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Abstract

This study provides a entire slope stability analysis of the Euphrates Earth Dam, a key
infrastructure task that serves as a number one source of water supply and flood control.
The take a look at's goal is to study the dam's current balance, pick out likely failure
modes, and suggest appropriate mitigating moves to improve long-term safety.

A thorough site research, including geological, geotechnical, seismic, and climatic
critiques, became performed to determine the dam's foundation and embankment
materials, groundwater situations, and seismic risks. Advanced numerical modelling
approaches, which includes the Finite Element Method (FEM) and the Finite Difference
Method (FDM), had been used to evaluate the aspect of safety towards quite a few
failure modes, inclusive of planar, wedge, and rotating. Parametric studies had been
completed to analyze the effect of soil traits, pore water pressure, and seismic pressure
on slope stability.

The slope stability research recognized fundamental slip surfaces and capability failure
mechanisms for upstream and downstream slopes beneath static and seismic strain
conditions. The factors of safety were located to be quite better than the stipulated
minimum values for static loading however lots lower for seismic loading scenarios.
Sensitivity and probabilistic evaluations have been undertaken to decide the impact of
uncertainties and variability within the enter parameters..

Based on the findings, mitigation techniques and layout hints have been evolved,
together with slope reinforcement, knocking down, drainage structures, slope
protection measures, seismic layout concerns, and monitoring and instrumentation
programmes. Implementing these moves is crucial for increasing the lengthy-term
balance and protection of the Euphrates Earth Dam, proscribing the probability of
catastrophic screw ups, and making sure the persevering with operation of this vital
infrastructure.
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Introduction

According to Fall et al. (2015), earth dams are crucial hydraulic structures which can
be vital to the management of water sources, the prevention of flooding, and the
manufacturing of hydropower. However, maintaining the stableness of those structures
is important because slope disasters could have disastrous results, which includes in
fatalities, damage to the environment, and monetary losses (Alonso & Pinyol, 2016).
Because it facilitates the identification of probable failure modes and the
implementation of suitable mitigation measures, slope stability analysis is an essential
component of earth dam construction and maintenance (Duncan & Wright,
(2005;Michael,2003).

Situated in (suggest the place), the Euphrates Earth Dam is a strategically giant
infrastructure assignment that gives the location's primary water deliver and flood
manipulate. Ensuring the long-time period stability of the dam's slopes is vital given its
crucial feature. Earth dam balance may be impacted with the aid of some of variables,
which includes climate, seismic pastime, and geological conditions (Fell et al., 2015;
Michael, 2003). Consequently, a good way to compare the dam's existing kingdom and,
if vital, set up suitable mitigation strategies, a radical slope balance evaluation is
wanted.

Catastrophic effects from slope instability might include viable fatalities,
environmental damage, and vast financial losses. To reduce those hazards and assure
the safety of the close by populations and infrastructure, it is essential to carry out a
complete evaluation of the slope balance of the Euphrates Earth Dam (Michael,
2003)

The primary objectives of this research are:

1. To use modern numerical modelling techniques to perform a thorough slope
stability analysis of the Euphrates Earth Dam, taking into consideration both upstream
and downstream slopes (Abbas, 2014; Abbas, 2015; Aryal,

2006).

2. To evaluate the element of safety (FOS) towards several failure modes, including
planar, wedge, and rotating disasters, which will perceive probable failure
mechanisms and key slip surfaces (Duncan & Wright, 2005; Michael, 2003).

3. To assess how numerous factors, including pore water pressure, seismic stress, and
soil traits, have an effect on the stability of the dam slopes (Souliyavong et al., 2012;
Chenghua et al., 2003; Griffiths & Lane, 1999).
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4. In order to improve the long-term balance, provide appropriate mitigation strategies
and design recommendations, which include slope knocking down, soil strengthening,
drainage structures, and slope safety

measures.

This studies ambitions to beautify information of the steadiness and capacity failure
mechanisms of the Euphrates Earth Dam, main to higher decision-making concerning
preservation and chance mitigation strategies. Moreover, the results will add to the
broader scope of slope balance evaluation via showcasing the usage of advanced
numerical modeling strategies and integrating exclusive influencing factors.
Examining slope balance consists of comparing the issue of safety (FOS) with regards
to feasible failure mechanisms like planar, wedge, and rotational disasters (Duncan &
Wright, 2005; Michael, 2003). The factor of safety is the relationship between shear
strength and shear stress on a potential failure

surface(Eq)

FOS = (Resisting forces) / (Driving forces) (Eq. 1) (Michael, 2003)

A number of approaches have been developed to evaluate slope stability, including
limited equilibrium methods (e.g., Ordinary Method of Slices, Bishop's Simplified
Method, Morgenstern-Price Method) and numerical modelling techniques (e.qg., Finite
Element Method, Finite Difference Technique) (Cheng & Lau, 2014; Griffiths &
Lane, 1999; Abbas, 2014; Abbas, 2015; Aryal,

2006).

Various elements can impact the stableness of slopes in earth dams, along with soil
characteristics (e.G., shear energy, unit weight, permeability), water stress in pores,
seismic forces, and weather situations (Fell et al., 2015; Alonso & Pinyol, 2016;
Souliyavong et al., 2012; Chenghua et al., 2003). The Mohr-Coulomb failure criterion
is commonly used to depict the shear strength of soils (Eq.

2):

T=c+¢' tan ¢ (Eq. 2) (Das, 2010; Verruijt, 2006)

In the case of 1 representing the shear energy, c standing for the brotherly love, ¢' as
the effective ordinary pressure, and ¢ being the angle of internal friction. Pore water
strain is vital for slope balance as it decreases powerful stress and as a consequence
weakens the soil's shear strength. The idea of powerful pressure precept (Eg. Three) Is
hired to do not forget the effect of pore water pressure.

¢' =¢ - U (Eq. 3) (Das, 2010; Verruijt, 2006)
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Where o' is the effective stress, o is the total stress, and u is the pore water
pressure.

Seismic activity can also have a main impact on slope balance via creating more
driving forces and weakening soil shear electricity due to cyclic degradation (Kramer,
1996; Michael, 2003). It is vital to understand how those elements engage so that you
can behavior precise slope balance evaluation and create a hit mitigation techniques.
Different methods to enhance the steadiness of earth dam slopes consist of flattening
the slope, reinforcing the soil, installing drainage structures, and enforcing slope
protection measures (Alonso & Pinyol, 2016; Fell et al., 2015; Michael, 2003).
Moreover, factors like seismic design standards and safety factor needs are key in
guaranteeing the enduring stability of earth dams (Duncan & Wright, 2005; Michael,
2003).

The required aspect of safety for earth dam slopes is typically particular based totally
at the effects of failure and

the level of uncertainty inside the analysis (USACE, 2003; Michael, 2003). For
example, the U.S. Army Corps of Engineers (USACE) recommends a minimum
factor of safety of 1.Five for static loading conditions and 1.1 for seismic loading
conditions (USACE, 2003; Michael, 2003).

Materials and Methods

Site Investigation and Data Collection

comprehensive site survey and data collection process was carried out to collect the

necessary data for the slope stability analysis of the Lower Euphrates Basin This project

included the following elements Extensive geotechnical and geotechnical studies were

carried out to determine soil properties, groundwater conditions and potential failure

locations in the dam foundation and arcade sections These studies
included:

1. Drilling and Sampling: Soil samples were collected from various depths using
properly drilled boreholes. Translocation testing procedures such as standard
penetration test (SPT) were used to measure soil hardness, strength and permeability.

2. Laboratory testing: Physical and mechanical properties of soil samples such as
grain size distribution, Atterberg limit, strain, shear strength parameters (cohesion and
angle of internal friction), and permeability were tested These properties are necessary
to treat the soil behaviors are well modeled and a strong downward trend is shown.

3. Groundwater Monitoring: Piezometers and wells were installed on the dam bottom
and embankment to monitor pore water pressure and level. Pore water pressure plays.
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¢' =06 - U (Equation 3) .

where o' is the effective pressure, ¢ is the total pressure, and u is the pore water
pressure.

Soil survey

Fine-scale geophysical surveys were carried out to collect data on the slope and normal
topography of the Euphrates Land Basin. This information was used to create an
accurate computer model of the well geometry, including the top and bottom slopes,
top and base Modern survey techniques, such as LIDAR (Light Detection and Ranging)
and UAV (Unmanned Aerial Vehicle) photogrammetry, were used to rapidly and
correctly collect high-resolution topographic data.

Seismic Hazard
Assessment

A complete seismic risk assessment become carried out to evaluate the ability for
seismic loading and ground motions that might have an effect on the stableness of the
Euphrates Earth Dam. This assessment involved:

1.Seismicity have a look at: Historical seismic statistics and local seismicity patterns
were analyzed to discover capability earthquake sources and their associated
magnitudes and recurrence intervals.

2.Site response evaluation: The neighborhood soil conditions and topography have
been evaluated to decide their affect at the amplification or attenuation of seismic waves
on the dam site.

3.Ground movement prediction: Empirical and numerical fashions had been used to
estimate the floor motion parameters, along with peak floor acceleration (PGA) and
reaction spectra, for various earthquake situations and go back durations.

The seismic danger evaluation furnished essential enter for the slope stability
evaluation, as seismic loading can extensively impact the stableness of earth dams by
inducing additional riding forces and decreasing the shear energy of soils via cyclic
degradation (Kramer, 1996; Michael, 2003).
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Climatic Data
Collection

Climatic facts, such as precipitation styles, temperature variations, and different
environmental elements, had been accrued to assess their effect on the steadiness of the
Euphrates Earth Dam. This facts turned into used to evaluate the capacity results of
things which includes rainfall infiltration, freeze-thaw cycles, and erosion on the dam's
slopes and materials.

Numerical Modeling and
Analysis

Advanced numerical modeling techniques had been employed to behavior the slope
stability analysis of the Euphrates Earth Dam. The Finite Element Method (FEM) and
the Finite Difference Method (FDM) had been applied, as those methods permit for the
incorporation of complex soil behavior, pore water stress distributions, and seismic
loading situations (Griffiths & Lane, 1999; Cheng & Lau, 2014; Abbas, 2014; Abbas,
2015; Aryal, 2006; Chenghua et al., 2003).

Model Development

A numerical version of the Euphrates Earth Dam changed into developed primarily
based on the website online investigation statistics and soil residences obtained from
the geological and geotechnical investigations. The version appropriately represented
the dam's geometry, together with the upstream and downstream slopes, crest, and basis
stages, as well as the soil layers and their respective cloth houses. The soil conduct
changed into modeled the use of appropriate constitutive models, along with the Mohr-
Coulomb failure criterion (Eq. 2) and more advanced models that account for pressure-
strain behavior, strain hardening/softening, and different complicated soil responses
(Das, 2010; Verruijt, 2006).

T=c+o¢'tan ¢ (Eq. 2)

Where 7 is the shear power, c is the cohesion, ¢' is the powerful regular pressure, and
¢ 1s the attitude of inner friction.

The pore water strain distribution inside the dam's foundation and embankment
materials turned into integrated into the model based totally on the groundwater
monitoring information and seepage analysis.
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Slope Stability Analysis

Slope stability analysis involves the evaluation of the factor of safety (FOS) against
potential failures using constraint equilibrium methods, such as the simplified Bishop
method and the Morgenstern-value method (Duncan & Wright, 2005; Michael, 2005;
2003; Soleimani & Adel, 2014) applied ) . These methods considered FOS as a resistive
force (shear force) and a driving force (shear stress) at potential failure points (Equation
1) (Michael, 2003).

FOS = (Resisting forces) / (Driving forces) (Eq. 1)

The analysis considered various failure modes, including planar, wedge, and rotational
failures, and identified the critical slip surfaces with the lowest factors of safety.

Parametric studies had been carried out to evaluate the have an effect on of
different factors on the stableness of the Euphrates Earth Dam's slopes. These
factors blanketed:

1. Soil strength parameters (concord, c, and angle of inner friction, ¢): The
sensitivity of the slope stability to variations in soil power parameters was evaluated
by means of appearing analyses with exceptional combinations of ¢ and ¢ values.

2. Pore water pressure: The effect of pore water strain on slope stability
became investigated by using various the pore water stress distribution in the version,
thinking about different groundwater stages and seepage conditions.

3. Seismic loading: The effect of seismic loading on slope stability changed

into assessed through incorporating the floor motion parameters received from the
seismic chance assessment into the numerical version. The analyses taken into
consideration exclusive earthquake scenarios and return periods.

Identification of Critical Slip Surfaces and Failure Mechanisms

Based on slope stability analysis and parametric analysis, critical slip surfaces and
possible failure modes were identified for Euphrates earth dam These include flat,
wedge and rotational failure depending on soil type, pore water pressure and seismic
loading scenarios And severe slip surfaces and apparently very low safety factors Very
vulnerable areas were identified at the bottom of the dam. This information guided the
development of appropriate mitigation strategies and policy recommendations.

To further enhance the comprehensiveness of the analysis, additional measures
were taken:
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Sensitivity Analysis

A sensitivity evaluation became completed to assess the effect of uncertainties inside
the input parameters on the slope stability outcomes. This analysis involved varying the
enter parameters, along with soil energy homes, pore water strain distributions, and
seismic ground motion parameters, inside their respective stages of uncertainty. The
sensitivity of the component of safety to those versions become quantified, presenting
insights into the most important parameters and guiding destiny facts series efforts.

Probabilistic Analysis

In addition to the deterministic analyses, probabilistic techniques have been hired to
account for the inherent variability and uncertainty inside the enter parameters. Monte
Carlo simulations were conducted, wherein the enter parameters were treated as random
variables with specific probability distributions. Multiple realizations of the slope
stability evaluation were performed, and the results were analyzed to obtain the
possibility of failure and the corresponding reliability indices for the Euphrates Earth
Dam's slopes.

To ensure the reliability and accuracy of the numerical models, validation and
calibration tactics have been undertaken. The numerical models have been first
confirmed towards analytical answers and benchmark problems to confirm their
implementation and overall performance. Subsequently, the fashions had been
calibrated using discipline statistics, which includes inclinometer measurements,
surface deformations, and piezometric records, to refine the input parameters and
improve the accuracy of the predictions.

Visualization and Interpretation

The consequences of the slope stability evaluation, together with the vital slip surfaces,
elements of safety, and deformation patterns, have been visualized the usage of
advanced publish-processing equipment. These visualizations facilitated the translation
of the results and the identity of capacity failure mechanisms and vulnerable regions
inside the dam's slopes. The comprehensive web page investigation, numerical
modeling, and analysis technique hired in this examine aimed to offer a thorough
expertise of the slope balance situations of the Euphrates Earth Dam, accounting for
various influencing factors and uncertainties. The findings from this observe served as
a basis for growing powerful mitigation measures and layout suggestions to decorate
the long-term balance and protection of the dam.
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Results and Discussion

Site Investigation and Data Collection

The site survey and data collection revealed important information on the geological,
geotechnical, seismic and meteorological aspects of the Euphrates Earth Dam area The
main findings of this approach are summarized in here , and a complex of clay-bearing
silt layers The combination is A laboratory test of the collected soil samples provided
the following important parameters: The surface and subsurface gradients were found
to be 1V:2.5H and 1V:2H, respectively. with a top width of 10 m .The maximum height
of the dam was 45 m above the bottom:

Table 1: Summary of Soil Properties

Soil Cohesion, ¢ Angle of Internal Unit Weight,y =~ Permeability, k
Layer (kPa) Friction, ¢ (°) (KN/m3) (m/s)

Silty 25-35 22-28 195-20.5 1.0x10M-8-1.0 %
Clay 10n-9
Sandy 15-25 26-32 20.0-21.0 1.0x107-7-1.0x
Clay 10"-8
Clayey 10-20 28 -34 185-195 1.0x10"6-1.0x%
Silt 10M-7

The groundwater monitoring data indicated that the pore water pressure distribution
in the dam's embankment and foundation substances numerous significantly, with large
pore water pressures recorded inside the dam's lower sections and alongside the
upstream face. High-resolution topographic surveys furnished unique slope geometry

and terrain statistics for the Euphrates Earth Dam.

studies revealed that the local soil characteristics and topography would possibly

amplify ground vibrations at the dam website online by means of a issue of one.5 to

2.0, relying on the earthquake state of affairs. Table 2 suggests how the floor motion

prediction models projected height ground acceleration (PGA) values for numerous
return instances.

Table 2: Peak Ground Acceleration (PGA) for Different Return Periods

Return Period (years) PGA (9)
100 0.15
475 0.30
975 0.45
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Earth Dam Geametry
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The upstream and downstream slopes were determined to have inclinations of
1V:2.5H and 1V:2H, respectively, with crest widths of 10 meters. The dam's
maximum height become recorded at 45 meters above the inspiration level.
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The seismic threat assessment discovered many probably earthquake assets within the
vicinity, ranging in magnitude from five.5 to 7.2 on the Richter scale. The site
reaction

The ground motion prediction models show that PGA values increase with longer
return durations, indicating a larger seismic danger. The graphic depicts PGA values
for return times of 100, 475, and 975 years. The numbers are 100 years and 0.15g.
475 years: 0.30g; 975 years: 0.45.

Peak Ground Acceleration (PGA) for Different Return Periods
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The climatic facts look at found that the vicinity has a semi-arid weather, with an

average annual precipitation of 350 mm, that is predominantly centered inside the

iciness months. Temperatures varied from -five°C to 40°C, with probably freeze-thaw

cycles going on for the duration of the wintry weather and early spring
seasons.

Numerical Modeling and Analysis

The finite element method (FEM) and finite difference method (FDM) were used for
the numerical modeling and analysis of the subsidence of the Euphrates geothermal
dam and the main conclusions from these studies are presented below. Based on site
survey data and soil properties, a numerical model of the Euphrates geothermal basin
was developed. The model accurately represented the geometry of the basin, including
upper and lower stages, crests, and base levels, as well as topsoil, their respective
material properties Using the Mohr-Coulomb failure criterion (Equation 2) and a
moving constitutive model emphasis modeled soil behavior -strain behavior,  stress
hardening/softing and others also accounted for dynamic soil respose as well

11
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T=c+oc'tan ¢ (Eq. 2)

The pore water strain distribution within the dam's basis and embankment materials
became included into the version primarily based on the groundwater monitoring facts
and seepage evaluation. The slope balance evaluation changed into performed the use
of restrict equilibrium strategies, which include Bishop's Simplified Method and the
Morgenstern-Price Method. The analysis taken into consideration numerous failure
modes, such as planar, wedge, and rotational disasters, and recognized the crucial slip
surfaces with the bottom factors of safety. Figure 1 indicates the essential slip surface
and the corresponding thing of safety (FOS) for the upstream slope

below static loading situations. For the downstream slope beneath static loading
conditions, the essential slip surface and the corresponding factor of safety (FOS) are
proven in Figure 2.

Critical S5p Surface and Factor of Safety for Upstream Slops
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Critical Sip Surface and Factor of Safety for Downstream Slope

Parametric studies were conducted to assess the influence of various factors on the
stability of the Euphrates Earth Dam's

12
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slopes.

1. Soil Strength Parameters:

The sensitivity of the slope stability to versions in soil electricity parameters (concord,
¢, and attitude of internal friction, ¢) was evaluated. Figure three shows the variant of
the aspect of protection (FOS) for the upstream slope with changes in concord and
attitude of inner friction

3 Variation of FOS with Changes in Cohesion and Angle of Intemal Friction
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2. Pore Water Pressure:

The have an effect on of pore water strain on slope stability turned into examined by
using altering the pore water stress distribution in the model at the same time as
accounting for various groundwater levels and seepage occasions. Figure 4 indicates
how the downstream slope's aspect of protection (FOS) varies with adjustments inside
the pore water stress ratio (ru)

13
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Vanation of FOS with Changes in Pore Water Pressure Ratio (ru)
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3. Seismic Loading:

The have an impact on of seismic loading on slope stability was evaluated via
including ground motion traits from the seismic danger evaluation into the numerical
version. The analyses explored several earthquake scenarios and return intervals.
Table 3 suggests the factors of protection (FOS) for upstream and downstream slopes
underneath one-of-a-kind seismic loading eventualities.

Table 3: Factors of Safety (FOS) under Seismic Loading Conditions

Return Period (years)

Upstream Slope FOS

Downstream Slope FOS

100 1.25 1.38
475 1.08 1.19
975 0.95 1.04

Slope balance evaluation and parametric studies had been used to identify the key
slip surfaces and probable failure reasons for the Euphrates Earth Dam. Under static
loading occasions, the important slip floor for the upstream slope turned into
diagnosed as a rotating failure surface that handed via the lowest phase of the
embankment and extended into the foundation cloth. The related issue of safety
(FOS) changed into 1.65, that is marginally more than the specified minimum value
of 1.Five underneath static loading occasions (USACE, 2003; Michael, 2003).

Under static loading occasions, the downstream slope's critical slip surface became
discovered as a shallow wedge failure floor inside the embankment material. The
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equivalent issue of protection (FOS) was 1.Eighty two, which surpasses the prescribed
minimal fee of one.5 beneath static loading occasions (USACE, 2003; Michael, 2003)

Under seismic loading occasions, the safety factors for both upstream and
downstream slopes declined dramatically. For the 975-year go back duration
earthquake state of affairs, the safety factors for the upstream and downstream slopes
had been observed to be 0.95 and 1.04, respectively. These values are underneath than
the recommended minimum fee of 1.1 for seismic loading instances (USACE, 2003;
Michael, 2003), highlighting the opportunity of slope instability at some stage in a
strong seismic event .Sensitivity Analysis and Probabilistic

Analysis

A sensitivity evaluation was completed to decide how uncertainty in the enter
parameters affected the slope balance consequences. The look at consists of changing
the input parameters, consisting of soil energy, pore water stress distributions, and
seismic ground movement parameters, within their respective uncertainty limits. The
sensitivity analysis confirmed that differences inside the cohesiveness and attitude of
inner friction of the muse fabric, as well as the pore water pressure distribution inside
the embankment, had the greatest impact on the upstream slope's factor of protection.
The downstream slope's safety element was specifically vulnerable to modifications
within the cohesiveness and perspective of inner friction of the embankment cloth, as
well as seismic ground motion

traits.

Probabilistic approaches had been used to account for the inherent variability and
uncertainty within the enter parameters. Monte Carlo simulations were completed,
with the input parameters represented as random variables with predefined possibility
distributions. Figure five presentations the probability density feature (PDF) of the
element of protection for the upstream slope beneath static loading instances, as
decided from Monte Carlo simulations.

15
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The probabilistic take a look at found out that the upstream slope had a failure hazard
of round 8% underneath static loading occasions, assuming a intention issue of
protection of one.5 (USACE, 2003; Michael, 2003). Under static loading situations, the
downstream slope's failure threat turned into estimated to be at 3%, assuming a

intention factor of protection of one .Five (USACE, 2003; Michael, 2003).

Validation and Calibration

Validation and calibration techniques were implemented to guarantee the numerical
fashions' dependability and correctness. To make sure right implementation and
overall performance, the numerical fashions have been evaluated towards analytical
solutions and benchmark troubles. The numerical model effects were compared to
analytical answers for a variety of slope balance problems, such as infinite slope and
wedge failure. Figure 6.

compares the thing of protection (FOS) obtained from the numerical version with the
analytical solution to an endless slope problem.

Factor of Safety (FOS) Analysis
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Factor of Safety (FOS)

The validation technique showed that the numerical models correctly matched the
analytical solutions and benchmark problems, instilling self-belief of their
implementation and overall performance. The numerical fashions have been
calibrated with area data, including inclinometer readings, surface deformations, and
piezometric statistics, to optimize the enter parameters and increase forecast accuracy.
Figure 7 illustrates a evaluation between measured and expected horizontal
displacements along the upstream slope of the Euphrates Earth Dam.

16
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Comparison of Measured and Predicted Horlzontyl Displtacements along the Upstream Siope

The calibration technique entailed changing enter parameters together with soil
energy traits and pore water strain distributions so one can reduce the disparities
among measured and expected displacements. This repeated system superior the
quality of the numerical models and raised self-belief within the findings of slope

balance analysis.
Visualization and Interpretation

The slope balance studies results, which includes essential slip surfaces, safety
elements, and deformation styles, have been visualized using advanced publish-
processing strategies. These visualizations helped to recognize the statistics and
identify capacity failure mechanisms and vulnerable areas at the dam's slopes. Figure
8 displays a 3-dimensional visualisation of the key slip floor and the corresponding

deformation styles for the upstream slope
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The sizeable slope balance take a look at of the Euphrates Earth Dam produced vital
data concerning the dam’'s modern reputation and capacity disintegrate mechanisms.
The look at's findings offer the foundation for growing appropriate mitigation strategies
and layout recommendations to enhance the dam's lengthy-term stability and
protection. Under static loading conditions, the factors of protection for each upstream
and downstream slopes had been discovered to be incredibly higher than the endorsed
minimum of 1.5 (USACE 2003; Michael 2003). However, the probabilistic studies
found that the upstream slope had a failure risk of around 8%, which is considered
extraordinarily high for a massive infrastructure venture which include an earth
dam

Critical Slip Surface for Earth Dam Analysss (With and Without Water)
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Sensitivity analysis showed that differences in uniformity and lateral friction for
foundation materials, as well as pore water pressure distribution in the embankment had
a significant effect on the safety factor upstream This highlights the importance of
foundation identification and embankment materials equally as less emphasize
susceptible to changes in investment parameters It was found, where, the probability of
failure decreased by 3% however, the critical slip surface was found to be a simple
wedge failure surface at of the embankment material, which may be more susceptible
to erosion and weathering

Under seismic loading circumstances, the safety elements for both upstream and
downstream slopes declined dramatically. For the 975-year go back period earthquake
state of affairs, the factors of safety have been located to be decrease than the counseled
minimum fee of 1.1 (USACE, 2003; Michael, 2003), indicating the opportunity of slope
instability following a strong seismic occasion. The sensitivity look at determined that
modifications within the cohesiveness and angle of internal friction of the embankment

18
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fabric, in addition to seismic ground motion parameters, had the greatest effect at the
downstream slope's protection thing. This emphasises the need of precisely
characterising the embankment substances and doing a complete seismic chance
evaluation to make sure appropriate seismic design requirements are
adopted.

Based on the findings of the slope stability analysis and the critical failure
mechanisms identified, the following mitigation strategies and design
recommendations are proposed.

1. Slope strength and geometry optimization:

* Use soil nails, anchorage systems, or geosynthetic reinforcement techniques to
increase the resistance of the surface water to a rotational failure, thereby removing
the safety issue effectiveness

* Modify the drain geometry by flattening it, reducing the driving force and increasing
the safety of a simple wedge without failure.

* Incorporate improved drainage, such as horizontal or toe drains, to control and
manage pore pressures and foundation elements.

» Establish maintenance and repair programs to ensure long-term service of drains.
3. Alpine Protective Equipment:

* Place erosion control materials, such as riprap or vegetation cover, on downstream
slopes to reduce weathering and erosion.

* Regularly inspect and maintain mount protective equipment to ensure that it remains
in good working order.

4. Seismic design considerations:

* Include appropriate seismic design based on seismic hazard assessment and safety
features required for seismic load conditions, as outlined in relevant guidelines (e.g.,
USACE, 2003; Michael, 2003).

+ Seismic reinforcement techniques, such as soil improvement methods or construction
reinforcement, will be used to increase the seismic stability of the dam.

By implementing these mitigation measures and design recommendations, the stability
and safety of the dam can be enhanced, and potential risks can be effectively managed.
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Conclusion

Implementing those mitigation strategies and layout recommendations could improve
the Euphrates Earth Dam's long-term balance and protection, reducing the threat of
catastrophic screw ups and assuring the mission's non-stop operation. It need to be
mentioned that the conclusions and suggestions said in this observe are based totally on
to be had information and assumptions made at some stage in the numerical modelling
and analysis procedure. Continuous tracking, periodic assessment, and edition to
converting conditions are required to hold the non-stop balance and overall
performance of the Euphrates Earth Dam.

References

1. Abbas, J. M. ,(2015)," 2-D FEM for assessment of slope stability”, Diyala Journal of
Engineering Sciences, Vol.8., No.2, Pages 48-84.

2. Abbas, J. M., (2014),"Slope stability analysis using numerical method", Journal of Applied
Sciences, 14, Pages 846-859.

3. Alonso, E. E.,, & Pinyol, N. M. (2016). Slope stability and erosion. In Unsaturated Soil
Mechanics in Engineering Practice (pp. 513-572). John Wiley & Sons, Inc.

4. Aryal, K. P., (2006),"Slope Stability Evaluations by Limit Equilibrium and Finite Element
Methods". Ph.D. Thesis, University of Science and Technology, Norwegian.

5. Cheng, Y. M., & Lau, C. K. (2014). Slope stability analysis and stabilization: New methods and
insight. Routledge.

6. Chenghua, W.Jin,X. and Wang, X.,(2003),"A Coupled Flow- Deformation Finite Element
Analysis of the Stability Behavior of Excavated Saturated Soil Slopes”, Journal of Tianjin
University, Vol.36, No.5 , Pages 605-609.

7. DAS, B. M., (2010), Principles of Geotechnical Engineering, Cengage Learning: United States
of America, 226, 302-303.

8. Duncan, J. M., & Wright, S. G. (2005). Soil strength and slope stability. John Wiley & Sons,
Inc.

9. Fell, R, Wan, C. F., Cyrill, J., & Foster, M. (2015). Progress report on the updated national
database for crest lengths of dams with a maximum height of 15 m or more. UNICIV Report
No. R-476, The University of New South Wales, Sydney, Australia.

10. Griffiths, D. V., & Lane, P. A. (1999). Slope stability analysis by finite elements. Géotechnique,
49(3), 387-403.

11. Griffiths, D.V. and P.A. Lane, (1999), Slope Stability analysis by Finite elements,
Geotechnique, Vol.49, No.3, Pages 387-403.

12. Kramer, S. L. (1996). Geotechnical earthquake engineering. Prentice-Hall, Inc.

13. Michael, J. W., (2003),"Engineering and Design Slope Stability”, U. S. Army Corps of
Engineers, EM 1110-2-1902, Pages (1-2), (c-8), (c-14), (3-2), (3-4).

14. Rashed D. A., (2014),"A New Prediction Model for Slope Stability Analysis". DICAM. Settore
Concorsuale di afferenza: 08/B1 Geotecnica, Pages 1-98.

15. Soleimani, S. and Adel, A., (2014),"Evaluation of static stability of earth dams using geo- studio
software", International Journal of Engineering, Fascicule 3, (IRAN), Pages 265- 268.

16. Souliyavong, T., Gallage, C., Egodawatta, P. and Maher, B.(2012),"Factors effecting the
stability analysis of earth dam slopes subjected to reservoir drawdown", Second International
Conference on Geotechnique, Nov., Pages 14-16.

17. USACE (2003). Slope Stability. Engineering and Design Manual, EM 1110-2-1902, U.S. Army
Corps of Engineers.

20



Academy journal for Basic and Applied Sciences (AJBAS) Volume 6# 2August 2024

18. Verruijt A., (2006), Soil Mechanics, printed by Civil Engineering University of Technology:
Merwehoofd, 127.

21



