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1 INTRODUCTION 
 
Side support of excavation cuts can comprise one of 
the most challenging design and construction ge-
otechnical problems. Engineers are in concern with 
the complex problem of predicting behavior while 
producing a safe and economical design. This paper 
is concerned with identifying the ability of traditional 
methods in design of excavation supporting systems. 
These methods comprise analytical solutions depend-
ing on the deformed shape of the sheet pile wall and 
the earth pressure distribution, as explained by many 
authors such as Bowles (1996), Das (1987), Coduto 
(1998) & NAVFAC (1982). 

On the other hand, finite element approach was 
adopted for analyzing cantilever sheet pile wall using 
PLAXIS-2D software, Brinkgreve (2002). The ability 
of the Finite Element Method (FEM) to model com-
plex construction sequence and to incorporate spe-
cific site properties of the structural system and the 
surrounding soils, has gained widespread acceptance. 
To investigate the multiple facets of sheet-pile wall 
performance in soil, FE numerical models have been 
embraced by researchers, e.g. Bilgin (2010) and 
Hsiung (2009). In this paper, a case history presented 
by Jackson (1988), has been adopted to compare the 
monitored lateral movements with the corresponding 

values calculated using both numerical and analytical 
techniques.  
2 CASE STUDY OF A SHEET PILE LOAD TEST 

2.1 Field Test Description 

A field load test performed on a sheet pile wall, which 
was founded in soft clays, was initiated by the US 
Army Engineer Division, Lower Mississippi Valley 
(LMVD) (Jackson 1988). The load test was per-
formed as a part of the E-99, East Atchafalaya Basin 
Protection Levee Sheet Pile Floodwall construction. 
A 200 feet Long floodwall section was constructed on 
the landside berm of the Item (E-99) East Atchafalaya 
Basin Protection Levee (EABPL).  

According to the subsurface investigations, the 
soil profile at the test section, shown in Figure 1, con-
sists of four main soil layers, all of which are nor-
mally consolidated highly plastic clays with liquid 
limits varying between 76 % and 114 %, and natural 
water contents varying from 40 % to 80 %. The cohe-
sion of the soft clay layers varies from 200 psf 
(9.7 kN/m2) to 550 psf (26.85 kN/m2). In order to 
measure wall deflections, and consequently soil 
movements in front of the wall, steel inclinometer 
tubes were attached to the sheet pile wall. 
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Figure 1. The soil profile stratification at the sheet pile wall test section (Jackson, 1988) 

 

2.2 Numerical Modeling of the Test Section 

A two-dimensional finite element model has been es-
tablished to numerically simulate the performance of 
the considered test section by implementing the finite 
element program “PLAXIS-V8.2”. According to the 
soil profile at the test section, the soil parameters im-
plemented in the finite element analysis are given in 
Table 1. The elasto-plastic Mohr-Coulomb constitu-
tive model was employed to simulate the soil behav-
iour. Figure 2 shows the finite element mesh gener-
ated to model the test section. The different soil layers 
were modelled using the fifteen node triangular ele-
ments. The Sheet pile wall was modelled using (5-
node line) elements. An interface representing the 
soil-wall inter-relation was also adopted. Parameters 
of the sheet pile wall set in the present model are il-
lustrated in Table 2. 
 
Table 1. Soil Parameters implemented in the numerical model 

 
Table 2. Sheet pile wall parameters 

Parameter   

Axial rigidity, EA (KN/m) 3.41E+04 
Flexure rigidity, EI (KN.m2/m) 5.03E+06 
Weight of wall, W (KN/m/m) 8.00 
Poisson’s Ratio, ν 0.28 

 

 
Figure 2. Finite Element mesh at the test section. 

 

2.3 Preparing Classical Solution: Simplified 
Method 

The Simplified method, which is one of the classical 
solutions, was also adopted to analyse the perfor-
mance of the cantilever sheet pile walls in the consid-
ered case study. The steps of this method are summa-
rized in Figure 3 where, earth pressure acting on the 
sheet pile wall is transferred into concentrated loads 
with their positions and directions acting on the wall. 
These forces are used to draw the bending moment 
diagram along the wall. The maximum bending mo-
ment and the point of zero moment were determined 
to obtain the wall length that achieves equilibrium 
condition. Consequently, according to the wall instal-
lation, the used factor of safety was found to be equal 
1.22. This value is lower than that recommended by 
the simplified technique, where the safe imbedded 
depth should be 40 % deeper than the theoretical cal-
culated length. To calculate lateral displacements of 
the wall, the elastic weight method was applied. The 
obtained bending moment diagram was subdivided 
into concentrated equivalent weights. The deflection 
of the wall at any point equals to the moment of the 
elastic weight divided by the flexure rigidity (EI) of 
the wall, as shown in Figure 3. 

Mohr-Coulomb  
Parameters 

Very Soft 
Clay  

Soft Clay1 
CH 

Soft Clay2 
CH 

Soft 
Clay3 
CH 

Unit Weight, γ 
(kN/m3) 

16.67 17.14 17.00 16.67 

Cohesion, Cref  
(kN/m2) 

9.7 24.40 17.08 24.40 

Elasticity,  Eref  
(kN/m2) 

950 2600 1650 5400 

Poisson’s Ratio, νur 0.40 0.35 0.40 0.35 
Strength reduction 
factor – interface, 
Rinterf 

0.70 0.70 0.70 0.70 
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Figure 3. Simplified Method: Earth Pressure distribution, Lateral Forces, Bending Moment Diagram and Deformed shape of the 
Cantilever Sheet Pile Wall 

.
3 ANALYSIS OF RESULTS 

3.1 Comparing numerical and analytical results 
with monitored data 

In order to verify the reliability of both the finite ele-
ment modelling and the classical solution, their re-
sults were compared with the monitored field soil-
support system deformational response. Figure 4 pre-
sents a comparison between horizontal displacements 
of the sheet pile wall determined using the three dif-
ferent approaches. The finite element model resulted 
in a maximum horizontal displacement value of 
19.398 cm, which is slightly smaller than that meas-
ured (20.335 cm) by about 4.61%. Besides, a slight 
displacement of about 3.00 cm was obtained at the 
bottom tip of the wall, corresponding to a monitored 
0.25 cm displacement. Generally, the obtained degree 
of compatibility between monitored and predicted re-
sponses of the sheet pile wall nominates the numeri-
cal modeling to be a reliable technique for designing 
earth-retaining systems.  

The maximum value of the horizontal displace-
ment obtained from classical calculations was 14.51 
cm, which is lower than the observed value by about 
28.60%. The significant difference between measured 
value and that predicted using classical calculations 
may be attributed to the simplified assumptions of 
Rankin’s earth pressure theory. The bending moment 
diagrams obtained from finite element analysis and 
classical solution using simplified method were pre-
sented in Figure 5. The value obtained from classical 
solution is greater than that obtained from finite ele-
ment by about 42% relative to F.E. results. 

 
Figure 4. Horizontal displacements of the sheet pile wall. 

 

 
Figure 5. Bending moment diagrams on the sheet pile wall. 
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4 ANALYTICAL VERSUS NUMERICAL 
SOLUTIONS IN GRANULAR SOILS 

4.1 Hypothetical model analysis 

A hypothetical numerical model was generated to 
simulate the performance of a cantilever sheet pile 
wall supporting an excavation in sand formation. Ta-
ble 3 presents the soil parameters implemented in the 
numerical analysis for the reference case, considering 
Mohr-Coulomb failure criterion. In this study, the 
elastic modulus is considered to increase with depth 
to vary from 10000 kN/m2 at wall top to 15000 kN/m2 
at the toe. The sheet pile wall properties are given in 
Table 4. Two problems with different sheet pile con-
figurations, were solved using both the simplified 
classical solution and the finite element method. The 
obtained results, including horizontal displacements 
and bending moments, are shown in Figures 6 and 7.  
 

 
Figure 6. Horizontal displacement and bending moment dia-
grams obtained using both classical solution and finite element 
analysis (Cutting depth = 3.0 m & d = 3.5 m) 

 

 
Figure 7. Horizontal displacement and bending moment dia-
grams obtained using both classical solution and finite element 
analysis (Cutting depth = 5.0 m & d = 6 m) 

In addition, the rate of increasing the angle of internal 
friction with depth was investigated, using both tech-
niques for configuration of H = 5 m and d = 6 m. The 
reference value (30o) was considered to increase line-
arly with depth according to the relation (f = 30 + 
c .z). Where (c) is the rate of increasing f with depth. 
The corresponding variation in Young’s modulus was 
also implemented in the analysis. Figure 8 shows a 
comparison between maximum bending moments ob-
tained using both approaches at different rates of fric-
tion angle increase with depth. 
 

 
Figure 8. Relation between maximum bending moment and the 
rate (c) of increasing the angle (f) with depth. 

 
Table 3. Mohr- Coulomb soil parameters set in “Plaxis” program 

 
Table 4. Sheet pile wall data set properties 

Parameter   

Axial rigidity, EA (KN/m) 8.80E+06 
Flexure rigidity, EI (KN.m2/m) 1.173E+05 
Weight of wall, W (KN/m/m) 6.40 
Poisson’s Ratio, ν 0.20 

4.2 Comparison between analytical and numerical 
solutions 

As shown in Figures 6 and 7, horizontal displacement 
values at wall top obtained using both classical solu-
tion and finite element solution are compared well 
with insignificant difference of about (8 % to 10 %). 
The lower part of the wall displaced according to the 
finite element results, while classical solution results 
produced almost no displacement. Figures 6, 7 and 8 

Mohr-Coulomb Parameters Sand 

Unsaturated density: γunsat [KN/m3] 17.5 
Saturated density: γsat [KN/m3] 18 
Permeability in hz. Direction: Kx [m/day] 1.00E-03 
Permeability in vl. Direction: Ky [m/day] 1.00E-03 
Young's modulus: Eref [KN/m2] 10000 to 

15000 
Cohesion: Cref [KN/m2] 1.0 

Friction angle: φ(phi) [°] 30.0 

Dilatancy angle:  ψ(psi) [°] 0.0 

Poisson`s ratio: νur 0.30 

Strength reduction factor interface: Rinterf 0.70 
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delineate that the bending moments obtained using 
the classical solution is always higher than that ob-
tained using the finite element analysis with a consid-
erable difference of about (40 % to 50 %).  
 
 
5 CONCLUSIONS 
 
In this study, a monitored field load test, which was 
performed on a cantilever sheet pile wall initiated in 
clay formation by US Army Engineer Division, was 
employed to verify the reliability of both analytical 
and numerical design approaches. The monitored 
field-response of the sheet pile wall was compared 
with the results of both finite element numerical mod-
elling and the classical analytical solution.  
In addition, a hypothetical numerical model for a can-
tilever sheet pile wall founded in sand, was generated 
in two different configurations. The performance of 
the considered cases was also inspected using the re-
sults of both the simplified analytical method and the 
numerical analysis approaches. The following find-
ings were obtained: 
- For a cantilever sheet pile wall driven in clay, the 

maximum horizontal displacement obtained from 
numerical analysis compared well with the field 
monitored response. Whereas, the classical analyt-
ical solution resulted a maximum horizontal dis-
placement value which is significantly smaller 
than the measured data by about (28.60 %). 

- For all soil types, the bending moments obtained 
using the classical solution is always higher than 
that obtained using the finite element analysis by a 
considerable difference of about (40 % to 50 %). 

- Increasing the angle of internal friction with depth 
to represent realistic field conditions, positively af-
fects the performance of the cantilever sheet pile 
wall. This increase reduces the predicted bending 
moment acting on the wall, resulting in a more 
economical design. 

It can be concluded that, the classical analytical solu-
tions for designing cantilever sheet pile walls, are 
more conservative design tool than the numerical fi-
nite element analysis. Moreover, the numerical mod-
elling technique is more reliable and it can be adopted 
adequately to analyse the behaviour of cantilever 
sheet pile walls. 
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