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ABSTRACT 

LATERAL DYNAMIC RESPONSE OF GROUP PILES FOUNDATION 

SUBJECTED TO AXIAL AND LATERAL LOAD IN SANDY SOIL 

 By  

Aseel Kahlan Mahmood  

Supervisor by: 

                   Assist. Prof.Dr. Jasim M. Abbas  

ABSTRACT 

                    In the current era, the most regions of the world are subjected to 

seismic loads that result periodic (cyclic) lateral forces. There are also 

regular loads resulting from wind and marine waves, which act on offshore 

structures. Therefore, it is important to take influence of these forces and add 

to the loading effect, which mainly includes of the vertical load that generally 

results from the self-weight of the structures.  

                The main aim of this study is to investigate the influence of the 

vertical load and pile shape on the behavior of piles group embedded in 

sandy soil under lateral cyclic loads by applying lateral cyclic regular loading 

system on the top of group piles (1 × 2, 2 × 1 and 2 × 2) which simulates the 

wave movements in the nature. 

               The effect of a number of variables is studied, and their influence 

on the behavior of group piles (piles spacing S/D = 3, 5, 7 and 9, cyclic load 

ratio, number of load cycles, shape of pile and configuration of piles). This 

study is conducting a series of tests with 48 samples instill in dry sandy soil 

which have relative density (Dr=70%) by using (Raining Technique) under 

frequency of (0.2 Hz.). 

               According to the results, the presence of the allowable vertical load 

has a positive effect on the behavior of cyclically loaded groups. By other 

mean, this is caused reduction in lateral displacement and bending moment 

along the pile in a group by approximately (60%) and (50%) respectively. 
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               On the lateral . pile group response under cyclic loads, the spacing 

piles in-group (1 × 2) has no significant effect on the lateral displacement. 

Nevertheless, it is observed with the group model (2 × 1) and (2 × 2) where 

the lateral displacement increased with decrease pile spacing. 

                In addition, the  ,shape, of the pile in  group has clear, effect on the 

group response to cyclical loads a rounded of (25-30%). 

                Finally, the maximum bending occurs at the first upper of the 

embedded length of the pile (1/4) L. It is also noted that the piles in the 

leading row take a larger share of the load than rear row a rounded by (18%). 
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CHAPTER ONE 

INTRODUCTION 
 

 

1.1 General Remarks 

                Deep foundations involving driven or drilled-in piers and piles 

usually undergo the transmission perpendicular structural load from soft 

soils to stiff and deep bearing layers. Furthermore, these foundations can also 

be subjected to transitory or cyclical horizontal loads rising from earthquake, 

waves, impacts, wind, blasts, or instrument loading. 

 

                For several years, groups of piles have been commonly used for 

supporting constructions such as highway bridges, waterfront structures and 

dams. For the past two decades, group-pile foundations have also been 

applied to offshore platforms. These structures frequently are an endangered 

to major horizontal forces and actions that need perfect identification of the 

issues which affecting on the behavior of pile foundations. Unconservative 

study can product in extreme pile-head deflection and rotation, stressful the 

superstructure and lead to uneconomical foundations (Sabry 2002). 

 

                The geometric constraints in foundations place in danger to high 

lateral loads often need the piles to be driven narrowly spaced in a group. 

Lateral loads are in the rate of 10 20% of the axial load in location of onshore 

structures. Whereas this rate may be above of 30% in case of offshore 

constructions (Rao et al.1998). Therefore the amount of horizontal 

displacement due to lateral force overhead the allowable can be caused wide  

loss to engineering structure (Bartlett and Youd, 1995). 
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               The rigidity of individually pile in the group is affected by stresses 

of adjacent piles (shadow effect). This phenomenon happens due to reaction 

in the soil; this leads to fail the soil surrounding the piles and decreases 

ultimate lateral capacity of group pile (Ashour et al. 2004). 

 

               In spite of the importance of static loads in design of deep 

foundation, the dynamic loads indicate a chief challenge in the design 

because of extra forces, which apply on the foundation due to dynamic 

loading that includes axial and lateral loads (Moss et al.1998).  

 

 

              The cyclic load (periodic load) is one of the simple forms of 

dynamic loads, which in turn have a degree of uniformity in frequency and 

magnitude (Das 2010) .Therefore, the investigation of pile group response to 

such cyclic stresses of pile foundations is very important in geotechnical 

engineers and design of the structures. This is, in a particular, the real for the 

pile foundations of offshore structure.  

 

1.2 Statement of the Problem 

                Many previous studies have mainly investigated only the effect of 

cyclical loading on the behavior of piles in sandy soils without axial load. 

Only a small number of load tests outcomes are obtainable to illustrate the 

distribution of loads in pile group (e.g. Meimon et al. 1986; Brown et al. 

1987; Brown et al. 1988; Ruesta and Townsend 1997; Rollins et al. 1998; 

and Rollins et al. 2006). Therefore, a few data is obtainable of dynamic 

reaction on pile foundations. This is mainly because of the large number of 

changeable in soil and piles, these lead to important difficulties in guiding 

the test.  
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               As a result, the effect of cyclical vertical loads on the behavior of 

piles group is very slight facts and not fully thoughtful at nowadays to guide 

the engineer in the design of closely spacing piles group. Therefore, the work 

informed in this study is an extension of this on- going studies but will be 

different about the previous works by using axial and two way lateral cyclic 

loading in the tests. This is applied on the modeling of group piles, with 

different spacing piles, different cyclical load ratio and two shape of piles. 

These variables give details which of these reduced the effect of cyclic loads. 

 

1.3 The Importance of Study 

 

                The design and analysis of pile foundations of highway structures 

are very critical and depend on the lateral load capacity of piles. In spite of 

reliable performances have been developed for surmise the lateral capability 

under static loads of piles, there are minor facts to guide engineers in the 

design of group pile foundation under dynamic load. Therefore, the study of 

the effect of vertical load on the behavior of pile group under cyclical load 

is very important to increase the database of the performance of pile 

foundations in geotechnical engineering requirements, increase the safety of 

buildings and reduce the cost and human losses. 

 

 

 

 

 

 

 

 

 

 



Chapter One              Introduction  

4 
 

1.4 Aims of the Study 

The current study aims as follows: 

1. To studying the effect of axial load and piles shape on the performance 

of piles group foundation under cyclic loads. 

2. To study the effect of number of cycles under combined loads with 

different cyclic load ratio on the horizontal and vertical movements for 

pile group models. 

3. Evaluating the difference of bending moment along pile shaft under 

combined loading. 

4. Identifying the best configuration of piles in-group under pure and 

combined loading.  

5. To study the effect of pile spacing on lateral displacement of pile groups 

under pure and combined loading. 

 

1.5 The Thesis Layout 

     The study scope has been distributed into five chapters and two 

appendices. A brief summary of each chapter is illustrated in the consequent 

passages: 

 

Chapter one: This chapter displays a general idea about group of piles 

foundation subjected to cyclic and combined loading, aims, and the scope of 

this study. 

  

Chapter two: This chapter reviews present literature, including of both 

practical and theoretical workings along with field investigations and some 

of the analytical procedures to study the horizontal loading of piles 

foundations. 
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Chapter three: presents the practical setup and approach, including of a 

demonstration of the soil classification and group piles. It is also presenting 

detailed explanation of the typical models of pile-soil erection with the 

technique that used to analysis the dynamic reaction of group pile when 

embedded in dry sand. 

 

Chapter four: Introduces the outcomes of the practical system model and 

their discussions. Studies the responses of group pile pattern under pure and 

combined cyclic loading. The practical system on the group pile model is 

also showed the effects of cross sectional shape and configuration on the 

dynamic reaction of group piles. 

 

Chapter five: presents the conclusions gained after test results of the 

research; furthermore the recommendations for outlook.  

 

                Finally, extra results for the different parameters discussed and 

explanation of experimental effort by pictures are illustrated in Appendixes 

A and B. 

 

 

 

 

 

 

 
 
 
 
 
 
 


