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ABSTRACT
Performance A Pile Group In Gypseous Soil Subjected To Axial Loading
By
Bilal Jabbar Noman
Supervisor Co-Supervisor

Assist. Prof. Dr. Safa H. Abid Awn  Assist. Prof. Dr. Hassan O. Abbas
As a matter of fact, the gypseous soil is usually considered as collapsible
soil, such type of soil illustrates high resistance to settlement and high bearing
capacity in its dry state, while it loses these characteristics when inundated and

collapses excessively causes sudden decrease in volume of surrounding soil.

Deep foundation (piles) are one of the most common types used in
collapsible soils which penetrating the weak soil layers till reached more hard
ones (end bearing piles) or transfers loads depending on skin friction (floating
piles). There are relatively few investigations on the response of single and

group piles subjected to axial loadings in gypseous soil.

A series of 54 laboratory tests are performed to evaluate the behavior of
single and group driven pile in case of floating pile (friction pile) with various
pile spacing (2D, 4D and 6D), and different pattern of (triangular and sqaure)
in two samples of gypseous soil of (S1= gypsum content of 60%, and S2=
gypsum content of 30%) under axial load at two conditions (dry and soaked).

The results show that the group efficiency for 2D is less than one ,
whereas for 4D and 6D the group efficiency are more than one. In addition, the
results show the spacing 4D is more efficiency in square and triangular pattern
respectively in both dry and soaked states in S1 and S2. The triangle pattern is
more efficiency than square. Additionally, there is a high reduction in bearing
capacity of single and group pile embedded in gypseous soil due to soaking
about 83% and 87% in S1 and S2 respectively. In practice, the driven pile is

not recommended in gypseous soil.
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CHAPTER ONE

INTRODUCTION

1.1 General

The gypseous soil is classified as one of the collapsible soils, which is
defined as any unsaturated soil that undergoes a radical re-orientation of
particles resulting large loss in volume of soil mass when soaked with or
without additional loads (Clemence and Finbarr, 1981). It is found in open
area concentrated mainly in the arid and semi-arid regions of the world in
Asia, South Asia (Iraq, Syria, Jordan, and Yemen), North Africa, and North
America. Gypsum mineral deposits in shape of (CaSO4.2H,0O) hydrated
calcium sulfate or anhydrate (CaSO,) with intermediate solubility (= 2.6 g/l
at 25°C). These soils occupy approximately 1.5 % of the total area of the
world, (FAO, 1990). It covers more than (31%) of the surface area in Iraq
with different percentage of gypsum ranging from 10% to 70% (Ismail,
1994). In addition, Al- Saoudi, et al. (2013) show that the gypseous soils
cover about 20 to 30 % of total area of Iraq which is concentrated mainly in
the southern parts and extending to the west desert, also it found in middle

toward north of Iragq.

The gypseous soils are generally stiff in case of dry, it shows high
bearing capacity, very low compressibility. In contrast, it shows high
reduction of volume, bearing capacity and sudden change in compressibility
in case of any change in moisture content. In addition, the high reduction is
due to the dissolution of the gypsum content in soil mass and loss the bonds
between particles of soil, (Dudley, 1970; Clemence and Finbarr, 1981; Al-
Saoudi, et al., 2013).

Deep foundation (piles) are one of the most common types used in
collapsible soils. A full scale is carried out of pile load test in collapsible soil,
the result show that there is a high reduction in ultimate bearing capacity of

1
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piles due to inundation the soil by water, (Gregoryan, 1997); (Fernandes and

Cintra, 1997).

The experimental studies which are concerned to investigate the
performance of piles in gypseous soil show there is a high reduction in
bearing capacity and high settlement of piles when inundated after 24 hours,
whereas, in case of dry there is a high bearing capacity of piles, (Albusoda
and Al-Rubaye ,2015; Abd-ullah, 2015). Some time, the settlement of
gypseous soil is faster than of pile, which is developed the skin friction along
the pile shaft acts downward, is called negative skin friction (NSF), (Kakoli,
2011); (Noor et al, 2013); (Mashhour, 2016); (Mashhour and Hanna, 2016).

Actually, there is a considerable lack of information can be recognized
through the literature regarding the response of single and group piles
subjected to axial loadings in gypseous soil, most of the previous studies
where dealt the issue of end bearing piles. During the current study, behavior

of driven pile group in gypseous soil (friction pile) is studied in detailed.

1.2 Problems with Gypseous Soils
There is a structural risk in the presence of gypsum content under the
foundations of structures in practice, especially when environmental
fluctuations in the case of water saturation, mainly in dissolution of gypsum
when these soils are wetted, soaked or leached by water. However, these
problems usually have been led to cracks, tilting and collapse of the structure,

like Mosul dam (Nashat, 1990).

Moreover, failure of different structures constructed on gypseous soils
in other locations are recorded such as Samarra tourist hotel, Tikrit training
center, Tikrit water storage tank, Kerbala elevated water tank, Dujail
communication center and Habbaniyah tourist village, (Nashat, 1990;

Razouki et al., 1994; Al-Mufty, 1997). As shown in plates (1.1) and (1.2).
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Furthermore, many cracks are noticed in runways of College of Air
Force (Al-Neami, 2000). In addition, there a various problems of
construction that regard to gypseous soils, such as: collapse, tilting, cracks
and leaching, (Mahdi, 2004). Additionally, cracks and excessive settlement
problems are also found in Habbaniyah Tourist Village, Al-Anbar University
and some houses found in the Al-Ramadi city (Tawfeeq, 2009).

Finally, damages produce via gypseous soils have been observed in
numerous regions in the world in addition to Iraq, such as Arabian countries,
Russia, Chine, USA, and Spain. The construction of buildings, railways,
channels, bridges and roads in gypseous soils has been related with collapse
problems. The problem appears when water table or rainfall fluctuates and

or infiltrates into gypseous soils, (Al-Saoudi et al, 2013).

P -
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Plate (1.1) Employees Work at Strengthening the Moul Dam in Northern of Iraq Due
to Failure of Gypseous Soil under Construction (Internet source, Alghad Press,2016).

Plate (1.2) Failure of Buildings That are Built on Gypseous Soil (After Abid-Awn,
2010)
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1.3 Objectives of Study

The basic objectives that are established to get the aim of this study are as

the following:

1. Investigating the effect of pile spacing on penetration process of group
driven pile.

2. Investigating the effect of pile spacing on group efficiency and the ultimate
load.

3. Investigating the effect of pattern (Triangular & Square) on group
efficiency and ultimate load.

4. Investigating the reduction in bearing capacity of single and group pile.

1.4 Thesis Layout

The contents of this study work are presented in five chapters as
follows:

Chapter one presents a general introduction to collapsible (gypseous)
soil, distribution, problems of gypseous soil and uses of piles in these soils.
chapter two shows a review of literature and properties of gypseous soils,
collapse potential and general introduction to pile, mode of load transferring
in pile, group action in piles, and the definitions of drag load and down drag.
In addition, previous studies related to piles constructed in collapsible soils
are reviewed. Moreover, chapter three, it presents the full details of
experimental work that contains conventional classification tests and model
loading tests on pile bearing capacity determination. The model loading tests
are carried out on floating in soaked and dry conditions. Chapter four, it
presents the results of the tests and their discussions. Finally, chapter five
includes the main points concluded from this work and recommendations for

future studies are presented.



