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ABSTRACT 

 

Slope instability is a major challenge in coastal and soft ground areas, posing risks to 

infrastructure and safety. This study presents an applied case study of slope reinforcement at 

Tanjung Batu, East Kalimantan, using Corrugated Concrete Sheet Pile (CCSP) evaluated 

through finite element analysis in PLAXIS 2D. The numerical results indicate that CCSP 

installation significantly increases the factor of safety from 1.493 to 1.922 of the slope and that 

the selected pile section (CCSP W-400) performs structurally within safe limits under 

anticipated loading. These findings demonstrate the practical effectiveness of prefabricated 

concrete sheet piles for improving slope stability in soft ground conditions. While the study is 

limited to numerical simulations, it provides useful insights for engineering practice and 

highlights the need for field validation and long-term performance monitoring. 

Keywords: Corrugated Concrete Sheet Pile (CCSP); Finite element method; Numerical 

analysis; PLAXIS 2D; Slope stability. 

1. INTRODUCTION 

Slope instability and failure are among the most pressing geotechnical challenges faced in 

civil infrastructure, especially in regions with varied topography, high rainfall intensity, or 

increasing land development pressures. Landslides, as a common manifestation of slope 

failure, pose significant risks to human life, infrastructure, and the environment.  

On this study on this case, it is located in Kutai Kertanegara, East Kalimantan. Figure 1 

shows the area surrounding of PLTGU Tanjung Batu in Kutai Kartanegara, East Kalimantan, 

the site is located within the Mahakam River basin and exhibits typical characteristics of East 

Kalimantan's alluvial and sedimentary plains. Based on environmental impact assessments, 

geological surveys, and laboratory studies, the dominant soil types in this region are classified 

as Ultisols (Podsolik Merah Kuning), with patches of peat and alluvial soils in certain low-

lying or floodplain areas [1], [2]. 

The implementation of engineered slope reinforcement systems is very much needed. One 

way to achieve slope stability is to install such a system that helps or reinforce the slope. 

Traditional method that can be installed is retaining wall, terracing and vegetation. Among 

these, the use of retaining systems such as sheet piles has proven effective in enhancing slope 

stability. The effectiveness of sheet pile reinforcement has been demonstrated in numerous 

studies employing both field measurements and numerical simulations, In some cases where a 

retaining wall alone was insufficient, the implementation of CCSP reinforcement raised the 

slope’s safety factor from unsafe values (SF = 0.52) to stable levels (SF = 1.58)[3]. 
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Figure 1. Site Location of PLTGU Tanjung Batu 

Recent advancements have introduced Corrugated Concrete Sheet Piles (CCSP), 

combining structural rigidity with constructability and cost-efficiency. Numerical modeling 

utilizing finite element software, such as Plaxis 2D, has further enabled precise simulation and 

analysis of reinforced slope behavior under various loading and environmental conditions, 

leading to optimal design and performance assessment[4]. 

The utilization of Corrugated Concrete Sheet Piles (CCSP) in slope stabilization offers 

multiple advantages that make this approach highly effective. One of the critical innovations 

in CCSP technology is the introduction of corrugation design. Unlike traditional flat sheet piles, 

the corrugated geometry significantly improves the flexural stiffness of the pile. Flexural 

stiffness is crucial for resisting lateral pressures from soil and water, especially in slope 

retention and riverbank stabilization projects[5]. The corrugated design optimizes the moment 

of inertia which, in turn, increases the resistance to bending under high loads. This enhanced 

resistance is vital for protecting against slope failures and minimizing soil displacement in areas 

prone to landslides. 

Based on availability of CCSP on the site, this study aims to evaluate the effectiveness of 

corrugated concrete sheet piles in improving slope stability through finite element analysis. 

This study aims to analyze the safety factor of the slope before and after CCSP installation by 

using numerical analysis (FEM) Plaxis 2D. 

 

2. THEORY AND METHODS 

2.1. Theory 

Slope stability analysis is an essential aspect of geotechnical engineering, particularly in 

regions where natural or man-made slopes are prevalent and pose risks to infrastructure and 

human safety. Several analytical and numerical methods exist for evaluating slope stability. 

Traditional limit equilibrium methods, such as the Bishop, Janbu, and Morgenstern-Price 

methods, assume potential slip surfaces and calculate factors of safety (FoS) based on force 
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and moment equilibrium states. More advanced numerical methods, such as finite element and 

finite difference analyses, enable the modeling of complex slope behavior, including non-linear 

material properties, heterogeneity, staged construction, and reinforcement effects. 

 

Limit equilibrium methods 

In the study of slope stability, the Limit Equilibrium Method (LEM) has long been 

recognized as one of the most widely used analytical procedures, both in academic research 

and engineering practice. The method is particularly valued for its ability to provide 

approximations of the factor of safety (FoS) for slopes in a range of geotechnical contexts[6].  

The LEM assumes the potential failure surface within the soil mass and considers the 

equilibrium of forces or moments acting on the soil above this surface. The soil shear strength 

along the assumed or computed slip surface is typically represented via the Mohr-Coulomb 

failure criterion, which relates shear strength to the normal effective stress which expressed on 

Equation (1). 

τ = c + σ′ tan ϕ (1) 

where τ is the shear strength, c is the cohesion, σ′ is the effective normal stress, and ϕ is the 

internal angle of friction[7]. 

Slice-based methods, such as the Bishop, Fellenius, and Janbu approaches, are commonly 

applied within the LEM framework to analyze more complex or heterogeneous slopes or when 

stabilization methods alter the stress distribution. The factor of safety is expressed on Equation 

(2). 

𝑆𝐹 =
𝜏𝑓

𝜏𝑑
 (2) 

Where 𝜏𝑓 is the available shear strength and 𝜏𝑑 the mobilized shear stress along the slip surface. 

When the factor of safety (FoS) is less than 1.0, the slope is judged unstable; a value greater 

than 1.0 is required for stability. 

Finite element methods 

The application of the finite element method (FEM) in slope stability analysis has 

evolved into a robust standard approach in geotechnical engineering, offering significant 

advantages over traditional methods such as limit equilibrium. Unlike limit equilibrium 

methods, which require a priori assumptions about the geometry of potential failure surfaces, 

the FEM determines failure modes and the corresponding factor of safety (FOS) through a 

comprehensive assessment of the stress-strain relationships and constitutive behavior of the 

slope materials[8], [9], [10]. 

A new advancement in FEM based slope stability is the implementation of the Shear 

Strength Reduction (SSR) technique, wherein the shear strength parameters of the soil are 

systematically scaled until global failure is indicated by excessive displacements or non-

convergence in the numerical solution[11]. This approach naturally captures complex failure 

mechanisms, including multiple or non-circular slip surfaces, which are particularly relevant 

in heterogeneous or reinforced slopes. 
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Corrugated Concrete Sheet Pile (CCSP) 

Corrugated Concrete Sheet Pile (CCSP) is a specialized type of precast concrete sheet pile 

engineered with a corrugated profile that enhances its mechanical interlock and structural 

efficiency. The design of these piles typically integrates a tongue-and-groove or grouted joint 

system which, when driven into the ground, allows for the construction of continuous, water-

resistant retaining walls. The corrugated geometry not only improves bending stiffness and 

load distribution but also increases interface friction with surrounding soil, contributing to 

overall stability, particularly in challenging geotechnical scenarios such as slopes or deep 

excavations. Figure 3 shows typical shapes and technical data for CCSP. 

 
Figure 2. Typical datasheets of Corrugated Concrete Sheet Piles 

2.2. Methods 

Study Area and data collection 

The study area at Tanjung Batu, East Kalimantan, was selected based on prior 

geotechnical site investigations and slope instability concerns. Relevant geological and soil 

parameters including soil unit weight, cohesion, and internal friction angle were collected from 

borehole logs and laboratory tests to define accurate input parameters for numerical 

modeling[12]. These input soil parameters are summarized in Table 1.  
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Figure 3. Cut section of the slope used in Plaxis 2D modeling. 

For this case, the Hardening Soil (HS) model was adopted due to its capacity to 

represent the non-linear, stress-dependent, and anisotropic behaviors typical of stiff clays under 

various loading conditions[13]. Comprehensive studies, such as [14], have demonstrated that 

the HS model yields better agreement with laboratory and field behavior for both soft and stiff 

clays when compared to more simplistic approaches. 

 

  

Figure 4. Layout View Earth PLTGU Tanjung Batu 
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Table 1. Soil Input Parameter 

INPUT SOIL  

Refrence Boring Hole B1 AND LAB 

Identification 
1. Stiff Clay 

(LAB) 

2. Stiff Clay 

(LAB) 

3. Very Stiff 

Clay 
4. Hard Clay 

5. Stiff Clay 

(LAB) 

Mateiral Model 
Hardening 

Soil (HS) 

Hardening 

Soil (HS) 

Hardening 

Soil (HS) 

Hardening 

Soil (HS) 

Hardening 

Soil (HS) 

Drainage Type Drained Drained Drained Drained Drained 

Colour           

Layer Depth 0 - 4 4 - 8 8 - 12 12 - 30 0 - 4 

General Properties 

gunsat kN/m3 13.70 19.30 18.10 19.56 19.50 

gsat kN/m3 15.70 21.30 20.10 21.56 21.50 

Stiffness 

E'rm kN/m2 - - - - - 

v' - 0.30 0.30 0.30 0.30 0.30 

E50
ref kN/m2 20300.00 20300.00 20300.00 31500.00 20300.00 

Eoed
ref kN/m2 22560.00 22556.00 22556.00 35000.00 22560.00 

Eur
ref kN/m2 60900.00 60900.00 60900.00 94500.00 60900.00 

Power (m) - 1.00 1.00 1.00 1.00 1.00 

l (Lambda) - -   - - - 

k (Kappa) - -   - - - 

Cc - -   - - - 

Cs - -   - - - 

einitial - 0.70 0.690 0.690 0.477 0.700 

Strength 

C'ref kN/m2 17.50 17.33 50.00 50.00 17.50 

f(phi) degree 31.00 20.06 25.00 25.00 31.00 

y(psi) degree 0.00 0.00 0.00 0.00 0.00 

Ground Water 

Type - Clay Clay Clay Clay Clay 

Kx m/day 
From Data 

Set 
6.05E-03 6.05E-03 8.02E-03 

From Data 

Set 

Ky m/day 
From Data 

Set 
6.05E-03 6.05E-03 8.02E-03 

From Data 

Set 

Interface 

Strength - Manual Manual Manual Manual Manual 

Rinter - 0.50 0.50 0.50 0.50 0.90 
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FEM Modelling 

A two-dimensional slope stability model was developed using finite element software 

Plaxis 2D as shown on Figure 5. The model domain was geometrically designed to replicate 

the natural slope profile and boundary conditions observed in the field. The base and lateral 

boundaries were assigned fixed constraints to simulate an infinite soil continuum, preventing 

displacement at model edges[15]. The slope was analyzed in two conditions: (1) without 

reinforcement (baseline), and (2) with CC Sheet Pile reinforcement. Additionally, deflection 

and bending moment of the sheet pile were monitored to assess the pile’s structural 

performance and its effectiveness in slope stabilization. Displacement contours and failure 

surfaces were extracted to identify slip mechanisms and deformation patterns. 

The initial simulation was conducted on the unreinforced slope to establish the baseline 

safety factor (SF) and failure mechanism. The Corrugated Concrete Sheet Pile (CCSP) was 

added into the model as a structural reinforcement element embedded to a designed depth 

relevant to expected sliding surfaces[16]. Mechanical properties of the sheet pile, including 

stiffness and bending resistance, were assigned based on manufacturer specifications. Interface 

elements between soil and sheet pile were defined to realistically model adhesion and possible 

slip effects.  

The selected sheet pile type for this study is the CCSP W-400, which has a maximum 

cracking moment capacity of 197 kNm and an ultimate bending (break) moment capacity of 

394 kNm. The proposed design involves installing the sheet pile to a total length of 12 meters. 

The used parameter for this structured is shown on Table 2. This selection aims to ensure that 

the sheet pile can accommodate the calculated maximum bending moment while providing 

adequate structural performance and serviceability under the expected loading conditions. 

 

 
Figure 5. Model on Plaxis2D 
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Table 2. Corrugated Concrete Sheet Pile (CCSP) Input Parameter on Plaxis 2D 

 

INPUT PARAMETER 

STRUCTURE 

Identification 
CCSP W-

400(A) 

Set Type Plate 

Comment - 

Material type Elastoplastic 

Properties 

E kN/m2 37156762.51 

g kN/m3 24 

Predifined beam 

type 
- 

width m - 

Lspacing m - 

EA1 kN/m 5937650.65 

EA2 kN/m 5937650.65 

EI kN.m2/m 92405.52 

w kN/m/m 1.44 

v(nu) - 0.15 

Mp kNm 197 

Np,1 = 

Np,2 
kN/m 0 

 

The primary metric for this stability evaluation was the safety factor (SF). Improvement 

in SF after pile installation indicates enhanced slope stability. The deflection profiles of the 

Corrugated Concrete Sheet Pile provide critical data on structural deformation, with lower 

deflections suggesting better reinforcement performance. Comparative analysis of SF and 

deflections before and after reinforcement enabled quantitative assessment of CC Sheet Pile 

effectiveness. 

 

3. RESULT AND DISCUSSION 

Factor of safety without reinforcement 

Based on the analysis conducted in Plaxis 2D shown in Figure 6, using the strength 

reduction method, the calculated factor of safety for the slope without reinforcement is 1.493. 

According to the requirements of SNI 8460:2017, this value is considered inadequate, as it falls 

below the minimum recommended factor of safety of 1.50, indicating that the slope in its 

current condition is not sufficiently stable. 
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Figure 6. FEM Result without reinforcement. 

Factor of safety with Sheet Pile reinforcement 

Based on the analysis conducted using Plaxis 2D shown in Figure 7, with the strength reduction 

method, the calculated factor of safety for the slope reinforced with corrugated concrete sheet 

piles is 1.922. According to the requirements of SNI 8460:2017, a minimum factor of safety of 

1.50 is required to ensure stability under normal loading conditions.  

 

 
Figure 7. FEM Result with reinforcement. 
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Figure 8. Deflection and Bending moment result from FEM analysis 

Sheet pile deflection 

In addition to the stability analysis, the lateral deflection of the sheet pile was evaluated 

to assess its structural performance. As shown in Figure 8, the numerical analysis conducted 

using Plaxis 2D yielded a maximum lateral deflection of approximately 11.705 mm and a 

maximum bending moment of 24.688 kNm/m. These results provide valuable insight into the 

deformation behavior and structural demand of the sheet pile under the modeled loading 

conditions. Referring to SNI 8460:2017, the maximum allowable deflection for sheet pile 

structures is 15 mm. Therefore, the observed deflection remains within acceptable limits, 

indicating that the proposed design satisfies serviceability criteria. 

 

4. CONCLUSIONS   

This study investigated the effectiveness of Corrugated Concrete Sheet Pile (CCSP) as a 

slope reinforcement system at Tanjung Batu, East Kalimantan, through finite element 

numerical analysis. The results show that installing CCSP significantly improves the slope’s 

safety factor compared to unreinforced conditions, while the selected pile section (CCSP W-

400) maintains safe bending performance under site conditions. These findings highlight 

CCSP’s potential as a reliable and efficient solution for slope stabilization in coastal and soft 

soil areas where conventional methods may be less effective or more costly. In addition, the 

structural behavior of CCSP indicates good compatibility with the surrounding soil, ensuring 

overall system stability. The use of prefabricated concrete elements also suggests shorter 

construction times and reduced environmental disturbance compared to traditional approaches. 

However, as the study is limited to numerical simulations, field validation is needed to confirm 

long-term performance under factors such as cyclic loading, groundwater fluctuations, and 

material degradation. Future research should include field monitoring and large-scale testing 

to assess durability and constructability, supporting the integration of CCSP into design 

guidelines for safer and more resilient coastal infrastructure in Indonesia and similar 

environments. 
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