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ABSTRACT ARTICLE INFO 

This research aims to analyze and compare the stability of retaining 

walls using two analytical approaches, namely the Finite Element 

Method (FEM) and the Limit Equilibrium Method (LEM), on the 

landslide-prone section of the Dumai Duri Kandis Road. The 

research was conducted using an exploratory method through field 

observations, collection of primary and secondary data, and 

numerical simulations. The research population consists of 

geotechnical structures in landslide areas, with samples taken from 

drilling points up to 24 meters deep as the location for soil analysis. 

The research instruments include a drilling machine, SPT (Standard 

Penetration Test), and Plaxis 2D and Slide 2 software for FEM and 

LEM simulations. Primary data were obtained from field soil 

stratification tests, while secondary data included earthquake maps, 

plan drawings, and bored pile specifications. Based on soil 

classification, the location falls within soft soil with an earthquake 

acceleration of 0.1088g. The analysis results show that the application 

of bored piles significantly increases the safety factor (SF) value. In 

conditions without bored piles, the average SF ranges from 1.02 to 

1.27, whereas with bored piles, it increases to more than 2.1, 

depending on the water table conditions and loading. In conclusion, 

the FEM and LEM methods show that the use of bored piles can 

increase slope stability by more than 135% compared to without 

reinforcement. These findings recommend the use of bored piles as 

an effective reinforcement strategy for road sections with a high 

potential for landslides. 
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1. INTRODUCTION 
Earthquakes and landslides are types of geotechnical disasters that frequently occur in 

Indonesia and have serious impacts on the sustainability of road infrastructure (Dermawan et 

al., 2022; Naryanto et al., 2019), particularly in hilly areas with unstable slopes. One such case 

is the Dumai Duri Kandis Road, located in Riau Province, which serves as a strategic 

transportation route traversing several landslide-prone zones. The vulnerability of this area is 

attributed to factors such as extreme rainfall, weak geotechnical soil conditions, and heavy 

traffic loads from large vehicles (Wijaya et al., 2024). Historical records indicate that certain 

sections of the Dumai Duri Kandis Road have experienced significant landslides that 

disrupted transportation services, necessitating slope rehabilitation through the construction 

of retaining walls as an effective landslide mitigation measure (Nurhidayah et al., 2022). 

Various types of retaining wall systems are commonly applied in practice, including 

cantilever retaining walls reinforced with bored piles, which require careful consideration of 

soil conditions and the surrounding environment for optimal design (Kaveh et al., 2020). The 

precision in designing such reinforcement systems largely depends on the chosen slope 

stability analysis method (Fareka et al., 2020). In geotechnical engineering practice, two widely 

used methods for analyzing slope stability and retaining wall systems are the Limit 

Equilibrium Method (LEM) (Shobari et al., 2019) and the Finite Element Method (FEM) (Bokko 

et al., 2019; Srivastava & Chakrabortty, 2025). LEM is based on the principle of force and 

moment equilibrium, typically assuming a predetermined slip surface. While 

computationally simpler, LEM often does not account for soil deformation and the interaction 

between soil and structural elements (Riza et al., 2018; Wang et al., 2023). Conversely, FEM 

offers a numerical approach capable of modeling the non-linear behavior of soil, as well as 

accurately simulating soil deformation and stress distribution (Carbonell et al., 2022). 

However, this method requires more complex soil parameter inputs and specialized software 

such as Plaxis 2D (Mina et al., 2022). 

Challenges emerge when these two analytical methods yield significantly different results, 

both in terms of safety factor values and structural reinforcement recommendations. This 

disparity raises the need for comparative studies, particularly on real field cases such as the 

Dumai Duri Kandis Road, to evaluate the consistency and reliability of each method. 

Comparative analysis not only contributes to a better understanding of the characteristics and 

limitations of each method but also serves as an important basis for decision-making in 

selecting appropriate slope stability analysis methods, considering aspects of accuracy, 

efficiency, and field applicability. 

Accordingly, this study aims to analyze and compare the stability of retaining walls using 

the Finite Element Method (FEM) and the Limit Equilibrium Method (LEM), as well as to 

demonstrate that selecting an appropriate analysis method and implementing bored pile 

reinforcement are crucial factors in the design of slope stabilization systems for landslide-

prone road infrastructure. 
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2. METHOD 
The research was conducted in the border area of Bengkalis Regency, which is a landslide 

management area on the Dumai Duri Kandis road segment, using an exploratory method 

consisting of field surveys, data collection, and case study resolution. In the analysis, a 2D 

finite element method (FEM) simulation and limit equilibrium method (LEM) calculations 

were conducted to obtain soil stability analysis. The following are the steps in the research as 

shown in Figure 1. 

 

Figure 1. Research Scheme 

 

This research begins with the problem identification stage, which involves recognizing 

technical issues related to slope stability. After the problems were identified, a literature 

review was conducted to examine relevant theories and previous research, in order to 

strengthen the theoretical foundation and research methodology. The next stage is data 

collection, which is divided into primary data and secondary data. Primary data are soil 

stratification parameters based on SPT results from a single borehole up to 24 meters deep at 

2-meter intervals to the hard ground surface, while secondary data include plan drawings, 

earthquake maps, and credible bored pile validation data. Primary data are used to determine 

the soil parameters needed for analysis, while earthquake data are specifically analyzed to 

understand the seismic load characteristics relevant to the research location. The bored pile 

method for the SPT test is conducted based on SNI 4153:2008 

After the data has been collected and analyzed, slope cross-section modeling is performed 

by incorporating the previously determined soil parameters. The next stage is the slope 

stability analysis conducted using two approaches, namely the Limit Equilibrium Method 

(LEM) and the Finite Element Method (FEM).  
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For the FEM analysis, the safety factor evaluation was carried out in stages using a staged 

construction method to simulate the real sequence of slope construction and stabilization 

processes. The simulation was divided into three main phases: the construction phase (short-

term), the post-drainage phase (long-term), and the earthquake phase (pseudostatic). 

In each phase, three variations of groundwater levels were considered based on field 

observations and geohydrological analysis: (1) actual groundwater level (at approximately 3 

meters depth), (2) normal groundwater level (around 5 meters depth), and (3) extreme 

groundwater level during heavy rainfall (at 1–1.5 meters depth). Additionally, three surface 

loading conditions were applied in the simulation scenarios: 0 kN/m² (no traffic load), 10 

kN/m², and 20 kN/m². This approach aimed to provide a comprehensive understanding of 

safety factor variations under different hydrological and loading scenarios. 

For long-term conditions, it is assumed that the soil has undergone complete consolidation 

(fully drained), considering the low soil permeability value, which ranges from 10^-4 to 10^-5 

m/day based on laboratory data. This value indicates that over a weathering period of more 

than 6 months, the pore water pressure has significantly decreased, allowing the drained 

condition to be assumed valid. Subsequently, a comparison of the safety factors between the 

two methods for each of these conditions was conducted to evaluate the differences in analysis 

results and determine the most representative approach. This stage concludes with the 

formulation of conclusions and recommendations based on the comparison results, marking 

the end of the research series. 

3. RESULT AND DISCUSSION 

3.1 Soil Stratification  

 Soil data were obtained from a single drilling point (BH-04) at a depth of 24 meters, 

chosen based on the critical landslide location. Although a single drilling point was used, 

secondary data from geological maps and field surveys indicate the uniformity of morphology 

and stratigraphy at the site. Therefore, the data is considered sufficiently representative for 

the purposes of initial analysis. However, for the final design purposes, it is recommended to 

conduct additional drilling at two other points to verify the homogeneity of the soil 

conditions.  

Based on the data from the drilling and Standard Penetration Test (SPT), the soil layer 

composition at the research location can be identified as shown in Figure 2. This information 

outlines the properties and characteristics of each soil layer from the surface to a certain depth, 

and serves as the main reference in conducting slope stability analysis and designing an 

appropriate soil reinforcement system. 
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Figure 2. BH-04 Soil Stratigraphy 

The soil layer structure at the research site was obtained through the interpretation of 

drilling data and the Standard Penetration Test (N-SPT). The analysis results show that the 

soil is divided into several layers from the surface to a depth of approximately 25 meters. The 

top layer consists of dense non-cohesive sand, while the layers beneath it are dominated by 

high plasticity clay with low bearing capacity, requiring special attention in slope stability 

calculations. On at a depth of 0 to 7 meters, a layer of reddish-brown clay was found with soft 

characteristics and moderate plasticity, which tends to become water-saturated during heavy 

rainfall and is at risk of landslides. Next, at a depth of 7 to 10 meters, there is gray clay with 

almost similar properties, although its bearing capacity is slightly better. Between 10 and 17 

meters, a layer of gray sandy clay with a soft consistency is found, where the sand content 

contributes to the improvement of soil stability. Meanwhile, at a depth of 17 to 25 meters, a 

layer of gray silty sand with a medium density is composed.  
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This layer has relatively stable non-cohesive characteristics and is suitable as a foundation 

for construction or reinforcement systems. Generally, the soil composition at the site is 

dominated by clay material from the surface to intermediate depths, which tends to be less 

stable due to its plastic nature and low stiffness. At a depth of more than 17 meters, the 

presence of silty sand offers a higher soil bearing capacity, making it suitable for use as a 

support point for structural elements such as bored piles. Therefore, effective mitigation 

strategies are needed to strengthen slope stability, especially in clay soil zones prone to land 

movement. 

3.2 Determination of Soil Parameters 

The identification of the type and arrangement of soil layers is carried out through the 

determination of various geotechnical parameters. These parameters are analyzed based on the 

Mohr-Coulomb Model, which is used to evaluate slope stability in three conditions: short-term, 

long-term, and earthquake conditions (Wahab et al., 2023). According to the findings of 

(Pramulandani & Hamdhan, 2020), stability analysis in the short-term phase or immediately after 

construction usually refers to total stress analysis (TSA), also known as undrained conditions, 

because the loading process occurs faster than the dissipation of pore water pressure. In this 

condition, the parameters used include cohesion (𝑐) and the internal friction angle (𝜙) to 

determine the factor of safety (SF). For long-term or drained conditions, the calculation is based 

on Effective Stress Analysis (ESA) using effective parameters. Therefore, two sets of soil 

parameters are used in this study, namely effective and non-effective parameters. 

3.3 Safety Factor Analysis in Short Term Conditions  

This analysis excludes traffic loads and involves three phases, including the short-term 

construction phase. It also evaluates slope performance differences between reinforced and 

unreinforced conditions using bored piles. Figure 3 shows the SF FEM values of the actual short-

term water table with a) bored pile, and b) without bored pile at a load of 0 kN/m2. 

 

a 

 

b 

Figure 3. SF FEM – Short-Term Water Table (0 kN/m²): a) With vs. b) Without Bored Pile 
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The first stage of the analysis involves evaluating slope stability under short-term conditions 

by considering variations in groundwater levels. The SF values for actual, normal, and extreme 

groundwater conditions are summarized in Table 1. 

Table 1. Recapitulation of SF Values in Short Term Conditions 

Condition Groundwater Level With Bored Pile Without Bored Pile 

Short 

Term 

Actual 2,550 1,978 

Normal 2,453 1,906 

Extreme 2,258 1,714 

Based on Table 1, it is observed that the slope safety factor (SF) decreases with the rise in 

groundwater level. Without reinforcement, the highest SF is achieved at the actual groundwater 

level of 1.978, decreasing to 1.906 at the normal groundwater level, and reaching the lowest value 

of 1.714 under extreme conditions. This decrease is caused by the increase in pore water pressure 

due to the higher groundwater level, which weakens the effective shear strength of the soil, as 

explained by (Feng et al., 2020) that slope stability is greatly influenced by changes in hydrological 

conditions.  

The installation of bored piles has proven effective in increasing slope stability under all 

groundwater conditions. Under actual conditions, the SF increased from 1.978 to 2.550, or by 

approximately 28.9%. A similar increase occurred under normal conditions (from 1.906 to 2.453) 

and extreme conditions (from 1.714 to 2.258). This indicates that bored piles function optimally 

in cutting potential slip surfaces and transferring loads to more stable soil layers at depth. These 

findings are in line with the research results of (Zhang et al., 2021; Zhou et al., 2020) which state 

that bored piles are effective in improving slope stability, particularly in soft soil conditions with 

high pore water pressure. Therefore, bored piles are recommended to reinforce road slopes with 

fluctuating groundwater, ensuring the SF value remains above the SNI 8460:2017 minimum 

standard of 1.5. 

3.4 Safety Factor Analysis in Long Term Conditions  

In this Long term condition, as illustrated in Figure 4. Figure 4 shows the actual long-term 

water surface SF FEM values with a) bored pile, and b) without bored pile at a load of 0 kN/m2. 

 

a 

 

b 

Figure 4. SF FEM – Long-Term Water Table (0 kN/m²): a) With vs. b) Without Bored Pile 
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In order to evaluate the effect of groundwater level variations on slope stability under long-

term conditions, a recapitulation of the factor of safety (FS) values for different water levels is 

required. This comparison allows for a clearer understanding of how changes in groundwater 

levels impact the overall slope stability, both with and without reinforcement. Next, the actual, 

normal, and extreme water levels in long-term conditions will be presented in tabular form as 

shown in Table 2. 

Table 2. Recapitulation of SF Values in Long Term Conditions 

Condition Groundwater Level With Bored Pile Without Bored Pile 

Long Term 

Actual 2,451 1,236 

Normal 1,733 0,739 

Extreme 1,489 0,312 

Based on Table 2 and Figure 4, it is evident that the factor of safety (FS) value under long-term 

conditions generally experiences a significant decrease compared to short-term conditions across 

all variations of groundwater levels. This is reasonable, as under long-term conditions, the soil is 

assumed to have undergone full consolidation (fully drained), so the effective strength of the soil 

is entirely dependent on the effective shear strength parameters (𝜙’ and c’), without the 

contribution of short-term pore water pressure. Without reinforcement, the highest SF value is 

only 1.236 under actual groundwater conditions, then it drastically decreases to 0.739 under 

normal conditions, and reaches a very low value of 0.312 under extreme conditions. This value is 

even far below the minimum standard of SNI 8460:2017, which is 1.5, meaning that unreinforced 

slopes in the long term are very susceptible to landslides, especially when the groundwater level 

is high. 

The installation of bored piles significantly increases the SF value under all conditions. At the 

actual water table, the SF value with bored piles reached 2.451, an increase of approximately 

98.3% compared to without reinforcement. Similarly, under normal and extreme conditions, the 

SF values become 1.733 and 1.489, all of which approach or meet the safety standards. The 

performance of the bored pile remains effective even at extreme water levels, although the SF 

value drops to 1.489, it is still much better than the unreinforced condition. 

This finding is in line with the research results of (Liu et al.,2020), which state that under long-

term conditions, bored piles are still able to maintain slope stability through the mechanism of 

transferring lateral loads to deeper soil layers. In addition, as stated by (Staubach et al., 2022), 

bored piles are capable of limiting lateral movement and maintaining soil mass integrity even 

under saturated hydrological conditions. The implication is that the installation of bored piles 

becomes an essential strategy in road infrastructure projects in areas with fluctuating 

groundwater levels and soft soil with high plasticity, particularly to ensure long-term stability. 

3.5 Safety Factor Analysis in Earthquake (Pseudostatic) Conditions  

Following the analysis under long-term conditions, the next step is to assess slope stability 

during earthquake (pseudostatic) conditions. This stage is crucial, as seismic forces can 
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considerably reduce the safety factor (SF), especially in areas with fluctuating groundwater 

levels. The results of the FEM analysis for these conditions are illustrated in Figure 5. 

 

 

a 

 

b 

Figure 5. The SF FEM value of the actual groundwater level during an earthquake 

with a) bored pile, and b) without bored pile at a load of 0 kN/m2 

Following the analysis under long-term conditions, the evaluation of slope stability under 

pseudostatic (earthquake) conditions is also conducted. The recapitulation of SF values for actual, 

normal, and extreme groundwater levels under these conditions is shown in Table 3. 

Table 3. Recapitulation of SF Values in Pseudostatic Conditions 

Condition Groundwater Level With Bored Pile Without Bored Pile 

Pseudostatic 

Actual 1,762 1,024 

Normal 1,257 0,480 

Extreme 1,042 0,203 

From Table 3 and Figure 5, it can be seen that the safety factor (SF) generally experiences the 

most significant decrease during earthquake conditions compared to short-term or long-term 

conditions. Without reinforcement, the SF value only reaches 1.024 at the actual water level, then 

drops to 0.480 at the normal water level, and 0.203 under extreme conditions. These values are 

entirely below the minimum standard of SNI 8460:2017, which is 1.5, indicating a high 

susceptibility of the slope to potential landslides during an earthquake.  

The installation of bored piles has proven capable of increasing the SF value under all seismic 

conditions. At the actual water table, the SF value with bored piles reached 1.762, an increase of 

72% compared to without reinforcement. Similarly, under normal and extreme conditions, the SF 

values become 1.257 and 1.042, respectively. Although the SF values at normal and extreme water 

levels are still below the minimum standard, the presence of bored piles can significantly slow 

down the potential for slope failure when lateral seismic forces occur.  

The performance of the bored pile remains effective in seismic conditions due to its ability to 

distribute lateral earthquake loads to more stable soil layers below the potential slip surface, as 

well as to control the lateral movement of the soil mass. This is in accordance with the research 
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findings of (Zheng et al., 2024), which state that the reinforcement of bored piles effectively 

increases the SF value in pseudostatic simulations, although it still requires a combination of 

additional mitigation measures such as vertical drainage or geotextile reinforcement for extreme 

groundwater conditions.  

The implication is that in the planning of road infrastructure in earthquake-prone areas with 

soft soil, the installation of bored piles becomes a mandatory reinforcement element. However, 

under extreme groundwater conditions, it is necessary to consider additional groundwater 

control systems to maintain the SF value above the safe limit during an earthquake. 

3.6 Safety Factor Analysis using the FEM Method 

Next, Table 4 explains the findings of the Safety Factor using the FEM method. It can be seen 

that the safety factor (SF) under actual groundwater conditions with a load of 0 kN/m² decreases 

from the short-term construction phase to the long-term phase (earthquake phase). The ΣM𝑠f 

curve displayed should show stability at its end, as this stability reflects the accuracy level of the 

analysis conducted using Plaxis software. Figure 6 is an example of the M𝑠f Curve for Actual 

Water Table Condition with a Load of 0 kN/m². 

 
Figure 6. M𝑠f Curve Actual Water Surface Condition with Load 0 kN/m2 

Subsequently, a comprehensive summary of the safety factor results obtained from the Finite 

Element Method (FEM) under various conditions is presented in Table 4.  

 

 

MsF CURVE OF ACTUAL GROUNDWATER LEVEL UNDER 0 KN/M² LOAD 
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Table 4. Recap of Safety Factor Method FEM 

No. Groundwater Condition 
Surface Load 

(kN/m²) 

Short 

Term 

Long 

Term 

Earthquake 

(Pseudostatic) 

 Existing Slope 1.237 

1 

Actual 

0 1.978 1.236 1.024 

2 10 1.858 1.209 1.002 

3 20 1.742 1.177 0.741 

4 
Half Height of Retaining 

Wall 

0 1.906 0.739 0.480 

5 10 1.795 0.722 0.433 

6 20 1.686 0.626 0.406 

7 
Equal to Retaining Wall 

Height 

0 1.714 0.312 0.203 

8 10 1.622 0.310 0.203 

9 20 1.529 0.307 0.203 

The analysis of the Safety Factor (SF) on the slope using the Finite Element Method (FEM) as 

presented in Table 2 shows that the stability of the slope is highly dependent on the position of 

the groundwater table and the presence of surface loads. The results show that the higher the 

groundwater level, the lower the SF value, which is consistent with previous findings that 

increased pore water pressure reduces the soil's shear strength, thereby decreasing slope stability. 

Several studies, such as (Latief & Zainal, 2019), even show an improvement in stability 

performance when the water table is lowered due to the matric suction effect that enhances soil 

cohesion.  

In addition to the groundwater factor, road load also has a significant impact on SF. As seen 

in the analysis in Table 2, the increase in load from 0 to 20 kN/m² tends to decrease the SF value, 

especially under long-term conditions and during an earthquake. This is consistent with the basic 

principle that additional load increases shear stress, thereby increasing the likelihood of failure. 

A low SF value (approaching or below 1.1) under dynamic conditions (earthquake) indicates a 

high potential for failure and the need for mitigation measures.  

Interestingly, there are conditions where the SF is relatively high even when the maximum 

road load is applied—namely when the water level is at a depth of DPT ("at the level of DPT"). In 

that scenario, the SF value under earthquake conditions reaches 1.350. This phenomenon can be 

explained through the counter-pressure theory that forms beneath the water surface, providing 

additional stability, something also described in the FEM literature regarding pore water pressure 

in various configurations.  

3.7 Safety Factor Analysis using the LEM Method 

The analysis was conducted under a traffic load condition of 0 kN/m² through three main 

stages, namely the construction stage (short term), the drying stage (long term), and the 
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earthquake phase. This simulation also aims to compare the effectiveness of reinforcement using 

bored piles with the condition without such reinforcement. Figure 7 is an example of a simulation 

showing the SF Value of the LEM Method with actual short-term groundwater level (a) with 

Bored (b) without Bored Pile (Load 0 kN/m2). 

 

a 

 

b 

Figure 7. SF (LEM) for Short-Term Groundwater: a) With vs. b) Without Bored Pile  

In addition to the FEM analysis, a comparative evaluation was also conducted using the Limit 

Equilibrium Method (LEM) to assess slope stability under various groundwater conditions and 

surface loads. This approach aims to verify the consistency of the safety factor (SF) trends 

obtained from different analysis methods. The results of these simulations are presented in Table 

5, which shows the influence of bored piles on slope stability under normal and extreme 

groundwater conditions.  

Table 5. Recap of Safety Factor Method LEM 

No. Groundwater Condition 
Surface Load 

(kN/m²) 

Short 

Term 

Long 

Term 

Earthquake 

(Pseudostatic) 

 Existing Slope 1.237 

1 

Actual 

0 1,999 1,252 1,061 

2 10 1,879 1,232 1,023 

3 20 1,752 1,196 0,823 

4 
Half Height of Retaining 

Wall 

0 1,936 0,786 0,514 

5 10 1,834 0,761 0,452 

6 20 1,715 0,654 0,412 

7 
Equal to Retaining Wall 

Height 

0 1,732 0,325 0,296 

8 0 1,628 0,323 0,270 

9 10 1,537 0,313 0,262 
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Based on Table 5, the slope safety factor (SF) values analyzed using the Limit Equilibrium 

Method (LEM) show a consistent decreasing pattern with the increase in surface load and 

groundwater level in all analysis conditions, whether short term, long term, or pseudostatic 

(earthquake). In short-term conditions, the SF value is still considered high. The highest value 

recorded at the actual water surface without load was 1.999, and it gradually decreased to 1.537 

when the surface load reached 20 kN/m² at the water surface height of DPT. Although it 

decreased, the SF values in this short-term condition mostly remained above the minimum 

standard of SNI 8460:2017, which is 1.5. This indicates that the unreinforced slope remains 

sufficiently stable in the short term as long as the load and groundwater level are controlled. 

These findings are consistent with the limit equilibrium theory, which states that in undrained 

conditions, the soil's shear strength is still influenced by the initial pore water pressure and the 

undrained cohesion parameter (cu), as explained by (Yan et al., 2023). 

In long-term conditions, there is a significant decrease in SF value. The highest value is only 

1.252 at the actual water table without load, while the lowest value recorded is 0.313 at the water 

table height of DPT with a load of 20 kN/m². All SF values in the long-term condition are mostly 

below the minimum standard of 1.5. This is due to the long-term influence where the soil has 

undergone full consolidation (fully drained) and its strength relies solely on the effective shear 

strength parameters (c' and φ'), without any contribution from pore water pressure. These 

findings are consistent with the study by (Cai et al., 2019), which states that the stability of water-

saturated clay slopes tends to decrease drastically over the long term due to the weakness of the 

effective shear strength parameters. 

The most critical condition occurs in the earthquake analysis (pseudostatic). In this condition, 

the SF value decreases drastically. The highest value is only 1.061 at the actual water surface 

without load, while the lowest value of 0.262 occurs at the water surface at DPT height with a 

load of 20 kN/m². This condition indicates that without reinforcement, the slope is highly 

vulnerable to landslides during an earthquake, especially under conditions of high water table 

and large surface loads. The implication is that, based on the trend of these results, the installation 

of reinforcements such as bored piles and efforts to control groundwater levels have become 

mandatory in the slope stability design in the Dumai Duri Kandis area. This is important to ensure 

that the safety factor remains above the minimum standard, especially under long-term 

conditions and during an earthquake (Bokko et al., 2019). 

4. CONCLUSION 

The analysis results at the Dumai Duri Kandis Road section location indicate that this area 

has a high vulnerability to earthquakes and landslides, with a peak ground acceleration (PGA) 

value of 0.25g and classified as site class SE (soft soil). Based on the slope stability calculations 

without reinforcement, a safety factor value of 1.232 was obtained using the Finite Element 

Method (FEM) and 1.273 using the Limit Equilibrium Method (LEM). After applying 

reinforcement in the form of a Retaining Wall (RW) with bored piles, the safety factor value 

significantly increased to 2.170 under existing groundwater conditions. The comparison 

between FEM and LEM shows relatively comparable results, where both provide a consistent 
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picture of the positive impact of bored piles on slope stability improvement. Without the use 

of bored piles, the safety factor value drastically decreases under extreme groundwater 

conditions, even reaching only 0.473 based on Plaxis LE analysis results. This strengthens the 

evidence that the use of bored piles is very effective in stabilizing slopes, especially in areas 

prone to geotechnical disasters. Thus, this research has successfully achieved its objectives, 

namely analyzing and comparing the stability of retaining walls using the FEM and LEM 

methods, and demonstrating that the selection of the appropriate method and the application 

of bored piles are crucial in the design of slope reinforcement systems for landslide-prone 

road infrastructure. 
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