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Respons of Screw Pile Group to Lateral Cyclic Load Embedded 

in Two Clay Layers  
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ABSTRACT 

             Screw piles or helical piles are deep foundation elements used to resist 

forces exerted by tension, axial compression, and lateral loading.  Despite the 

great development in the manufacture of the helical pile and the development 

of their use, especially in transmission towers and wind turbines, there is a 

little research on their lateral behavior. 

            In this study, the investigation of the behavior of screw pile group 

(1×2), (2×1), and (2×2) with the pile spacing to the helix diameter ratio (S/Dh 

=1.5, 3, and 4.5) having a diameter (10 mm) and different embedded length to 

shaft diameter ratio (L/d = 40, 33, and 26) by using single and double helix is 

carried out. In addition,  ordinary pile group (2x2) with the same three 

spacing's  between the screw piles and have the same shaft diameter of screw 

piles and with embedded length (L/d= 40) is also investigated. 

          The entire pile group embedded in experimental model content soft clay 

in the top with thickness equal to 200 mm and extends to stiff clay with 

thickness 450 mm and tests under the influence of pure two way symmetrical 

lateral cyclic load with environmental frequency of (0.2 Hz). 



VI 
 

          In this work, different parameters has been studied such as the effect of 

configuration and spacing between piles group, the effect of number of helix 

in screw pile and compare with ordinary pile, and the effect of embedded 

length for screw pile under the influence of different level in cyclic load ratio 

(CLR) and by use number of cyclic equal to 100. 

             The results showed that increasing the distance between the piles had 

a great effect on increasing the lateral resistance. For the same embedded 

length the increase of screw pile spacing in the all groups model from (1.5 Dh) 

to (3 and 4.5 Dh) increases the lateral resistance about (25-39)% and (49-64)% 

respectively at cyclic load ratio of 80%. Also, the arrangement of the same 

piles number in the group affects the lateral resistance; the group (2×1) gave a 

lateral resistance more than the group (1×2) about 11% for single helix and 

about 6% for a double helix. 

             From the results also found that the screw piles performance is better 

than ordinary piles under lateral cyclic load impact, as the ordinary piles gave 

lateral displacement more than the screw piles with a ratio of (20-88) % at 

different cyclic load ratio, and for the same spacing and configuration the 

screw pile with double helix gives an increase in lateral resistance about (4-

19) % from the single helix. 

          As well, the results showed that, reducing the embedded length of the 

screw piles has a significant effect on increasing the lateral displacement, as 

reducing the embedded length by 17.5% leads to an increase in lateral 

displacement by a rate ranging between (14-50) % at low cyclic load ratios 

(CLR= 20 and 40) %, while it increases by rates ranging between (50-150) % 

at a high cyclic load ratio (CLR= 50, 60, and 80) %. 
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CHAPTER ONE

INTRODUCTION 

1.1 General 

          Soft clay is considered one of the most difficulties and problems 

facing the geotechnical engineer during the design and implementation of 

construction projects because it has low resilience to deformation and 

compression index and low shear strength. Due to these properties of soft 

soil, many damages may occur during construction or the design life of the 

structure (Kempfert and Gebreselassie, 2006). 

            As a result of the spread of soft clay in many region of Iraq and 

with building design obstacles and the growing need for the continuous 

pursuit of economically viable solutions. The use of screw piles can be 

considered  as  a suitable solution for this soil because it is characterized by 

low cost and speed of installation and can be re-used, as well as for the 

great development in the last decades of this technology (Abbas and Ali, 

2021). 

 

1.2 Screw Pile 

           Screw piles or helical piles were first used as a foundation for homes 

in 1936 by Irish engineer Alexander Mitchell. Screw piles or helical piles 

are deep foundation elements used to resist forces exerted by tension, axial 

compression, and lateral loading and available in many diameters and 

lengths. Screw piles consist of one or more circular helical plates (or 

flanges) welded onto a steel shaft or made with the shaft as one piece and it 

may be coated with zinc or galvanized to protect it from corrosion as 

shown in Figure 1.1 .Screw piles are installing into the soil by applying a
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torque at the head of the shaft of the pile, which produce penetrate the helix 

or helices to the ground in a circular motion (Kristen, 2007). 

 

  
 

Figure (1.1) Components of Screw Piles (Hussein and Karkush, 2021) 
 

         During the past few years, great progress has been made in installing 

and increasing the axial capabilities of helical piles. Currently in use, 

helical piles with axial capacities in excess of 3MN. The availability of 

high torque rotary heads has made it easier to install screw piles of large 

diameter in competent soils such as very stiff clay and very dense sand. 

Helical piles of diameters more than 508 mm have been successfully 

installed into very stiff clay and very dense sand (Sakr, 2010).  

         Recently helical piles are used in many applications in civil 

engineering such as bridges, commercial and residential buildings, 

foundations for damaged and historical buildings,  foundations of wind 
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turbines, machine foundations,  transmission towers,  marine anchors, and 

pier supports (Türedi, and  Örnek, 2020).  In many applications, such as the 

high rise and medium commercial buildings and wind turbines, helical piles 

are used as a group to give a high bearing capacity, for example, three 

screw piles give a bearing capacity ranging from 75 to 600 tons and when 

using helical piles as a group, the effect of the distances between the piles 

must be taken into account to avoid the effect of the group on the bearing 

capacity because close distances between the piles reduce the efficiency of 

the group, so the distance between the piles is a critical element when 

designing ( Perko, 2009). 

 

1.3 Statement of the Problem 

          The soft soil extends over most of the central and southern regions of 

Iraq, and this soil is characterized by its high tendency to deform and 

compression, in addition to its weak resistance to shear and friction. For 

example, in Basra soil, for the highest 25 m of it, the value of shear strength 

ranges between (15- 45) kPa and the angle of internal friction between (5-

36) degrees as shown in Figure 1.2 (Abbas J.  Al-Taie, 2015). Therefore, 

most of the large construction projects are implemented on this soil using 

deep foundations.      

          The deep foundations, in addition to the vertical load, are exposed to 

a large cyclic side load, especially in tall buildings and offshore platforms, 

as a result of wind and wave impact. These cyclic loads lead to 

deformations in the soil surrounding the piles and the occurrence of a large 

side cumulative displacement that leads to the failure and inversion of the 

structures supported by the piles (Li Z. et al., 2010).  

The ratio of side load to vertical load is estimated from 10-20% in 

onshore facilities, while in offshore facilities this percentage increases to 
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30%  (Rao et al., 1998). Therefore, when designing, it is necessary to take 

into account the effect of lateral loads for the safety of the structures. 

Therefore, this study focuses on the lateral behavior of helical piles , as 

they are considered to be commonly used in such soils, as well as being an 

economical and less expensive solution in addition to the wide scope of 

their applications (Perko, 2009). 

 

Figure (1.2) Values of Strength with Depth for Basra Soil (Abbas J.  

Al-Taie, 2015) 

1.4 Importance of the Study 

          There are many studies on understanding the behavior of helical piles 

in Iraqi soft clay under the influence of static and cyclic vertical loads such 

as (Abbas and Ali, 2020 ; Jamill and Abbas 2020; Hussein and Karkush, 

2021). However, very little information on their lateral behavior is 

available. Screw piles are characterized by fast installation, low cost, can be 

reused, available in many lengths and diameter, and used in many 
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applications under tension and axial loads. In addition to its ability to 

withstand lateral loads, helical piles are also a successful and more feasible 

alternative when compared to methods using to treat chemically and 

physically weak soils or replace weak soils, as these methods are time-

consuming and are also more expensive. Therefore, the current study is an 

extension of the previous studies for the purpose of understanding the 

behavior of the helical piles under the influence of the two-way cyclic 

lateral load in soft clay. 

1.5 Objectives of the Study 

         This study is devoted to understand the following : 

1. Investigate the influence of two way lateral cyclic load on the screw pile 

group.                                   

2. To study the effect of number of parameter such as group configuration, 

spacing between screw piles and embedded length.              

3. Identify the effect of the number of the helix for screw pile on the lateral 

resistance under lateral cyclic load and compared it with an ordinary pile 

for the same conditions.                         

4. Investigate the effect of cyclic load ratio and number of cyclic on the 

lateral response for screw piles group. 

 

1.6 Thesis Outline 

The main content of this study consists of five chapters: 

Chapter One: explains and gives a clear idea of the screw piles and their 

uses, the magnitude and effect of the lateral cyclic load on the piles' group, 

the problems of soft clay in Iraq, and the main objective of this study. 
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Chapter Two: presents  a review of previous studies, including theoretical 

and laboratory studies, in addition to some field studies on the lateral 

behavior of helical piles. 

Chapter Three: includes the details of the laboratory work including the 

soil used, the model of  piles and pile cap, soil container, the method of 

installing the piles and the device test used for the cyclic lateral load.  

Chapter Four: displays  the result for different configurations of screw 

piles groups under the effect of the pure lateral cyclic load and discuss it in 

this study. 

Chapter Five: presents the conclusions derived from this study, as well as 

the main important recommendations for future studies. 

 


