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Abstract—This paper aims to use finite elements method to investigate the response of a single bored pile, embedded in multi-layers soil 
at the Project of Three Raw Water Tanks in Basra Refinery, under the effect of vertical static load. ABAQUS 6.14.3 program was used in 
this analysis. The piles and the surrounding soil were modeled using three-dimensional brick linear elements. Several cases of pile 
diameters (0.6m, 0.8m, 1.0m, and 1.2m) and lengths (16m, 18m, 20m, and 22m) were adopted to study their effects on the pile capacity. 
The results of the analysis were represented by failure loads and ultimate loads and compared with the proposed values in the soil 
investigation report. Also, the results of the finite element analysis were represented by settlement values at top and bottom faces of the 
studied models of the piles and compared with the values computed using the analytical methods.   

Index Terms— Cast in place piles, Finite element analysis, pile load capacity, Soil pile interaction. 

——————————      —————————— 

1 INTRODUCTION                                                                     
he Piles are defined as a long structural members that have the 
function of transmit loads from the superstructure through 
weak strata or through water, onto stiffer or more compact and 

less compressible soils or onto rock [1]. Piles are generally used 
when soil conditions are not suited for the use of shallow founda-
tions. Piles resist applied loads through side friction (skin friction) 
and end bearing. Friction piles resist a significant portion of their 
loads by the interface friction developed between their surface and 
the surrounding soils. On the other hand, end-bearing piles rely on 
the bearing capacity of the soil underlying their bases. Usually, end-
bearing piles are used to transfer most of their loads to a stronger 
stratum that exists at a reasonable depth [2]. 
Piles that penetrate a relatively soft layer of soil to found on a firmer 
stratum are referred to as ‘end-bearing’ piles and will derive most of 
their capacity from the base capacity. Where no particularly firm 
stratum is available to found the piles on, the piles are known as 
‘friction’ or ‘floating’ piles [3]. 
The core of problems in the design of the piles and foundations are 
settlement and bearing capacity of single pile. It is virally important 
for the design of whole piles and foundation to compute and analysis 
them accurately. At the present, there are three mainly methods to 
solve this problem which are analytical methods, pile load test and 
numerical methods [4]. 
Ottaviani and Marchetti [5] made a comparison between experimen-
tal results that obtained from loading tests on an instrumented pile, 
with the results obtained from a non-linear finite element analysis 
based on the geometry and the geotechnical parameters determined 
by standard in situ and laboratory investigations. The pile was of 
bored type with (0.6m) diameter and (23.5m) length, embedded in 
multi-layer soil. it was used 2D axisymmetric model with 396 ele-
ments and 444 nodes for the total model. They found a good agree-
ment between the experimental results with that resulted from finite 
element method.  

Chin et al. [6] used the numerical analysis to simulate vertical loaded 
piles and pile groups. The results were compared with the existed 
published solutions for the cases of piles in  homogeneous soil, end-
bearing piles on stiffer layer, and piles in  Gibson  soil.  They ob-
tained there was a good agreement between  the  numerical solutions 
and the published solutions. 
F. Kirzhner [7] analyzed a single pile of length (20m) and diameter 
(0.9m) under vertical load to estimate its ultimate load capacity. Also 
he studied the mechanism of shaft friction. He used FLAC Program 
for the finite element analysis to estimate the ultimate load capacity 
for the pile. He discussed the bearing capacity of the piles, embedded 
in sandy soil, under the effect of different shapes of the pile (cylind-
er, conical, combiner cylinder and combiner inverse cylinder) and 
estimated the displacements for these types of piles. Mohr- coulomb 
theory used to describe the soil behavior, while the concrete material 
of the pile was assumed to be linearly elastic. The results of numeri-
cal method were compared with the field loading test results. It was 
found that, for the same volume of pile, the larger base area caused a 
reducing in the settlement values and accordingly the bearing capaci-
ty of the pile increased. Also, the cylindrical pile was better than the 
conical, because of its resistance against penetration was better. He 
also found that the inverse combined cylinder was better than the 
regular, because it has a wide base. 
B. P. Naveen et al. [8] used finite elements method to simulate field 
vertical load test on a single bored pile of (1.2m) diameter and (15m) 
length embedded in multi layers soil using PLAXIS 2D. The soil was 
modeled as elastic-plastic based on the Mohr- coulomb theory, while 
pile material was assumed as a linear-elastic. Interface elements was 
used to model the interface between the pile and soil. A reasonable 
agreement was obtained from the a comparison between the load-
settlement curve obtained from field test with that resulted from the 
finite element analysis. Also, it was concluded that Mohr-coulomb 
model with medium mesh is optimum for simulating the settlement 
of vertical loaded pile in residual soils. 
Kasimierz [9] analyzed a soil-pile system using ABAQUS software. 
The ultimate load capacity and settlement of pile resulted from the 
finite element analysis were compare with the results of static load 
test and engineering calculations according to Eurocode7 and Polish 
standard Code. The pile material was assumed as linear elastic and 
the soil was modeled as elastic-plastic with constitutive models of 
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Mohr-coulomb and Drucker- Prager. It was used two dimensions 
(2D) with axisymmetric model for pile-soil system. Two models 
were used to simulate the interaction between the pile and the sur-
rounding soil; the first one was a simple coulomb friction model, 
while in the second model, it was assumed a contact condition with 
constrained relative motion between the pile and the surrounding soil 
"tied". For the loading part, the finite element analysis showed a 
quite good agreement with the results of the field test. A significant 
difference for the unloading case was observed. It was found that the 
"elastic slip" in comparison with contact formulation "tied" had some 
impact on the results. The constitutive models that used to describe 
the soil material gave different results for the pile bearing capacity. 
The difference was explained due to the lack of the detailed data 
characterizing soil layer. 
This study aims to use finite elements method to analyze and predict-
ing the load capacity for a single bored pile subjected to vertical load 
at the site project of “Three Raw Water Tanks in Basra Refinery” 
which located at Basra Governorate in the south of Iraq, as shown 
figure 1.1. ABAQUS 6.14.3 software was used to implement this 
analysis for two cases; in the first case, four values for pile diameter 
(0.6m, 0.8m, 1.0m, and 1.2m) with constant length of (18m) were 
assumed, while in the second case, four values for pile length (16m, 
18m, 20m, and 22m) with constant diameter of (0.8m) were as-
sumed.  

 

 

  

 

 

 

 

2 RERMISSIBLE SETTLEMENT OF PILE  
To calculate the permissible settlements of the piles at working load, 
an empirical equation shown below [10]; 

EA
PLDS

P

P
t +=

100
                              (1) 

tS = settlement of pile head, 
PD = pile diameter, P= the applied pile 

load, 
PA = pile cross sectional area, and E= modulus of elasticity of 

the pile material. 

3.  FINITE ELEMENTS MODELING 
The finite elements method combines, in an elegant way, the 
best features of many approximate methods. The technique is 
amenable to systematic computer programming and offers 
scope for application to a wide range of problems. The basic 
concept is that a body or structure may be divided into smaller 
elements of finite dimensions called "finite elements". The 
original body or the structure is then considered as an assem-

blage of these elements connected at a finite number of joints 
called "nodes" or "nodal points". The properties of the ele-
ments are formulated and combined to obtain the solution for 
the entire body or structure. One of the finite element com-
mercial codes widely used in the research and designing 
process is ABAQUS which is a finite element analysis software 
program. 
In this study, it was used three-dimensional finite elements for 
analyzing the studied models. Since the soil boundaries for a 
single pile have to be taken at distance range of (6-18) times of 
pile diameter or width below from the pile tip [11]. In this 
study, it is assumed that the soil mas extends to depth of 
(10D), while its diameter equals to (30D), where (D) is the di-
ameter of the pile. 
Since the identification of the line of symmetry in loading, 
geometry, and material conditions in the problem allows to 
modeler for reducing the size of the model [12]. For circular 
pile under pure axial load, one-half of problem size was used 
to reduce time of computation. The displacement values at the 
outer edges of the model were assumed equal to zero, as 
shown in figure 3.1. 
 

 
 
 
 
 
 
 
 
 
 
 
 
Figure 3.1: Boundary conditions in the symmetry plan and 
outer edge of the model. 
 
The 8-nodes linear element (C3D8R) is used for discretizing 
both pile and soil for all models as shown in figure 3.2. The 
interaction between the pile and the surrounding soil was si-
mulated by penalty method. This type of interface is used so 
that permits some relative motion between surfaces (elastic 
slip). The master-slave concept, shown in figure 3.3 [14], was 
used to define the contact surfaces.  The contact elements are 
paced along the shaft and base of the pile. The normal stress is 
transmitted in the normal direction of the master surface, 
while the shear stress is transmitted tangentially according to 
simple coulomb friction model with coefficient of friction 
equal to tan δ [13] where: 
δ = (2/3)Ø                                                                       (2)  
In this study, the pile was defined as a master and the soil as a 
slave. Materials behavior of the concrete and the rebar rein-
forcements for the piles were assumed as linearly elastic, as 
listed in Table 3.1. While the behavior of the material for the 
surrounding soil was assumed as elastic-plastic based on the 
Mohr-coulomb model. Table 3.2 [15] lists the properties of the 
soil profile at the project of Three Raw Water Tanks in Basra 
Refinery. 
 

 

Figure 1.1: Three Raw Water Tanks in Basra Refinery site 
location. 
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Figure 3.2: Typical pile-soil mesh. 

 
 
 
 
 

 
 
 
 

Figure 3.3: Master-Slave concept 
 

Table 3.1: Properties of the pile materials 
 
. 

 
 
 
 
 
 
 

  
Table 3.2: Soil properties at the site of Three Raw Water Tanks in 
Basra Refinery. 
 
 
 
 
 
 
 
 
 

 

4.   APPLICATIONS, RESULTS AND DISCUSSION 

4.1 Influence of piles diameter 
Four models of different diameters for the pile were studied to 
determine their effects on the pile capacity with assuming a 
constant pile length of (18m), as shown in Table 4.1. 
Pile load was applied in increments of (85kN) for each 2.5 
mins. This loading process stopped when the settlement of top 
pile reached to 15% from diameter of pile base [16].  

Table 4.1: Models of studied piles with different diameters.   

 
 

 
 
 

 
The numerical results of the settlements, at the top face of the 
piles, under the effect of the applied loads are shown in figure 
4.1. It can be noted that load-settlement curves for the four 
models of pile diameters have the same behavior. It was noted 
that the rate of settlements rapidly increase after load values of 
(396kN, 660kN, 792kN, and 924kN) for models (1, 2, 3, and 4, 
respectively), where the settlement values increase with the 
increasing of the applied load until failure corresponding to 
settlement values equal to (15%) from the pile diameters. After 
removing the applied load, the residual settlements are 
(60mm, 74mm, 89mm, and 97mm) for the models (1, 2, 3, and 
4, respectively).  
 
 
 
 
 
 
 
 
 
 

 
Figure 4.1: Load-settlement curves for different values of pile 
diameters. 
 
Table 4.1 lists the maximum values of axial stresses and failure 
loads which resulted from the finite elements analysis. It was 
shown that maximum values of the axial stresses computed at 
the top faces of piles decreased about 15.4%, 16.6%, and 19.3%  
for models (2, 3, and 4, respectively) compared to that of mod-
el (1). Also, it can be noted that the designed compressive 
strength (37500kPa) for the concrete material of the piles was 
not exceeded in the four models of the studied piles. Failure 
loads for the piles in models (2, 3, and 4) increased about 
(57.1%, 130.1%, and 215.9%, respectively) compared to the 
failure load for model (1). This increasing in the computed 
failure loads and the decreasing in the maximum axial stresses 
on the top faces of the piles could be illustrated to the increas-
ing in the end bearing resistance with increasing pile diame-
ters. Also, Table 4.1 lists the values of estimated ultimate 
loads, for the four models, which computed from Figure4.1 
corresponding to settlement values equal to (10%) from the 
pile diameters [17] and the ultimate loads for models (1 and 2), 
which proposed in the soil investigation report [15]. The esti-
mated ultimate loads for the piles in models (2, 3, and 4) in-
creased about (51.4%, 123.8%, and 200%, respectively) com-
pared to model (1). From the comparison between the esti-
mated ultimate loads with the proposed ultimate loads for 
models (1 and 2), it was found that the results of the estimated 
ultimate loads were less about (17.6%, and 24.8%, respective-
ly). 
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Table 4.2: Results of the maximum axial stresses, failure loads, esti-
mated ultimate loads, and proposed ultimate loads for different val-
ues of pile diameters.   
 
 
 
 
 
 
 
 
 

 
 
Table 4.3 lists the results of the finite elements analysis for 
maximum settlement values at top and bottom faces of the 
studied models of the piles. It shows that the settlement values 
computed at top faces are larger compared to that computed 
at the bottom faces about (5.5%, 3.5%, 3.3%, and 3.5%) for 
models (1, 2, 3, and 4, respectively). These differences in val-
ues of the settlement between top and bottom faces of the piles 
could be illustrated due to the axial deformation of pile.  

 
Table 4.3: Settlement values at top and bottom faces of studied mod-
els for different values of pile diameters. 
 

 

 

 

 
 
Table 4.4 lists the permissible settlements values, computed 
using Eq. (1), and the allowable settlement values which found 
from figure 4.1 the two values of settlements are correspond-
ing to the allowable load values which computed by dividing 
the estimated ultimate loads by a safety factor of (1.5). It can 
be noted that the permissible settlements are greater than al-
lowable settlements about (152%, 136.3%, 211.1 % and 226.7%) 
for models (1, 2, 3, and 4, respectively). 
 

Table 4.4: Permissible and allowable settlements for different values 
of pile diameters.  

 
 

 
 
 
 
 
 

 

 

4.2 Influence of piles length  
To study the effect of the length on piles capacity, it was used 
four different values for pile lengths with constant diameter of 
(0.8m), as listed in Table 4.5. 
 

Table 4.5 Models of studied piles with different lengths. 

 

 
 

 
 
The piles were assumed to be loaded in the same manner that 
mentioned previously until the failure. The results of deflec-
tion under the effect of applied loads are shown in figure 4.2. 
As mentioned in the previous section, load-settlement curves 
for the four models of pile lengths have the same behavior and 
the rate of settlement values rapidly increases after load values 
of (528kN, 660kN, 924kN and 1056kN) for models (1, 2, 3, and 
4, respectively) until reaching to the failure load, which cor-
responding to settlement value equal to (15%) from the pile 
diameters. As the pile reaches to failure, the unloading stage 
start and the load decrease to zero value. The residual settle-
ments, after removing the load, are (84 mm, 74 mm, 80.4 mm, 
and 78.5 mm) for the models (1, 2, 3, and 4, respectively). 
Table 4.6 lists the results of finite elements analysis for maxi-
mum axial stresses computed at the top faces of the piles and 
the failure loads for the studied models.  The maximum axial 
stresses at the top faces of the piles increased about (15.5%, 
124.2%, and 122%) for models (2, 3, and 4, respectively) com-
pared to that computed for model (1). It could be noted that 
the designed compressive strength (37500kPa) for the concrete 
material of the piles was not exceeded in the four cases of the 
pile lengths. The failure loads for the studied models in mod-
els (2, 3, and 4) increased about (15.8%, 123.4%, and 131.6%, 
respectively) compared to the failure load of model (1). This 
increasing in the computed failure loads and in the maximum 
axial stresses at the top faces of the piles could be illustrated to 
the increasing in the skin resistance with increasing pile 
lengths in the sandy layer. 
As in the previous section, the estimate the ultimate load ca-
pacities for the studied models of the piles were computed 
from figure 4.2 corresponding to settlement values equal to 
(10%) from the pile diameters [17], as listed in Table 4.6. It 
could be noted that the estimated ultimate load capacities for 
models (2, 3, and 4) increased about (19.5%, 127.8%, and 
145.9%, respectively) compared to model (1). Also, this table 
lists the values of ultimate loads which proposed in the soil 
investigation report [15]. The proposed ultimate loads for 
models (1 and 2) are greater than the estimated ultimate loads 
about (41% and 33%, respectively), but the proposed ultimate 
loads are (20.8% and 23.4%) lesser in the cases of models (3 
and 4, respectively). 
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Figure 4.2: Load-settlement curves for different values of pile 
lengths. 
 

Table 4.6: Results of the maximum axial stresses, failure loads, esti-
mated ultimate loads, and proposed ultimate loads for different val-
ues of pile lengths. 

 
 
 
 
 
 
 
 

 
 
It could be noted from Table 4.7, that the computed settlement 
values at top faces of the studied models of the piles are 
(11.5%, 14.2%, 25%, and 27.4%)  larger compared to that com-
puted at bottom faces for models (1, 2, 3, and 4, respectively). 
As mentioned previously, these differences in the computed 
settlement between top and bottom faces of the studied mod-
els could be illustrated due to the axial deformation of the 
piles.   

 
Table 4.7: Settlement values at top and bottom faces of studied mod-
els for different values of pile lengths. 
 
 
 
 
 
 
 

 
 
Corresponding to the allowable load values which computed 
by dividing the estimated ultimate loads by a safety factor of 
(1.5), Table 4.8 lists the permissible settlements values which 
calculated using Eq. (1) and the allowable settlement values 
which found from figure 4.2. It could be noted that the per-
missible settlements are (133.8%, 136.3%, 196.6% and 191.8%) 
greater than allowable settlements for models (1, 2, 3, and 4, 
respectively). 
 

Table 4.8: Permissible and allowable settlements for different values 
of pile lengths.  
 
 
 
 
 
 
 

 
 

5. CONCOLUSIONS 
From the results of the finite element analysis for the studied 
models of piles at the site of project “Three Raw Water Tanks 
in Basra Refinery”, the conclusions can be summarized as fol-
lows; 
1-For the piles of (18m) length, increasing of pile’s diameter 
from (0.6m) to (0.8m, 1.0m, and 1.2m) caused an increasing of 
the estimated ultimate load capacity, which corresponding to 
settlement values equal to (10%) from the pile diameter, for 
the piles about (51.4%, 123.8%, and 200%, respectively). 
2-For the piles of (18m) length, increasing of pile’s diameter 
from (0.6m) to (0.8m, 1.0m, and 1.2m) caused a decreasing in 
the maximum values of the axial stresses computed at the top 
faces of piles about (15.4%, 16.6%, and 19.3%, respectively). 
3-For the piles of (0.8m) diameter, the estimated ultimate load 
capacity for the pile increased to about (19.5%, 127.8%, and 
145.9%) with increasing the pile lengths from (16m) to (18m, 
20m, and 22m, respectively). 
4-For the piles of (0.8m) diameter, the computed maximum 
axial stresses at the top faces of the modeled piles increased 
about (15.5%, 124.2%, and 122%) with increasing the pile 
lengths from (16) to (18m, 20m, and 22m, respectively). 
5-The designed compressive strength (37500kPa) for the con-
crete material of the piles was not exceeded in all studied 
models. 
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