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ABSTRACT

Design of an embankmentach is a vital issue fronthe standpointof safety, economy,
controlling seepage, angpeedof construction Concree face rock fill dams (CFRDs)rtually
impervious resistantto erosion and aging, workablshorterperiod of constructionand small
volume of constrution material It is very well suitedwhen there is no apte amountof
impervious materialvithin economically feasibleaulingdistanceandsevere weather conditions
during construction. Thistudywasaimed ataddresmg biggest challege ofhauling distance of

the impervious clagore materiaby changing earth fill dam withentral clay core t@oncrete
facerock fill dam in case of Legemera micearth dam, found isouth Wollo Universally
recommended standard values beside to primary and secondagssiatéial for the work has
been used. GeoStudio 2012 software was used for stability, seepage and deformation analysis of
the damsConsequently, bysingthis software good result of safety factor haen found for
concrete face rock fill dam with regard to stability of the dam during maximum pool level,
steady stateondition and end of construction. During steady state condition, the upstream and
downsteam factoof safety computed for the dam is 1.954 and 1.544 respecthikbwise, at

the end construction, thestream and downstream safety facierl.824 and 1.59 respectively

The seepage is alseduced to values of 2.42 xi@n*/sec by implemeation of concrete face

rock fill dam. Economic analysis ressimilarly shows that, concrete face rock fill dam is more
economicalby saving22,441,387.7%TB due to fast rate construction of the demdependent

of weather conditionGenerally, application of CFRD can fulfill the basic requirement and

minimum factor of safety under all loading conditiand dam of such types is seepage free.

Key word: Cay core, Concretéace rock fill dam,Economy Embankment dam, Gesiudio
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1. INTRODUCTION
1.1.Background

A dam is a barrier constructed across a river or a natural stream to create a reservoir for
impounding water (for irrigation, water supply, flood protection), or to facilitate diversion of
water from the river, or to retain debriswing in the river along with wateiThere are a large
number of dams and many of them are high with large reservoirs. Large dams are defined by
International Commission on Large Dai@QLD) as dams exceeding 15 m in height or, in the
case of dams of 105m height, satisfying one of certain other criteria, e.g. a storage volume in
excess of 1x1%n or a flood discharge capacity of over 200@netc. ICOLD divide dams into
embankment dams (about 82.9% of the total number), concrete gravity dam 11.3%arth d

%, buttressdam 1%and multiplearch 0.4% dams (ICOLD, 1998)

According toUnited States Committee on Large Dams (USCLD, 1@93)ankment daman be
desigred as earth fill dam and rock fill dam basedarailable construction materjdbundation
conditionof the site and total codtarthfill dams are the most commaype of damprincipally
becauseheir construction involves the use of materials from required excavations and the use of
locally available natural materials requiringnegnimum of processingUSACE, 2004. Rockfill

dams usen impervious membrane to provide water tightnessrackl of all sizes to provel
stability by resising shear stresses resultingm externally appéd loads, such as reservoir load,
earthquake loads, and from internal forces caused by the weight of the soil and the embankment
slopes Based on thdype andlocation of the membraneock fill dam can be desigu as
concrete face rock fill dam (CFRFDgsphalt concrete face rock fill dafACFRD), Ge-
membrane dced rock fill dam (GMF)and Asphalt concrete core rock fill dam (ACCD)
(Wangxijiong , 2000)

The first embankment dam was built around 2000 B.C in Mesopotamia cld3agtaad.
Becauseof lack of adequate design knowledge, construction equipment, new materials like
cement and concrete and technology of construction, the establishment of large dam is a recent
history. In addition, economic conditions and institutional capacity existingountries that
needed large dams did not enable them to tagm up The large dam construction became
possible during the dDcentury mainly because of advances made in Science and Technology,



which enabled mechanization of &bruction processes arsthort period ofconstructiontime
(USACE, 2004).

Since the development of construction technology rock fill dams with concrete facing adopted
during the past 280 years have resulted in increased use of this type of rock fill dam and its
adoption for hiper dams. Concrete faced reftk dams, CFRD, is the term used to describe a
certain type of dam that have a dam body of +iltk or gravel that is compacted in layers.
Moreover, there is an ardeepage system using a concrete face slab. The coneatetesks

like an impervious layer while the rodil body consists of granular material which has a high

permeability and supports the concrete face slab by giving the dam stability.

Therefore, dam type selection, widely depends on geological conditithe site, foundation
condition, economy, construction material availability and others. In view of the available
construction materials, and the short dry season, a rock fill embankment with upstream concrete
face is supposed optimum dam type. The mogiortant advantage of proposing an earthen
embankment for dam lies in the maximum use of locally available material with considerable
low cost (Fell et al., 1992). Hower, the biggest challenge foegemera dam design option is
availability of core mateals within economically justifiable hauling distance that meets the
design requirement. So, identifying alternative solutions of construction materials comparing
based on technical, economic, construction complexity, project schedule and prisoEm

would be the main finding of this thesis.
1.2. Statement of the Problem

From design report of Amhara National Regiontt&Water Resources Development Bureau
2007, Legemera Micro Earth Dars one of theembankment dam typés be construced at the

selected dam sitesan eartfrockfill with a clay coreimpervious membrane

The nearest quarry area identified for dam eaareounteredocial problems due to agricultural
land of nonbeneficiary kebelefrom theproject safe water tightnedsr the reservoir area and
few in quantity compared to the design requirement and also difficult for terparate
constructed during did work for transporting the drilling rig due to very steep slope topography.
The location of suitable impervious clay which meets quantity and quadityeported to be
greater than fifteen kilometer ffnom dam site which means expensive dubaaling. Rock fill

materials burow area for the casing/shell zone of the desigrated dam is mposed just near

2



to the quarry sitdor rock source area. This tsaw area is found at the central portion of the

mountain or a dge located about 0.5 to 0.&KNorth Westof the dam site. Therefore, ueé

concrete face rock fill dans an appropriate $ation to avoidthe abovementioned problems of

unnecessary hauling cost of clay core.

Hence,this research considers the advantages of concrete face rock fill dam due to insufficient

guantity and quality of natural clay core at an economically feasible distanoeg®mera naro

earth damrrigation poject.

1.3 Research Question

Themain questios of this study were

l

Does the use of concrete face rock fill dam significantly reduce seepage flow through the
dam bodyas compared to existing d&m

Does concrete face rock fill dam is more stable than dam with clay core under different
loadingcondition?

Does concrete face rock fill dam is a better alternative over clay core under given

conditions?

1.4Research Objectives

1.4.1 General objectives

The overall objective of this research is to determine an appropriate solution to limited clay

material/soil 6r impervious core in Legemera micro irrigation dam project by introducing

concrete face rock fill dam

1.4.2 Specific objectives

T

To develop safe degn of different sections of concrete face rock didm by fixing
upstream and downstream slope with availafdeerial in a safe way.

To assess the advantages of concrete face rock fill dam with regards to stability and
seepage control.

To assesgheeconomicadvantage of CFRD over the clay core (existing design)



1.5 Significance of the Study

Currently, in Ethiopiaembankmentans have beerconstructedand design works have been
doneby the Federahs well as Region&ater Works Design and Supervision Enter@fse the
success of second national growth and transformation plan program. Howskeodgge of
construction materidghecoms significant in the design of embankment dams. This may be due
to the inaccessibility of suitable construction material in an economic distance of the project site.
So, the designer should make in depth analysissabelct the appropriate construction materials

in the design of embankment dams.

Therefore, the result and findings thfis research work Wi provide an alternative insighof
concrete face rock fill darthe design and construction of embankment .daamthermore this
study will serve as guidelinefor designers and professionals of this area in which construction

material assessment, design, analysis and supervision of embankment works takes place.
1.6 Scope of the Research

The scope of this study iémited to the evaluation of stability analysis, seepage analysis
deformation analysisnd dynamic analysief the dam under different loading condition and
finally, the result of thenalysis obtained foconcreteface rock fill dam is evaluated against
result computed by Amhara national regional state water resodes&lopment bureau the
former dam, central clay core daim.addition to this economic analysis of concrete face rock

fill dam were done and compare to existing dam (central clay core).



2. LITERATURE REVIEW
2.1 Embankment Dam

Embankmentdam are water impounding structures composed of natural fragmental materials
(such as soil and rock) and consist of discrete particles which maintain their individual identities
and have spaces betwetlrem. These materials derive strength from their position, internal
friction, and mutual attraction of their particles. Unlike cemented materials, these fragmental
materials form a relatively flexible structure which can deform slightly to conform to the
foundation deflection without causing failure. These dams are most suited in areas where the
foundation material is weak or soft bedrock, abutments of deep soil deposits or weak rock,
availability of a suitable location for a spillway, and availability offisient and suitable soils

from required excavation or nearby borrow areas (USIBR2).

According to ICOLD (201) an embankment damhich is constructed primarily of compacted
earth in either homogeneous or zoned areas containing more than 50% efrémartkment dam
categorize intoEarth fill dam whereas embankmedams mainly contain more than 50%

compacted or damped pervious rockditider categories ofock fill dam.

Development of soil mechanics, study of behavior of earth dantsthe development of better
construction techniques haveeen helpful in creating confidence boild higher dams with
improved designs and more ingenious details. The resulaisthik highest dam in the world
today is an earth dam. The highest daottk fill dams in thevorld are Roguni U.S.S.R (335m )
Nurek, U.S.S.R. (30€@ ) Mica, Tehri Inda ( 260m ) and Oroville, U.S.A. (235mThousands of
embankment dams exceeding 20 meiterkeight have been constructddoughout the world.
Currently, Chinas the leader in embankmestdm construction (USSD, 20111

2.2Embankment Design Alternative for Rockfill Dam
2.2.1 Rock fill dam with clay core

The central core provides imperviousness to the akrbant and reduces the seepage. The
maximum width of the impervious core will be governed by stability and seepage criteria and
also by the availability of the material. An earth dam with a sufficiently thick impervious core of
strong material with pervious outer shells can have relatstelgper embankment slopes limited

only by the foundation and embankmeharacteristics (USBR, 1998)



The central clay core will act as imperious material when the quantity of material will be
optimized together with the overall behavior of the dam sire¢Fosteret al, 1998) Typically
earthcore rock fill sections using central and sloping impervious earth cores. Sloping cores of
impervious earth materials are sometimes advantageous from a construction of matertals stand
point. They have been constted both externally and internally. However, they present stability
and rupture problems that are less seve a centrally located core and aisability to inspect

and repair thenm(Narita K, 2000) The biggest challenge foregemera dam design optids
availability of core materials within economically justifiable hauling distance that meets the
design requiremefANRSWRDB, 2007)

2.2.2 Geo-membrane faced rock fill dam

Geomembranes are typically comprised of polymeric mdterihat are thin, flexible, and
watertight. In general, the main types of geembranes sl as seepage controller in dam
construction include poly vinyl chloride (PVC) andghidensity polyethylene (HDPE).
According to ICOLD, 2011, many places around wWwrld, geomembranes are used as water
barrier for temporary or permanent cofferdam and as a liner within main canals to reduce
seepage losses. Some of the advantages of using such an impervious membrane: rock fill zone is
unsaturated and downstream sla@@ be constructed with sp slopes, plinth and grouting

can t ake pl ace independentl| vy, and mfdlanb r a n e ¢
deformations. Whereas the following disadvantages play major role in ¢tesstisn; vulnerable

to impactsice loads, sabotage, effects of weathering and aging, and this require partial or fully
covered protective layer that increase cost, cannot provide storage during construction and
Sometimes liable to thefts, if it is placed as along the upstream side, by rtbanging
community (ICOLD, 2011) By the reasons mentioned above, the option to utilize geo

membrane as the main water barrier for the main Legemera micro dam construction is discarded.



2.2.3 Asphalt concretecore rock fill dam and asphalt concrete face ock fill dam
The AC Core

The impervious clay core change to asphalt concrete is called asphalt concrete or AC cores. AC
cores, first developed in 1948, were sometimes constructed on a slope (upstream toward
downstream, as the dam rises), but now are lyswuattical in crosssection, and follow or

parallel the axis of the dam, in plan. For high dams, the upper segment of the core mag be slop

to maintain positive stresses on the core during reseperation(USBR, 199).

Some of the advantages of using such an impervious membrane less total area exposed to water,
shorter grout curtain lengths, and protection from the effects of weathering and external damage.
Whereaghe weaknesseén their selection once constructed tlmeecis difficultor inaccessibility

to access fodamage inspection, difficulty in repairing damage should it gaamaged for any

reason (e.g., abrupt differential settlement of the embankment; or earthquake), being in the
interior of the dam the coresiincapable of doubling as protectiagainst wave action on the
upstream face of the daso farrip-rap or other type revetment will be required ,inability to place

rock fill material without the simultaneous placement of immery core material and fdts and

the dependence on a smaller section of the dam for stability against gkdiage,1997)

The AC Facing

The asphalt concrete facing, either for a dam or reservoir, is a composite diaphragm constructed
as the watebarrier on the upstreaface. It is second most common facing for rock fill dams

next to concrete facing. Asphaltic concrete provides more flexibility and can thus tolerate larger
settlements than reinforced concréeings But it is high cost as compared to concrete facing
(ICOLD, 2011)

Some of the advantages of using such an impervious membrane can be used as slope protection,
can be constructed after completion of the rock fill section, relatively easy to raise the dam at a
later date, eadily avdible for inspection, readily available for repairpvides more flexibility

and can thus tolerate largsettlements The fact that a revetment will be required on the
upstream face has a significant cost impact as compared to concert face rock filVlder@as
drawbackdn their selection: they need for preparation amgutarization of the suradeuntil

the dam body completion is achieved, beforgecaplacingdoes not allow the possibility of



progressive water storage during construction, the #spdracrete changes its properties due to
the temperature change in the exposed zpaossible needover for cracking repair operation
especially athe dam upstreartoe, complex manufacturing of the cover due to its mlatiered
structure and criticatonnection to the U/Saain slope toe concrete structuBaifin, R. A, 1992

2.2.4 Concretefacedrock-fill dam

Concrete face rock fill dam had its origin in the mining region of the Sierra Neva&difarnia
in the 1850s. Experience up to 1960 using dumpekl fill, demonstrated the CFRID be a safe
and economical type of dam, but subjectedkage causedy the highcompressibility of the
segregated dumped rock fICOLD, 2004).

Data from the year 2006 report more than 200 CFRDs above 100 m betweemiiiete and
design phasedue toeconomicalreason For example Agbulu (234m, Philippines), Shuibuya
(233m, China),andLa Yesca (210m, Mexicadtc. Today CFRD is an established major dam
type to be included in initial project feasibility studidRg¢sende and Materon, 2000).

Concrete faced roefill dam is the type of dam that has a dam body of either-filskor gravel
fill that is compacted in layers and an asgepage system of concrete face slab. The facing
concrete slab acts as an impervitayer while the rocKill body with a high permeability, gives

support to the concrete face slab and the overall stability of th¢l@&nD, 201)).

The main advantage igilization of less volume of rock fill consequentgnsiderable economy

is savedlarger portionof the dam is available for stability against sliding, relatively easy to raise
the dam at a later date, less costly as compared to asphalt comor&tag in very cold or rainy
conditions, carbe constructed after completion of the rddk section, readily avdable for
inspection and repair, in wet climates the absence of impervious soll fill simplifies and speeds
constructionSome of thelisadvantages are design for leakage through opened joints and cannot
provide storage duringongruction (Vncold, 2008.

2.2.5 Costcomparisons for designs from different projects gperience

The Rio Esti Hydropower Project (Rio Esti) in the Chiriqui province is the oldest project of the
case studies and was finished already in 2003. Two alternativescomapared at the design
stage: RCC and CFRD. The latter was chosen due to cost .So it is constructed as a CFRD
(Resende and Materon, 2000



Changheba dam project was completed in 2016 .Two alternatives were compared during design
stage: AC and CFRD the lattevas chosemlue to costSo Changheba dam was constructed as
CFRD Resende and Materon, 2000

Concrete face rock fill dam is proved to be an economical alterndtieeto tle fast rate of
progress and smaller volurmé&rock fill and alsolie dam is avadlble for stability against sliding
(USACE, 1994) In such a way that fast rate obnstruction which enables the dam to be
conpleted before fixed schedul®ut, due to weather dependesdnstruction of Legemera
embankment dam, the construction activity of the dam is tattdlyped duringummerseason

in such a way that the construction activity proceeds féaptember halfo Junehalf i.e. for
nine months per year MRSWRDB, 2007. Relative merits of four ebankment design
alternatives were considered. CFRECCRD, ACFRD and geanembrane face rock fill dam
were not practicahnd economialternatives for thd.egemeradam site. CFRDoption was

selected from the point of view of economy, ease of construatidrsafetyonsiderations.
2.3 Concrete Faced Rockill Dam Design
2.3.1 Dam body design

The dam body design includes several properties of the CFRD are
1 Inclination of the dam slopes
1 Height and Crest width of the dam
1 Settlements of the dam body

When designing thelam slopes, consideration to the gravel material has to be thkée.
material is of good enough quality, the up and downstream slopes dasigeed at a slope of
1:1.3t01:1.4. Whereagoorer qualityrock-fill the slopes bould notbe steeper than 1:1.5 to
1:1.6.The crest widtlshould be within the limits dur to eight meters widdhe height of the
dam is decided on an economiad well as on gractical baséy considering demand and
supply analysis ¥ncold, 2008) It is alsoimportant to make an analysis of the dam design to
ensure that stresses ameformationis within the set limits. Several models should be made on

different partsof the dam body.



Theseinclude, but are not limited to, the concrete face gi@aimeterjoint of the dam body and
rock fill creep etc. When doing the analyses iingortant to include dynamic loading to see

how the dam responds to seismic logHsinter,20(2).

2.3.2 Sectionof CFRD
According to ICOLD (2004)concrete face rdcfill dam section look liken Figure2.1 and its

properties as follow

1 Zone 1 used for concrete face protection, which is cohesion less silt or fine sand, is
placed lower part of the face slab. This zone has be ranges from 2 to 7 meter length from
heel in upstream direction depending on the height of the dam and material quality.
Compaction of this zone is by hauling and spreading equipment.

1 Zone 2A and 2B used asipporting concrete face. Zone 2A is a processed fine dilter
fine sandwith specific gradation limits t&®0 mm with horizontal width ranges from 2
meter to 5 meterZone 2B is crushed rock with in average size of 75 mm and used to
support concrete slabhe width of this zone ranges from 1 meter to 3 meter.

1 Zone 3 is quarry run rock fill and categorize inAoB and Cdepend on layer thickness,
size and type of rock. Zone 3A is to provide compatibility to support ZonevigB
horizontal width is 1 mete Zone 3B resists the water loading and limits face deflection.
Zone 3C receives little water loading, and settlement is essentially during construction.
Large rock is often placed at the downstreamwih in the height of (1£20%) height
dam toresist scour and tail water wave action

1 The angkas shown in Figure 2.depend on height of dam, rock quality andkrdid
grading. Its range from 4%0 135 in clockwise direction from horizontally blue dash line
(ICOLD, 201),.

1 Face slab it isnain watertight component of the dam. Selection of face slab thickness is
typically based on previous experience, height of the dam, and minimum conditions for
reinforced concrete. However, current guidelines suggest a slabs thickness increasing
with water heador CFRDs over about 100m (Kjarnsli, 199%he thickness of face slab
ranges fron0.3 + 0.002H to 0.3 +0.004*H (Frossard, 2006b).
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Angle depends on height of dam
/ rock quality and rockfill grading

Face Slab

Grout curtain

Figure 2.1Typical Section of the concrete face rock fill dam

2.4 Slope Stability Analysis

Stability analysis is carriedut in order to determine the factor of safety of a potential (shear
failure surface. The factor of safety is defined as the ratio of the resisting force or moment to the
driving force or moment. The slope stability may also get reduced by increasedtsbema due

to changed loading conditions. The sh&aess could be increasedibgreased stresses acting in
directions being driving; external loads at the top of the slopes, water pressure in cracks at the
top of the slope, increased soil weight dadancreased water content eté.nd factors making

the resistant forces reduced; any kind of removal of soil at the bottom of the slope, and drop in

water level at the slope base. (J. M. Duncan, 2005).

There are two essential ways to dslbility analyss; Limit equilibrium methods, anéinite
element methodGriffiths, 1999. The primary distinction between these two investigations
approaches is that the LEM depend on the static of harmony while FEM use th&tshiass

relationship or constitutive la{Krishna, 2006)
2.4.1 Limit equilibrium method

Currently, most slope stability analyses involve LE analysis due to its simplicity and accuracy.
These methods consist of cutting the slope into fine slices and applying appropriate equilibrium

equations (equilibrium of the forces and moments). Accordinipe assumptions made on the
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e orts between the sl ices an(Bundarh 200beHpwever,i br i ur

limitation of Limit equilibrium methods is not considering soil strairess.

The limit equilibrium methods use the M@3oulomb expession to govern the shear strength
(ty) along the sliding surface of embankment structures. teapuitlibrium (LE) methods have

been used tanalyseslopestability for a long time@uncan 2005)
2.4.2 Finite element method

FEM is that a complicated model of a body or structure is divided into a number of smaller
elements. Those elements are then connected by nodes. At every node there are one or more
degrees of freedom where the quantity of functions is described. By stidneplues at the

nodes the stress and strains in every element caalt@ated (Duncan, 20D5These methods

have several advantages: to model slopes with a degree of very high realism (complex geometry,
sequences of loading, presence of materialdmforcement, action of water, laws for complex

soil behavior) and to better visualize the deformations of soils in place. However, it is critical to
understand the analysis output due to the | a
(Puzrin, 2010)

The finite element method (FEM) can be used to compute displacements and stressddy
applied loads. However, it does not provide a value for the overall factor of safety without
additional processing of the computgilesses. The FEM can hedientify local regions where
overstressnay occur and cause cracking in bridled strairsofteningmaterials(Krishna, 200%

2.5 Static Stability Analysis

Different types of load acting on the dam changes iteeslogshear strengths with time result in
changes in the factors of safety of slopHserefore a stability analysis of the dam is necessary
corresponding to several different conditions, referring different stages in the life of the dam. For
embankment damst is necessary to examine the stability of both the upstream and the

downstream slopes for the most adverse loading condition presented in USACE (USACE, 2003).

Deformation of an embankment dam starts to occumduthe construction of the darmhese
deformations are caused by the increase of effective stresses duriogristeuction of the

consecutive stages of earth material and also by the effects of creaegeohfl, and embankment

12



deformations under static loading occur as a result of volunwtaes, lateral spreading, or

shear displacements within the embankment and foundatterials Cooke, 1991

Standard deformation and settlement according to IC@L&ssumed that for strong rock fill

dam vertical settlements is less than 1% of th&dight anchorizontal deformation should not

be greater tha®0% of the vertical deformatio(Cooke 1991). Although these assumptions
were correct for many dams, a few dams did show much more settlements (Kjaernsli et al.
1992). The major loading conditits that embankment dams shiblbe evaluated sudden
drawdown encnd during construction arstieady state seepagendition (Costas et al., 2013)

2.5.1 End and during construction

The critical condition to be analyzed is at the completion of embankmentaastruction but
prior to filling with water. In this case there is no water table present in theyogsand in the
embankment darfCostas et al., 2013)

2.5.2 Steady state seepage conditions

When the reservoir full of wateteady state seepage pore pressuvhich are fully developed as
a result of the reservoir have being storing water over a long periodeofin this case there is a
phreaticsurface ine under steady seepage st&tedtas et al., 2013).

2.5.3 Sudden drawdown condition

Fluctuations inreservoir water level may cause the upstream face stability to become critical
mainly due to the removal of the supporting water. When the reservoir is rapidly evacuated and

drawn down, pore water pressures in the dam body are reduced in two ways.

There s a slowedissipation of pore pressure due to drainage and there is ardiatenelastic
effect due to theemoval of the total or partial water lo@danjan, Rao, 2005).However, in case
of concrete face rock fill dam sudden draw down effect is insigmfigelated to stability
becaus®f thereis no water in dam bodyruezhan et al., 2000)

2.6 Dynamic Stability Analysis

Earthquakes significantly aftt the stability embankmeslopes. Dams in seismic region need to
be evaluated to make sure protectpuplic safety, life and propertyom earthquake hazard

The behavior of dams and their foundation under earthquake loading is an extremely complex
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problem which is not yet fully understood. Earth quakes impose additional loads on embankment
dams. Typical}, these loads are for short period, cyclic and involve motion in the horizontal and

vertical directions (Brandes, 2004).

In dynamic analysis horizontal and vertical acceleration time histories are key input parameters.
Therefore, site specific horizontahd vertical Acceleration Time History for Legemera micro
earth dam should be produced using the peak accelerations and recordsiloéabiyuakes.
However,there is no Acceleration Time History records near the dam site, actual accelerograph
recorded lsewhee have been used. Therefore, the followihigge Acceleration Time History

data have been considered for the analysis (Messele Haile, 1996).

1 The 1940 Elcentro Record, USA, magnitude (M) = 6.7, depth (H) = 11 km, radius (R) =

11.5 km.

1 The 1995 Kobe MA record, Japan, magnitude (M) = 7.2, depth (H) = 14.3 km, radius
(R) =19 km.

1 The 1968 Hachinohe record, Japan, magnitude (M) =7.9, depthQHtm, radius (R
=200 km.

Messle and Hadush, (2006) conducted liquefaction analysis on Teddahproject and during

their study they suggested that the 1940 Elcentro record appears to have the closest resemblance
with the earthquake records reported for the Tendaho dam siteHamee,the 1940 Elcentro
recordhave been used fdregemera micro ath dam Project site which is locat&$0 km far

from earthquake region such as Kara Kore (Western margin of afar deprétsianjer,the

effect of earth quake is not that much on the project(8WRDB, 2007)

According to Brandes, (2004) earthquake cdecafembankments dams by causing settlement or
cracking on the crest, loss of freeboard, instability of upstream and downstream slopes, and

differential settlement and so on.
2.7 Software for Embankment Dam Analysis
2.7.1 Geo-Studio

GeoStudio software is one of this numerical modeling software developed byStadm
internationalbased LEand FEM principles used specially for the analysis of seepage, stability
and deformation of geotechnicatuctures (see section 2.4.1 and 2.4.2)
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2.7.2 Plaxis 2d

Plaxis isa numerical program based tire finite element method and veargefulfor calculation

of loads, deformations arglope stabilityin geotechnicakngineering It was developed in the

end of the “80s at Delft University in the Netherlands. During the "90s it was further developed
for commercial purposes and is since 1998 available in Windows environment. Plaxis is mainly a
two-dimensional pogram for statically computing. However deformations along the
longitudinaldirection of the danassume to be zero, do not show faglsurfaceand do noshow
seepage througtine dam and foundaticere limitation of Plaxis 2d softwai@rinkgreveet al.,

2011) So Geestudio softwaréhasbeen used in this thesis dwethe reason listed igection
2.4.1and 2.4.2
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3. MATERIALS AND METHODS
3.1Description of the Study Area
3.1.1 Location

Legemera smakcale micro earth dam irrigation project is l@chin South Wello, Debre Sina
Woreda,The project site has ground distance of aboktfrom Mekaneselam town wdh is
the capital city of the \Wreda.The project lies on Latitude 110°21° to 11°15°56° N Longitude
38°37°34 to 383935 E .Its elevation above mean sea level ranges from 243848 m
(ANRSWRDB, 2007). The loation of the project area is shown in FiglBd.

Figure 3.1Location map of Legemera Micro Embankment dam
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3.1.2 Climate

Climatic condition of the area is generaltlassified as semarid (Wayna Dega) zone with
an altitude thatangingfrom 2186m to 2924 m above sea leveand a mean annual temperature
that varies from13.76°C to 25.9°C. The Average annual rain fall is 863.68n. The mean
monthly wind speed varigsom 4.6m/sec to 8 m/s. Sunshine hour ranges fromhéwin July

to 8 hourin November. Mean monthly humidity varies from 37% in June to 61% in August.
Totalannual evaporation 10ss1499.00 mmANRSWRDB, 2007).

3.1.3 Availability of construction material

According to ANRSWRDB, 200the availability of clay core material is located greater than
fifteen kilometer far from the dam site. Whereaxk fill materials burrow area for the
casing/shell zone isloseto the quarry siteThis burrow area is founat the central portion of
the mountain or a ridge locatethout 0.5 to @ km North West of the dam site

3.1.4 Geology

The valley floor area/Streambed is characterized by gentle to plain grazing lamsl ritzanly
covered by soilvhich is floodplain,slightly weathered basalt ro@ndstrong basalt rockThere
is surface outcrop of the lower unit of the local geology at some portion of the streambed, mainly

downstream of the daaxis (at about 100 to 208 from thedamaxis).
3.1.5 Topography

The topograplu condition ofLegemera micro earthadh project aeais steep hill escarpments on
both sides with an average elevation of 248@bove sea level and average river iseas wide
as 25m.

3.1.6 Seisnology

The seismicity of Ethiopia and neighboring countrless been studied by Gouin (1997
Kebede (1991)Asfaw (1996) and others. Gouin (19¥bmpiled a catalogue of earthquake and
produced the first seismic hazard map of Ethigiawn in kgure 3.2 Contours indicate peak
ground accelerations as a fractioh gravity. Several potentially damaging earthquakes have
occurred. Examples are the 1906i&thiopian rift earthquake (M is equal €08), the 196
Kara Kore (western margin offar depression) earthquake sequencegEqual td6.6), and the
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1969 Cenital Afar earthquake sequence (#equal t06.3). The criteria adopted for the selection
of design earthquake loads were based onett@mmend@ons of USACE, 1999
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Figure3.2 Seismic hazard maps Bthiopia MWUD, 2005
Maximum Design Earthquake (MDE):-The MDE is the maximum level of groumdotion for

which a structure islesigned or evaluated. The associgitedformance requireme is that the
project performswithout catastrophic failuresuch as uncontrolled release of a reservaoir,
although severe damageasonomic loss may be tolerated.

Operating Basis Earthquake (OBE):- represents the level of ground motion at the damfor

which only minor damage is acceptabighin the service life of theroject Linear elastic

analysis haveen usedor computing seismic responsetbe structureReturn period (Approx.

145 years), Performance of the dam (No structural damage, i.e. stresses in concrete dams must
remain within allowable stresses) and Dam safety (not relevant for dam safepyesents a
serviceability limit state and is basically an economical criterion, which is of main interest for the

dam owner) are the criteria of operating basis earth qU@k¥.D, 2011)
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Table3.1 Design Peak Ground Acceleration (ANRSWRDB, 2007)

Design Earth quake PGA (9)
Horizontalacceleratior{ {)* | Vertical acceleratior{ \)*
Operating basis earthquake | 0.03 0.015
Maximum design earthquake | 0.05 0.025
*ANRSWRDB 2007and Figire 3.2 * * = (USACE, 1999

The project area is confirmed to be of relatively tediseismicity; mainly because of the
location of the dam aroun860 km far from earthquake region such as Kara Kore (\fes
margin ofafar depressionfhe dam must be safer the operating basis earthquake and must be
check with the maximum desigarthquake value for its adequacy.

3.2 Toolsand Materials Used for Analysis

3.2.1 Tools
This studyaimedto evaluate stabilityanalysis oembankment dam by introducing concrete face
rock fill dam in case of.egemera micrarrigation damusing Geestudio 2012model. Inthis
researchdam design documengeological andgeotechnical labratory report data etc.were

used
3.2.2 Primary data

Primarily datawhich are necessgy for the purposeof this study were collectedfrom the site.
These datanclude hysical observaion of the site condition anatherrelevant information

3.2.3 Secondary data

Essential iput data for the Gestudio 2012such as; dam cross sectional design, geological
report of the dam site, embankment material property (hydraulic conductivity, unit weight, angle
of internal friction, cohesio of soil, conditionsof soil water content)for core material,
impervious matedl, foundation materialaggregate, filter and rip rarom design guide line
documend of Amhara National Regionalt&e Water Resource Development Breay Amhara

Water Work ConstructionriEerprise and other sourcesre gthered
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Embankment material parameters used for seepage analysis
Hydraulic conductivity (K)

The ability of a soil to transport or conduct water under both saturated and unsaturated
conditions is reflected by the hydraulic conductivity function. From the design report of
Legemeranicro earth dam hydraulic conductivities of embankment materials are listed in Table
3.2 (ANRSWRDB, 2007).

Volumetric water content (n)

The volumetric water content function describes the capability of the soil to store water under
changes in matric pressure or what portion or volume of the voids remaindilkedeas the soil
drains. Volumetric water contemtlues for different embankent materials are listed in Table
3.2below.

Table 3.2Hydraulic conductivity and volumetric water content used in the analysis

Type of material | Hydraulicconductivity | Volumetric water conten| Remark

Bed rock 1.52 *10’ 0.3388 ANRSWRDB

Alluvial bed 1.06*10° 0.335 ANRSWRDB
Concrete face | 1.3*10” 0 USACE,2008

Cutoff wall 1.7*10° 0 USACE,2008

1A 1.52*10" 0.33 ANRSWRDB

2A 1.02*10° 0.35 ANRSWRDB,SEEP/W
2B 1.89*10" 0.32 ASTM,2015

3A 1.48*10° 0.3 ASTM,2015

3B 8.51*10° 0.25 ANRSWRDB,SEEP/W
3C 2.1*10" 0.27 ANRSWRDB,SEEP/W
3D 5.6*10° 0.25 ANRSWRDB,SEEP/W

Embankment material parameters used for slope stability analysis

For slope stability analysis shear strength parameters of the dam and embankment heaterials
been adopted from the findésign report of egemeraarth dam (ANRSWRDB, 2007)
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Table 33 Material parameter used for slope stability analysis

Materialtype | Unit weight(kN/m>) | Cohesion (kPa] Friction angle {°) | Remark

Bed rock 24 18 20 ANRSWRDB
Alluvial bed | 18.5 22 35 ANRSWRDB
Concrete 24 45 36.5 USACE,2008
Cutoff wall 18 45 0 USACE,2008
1A 18 0 32 ANRSWRDB
2A 22 0 36 ANRSWRDB
2B 18 0 36 ASTM,2015
3A 21.5 0 33 ASTM,2015
3B 21.5 10 42 ANRSWRDB
3C 21.5 6 44 ANRSWRDB
3D 19 0 48 ANRSWRDB

Embankment material parameters used for static stress deformation analysis

For the analysis of static deformation strength and stiffness material properties are required and

these data are adopted from the design report of the projectematutes as shown ifable 3.2
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Table 34 Material parameter used for static stress deformation analysis

Type of | Unit Weight| Cohesion Friction Effective elastid Poisso
material (KN/m®) (kPa) angle % | modulus (MPa)**| n ratio
ok
Bed rock 24 18 20 3400 0.33
Alluvial bed 18.5 22 35 350 0.23
Concrete face | 24 45 36.5 28000 0.17
Cutoff wall 18 45 0 200 0.4
1A 18 0 32 15 0.3
2A 22 0 36 90 0.3
2B 18 0 36 80 0.3
3A 21.5 0 33 70 0.3
3B 21.5 10 42 60 0.3
3C 21.5 6 44 40 0.3
3D 19 0 48 30 0.3

** USACE 2008andANRSWRDB, 2007
Embankment material parameters used for dynamic analysis

Newmar kds met hod i s onl ych dopnot lose attehgth infpest ma t
earthquakeonditions which means that the slope is still stable after shaking has ceased. It is also
useful for situations where no changes in poater pressure will occur, i.e. when the slope
materials are cohesion le@Slough, 196%. The procedure used for apgimating the material
stressstrain behavior is by successive load increments, within which the matehmlibeis

assumed to be linearhe simplified input data for the linear elastic model are ligtebthble3.5

with respecto material and thenaximum shear modulus (Gmax) is determine@dpyation 3.1

rrrrrrrrr

O —— éecececéééececeeccéééceececcé. ceececééeeed. 1

Where E= Modulus of elasticity, 3= Poissonos
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Table 35 Material parameter used for dynamic analysis

Type of | Unit Weight| Damping | Effective elastic P o i s § Maximum Shear
material (KN/m3)* ratio ** modulus (MPa)**| ratio ** | Modulus
(MPa)**
Bed rock 24 0.1 3400 0.33 1278.195
Alluvial bed | 18.5 0.1 350 0.23 142.2764
Concrete 24 0.1 28000 0.17 11965.81
Cutoff wall | 18 0.1 200 0.4 71.42857
1A 18 0.1 15 0.3 5.769231
2A 22 0.1 90 0.3 34.61538
2B 18 0.1 80 0.3 30.76923
3A 21.5 0.1 70 0.3 26.92308
3B 21.5 0.1 60 0.3 23.07692
3C 21.5 0.1 40 0.3 15.38462
3D 19 0.1 30 0.3 11.53846

* ANRSWRDB, 2007 ** USCEA, 2008 *** C alculated value usingquation 3.1
3.3 Methods Used

After creating a computer model of a concrete face rock fill dam weectedmaterial
properties and geometrical conditions thore water pressures deveddwithin the body of the
dam and in théoundationunder steady state seepage weiteally estimatel with the help othe
SEEP/W softwareWith determined material parameters and geometrical conditions initial static
analysis were performed with SIGMA/W. The analyses werecaried out with the aim of
controllingthe model anéccuracyof results togetheby using the stresses obtained from static
analysis indynamic analysidn the next step, dynamic analyses wateomplishean damwith

the help ofthe QUAKE/W software. Thanethods and matergaimodelusedfor each activityis

discussed as follosy
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3.3.1 Seepage aalysis

The basicrequirement for the design of embankment dants iensure safety against internal
erosion, piping and development of excessive pore pressitesgly state seepage analysis is
carried out to estimate the amount of seepage througinthankments and foundation materials
(Narita, 2000).The analysis is conducted using the state of the art lfeteent Method based
computer programThere are twofundamental types of seepage analysis: steady state and
transient. A steadgtate Seepage analysis is an analysis type where water pressures and water
flow rates do not change with time. A transient analysis, on the other hand, has pressure
conditions tha.change with timgSEEP/W, 2008)Since this thesis isonsidered a primer for
seepage analysis to determine the quantity of seepage passing through the embankment as well
as the foundationrSEEP/W softwareuse forcalculates themount of seepage passing through

the embankment as well as well foundatimsing partialdifferential equations.According to

Hasani, (2013) partial differential equation faotdimensionaflow mathematicaéxpresses as:
—(kx.—) +—(ky.—) =0 éeéécééecéece éeéeéeéeéeéee. . . 3.2
Where, kx,ky=Coefficientof permeabilityin (x, y) and
H=Total head

3.3.2 Slope stability analysis

The slope stability investigan was carried out using the SLOME computer program based
on the limit equilibriummethod. Analysis types in limit equilibrium method afeellenius,
Spencer, Bishop and Morgenstd?rice methods Among themMorgensterrPricemethod wa
used to obtain the factors séfety becausi satisfiesall three conditions of equilibrium: force
equilibrium in horizontal and vertical direction and moment equilibrium condition (Cheng,
2008)Limit equilibrium methods use the Mafroulomb expression to govern the sh&taength

(ty) along the slichg surface of embankment structures. The shear stremswhicha soil fails

in shear is expressed as the shear strength of the soil and the shear strengthyigxpressed

by the MohZCoulonb linear relationship, wheghear strengtht { mathematically expressed:

,,,,,,,,,,,,,,,,,,

tr=#te A OOAMBééécéé. €ééééécébééééeécdéééeéeées. 2
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Then factor of safety (FOS) is expressed as the aditibe shear strength (resisting force), and

theshear stress (driving force) required for equilibrium

//////////////////////

&1 3:t—éééé.eeeeeeeeeeeeeeeeeeeeee3. 3

Where normal stress and porpr essur e ar e d e respectivaly, amds thel and
friction angle and strength parametet® and cohesi on, cd6 (express

stresses, i.e. for drained situations) @eaoted respectively.

Both upstreamand downstream face of the damder different loading condition, the slope
stability tries to satisfyminimum recommendedactor of safety.Table 3.6summarizes the
loading conditionsand corresponding minimum factor of safety (FOS min) requirements
proposed byUSACE, 2003)and used worldwide.

Table 36 Recommended factor of safety (USACE, 2003)

Load Combinations | DL | Reservoir Wate| Earthquake | Slip Circle| Case Requi
Level Location | type red
Empty | NPL | MPL | OBE | MDE | DS | US FoS
After Construction abS | * | * * Unusual | 1.3
After Construction auS | * | * * Unusual | 1.3
Operation aDS * * * Usual 15
Operation + MDE aDS | * * * * Extreme | 1.0
Operation atUS * * * Usual 15
Operation + MDEatUS | * * * * Extreme | 1.0
Operationat DS * * * Usual 15
Operation alUS * * * Usual 15

* Load combinations were considered in the analysis

3.3.3 Stress &eformation analysis

The deformations (settlements and displacements) were calculated with GeoStudio 2012
SIGMA/W software. SIGMA/W is a finite element software product that can be used to perform
stress and deformation analyses of dam with and without pore water pressargoanighe
reservoir. Insitu analysis type was used foalculating total stress anshearstress analysis

whereas loadleformationusedfor analysis of horizontadndvertical displacement.
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3.3.4 Dynamic analysis

QUAKE/W can be used for the dynamic analysiseafth structures subjected to earthquake
shaking or to point dynamic forces from a blast or a sudden impact load. QUAKE/W determines
the motion and excess pemater pressures that arise due to shaking. @otige models

include linear lasticmodel andequivalent linear model was used for analysis.

3.4 Comparison of Concrete Face Rock Fill Dam with Central Clay Core Earth Dam
After, completionevaluation and stability analysis obrcreteface rock fill dam comparison
with central clay core earth dawasconducted. Focomparisonpurposethe result of seepage
analysis, slopestability analysis staticanalysis,dynamicalanalysisand economic analysis has

beenaccounted asomparison parameter.
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4. RESULT AND DISCUSSION
4.1  Dam Zoning and Geometry

It has been discued earlier in this document thdtegemera micro eartlllam originally
being designedraearth fill dam with central claycore. Howeverthe biggest challenge is
availability of core materials within economically justifiable haulidigtance that meets the
design requiremenANRSWRDB, 2007).To solve this problensoncrete face rock fill dawas
proposedasan alternativalam designnstead olembankment dam with central clay cared all

requiredcomparativeanalysiswas performed

The upstream andownstream slopes of the dam wéagen as B H: 1V and 1.7H: 1V

respectivelyThedimensionof the dam are 7eh of bottom widh at maximum cross sectionn#
top width, dam crest length 8.9 m, and dam height of 2@, maximum poolevel 21.5m and
normal pool level of 19.5n. Accordingto (ICOLD, 1998, 2002, 2031USACE, 2003, 2004
USBR 1987 the dam comprisebefollowing key zonegFigure 4.2)

A constantdw permeable concrete facedkmess of 0.3n widthor thickness
ZoneslA: this zonehas3 meter length from heel of the dam in tnestreamand in the
inclinedconcrete facavith 1 meter thicknes

1 Zone2A: Is a processed fine filter (sand and gfawesedto interceptseepagevith 3
meterhorizontal width.

1 Zone 2B: This zone provides support to the face shalol consists of sand and gravel
sized particles witlmorizontalwidth of 1 meter.

I Zone 3A Thiszone is aransition between zone 2B amdne 3C.The horizontal width
of thiszoneis 1 meter
Zone3B: This zone consists obck fill material wth maximum particle size up tort.
Zone3C: This zone consists obck fill material with maximum particle sszup to 2m.
Zone 3D: This zone provides drainage conditions within ¢éinegbankment. The height of
this zone it m.

1 Grout Curtain: It is perfamed under the toe slamd outside of the embankment body.
Depend on site conditiotlepth of grout curtain alsestrict b eight meter
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The maximum dam crossection of the originablesign Earth dam with central clay cQre

designed by Amhara National Regional State Water

ANRSWRDB, (2007) is presented in Figure 4ahd itsalternativeCFRD in Figure 4.2
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Figure 41 Dam crosssections with central clay core designed by ANRSWRDB (2007)
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4.2  Seepage Aalyses

Leakage is a key parameter thatrelatedto the overall performance of the CFRD. Large
seepageates are an indication that damage has occurred to the perimeter joint and/or that the
concrete &ce has cracked to some extent. $hepage analyses were performed by means of
the SEEP/W module of the GeoStudinite elementmethad geotechnical softwarpackage.
The result of seepage analysistainedfor concreteface rock filldam in this study confirms to
what is found and stated bgsearcher Jansen, (1988).

Analysis of the expeed quantity of seepage through #rabankment and the dam foundation,
which is the total flow peunit distance into the sectipwas computed using SEEP/W software
model as 6.5906x18 m*/s and 7.5864x18 m*/s per unit distance, respectively. With the crest
length of Legemera miorirrigation dam is319 m, the total volume of water seeps through the
dam body and the foundation was also computed to be 2.42 € It is less than @3 nt/s

the standard set by Jansen (1988).

Jansen(1988 that themaximum permissible seepagerough the embankmeandfoundation

with in incorporatedproper filter material andirainage systenis 0.03ni/s. Therefore, the
proposed dam cross section is satisfacteityh respect to its ability of wateretaining. The
guantities of seepadiow calculated on the original design prepalgdthe Amharanational
regional satewater resource developmenirbauis 1.885227 x 18 m%s and3.053 x 10'm*/s

per unit widththroughthe foundation and dam bodespectively Sothat thetotal volume of
water seeps through the daend foundationis expected to b®.00@m*s which is below
allowable limit. Therefore, even though the amount of seepage loss were within the allowable
limit, using CRDF will have an advantage over the certi@} core in conserving stored water

against seepage loss.
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Figure 4.3Seepage through the dam body and foundation

4.2.1 Location of phreatic line and pore water distribution

As can be seen from SEEP/W results in Figure the blue thick line indicatethat the line of
zelo pressure which rapidly dropsom upstream concrete fac® heel of the dam then
horizontallyup to the toeof the damlt indicatesthat the use ofoncrete face as a water barrier
material is quite effectivandalluvial foundation is assumed to be slightly free drain and energy
is dissipatedas compared to concrete fadde distribution of pore water pressure through the
dam body and the foundation at steady statedition isalsoshown in Figure 4. The negative
sign indicats that the portion of the damabove bluethick line (above phreaticline) is a

negative/suction pressure zombich means dry area
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Figure 44 Pore water pressure difference through the dam body and foundation

4.3  Static Slope Stability Analysis

4.3.1 During and end of construction condition

During construction

The stabilityof concrete face rock fill dam has beanalyzed during construction stagésr
seek of analyss let assume the dam ¢®nstruct in twostages and checking upstream and
downstream stability at intermediate staghe Tomputed factor ofafetyduring construction
stage has been found to heB73 and 1.60&refer Appendix A1 and ARfor upstreamand
downstream slopeespectively.The result obtained antermediate stagadicates that, use of
concrete face rockill dam can be satisfyingthe minimumfactor of safety(1.3) requirement

recommended bWSACE, (2003).Sincethe embankment is safeith respect to safety factor
during constructions.

End of construction condition

In this condition both upstream and downstreamesdajpe critical slops The computedstatic
factor of safety for upstream and downstream slopebeas found to bd.824 and 1.590
respectively which is shown fRigures4.5 and Figure 4.7The minimumfactor of safety against
staticslope stability analysis is 1& end of construction conditid SACE, 2003) Hence the
embankment is safe at end of constructiime half circles displayed by red color Figure 46

and 48 indicatethat, the region in whichost possible slide surfadering construction.
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The computed static factors of safety of central clay core earth dam (original diegign)
upstream and downstream sldpes been found to He652and 1.527, respectively (Appemrdi

A3 and Appendix A%l Therefore, even thougdafetyfactor for upstream and downstream slope
were within the allowable limit, using CRDF will have an advantage over the central clay core
due to higher safety factor.
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Figure 48 Factor of safety for downstream slope at end of construction for all slip surfaces
4.3.2 During steady state condition

The analysis through SLOPE was based on Morgenstepmnice half-sine function method that

deals with both moment and force equilibrium equati@nging stability of downstream slope

of embankmentlam, tle most critical condition occwrhen he reservoir is full and steadiate

conditions Based on the computatipthe minimum factor afafety under steady state condition

has been found to be 1.954 and 1.544 (Figure 4.9 and Figure 4.t® dbwnstream and
upstreansloperespectively.
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Factor of safety in case of normal pool leisgjreater as compared to empty reservoir because of
vertical component of water loasl used as stabilizinfprce against sliding in case of concrete

face rock fill dam.

The computed static factors of safety of central clay core earth (daginal design)for
upstream anddownstream slope has been found tolb@41 and 1532 (Appendix A5 and
Appendix A6). The result indicates that, concrete face rock fill dand centralclay core dam
(original design)has reasonablygatisfied the minimum factor o$afety (1.5) requirement
recommended bYSACE, (2003).The reason whyn case of central clay core factor of safety
decrease after impounding while increase in case of concrete face rock fiff teahin case of
central clay core the averagam body is wet due to seepage this tends to reshear strength
of the material whilavater load act astabilizing force against slidinigp case of concrete face
rock fill dam Therefore, even thouglpstream and dovstream factor o$afetywere within the
allowable limit, using CRDF will have an advantage over the central clay cocas& of

stability.
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Figure 49 Factor of safety for upstream slope during steady state seepage
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Figure 410 Factor of safety for downstream slope during steady state seepage

4.3.3 Maximum water level condition

Based on the computation, the minimum factosafety under maximum water level condition
has been found to be 1.969 ah®?9 (Figure 411 and Figure 4.2) at the upstreamand
downstram sloperespectively. Theresult indicates that, concrete face rock fill dam has
reasonably satisfied the minimum factor of safdty) requirement recommended SACE,
(2003) The reason behindpstreanfactor ofsafetyimproved & the water leveincreasd is that
when the reservoitevel increasewertical component ofvater load also increases. Sbet
vertical component of water load acting on tipstream face of the damdervesasaresisance
force against slidingThe region in which most possible slide surface during maximum water
level conditionis displayed by red color and its magnitudes been found to He969 andl.529
(AppendixA7 and Appendix A8) for upstream and downstream slope respectively.

The computed static factors of safety of central clay core earth dam (original design) for
upstream andlownstream slope has been found to1b469 and 1.498(Appendix A9 and
Appendix A10)respectively.The result obtained shows that, during maximum wédeel
condition due to upstream water pressure and its distribution in embankment material the safety
factor for clay core dam is poorly attain the minimum safety factor requirement suggested by
USACE, (2003).
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But, under the same loading condition the factor of safety computed for concrete face rock fill
dam gives attractive result and it reasonably attain the minimum safety factor requirement
recommended by USACE, (2003)he reason whyactor of safety belovallowable limitfor

clay core dam is that, trdevelopment of pore pressure occurs in the body of thetliartends

to reduce shear strength of the material.
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Figure 4.11Factor of safety for upstream slope during maximum water level condition
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Figure 4.12Factor of safety for downstream slope during maximum water level condition

Generally from stability point of viewfactorsof safety against slope stabilitynderdifferent

loading conditionshas been computedcrom the result reported that, ahd construction
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upstream and downstream slope stability of condaate rock fill damhas been found to be
1.824 and 1.59 respectively. In case of steady state condition safety factor for upstream and
downstreamhas been found to b&954 and 1.544esgectively. Similarly, during maximum

water level condition lao 1.969 and 129 for upstream and downstream slope respectively
(Table 4.).

Table4.1 Summary of computed FoS obtained for CFRD and its comparison with standard

Load Combinations RecommendedFoS| Computed FoS Remark
(USACE, 2003) u/S D/S

End Constructiorat DS 1.3 1.824 1.590 Ok

Steady state condition atiPL 15 1.954 1.54 Ok

without earthquake

Maximum water level condition{ 1.5 1.969 1.529 Ok

Sudden drawdown* 1.3

*The phreatic linas located at the base of the daifhis indicatesthereis no seepage water
entering intothe cam body due to impervious membrane whiigs on the upstream slope
Thereforedraw down effect is limited in such cages a resulf stability analysis during sudden

draw down is not conducted in thsgidy

As can be seen clearly in Table 4He factos of safa¢y calculated in this research coincides
with therecommendeallowable rangeTherefore, thaew proposed dam cross sectisatisfies
minimum requirement undataticstability conditiors such assteady state condition, maximum
water levelcondition andend of construction condition for upstream and downstreane slop
stability.

4.4  Static Deformation Analysis

Static analysis of ammbankment dam is carried out by considering mainlyvgeight and
hydrostatic force Boundary condition and finite elementesh of the domain used for stress
deformation analys has been shown indtre 413.The size of mesh and number of element is

1 meter and 3130 element respectively with 3252 ndtie. static stress deformation analysis
mainly vertical deformation, horizontal deformation and stress state for different loading

conditions has been computé&ibankment deformations under static loaddwgur as a result
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of volumetric changes, laterapreading, or shear displacements within the embankment and
foundation materials. Volumetrchanges are due to either an increase in the normal stresses on
a soil element causing a decreasegaid volumeundergoing shear. Lateral spreading and shear
displacements are due to squeezing, distorting, and localized shear failures of material elements
asthe materials adjust to the stress conditions imposed by constructing the embankment and

operating the reseow.
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Figure 4.138oundary condition and finite element discretization of the domain

4.4.1 During construction / End of condition
Vertical displacement of concrete face rock fill dam

The deformation and stress condition of the dam has been computed at the end of construction.
Figures 4.14 shows that, the maximum vertical displacement of concrete face rock fill dam is
negative 0.8 m and occurs near the creéthe dam which is shadéy the deep blue color.

The negative sign on vertical displacement shows that the direction of the deformation tends to
occur in the downward directioithis value isfound within allowable rang&% of dam height
(i.,e. 0.01*22m=0.22m) recommended KBooke, (1991) Therefore,with regard to vertical
displacement, the analyzed result shows that concrete face rock fill dam gives good result.
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Figure 4.14Contours of vertical displacement for alternative design at end of construction

Horizontal displacement ofconcrete face rock fill dam

The simulated models result of maximum horizontal displacement of concrete face rock fill dam
is 0.05 (Figure 4.1% which is below the allowable valudegs than 50% of vertical settlempent
recommended bgooke, (1991)Therefore, the dans notbring any series problem astability.

The negative sign on haontal displacement shows thhe deformatiortends in the upstream

direction andpositive value shows the deformation of the embanknientls to in the
downstream direction.
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Figure 415 Contours of horizontal displacement for alternative design at end of construction
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Total stress and shear stress distribution

The stress distribution for end of construction loading condition insiddaireand foundation
was analyzed.The result shows that, the region of maximum vertd@splacement i¥50kPa
which is shadedy the deep red color, aratcur at the base of the foundation duegtavity
loading.Thevariation oftotal stresss increasediniformly from the crest of the dam toward the
foundation of the danThe deep red colored regionthe bottom of thedam is used to represent
theregion of maximum total stress. On the handrédgion shaded bie darkblue colorat the
top most portios is used to represent region of minimum stréssnumerically expression
maximum and minimum total stress790kPa andb0kPa respectivel{fFigure 4.16) Therefore,
maximum totalstress muctower than the expected bearing capacity of the foundation(reck
uniaxial compressive strength of-83MPa) studied by ANRSWRDB (20QThis shows that

the damwill not bring any series problem atability.
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Figure 4.168Computed maximum total stresses in dam body and foundation (Static analysis)
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Figure 4.17computednaximum shear stress in dam body and foundation (Static analysis)

4.4.2 Normal pool level condition

Vertical displacement ofconcrete face rock fill dam
When the reservoir impounds water to its normal pool lthetettlemenbf concrete face rock
fill dam increasesby 0.005 m.As indicated m the Rgures 4.18 the maximum vertical
displacement found foconcrete face rock fill danwas -0.065 m. The result shows that, the
region of maximum vertical disptement is shaded by thdeep bluecolor which occurs at the
crest of the danilhe position at which the maximum vertical displacement obtained in this study
is confirmed o the result found byustafg (2014.). From the result maximurdisplacemenof
concrete rock fill danis below the allowable valuekeg§s than 1% of dam heightecommended
by Cooke (1991) So, the dam is safe under steady state condition with respect to horizontal
deformation.The reason whynaximum vertical settlement happens nearly at the cresieof
dam is that, maximum total load of the dam act here.

The maximum vertical settlement calculated on the existing dam design by Ahéoaal
Regional State Water Resource Development BufeaO.1lm under steady state condition
(ANRSERDB, 2007). Therafre, even though maximum vertical deformation clay core dam
were within the allowable limit, using CRDF will have an advantage over the central clay core in

in terms of deformation resistance.
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Figure 418 Contours of vertical displacement at normal pool level condition

Horizontal displacement of concrete face rock fill dam
Maximum torizontal displacemertf concrete face rock fill dans 0.032m which isshown in
Figure4.19. So, the extreme horizontal displacememaimal pool levebounded by red color
which was registered nearly tfdownstreamshoulder of damThe horizontal displacement
pattern of concrete face rock fill obtained in this study gives nearly similar césudirizontal
displacement pattern and position obtained Mystafg (2014) which increased to the

downstreandirection

The lateral deformatiorof the dam increaseo 0.032 m afterimpoundment This increment
resultsdue tothe load imposed by theservoir.However, the displacemewnthich is not satisfy

the allowable alues [ess than 50% of vertical settlemerdcommended bZooke (1991) But
alsothe displacementhich is satisfy the allowable valu€&1-0.5% height of damsuggested by
ICOLD, (1993) So, the dam is safe under steady state condition with respect to horizontal

deformation
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Figure 4.1Contours of horizontal displacement at normal pool level condition

Total stressdistribution

The total stress after impoundmentinsreasedo 80kPa due tahe effect ofexternal water
load. Totalstresses are controlled by thelf-weight of the damgexternal loads and pokeater
pressure.n this study the whole part of the dam is ,dsp the effect of pore pressure is
neglected. n case ofconcrete face rock fill dam vertical component of water load sease
stability against slidingHowever,impoundment of reservoinas somenegative effect on the
dam due tadditional loadexeredon the structureRock mas quality of foundatioris tested by
ANRSWRDB and its average RQD valuenges from 5675 % (i.e. fair to good qualitylith
uniaxial compressive strengtfUCS) of 3543MPa (ANRSWRDB,2007yhe compited
maximum total stress is 80Bk on the base or rock foundatigiigure 4.20) Thisstress level is
much lower than the expected bearing capacity of the foundationsoaitiat the dam is safe

under steady stat@ndition.
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Figure 4.20Computed Maximum total stresses in dam body and foundation (Static analysis)
The distribution of minototal stressnsidethe dam body and foundation has to be ranges from
50kPa to450kPaat normal full reservoir level conditiofAppendix All). From the result
positive value indicate thatie dambody as well as foundation is not subjected to cracking.

4.4.3 Maximum Pool Level Condition

Vertical displacement of concrete face rock fill dam

When the reservoir water reaches to its maximum level, vertical displacement also increases as
shown in Figure 4.2IMaximum verticadisplacement of the dam during maximpol level is

appeas near the crest of the damaded by the darlblue color. The maximum vertical
settlement for this loading conditiondgemputed to be0.09 m. However, it is acceptable as the
deformation is less than 1% of the total dam hesgigfgested b ooke (1991) So, the dam is

safe under maximum pool level condition with respect to vertical deformation.
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Figure 4.21Contours of vertical displacement at maximum pool level condition

Horizontal displacementof concrete face rock fill dam

The incement of water levefrom normal pool level to maximum water level further deforms
the embankmertb lateral directiorby 0.0%5 in Appendix A 12due to load exerted on the dam
body by water pressur&he negative sign on horizontal displacensmiws that the direction of
thedeformation tendt occurtowardsthe upstream and positive value shows the deformation of
the embankment to bat downstream sideHowever, the displacementhich is below the
allowable valuesl¢ss than 50% of verticakettlementrecommended b€ooke (1991) So, the

dam is safe under maximum pool level condition with respect to horizontal deformation.

Generally,from deformationpoint of viewvertical as well ashorizontaldeformation has been
computed under different loading conditioRsom the result presented in Table that, & end
constructionvertical deformation antiorizontaldeformationshas been found to b®.05 and
0.05 respectively. In case of steady ste¢etical and horizontal deformatiohgs been found to
be -0.0% and 0.032espectively Similarly, during maximum water level conditiaiso-0.09
and 0.035
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Table4.2 Summaryof vertical and horizontal displacement obtained for CFRD

level conditions

of dam height

vertical settlement

Load Recommended settlement Computedsettlement | Remark

Combinations Vertical Horizontal Vertical | Horizontal
settlement settlement settlement| settlement

After Construction| Less than 1% Less than 50% o -0.06 0.05 Ok
of dam height | vertical settlement

Steady state -0.0% 0.032 Ok

N Less than 1% Less than 0.5% 0O
conditions @NPL . .
_ of dam height | height of dam
without earthquake
Maximum  water| Less than 1% Less than 50% o -0.09 0.035 Ok

4.5 Dynamic Analysis

The dynamic stability otoncrete face rock fill dam hdseenanalyzed with the seismic data

presented in Table 3.Horizontal and verticahcceleration time historgata has been produced

for the dam from the respective peak grouadcelerationfPGA) valuesbased on the 1940 El

centro (USA) record. In order to remove site and path effects, deconvol¢data have been

used inthe analyses. In addition the acceleration time histlata have been scaled to PGA

values of 059 horizontal and 025 vetical caresponding for site specifimaximum design

earthquakeand0.03g horizontal and 015 vertical corespondingto site specific operating

base earthquakélowever, the reasowhich in stated in section 3.1.6nly maximum design

earthquakdérave ber checkedHence, Figurél.22 andFigure4.23 shows thatthe deconalved

acceleration time history data used related maximum design earthopigkental and vertical

acceleration fothe project site.
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4.5.1 Slope stability analysis after earthquake shaking

The pseudo static force is used in a conventional limit equilibrium slope stability analysis. The
pseudo static force is treated as a static force and aaislynone direction, whereas the
earthquake accelerations atiange direction at certainstances of time witkhortperiod. The

vertical components of the earthquake accelerations are usually neglected in the pseudo static
method, and the seismic coefficient usually represents a horizontal force (Jibson R, 2011).
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Downstream slope

Maximum factor of safety the damnder dynamic loading condition has been computed to be
1.199 which is shown in Figure 4.2The computed minimum factor of safety is greater than the
minimum requirement suggestdaly Janson, (198%9%or unusual loading condition (i.e. greater

than one) which insures that the embankment is stable during earthquake shakinthéme.
variation in factor of safety of the downstream slope during earthquake has been presented in
Figure4.25 and the factor fosafety varies between 1.199 and 2.4Bis variation comes from

due to the cycling effect of earthquake.
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Figure 4.24Factor of safety for downstream slop steady state after earthquake condition
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Figure 425 Variation of minimum factor of safety for downstream slope during earthquake
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Upstream slope stability

Similarly the upstream slope has also been analyzed during earth quake and a minimum factor of

safety is1.256 has been obtainedt is still greater thathe minimum requirement suggested by

Janson, (1989%0, theembankment is expected to be stable during earthqikevariation in

factor of safety of the downstream slope during earthquake has been pres€igack 4.7 and

the factor of safety varies betwe®256 and 2.92.
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In Equivalent Linear Dynamicanalysis, QUAKE/W generated stress is incorporated in
SLOPE/Wto determinefactor of safety values for the entire duration of earthquadmied.
Slope Stability Analysis using LEM and FEM after Earthquake Shaking hasbegutedThe
variation of safety factor ranges from 1.256 and 2.92 for upstream slope @9énd 2.431 for
downstream slopafter earthquake shakelherefore, based on the above analysis results, it is
possible to conclude that the rock fill dam wibncrete &ce can withstand the earth quake

shakingwithout further potential damage

4.5.2 Deformation analysis after earthquake shaking

Horizontal and ertical displacemendf concreteface rock fill damsection is shown in Figure
4.28 and Figure £9 below underdynamic loading conditioriThe peudo static force ignds to
movethe structurdrom upstream to downstream direction and revengalit a certain instant of
time. Whenthe earth quakeuration end seismic force move the dam into upstream direction
maxmum settlement isccurnear to upstream slopElaximumhorizontaldisplacement for this
loading condition icomputed to be 0.154 m in the upstream face of the Saroce the rock fill
is essentially dry, earthquake shaking cannot generate excess pore water pressures. With the
absence of pore water pressures and the high shear strength of compacted rock fill, this dam type
is considered inherently resistant to seisroading (Cooke, 1991).As aesult horizontal
deformation satisfyminimum recommended value De8% to 1% height of dam (Cook#991) .
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Figure 4.28Viaximum vertical displacements in the dam body and foundation
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Figure 4.29Maximum horizontallisplacements in the dam body and foundation

4.6 EconomicAnalysis
4.6.1 Financial saving related to labor, material and equipment
Economic analysis of concrete face rock fill dand original earth damesign was performed

In case of earth fill dam with central clay core upstream slope and downstream slope isl1:4 and
1:3 respectively with 140m bottomidth. However,concrete face rock fill dampstreamand
downstream slope is 1:1.5 and 1:1.7 respectively with 74m bottom {(Fdghre 4.1 and Figure
4.2)From this the total volume of concrete face rock fill dam is much smaller than the existing
dam (earth dam with central clay core).So duesrt@ller cross section and shorter depth of
cutoff concrete face rock fill dam is ecanizal over the existing damis a result, oncrete face

rock fill dam was an advantageous byaving20,239,787.75ETHBrom direct and indirect cost

The quantity estimation of major activities for bathmhas beershown in Table Bland Table

B2 of AppendixB.

4.6.2 Financial saving due to shorter construction period

According toANRSWRDB, (2007 the annual net return from irrigated agriculture from one
hectareof land with application of improved farm input at full development is estimated to be
12,800ETB per ha and the total command area to be irrigated after completion of the project is
86ha with 200%cropping intensityAs discussed so far under sectior2.2.of this study,

concrete face rock fill dams considered as the best alternative both technically and
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economically due to continugsrogression of dam construction even during rainy season.
Construction ofLegemera Earth fill irrigation dam project wasarted in 2010G.C and

completel in 2015G.Cbutthe new alternative CFRD was completed before one year

Table 4.3Production returns profit of concrete face rock fill dam up to end of 2015

Type of the Starting of | Construction | End of Time taken forcompletion

dam construction| time per year | construction

Earth fill dam | 2011 9 month* 2015 5 year

CFRD 2011 12 month* 2014 3.75year

Construction time difference between earth fill and CFRD| 5-3.75 =1.25 yeatake one year

Production rairn obtained from CFRD up to 2015 Gwith 200% cropping intensity

Cropping Time of Rate Command| Production
intensity saving(year)| (ETB/hal/year)| area(ha)
200% 1 12800 86 =2*1year*12,800ETB/ha/year*86hi

=2,201,600 ETB/year

*ANRSWRDB, 2007 ** USACE, 1994

So, even when production benefit aldaeeconsidered at the end 2015 G.C, use of concrete
face rock fill dam can give a return profit f201,600 ETB.The calculated direct and indirect
cost of material, labor and equipmémcase of CFRD and earth dam with central clay core have
beenpresented in Table Band Table B of Appendix B.Based on thigconomic advantage of
CFRD saving an amount &0,239,787.7ETB. So the net benefiis the sumof direct and
indirect costand one year return profits which give2#5441,387.7%TB can be obtained at the
end 0f2015 GC.
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5. CONCLUSIONS AND RECOMMENDATIONS

5.1Conclusions
This researclpresentedevaluating and stability analysis of Legemar&ro earth dama major
embankment dam material using clay core, the biggesiienge is the hauling distance at an
economically feasible distance. In additiearth fill and rockfill dams with clay core have
weatherdependent during construction timherefore, they need a long time faympletion of
construction.Due to theseproblems and for constructing more economical earth dams an
alternative approaclks developedoy substituting clay core witlsoncreteface rock fill dam.
They are mainly used in areaghere natural impermeable materials of sufficient quality or
guantity ae not available.

The quantities of seepage through foundation and dam body reduced in 2.£2nx/4éc.
Hence concrete face rock fill dam is remarkable in terms of preventing seepage as compared to

earth dam with central clay.

Stability of slope understatic and pseudstatic condition is investigated in terms of
factor of safety using MorgensteRrice limit equilibrium method. The slope stability analysis is
important consideration in design of embankment dam uSIlQPE/W of Geostudio 202
software and the analyzed conditions likepstream and downstream slopeturing end of
construction, normal pool level anthaximum water level conditionwith or without
earthquake Hence factor of safety for upstream and downstream slopeérete rock fill

dam design satisfies the minimum requirement suggestéd®4CE, 2003) design standard of
embankment dam and guideline under all loading condition; such as, end of construction, steady

state and maximum water level

Deformations of an embankment dam start occurring during the construction of the dam. These
deformations are caused by the increase of effective stresses during the construction by the
consecutive layers of fill material and also by effects of creep oérmmhtThe results founah
this study were in line with ICOLD(1998). Therefore,concrete face rock fill dars satisfes

minimum recommended deformatiwith respect to horizontalnd vertical deformatian

The major significance of this alternatidgam entirely built in rock fillwere not only reduces

volume of the dam while reducing total cost of the dam but stieotens the time required to

53



accomplish the project. It is quite interesting to menti@mamout of cost that was proposed to
be investd on this project wa$5,814,699.76 ETBbut now the total amount of cost was
reduced to55,574,912 ETBrelated to related to direct and indirect cost in additiorthte
2,202,600 ETBprofit due to shorten time required to accomplish the proJéw total amount of
money savedby this workwas22,441,387.75 ETB.

In general, the results of the proposed method and embankment dam design considerations can
assist designers of concrete face rock fill dam in judgment about dam stability during static an

dynamic analysis as well as economic point of view.

5.1 Recommendations

From the analysis conducted drgemera concrete face rock fill irrigation dahe folowing

recommendations has beginen

1 The location of phreatic line in caséalternative dam design located between dam body
and alluvial foundation. So horizontal filter material will be recommendedavoid
existingof piping effect inalluvial foundation.

1 The joint connecting face slab and plinth (or toe slab) is the mostatiiement in the
dam. When it ruptures leakage will occur. Hencejlll be recommended that providing
adequate filter zones avoidwasing out of foundation material

1 For the region which experience severe weather condition throughout the years,
construction of concrete face rock fill dam bstterin such a way that, construction

of the dam can be proceeds without significant interruption
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Figure A11 Contours of minimum total stress for alternative design at NPL

Figure A12 Contours of horizontal displacement at maximum pool level condition
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