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Investigation of Lateral Resistance Capacity of Inclined

Helical Pile Group in Sandy Soil under Cyclic Loading
By
Ali Hussein Ahmed Mohammad
Supervisor
Assist. Prof. Dr. Hassan Obaid Abbas
ABSTRACT

Inclined helical piles are one of the types of deep foundations used
to resist loads resulting from tension, lateral external loading, and axial
compression. Despite significant progress in helical pile manufacturing and
application, particularly in wind turbines and power transmission towers,

few studies on their side behavior have been conducted.

In this research, the response of inclined helical and ordinary pile
groups (2x1), (1x2), and (3-pile) under lateral cyclic load (CLR) study with
the various pile inclination angles (5°, 10°, and 15°), the spacing of the
piles to the diameter of the helix (S/Dh = 3), pile diameter (10 mm), and
various pile embedded lengths to the diameter of the shaft (L/d = 33, and
26) by using single and double helix for inclined helical piles.

All inclined pile group models are embedded inside sandy soil at a
relative density of 65% and tested under the impact of a pure two-way

symmetrical side periodic load with a natural frequency of 0.2 Hz.

In this work, various parameters have been studied like the impact
of configuration, the impact of pile inclination angles, the impact of helix
number in the inclined helical pile and compared with the inclined ordinary
pile, and the impact of embedded length for the inclined helical pile under
the impact of various levels for periodic load proportion and with the use of

a cyclic number until 100.
v



The results show that increasing the pile inclination angle
significantly affects lateral resistance. At a 60% cyclic load ratio,
increasing the inclination angles of the piles in all groups from (5°) to (10°
and 15°) for the same pile embedded length increases lateral resistance by
about (11.5-22.5%) and (21-39%), respectively. The side resistance is also
affected by the arrangement of identical piles in the group; the inclined pile
group (1x2) has a higher lateral resistance than the inclined pile group
(2x1), about (28%, 24%, and 8%) for single helix-pile, double helix-pile,

and ordinary pile, respectively.

The inclined helical piles showed better performance than inclined
ordinary piles during side cyclic load influence, as the inclined ordinary
piles gave side deflection larger than the inclined helical piles with a
proportion of (11-100) % at various cyclic load ratios, and the double
helix-piles showed better performance compared with the single helix-piles
during periodic side load impact, as the double helix-piles gave side
resistance larger than the single helix-piles by a proportion of (4-23%) at

various cyclic load ratios.
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Chapter one Introduction

CHAPTER ONE
INTRODUCTION

1.1 General

The wide use of piles to transfer lateral and vertical loads to the
surrounding soil when encountering soils with low bearing capacity
through great depths (Wiba and Vineetha, 2014).

For structures subjected to seismic and wind loads like bridge
supports, transmission towers, marine platforms, and retaining walls, the
main objective of the piles used in these structures is to transfer the lateral
loads of the soil. The most important and most common sources of lateral
force are earthquakes, traffic movement, water pressure, and wind gusts,

which the piles must bear in the structures mentioned above (Alice et al.,

2014). Figure (1.1) shows the inclined helical piles used to support

anchored sheet pile wall (Deardorff, 2016).
| YTl I R

>

Figure (1.1): Inclined Helical Piles used to Support Anchored Sheet
Pile Wall (Deardorff, 2016).
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Chapter one Introduction

1.2 Inclined Helical Pile

In 1936, for the first time, Irish engineer Alexander Mitchell used
helical piles or stilts as the foundation for homes. Helical piles are one of
the types of deep foundations that are available in different lengths and
diameters, they are used to resist forces caused by axial pressure and tensile
strength, in addition to lateral loading. Helical piles consist of one or more
pieces of inclined, circular iron helical pieces (or flanges) welded to a steel
shaft or made to the shaft itself as one piece and can be zinc plated or
galvanized to resist corrosion as shown in Figure (1.2). Helical piles are
inserted into the soil by a downward torque applied to the pile head, which
leads to the pile entering the ground in a downward circular motion

(Kristen, 2007).

SHAFT - HOLLOW
ROUND STRUCTURAL
STEEL PIPE

278 DIA. TO 3 DA

PILE MAY CONSIST
OF ONE OR MORE
HELIXES DEPENDING
ON DESIGN

BARE METAL FINISH
ORHOT-DIPPED
GALVANIZED COATING
IS AVAILABLE

HELIX -
VARIOUS PLATE
THICKNESS AND
DIAWMETERS

— A5 DEGREE END
CUTTO ASSIST
INSTALLATION

Figure (1.2): Helical Piles Parts (Hussein and Karkush, 2021).
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There has been a great development in the field of installing and
increasing the axial bearing capacity of helical piles in recent years, as the
current used helical piles have an axial bearing capacity of more than 3MN.
The process of inserting helical piles with large diameters in special soils
such as very hard clays and very dense sand needs a source that provides us
with great rotational torque and as a result of the availability of heads with
high rotational capacity, which made it easier to enter the helical piles with

a diameter of more than 508 mm in stiff soil (Sakr, 2010).

One of the most important uses of helical piles in civil engineering
applications in recent years is: pier supports, bridges, commercial and
residential buildings, damaged and historical buildings foundations, wind
turbines foundations, machine foundations, transmission towers, and
marinas (Tiiredi, and Ornek, 2020).To obtain a large bearing capacity,
helical piles are used as a group and this makes the use of these piles
popular in the construction of wind turbines and high-rise and medium-rise
commercial buildings, an example where three screw piles give a bearing
capacity ranging from 75 to 600 tons (Perko, 2009). During the design, the
distances between the piles is an important and crucial element, so when
designing the helical pile group, the need to use the least spacing between
the piles must be taken into account to avoid weakening the performance of
the group because the close distances between the piles reduce its

performance, efficiency and carrying capacity (Perko, 2009).

If the soil surrounding the piles has little resistance compared to the
horizontal forces transferred to the foundations, or we need to provide
additional rigidity to the entire structure, then it is necessary to take into
account the use of inclined piles in the foundation, and inclined piles
usually provide more solid resistance to horizontal loads compared to
vertical piles (AASHTO, 2010). Depending on the direction of loading,

there are two types of inclined piles, the pile that is pushed towards the
3



Chapter one Introduction

loading is the negative inclined or reverse inclined pile, while for the
scattered pile in the direction of loading it is positive or the front pile as
shown in Figure (1.3). Due to the high resistance provided by inclined
piles to cope with lateral loads resulting from the impact of ships and
water waves, etc., inclined piles are widely used in marine structures

(Pathak, 2011).

Load direclin  e———— B

Negatwve (Reverse) Batter . Positve (Forward) Batter -

Figure (1.3): Inclined Piles Categorization (Pathak, 2011).

1.3 Helical Pile Advantages
Among the most important features of the helical piles are the

following (Deardorft, 2016):

Installing a turnkey system is simple and quick.
Loading immediately.

Small installation tools.

Pre-designed system.

Easily field adjustable.

Correlation of torque with capacity.

R R R

Installable in any climate conditions.

4
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8. Solve to:
« Sites with limited access.
» Water table levels are high.
 Soils with a weak surface.
9. Environmentally friendly.
10. No vibration.
11. No concrete.

12. There are no leftovers to remove.

1.4 Aims of the Study

As a result of the high development of inclined piles, their large
areas of use, and a little knowledge of inclined helical pile group behavior,
this study aims to investigate inclined helical pile group behavior under the
influence of periodic lateral loads in sandy soil. The study aims to
understand the effect of the following on the lateral resistance of the

inclined helical pile group under cyclic lateral loading:

1. The pile inclination angles and the pile group configurations.
2. The cyclic lateral load ratios and the cycle number.
3. The pile embedded lengths and the helix number and compared with

an ordinary pile.

1.5 Outline of the Thesis

The main content of this study consists of five chapters:

Chapter One: explains and gives a clear idea of the inclined helical piles
and their uses, the magnitude, and influence of the side periodic load on the

piles' group, and the main aim of this study.

Chapter Two: shows a review of past theoretical and laboratory studies,

with some field studies regarding the side behavior of inclined helical piles.
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Chapter Three: shows the details of the experimental part of the study,
which includes (soil type, piling model, piling cover, test container, method
of piling installation, raining device, and periodic side load generation

device).

Chapter Four: presents the results of the different configurations of
inclined helical pile groups under the influence of pure lateral cyclic load

and is discussed in this study.

Chapter Five: presents the conclusions drawn from this study, with the

main important recommendations for future studies.



