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It is often challenging to construct temporary work structures for excavation work with 
temporary structures at coastal areas with soft soil properties and high-water tables. 
In this project, we simulated the behaviour of soil movements and stresses by finite 
element analysis method (using PLAXIS 2D) under different types of U- type steel sheet 
piles. The outcome result is then presented in the form of a table in this paper, for 
comparison and reference, which promotes better workmanship and quality in 
selecting the suitable sheet pile used for temporary work structures for excavation 
purposes at the coastal area.  Deformed mesh, Horizontal Displacement, Horizontal 
Incremental Displacement, Safety Factor, Total Displacement, Total Incremental 
Displacement, Vertical Displacement as well as Vertical Incremental Displacement for 
both with groundwater and without groundwater conditions of each option are 
included in the result and analysis section. In conclusion, the analysis serves as an 
important guideline and reference before the commencement of work, which is 
important in the decision-making of future work, especially during excavation.  
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1. Introduction 

 
The U-type steel sheet pile is often used in construction as a temporary supporting structure for 

excavation work due to its flexibility of design constructions, fast execution, and high profitability 
based on full or partial material recovery [40]. On the other hand, the soil in coastal areas normally 
consists of high content of sand [32], complicating the situation and necessitating a different 
approach. In such a case, compaction is often needed if the soil has a lower soil-bearing capacity [39]. 

As suggested by Muhammad Noor Hisyam Jusoh in their previous study, Malaysia is well known 
for its diverse soil types [26]. And this presents unique challenges in geotechnical work, emphasizing 
the need to account for variations in soil properties during excavation and construction. While prior 
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research has highlighted these regional complexities, there remains a lack of comprehensive studies 
focusing on the performance of U-type steel sheet piles in the specific soil conditions, particularly in 
coastal areas characterized by soft soils and high groundwater tables. 

Since the soil at coastal area is mainly soft soil, and the soft soil often brings difficulties for civil 
engineering works, including the execution of civil engineering structures and geotechnical design 
due to the fact that the soil is sensitive to deformation and possesses very small shear strength. At 
such, the usage of Finite Element Method has become increasingly popular and available on market 
for the analysis of geotechnical problems, including but not limited to the excavation works [28]. 

On the other hand, in the industry of civil engineering, a U-type steel sheet pile could be used as 
a temporary work structure for excavation work by providing lateral support to stabilize the structure 
and prevent erosion of soil, especially during excavation. It is also often used for the construction of 
marine structures in coastal areas and is an effective way to avoid the movement of soil in deep 
excavation to ensure the safety of other nearby structures and workers [24]. 

In our case, we would like to study the movement of different types of individual U-type steel 
sheet piles as temporary work structures for excavation work in soil, by utilizing the PLAXIS 2D 
software for simulation, and the data including Deformed mesh, Horizontal Displacement, Horizontal 
Incremental Displacement, Total Displacement, Total Incremental Displacement, Vertical 
Displacement as well as Vertical Incremental Displacement under both groundwater and without 
groundwater condition will be presented in the form of a table in a later section (Results and 
Analysis). 

Despite the growing body of research on U-type steel sheet piles for coastal excavation, 
significant gaps remain in understanding the specific performance differences under varied soil and 
environmental conditions, particularly concerning groundwater influence. Previous studies have 
either generalized soil behavior or lacked comparative analyses of multiple sheet pile types under 
identical simulation settings. Additionally, while the benefits of finite element analysis (FEA) for pre-
construction planning are acknowledged, its application to systematically evaluate different sheet 
pile configurations for optimal selection in coastal conditions has not been fully explored. 

This study addresses these gaps by employing PLAXIS 2D to simulate and compare the 
deformation and displacement characteristics of three U-type steel sheet piles—YSPIII, FSPIII, and 
FSPIIIA—under both groundwater and non-groundwater conditions. This study assumes 
homogeneous soil properties throughout the excavation site.  

The findings aim to offer a clearer understanding of the interplay between groundwater and 
sheet pile performance, contributing valuable insights for decision-making in geotechnical 
engineering and coastal excavation projects. By utilizing advanced tools like Plaxis 2D or other Finite 
Element Analysis (FEA) software, stakeholders can conduct comprehensive pre-construction 
analyses, enabling informed decisions that enhance project planning, structural reliability, and cost-
effectiveness. 

 
2. Literature Review 
2.1 Soil Properties at Coastal Area 
 

Generally, the coastal zone often refers to a zone or interface between the land and water [37]. 
It can also be defined as a site of intimate interactions between the land, ocean, as well as the 
atmosphere [13]. 

In the coastal area, sands are the main component throughout the beach and offshore deposits, 
while the back barrier deposits are mainly consisting of clay or clay loams [43]. On the other hand, 
the Coastal Engineering Guidelines published by Engineers Australia also suggested that the coastal 
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soil in Australia, specifically the presence of acid sulphate soils may cause the rapid deteriorate of 
concrete and steel foundations or other structures at low lying geologically recent coastal sediments 
[7]. In such case, a higher factor of safety maybe needed for construction work, especially 
geotechnical works. 

A review paper conducted by University of Tabuk and University of Aswan also suggested that 
the salt present in the soils at coastal area would generally reduce the plasticity index, soil 
compressibility, swelling properties, and optimum moisture content, while enhancing the 
permeability, maximum dry density, shear strength, and bearing capacity of the soil [17].  This 
indicates it is another variable and factor of influencing the soil properties at coastal area, making it 
more complex than ordinary soil at non-coastal area. 

In addition, the review paper also suggests that the salt present in the seawater, when intruded 
by seawater, it increases the permeability of soil, resulting in greater settlement, decreased strength 
or collapse in the worst-case scenario [17]. This clearly indicates that the soil at coastal area possess 
a weaker mechanical property, and increasing the difficulty level of geotechnical work. In terms of 
the plasticity of soils, the seawater would have a significant Impact on the clayey soils with liquid 
limits exceeding 110%, such that it increases the liquid limits when the salt concentration increases 
but bringing a reverse effect for other types of soil such that their compression index may decreases 
when the salt concentration increases [17].  

Last but not least, the Encyclopaedia of Marine Geoscience also suggests that the main 
components of coastal area, particularly the sediment type at the site are built up from rock, gravel, 
sand, clay and muddy soils, while the muddy soils and clays are often treated separately or differently 
from the other soils and rocks, as they are affected by water in terms of their properties [23].   

 
2.2 Application of Sheet Pile in Excavation and Other Works 
 

Sheet piles come in various forms, each tailored for specific uses. Steel sheet piles are the most 
prevalent, known for their robustness and adaptability, often employed in retaining walls and 
cofferdams. Vinyl sheet piles provide excellent resistance to corrosion, making them ideal for marine 
environments. Aluminum sheet piles are lightweight and offer good corrosion resistance, suitable for 
waterfront structures. Composite sheet piles combine materials like fiberglass and resin, offering 
high strength and durability. Timber sheet piles are used in temporary structures or where 
environmental impact is a concern. Lastly, concrete sheet piles are utilized in permanent structures 
requiring high strength and durability [36]. 

According to the Department of Occupational Safety and Health of Malaysia (DOSH) [15], the 
excavation work can be defined as the process of removing the earth, rock, or other materials during 
construction or demolition involving or by using tools, machinery, or explosives to create an open 
surface, hole, or cavity. Works such as earthwork, trenching, cofferdam, caisson, well, shaft, tunnel 
or underground working are often classified under the excavation work as well. 

The method of excavation could generally be classified as trench excavation (used for installing 
underground utilities such as pipes and cables), basement excavation (creates extra space below 
ground level for storage or living areas), cut and fill excavation (levels uneven terrain by removing 
earth from one area and filling another), slope excavation (forms inclined surfaces for roads and 
embankments), dredging (removes sediment and debris from water bodies), footing excavation 
(prepares foundations for structures like buildings), pit excavation (creates large holes for 
foundations or storage), rock excavation (removes rock using specialized equipment), channel 
excavation (creates channels for water flow), trenchless excavation (installs underground utilities 
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without extensive trench digging), underwater excavation (removes material below the water 
surface for construction or maintenance) [2]. 

In the construction project, excavation work can be classified as the most significant hazard, 
especially at coastal areas with more complex soil properties. On the other hand, the steel sheet piles 
contribute to the safety of excavation work for its ductility (allowing more time for corrective 
measures) and reliability (comparatively homogenous and constant properties of the steel), in the 
way of retaining the soil and water applications. And hence, it is always used as temporary structures 
especially when the projects involve cofferdams in water, linear excavations, water retention, and 
complicated utilities installation or repairs [6]. 

In addition, due to the effectiveness of sheet pile in retaining water, it could also be used in the 
construction of barriers to groundwater flows, to reduce the effect of groundwater to the 
surrounding soil, which is significant in excavation work [26]. Furthermore, the sheet pile is used in 
the coastal area to control and to delay the seepage as well as the transportation of contaminants 
through soil [5]. It is also often used as a part of earth retaining structure at the water-front structure, 
with its advantages such that dewatering at the site is not compulsory, and often an ideal option or 
choice at the sites with groundwater tables or soils with lower bearing capacity [40]. For example, it 
can be used in the construction of harbor or port, by aligning the sheet pile in the way of connecting 
to major structures like locks and dams [22]. 

The steel sheet pile is often used and preferred, for its shorter time for installation (does not 
required curing as reinforced concrete), lighter weight than reinforced concrete, easier for 
transportation and also homogeneous material (less deterioration of material quality than reinforced 
concrete) [18].  

In simpler language, the sheet pile is often used as an earth retaining wall as temporary 
excavation protection, and to mitigate the rapid seepage of groundwater into the site. The sheet pile 
is often made by steel, for its workability and properties mentioned in upper section [18]. 

 
2.3 Geotechnical Design and Environmental Interactions of Steel Sheet Piles 
 

Conventional design method of steel pile wall construction is based on limit equilibrium 
approach, which ignores the construction method used. The conventional methods consider active 
and passive earth pressure that is based on the Mohr-Coulomb failure criterion [31]. 

The Mohr-Coulomb failure criterion is expressed as: 
 

𝜏𝜏 = 𝜎𝜎 𝑡𝑡𝑡𝑡𝑡𝑡 (𝜙𝜙) + 𝑐𝑐  
 

where 𝜏𝜏 is the shear strength, 𝜎𝜎 is the normal stress and 𝑐𝑐 is the intercept of the failure envelope 
with 𝜏𝜏 axis, also known as the cohesion. 𝜙𝜙 is the angle of internal friction.  

The use of finite element analysis allows the identification of stresses and displacement and 
creates a vector field for the soil-structure interaction. Therefore, this opens the possibility of 
discovering the effects of surrounding environment and construction process on the steel sheet pile 
[11]. 

The interaction with the surrounding is an important factor when it comes to the study of steel 
sheet pile as the stability of the sheet pile walls can be heavily affected by the presence of the 
groundwater flow. The presence of groundwater reduces the passive earth pressure behind the sheet 
pile and increases the active earth pressure. This reduction of the passive earth pressure stops when 
the soil is no longer able to withstand any lateral pressure due to loss of strength.  
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Based on the study conducted [42], the presence of groundwater has no absolute effect on the 
stability as it may either stabilise or destabilise soil particles, depending on the direction of the flow. 
The first situation takes place where the resultant of the gravity force and the seepage force is (nearly 
or completely) downward and the second takes place when this resultant force is (nearly or 
completely) upward.  

The understanding of the interactions of steel pile and the environment has also led to better 
design of U-shape steel pile. For instance, the study conducted by Zhao et.al.[44] has proposed new 
steel pile with more outward expansion alongside hydrophobic coating and reverse hooks. These 
modifications provide better anti-seepage performance which will improve practicality and structural 
integrity as aforementioned in other literatures.   

Besides the groundwater, the actual flexural stiffness of sheet piles greatly depends on the shear 
force transmission between corresponding sheet piles. The sheet pile can have 0% transmission when 
not connected with any sheet pile; or 100% transmission when welded to the corresponding sheet 
pile. In most real-life cases, the results should lie between these two extremes as the sheet piles 
connects with friction in the interlocks [16].  

A similar study to this research had been done by Kim et.al. [29] where the strain on the steel 
sheet pile is investigated. The properties of a single sheet pile and coupling mated joint specimen is 
analysed when interpenetrating into the soil where a V-shape strain-interpenetration graph is 
observed. In all cases, the strain did not exceed the yield strain, proving the feasibility of re-using 
sheet pile for construction. Another practical implication of the finite element analysis study on sheet 
pile is to derive seismic fragility curves, which can provide invaluable information for disaster 
prevention. [30] In Singapore, Moriyasu et.al. [34] researched on the flexural stiffness of U-type steel 
sheet pile with PLAXIS excavation simulation model under different soil conditions. This research 
investigated the reduction in flexural stiffness due to the lack of shear force transmission in U-type 
steel sheet pile and compared it with other type of sheet pile. It is also important to note that FEA 
may not fully represent real-life scenarios. In a numerical modelling done for sheet piles behavior 
[16], the standard values for flexural stiffness for a single U-Pile is largely overestimated. In the worst-
case scenario, the effective stiffness of an individual U-pile is only 32% of the full wall stiffness. 

 
2.4 Introduction to Finite Element Analysis (FEA) 
 

According to Flaherty and Eaton in their book titled “Finite Element Analysis”, the Finite Element 
Method is commonly used as a computational technique in engineering and scientific fields to obtain 
approximate solutions to partial differential equations [25]. 

In addition, according to the official website of Ansys, 1 of the most used finite element analysis 
software, Finite Element Analysis (FEA) is the application of the Finite Element Method (FEM) which 
utilizes mathematical equations to further break down the complex problems or systems into smaller 
pieces of elements by using the computer, which is always used to validate and test designs. In Civil 
Engineering, FEA is often utilized to conduct the evaluation of the safety and integrity of structures, 
including but not limited to the construction of dams, commercial buildings as well as bridges by 
optimizing the engineering design to meet safety standards and to predict the needs of maintenance 
work [4]. 

For example, the FEA software such as Ansys could be used in the analysis and calculation of 
stress intensity factors of an edge crack, in a function of time, crack length, and thickness ratio for 2 
types of different material systems, as what Basheerali, Hrairi, and Jaffar Syed did in their research 
of Thermal Stress Intensity Factors for Cracked Bimaterial System Under Convective Cooling [9].  



Semarak International Journal of Civil and Structural Engineering      
Volume 4, Issue 1 (2024) 1-21 

6 
 

Also, the official website of AutoDesk [8], one of the biggest engineering software providers 
nowadays suggests that the advantages of using FEA software include: 

 
i. Accurate performance modeling and simulation 

ii. Enable prototype virtually 
iii. Accurate Analysis (Predictive) 

On the other hand, Mustafa Seif, a senior civil engineer suggests that the limitations of FEA 
software come in a way such that it is highly complex and difficult especially for new users, as it 
involves various steps and sub-steps including pre-processing, processing as well as post-processing. 
In addition, the accuracy could be low and unreliable due to errors and uncertainties in modeling 
such as human errors, numerical errors, discretization errors, and modeling errors [35]. 

The software used in this research, the PLAXIS 2D, is one of the products under the Bentley 
system, another popular engineering software provider. According to the official website of Bentley 
Systems, it is a commonly used software in the civil engineering and geotechnical engineering 
industry due to its efficiency and user-friendliness. It is often applied in simulating the deformation 
in excavation works and conducting safety analysis in the work [10]. 

The elements in the system during simulations consist of nodes and beam. These connected 
elements can be described with the formula 𝐹𝐹𝑒𝑒 = 𝐾𝐾𝑒𝑒 𝑑𝑑𝑒𝑒  ,  which can also be written in the matrix 
form. 
 
[𝐹𝐹1𝑒𝑒 𝐹𝐹2𝑒𝑒 ] = [𝑘𝑘𝑒𝑒  − 𝑘𝑘𝑒𝑒  − 𝑘𝑘𝑒𝑒 𝑘𝑘𝑒𝑒 ] [𝑢𝑢1𝑒𝑒 𝑢𝑢2𝑒𝑒 ]                                                                                                 (1) 
 

Based on the Figure 1, the force and displacement acting on a section of a pile can be represented 
by a component consisting of 3 nodes and 2 beams. The force acting on node 2 of the first beam is 
equivalent to the force acting on node 1 of the second beam. Therefore, it is possible to conclude 
𝐹𝐹2

(1) = 𝐹𝐹1
(2)  and  𝑢𝑢2

(1) = 𝑢𝑢1
(2) , where  𝐹𝐹1

(1)  and 𝐹𝐹1
(2)  are related to the matrix above. Hence, the 

software calculates the parameters by propagating the forces and displacements acting on the nodes 
based on the boundary conditions [12]. 
 

 
Fig. 1. The force and displacement acting on pile represented in beams and nodes 
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2.5 Equation to Estimate the Settlement of Pile in Clay 
 

Generally, the Poulos and Davis Equation could be used for the estimation of pile settlement 
considering both pile-soil interaction and pile group effects, and it has been widely adopted in 
geotechnical engineering for estimating the settlement of piles. 

In the Malaysia's Public Work Department or the JKR (Jabatan Kerja Raya) Geotechnical Design 
Guideline [38], they also suggested the Poulos and Davis Equation to estimate the settlement of an 
individual pile in clay, such that: 
 

𝜌𝜌 =
𝑄𝑄 

 𝐿𝐿.𝐸𝐸𝑆𝑆
. 𝐼𝐼𝑝𝑝                                                                                                                                                        (2) 

    
whereby the 
Q =  Load on the pile 
L = Length of Pile 
Es = Young′smodulus of the soil for long term settlement 
 
𝐸𝐸𝐸𝐸 = (1 +  𝜈𝜈)(1 −  2𝜈𝜈) / 𝑀𝑀𝑀𝑀 (1 −  𝜈𝜈)                                                                                                      (3) 
 
Mv = Average value of Coefficient of Compressibility   
V = Poisson’s ratio  
 

The Poisson’s ratio can be taken as 0.4 for over consolidated clays, firm or stiff normally 
consolidated clays, 0.2 for soft to firm normally consolidated clays. 
Ip = influence factor from the Figure 2 and Figure 3:  
 

 
Fig. 2. values of influence factor when Poisson’s ratio = 0.2 
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Fig. 3. values of influence factor when Poisson’s ratio = 0.4 

 
The equations and formulas above show a straightforward, quick and simple way in giving rough 

estimation of the settlement of pile, but it should not be relied on to give accurate values according 
to JKR, as it is often complex to fully understand the relationship and interaction between 
surrounding soils and the pile [38].  

At such, finite element analysis which can be used for complex and detail analysis is hence more 
preferred. On the other hand, the method above does not outline the effect of presence of 
groundwater to the settlement of pile. In addition, the estimation of settlement does not outline all 
of the movement, such as horizontal movement of soil.  

 
3 Methodology 
 

The literature review has been done by reading relevant articles and journals covering different 
topics, including geotechnical engineering, finite element analysis, and soil mechanics. This included 
but not limited to research papers available online.  

Some of the official websites of software providers such as Bentley are also referred, for the 
discussion and literature review of the Finite Element Analysis Method software. 

The simulation of soil behaviour to obtain the data of Deformed mesh, Horizontal Displacement, 
Horizontal Incremental Displacement, Total Displacement, Total Incremental Displacement, Vertical 
Displacement as well as Vertical Incremental Displacement under both groundwater and without 
groundwater conditions is done by PLAXIS 2D, a well-known finite element analysis software. 

To enhance the credibility and accuracy of the study, a team member with a Mechanical 
Engineering background was deliberately included to provide a multidisciplinary perspective. This 
addition ensures a broader analysis of the results by integrating expertise from a distinct engineering 
discipline, offering insights that might not be apparent from a single-field approach. Furthermore, 



Semarak International Journal of Civil and Structural Engineering      
Volume 4, Issue 1 (2024) 1-21 

9 
 

this collaboration facilitates more thorough oversight of the case study, helping to identify potential 
gaps or improvements in methodology. The inclusion of diverse skill sets and viewpoints strengthens 
the overall rigor and integrity of the research process. 

The input values for FEA by Plaxis 2D will be discussed in detail in the next section (3.1) 
 

3.1 Input Values for Modelling and Settings 
 

The following values are used as input into PLAXIS 2D for simulation, which are relatively 
conservative values deduced from experience in coastal areas. The values are as follows: 

In this pit excavation scenario, the excavation depth is 4 m and the width is 8 m, while the soil 
model extends to a depth of 12 m and a width of 24 m. The pit walls are vertically cut, supported by 
sheet piles with a total length of 10 m (4 m exposed above ground and 6 m inserted into the soil for 
stability). A surcharge of 20 kN/m² (2 tonnes/m²) is applied on both sides of the pit, considering the 
potential impact of heavy vehicle movement. The surcharge is a conservative value considering the 
weight from heavy vehicles, scaffolding, construction material and soil. Besides, the soil properties 
used in our research are assumed to be as follows: 

 
Table 1 
Input of soil parameters 
Material Unit Weight, 𝜸𝜸 Saturated Unit 

Weight, 𝜸𝜸sat 
stiffness, Eref Void Ratio, 

V 
Reference 
Cohesion, Cref 

Friction 
angle, 𝝓𝝓 

Soft Silty Clay 15kN/m3 18kN/m3 1800kN/m2 0.35 10kN/m2 15° 
 

All the soil parameters are taken from a soil investigation report, from coastal area at northern 
Malaysia. The values from the soil investigation report are also cross checked with the suggested soil 
parameters available in Geotech data and other references. 

As discussed in the previous section (2.1, soil properties at coastal area), considering the moist 
soil unit weight (referred as “unit weight” in the later section) is often greater than the dry unit weight 
(11.5 kN/m3-14.5 kN/m3) [14], unit weight with a value of 15 kN/m3 is then considered logic, which 
indicate that the soil condition is less ideal in the way that it contributes less to the bearing capacity 
of pile and increase the risk of settlement. The void ratio is also ranged from 0.25 to 1.8, and a value 
of 0.35 in our cases which we assume the soil has been slightly compacted due to the machineries 
and human activities [20]. The cohesion is also suggested ranged between 10 to 20 kN/m2, with the 
fact that the soil is less cohesive, it is also an acceptable value within suggested range (as it is closer 
to the sand at coastal area, assume the clay near to the boundaries) [19].The stiffness of soil is 
suggested to be 0.5 Mpa to 5 Mpa (500 kN/m2 to 5000 kN/m2) for very soft to soft clays with low-
medium plasticity, 0.35 Mpa to 4 Mpa (350 kN/m2 to 4000 kN/m2) for very soft to soft clays with high 
plasticity, a value of 1.8 Mpa or 1800 kN/m2 in our case, which is within both ranges [21]. On the 
other hand, the friction angle of clay may range from 6°to 24°, depending on the plasticity of the clay 
[1]. A value of 15° is a moderate and medium value in this case. 

For the project, the water table level is set as 1 m below the surface, and the excavation is planned 
in four layers, each with a depth of 1 m, which can help to manage the soil pressures. Struts will be 
installed at 1.2 m from the top to provide additional lateral support to the sheet piles during the 
excavation. 

The recommended steel pile is a U-type YSPIII, FSPIII, and FSPIIIA, Use 200 × 106kN/m² as the 
Young Modulus of Steel to provide the necessary strength to withstand the soil pressure. The elastic 
modulus of steel is taken as 200 × 106kN/m², which is a widely accepted conservative value for 
young modulus of steel, given that the young modulus of steel normally ranged between 190 
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× 106kN/m² to 210 × 106kN/m² [3]. While the other properties of sheet pile are listed in the next 
section (section 3.2, figure 5 and 6). 

   The software settings are as follows, with assumptions that for the entirety of the excavation, 
installation of sheet piles, struts, and waler beams, the soil type remains unchanged and of Soft Clay 
and utilizing Mohr-Coulomb’s material modeling type (refer to appendix for example of PLAXIS 2D 
rendition) with an Unit Weight, 𝜸𝜸= 18kN/m3 and saturated Unit Weight, 𝜸𝜸sat = 15kN/m3, stiffness, Eref 
of 1800kN/m2, a void ratio, V of 0.35, Reference Cohesion, Cref of 10kN/m2 , Friction angle, 𝝓𝝓 of 15°. 

 With the specifications of the Struts being calculated as followed, by obtaining all the necessary 
data from figure 5 and 6 at the next section (3.2), such that : 

YSP III and FSP III: 
 

EA = 200x106kN/m2 x 76.42cm2 (per pile) x 1 m2

1x104cm2  =  1.53x106kN, 
 
FSP IIIA: 

 

EA = 200x106kN/m2 x 74.40cm2 (per pile) x 1 m2

1x104cm2  =  1.49x106kN, 
 
For struts of sheet piles with a spacing of 1.2m between each strut. The specifications for sheet 

piles used are calculated as follows: 
 

For YSP III 
 

EA = 200 × 106
kN
m2 × 191 × 10−4

m2

m
= 3.82 × 106

kN
m

 

 

EI = 200 × 106
kN
m2 × 16400 × 10−8

m4

m
= 32.8 × 103

kNm2

m
 

 

w = 150
kg
m2 ×

9.81m
1000s2

= 1.47
kN
m
m

 

 
For FSP III 
 

EA = 200 × 106
kN
m2 × 191 × 10−4

m2

m
= 3.82 × 106

kN
m

 

 

EI = 200 × 106
kN
m2 × 16800 × 10−8

m4

m
= 33.6 × 103

kNm2

m
 

 

w = 150
kg
m2 ×

9.81m
1000s2

= 1.47
kN
m
m

 

 
For FSP IIIA 
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EA = 200 × 106
kN
m2 × 186 × 10−4

m2

m
= 3.72 × 106

kN
m

 

 

EI = 200 × 106
kN
m2 × 22800 × 10−8

m4

m
= 45.6 × 103

kNm2

m
 

 

w = 150
kg
m2 ×

9.81m
1000s2

= 1.47
kN
m
m

 

 
Whereby: 
EA = Elastic Modulus multiplied by Sectional Area (per unit width) 
EI = Elastic Modulus multiplied by Moment of Inertia (per wall width) 
W = Unit Weight of Sheet Pile 
 
and with a Poisson ratio, v of 0.2 for FSPIII as an example. The following conditions are for both 
drained (without groundwater) and undrained (with groundwater).  

In addition to the information that was already provided, we took advantage of PLAXIS 2D 8.6 
Professional to generate the Deformed mesh, Horizontal Displacement, Horizontal Incremental 
Displacement, Total Displacement, Total Incremental Displacement, Vertical Displacement as well as 
the Vertical Incremental Displacement for both with groundwater and without groundwater 
conditions. As the excavation site is in a coastal area, we assume the results from ‘with groundwater’ 
to be more practical as it is unpractical to drain all the water off before excavating, but both 
conditions were considered as draining the groundwater is a plausible action that can be taken by 
site engineers and contractors.  

Sheet piles and struts were requested for the excavation pit, therefore, we referred to the Steel 
Sheet Pile – U Type table to obtain the specifications as well as the dimensions. Furthermore, we also 
referred to various online resources such as geotechdata.info, a platform that collected all the basic 
soil parameters based on different standards and manuals that provided us with the specifications of 
the soil type selected, which is Soft Clay for both ‘with groundwater’ and ‘without groundwater’ 
conditions.  

Within Plaxis 2D, we divided the construction phases into 6 phases. In the first phase, we 
established that the surcharge of 20kN/m2 was applied to both sides of the excavation pit surface 
and the sheet piles were installed before the excavation began for ease of excavation. Phase 2 
involves the 1st excavation of the pit with a depth of 1 meter, Phase 3 involves the installation of the 
strut before the 2nd excavation begins to provide rigidity to the structure to prevent it from 
collapsing into itself and closing the excavated pit. Phase 4 involves the excavation of the 2nd pit of 
1 meter, Phase 5 the excavation of the 3rd meter, and Phase 6 with the excavation of the 4th meter.  

 
3.2 Parameter for Piles 
 

Figure 4 and Figure 5 are the parameters of the 3 piles used in the simulation as discussed in the 
previous section (section 3.1), which is relatively common in industry for reference.  
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Fig. 4. Parameter for Piles page 1 
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Fig. 5. Parameter for Piles page 2 

 
4. Results and Analysis 
 

Theoretically, the pile settlement should not exceed 1% of the pile lateral dimension [33]. In other 
words, the maximum limit for settlement is 60mm (if only considering the 6m insertion of pile in soil) 
or 100 mm (considering 10m of total pile length) in our cases, such that only the YSPIII pile fulfill the 
conditions for not exceeding the 100mm limit, leaving a factor of safety of 1.44 in both condition with 
groundwater and without groundwater, but failed to comply with the limit of 60mm maximum 
settlement. 
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Table 2 
Quick Summary of Data Generated from PLAXIS 2D for 3 U-type Steel Sheet Piles under Different Conditions 

Parameters YSPIII FSPIII FSPIIIA 
With 
Groundwater 

Without 
Groundwater 

With 
Groundwater 

Without 
Groundwater 

With 
Groundwater 

Without 
Groundwater 

Deformed 
Mesh 

69.55mm 69.55mm 93.1mm 128.2mm 34.34mm 126.33mm 

Horizontal 
Displacement 

41.49mm 41.49mm 53.46mm 39.42mm 20.68mm 55.06mm 

Horizontal 
Incremental 
Displacement 

0.0023mm 0.00225mm 2mm 1.22mm 1.83mm 1.31mm 

Total 
Displacement 

69.55mm 69.55mm 93.07mm 128.15mm 34.34mm 126.33mm 

Total 
Incremental 
Displacement 

0.063mm 0.0627mm 4.28mm 3.28mm 2.85mm 1.86mm 

Vertical 
Displacement 

69.55mm 69.55mm 93.07mm 128.15mm 34.34mm 126.33mm 

Vertical 
Incremental 
Displacement 

0.061mm 0.061mm 4.22mm 3.1mm 2.39mm 1.63mm 

 
Such that the factor of safety discussed above is quantified as: 
 

Factor of Safety, Fs =  Total Displacement / 0.01  ×  Total Length of Pile                                      (4) 
 

Overall, the pile of YSPIII demonstrates a most consistent performance, with a minimal level of 
deformation as well as displacement across all the mentioned parameters in the table above, under 
the condition of both with and without groundwater. This has highlighted its highest stability and 
suitability for its implementation in coastal areas that require stronger structural performance and 
stability. 

On the other hand, the FSPIII shows significant deformation and displacement especially when 
without the presence of groundwater which implies its lower stability and higher stress levels, 
resulting in it being a less ideal choice. FSPIIIA demonstrates moderate levels of deformation and 
displacement, providing a balanced performance suitable for moderate conditions. 

In other words, the YSPIII maintains the highest stability under varying conditions. Consequently, 
YSPIII is recommended for scenarios requiring high stability, FSPIII for conditions where movement is 
tolerable, and FSPIIIA for moderate requirements. This comparative analysis serves as a guideline for 
selecting the most appropriate sheet pile type for temporary work structures in coastal areas. 
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Fig. 6. Total displacement of U-type Steel Sheet Piles generated from PLAXIS 2D 

 

 
Fig. 7. Anchor Properties for FSPIII 

 

 
Fig. 8. Sheet Pile Specifications for FSPIII 
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Fig. 9. Deformed mesh for FSPIII 

 

 
Fig. 10. Horizontal Displacement for FSPIII 
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Fig. 11. Horizontal Incremental Displacement for FSPIII 

 
Fig. 12. Total Displacement for FSPIII 
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Fig. 13. Total Incremental Displacement for FSPIII 

 
Fig. 14. Vertical Displacement for FSPIII 
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Fig. 15. Vertical Incremental Displacements for FSPIII 

 
However, this study assumes homogeneous soil properties across the entire excavation site, even 

though excavation sites often exhibit diverse soil types. The void ratio of the soil is determined under 
the assumption that the soil has been compacted through human activities and that groundwater is 
present. Additionally, the finite element analysis presumes that the mesh size is sufficiently refined 
to ensure convergence of results. While this methodology provides a reasonable prediction of sheet 
pile displacement under conditions akin to those described in the model, it is important to 
acknowledge that real-world excavation complexities may exceed the model's assumptions, 
potentially undermining the validity of its predictions, and the value obtained from the simulation 
should only be taken as one of the references. 

 
5. Conclusion 
 

Concluding the result analysis, the performance of each pile could be arranged in the following 
order, from the most preferred choice with best performance to the least preferred with the poorest 
performance in this study: 
 
YSPIII > FSPIIIA > FSPIII 

 
The limitations of the study include that the simulation is fully conducted on the finite element 

software, and heavily relies on the simplified single parameters of soil provided in the previous 
section by assuming the soil is homogeneous. The soil parameters in coastal areas may be much more 
complex than in the study above. In other words, the geotechnical works may require background 
knowledge in coastal engineering, which is not covered in this paper. Site visit would be required if 
possible. 
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 In addition, the studies only involve 3 types of piles which are commonly used as temporary 
work. It is recommended that the studies should cover more types of pile to provide a more 
comprehensive and clearer view in the usage of U-type steel sheet pile as temporary work. 

The study aims to offer alternative perspectives and valuable insights to the industry by 
recommending the use of Plaxis 2D or other relevant Finite Element Analysis (FEA) software for pre-
construction assessments during excavation projects.  

This approach serves as a valuable reference for decision-making, particularly when comparing 
and selecting the appropriate specifications for sheet piles. By leveraging the insights provided 
through pre-construction analysis, stakeholders can make informed choices that align with project 
requirements, ensuring structural stability, cost efficiency, and compliance with industry standards. 

 
Acknowledgment 
This research was not funded by any grant. 
 
References  
[1] ABG. "Soil Properties." Accessed November 30, 2024. 
[2] Adafastfix. "Types Of Excavation Used In Construction." 2023. 
[3] AmesWeb. "Young's Modulus Of Steel." Accessed November 30, 2024. 
[4] Ansys. "What is Finite Element Analysis?" Accessed November 20, 2024. 
[5] Arafat, Farha Abdel-maaboud, Ebrahim Rashwan, Mohamed F. Sobieh, and Ashraf Fathy Ellayn. "Effect of Steel 

Sheet Piles Defects on Seepage and Contamination Transport through the Soil." Journal of Engineering Research 6, 
no. 5 (2022): 120-128. 

[6] ArcelorMittal Sheet Piling. "Temporary Works." Accessed November 30, 2024. 
[7] Australia, Engineers. "Coastal Engineering Guidelines for working with the Australian coast in an ecologically 

sustainable way." The National Committee on Coastal and Ocean Engineering  (2017). 
[8] AUTODESK. "Finite element analysis software (FEA software)". Accessed November 20, 2024. 
[9] Basheerali, Arafathali Shaikdawood, Meftah Hrairi, and Jaffar Syed Mohamed Ali. "Finite Element Analysis of 

Thermal Stress Intensity Factors for Cracked Bimaterial System Under Convective Cooling." CFD Letters 10, no. 2 
(2018): 18-27. 

[10] Bently. "Plaxis 2D." Accessed November 20, 2024. 
[11] Bilgin, Ömer. "Numerical studies of anchored sheet pile wall behavior constructed in cut and fill 

conditions." Computers and Geotechnics 37, no. 3 (2010): 399-407. 
https://doi.org/10.1016/j.compgeo.2010.01.002 

[12] Bonet, Javier, and Richard D. Wood. Nonlinear continuum mechanics for finite element analysis. Cambridge 
university press, 1997. 

[13] Cowie, G., C. Woulds, and Gregory Cowie. "Tracer studies of benthic communities and biogeochemical processes 
in coastal and estuarine marine environments." In TREATISE ON ESTUARINE AND COASTAL SCIENCE, VOL 4: 
GEOCHEMISTRY OF ESTUARIES AND COASTS, pp. 39-70. ELSEVIER ACADEMIC PRESS INC, 2011. 
https://doi.org/10.1016/B978-0-12-374711-2.00403-4 

[14] Das, Braja M., ed. Geotechnical engineering handbook. J. Ross publishing, 2011. 
[15] Department Of Occupational Safety And Health. "Excavation Work." Accessed November 20, 2024. 
[16] Doubrovsky, M. P., and G. N. Meshcheryakov. "Physical modeling of sheet piles behavior to improve their numerical 

modeling and design." Soils and Foundations 55, no. 4 (2015): 691-702. 
https://doi.org/10.1016/j.sandf.2015.06.003 

[17] Elsawy, Mohammed BD, and Abderrahim Lakhouit. "A review on the impact of salinity on foundation soil of coastal 
infrastructures and its implications to north of Red Sea coastal constructions." Arabian Journal of Geosciences 13 
(2020): 1-12. https://doi.org/10.1007/s12517-020-05601-6 

[18] ESC Pile. "Everything You Need to Know About Steel Sheet Piling." Accessed November 30, 2024. 
[19] Geotech Data. "Cohesion." 2013. 
[20] Geotech Data. "Void ratio." 2013. 
[21] Geotech Data. "Soil Young's Modulus." 2013 
[22] Gilbert Gedeon, P. E. "Design Of Sheet Pile Walls." US Army Corps of Engineers, Washington, DC (1994). 
[23] Harff, Jan, Martin Meschede, Sven Petersen, and Jörn Thiede. Encyclopedia of marine geosciences. 2016. 

https://doi.org/10.1007/978-94-007-6238-1 

https://doi.org/10.1016/j.compgeo.2010.01.002
https://doi.org/10.1016/B978-0-12-374711-2.00403-4
https://doi.org/10.1016/j.sandf.2015.06.003
https://doi.org/10.1007/s12517-020-05601-6
https://doi.org/10.1007/978-94-007-6238-1


Semarak International Journal of Civil and Structural Engineering      
Volume 4, Issue 1 (2024) 1-21 

21 
 

[24] Hermeq. "U Type Steel Sheet Piles." 2024. 
[25] Joseph E. Flaherty and Amos Eaton Professor. FINITE ELEMENT ANALYSIS - Lecture Notes: Spring 2000. New York, 

Rensselaer Polytechnic Institute, 2000. 
[26] Jusoh, Muhammad Noor Hisyam, Salihah Surol, Hamza Hocine, Noor Safwan Muhamad, and Muhammad Azrief 

Azahar. "Model Prediction of Soil Parameters via Experimental Analysis for the Geotechnical Design." Semarak 
International Journal of Civil and Structural Engineering 1, no. 1 (2024): 30-41. 
https://doi.org/10.37934/sijcse.1.1.3041  

[27] Keller. "Sheet Piles." Accessed November 20, 2024 
[28] Kempfert, Hans-Georg. Excavations and foundations in soft soils. 2006. 
[29] Kim, JinWoo, TaeHoon Kim, HaeYong Park, and TaeSoo Kim. "Experimental Study on Indentation Behavior of U-

Type Section Steel Piling." International Journal of Steel Structures 24, no. 1 (2024): 33-43. 
https://doi.org/10.1007/s13296-023-00796-2 

[30] Ko, Yung-Yen, and Ho-Hsiung Yang. "Deriving seismic fragility curves for sheet-pile wharves using finite element 
analysis." Soil Dynamics and Earthquake Engineering 123 (2019): 265-277. 
https://doi.org/10.1016/j.soildyn.2019.05.014 

[31] Labuz, J. F., and A. Zang. "Mohr–Coulomb failure criterion. The ISRM suggested methods for rock characterization, 
testing and monitoring: 2007–2014." Springer (2012): 227-231. https://doi.org/10.1007/s00603-012-0281-7 

[32] Markewich, Helaine W., Milan J. Pavich, and Gary R. Buell. "Contrasting soils and landscapes of the Piedmont and 
Coastal Plain, eastern United States." Geomorphology 3, no. 3-4 (1990): 417-447. https://doi.org/10.1016/0169-
555X(90)90015-I 

[33] Mohammad Mamon Hamdam. "Comparison between piles theoretical and actual settlements." International 
Journal of Engineering and Technical Research (IJETR) 13, no. (2023): 2454-4698. 

[34] Moriyasu, S., S. P. Chiew, K. Otsushi, N. Matsui, S. Taenaka, K. Teshima, M. Tatsuta, and H. Tanaka. "Comparison of 
Flexural Stiffness between Hat-type and U-type Steel Sheet Pile Retaining Walls in a Field Test in 
Singapore." Geotechnical Engineering (00465828) 51, no. 1 (2020). 

[35] Mustafa Seif. "Finite Element Analysis in Civil Engineering." LinkedIn. February 15, 2024. 
[36] Pilebuck. "The of Sheet Pile."2016. 
[37] Prof. Stephen A. Nelson. Coastal Zones. Tulane University, 2018. 
[38] Public Work Department. "Geotechnical Design Guidelines". Accessed November 20, 2024. 
[39] Rahman, Abdul Samad Abdul, N. Sidek, Juhaizad Ahmad, N. Hamzah, and M. I. F. Rosli. "Comparative Study in 

Method of Compaction by Consolidated Drained and Direct Shear Test." Journal of Advanced Research in Fluid 
Mechanics and Thermal Sciences 78, no. 2 (2021): 143-152. 

[40] Sobala, Dariusz, and Jarosław Rybak. "Steel Sheet Piles–Applications and Elementary Design Issues." In IOP 
Conference Series: Materials Science and Engineering, vol. 245, no. 2, p. 022072. IOP Publishing, 2017. 
https://doi.org/10.1088/1757-899X/245/2/022072 

[41] Tan, Yong, and Samuel G. Paikowsky. "Performance of sheet pile wall in peat." Journal of geotechnical and 
geoenvironmental engineering 134, no. 4 (2008): 445-458. https://doi.org/10.1061/(ASCE)1090-
0241(2008)134:4(445) 

[42] Veiskarami, M., and A. Zanj. "Stability of sheet-pile walls subjected to seepage flow by slip lines and finite 
elements." Géotechnique 64, no. 10 (2014): 759-775. https://doi.org/10.1680/geot.14.P.020 

[43] Williams, Thomas M., and Devendra M. Amatya. "Coastal plain soils and geomorphology: a key to understanding 
forest hydrology." (2016): 14-21. 

[44] Zhao, Waner, Zhibin Tu, Jianfeng Yao, and Xueying Liu. "New Structure of Impervious Steel Sheet Pile in Foundation 
Slab." In IOP Conference Series: Earth and Environmental Science, vol. 568, no. 1, p. 012032. IOP Publishing, 2020. 
https://doi.org/10.1088/1755-1315/568/1/012032 
 

https://doi.org/10.37934/sijcse.1.1.3041
https://doi.org/10.1007/s13296-023-00796-2
https://doi.org/10.1016/j.soildyn.2019.05.014
https://doi.org/10.1007/s00603-012-0281-7
https://doi.org/10.1016/0169-555X(90)90015-I
https://doi.org/10.1016/0169-555X(90)90015-I
https://doi.org/10.1088/1757-899X/245/2/022072
https://doi.org/10.1061/(ASCE)1090-0241(2008)134:4(445)
https://doi.org/10.1061/(ASCE)1090-0241(2008)134:4(445)
https://doi.org/10.1680/geot.14.P.020
https://doi.org/10.1088/1755-1315/568/1/012032

