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ABSTRACT 
Piles foundation has been widely used to support and transfer loads to deeply strong soil. Piles have been used as foundation for tall 

building, tower, onshore structure, offshore structure and bridge. This paper investigates the behavior of cast in place pile under harmonic 

torsional loading. This study investigates the effect of pile diameter, steel tubular wall thickness, load eccentricity, torque magnitude 

and concrete compressive strength on the response of single pile to harmonic torsional loading. The pile response includies displacement, 

shear force, bending moment, torsional moment, principal stresses, skin friction, Von miss stress and soil reaction. ABAQUS Software 

is used to perform the numerical simulation. The pile has elastoplastic properties; similarly, the clay soil is modeled as an elastoplastic 

material described by the cam- clay model. The procedure used in this investigation involves fixing four parameters and varying  one, 

such as fixing the steel tubular wall thickness, load eccentricity, torque magnitude, concrete compressive strength, and change pile 

diameter in order to study pile 's response. The results show that increasing the pile diameter and wall thickness leads to a decrease in 

the displacement by 24% , 19% respectively, while an increase in  applied torque results in a 27% increase in displacement.  also, It is 

also found that the compressive strength of concrete has a smaller effect on the response of the pile. 

https://creativecommons.org/licenses/by-nc/4.0/ 
Keywords: deep foundation, dynamic load, pile, torsion, soil-pile-interaction.

1 Introduction  

 Pile foundation are a type of deep foundation; capable of 

transferring structural loads to deeper, more competent soil layers 

through end bearing and skin friction along the pile-soil interface. 

Pile foundations are widely used in both onshore and offshore 

structures, including tall buildings, bridges, infrastructure, and 

urban overpasses. Due to the eccentricity in applied horizontal 

loads, significant torsional moments will grow and develop, this 

challenge must be addressed in pile foundation design. Therefore, 

understanding the torsion-pile-soil interaction is essential to 

avoid substructure failure, which could directly compromise in 

integrity of the superstructure. Several researchers have 

investigated the behavior of piles under torsional and combined 

loading condition. Some of the relevant studies in this field are 

highlighted below. A method was proposed to estimate the torque 

capacity of piles subjected to vertical forces, incorporating the  

effects of expansive force effects, ground heave after immersion, 

function of load transfer at soil-pile interface with negative and 

positive friction resistance. Finite difference method was 

employed to obtain a nonlinear solution for the behavior of single 

pile under vertical loading [1]. A numerical analysis conducted by 

using finite element method to model the torsion-pile-soil 

interaction. ANSYS software was utilized to perform the required 

simulation. The above studies deal with torsion magnitude, load 

eccentricity, pile length and pile diameter on the soil domain size. 

The soil has been modelled by Drucker-Prager. Based on the 

results, it was found the load eccentricity, torsion magnitude and 

pile diameter had a significant influence on the behavior of single 

pile, while a relatively minor effect was observed for pile length 
[2]. An analytical solution was employed to study the dynamic 

behavior of a pipe pile subjected harmonic torque in unsaturated 

soils. Relying on porous media three-phase wave equations,  the 

inertial coupling influence between gas and water, also capillary 

pressure and saturation degree effect on the dynamic shear 

modulus of soil, were considered. Elastic theory has been used to 

model pile in one-dimension. The suggested analytical solution 

has been verified by being compared with two other solutions [3]. 
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A new method was proposed to investigate the response of an 

end-bearing pile that is embedded in an isotropic and 

homogeneous soil layer under harmonic torque loads applied at 

the head of pile. In this method, the soil has been assumed to be 

linear viscoelastic. Vertical and radial displacements are ignored. 

The variational approach and Hamilton's principles were adopted 

to solve analytically the equations of pile-soil displacement by 

adopting an iterative algorithm [4]. 

The characteristics of bearing investigated by  for a single pile 

subjected to combined loading (vertical loads and torque) at the 

pile head. The governing equations of pile shaft displacement 

have been suggested in the consideration of load transfer method. 

A new numerical model analysis was proposed to modify the 

vertical and circumferential ultimate friction resistance of the pile 

side. MATLAB program was employed to obtain the nonlinear 

solution for a single pile under combined loading conditions with 

various loading paths. In addition, the bearing capacity envelopes 

were plotted by [5]. An exact solution developed in order to 

investigate harmonic torsional vibration with time for pile with 

elastic properties embedded a radially inhomogeneous saturated 

soil [6]. 

The wedged soil model relied to derive an analytical solution for 

a stepped pile subjected to torsional dynamic load. A parametric 

study was also performed to investigate the effect of geometrical 

parameters and boundary of the wedged soil on the torsional 

impedance of the stepped pile [7]. A numerical study was 

conducted  to examine the behavior of offshore platform under 

torsional loading. The soil in above model was modelled as both 

elastic and elastoplastic with various domains size being 

considered. The results were focused on the influence of torsional 

loading on pile head displacement, rotation, shear force, bending 

moment and shear stress [8].  
The performance of pile was subjected to cyclic torsional loading 
was studied. The analysis was carried out using the boundary 

element method. The numerical model was verified by being 

compared with available experimental data. The model is used to 

carry out a parametric study to realize the effect of cyclic 

torsional load parameters on the pile axial capacity. From the 

parametric analysis, it was conducted that the amplitude, 

frequency and number of cycles have a significant influence on 

the pile’s cyclic torsional response [9]. 

The behavior of an end-bearing single pile subjected to dynamic 

torsional loading was investigated. The pile was embedded in 

radially inhomogeneous saturated soil. Soil was modeled using 

Biot’s two-phase linear theory [10]. 

An analytic solution was developed in order to investigate the 

dynamic response of a large diameter, end-bearing pipe pile 

subjected to dynamic torsional loading in saturated viscoelastic 

soil. One dimensional elastic theory and Biot’s two phase linear 

theory were adopted to simulate wave propagation in pile and 

saturated soil. The equations of dynamic equilibrium for the pile, 

inner soil and outer soil were established. The obtained results 

were compared with those of a solid pile in elastic saturated soil 

to verify the validity of the solution [11]. An analytic solution was 

developed for the response of single pile subjected to torsional 

load [12]. 

The dynamic response of an end-bearing pile embedded in 

saturated isotropic soil and subjected to a harrmonic torsional 

load was examined. A parametric study was performed to 

investigate the effect of anisotropy on the pile’s torsional 

vibration characteristics [13]. 

An analytic solution was proposed in order to study the behavior 

of a pile to torsion vibration. The pile is embedded in poroelastic 

homogeneous medium and torsional harmonic loading is applied. 

The numerical selected results were found to analysis the effect 

of the important variables on the torsional impedance at pile head 

level [14]. The pile dynamic response under transient torsion load 

was studied. The pile was embedded in transversely saturated 

isotropic soil. The soil-pile system was divided in thin layers, and 

the governing equations of pile segment and soil layer were 

solved by Laplace transform [15]. The pile’s dynamic response 

under harmonic torsional loading was analyzed. The pile was 

embedded in saturated half space. Numerical results focused on 

the effects of pile flexibility, geometric properties of the saturated 

soil-pile system, excitation frequency on the pile torque, coupled 

impedance and torsional angle [16]. The response of elastic 

cylindrical pile which was embedded in poroelastic homogeneous 

soil medium and the pile is under torsional load was studied [17]. 

The torsional vibration of an elastic foundation placed on a 

poroelastic saturated medium was investigated [18]. An analytical 

solution was adopted to studyze the elastic pile subjected to axial 

loadings and transient torsion [19]. An end-bearing pile under 

torsional vibration and embedded in a viscoelastic soil medium 

was examined [20]. 

This paper is aimed to investigate the effect of variation in pile 

diameter, steel tubular wall thickness, concrete compressive 

strength, eccentricity above ground level, and torsional harmonic 

load magnitude on the overall behavior of torsion-pile-soil 

interaction. Therefore, the main objective of this paper is to study 

the behavior of single piles subjected to torsional loading, by 

analyzing the variation in displacement, shear force, bending 

moment, torsion, surface friction, soil reaction, principal stress, 

and von Mises stress along the pile length. 

2 Materials and numerical simulation 

The current paper is concerned with torsion-pile-soil interference 

of cast in place pile under torsional harmonic vibration loading. 

In this study, the single pile was embedded in clay soil. The 

materials and numerical simulation are explained briefly as below 

2. 1 Materials 

The pile is composed of two parts:  the outer part is referred to as 

steel tubular pipe and the inner part is referred to concrete which 

is cast in place [21]. Table (1) and table (2) presents the physical 

properties of concrete and steel materials respectively [22]. The 

concrete material is represented by damage plasticity model, 

while the steel is modeled by elastic model. In this study, an 

elasto-plastic material model was adopted for the single cast in 

place pile under different magnitude of harmonic torsional load 
[23, 24]. 
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Table 1: Concrete material characteristic. 

Variable Unit Value 

Mass Density 𝐾𝑔 𝑚3⁄  2380 

Dilation Angle Degree 40 

Young's Modulus MPa 23450 

Eccentricity  0.1 

Fbo/fco  1.16 

K  0.667 

Poisson's ratio  0.18 

 

Table 2: Steel material characteristics. 

Variable Unit Value 

Mass Density kg/m3 7850 

Young's Modulus MPa 2E9 

Poisson's ratio  0.3 

Various values for steel tubular pipe wall thickness were used in 

the numerical simulation, these thickness values included 5mm, 

10mm, 15mm, and 20mm. Also, various values of compressive 

strength of the concrete material were also adopted in the 

simulation, and these values were  25MPa, 30MPa, 35MPa, and 

40MPa. In addition, different pile diameters were used in the 

simulation, specifically 500mm, 800mm, 1000mm, and 1500mm. 

Furthermore, various values of pile eccentricity were considered, 

including 0 m (no load eccentricity), 0.4m, 0.7m, and 1m. The 

pile head was assumed to be free to move and rotate. The pile 

length, or the pile embedded depth was equal to 30 m. The dry 

soft clay soil was described as an elastoplastic material and was 

modeled by cam-clay model. The soil characteristics are given in 

Table (3) [25]. 

Table 3: Soil characteristics. 

Variable Unit Value 

Mass Density Kg m3⁄  1700 

Young's Modulus MPa 8.6 

Poisson's ratio  0.4 

Cohesion KPa 20 

Void ratio  0.74 

M  1.1 

𝛌  0.26 

k  0.02 

𝛃  1 

For boundary conditions, the boundaries were measured from the 

center of the pile. The distance from the pile center to the sides of 

the soil domain size was set to 8D, and the distance from the pile 

end to the bottom of the soil domain size was also set to 8D, 

where D represents the pile diameter [26, 27 ]. For the soil boundary 

conditions at the sides of the soil domain, in y-direction the points 

or nodes  were allowed to move only in the x-direction, while in 

the x-direction, the points or nodes were allowed to move only in 

the y-direction. Moreover full fixed boundary conditions were 

applied at the bottom of the soil domain size. The boundary 

condition at pile end was considered free to move and rotate. 

Interface element (interface penalty) were utilized between pile 

and the surrounding clay soil. Surface to surface interface was 

employed to model the required linkage between pile surface and 

surface of the surrounding soil. Tangential behavior was defined 

to describe the contact properties, with a friction coefficient equal 

to 0.36. 
The full bound case was utilized to model the contact between 

inner surface of the steel tubular member and pile concrete 

surface. This means that any nodes along the pile depth must be 

coincided directly with the neighboring nodes on the steel tubular 

member. The applied load is described as a harmonic torsional 

load with different values of the applied torque. The values of 

torque considered in this investigation were 250 kN.m, 500 kN.m, 

1000 kN.m, and 2000 kN.m. The harmonic torsional vibration 

load is defined according to the following equation: 

𝐹 = 𝑇 sin 𝑡                                                                               (1) 

Where F: applied load, T: applied torque, t: time of the applied 

torque, in this study the time of the applied torque equal to 20 

second. 

2. 2 Numerical simulation 

ABAQUS Software 2020 was utilized to perform the required 

simulation of a single pile under harmonic torsional vibration, 

considering clay soil as an elasto-plastic material. The input data 

to the software consisted of the geometrical dimensions of the 

pile and soil domain size, along with the boundary conditions of 

the whole system. The input harmonic load was applied such as 

force function of torque and time. The solution was obtained 

using a dynamic loading model to simulate the vibration response 

of the single pile to harmonic torsional loading. Brick element 

C3D20R: a three dimensional element with 20 nodes was used to 

model both the soil and the pile for the current problem [28]. The 

linear and nonlinear material characteristics of the soil and pile, 

respectively, were assigned to the brick elements to provide a 

complete representation of the material properties. Figures (1) 

shows the whole pile-clay soil system. The total number of 

elements adopted to model the soil was 155000, while 1984 

element were used for the concrete pile, 976 elements were 

assigned to the steel tubular member. 
 

 
Figure 1: Pile – clay soil system mesh. 
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3 Results and Discussions 

3. 1 Pile displacement 

The pile displacement profile is considered as a reflection of the 

behavior of a single pile under the applied load and the 

surrounding soil conditions. Moreover, several noticeable 

parameters were founf to affect the pile behavior. Therefore, 

these parameters, such as pile diameter, steel tubular wall 

thickness, load eccentricity, torque magnitude, and concrete 

compressive strength. The procedure adopted to evaluate the pile 

response was represented by fixing four parameters and varying 

the remaining one, after which the displacement profile was 

plotted. Figures (2-a) demonstrates the pile displacement profile 

along the total pile depth while the pile diameter was varied, and 

the steel tubular thickness, load eccentricity, torque magnitude, 

and concrete compressive strength. It is evident from the figures 

that as the pile diameter increased, the pile displacement 

decreased sharply due to the rise in the pile moment of inertia, 

which is influenced by pile diameter. This was reflected in the 

pile deformation. The maximum pile head displacement was 

observed when D=500mm, while the minimum pile head 

displacement occured at D=1500mm. it is implied from the 

figures for all pile diameters, the displacement equal to zero after 

embedded depth equal to 10m. Additionally, the displacement 

profiles were identical for all pile diameters. Figures (2-b) 

demonstrates the pile displacement profile with variation in steel 

tubular wall thickness, while pile diameter, load eccentricity, 

torque magnitude, and concrete compressive strength were kept 

constant. As the wall thickness increased, the pile displacement 

dropped sharply due to the increase in moment of inertia of steel 

tubular member, which depends on wall thickness. This was 

reflected in the pile deformation. The maximum pile head 

displacement was observed at t=5mm, while the minimum pile 

head displacement occured at t=20mm, it is implied from the 

figures, for cast in place piles with different steel tubular wall 

thickness, the displacement became zero after embedded depth 

equal to 10m. Furtherfore, the displacement profiles were nearly 

regardless of wall thickness. Figures (2-c) demonstrate the pile 

displacement profile along the total pile depth with changing the 

load eccentricity and fixing  pile diameter, steel tubular thickness, 

torque magnitude, and concrete compressive strength. It is 

evident from figures with increases that occur in pile load 

eccentricity, the pile displacement rose dramatically due to the 

decrease in the pile’s resistance to the applied load. 

Consequently, more load was transferred to the surrounding soil, 

leading to this response. The maximum pile head displacement 

was observed when e=1 m, while the minimum pile head 

displacement was recorded when there was no load eccentricity. 

It is implied from figures for all pile load eccentricity, the 

displacement became zero after an embedded depth of 10 m. 

Additionally, the displacement profile was found to be identical 

for all values of pile load eccentricity. Figures (2-d) demonstrate 

the pile displacement profile along the total pile depth with the 

torque magnitude being varied, while the pile diameter, steel 

tubular thickness, load eccentricity, and concrete compressive 

strength were kept constant. It is evident from the figures that, 

with an increases in the applied torque, the pile displacement 

increased significantly, owing to the increase in load transferred 

to the pile in spite of pile resistance to the applied torque. The 

maximum pile head displacement was observed when T=2000 

kN.m, while the minimum pile head displacement was recorded 

when T= 250 kN.m, it is implied from the figures that, for all 

applied torque magnitude, the displacement was equal to zero 

after an embedded depth of  10m. Also, the displacement profile 

was found to be identical for all applied torque loads. Figures (2-

e) demonstrate the pile displacement profile along the total pile 

depth with changing concrete compressive strength, while pile 

diameter, steel tubular thickness, load eccentricity, and torque 

magnitude were kept constant. It is evident from figures that with 

an increase in concrete compressive strength, the pile 

displacement was observed to rise gradually. Moreover, the 

maximum displacement was consistently recorded at the pile 

head, despite adopting various values for concrete compressive 

strength. The displacement was founf to be equal zero after an 

embedded depth of 10 m. Also, the displacement profile 

appearded identical regardless of the variation in concrete 

compressive strength values. This was attributed to the fact that 

changes in the concrete modulus of elasticity and pile’s cross 

sectional moment of inertia were considered very small. 

 
Figure 2.  a: Pile displacement when change pile diameter. 

 

 
Figure 2.  b: Pile displacement when change pile thickness. 
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Figure 2.  c: Pile displacement when change load eccentricity. 

 

 
Figure 2.  d: Pile displacement when change torsion load. 

 

 
Figure 2.  e: Pile displacement when change concrete compressive 

strength. 

 

3. 2 Shear force 
The same procedure as described in the previous section that dealt 

with pile displacement, was also adopted in this study to 

investigate the pile shear force response. Figures (3-a) show the 

variation of pile shear force with depth, based on different pile 

diameter. The shear force profile was found to be similar 

regardless of the variation in pile diameter. Maximum shear force 

values were obtained for a pile diameter equal to 500 mm, while 

the minimum shear force values were observed for a pile diameter 

equal to 1500 mm. The remaining diameters produced moderate 

shear force values that lay between the maximum and minimum 

values, respectively. Positive shear force values were observed 

from the ground surface to a depth of 8 m, after which an 

inflection point occured, and the shear force changed to negative 

values. Beyond of depth of 16 m, the shear force became constant 

and reached zero value. The fluctuation in the shear force values 

was found to depend on both pile stiffness and soil stiffness. 

Figures (3-b) show the variation of pile shear force with depth, 

based on different steel tubular wall thickness. The shear force 

profile was found to be similar regardless of  the variation in wall 

thickness. Maximum shear force values were obtained with wall 

thickness equal to 5 mm, while minimum shear force values were 

obtained with wall thickness equal to 20 mm. The remaining 

cases exhibited moderate values for shear force, which lay 

between the maximum and minimum values respectively. 

Positive shear force values were observed from the ground 

surface to 8 m below ground, after which an inflection point 

occurred, and the shear force changed to negative values. Beyond 

a depth of 16 m, the shear force became constant  and reached 

zero. The fluctuation in the shear force values was attributed to 

steel tubular wall stiffness and soil stiffness. Figures (3-c) show 

the variation of pile shear force with depth, based on different 

load eccentricities. The shear force profile was also found similar 

regardless of the variation in eccentricity of load. Maximum shear 

force values were obtained in the case of no load eccentricity, 

while minimum values were observed with a load eccentricity 

equal to 1m. The remaining values lay between the maximum and 

minimum shear forces values. Positive shear force values 

extended from the ground surface to 8m depth, followed by an 

inflection point, where the shear force changed to negative 

values. After that, from depth equal to 16m the shear force 

became constant and equaled zero value. The fluctuation in the 

shear force values depended on the load transfer from soil to the 

pile, and the interaction between transfer waves and reflect waves 

by the soil domain size. Figures (3-d) show the variation of pile 

shear force with depth, depending on the applied torque. The 

shear force profile was observed to be similar similar regardless 

the variation in torque magnitude. Maximum shear force values 

were obtained when torque equaled 2000 kN.m, while the 

minimum shear force values were found at  250 kN.m. 

intermediate torque magnitudes resulted in moderate shear force 

values lying between the maximum and minimum values 

respectively. Positive shear force values persisted from the 

ground surface to a depth of 8 m, after which an inflection point 

occurred, changing the shear force to negative values. After that, 

from depth equal to 16m, the shear force became constant and has 

zero value. 
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The fluctuation in the shear force values was founf to rely on the 

magnitude of the applied load, the load transfer from soil to the 

pile, and the interaction between transfer waves and reflect waves 

within the soil domain size. Figures (3-e) show the variation of 

pile shear force with depth, based on different concrete 

compressive strength of pile. The shear force profile was 

observed to be similar regardless of the variation in compressive 

strength. Maximum shear force occurred at pile head, regardless 

of the values of concrete compressive strength. Positive shear 

force values were observed from ground till 8m below ground, 

after which an inflection point was observed, and the shear force 

changed to the negative values. After that, from depth equal to 

16m the shear force become constant and has zero value. There 

was no noticeable variation in the obtained result, and this is 

reflected in the Figures. This occurred  due to the small variation 

in concrete modulus of elasticity, which was based on 

compressive strength. 

 

 
Figure 3.  a: Shear force along pile when change pile diameter. 

 

 
Figure 3.  b: Shear force along pile when change pile thickness. 

 

 
Figure 3.  c: Shear force along pile when change load eccentricity. 

 

 
Figure 3.  d: Shear force along pile when change torsion load. 

 

 
Figure 3.  e: Shear force along pile when change concrete compressive 

strength. 
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3. 3 Bending moment 

The same procedure, which was described in the previous section 

dealing with pile displacement, was also adopted in this study to 

investigate the pile bending moment response. Figures  (4-a), (4-

b), (4-c), (4-d) and (4-e) illustrate the noticeable variation in 

bending moment along the pile depth, considering pile diameter, 

steel tubular wall thickness, load eccentricity, torque magnitude, 

and concrete compressive strength. For Figures (4-a) the 

maximum bending moment was observed at D=500mm, while 

the minimum bending moment occured at D=1500mm. The 

variation in the result was attributed to the higher stiffnessof piles 

with greater diameters as  compared to those with smaller 

diameter. Additionally, the fluctuation in the result was 

influenced by soil stiffness. For Figures (4-b), the maximum 

bending moment occured at t=5mm, while the minimum bending 

moment was recorded at t=20mm. The variation in the results was 

due to the increased steel wall stiffness with increasing wall 

thickness. For Figures (4-c), the maximum bending moment was 

obtained in the case where there was no load eccentricity, while 

the minimum bending moment occured at e=1m. The variation in 

the results was attributed to the drop in pile resistance to the 

applied load. For Figures (4-d), the maximum bending moment 

was recorded at T=2000 kN.m, while the minimum bending 

moment occurred at T=250 kN.m. The variation in result 

occurred from the change in the magnitude of the applied torque 

at the pile head. For Figures (4-e), the maximum bending moment 

was observed at the pile head for all values of concrete 

compressive strength. For all Figures from (4-a) to (4-d), the 

bending moment profile was found to be similar regardless of the 

variation in parameters. The bending moment profile began with 

positive values at the ground surface and extended until it 

changed to negative values at a depth 13m. This position 

indicated an inflection point where the bending moment changed 

from positive to the negative. Between depths of 21m and 23m, 

the bending moment became constant with depth. 

 

Figure 4.  a: Bending moment along pile when change pile diameter. 

 

 

Figure 4.  b: Bending moment along pile when change pile thickness. 

 

 

Figure 4.  c: Bending moment along pile when change load 

eccentricity. 

 

 

Figure 4.  d: Bending moment along pile when change torsion load 
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Figure 4.  e: Bending moment along pile when change concrete 

compressive strength. 

3. 4 Torsion 

The same procedure which was described in the previous section 

dealing with pile displacement, was also adopted in this study to 

investigate the pile torsional response. Figuress (5-a), (5-b), (5-

c), (5-d) and (5-e) illustrate the noticeable variation in torsion 

along the pile depth, considering pile diameter, steel tubular wall 

thickness, load eccentricity, torque magnitude, and concrete 

compressive strength. Based on Figure (5-a), the maximum 

torsion was observed at the pile head. Maximum values of torsion 

were found at D=500mm, while the minimum values of torsion 

were found at D=1500mm. Similarly, Figure (5-d) shows that the 

maximum torsion occurred at pile head. Maximum values of 

torsion were found at T=2000 kN.m, while the minimum values 

of torsion were found at T=250 kN.m. For both figurers, the 

magnitude of torsion transferred through pile was directly 

reflected in the response of the pile to the applied torsion with 

depth. 

 

Figure 5. a: Torsion along pile when change pile diameter. 

 
Figure 5. b: Torsion along pile when change pile thickness. 

 

 
Figure 5. c: Torsion along pile when change load eccentricity. 

 

 
Figure 5. d: Torsion along pile when change torsion load. 
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Figure 5. e: Torsion along pile when change concrete compressive 

strength. 

In addition, the pile cross sectional resistance to the applied 

torsion contributed directly on the pile’s response under torsional 

load. Figurers (5-b), (5-c) and (5-e) show similar behavior of the 

pile under torsional load, where the maximum torsion occured at 

the pile head. The variation in the results of Figurer (5-b) and (5-

c) depend mainly on the values of the applied torsion and the 

resistance of Figure ( 5-b) and (5-c) depended primarily on the 

values of the applied torsion and the pile’s resistance to load 

transfer. For Figure (5-e), the variation in compressive strength 

was found a minor effect on the response of pile to the torsional 

load. The torsion magnitude became constant beyond a depth 

20m, regardless of variation in the previous parameters. 

3. 5 Skin friction 

    The same procedure which was described in the previous 

section dealing with pile displacement, was also adopted to 

evaluate skin friction along the pile depth. Figures (6-a), (6-b), 

(6-c), (6-d) and (6-e) illustrate the noticeable variation in skin 

friction along the pile depth, considering pile diameter, steel 

tubular wall thickness, load eccentricity, torque magnitude, and 

concrete compressive strength. Figure (6-a) illustrates the 

alteration in the skin friction with depth for various pile diameter. 

It is evident from figure that as the pile diameter increase, the skin 

friction decreases, owing to the ifact that an increase in diameter 

leads to an increase in  pile’s circumference. Therefore, this 

causes a rise in pile’s resistance to the applied load through skin 

friction, which is developed between the pile circumference and 

the surrounding clay soil. 

Figures (6-b) illustrates the alteration in skin friction with depth 

for various steel tubular thickness. For Figure (6-b), the 

maximum skin friction was observed at t=20mm, while the 

minimum skin friction was occurred at t=5mm. The variation in 

results occurred due to the increase in the surrounding area of the 

pile, which provided larger resistance. Figures (6-d) illustrates the 

alteration in the skin friction with depth for various values of 

applied torque. For Figure (6-b), the maximum skin friction was 

observed at T=250 kN.m, while the minimum skin friction was 

occurred at T=2000 kN.m. The variation in results was attributed 

to the increase in pile thickness, which resulted in larger stiffness 

and largeer moment of inertia to resist the applied torque.  Figures 

(6-c) and (6-e) illustrate the alteration in the skin friction with 

depth for various values of load eccentricity and compressive 

strength. The maximum value of skin friction occurred at the pile 

head, regardless various values of load eccentricity and 

compressive strength. It can be inferred that both load 

eccentricity and concrete compressive strength had a minor effect 

on skin friction values. In general, for all figures, the skin friction 

curves exhibited an inflection point at depth equal to 10 m. In this 

study, the skin friction changed from a negative value to positive 

value. 

 

 

Figure 6. a: Skin friction along pile when change pile diameter. 

 

 

Figure 6. b: Skin friction along pile when change pile thickness. 
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Figure 6. c: Skin friction along pile when change load eccentricity. 

 

 

Figure 6. d: Skin friction along pile when change torsion load. 

 

 

Figure 6. e: Skin friction along pile when change concrete compressive 

strength. 

 3. 6 Principal stresses 

The same procedure which was described in the previous section 

dealing with pile displacement, was also adopted in this study to 

evaluate pile principal stresses. Figures (7-a), (7-b), (7-c), (7-d) 

and (7-e) illustrate the noticeable variation in principal stresses 

along the pile depth, considering pile diameter, steel tubular wall 

thickness, load eccentricity, torque magnitude, and concrete 

compressive strength. Based on all figures, it is evident that the 

maximum values of principal stresses occurred when the 

parameter had the lowest value, while the minimum values of 

principal stresses occurred when the parameter had the greatest 

value. Many variable were found  to influence the variation of 

principal stresses value, such as pile cross- section, pile moment 

of inertia, pile resistance to applied load, pile stiffness, load 

transfer to soil, and soil resistance. Figures (7-a), (7-b), (7-c), (7-

d) and (7-e) showed identical behavior regardless the variation in 

parameters. 
 

 
Figure 7. a: Principal stress along pile when change pile diameter. 

 

 
Figure 7. b: Principal stress along pile when change pile thickness. 
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Figure 7. c: Principal stress along pile when change load eccentricity. 

 

 
Figure 7. d: Principal stress along pile when change torsion load. 

 

 
Figure 7. e: Principal stress along pile when change concrete 

compressive strength. 

3. 7 Von miss stress 

Von Mises stress is used to predict the yield strength of materials 

under load. The same procedure, which was described in the 

previous section dealing with pile displacement, was  also 

adopted in this study to evaluate pile Von Mises stress. Figures 

(8-a), (8-b), (8-c), (8-d) and (8-e) illustrate the noticeable 

variation in von miss stress along the pile depth, considering pile 

diameter, steel tubular wall thickness, load eccentricity, torque 

magnitude, and concrete compressive strength. Figure (8-a) 

illustrates the alteration in Von Mises stress with depth for 

various pile diameter. It is evident from the figure, with an 

increase in pile diameter, Von Mises stress decreases, owing to 

the increase in diameter leading to a higher moment of inertia. 

This results in higher resistance to the applied load. Therefore, 

the stress distribution along the pile depth is reduced compared to 

pile with a smaller diameter. Von Miss stress was found to be 

similar regardless of the variation in pile diameter. Based on 

Figures (8-b) and (8-d), it was observed that the maximum values 

of Von Mises stress occurred when the parameters were greatest 

value of steel tubular wall thickness, and torque magnitude 

respectively, while the minimum values of Von Mises stress  

were observed when those parameters were at their lowest values 

of steel tubular wall thickness, and torque magnitude 

respectively. Many variable were found to influence the variation 

of Von Mises stress, including pile cross-section, pile moment of 

inertia, pile resistance to applied load, pile stiffness, load transfer 

to soil, and soil resistance. Figures (8-b) and (8-d) showed 

identical behavior regardless of the variation in wall thickness 

and torque value. Figure (8-c) illustrates the alteration in Von 

Mises stress with depth for various load eccentricities. The 

maximum Von Mises stress was observed when there was no load 

eccentricity, while the minimum stress occurred at e=1m. This 

variation was attributed to the drop in pile resistance to the 

applied load. Figure (8-e) illustrates the alteration in Von Mises 

stress with depth for various of concrete compressive strength. It 

is clear from the figure that compressive strength has a minor 

effect on the stress distribution along the pile depth. Therefore, 

all curves appears identical in behavior regardless of the 

compressive strength values. 

 
Figure 8. a: Von miss stress along pile when change pile diameter. 
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Figure 8. b: Von miss stress along pile when change pile thickness. 

 

 
Figure 8. c: Von miss stress along pile when change load eccentricity. 

 

 
Figure 8. d: Von miss stress along pile when change torsion load. 

 

Figure 8. e: Von miss stress along pile when concrete compressive 

strength. 

3. 8 Soil reaction  

The same procedure, which was described in the previous section 

dealing with pile displacement, was also adopted in this section 

to investigate soil reaction. Figures (9-a), (9-b), (9-c), (9-d), and 

(9-e) illustrate the noticeable variation in soil reaction along the 

pile depth, considering pile diameter, steel tubular wall thickness, 

load eccentricity, torque magnitude, and concrete compressive 

strength. Figure (9-a) shows the variation in soil reaction along 

the pile when various pile diameter were adopted. It was shown 

that with an increase in pile diameter, the soil reaction gradually 

decreased. This behavior was attributed to the fact that an 

increase in pile diameter reduces the load transferred to the soil. 

In adiition, the response of soil was reduced due to the lower load 

transfer between the pile and the surrounding soil. Figure (9-b) 

shows the variation in soil reaction along the pile when various 

steel tubular wall thickness were considered. It was observed 

from the figure that with an increase in wall thickness, the soil 

reaction also increased, owing to the fact that the pile diameter 

was considered small, so the load transfer from pile to the soil 

was increased. Additionally, the soil reaction became large due 

to the increased load transfer from the pile to the surrounding soil. 

Figure (9-c) shows the variation in soil reaction along the pile 

with different load eccentricities. From the figure, the maximum 

soil reaction occurred when the load eccentricity was equal to 

zero (no load eccentricity), while the minimum soil reaction was 

recorded when the load eccentricity was equal to 1 m above the 

ground level. The variation in soil reaction results depended 

mainly on pile stiffness, soil stiffness, pile diameter, and load 

transferred to the soil. Figure (9-d) shows the variation in soil 

reaction along the pile when variouse torque magnitudes were 

applied. It was evident from the figure with an increase in torque 

magnitude, the soil reaction increased, owing to the increase in 

load transfer to the soil, which was directly reflected directly in 

the soil reaction. . Figure (9-e) shows the variation in soil reaction 

along the pile when variouse concrete compressive strengths 

were adopted. It can be inferred from the figures that the 

compressive strength had a minor effect on the soil reaction 
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distribution along the pile, regardless the values of concrete 

compressive strength. 

 
Figure 9. a: Soil reaction along pile when change pile diameter. 

 

 
Figure 9. b: Soil reaction along pile when change pile thickness. 

 

 
Figure 9. c: Soil reaction along pile when change load eccentricity. 

 
Figure 9. d: Soil reaction along pile when change torsion load. 

 

 
Figure 9. e: Soil reaction along pile when change concrete compressive 

strength. 

Conclusion 

Pile foundations have been widely used to support 

supperstructure, therefore, it is considered essential to study the 

behavior of these structural elements under different loading 

conditions. From this paper, the following conclusions can be 

inferred: pile diameter or pile moment of inertia, steel tubular 

wall thickness, soil properties, concrete compressive strength, 

load eccentricity, and torque magnitude are identified as 

important variables that should be investigated clearly to avoid 

any potential failure that may occure in pile during the 

serviceability life of the pile. It has been inferred from the study 

that pile diameter, pile wall thickness, load eccentricity, and 

torque magnitude are considered major variables that must be 

adopted into pile design under harmonic dynamic loading, while 

concrete compressive strength is regarded as a minor variable. 

The variation in pile response is found to relies on pile stiffness, 

soil stiffness, and load transfer from pile to soil. From analysis, it 

was shown that an increase in pile diameter resulted in a 

displacement reduction of 24%, with an increase in steel wall 
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thickness led to a reduction in displacement by 19 %, and an 

increase in torsional load caused the displacement to rise by 27 

%. 

For any case, the shear force profile was observed to change from 

positive to negative at a distance between (5-10) m, or 

approximately 7.5m measured from the pile head. Similarly, the 

bending moment profile was found to change from positive to 

negative at a distance between (10-15) m measured from the pile 

head. After 15m from the pile head, below the ground surface, the 

torsional effect may be considered negligible, because the 

torsional behavior profile remains constant without any 

noticeable change. The skin friction profile was found to shift 

from negative to positive at a depth of 10m from the pile head, 

below the ground surface regardless of the case study. The pile 

was observed to behave nonlinearly in the distribution of 

principal stress and von Miss stress along the pile depth 

respectively. The soil reaction behavior is described as complex 

and nonlinear. 
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