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INTRODUCTION
 
 Cantilever sheet pile is retaining walls that 
penetrate into the ground and rely to a significant 
extent or even completely on the passive resistance 
of the ground for their support. Classical method of 
retaining wall analysis can be traced back to work of
Coulomb (1776) and Rankine (1857). Coulomb 
derived out limiting (active) force on a retaining 
wall, as a function of the depth below the retained 
surface. His formulation was upper bound and did 
not indicate a unique stress diagram. Rankine derived 
limiti ng earth pressures which, due to his assumption 
increased linearly with depth. His calculation was 
lower bound based upon a uniform state of plastic 
equilibrium. For smooth wall, the two solution 
coincide provide that coulomb’s force predicted 
varies linearly with depth. 
 The initial attempts to address the design aspect 
of sheet pile was undertaken by CP2 (IstructE
and BSP Pocket book (1963). CP2 remained 
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A B S T R A C T  
Sheet piles are used in canal protection works, beneath dams in order to prevent 
seepage flow.These are also used to protect roads and bridges during tsunamis and 
earthquakes. But the use of a particular type of sheet pile varies depending on the 
purpose and economy to be achieved. Currently, emphasis is onachieving high strength 
considerations at minimal cost. Towards attaining this,many types of sheet piles 
including compound sheet piles have been investigated by various researchers. The 
objective of this research is to propose a design guideline for Hat and H compound 
sheet pile and to analyse the pile for stability, on the basis of the proposed design. To 
propose the design,cantilever and anchored sheet pilesare modelled as per the Codal 
provisions of Eurocode-7 combination 1&2, BS8002 and CIRIA 104, using,Limit state 
of serviceability and Ultimate moment approach. The results obtained are thoroughly 
discussed and the corresponding embedment depths for the sheet piles are arrived at. 
Also,modelling of the same,using the finite element analysis software, PLAXIS, was 
carried out, so asto understand the differencesand merits in various design methods,as 
the inputs correspond to the properties incorporated from the design. The knowledge 
thus gained,is used to propose a design guideline for compound Hat and H sheet piles.
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INTRODUCTION  

retaining walls that 
penetrate into the ground and rely to a significant 
extent or even completely on the passive resistance 
of the ground for their support. Classical method of 
retaining wall analysis can be traced back to work of 
Coulomb (1776) and Rankine (1857). Coulomb 
derived out limiting (active) force on a retaining 
wall, as a function of the depth below the retained 

upper bound and did 
not indicate a unique stress diagram. Rankine derived 

ng earth pressures which, due to his assumption 
increased linearly with depth. His calculation was 
lower bound based upon a uniform state of plastic 
equilibrium. For smooth wall, the two solution 
coincide provide that coulomb’s force predicted 

The initial attempts to address the design aspect 
of sheet pile was undertaken by CP2 (IstructE-1951) 
and BSP Pocket book (1963). CP2 remained 

unchanged till 1990, but new editions of pilling 
handbook (1975), 6th Edition-1985, 7
and lastly 8th edition-2008 were introduced at regular 
interval. In the present study three International codal
specifications are adopted. These are: 
(Report 104 of the Construction Industry Research 
and Information Association by
(1984)); BS8002 (British Standards Code of Practice 
for Earth Retaining Structures (1994)); and EC7 
(Eurocode 7: Geotechnical design 
rules [Authority: The European Union per 
Regulation 305/2011, Directive 98/34/EC, Direct
2004/18/EC). 
 
2, Numerical Simulation: 
 In the present study the comparison of load
deflection behavior of a cantilever sheet pile 
designed as per various International codal 
provisions and theoretical procedures with the Finite 
Element analysis results are presented. The finite 
element package PLAXIS 2D, Version 8, is used for 

685-689 

 

Undergraduate Student, Department of Civil Engineering, N.I.T.,    

inite Element Method 

protection works, beneath dams in order to prevent 
seepage flow.These are also used to protect roads and bridges during tsunamis and 
earthquakes. But the use of a particular type of sheet pile varies depending on the 

rently, emphasis is onachieving high strength 
considerations at minimal cost. Towards attaining this,many types of sheet piles 
including compound sheet piles have been investigated by various researchers. The 

gn guideline for Hat and H compound 
sheet pile and to analyse the pile for stability, on the basis of the proposed design. To 
propose the design,cantilever and anchored sheet pilesare modelled as per the Codal 

02 and CIRIA 104, using,Limit state 
of serviceability and Ultimate moment approach. The results obtained are thoroughly 
discussed and the corresponding embedment depths for the sheet piles are arrived at. 

analysis software, PLAXIS, was 
carried out, so asto understand the differencesand merits in various design methods,as 
the inputs correspond to the properties incorporated from the design. The knowledge 

compound Hat and H sheet piles. 

© 2015 AENSI Publisher All rights reserved. 
Lillendra Kumar Verma, Ruthwik Lakshman, Abhishek Goel, Anurag Saurav and Jayalekshmi S., Comprehensive 

Aust. J. Basic & Appl. Sci., 

unchanged till 1990, but new editions of pilling 
1985, 7th Edition- 1995 

2008 were introduced at regular 
the present study three International codal 

are adopted. These are: CIRIA 104 
(Report 104 of the Construction Industry Research 
and Information Association by Padfield & Mair 
(1984)); BS8002 (British Standards Code of Practice 
for Earth Retaining Structures (1994)); and EC7 
(Eurocode 7: Geotechnical design - Part 1: General 
rules [Authority: The European Union per 
Regulation 305/2011, Directive 98/34/EC, Directive 

In the present study the comparison of load-
deflection behavior of a cantilever sheet pile 
designed as per various International codal 
provisions and theoretical procedures with the Finite 
Element analysis results are presented. The finite 

PLAXIS 2D, Version 8, is used for 



686                                                                   Lillendra Kumar Verma et al, 2015 
Australian Journal of Basic and Applied Sciences, 9(31) September 2015, Pages: 685-689 

this purpose. The pile is modelled according to the 
BS8002-1994(Full and simplified pressure 
distribution), EC7 (Combination B and C), CIRIA 
104 (using factor of strength (Fs) method) as per the 
simple soil profile shown in design example Fig 1. 

The PLAXIS 2D model consists of the similar soil 
properties as shown in Table1 and a staged 
calculation has been modelled as per field 
observation. Table 1 shows the physical and 
mechanical properties of the soil layer. 

 

 
 
Fig. 1: Design Example. 
 
Table 1: Soil data set parameters. 

Model Symbol Unit Mohr-Coulomb 
Soil saturated unit weight γsat kN/m3 20 

Soil unsaturated unit weight γunsat kN/m3 20 
Young’s Modulus E kN/m2 40000 

Poisson Ratio υ - 0.333 
Cohesion cu kN/m2 1.0 

Friction angle φ ° 30 
Dilatancy Angle ψ ° 0 

Soil-wall interface strength (Reduction Factor) Rinter - 0.67 

 
2.1 Model and Parameters of two-dimensional finite 
element method: 
 A cantilevered steel sheet pile has been 
modelled in PLAXIS 2D as a plain strain problem.In 
PLAXIS 2D, 15 node triangular element has been 
chosen which results in a refined two-dimensional 
finite element mesh with two translational degrees of 
freedom per node. The 15-noded triangle provides a 
fourth order interpolation for displacements and the 
numerical integration involves twelve Gauss points. 
The behavior of pile is chosen to be linear-elastic, 
and the soil behavior follows Mohr-Coulomb 
criterion. This model was successfully used for 
analysis and design sheet pile walls; either cantilever 
or anchored; by Dawkins (2001), Krabbenhoft  et al. 
(2005), Tan and Paikowsky (2008), and Bilgin and 
Erten (2009). 
 The Mohr-Coulomb model is a basic, well 
known soil model which can be considered as a first 
order approximation of real soil behavior. This 
elastic-perfectly plastic model requires 5 basic input 
parameters, namely Young’s Modulus, E, Poisson’s 
ratio, υ, cohesion, cu, friction angle,φ and dilatancy 
angle, ψ as shown in Table1. 
 Plates are used to model the sheet pile walls that 
are considered in this study. PLAXIS 2D program 
allows for elastic or elasto-plastic behavior in plate 
elements. The elastic behavior is defined by two 
parameters: (1) EA: Normal stiffness; and (2) EI: 
Bending stiffness. From these two parameters 

PLAXIS calculates an equivalent plate thickness 
(deq) from equation: 

deq=h=(12 ��

��
)�.
 

 Plates are modelled as 5-node line elements each 
having three degrees of freedom per node. A 5-node 
element contains four pairs of stress points located at 

a distance (
�

� 3 d�� ) above and below the plate 

centerline. 
 In the present study the boundary condition is 
rigid i.e., horizontal (u) and vertical displacement (v) 
are zero and it is applied using standard fixities at left 
and right boundaries of the model. The soil- structure 
interaction is modelled using an elastic-plastic model 
to describe the behavior of interfaces between soil 
and plate. The interface element properties are linked 
to the strength properties of adjoining soil layer. The 
most important parameter defining it is Reduction 
factor (Rinter). Presently a strength reduction factor of 
1 is used. 
 Fig 2 shows the final model as per CIRIA104 
and Fig 3 shows the generated mesh of the same. 
PLAXIS 2D allows for a fully automatic mesh 
generation procedure. In the present study a global 
coarse type mesh was generated and the mesh was 
made further finer near the plate elements.  
 Boundary dimension of all the models was 
34mX 25m. This boundary was considered optimal 
for modelling of sheet piles as per direction 
employed for field erection in all design provisions. 
However, an increased boundary dimension will not 
result in a poor result. 
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Fig. 2: Model with applied surcharge
 

 
Fig. 3: Shows the generated mesh. 
 
2.2   Initial condition and Calculation phases
 For initial phase, different ground water 
condition will be set for each case. In the present 
study the groundwater table were assumed at 
bottommost line of boundary, i.e., zero pore water 
pressure is assumed. The model was checked for two 
conditions of initial stresses. These are (a) When 
whole soil mass is initially mobilized and (b) when 
as per the final conditions, the soil mass is directly 
mobilized. As per each of the cases the calculation 
phases were defined and it was noted that both 
resulted in the same output. Therefore, for the rest of 
the models full soil stresses were mobilized and the 
calculation was preceded.  
 
3, Codal Recommendation: 
 Codes of practice, and other advisory documents 
which substitute for codes, are published in many 
countries. The purpose of this section of the paper is 
to discuss some of the ethics of the codal provision 
from last 4 decades which take differing approache
These are: CIRIA 104 (Report 104 of the 
Construction Industry Research and Information 
Association by Padfield & Mair (1984)); BS8002 
(British Standards Code of Practice for Earth 

 
Fig. 4: Pressure Distribution as per various Codal Provision
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Geotechnical design - Part 1: General rules 
[Authority: The European Union per Regulation 
305/2011, Directive 98/34/EC, Directive 
2004/18/EC). 
 
3.1 CIRIA 104: 
 Published in 1984, CIRIA Report 104 was 
limited by intention to the design of cantilever and 
singly propped embedded retaining walls in stiff 
clays. It proposed that cantilever and singly propped 
walls could be designed using simple, linear 
diagrams of active and passive pressure, as illustrated 
in Figure 4. CIRIA 104 did not attempt to dictate one 
particular approach to safety factors, but provided 
differing values to be used with any of the methods 
illustrated in Figure 5. It specifically recommended 
that the net total pressure method, Figure 5c should 
not be used since the factor of safety used has very 
little real effect on the design. CIRIA 104 gave two 
alternative approaches for which the designer was to 
consider “moderately conservative” or “worst 
credible” values of parameters. In the present study 
factor of strength method (Fs) is used and its values 
are tabulated in Table2 
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Fig. 5: Factor of Safety as per CIRIA 104
 
3.2 EC7:  
 EC7 states that “the design methods and factors 
of safety required by this code for ultimate limit state 
design are often sufficient to prevent the occurrence 
of [serviceability limit states] provided the soils 
involved are at least medium dense or firm, and 
adequate construction methods and sequences are 
adopted. Special concern is, however, required by 
some highly over-consolidated clay deposits in 
which large at rest horizontal stresses may induce 
substantial movements in a wide area around 
excavations.” It can be seen from this that the choice 
of partial factor values adopted in the code is partly 
influenced by the need to prevent serviceability 
failures whilst relying on mechanism calculations. 
There are two cases defined for partial f
tabulated in Table 2. The two sets of factors specified 
for case A and B ensure that both safety and 
reasonable economy can be obtained for a wide 
range of design situations, in which uncertainties in 
ground loads, external loads and soil properties may 
combine in varying degrees. EC7 stipulates that an 
additional margin for unplanned excavation of 0.5m, 
below dredge level, should be provided as an 
 
Table 2: Partial Safety Factors as per International Codal Provisions [3, 5]

CIRIA 104 

Method* 

Moderately 
Conservative 
Parameters 

Temp-
orary 

Perm-
anent 

Fs 
c′,φ′ 1.2**  1.5**  

cu 1.5 - 
* Note only factors that were used in this study are presented here.

 
RESULTS AND DISCUSSION

 
4.1 Results based upon Design Methodologies
 The design results obtained by various 
international codal provisions are presented in 
Table3. It can be seen that the depth calculated from 
EC7 is the smallest. Theoretically
embedment of a flexible wall may result in a re
of bending moment at base and a consequent 
reduction of the major bending moment at higher 
level, but due to provision for redistribution of earth 
pressures the maximum bending moment calculated 
by EC7 is lowest among all. The bending moment of 
EC7 is the less than bending moment calculated from 
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3.3 BS8002:  
 BS8002 approach to safety and serviceability is 
different from most other recent documents, being 
based on the belief that serviceability rather than 
ultimate limit state should govern design of retaining 
walls. It includes factors, with values fairly similar to 
EC7 Case C, regarded as “Mobilization factor”, “M
with the purpose of limiting displacement of walls at 
the serviceability limit state. Design values used in 
limit equilibrium calculations are derived from 
representative values by dividing strength terms by 
M = 1.2 on peak values of tan
on cu. Two types of earth pressure distribution are 
considered in present scenario as shown in Fig 4c 
and Fig 4d. For unplanned excavation below dredge 
level BS8002 stipulates that a minimum surcharge of 
10kPa to be imposed behind the retaining wall.

Partial Safety Factors as per International Codal Provisions [3, 5]. 
EC7 

Worst Credible 
Parameters 

Cases* 

Actions 

Permanent Variable
Temp-
orary 

Perm-
anent 

Unfavor
able 

Favorabl
e 

Unfavor
able

1.0 1.2 Case A 1.35 1.00 1.5
- - Case B 1.0 1.00 1.3

* Note only factors that were used in this study are presented here. 
** Lower values should be considered for φ′≥ 30 

RESULTS AND DISCUSSION 

Methodologies: 
The design results obtained by various 

are presented in 
Table3. It can be seen that the depth calculated from 

Theoretically, large depth of 
embedment of a flexible wall may result in a reversal 
of bending moment at base and a consequent 
reduction of the major bending moment at higher 
level, but due to provision for redistribution of earth 
pressures the maximum bending moment calculated 
by EC7 is lowest among all. The bending moment of 

is the less than bending moment calculated from 

factored strength for CIRIA 104 but more than 
ultimate limit state bending moment calculated for 
CIRIA 104.  
 
4.2 Results based upon Finite Element Modelling
 The total ultimate deflection, maximum ultimate 
shear and the maximum ultimate shear of the 
considered design cases computed via corresponding 
model is tabulated in Table 4. 
behavior of cantilever sheet pile designed as per 
various codal provisions is presented
profile of 2D - Finite Element 
Fig 6. 
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different from most other recent documents, being 
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govern design of retaining 
walls. It includes factors, with values fairly similar to 

ed as “Mobilization factor”, “M, 
with the purpose of limiting displacement of walls at 
the serviceability limit state. Design values used in 

brium calculations are derived from 
representative values by dividing strength terms by 
M = 1.2 on peak values of tanφ′ and c′, and M = 1.5 

. Two types of earth pressure distribution are 
considered in present scenario as shown in Fig 4c 

r unplanned excavation below dredge 
level BS8002 stipulates that a minimum surcharge of 
10kPa to be imposed behind the retaining wall. 

Ground 
Parameters 

Variable  
Unfavor

able 
γφ γγ 

1.5 1.0 1.0 
1.3 1.25 1.0 

factored strength for CIRIA 104 but more than 
ultimate limit state bending moment calculated for 

4.2 Results based upon Finite Element Modelling:  
The total ultimate deflection, maximum ultimate 

shear and the maximum ultimate shear of the 
considered design cases computed via corresponding 
model is tabulated in Table 4.  The displacement 
behavior of cantilever sheet pile designed as per 

presented. The deflection 
lement Model are depicted in 
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Table 3: Comparison of results for CIRIA 104, EC7 and BS8002. 

International Code 
Design Depth 

(m) 
Maximum Bending Moment 

( kN-m ) 
EC7 - Case 1 6.24 412.65 
EC7 - Case 2 6.35 643.21 
BS8002 - Full 7.28 593.13 

BS8002 - Simplified 8.37 593.13 
CIRIA 104 - Fs 8.01 593.13 (Ult.-185.17) 

 
Table 4: Results obtained from finite element modeling. 

International Code 
Maximum Ultimate 
Deflection(*10-3 m ) 

Maximum Ultimate Shear 
(kN/m) 

Maximum Ultimate Moment 
(kNm/m) 

EC7 - Case 1 19.18 70.01 -201.63 
EC7 - Case 2 37.01 100.27 -354.43 
BS8002 - Full 32.58 72.58 -208.69 

BS8002 - Simplified 31.68 73.53 -211.32 
CIRIA 104-Fs 18.95 85.14 -256.32 

 

 
 
Fig. 6: Deformed shape of sheet pile obtained using Finite Element Method. 
 
Conclusion: 
 The analysis was done for steel sheet pile wall 
which were designed using various international 
codal provisions BS8002, EC7, CIRIA 104 and their 
load-deflection characteristics and design 
methodology is presented. The summary from the 
results obtained from Finite Element modelling are 
as follows: A 2D finite element model is 
calibrated and compared with the values obtained 
from International Standards.A comprehensive 
summary of the design principles of Eurocode-7 
(2007), CIRIA 104 (1984), BS8002 (1994) are 
addressed.CIRIA 104 (1984) specifications should be 
adopted for high serviceability, i.e., for higher 
displacement control design requirements for sheet 
piles.Eurocode-7 (Combination-B) design principle 
is the most conservative International Standard for 
the design of sheet pile, after reviewing serviceability 
and ultimate limit state aspects. 
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