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Abstract

Many of earth dams are located within active seismic zones which
dictates many efforts to be applied to analyze the seismic behavior of these
structures since seismic loads may cause a serious damage to the earth
dams like excessive settlement, instability and internal cracking. In order
to develop the knowledge about the seismic stability behavior of earth
dams, numerical modeling is done throughout this study to a selected case

study using the two dimensional finite element method.

The research program of this study includes selecting four
representative sections in Mindali earth dam which are located within an
active seismic area for studying the influence of applying seismic load in
term of earthquake to the stability response using the Geo studio software.
The excited earthquake during this study is San Francisco which is used by
scaled peak ground acceleration of 0.15 g, 0.2 g, 025 g and 03 g
respectively while the scaled duration periods are 10, 15, 20 and 25
seconds respectively. In addition, four slip surfaces were selected to
calculate the safety factor during each time step of analyses which are
slope failure up stream, foundation failure up stream, slope failure down
stream and foundation failure down stream respectively. The maximum
loss in factor of safety has been proposed in this study to characterize the

seismic stability behavior of an earth dam since the minimum loss in factor



of safety appears at the same time step within certain defined earthquake

duration.

The analyses results showed that a huge increase may be appeared
within factor of safety fluctuation profiles during a certain earthquake
duration due to the energy release mechanism. The levels of the maximum
loss in factor of safety are ranged between (75 to 88) % for slope failure up
stream, (56 to 88) % for foundation failure up stream, (34 to 67) % for
slope failure down stream and (32 to 63) % for foundation failure down

stream.

In addition, a uniform relation has been recognized to the variation
of safety loss due to increasing the peak ground acceleration while this
variation is not obvious clearly due to the scaled duration. Moreover, a
preliminary dependency study showed that correlation of such variation is
generally positive but low to moderate in all sections for the proposed slip

surfaces.
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Chapter One Introduction

CHAPTER ONE
INTRODUCTION

1.1 General

Actually, dam is a unique project which are usually used to
impound and / or divert water for beneficial uses like irrigation,
originally, this type of projects can be classified according to many
aspects like hydraulic attributes, function nature and materials of
construction.

Moreover, zoned earth fill dams are generally preferred for the
possibility of using a large spectrum of available materials in the
borrow areas. This type may usually carry seismic load in many cases
which dictates as a consequence that the dam designers should take
earthquakes in their considerations to insure withstanding the future
shocks and the consequent possible damage which may be serious in
nature. More precisely, such designers have an aim to estimate the
general behavior of earth dams under earthquakes as well as the

exerted ground motion and the resulted forces (Ayar, 1985).

On the other hand, many of the reported earth dams failure
cases are ascribed in the past to the presence of unexpected impacts of
earthquakes which can appear in term of settlement, instability and
even internal cracking. Consequently, studying the matter of earth
dams stability under seismic load is an important issue and represents
a common goal for many scientific research programs. The current
study tries to investigate the stability seismic behavior of earth dams

through numerical modeling.

1.2 Zoned Earth Dams
In fact, earth dams are such types of dams which built usually

of compacted soil and / or rock fractions. These dams are designed as
1



Chapter One Introduction

gravity dams, more massive in nature than other types and as a

consequence require larger amounts of row materials (Coduto, 1999).
On the other hand, earthen dams utilizes natural materials with

minimum processing in most cases by using primeval

instrumentations.

As a matter of fact, the earth dam section may be in different
configurations, such section may consist of only one homogenous
material if the required total height of dam is relatively low as shown
in Figure (1.1a). Additionally, that section may include typical zoning
by using certain types of materials for the purpose of controlling

seepage.

When borrow area does not contain enough quantities of
impervious materials, impervious central cores can be constructed
within earth dam as shown in Figures (1.1b and c). More insightfully,
the vertical core configuration is preferred over the inclined core ones
for the ability to prevent leakage, good stability under seismic load
and the flexibility in performing remedial procedures regarding
seepage control. On the other hand, inclined upstream cores have an
excellency to allow downstream portion to be constructed first which

in turn have led to reduce the possibility of fracturing (Nasif, 2008).

When the case of previous foundation is exist as shown in
Figures (1.1d and f), seepage control is a governing issue due to the
possible presence of excessive uplift pressure and piping within dam
foundation area. However, probable remediation's her are cutoffs,

downstream seepage berms, relief wells and toe drains.
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Figure (1.1). Types of Earthdam Sections: (a) Homogenous dam with internal
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on impervious foundation. (d) Homogenous dam with internal drainage on
pervious foundation.(e) Central core dam on pervious foundation. (f) Dam with

upstream Impervious material (after Mcmahon, 2004)
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1.3 Representative Case Study

Mandali dam is used as a case study throughout the present study
to investigate the stability of earth dam under seismic load. This dam
is classified as zoned earth dam with the presence of central clay core.
In addition, it is known that this dam is located in active seismic arca
(Mandali Dam Design Report), hence, studying the matter of stability

under seismic load is very important and justified. The full details will

be presented separately in chapter 4.

1.4 Importance of the Study

Earthquakes is considered the strongest possible force that can
be affect in term of severity of damage that can destruct properties,
injure and cause death of live to the human civilizations.

Furthermore, earth dams are made usually by natural earth
materials which makes it behave flexible unlike concrete dams
wherein illustrate a behavior near rigid structure. In this way, such
earthquake loading may be considered as a serious source of hazard to
earth dam structure and the issue of its stability should be studied in
intensive manner in to prevent possible disasters since such structures
may provide irrigation water and it may have secondary damage to the
nearby habitation. So, a field case study need to be taken to show the

adverse effects of earthquake loading.

1.5 Aim and Objectives
The basic aim of this study is to investigate the impact of an
earthquake to the stability of earth dam. The following objectives are
established to achieve such aim:
e Simulate the selected case study (Mandali dam) which is
located in active seismic area.

e Study the influence of earthquake duration and peak ground
4
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acceleration to the slope stability at different locations within

earth dam body.

1.6 Thesis Layout

The general layout of this study consists of five chapters as
explained below:
Chapter one: Presents a brief introduction of the problem and earth
dams demonstrating the, aim and objectives of the study.
Chapter Two: Presents a background depending on the literature re
view of the recent studies.
Chapter Three: Presents an overview to the seismic waves and
earthquake definition as well as the expected impacts of these issues
to the earth dams. This chapter includes also outlines for the
earthquake presence and distribution within Iraq.
Chapter Four: Lists the common equations that govern the dynamic
analysis. The computer program used in this study was also described
briefly showing some of its common capabilities.
Chapter Five: The impact of earthquake to the earth dams with
respect to stability is analyzed and the analyses results were viewed
and discussed using the case study presented throughout this scientific
program.
Chapter Six: Contains the conclusions and recommendations based on

analyses results taken from the previous chapters.



