 
concrete panel, strip footing and anchor to design the mechanically stabilized earth wall (MSE wall) retained soil and 
also the foundation soil. The height of the concrete panel that used was 9m, 300mm x 1000mm of strip footing and 
8.7m of anchor with 0.75m both of horizontal and the vertical spacing. In this study, MSE wall with height of 9m was 
designed and analyzed under the different loads condition. Figure 6 showed the design of MSE wall in PLAXIS 
software. 

 

 
 

Fig. 6 - Design of the MSE wall using PLAXIS 
 

1.2.3 Analysing the Model of MSE Wall 
       The design of MSE walls was mesh in the PLAXIS using different loads. The uniform loads that used in this study 
was 0 kN/m, 25kN/m3, 50 kN/m2 and 75 kN/m2 and 100 kN/m2. The design deformation and the total displacement 
maximum value had been analysed. The uniforms loads started from 0 kN/m2 to 100 kN/m2 on the same model and 
parameter. The deformation of surcharge was determined by the analyzing the model of MSE wall in PLAXIS. Lastly, 
the Factor of safety had been analysed from the the graph that obtained from the analyzing of MSE walls model. 
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1.3 Results and Discussion 
In this study, different loads are used in order to determine the surcharge and the factor of safety (FOS) of MSE 

wall. The model of MSE walls with 9m height, concrete panel, strip footing and anchor were analyzed to determine the 
deformation and the factor of safety (FOS). Table 3 presented the geotechnical parameter that used in this study that 
was extracted from Senai City Airport soil investigation report. 

 
Table 3 - The soil parameters of MSE walls 

Soil Data Concrete 
Panel and 
Strip 
Footing 

Retained Soil Anchor Foundation Soil 

Cohesion, kn/m² - 0 - 5 
Friction Angle, Degree - 30 - 32 

Unit Weight, Kn/m³ - 20 - 18 
Young Modulus, e, (kN/m2) - 13000 - 34000 

Poisson Ratio, v - 0.3 - 0.33 
Lateral Earth Pressure 

Coefficient, K 
- 0.333 - 0.333 

EA (kN/m) 6x10^6 - 5.7x10^5 - 
EI (kNm²/m) 11000 - - - 

W (kN) 38 - - - 
 

The MSE wall had been model in order to determine the behavior of the MSE wall under different loads condition. 
Figure 4.1 shows the deformation of the MSE walls at 0 kN/m². The total displacement of the MSE walls when 0 
kN/m² affected on it had showed in Figure 7, the soil pushed the concrete panel and collapse at the maximum value 
0.4536m. 

 
Fig. 7 - Displacement and deformation of MSE wall for 0 kN/m² at maximum value of 0.4536m 

 
In figure 8, it showed the mesh deformation of the MSE wall when 25 kN/m² affected on it. Next, in Figure 8, the 

small change of displacement compared to the design in figure 7. In figure 8, the total displacement for the design was 
0.4714m. 

 
Fig. 8 - Displacement and deformation of the MSE wall for 25 kN/m² at maximum value 0.4714m 

        
Figure 9 showed huge deformation compared to the figure 4.3. The maximum deformation was at the top of the 

wall against the concrete panel. Next, figure 9 shows the huge total displacement when 50 kN/m² loads affected on it 
compared to the Figure 9. The total displacement for this design was 0.5267m. 
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Fig. 9 - Displacement and deformation of the MSE wall for 50 kN/m² at maximum value 0.5267m 

 
       In Figure 10, the total displacement was very huge compared to the Figure 9 when it was run by the PLAXIS 
software. The maximum value of displacement that was obtained was 18.88m which is very huge compared to the 
results before. 

 

 
Fig. 10 - Displacement and deformation of the MSE wall for 75 kN/m² at maximum value 18.88m 

 
       In Figure 11, the maximum value of displacement that was obtained was 19.23m which is very huge compared to 
the results before. It tends to the soil body collapse and push away the concrete panel when the loads of 100 kN/m² 
affected on the structure of MSE wall. In this study, the surcharge will increase when the loads were increased. 

 
Fig. 11 - Displacement and deformation of the MSE wall for 100 kN/m² at maximum value 19.23m 

 
       In this study, the Factor of Safety was analyzed from various value of Uniform loads that affected on the MSE wall 
using PLAXIS. The summary of Factor of Safety was shown in the Table 4 as the result of Factor of Safety (FOS) 
against the uniform loads. 
 

Table 4 - The summary of Uniform Loads (kN/m²) and their FOS 
Uniform Loads (kN/m²) Factor of Safety (FOS) 

0 1.145 
25 1.129 
50 1.108 
75 0.966 

100 0.884 
 

       Figure 4 showed the Factor of Safety (FOS) for 0 kN/m² load that was the highest compared to 25 kN/m², 50 
kN/m², 75 kN/m² and 100 kN/m². In this study, it can be observed that when the loads that affected on the MSE walls 
increase, the Factor of Safety (FOS) will be decrease. 
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Fig. 12 - Uniform Load (kN/m²) vs Factor of Safety (FOS) 

 
1.4 Conclusion 

This paper presents the analyzing of the MSE walls to determine the deformation, surcharge and also the factor of 
safety (FOS). Different loads that had affected on the MSE walls given the different deformation of MSE walls. The 
design success to be analyzed in the PLAXIS software. The design of the MSE walls was not achieved the criteria due 
to some of the soil parameter were collected from previous study due to the limitation in soil investigation report at 
Senai City Airport. The design showed the highest deformation of the mesh for the design when the 75 kN/m² and 100 
kN/m² were applied on the MSE wall structure. In order to obtain the best deformation of the 75 kN/m² and 100 kN/m² 
of the loads, the parameter of the MSE walls need to be changed. The highest deformation was when 100 kN/m² loads 
affected on the model which was 19.23m total displacement. Furthermore, the factor of safety had been analysed using 
the PLAXIS software and the graph of factor of safety had been obtained from it. It can be explained that the 
deformation at the 100 kN/m² was the highest compared to the deformation at 0 kN/m². The different of surcharge also 
can be observed in this study from the different uniform loads. The highest factor of safety was 1.145 and the lowest 
factor of safety obtained was 0.884. The factor of safety decrease when the loads increased. Parameter that leads to the 
best design performance need to be determine in order to achieved a good result. Hence, this study helped us 
determined the optimum FOS and the surcharge of the MSE walls when the loads affected on the design. 
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