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Abstract
The construction of dams serves a number of purposes such as water supply, irrigation, hydroelectric power generation, flood control and navigation etc.Zana dam is anEarth Fill Dam which islocated on Zana River used for irrigation purpose. The main problem of this dam is seepage and downstream slope failure.To address this problem  evaluate the current dam conditionofdetermination of seepage and slope stability by Geo-studio software and identification of  downstream slope failure and seepage through the body of the dam were assessed . Analysisofseepagewasdoneusingseepage and slope analysismethods which integrate Geo-studiosoftwareof Seep/w and slop/wtoolsatnormalandcurrentpoollevelcondition, the study was conducted mainly based on the laboratory investigation of materials used for construction. The result demonstrated that there wasa material property gap between what was stated in the design report and actually used in construction. The amount of seepage generated from the analysis was found to be1.406*10-7m3/s/mhowever from the actual constructed was found to be1.683 *10- 3 m3/s/m.Accordinglyfrom slope stability analysis the factor of safety of=1.335 and FS=1.193 for the designed and constructed sections respectivelywhich were less than 1.5.On the other handusing the newly proposed embankment section and the material property analyzed the seepage quantity through the embankment body found to be = 2.9218x10-7 m3/sec/m and the minimum factor of safety  of = 2.127 and 2.285 with steady state condition upstream and downstream slop respectively, and factor of safety of =1.963 for using both horizontal and vertical seismic action. Similarly the major finding of the cause of failure is absence of proper filter and drainage materials. Result of gradation analysis of both base and shell materialsdemonstrated thatD15 (shell) =3 mm & D85 (core) =0.2mm this resulted 0.6mm>0.2mm which yielded that there was piping or internal erosion of the base material. Consequently the maximum and minimum bounds of filter materials obtained were: D60min=0.5mm, D15min=0.1 mm, D5min=0.075 mm, D100max=75 mm, D90max=20 mm, D60mm=2.5 mm & D15max=0.5mm obtained.Thereforecheminefilter material design and provision is mandatory for the safe life of the zoned type earth fill dam.
Key words: - seepage analysis, slope stability analysis, numerical modeling, limit equilibrium method, and steady state analysis. 
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1. [bookmark: _Toc21571072][bookmark: _Toc373121481][bookmark: _Toc373183283][bookmark: _Toc374413473]INTRODUCTION
1.1. [bookmark: _Toc536351688][bookmark: _Toc947369][bookmark: _Toc1548410][bookmark: _Toc1548703][bookmark: _Toc18448290][bookmark: _Toc21571073]Backgroundof the Study
The construction of dams serves a number of purposes such as water supply, irrigation, hydroelectric power generation, flood control. In many cases flood control constitutes a secondary function of the dam operation since apart from its main operation; its storage contributes to the attenuation of flood peaks. However although the existence of dam contributes to the flood prevention in the downstream area, ironically, it may cause an even more sever flood downstream in case of its failure. Even though the above Benefits are provided by dams, dams also represent a riskto public safety (Novak, 2001).
Dams require ongoing maintenance, monitoring, safety inspections, and sometimes even rehabilitation to continue safe service. In the event of a dam failure, the energy of the water stored behind the dam is capable of causing rapid and unexpected flooding downstream, resulting in loss of life and great property damage. A devastating effect on water supply and power generation could be expected as well. 
According to ICOLD (2005).Dams constructed in recent years may be classified in to two broad categories depending up on the construction material: Rigid dams (concrete gravity, RCC etc.) and the flexible dams (earth fill, rock fill etc.).The main feature of flexible dams is that they are built with central impervious core sandwiched by filter material for coverage and stability of the core. The principal advantages of the flexible dams over the rigid ones are: a) the use of locally available natural materials requiring minimum processing b) the tolerance against micro-movements of the dam foundation) c) Suitability to different site conditions such as wide valleys, flatter sided gorges d)Highly mechanized and effectively continuous construction process but this embankment dam  disadvantage, Inherently susceptible to damage or destruction by overtopping, Necessity of separate spillway structureandVulnerability to concealed leakage and internal erosion in dam or foundation. However, rigid dams demonstrate erosion resistance during flood overtopping. Ana earth dam irrigation project is situated between valley gorges having wider reservoir area and agricultural land. The catchment area is 23.43km2. This is largely cultivated and highly exposed to severe erosion hazard. The dam site is suitable form technical and social point of view. A cutoff trench is excavated up to the sand bedrock and keyed into the bedrock so as to improve the water tightness of the foundation (CO-SAERAR,2001).Many embankment dams are constructed in Ethiopia most of which are used for irrigation purpose. However, their capacity reduces frequently before either design life time duet on umber reasons.  The main causes of capacity reduction are Hydrological, Structural, seepage and failure of which hydraulic failures contributes 58%in Amhararegion (Tefra , 2006)From  field visit observations the following indicators are evidence for the failure of Zanaearth dam: The downstream face of the dam slides both in a vertical and horizontal direction including some parts of clay core as a result the impervious clay core exposed, Rock toe moves significant distance to the downstream direction and significant amount of seepage between embankment body and spillway structure. As a result of the embankment body and rock toe sliding movement to the downstream creates swelling and sinkholes are created at the downstream wetlands near the rock toe. The main objective of this research is therefore to investigate and identify the major cause of failure of Zanaearth dam and recommending remedial measures; to mitigate theproblems of existing dams.

1.2 [bookmark: _Toc21571074]Statement of the Problem
The main problem of Zana earth fill dam is seepage thorough the body of the dam and slope face failure at the downstream. The materials detached and move an appreciabledistance to downward and distort downstream Toe drain. There are also sinkholes developed on the same side indicating subsidence’s on the downstream side which may later bring a total failure and seepage at downstream parts of the dam. So this study focuses on the case ofZana earth fill dam failure, seepage thorough the body of the dam and slope face failure atthe downstream.
 (
Downstream
 slope failure
)[image: ]
[bookmark: _Toc21444626][bookmark: _Toc373121484][bookmark: _Toc373183286][bookmark: _Toc374413476]Figure 1: Sliding of downstream parts of Zana dam body 



1.3 [bookmark: _Toc18448294][bookmark: _Toc21571076][bookmark: _Toc536351691][bookmark: _Toc947371][bookmark: _Toc1548412][bookmark: _Toc1548705]Objective of the Study
1.3.1 [bookmark: _Toc373121485][bookmark: _Toc373183287][bookmark: _Toc374413477][bookmark: _Toc536351692][bookmark: _Toc947372][bookmark: _Toc1548413][bookmark: _Toc1548706][bookmark: _Toc18448295][bookmark: _Toc21571077]General Objective
The general objective of this study is failure investigation of earth fill dam. The causes of Zana dam in Amhararegion.
1.3.2 [bookmark: _Toc947373][bookmark: _Toc1548414][bookmark: _Toc1548707][bookmark: _Toc18448296][bookmark: _Toc21571078][bookmark: _Toc373121486][bookmark: _Toc373183288][bookmark: _Toc374413478][bookmark: _Toc536351693]Specific Objectives
· To quantify seepage through the main body of Zanadam and slope stability analysis by using Geo-studio software. 
· To evaluate the current condition of Zana dam.
· To identify the cause of downstream slope failure and seepage in the body of Zana dam.
1.4 [bookmark: _Toc1548415][bookmark: _Toc1548708][bookmark: _Toc18448297][bookmark: _Toc21571079]Research Questions
· Does the quantity of seepage through the embankment body are within the allowable limit or not?
· Is there failure character with the current condition of Dam in the analysis by using Geo-studio software?
· What are the causes of downstream slope failure and seepagein the body of Zana dam? 
1.5 Scopeof theResearch
The scope of the research is focusing on the analysis of earth dam failure, emphasis on seepage and slope failure of the dam and to put appropriate remedial measure for the result of the study. The study is based on the available data on the design document that kept on Amhara Region Water Resource Development Office and Conducting laboratory analysis of the different material property of failure of embankment dam body and quire site. The research does not include the hydrological failure analysis (overtopping, overturning instability), settlement and deformation analysis. 
1.6 [bookmark: _Toc18448299][bookmark: _Toc21571081]Significant of the Study
[bookmark: _Toc358674125][bookmark: _Toc373121489][bookmark: _Toc373183291][bookmark: _Toc374413481]Design of earth dams should comprise of all required designing arts considering geological condition of the site, construction material availability, construction difficulty, and economy of the project and a good design is the one which optimize these entire criterions.  Therefore, this study will provide results of the cause of Zana Erath dam failure during design and construction. Moreover, it points out reliable and safe mitigation measures for similar problems associated with other earth dam design and construction. 







2 [bookmark: _Toc536351698][bookmark: _Toc947377][bookmark: _Toc1548418][bookmark: _Toc1548711][bookmark: _Toc18448300][bookmark: _Toc21571082]LITRETURE REVIEW
2.1 [bookmark: _Toc1548712][bookmark: _Toc536351699][bookmark: _Toc947378][bookmark: _Toc1548419][bookmark: _Toc18448301][bookmark: _Toc21571083]Failure in Embankment Dam
Major features of earth dams are require foundation treatment, abutment stability, seepage conditions, stability of slopes adjacent to control structure approach channels and stilling basins, stability of reservoir slopes, and ability of the reservoir capacity to retain the water stored (Novak, 2007).
These features should be studied with reference to field conditions and to various alternatives before initiating detailed stability or seepage analyses. The design of an earth dam is complex because of the unknown materials property of foundation. Earth dams should be designed to utilize available material to the best advantage and to conform to actual conditions at site (Hasaniet.al, 2013).
Sheared (1963) say “the characteristics of the particular site have a great influence on the design of an earth dam than they do on many other engineering structures”. Detail design sometimes will be influenced heavily by the strengths of foundation and construction materials, but the basic features are usually ditched by seepage considerations (Bonnard, 2011).
 A study of dam failures in the world has revealed the percentage distribution of dam breaks and its attributes causes of failure. There are varying statistics on causes of dam failure, for example statistics given by International Commission on Large Dams (ICOLD, 1995), US Army Corps of Engineers (USACE, 2003) and Novak et.al. (2007). Many attempts have been made at compiling and assessing statistics on dam failure. Main attempts on worldwide scale have been made by International Commission on Large Dams (ICOLD) in 1974, 1983 and 1995. ICOLD (1995) In case of earth and rock fill dams, the most common cause of failures overtopping (31% as primary cause and 18% as secondary cause)
[bookmark: _Toc536351700]
2.1.1 [bookmark: _Toc21571084]Hydraulic Failures
[bookmark: _Toc21453430][bookmark: _Toc21571085][bookmark: _Toc18448302]Above 40% of embankment dam failures are hydraulic failures due to the       reason from the uncontrolled flow of water over and adjacent to the embankment lead to the erosive action of water on the embankment slopes. Embankment dam are not normally designed to be overtopped and therefore are particularly susceptible to erosion (Singh, 1996).

[image: ]
[bookmark: _Toc21444627]Figure 2: Over toping failure (source: Singh, 1996)
According toGareg(2005) there are three types of erosion
Erosion of downstream toe Heavy cross-current water from spillway buckets, heavy rainfall and tail water erode the toe of the dam at the downstream and lead to dam failure. 
Erosion of the upstream face during winds, the waves developed near the top water surface may cut into the soil of upstream dam face which may cause slip of the surface leading to failure. 
 Erosion of the downstream face Due to rainfall, snow and winds the downstream surface of the dam also erodes. During heavy rains, the flowing rain water over the downstream face can erode the surface, creating gullies, which could lead to failure.

2.1.2 [bookmark: _Toc536351701][bookmark: _Toc947379][bookmark: _Toc1548420][bookmark: _Toc1548713][bookmark: _Toc18448304][bookmark: _Toc21571086]Seepage Failures
[bookmark: _Toc18448305]More than 30% of embankment dam failures are due to seepage. Seepage always occur in earth Dams. It does not harm for stability if it is with in the design limits or controlled in velocity and Quantity. Seepage occurs through the body of earthen embankment and its foundation. Uncontrolled seepage can erode fine soil material from the downstream slope or foundation and continue moving towards the upstream slope to form a pipe or cavity to the pond or lake often leading to a complete failure of the embankment (Tatewar and Laxman2012). Seepage can also cause slope failures by saturating the slope material, thereby weakening the adhesive properties of the soils and it’s Stability (Foster, 2000).
[bookmark: _Toc18448306]Internal erosionInternal erosion causes relatively higher number of the embankment dam failure. When compared with the external erosion, it is a long-term process and several factors involved. Abnormal increases of seepage quantity and leakage of turbid water are the visual indication of ongoing erosion. In some cases, internal erosion and piping may appear similar because, the induced force is common for both that obtained from the water flow with higher hydraulic gradient (Goodman, 1989).
But, both have completely different mechanisms. Piping effect is a result from the inter-granular flow of water. Internal erosion is a very common cause of embankment failure in hydraulically fractured structures such as cracks and joints (Singh, 1996)
[bookmark: _Toc18448307]Piping is a result of soil erosion, which takes place through the embankment because of the seepage water flow (Fell, 2003). The water flow exerts force on particles and washes out them through an unexpected seepage discharge point. This discharge point undergoes further erosion towards upstream side and form an open like “pipe” through the embankment (Namdar, 2010).

[image: ]
[bookmark: _Toc21444628]Figure 3: piping failure (source: Ismeet and Singh, 2018)
2.1.3 [bookmark: _Toc536351702][bookmark: _Toc947380][bookmark: _Toc1548421][bookmark: _Toc1548714][bookmark: _Toc18448308][bookmark: _Toc21571087]Structural Failures
About 25% to 30% of failure is attributed to structural failure, which is mainly due to shear 
Failure cause slide along the slopes. Structural failures involve the separation (rupture) of the embankment materials and/or its foundation. This type of failure is more prominent in large Embankment dams. Structural failure of an earthen embankment may take on the form of a slide or displacement of material in either the downstream or upstream face. Sloughs, bulges, cracks or other irregularities in the embankment generally are signs of serious instability and may indicate structural failure (GriffithsandLane1999).
Slide in embankment
When the slopes of the embankment are too steep, the dam may slide causing failure. This might happen when there is a sudden or rapid drawdown, which is critical for the upstream side Because of the development of extremely high pore pressures; this decreases the shearing Strength of the soil. The downstream side can also slide especially when steady state seepage Occur but Upstream embankment failure is not as serious as downstream failure (Goodman, 1989). 
Types of slope failure
According to Casta and Schuster, (1988) broadly slope failure classified in 3 types
 1.  Face failure (slope failure) this types of failure occurs when the slope angle is large and when the soil at the toe portion is strong.
2.Toefailure in this case the failure surface passes through the toe this occurs when the slope is steep and homogeneous.
3. Base failure in this case the failure surface passes below the toe this generally occurs when the soil below the toe this relatively weak and soft.

[image: ][image: ][image: ]
Face failure arc Base failuretoe failure arc 
[bookmark: _Toc21444629]Figure 4: Types of slope fail (source: Schuster:)
Accordingly to U.S Army Corps of Engineers’ (1993) the following criteria are commonly accepted for safe design of embankment dams:
1) There should be no risk of overtopping of the dam section. The most important aspect of this criterion is estimation of the design flood and provisions of adequate spillway capacity to pass that flood with require net freeboard to protect the dam crest against wave splash.
2)  The seepage line should be well within the downstream face of the dam section. If the dam section is homogeneous and no drainage arrangements are made, any seepage is going to emerge on the downstream face. This results in 'sloughing ' or softening of the downstream face and may lead to local toe failure, which may progressively develop upwards. This can be safeguarded against by providing a free drainage zone on the downstream face or by intercepting the seepage inside the dam section by internal drainage.
3) There should be no possibility of 'piping' through the embankment or the foundations. In the dam section the main protection against piping is provided by filters or transition zones which prevent migration of soil particles with seepage water.
4) There should be no opportunity for free flow of water from the upstream and downstream face. Free flow implies flow of water under pressure through a continuous crack or passage and not seepage flow through soil pores. Once a concentrated leak starts, it rapidly enlarges and almost impossible to stop. Hence it is essential that every precaution be taken against leakage to ensure the safety of the dam.
5) The upstream and downstream slopes of the dam should be stable and safe against sliding under the most critical conditions to which they might be subjected. At the end of construction, there may be high residual pore pressures in the impervious zone of the dam, a condition which may be critical for both faces, especially for dams with thick cores rapidly constructed.
6) The upstream face will be subject to wave action from the reservoir. It has to be protected by some kind of protective layer, the preferred choice being dumped rock riprap or stone pitching .The downstream face, if of erodible material, needs protection against rainfall.
7) The embankment, foundation, and abutments must be stable under all conditions of construction and reservoir operation including seismic.
8) Freeboard must be sufficient to prevent overtopping by waves and include an allowance settlement of the foundation and embankment as well as for seismic effects.

2.2 [bookmark: _Toc21571088]Model Selection 
Geo-studio 2007 soft ware’s there are a number of software products in the world. Well known software products dealing with seepage problems are the software packages SEEP/W (GEO-SLOPE, Canada), DIANA (TNO Company, The Netherlands), SV Flux (Soil Vision Systems, Canada), (Tanchev, 2014). Seep/w software is selected among others since it works based on discretization of the continue flow medium into manageable units and then reuniting or meshing the discrete parts through the use of continuity equations. 
Its comprehensive formulation enables to consider an analysis ranging from simple, saturated steady-state problems to sophisticated, saturated / unsaturated and time-dependent. ProblemsGeo-Studio is composed of eight software products that enable everything from simple-to-complex analyses. When integrated, the products offer a broader analytical environment that offers significantly more power and capabilities (USACE, 1993).
The fully integrated software suite includes limit equilibrium stability analysis and seven finite element applications for modeling geotechnical and earth science problems. SLOPE/W Slope stability analysis, SEEP/W Groundwater seepage analysis, SIGMA/W Stress-deformation analysis, QUAKE/W Dynamic earthquake analysis, TEMP/W Thermal analysis, CTRAN/W Contaminant transport analysis, VADOSE/W zone and soil cover analysis, and AIR/W Air flow analysis (SEEP/W, 2007).



2.3 [bookmark: _Toc21571089]Modeling Approach
The attraction of modeling is that it combines the subtlety human judgment with the power of digital computerAndrson and Woessner.1992 the computer program Geo-Slope International Ltd., 2007 used to estimate seepage, stability and settlement conditions through transverse sections of the dam.
 Deformational analysis, with determination of the displacements and stress distribution throughout the dam were carried out by FEM modeling, under static and seismic conditions. Stability analysis of the dam using by Slices Method analysis under static and seismic conditions (SEEP/W, 2008).
The slope stability analysis method using the Slope/W computer program based on the limit equilibrium method and the Morgenstern-Price method is the best estimated for the factors of safety. This particular method is to be adopted because, unlike Fellenius or Bishop’Janbu’s methods, the Morgenstern-Price method satisfies both the force and moment equilibrium conditions. Spencer’s method also satisfies both momentand force equilibriums and gives factors of safety values very close to those obtained by the Morgenstern-Price method (Atkinson, 2007).
2.4 [bookmark: _Toc21571090]Slope Stability 
Stability  analyses  are  by  far  the  most  common  type  of  numerical  analysis  in  geo-engineering. Earth and rock fill dams must sustain very different loading conditions that during construction and subsequent operations. Soil mechanics has developed methods toevaluateadequately safety against failure for the conditions during and immediately after 
number called factor of safety (Khran, 2007)
2.4.1 [bookmark: _Toc21571091]Limit Equilibrium Method
Limit equilibrium types of analyses for analyzing stability of earth slopes have been in use in geotechnical engineering. The idea of discretizing a potential sliding mass into vertical slices was introduced early in the 20 century. In 1916, Petterson (1955) presented the stability analysis of the Stigberg Quay in Gothenberg, Sweden where the slip surface was taken to be circular and the sliding mass was divided into slices. Later, Fellenius (1936) introduced the Ordinary or Swedish method of slices. In the mid-1950s Janbu (1954) and 
Bishop (1955) developed advances in the limit equilibrium method (SLOPE/W, 2007).Limit equilibrium method of analysis for static slopes stability is still the most widely used to analyze the stability of embankment slope. It is mainly based on the assumption that failure occurs through sliding of mass along a slip surface (Rickard and Sitar, 2012).
The differences between the methods are depending on: what equations of statics are included and satisfied and which Inters lice forces are included and what are the assumed relationship between the Inters lice shear and normal forces as shown below in table2, Morgenstern-price method which satisfied  both momentum and force equilibrium based on variable user function. (Slope/w, 2007).




[bookmark: _Toc19909457][bookmark: _Toc21443571]         Table: 1  Equation of statics satisfied (Slope/w, 2007).
	Method                        
	Moment equilibrium
	Force equilibrium

	Ordinary or Fellenious
	Yes
	No

	Bishop’s Simplified
	Yes
	No

	Janbu’s Simplified 
	No
	Yes

	Spencer 
	Yes 
	Yes

	Morgenstern-Price 
	Yes
	Yes

	Corps of Engineers – 1 
	No
	Yes

	Corps of Engineers – 2 
	No
	Yes

	Lowe-Karafiath
	No
	Yes

	Janbu’s Generalized 
	Yes(By slice)
	Yes

	Sarma-vertical slices 
	Yes 
	Yes



[bookmark: _Toc21443572]        Table: 2  Equation of statics satisfied (Slope/w, 2007).
	Method 
	 Inter-slice Normal (E)
	Inter-slice shear (X)
	Inclination of X/E Resultant and X-E Relation ship

	Ordinaryorfellenious
	NO
	No
	No inters lice force 

	Bishop's simplified 
	Yes
	No
	Horizontal

	Janbu's simplified 
	Yes
	No
	Horizontal

	Spencer
	Yes
	Yes
	Constant 

	Morgenstern-price 
	Yes
	Yes
	Variable: user function

	Corps of Engineers-1
	Yes
	Yes
	inclination of a line from crest width

	Corps of Engineers-2
	Yes
	Yes
	Inclination of ground surface at top of slice 

	Lowe-Karafiath
	Yes
	Yes
	Average of ground surface and slice base inclination 

	Janbu’s Generalized 
	Yes
	Yes
	Applied line of thrust and moment equilibrium of slice 

	Sama-vertical slices 
	Yes
	Yes
	X=C+Etanφ


2.4.2 [bookmark: _Toc21571092]Finite Element Method
With the development of modern personal computers, finite element method has been increasingly applied in slope stability analysis. The finite element method (FEM) is powerful alternative approach the analysis of slope stability study that FEM is accurate, versatile and does not demand many assumptions and it is also powerful in solving problems with irregular bodies and complex variation of flow lines. The advantage of finite element over limit equilibrium method is that no assumption needed in advance about the shape and location of the failure surface and this method gives in formation about the
deformation at working stress level (Chollada and Tanan, 2013). 
In application of finite  element  methods  stress-stain  relationship  would  be considered  in  addition  to  force and moment equilibrium conditions and this have led to much realistic result (SLOPE/W, 2008).
2.4.3 [bookmark: _Toc21571093]Loading Condition for Static Stability Analys
Variations of the loads acting on embankment slopes and variations of shear strengths with time result in changes in the factors of safety of slopes. As a result, it is often necessary to perform stability analyses corresponding to several different conditions, referring different stages in the life of the dam. For embankment dams, it is necessary to examine the stability of both the upstream and the downstream slopes for the most adverse loading condition presented in (USACE, 2003).
2.4.4 [bookmark: _Toc21571094]End of Construction
End of construction condition of slope stability analysis is very important especially for non-free drain soils as there will be development of pore water pressure betweenthesoil particles. Computations of stability during construction and at the end of construction are performed using drained  strengths  in  free-draining  materials  and  undrained  strengths  in  materials  that  drain slowly.  The  stability  of  embankment  slope  during  construction  until  end  could  be  critical problem in the construction area where the weather condition is wet. This loading condition is critical for both upstream and downstream slopes (Khanneth, 2014).

2.4.5 [bookmark: _Toc21571095]Steady-State Seepage Conditions
Long term stability computations are performed for conditions that will exist for sufficient length of time after construction for steady -state seepage. stability computation are performed using shear strengths expressed in terms of effective stress with pore water pressure appropriate for  the long term condition the downstream slope of the an embankment dam  is more critical for this loading condition(AraiandTagyo, 2004).
2.4.6 [bookmark: _Toc21571096]Filter and Transition Zones
Transition   filter   zones   are   required   to   separate   zones   of   different   permeability   and compressibility properties within the embankment. These can be particularly critical on the downstream side, where they will act both as filters to retain the migration of the base material and as drainage layers to avoid pressures building up in the downstream shoulder. During designing of these zones, it is important to consider that the gradation of adjacent zones should not migrated into the voids of adjoining zones, either during steady-state seepage or rapid drawdown seepage force. Besides, transition materials should also serve as self-healing of cracks of the core material, transition zones can be provided on both upstream and downstream of the core and should have a width not less than 3m(USACE,1993).
2.4.7 [bookmark: _Toc21571097]Sudden Drawdown Condition
Sudden drawdown condition is a classical scenario in slope stability, which arises when totally or partially submerged slopes experience a reduction of the external water level. Rapid draw down conditions have been extensively analyzed in the field of dam engineering because reservoir water levels fluctuate widely due to operational reasons or emergency condition (Rickard and Sitar, 2012).When the reservoir level behind an embankment dam is lowered, the stabilizing effect of the water pressure on the upstream slope lost and when the water level dropped quickly the pore pressures in the slope do not have time to reach equilibrium with the new reservoir water level, so that the slope would be less stable. For analysis purposes, its assumed that drawdown is very fast, and no drainage occurs in materials which have low permeability. If drawdown occurs during or immediately after re construction, the untrained shear strength used in the drawdown analysis is the same as the untrained shear strength that applies the end of construction condition (Duncan, Fellet and Wright, 2005).
2.5 [bookmark: _Toc18448309][bookmark: _Toc21571098]Seepage Analysis
2.5.1 [bookmark: _Toc21571099]Isotropic Soils
The analysis of seepage by flow nets contributes to the proper design and construction of many dams. The analysis of seepage using flow net starting with drawing a flow net diagram with subjective division of equipotential line and flow line. If the number of division point increases the result become more accurate, but the line makes an orthogonal line with each other If the soil is an isotropic soil; its permissibility is constant in all direction, horizontal permissible is equal to the vertical permissible i.e. Kh = Kv (Arora, 2005).
 The amount of seepage through it Can also been computed from the flow net analysis. The flow net is drawn by free hand sketching and making suitable adjustment and corrections until to draw the flow line and equipotent line intersect at right angle. The seepage rate (q) can be computed from the flow net, using Darcy's law. Applying the principle of continuity between each pair of flow lines, it is evident that the velocity must vary inversely with the spacing and flow through the field or through the flow channel containing this square (Nourani and Ghaffari, 2012).Using Darcy's law

q =specific discharge 
Ks =permeability 
H =dam height
Nf =flow line  
Nd =equipotential line  
2.5.2 [bookmark: _Toc21571100]Non- Isotropic Soils
If the permeability of the soil is different in the horizontal direction than that in the vertical direction, the soil type is non-isotropic soil and the seepage quantity is estimated using the effective permeability (K). The flow net is drawn in the same manner as was explained earlier for isotropic soils, with the only difference the dam section shall be drawn to the same vertical scale but to a transformed horizontal scale. All horizontal dimensions shall be reduced by multiplying them by a factor equal to (Garg, 2005)
         ).

2.5.3 [bookmark: _Toc21571101]Darcy’s Law - Phreatic Line Analysis
The location of the seepage line in earth dam is required for the following purposes: To mark the top flow lines so that the flow net can be draw to determine the quantity of seepage and the pore water pressure, to ensure that the seepage line does not intersect the downstream face and because softening or sloughing and consequent failure of the downstream slope. To mark the diving line between dry or moist soil above the seepage line and the saturated soil below it so that the corresponding unit weights can be determined for the stability analysis (Bonnard, 2011).
Phreatic line analyses vary with the type of dam, its drainage system within it and angle on inclination on the downstream face of the dam. Therefore, the analysis for a homogeneous dam without any drainage system and its angle of inclination less than 300has shown that the Phreatic line coincides with the base parabola, provided the slope of the downstream face is flat gave an approximate analytical solution for determination of the distance a, the Phreatic line cuts the downstream face from the toe, for the slope angle α < 300   Using Darcy’s Low


From equation 3 & 4


For slope angle 300< α<600

2.5.4 [bookmark: _Toc18448310][bookmark: _Toc21571102]Seep-w Model
Seep-w is a finite element software product which is a part of geo-slope international model that is leading of geotechnical modeling software products. It helps to analyzing groundwater seepage and excess pore-water pressure problems within porous materials such as soil and rock. The model comprehensive formulation allows the analyses ranging from simple, saturated steady-state problems to sophisticated, saturated unsaturated time-dependent problems. Seep-w can be used to analysis and design geotechnical and civil problems (SEEP/W, 2008). 
The unique cad-like technology in seep-w allows generating finite element mesh by drawing regions on the screen and interactively applying boundary conditions and specify material properties and estimate the material property functions from easily measured parameters like grain-size, saturated conductivity and saturated water content. 
The seepage problem, seep-w offers many tools for viewing results. Generate contours or x-y plots of any computed parameter, such as head, pressure, gradient, velocity, and conductivity. Velocity vectors show flow direction and rate. Interactively query computed values by clicking on any node or flux section. 
Then Export results into other applications, such as Microsoft excels or word, for further analysis or to prepare presentations. An analysis of the Expected quantity of seepage through the embankment and dam foundation using seep-w software model requires the sets of parameters like; model section of the dam, permeability coefficient of material, the piezometer reading and boundary conditions (www.geo-slope.co).
2.5.5 [bookmark: _Toc21571103]Seepage Control in an Earth Dams
The need for seepage control will depend on the quantity, content and location of the seepage. Controlling the quantity of seepage that occurs after construction is difficult and quite expensive. It is not usually attempted unless drawdown of the pool level has occurred or the seepage is endangering the embankment or appurtenant structures. The control of seepage through and under the embankment must be as complete as possible to ensure stability and resistance to piping (Nayebzadeh and Mohammadi, 2011).
To ensure safety of dam, it is very important to handle the seepage water in the dam so as to maintain the original practices of soils in their place. As with other engineering works, earth dams and their foundation can be protected from seepage by which keep the water out or reduce the seepage quantities Cutoff trenches, Grout curtains Sheet-pile walls and other thin cutoffs, Impermeable upstream and which use drainage methods to control that enters like Embankment zoning, Longitudinal drain and blankets, Chimney drains extending upward into embankments, Partially penetrating toe drains and Relief well (Narita, 2000).
2.5.6 [bookmark: _Toc21571104]Seepage Control through Embankment Dams
Use of filters According to Cendergren (1977) every seepage discharge face, both internal and external, that could be susceptible to piping and heave, must be covered with filters that permit the water to escape freely but hold the particles in place. The filters have two main functions: Topevent internal erosion by blocking migration of soil particles from the base soil and to facilitate internal drainage of seepage flows without built-up of excessive seepage forces and hydrostatic pressures in filters or drains these two requirements are satisfied by Terzaghi’s filter criteria defined by the following Equations.



Use of impervious Core:-Seepage reduction in embankment dams is done by providing an impervious core at the middle of the section. Most of the energy due to the stored water is consumed by seepage through the core, which is subject to excessive seepage forces in the process. The core is, therefore, used in combination with filter and drainage; the filter protects the core against piping resulting from excessive seepage forces, and the drainage prevents the seepage from entering the downstream shell (Modi, 2004).
The overall effect, in addition to reduced quantity of seepage through the core, is reduction or elimination of water pressure and seepage forces in the downstream shell and in critical exit regions. The main requirements of core material are to provide the necessary degree of imperviousness, deformable in order to withstand differential settlements without cracking, and non-erodible in the event of cracking (OsujiandAnyata, 2007).
The design of filters downstream of the sloping core is more critical than that for the central core since the seepage through the sloping core will be more in a downstream direction .For the same quantity of core material, the sloping core would have the same horizontal width as the central core but the thickness measured normal to the plane of the sloping core would be less (www.waterpowermagazine.com).
A core material of very low permeability may be required when the reservoir is used for long term storage. A core material of medium permeability may be utilized when the reservoir is used for flood control. The top of the core should be above the maximum reservoir elevation but below the bottom of the frost zone, a vertical core located near the center of the dam is performed over an inclined upstream core because the former provides higher contact pressure between the core and foundation to prevent leakage, greater stability under earthquakes, loading, and better access for remedial seepage control (www.epa.gov).
For reducing seepage through the body of the dam, a core of impervious material, such as silt clay or clayey silt, is generally provided. However, sometimes core walls of concrete or masonry are also providing (Rickar, 2012).
The impervious core forms a barrier within the body of the dam against the seepage water. The type of core is selected depending on the availability of material, topography of the site, foundation conditions. Its purpose is to minimize seepage losses through the embankment. As general rule, sufficient impervious material is available to result in small seepage losses through the embankment Therefore, the quantity of seepage passing through the foundation and abutment may be more significant than the quantity passing through the core. (www.waterpowe rmagazine.com).
Use of Drains: -Pervious Downstream shells: - in general, earth dams are not isotopic, the horizontal permeability (Kh) being generally higher than the vertical permeability (Kv) due to compaction in thin layers and non-uniformity of borrow material.
An assumption was usually made for design purpose that adequate seepage control would be obtained if the permeability of the shell material is about 20 times the permeability of the core material (i.e. Ks/Kc =20). Based on the flow net study made by Casagrande’s have shown that: It is thus obvious that zoning alone may not ensure control  over seepage if the permeability of the downstream zone is less than 100 to 500 times that of the upstream impervious core or if there is a high degree of stratification in the core. Thus, although it may sometimes be possible to achieve a satisfactory degree of seepage control by zoning alone, the uncertainty associated with permeability of the material placed in each zone as well as the degree of anisotropy, make it almost always desirable to provide internal drains in all important earth dams (Christian.1997).
Chimney drains:-the most effective seepage control measure in earth dams, extending along the downstream face of the impervious core in a zoned dam section, or placed in the heart of a homogeneous dam section, and connected to the downstream drainage blanket for drainage, the chimney drain intercepts the entire seepage from the upstream irrespective of the degree of anisotropy of the fill material and accommodates any abnormal flows through cracks that might occur in core or the Upstream portion of the dam section, properly designed and built(Bruce,1994).
Chimney drains with adequate outlets frequently save many times their cost through lowered permeability requirements for large volumes of shell material. When chimney drains are provided, the downstream shells of dams can be constructed of any material of adequate strength with no restriction on permeability and often at a substantial reduction in cost. In a homogeneous dam section the provision of a chimney drain eliminates steady seepage pore pressures in the portion downstream of the drain and the downstream slope can be made steeper (Been andJefferies, 1985).
Rock toe:-The downstream toe of a homogeneous dam is the most critical region in respect of seepage instability as the entire seepage tends to concentrated here. The soil mass in this region is subjected to excessive seepage forces which may cause heaving and sloughing of the toe if not duly protected (Broaddus, 1990). 
Rock toes and drainage blankets or filters drains are therefore provided on the downstream of homogeneous dams mainly to Provide a controlled outlet to seepage and Lower the seepage line and keep it well within the slope and also to prevent piping and heaven at the d/s toe and thus improve stability of the dam against seepage the height of the rock toe is generally kept equal to about one-third the reservoir head, which is about the height at which the seepage line emerges at the downstream face of the dam. Usually two layers of graded filter, suitably designed to serve as a transition zone between the embankment material and the rock fill, are provide at the upstream contact face of the rock toe (Abbas and Qasim.2016). The required thickness of the drain from the following equation based on Darcy’s law

Where, q = seepage flow per unit width of the filter drain
             K= permeability of the filter material of the drain
             h= thickness of the filter drain
             L= length of the drain up to its point of outfall into the toe drain.
Moderately often the thickness of the filter drain is decided on the basis of practical Consideration of placement and compaction .A minimum thickness of about 15 to 50cm is usually provided on small dams. Toe drains located at the toe of the dam, are usually Provided in conjunction with horizontal filter drains to collect seepage and lead it to the outfall drain through suitable spaced cross-drains (www.waterpowermagazine.com).
Downstream berm:-The downstream berm can be used as a remedial treatment against seepage force and uplift presser on the downstream face of the dam. The berm may prevent blowout by increasing the over laying weight sufficiently to resist the uplift pressure if the bermh as lower permeability the seepage  will be forced to exit further downstream. The design of the pervious berm should ensure that is upward migration of fine particle from the foundation. This implies filter computability between the berm and the foundation an added advantage of downstream berm is to increase slope stability because of additional resistance to sliding provided by the brem in some case it may be necessary to add on to the downstream side of the dam using impervious elements (Ismeet, 2018).
Bermthat can serve the following purposes to Increases slope stability by increasing dam width, Breaks the continuous downstream slope to reduce surface erosion and to Provides level surface for maintenance operations, roads, etc.(wassemr et al,2004).
2.6 [bookmark: _Toc21571105]Shear Strength of Soil
Shear strength of soil is the resistance of soil mass against shear forces. It is essential for meaningful analysis of slope stability. There is a strong correlation between incidence of embankment slope failures and the use of fine grained/highly plastic soil in embankments. Excess  pore  pressures  often  develop  during  rapid  construction  of  fine-grained  fill  zones, resulting  in  reduced  shear  strength  and  potentially  unstable  conditions  during  or  shortly following construction(. Early studies indicated that the correlation between fineness of soil and the susceptibility to sliding was strong enough to outweigh the influence of all other factors, including steepness of slopes, construction methods, and reservoir activity(Tauchhey, 2014).For reasons of safety and economy, a zoned embankment consisting of a central or  sloping impervious or flanked by zones of higher-s strengths pervious materials, should always be constructed in areas where there is a variety of soils available(Janbu,1968).





















3 [bookmark: _Toc536351703][bookmark: _Toc947381][bookmark: _Toc1548422][bookmark: _Toc1548715][bookmark: _Toc18448311][bookmark: _Toc21571106]MATERIALS AND METHOD
3.1 [bookmark: _Toc21571107]Descrption of the Study Area
3.1.1 [bookmark: _Toc21571108]Location
Zana earthen dam or the selected study area is found   in Amhara National Regional state, North Gonder Zone, East belesaWorda. Zana earth dam is located on Zana River. This irrigation project, the geographical coordinates of the area is 12⁰19'to 12⁰16’ North in latitude and 37⁰55’ to37⁰85’ East in longitude with an average altitude of 2000 masl. In Hamusit peasant association at a distance of 12 km from Belesa town, it is a strong project to be constructed on the river Zana to irrigate 90ha of agricultural land by impounding the flood for dry season irrigation. Commission for sustainable Agricultural and Environmental Rehabilitation in Amhara Reign (CO-SAERAR, 2001)
[bookmark: _Toc536351705][bookmark: _Toc374413482][bookmark: _Toc373121490][bookmark: _Toc373183292][image: ]
[bookmark: _Toc21444630]Figure 5: Location of the study area
3.1.2 [bookmark: _Toc21571109]Climate
Climate condition within the study area is classified as continental, with hot winter and relatively short cold summers  the main dray season extends from October to May, being longer drier in the project area .There is the pronounced bi- model  rainfall distribution ,with the first and generally  smaller rains(belg) peaking in the April , and the second in the September. Rain fall variability is expected , particular the lower rainfall areas of north east highland s. Average annual precipitation is about 957mm(CO-SAERAR,2001).
3.1.3 [bookmark: _Toc536351706][bookmark: _Toc947382][bookmark: _Toc1548423][bookmark: _Toc1548716][bookmark: _Toc18448312][bookmark: _Toc21571110]Geology
According to the geological map of Ethiopia (scale 1:2000, 000) the area around the dam site is dominant by Alkali-Olvin basalt, Tuff rear Rhyolite .However, based on geological and subsurface investigation the rock at the dam sites is dominated by basalt; and the reservoir area is covered by soil of different grain size the area dissected with different sized gullies in same place alluvail deposits are observed and others covered with silt clay soils. Especially most parts of the reservoir area (both right and left parts) are covered by highly reticulated and weathered tranche basalt rock and this rock is continuous both sides (upstream and downstream) the project site and around the spill way site (CO-SAERAR, 1996).
3.1.4 Topography 
Zana earthen embankment dam lay on the highland parts of Ethiopia the topography showed that, the right abutment flattered with compared the left and do not have saddle for spill way. Due to this an earth dam type with appetence structure of over flow ogee type spillway was selected. The dam axis lay on across the Zana River. The topography of the study has good land grading for surface irrigation and greened mountain catchments (CO-SAERAR, 1996).  
Logical frame work: In order to achieve the objective of the research, logical framework/flow chart prepared for indicating the steps/procedure and the methods used in the analysis of seepage and slope stability as shown below.
[bookmark: _Toc18448313]
     Figure 6 Logical frame works

3.2 [bookmark: _Toc21571111]Data collection
3.2.1 [bookmark: _Toc21571112]Primary data
Primary data which are necessary for the purpose of this study includes Soil sampled from the embankment body and quarry site were collected for detail analysis and observed during field visit. Clay material was sampled from the failure part of embankment body with ten meters interval and totally three samples were collected and the materials did not have any significant variation. Since the failure part of dam body shell material is mixed with that of clay core it’s difficult to sample pure shell material and hence sample of theshell materialwas taken from the shell quarry site which had been used during construction. These samples were  collected  from the quarry site and embankment body, the material properties: like shear strength, permeability, saturated unit weight, angle of internal friction, maximum dry density, saturated and residual moisture content are an impute data’s for SEEP/W and SLOPE/W analysis using  Geo-studio-2007.
[image: ]
[bookmark: _Toc425084744][bookmark: _Toc19917954][bookmark: _Toc21444632]Figure 7: Primary data sampled from Zanadam failure part
3.2.2 [bookmark: _Toc21571113]Secondary Data
The available data was collected from the past reports and files kept by the Amhara Region Water Resource Development Bureau and Manuals, guidelines and standards for the design and analysis of embankment dams. The secondary data collected from the office are; Topographic map of the dam site, Design documents that contain the soil data. In order to achieve the objective of this study, the main data taken from the design document are the dam profile and property of construction materials and foundation. The dam dimension like top and bottom width, the height of dam, the upstream and downstream slope, the normal, maximum and minimum water level of the dam, the horizontal filter thickens depth of cut-off. And also Property  of  material;  -  the  soil  test  result  of  the  core,  shell  ,rock toe ,riprap material  and foundation (dry, saturated and submersed unit weight, cohesion of soil, angle of internal friction and permeability/ hydraulic conductivity of the soil).
3.2.3 [bookmark: _Toc21571114]Parameters Used for Seepage Analysis
CoefficientofPermeability:-Coefficientofpermeabilityoftheembankment and foundation           materials has been adopted from design report for Zana dam and compiled as follow (COSAERAR, 1996).
[bookmark: _Toc21443573]Table: 3 Permeability coefficients used in the analysis (CO-SAERAR, 1996)
	
Description
	
Permeability(m/s)
	
Remark

	Core
	2.31 x10-8
	Design report

	Filter
	1x10-3
	Design report

	Shell
	1.53x10-4
	Design report

	Rock toe
	2 x 10-2
	Design report

	Foundation 
	2.3x10-10
	Design report

	Riprap
	4x10-2
	Design report


	
Volumetric water content (porosity):-Saturated volumetric water content (SVWC)values for different embankment materials have different value and SEEP/Modeling engineering book sample functions (SEEP/W, 2008).
[bookmark: _Toc21443574]Table: 4  volumetric water content of embankment material (CO-SAERAR, 1996)
	Description
	SVWC
	Remark

	Core
	0.31
	 Design report  

	Filter
	0.45
	Design report  

	   Foundation 
	0.31
	Design report  

	Shell
	0.31
	Design report  

	Rock toe
	0.46
	Design report  

	Riprap
	0.46
	Design report  


3.2.4 [bookmark: _Toc21571115]Parameters used for Slope Stability Analysis
Shear Strength Parameters: For slope stability analysis the shear strength parameters of the dam and embankment materials have been adopted from the design report of Zana dam (CO-SAERAR, 2001).
[bookmark: _Toc21443575]Table: 5 Shear strength parameters used for slope stability analysis (CO-SAERAR, 2001).
	
Material
	
Unit weight (kN/m3)
	
ChosineC’(kPa)
	Angle internal friction
	
Remark

	Clay core
	8.2

	    14
	24
	Design report

	Filter
	18
	0
	34
	Design report

	Shell
	8.7
	3.8
	39
	Design report

	Rock toe
	22
	0
	40
	Design report

	Foundation 
	8.15
	9
	39
	Design report

	Riprap 









	22
	0
	 40
	Design report





[bookmark: _Toc18448314][bookmark: _Toc21571116]
3.2.5 Description of the Model Used
Numerical model is a mathematical simulation of a real physical process. Numerical modeling is purely mathematical and in this sense, it is very different from scaled physical modeling in the laboratory or full- scaled field modeling. Presently; stability and seepage can be analyzed using several geotechnical software. GEO-STUDIO is one of these numerical modeling software’s developed by Geo- Studio international based on limit equilibrium and finite element principles developed specially for the analysis of seepage, stability and deformation of geotechnical structures. The package includes tools for seepage, modeling (SEEP/W), stability modeling (slope/w), stress and deformation modeling (sigma/w, dynamic 
Modeling (QUAKE/W), thermal modeling (TEMP/W), contaminate modeling (CTRAN/W) and vadose zone modeling (VEDOSE/W) (GEO-SLOPE MANUAL, 2008).For this study, Geo- studio 2007 package used for analysis the first two modeling: SEEP/W and SLOPE/W used depending up on the problem.
3.3 [bookmark: _Toc21571117]Data Analysis
The study has included dam dimensioning for seepage modeling, slop stability analysis for static condition. And finally, comparison of the analysis and the design report with Geo- studio2007 was carried out. The methods and material model used for each activity has been discussed as follow
3.3.1 [bookmark: _Toc21571118]Seepage Analysis
SEEP/W is a finite element based Geo-studio component, used for seepage analysis, it is used for modeling of movement of water and pour water distortion through a pores media such as soil and rooks. Its comprehensive formulation makes it possible to analyze both simple and complex seepage problems. This tool has great application in the analysis of geotechnical, civil hydrological and mining engineering projects. (SLOPE/W, 2008).there is two fundamental types of Seepage analysis: steady state and transient. A steady-state seepage analysis is an analysis type where water pressures and water flow rates do not change with time. Since steady-state analyses ignore the time domain, it greatly simplifies the equations being solved. A transient analysis, on the other hand, has pressure conditions that change with time (Morata, 2008). This research would carry out steady stat seepage analyses to determine the amount of water flows (flux) passing through the embankment, to calculate the pore water pressure inside the embankment which is used as an input for the Stability analysis of different loading conditions. For any seepage analyses, three finite element components are keys:-Geometry, Material property and boundary condition.
Geometry:-Once dam dimension has been fixed based on guideline and standard, the geometry has been drawn on the SEEP/W window and would be discredited to small elements as finite element numerical models are based on the concepts of subdividing (discretize) continuum into smaller pieces, describing the behavior or action of the in dividable pieces and the reconnecting all the pieces to represent the behavior of the continuum as a whole (SEEP/W, 2008).
Material Property and Model: - SEEP/W has tree material models: none model (used for removed part of a model), saturated/unsaturated and saturated only model, and for this study the latter material models have been used. Summary of these models and the required soil properties are given below and a discussion of the individual parameters and functions are provided as follow (SEEP/W, 2008)
Saturated/Unsaturated model:-During application of saturated/unsaturated type of model material properties like hydraulic conductivity function and volumetric water content function are required. This type of model is basically used for all embankment material as these materials are exposed to saturated and unsaturated condition due to the fluctuation of reservoir water (Broaddus, 1990).
Saturated only model:-The required material properties are hydraulic saturated conductivity (Ksat), ratio and direction and saturated volumetric water content. The foundations at aerials are attached to this model as the foundation materials are expected to be saturated all the time regardless of reservoir water fluctuation (Broaddus, 1990).
Boundary condition:-To analyze seepage problems on SEEP/W boundary conditions has to beset as solutions are dependent on the boundary conditions assigned to a problem. The equation of finite element equation for seepage analysis would be given by (SEEP/W, 2008): 
[K]{H} ={Q}………………………………………………………………………… (Eq3-1)
Where:[K]=a matrix of coefficients related to geometry and materials properties,
{H} =vector of the total hydraulic heads at the nodes, and
{Q} =vector of the flow quantities at the node. Boundary conditions can be one of two fundamental options either can be specified with H (head) or (flux). For simplicity purpose, there are of boundary conditions which can be assigned: potential seepage face, zero pressure and total head pressure. So, for this study these boundary conditions have been applied depending up on the analysis type. The total head boundary condition in SEEP/W has been assigned which is expressed in the form
3-2)
Where H   =the total head (in meters)
   =the unit weight of water (KN/mm3)
 = pore-water pressure (kPa)
 y =the elevation (in meters)
Procedure
· The  maximum dam cross-section has been drown on SEEP/W window
· The respective materials has been assigned  to the regions
· The dam cross section have been discredited to small elements to apply FEM
· Material property and material model has been assigning to the respective region
· Type of analysis had fixed (steady state or transient case)
· Boundary conditions has been  applied depending up on analysis type
· Then the problem has been solved and the results were analyzed and discuss at the end of seepage analysis, the amount of flux thorough the dam body, through the dam foundation would be found. In addition the pore water pressure distribution in dam body and foundation, is key parameter in the analysis of steady  state  seepage analysis



3.3.2 [bookmark: _Toc21571119]Slope Stability Analysis
For slope stability analysis SLOPE/W which is    a component of GEO-SLOPE has been used which is designed and developed for analysis of stability of slopes. The package is based on limit equilibrium (LE) principle and it consists of many different methods inside. Among the different methods in corporate in this package, Morgenstern-price method is used for this method as this method at is fires both force equilibrium and moment equilibrium. The package requires three input data depending up on the problem. These are geometry, soil property, and model and pour water pressure. Providing all the necessary parameters limit equilibrium was computed a factor of safety with the equation (Duncan and Wright, 2005).
Fs=………………………………................................Equation (3-3)
Where 
F.S = factor of safety,
 =is the available shear strength and 
S= is the equilibrium shear stress



Geometry:-Similar geometry used in SEEP/W has been used for slope stability analysis
Material property and model:-There are different model sin corporate in this package, Mohr-Coulombs one of them which are chosen for this analysis. Material properties like: unit weight, angle of internal friction and cohesion have used as input parameters for the slope analysis.
Procedure
The maximum dam cross section has been drawn on SLOPE/W window
· The respective materials have been assigned to their region
· Material property and material model have been assigned to each region
· Method of analysis have been selected (Morgenstern-prices used for this thesis)
· Pore-water has been taken from seep result in this analysis
· Then the problem get solved and the results are analyzed and discussed    
· At the end of this analysis the state of condition of embankment slope stability has been determined through single number called factor of safety and interpretation and is cushion has been made for all results computed during different loading conditions based on the criteria presentedinTable.6 below. According to USACE, (2003). The minimum factor of safety with respect to loading condition has been summarized as follow.






[bookmark: _Toc21443576]          Table: 6 Minimum required factor of safety versus loading condition (USACE, 2003)
	Case
	Loading condition 
	Reservoir characteristics
	Minimum
factor of safety

	1
	End of construction 
	Upstream
	1.3

	
	
	Downstream
	1.3

	2
	Sudden drawdown 
	Upstream
	1.3

	3
	Steady State seepage
	Downstream 
	1.5

	
	
	Upstream
	1.5

	4
	Steady State seepage with earth quick  
	Upstream
	1.1

	
	
	Downstream
	1.1



3.3.3 [bookmark: _Toc18448316][bookmark: _Toc21571120]Laboratory Analysis
The laboratory testing program was conducted to determine the physical and mechanical properties of the soil. The laboratory test performed including Grain size distribution, compaction, permeability and direct shear strength test.The specifications for the tests that have to be done in the site and to select the required material sampled from failure part of the dam depend on the design rule. For every test, it has its own guide value and this should compare with the specific value or range gives from the lab.

3.3.3.1 [bookmark: _Toc430894258][bookmark: _Toc18448317]Clay and Shell Material
From the design report Clay source is selected from the right upstream part of the reservoir area and it’s available with adequate amount for maintenance purpose. But for our analysis the clay material is obtained from the embankment body and its material analysis as shown below. Shell source is proposed (selected) on the left part of the ridge or hill land. The hill and is covered by highly weathered basalt rock and the degree of weathering decreases with depth and it can be excavated by bulldozer and the quantity is more than enough. The above statement is stated for main construction and it also works for current maintenance purpose. Since the embankment body shell material is mixed with that of clay core, therefore in order to have pure shell material used for our analysis obtained from the Dam site.
3.3.3.2 Gradation Analysis of base Soil and Shell 
Well-graded fill materials that consist of two or more soil types, usually a mixture of granular and fine-grained soils, are most suitable for embankment construction. Because of the wide variety of soils that may be encountered, there is no universally recommended range of gradation for fill materials, although the maximum particle size should be less than 100 mm 
(4 in) so that it can be readily placed within a 200 mm (8 in) layer. Rock or other oversize materials to be used as an embankment base, should consist of different size particles, with a specified maximum particle size. Gradation analysis was made mechanically using standard sieves, which is done by recording percentage of particles that pass the standard sieve and finally we can develop a gradation curve. This gradation analysis of both the base and shell materials is used for to check weather our zoned dam requires chimney filter or not. And finally to specify the filter bound and kind of sand we should use for this specific case
[bookmark: _Toc19909463][bookmark: _Toc21443577]         Table: 7  Grain size distribution of clay core material from laboratory:
	Grain size in (mm)
	Original % passing 
	
	Summery
	

	76.2
	100
	
	Gravel >4.75mm
	2.88%

	25.4
	100
	
	Coarse sand 4.75mm to 0.425mm
	3.13%

	9.5
	100
	
	Fines Sand (0.425mm0.075mm)
	15.94%

	6.3
	97.12
	Silt & clay (<0.075mm)
	 78.04%

	4.75
	96.28
	
	

	2
	93.99
	
	

	0.425
	89.49
	
	

	0.074
	78.04
	
	












[bookmark: _Toc19917955][bookmark: _Toc21444633]Figure 8: Grain size distribution of clay material





[bookmark: _Toc21443578]            Table: 8 Grain size distribution of shell material from lab
	Grain size in (mm)
	Original % passing 
	Summery
	
	

	50
	100
	
	
	

	37.5
	80.11
	
	
	

	25
	66.26
	
	
	

	12.5
	52.44
	
	
	

	10
	33.81
	
	
	

	6.3
	26.82
	
	 

	4.75
	18.08
	Gravel  >4.75mm
	81.92%

	2
	13.11
	Coarse sand 4.75mm 0.425mm
	11.76%

	0.425
	6.32
	fine sand (0.425mm-0.075mm)
	3.11%

	0.075
	4.31
	Silt & clay (<0.075mm)
	3.22%
















[bookmark: _Toc19917956][bookmark: _Toc21444634]Figure 9: Grain size distribution of shell material
Before providing the filter material between the core material and shell material let us first check the requirement of filter material using the following criteria.
From the above figure 8core material and figure 9 shell material gradation curves
According to Terzaghi filter criteria If D15 (shell)/5<=D85 (core)……..if this criteria is true filter is not required. But in this gradation curve result 
D15 (shell) =3mm
D85 (core) =0.2mm
3mm/5>=0.2mm
0.6mm>=0.2mm
It shows that there is core material migration towards the shell and hence to prevent internal erosion or piping of soil in embankments or foundations of the dam, chimney drains combined with horizontal drainage filters, the rock toes and drainage trench are provided. The gradation of filters is designed based on National Conservation service procedures (1998). 






3.3.3.3 Proctor Test /Determination MDD and OMC 
Soil compaction refers to the process of obtaining increased density of soil in a fill by reduction of its pore space by the expulsion of voids. The bearing capacity of any soil usually increases with increasing dry density and decreasing moisture content. High density assures high shear strength and greater imperviousness. When a soil is submerged, its effective density is reduced and with this it's bearing capacity (Arora, 2005).
The moisture content of a soil is defined as the ratio of the weight of water present in the soil to the dry weight of solid soil particles. The moisture content at which the weight of soil grains obtained in a unit volume of the compacted soil mass maximum is called the "optimum moisture content" and the dry density so obtained is called "Maximum Dry Density" (MDD). 
This optimum moisture is used in order to attain maximum dry density and which is moisture content where maximum stability or shear strength was obtained (. In addition this property helps us to compute the porosity and void ratio of the soil property; intern this  can obtain the saturated water content, residual water content and permeability which is an input for SEEP/W in order to estimate the quantity of seepage through the embankment body and foundation in Geo-studio2007 model.
Compaction TestIn compaction test at lab for core, we have input data or specification given from laboratory result that we have seen in proctor test earlier. These data are O.M.C and M.D.D that have a calculated result of 28.48% and 1.33g/cm3respectively. For detail Procedures show Appendix-A.

[bookmark: _Toc21443579]         Table: 9 Maximum Dray Density of core material at optimum moisture content from laboratory
	Item
	Test number

	
	1
	2
	3
	4
	5

	Volume of mould, v (mm3)
	1000
	1000
	1000
	1000
	1000

	Weight of mould,w1(g)
	3895
	3895
	3895
	3895
	3895

	Weight of mould compacted soil w2+w1(g)=w2
	5410
	5535
	5575
	5515
	5575

	compacted soil w2-w1(g)=w
	1515
	1640
	1680
	1620
	1680

	Bulkdensity,γb =   (g/cm3)
	1.515
	1.64
	1.68
	1.62
	1.68

	Water content (%)
	20.3
	24.36
	26.3
	28.48
	31.5

	Dry density γd =
	1.26
	1.32
	1.33
	1.26
	1.28











[bookmark: _Toc427737981][bookmark: _Toc21444635][bookmark: _Toc19917957]       Figure 10: graph of dry density versus moisture content of

In compaction test at lab for shell, we have input data or specification given from laboratory result that we have seen in proctor test earlier. These data are O.M.C and M.D.D that have a calculated result of 12.3% and 1.71g/cm3respectively.



[bookmark: _Toc21443580]Table: 10  MDD of shell material at optimum moisture content from the laboratory
	Item
	Test number

	
	1
	2
	3
	4
	5

	Volume of mould, v (mm3)
	1000
	1000
	1000
	1000
	1000

	Weight of mould,w1(g)
	4810
	4810
	4810
	4810
	4810

	Weight mould+compacted soil w2+w1(g)=w2
	6610
	6670
	6710
	6640
	6760

	compacted soil w2w1(g)=w
	1800
	1860
	1900
	1830
	1950

	Bulkdensity,γb =(g/cm3)
	1.8
	1.86
	1.9
	1.83
	1.95

	Water content (%)
	9.42
	11.34
	11.02
	11.11
	16.4

	Dry density γd=
	1.65
	1.67
	1.71
	1.63
	1.68




[bookmark: _Toc427737982][bookmark: _Toc21444636][bookmark: _Toc19917958]       Figure 11: graph of dry density versus moisture content of shell
As indicated in table 12summery ofavailable data’s obtained from laboratory analysis and volumetric relationship saturated and submerged unit weight calculated using the following relationship.
e = [image: ]
[image: ][image: ][image: ]18.327kN/m3
[image: ][image: ] =8.517KN/m
[bookmark: _Toc21443581]          Table: 11 summery for laboratory results of samples for core material property
	  Material property
	During construction Parameter

	   Bulk density, b (g/cm3)
	1.71

	  Maximum dry density, d (g/cm3)
	1.33

	  Optimum moisture content (%)
	28.41

	  Specific gravity Gs
	2.88

	  Unit weight of water,  (g/cm3)
	1

	  Permeability K, (m/sec)
	4.05076*10-8

	   Shear Strength Cohesion C,(KN/m3)
	10

	   Saturated unit weight sut (KN/m3)  
	18.327

	   Submerged unit weight  (KN/m3)  
	8.517

	  Angle of internal friction,(Ø)0
	20










Using equation 3-5 and 3-6 used for base material saturate and submerged unit weight of shell material from availabledata is obtained. [image: ][image: ]20.24kN/m3
[image: ] =10.45KN/m3 

[bookmark: _Toc21443582]        Table: 12 summery for laboratory results of samples for Shell material property
	  Material property
	Material property used for construction

	  Bulk density, b (g/cm3)
	1.9

	  Maximum dry density, d (g/cm3)
	1.71

	  Optimum moisture content (%)
	11.1

	  Specific gravity Gs
	2.63

	  Unit weight of water,  (g/cm3)
	1

	  Permeability K, (m/sec)
	9.35*10-4

	  Shear Strength Cohesion C,(KN/m2)
	22.15

	  Saturated unit weight  (KN/m3)  
	20.59

	  Submerged unit weight  (KN/m3)  
	10.788

	  Angle of internal friction,(Ø)0
	17.06



3.3.3.4 Permeability Test
Permeability is one of the most important properties that Hydrologist, Geotechnical engineers
and ground water professionals always deal with (Cedergren, 1989). Naturally, all the soil materials arepermeable, means water can flow through the soil by the interconnected pore spaces in the soil. The quantity of permeability is always denoted by the term Coefficient of Permeability (k). Permeable material must have the ability to be penetrated by another material such as gas or liquid. Most of the soil and rocks with cracks and joints are some common permeable materials, which deal with geotechnical works. 
The coefficient of permeability depends on particle size and shape. Because of the size of the pore space determines the quantity of permeability. Generally, smaller particles have low permeability because of the smaller pore space hence larger particles have higher permeability. However, presences of fine grains in a coarse-grained material pull down the permeability significantly for detail Procedures show Appendix-A.
           Table13: falling head permeability test determination permeability of core
	Test No.
	1
	2
	3

	Diameter of sand pipe reading, d (cm2)
	1.02
	1.02
	1.02

	Diameter of specimen, D (cm)
	10
	10
	10

	Area of sand pipe reading a (cm2)
	0.79
	0.79
	0.79

	Area of sample A:(cm2)
	78.53
	31.67
	31.67

	Height of travel through sample, L: (cm)
	12.73
	12.75
	12.75

	Height of initial head, h1 (cm)
	170
	168.2
	168.9

	Height of final head, h2 (cm)
	168.2
	148
	145

	Time, t (second)                         
	480     
	1500
	640

	K= 2.303
	 4.34 x10-8
	3.63x10-8
	4.18x10-8

	Average, K=
	4.05x10-8















      Table 14: falling head permeability test determination permeability of shell
	Test No.
	1
	2
	3

	Diameter of sand pipe reading, d (cm2)
	1.02
	1.02
	1.02

	Diameter of specimen, D (cm)
	6.35
	6.35
	6.35

	Area of sand pipe reading a (cm2)
	0.79
	0.79
	0.79

	Area of sample A:(cm2)
	31.67
	31.67
	31.67

	Height of travel through sample, L: (cm)
	18.6
	18.6
	18.6

	Height of initial head, h1 (cm)
	174
	168.2
	170

	Height of final head, h2 (cm)
	140
	142.4
	156

	Time, t (second)                         
	240
	245
	280

	K= 2.303
	10.4716x10-4
	10.154x10-4
	7.4244x10-4

	Average, K=
	9.35x10-4



3.3.3.5 Direct Shear Test
Cohesion and angle of internal friction: - the cohesion force that holds together molecules or like particles within a soil. Cohesion, c, Angle of internal friction for a given soil ,the angle of the shear stress and normal effective stress plot at which shear failure occurs is usually determined in the laboratory from the direct Shear test(Braja,2002).For detail Procedures show Appendix-A.
3.4 [bookmark: _Toc18448319][bookmark: _Toc21571121]Filter Material Used for Analysis
According to USDA (1998) Seepage occurs through the body of all earth dams and also through their pervious foundations. The amount of seepage has to be controlled in all conservation dams and the effect of seepage (i.e. position of phreatic line) has to be controlled for all dams, in order to avoid their failures. Seepage control through embankment is accomplished using the preventive and curative approaches. In the first approach impervious central core has been provided so as to reduce the quantity of seepage through the embankment. In the second approach, drainage system is provided such that seepage forces will not be able to cause soil migration. This is taken by the provision of a filter. Filter material which is found on the filter range bounds used as chimney drain and horizontal filter and its material property for our analysis:
[bookmark: _Toc431712432][bookmark: _Toc430894260][bookmark: _Toc18448320]         Table 15 Summery of Filter material property used for seepage analysis
	Material property
	Parameter

	 Submerged unit weight () KN/m3
	 18

	 Water content (m3/m3)
	 0.45

	 Residual water content (m3/m3)
	 0.04

	 Permeability K, (m/sec)
	 0.0003

	 Shear Strength Cohesion C,(KN/m2)
	  0

	 Saturated unit weight  (KN/m3)  
	 12

	  Angle of internal friction,(Ø)0
	34










3.5 Rock material for Rock-toe and Riprap Purpose
This source is found on the right ridge lands and upstream side in the catchment area and around tala village and near to Belesa- Hamusit dry weathered road. There are also river deposits of boulders and cobbles at Zana and Mena river which can be used for riprap and rock toe. The following usual basaltic rock material property adopted for the analysis.



[bookmark: _Toc21443584]               Table: 16 Summery of rock toe and riprap material property (CO-SAERAR, 2001
	Material property
	Parameter

	Submerged unit weight () KN/m3
	22

	Water content (m3/m3)
	0.46

	Residual water content (m3/m3)
	0.046

	Permeability K, (m/sec)
	0.0004

	Shear Strength Cohesion C,(KN/m2)
	0

	Saturated unit weight  (KN/m3)  
	12

	Angle of internal friction,(Ø)0
	40


















4 [bookmark: _Toc18448321][bookmark: _Toc21571123]RESULT AND DISCUSSIONS
4.1 [bookmark: _Toc430894262][bookmark: _Toc18448322][bookmark: _Toc21571124]Seepage Analysis of Designed Section Using Seep-w Model
Even though the design report did not state the rate of seepage through the embankment body, used SEEP/W model with steady stat analysis and used the material property stated on the design report the amount of seepage through the embankment body becomesq=1.406*10-7m3/sec/mor 0.000486 m3/s volume of water lost from reservoir. As shown in Figure (12)  there is internal  erosion which is the top flow line (phreatic line)its shows there is  developed  pore water pressure, which means the soil below the phearatic line is saturated and subjected to the  pore water pressure, which reduce the effective stresses in the soil and consequently the shear strength  also reduce.  
[image: ]
[bookmark: _Toc21444637]             Figure 12: Seepage analysis result according to the design data with steady stat analysis



A key factors to stability is the location of the phreatic line or the fully saturated zone of the soil within the embankment in stage dams this levels  well confined below the surface, since  soils that fully saturated are not a strong, a higher phreatic line can reduce the ability of the embankment to resist sliding, Used Laboratory investigation material property taken from  that actually used during for construction of the embankment dam; which is sampled from the embankment  failure body  the amount of seepage is q=1.6837*10 -3m3/sec/m. Since the crest length of the dam is 348m so that the total amount of seepage through embankment body is 0.5859m3/sof water lost from the reservoir. These shown that the cross-section of the dam is not changed but this much0 .5859m3/s of water lost from the reservoir, was only due to the change of material property as shown in figure (13) the top flow line (pheratic line) it shows there is The seepage line does cuts the downstream face of the dam. Which means the soil below the phrearatic line is saturated and subjected to the pore water pressure, which reduce the effective stresses in the soil and consequently the shear strength also reduce, so softening and sloughing of the downstream slope have occurred.
[image: ]
[bookmark: _Toc19917960][bookmark: _Toc21444638]Figure 13: Seepage analysis result according to use during construction with steady stat analysis
               [image: ]
          Figure 14 pour water pressure distribution 
Figure14shows how the pour water pressure distribution developed from the downstream parts of dam and consequently reduce the shear strength of the soil, reduce the resisting force and increase driving force, which was   reduced the factor of safety. 
[bookmark: _Toc10454139]     Table 17: Results of Zana dam seepage analysis by with limits of (Jansen, 1988)
	Software result using secondary data (m3/se)
	Software result using primary data(m3/se)
	Standard(Jansen,1988)(m3/se)

	 Steady state case
	
	Steady state case
	
	

	0.000486
	
	0.5859
	
	0.03



4.1.1 [bookmark: _Toc430894263][bookmark: _Toc18448323][bookmark: _Toc21571125]Slope Stability Analysis of Designed and During Construction Section Using Slope/w Model

For the point of slope stability analysis, the factor of safety is defined as the ratio of total available shear strength of the soil to shear stress required to maintain equilibrium along a potential surface of sliding. The factor of safety indicates a relative measure of stability for various conditions. In addition, a relatively large factor of safety implies relatively low shear stress levels in the embankment or foundation and, hence, relatively small deformations.According to the design section parameter and material property as shown in figure 15 the result of downstream slope was1.335 which was less than 1.5. 
                [image: ]
[bookmark: _Toc19917961][bookmark: _Toc21444639]            Figure 15: Downstream Slope stability analysis of designed  with Morgenstern-price


   [image: ]
           Figure16: Downstream Slope stability analysis result of during construction section with 
                Morgenstern-price method
The safety factor of the constructed section gap is due to variation of construction material property used from stated on the laboratory report, which Used two dimensional limit equilibrium method used Morgenstern-price procedure, was 1.193 which was less than 1.5 as shown figure (16) the dam character was it shows slope failure.
The safety factor of the designed and constructed section gap is due to variation of construction material property used from stated on the design report, which Used two dimensional limit equilibrium method used Morgenstern-price procedure, the designed and constructed embankment section minimum factor of safety below 1.5 under steady state analysis. 
[bookmark: _Toc18448324][bookmark: _Toc21405156][bookmark: _Toc21453476][bookmark: _Toc21571126]Filter Design:-Before providing the filter material between the core material and shell material let us first check the requirement of filter material used the following criteria. As shown the figure 12core material and figure 13 shell material gradation curves. According to Trzaghi filter criteria If D15 (shell)/5<=D85 (core)……..if this criteria is true filter is not required. But in this investigated gradation curve result
          D15 (shell) =3mm
D85 (core) =0.2mm
3mm/5>=0.2mm
0.6mm>=0.2mm
It shows that there is core material migration towards the shell and hence to prevent internal erosion or piping of soil in embankments of the dam, chimney drains combined with horizontal drainage filters, the rock toes and drainage trench are provided. The gradation of filters is designed based on National Conservation service procedures (1998)and hence determine filter gradation limits using the following steps:
4.1.2 [bookmark: _Toc18448325][bookmark: _Toc21571127]Horizontal and Chimney Filter Thickness
Providing chimney filter material between clay core and shell material helps for the better breathing of the embankment dams but its gradation analysis mainly based on the gradation analysis of base and shell materials, which mainly focuses on avoidance of gap grading of filters and transition materials. If D15 (shell)/5<=D85 (core) material gradation between shell and base material doesn’t have significant gradation gap, the use of filter is not necessary. But according to our gradation analysis we already discussed before, in order to avoid material migration and safe breathing of seepage water it’s a must to analyze and provide appropriate filter material.  
Inclined Filter:-Since SEEP/W model is based on Darcie’s low seepage analysis, in order to safely discharge the seepage quantity through the embankment body q = 1.398×10-7m3/s/m length (from seepage analysis, SEEP/W result). with a Permeability of filter, k = 1.0 x 10-4 m/s value, 1:1 slope of the impervious base material and unit length of embankment section and the thickness of chimney drain was from (Eq2-3):
t = 2.298 mm
However,  according  to  USBR, 1987  and Fell et al.,  filter design  from  construction practical considerations for using small construction equipment’s and to account for leakage through cracks in core of the dam, it is proposed to provide a 0.5to 1.5m thickness inclined  filter. For this case, inclined filter thickness 0.5mhasprovided.
Horizontal Filter:-Using the same material property with that of inclined filter, and 17m length of horizontal filter t =1.0 m from the design report thickness of has provided.
4.1.3 [bookmark: _Toc18448326][bookmark: _Toc21571128]Gradation Analysis of Horizontal and Chimney Filter
For determining the grain-size distribution (gradation) of sand and gravel filters needed to prevent internal erosion or piping of soil in embankments or foundations of hydraulic structures. Determine filter gradation, According to National conservation service (1998) there are ten steps in order to fix the gradation of filter material which is discussed below. 
[bookmark: _Toc21443585]Table: 18 Base material grain size distribution from laboratory result

	Standard Sieve size 
	Grain size in (mm)
	Original % passing 

	3 inch
	76.2
	100

	1inch
	25.4
	100

	3/8 inch
	9.5
	100

	0.248inch
	6.3
	97.12

	No 4
	4.75
	96.28

	No 10
	2
	93.99

	No 40
	0.425
	89.49

	No 200
	0.074
	78.04


















[bookmark: _Toc19917963][bookmark: _Toc21444641]Figure17: Gradation curve of base soil
Since our base soil contains a gravel size of 4.75mm, we better to remove these particles and regarded our base soil. Using the re-grading factor of 1.0386 which is obtained by dividing the value 100 by the percent passing the sieve No.4 (4.75 mm) sieve size The re-grading factor calculated as follows [image: ] = 1.0386.
Using the original gradation analysis, plot a re-graded curve for 100 percent passing the sieve No. 4 (4.75 mm) sieve. The re-graded percent passing values are equal to the original percent passing values times the re-grading factor.




[bookmark: _Toc21443586]      Table: 19 Gradation of re-graded base material
	Sieve No
	Original
% passing
	Re-graded
% Passing
	Remark

	4
	96.28
	100.00
	F=1.0386

	10
	93.99
	97.62
	

	20
	91.99
	95.54
	

	40
	89.49
	92.95
	

	60
	86.11
	89.44
	

	140
	81.11
	84.24
	

	200
	78.04
	81.06
	












Based on the re-graded base soil, 81.06% of the base soil finer than sieve no,200 our base soil categorized under category two of base material classification which means our base soil has (Sands, silts, clays, and silty& clayey sands) based on below the table20,re-graded gradation curve  table  
[bookmark: _Toc21443587]       Table: 20 Re-graded gradation curve data
	Re-graded gradation curve data

	Base soil category
	% finer than No.200 sieve (0.075mm) after re-grading where applicable)
	Base soil description

	1
	>85
	Fine silt and clays

	2
	40-85
	sands, silts, clays, and silty& clayey sands

	3
	15-39
	silty and clayey sands and gravel



The basic issue of our filter gradation analysis is to satisfy filtration requirements, to determine the filter criteria we need to determine the maximum allowable D15 size for the 
Filter according to table 21.Of filter criteria. This table shows the filtering criteria for base soil of category 2, the max. D15 of the filter will be ≤ 0.7 mm. 
Hence Max.D15 = 0.7mm this is control point 1
[bookmark: _Toc21443588]     Table: 21 filtering criteria-Maximum D15
	Filtering criteria-Maximum D15

	Base soil category
	Filtering criteria

	1
	

	2
	

	3
	
A=% passing #200 sieve after regarding



Since determining the minimum and maximum limits of this filter material at different gradation size, now should determine the minimum allowable D15in accordance with table 22. : The permeability requirement is determined from the D15 size of the base soil gradation before regarding. For all categories of base soil minimum D15 of filter ≥ 4 x d15 of the base soil before regarding, according to filter criteria but not less than 0.1mm.
In this study the given base soil does not have a meaning full D15. The data shows that the base soil has 78.04 % finer than size of 0.074mm before regarding. Therefore this can fix the smallest particle size. There for, use the default value of 0.1mm for the minimum D15,The min. D15 = 0.1mm.This is the control point 2



[bookmark: _Toc21443589]          Table: 22 filtering criteria-Maximum D15
	Filtering criteria-Maximum D15

	Base soil category
	                  Minimum D15

	All categories
	




The major part of the work is preventing the use of gap graded filter materials by narrowing the width of the allowable filter design band by determining the ratio of max.D15 to min D15sizes use table according filter design criteria table 23i.e. (max.D15/min.D15 less than or equal to 5).
[bookmark: _Toc21443590]        Table: 23 other filter design criteria
	Other filter design criteria 

	Design element 
	Criteria

	To prevent gap-graded filters
	The width of the designed filter should be such that the ratio of the maximum diameter at any given percent passing value


In this study the value maxes. D15 = 0.7mm & min. D15 = 0.1 =>[image: ] =7 which is greater than 5 therefore A slightly adjustment is necessary. The minimum D15 is the control because the filter stated as the root purpose to prevent migration of material and adjust max.D15 size =0.1*5=0.5mm (this is final control point 1)
The other filter criteria should be met is preventing gap-graded filters both sides of the design filter band will have a coefficient of uniformity (CU), defined as: 
[image: ]
First calculate a max. D10 by using  [image: ]
        Second calculate Max. Permissible D60 by using [image: ]
This is control point 3
To determine the minimum. Allowable D60 size by using 
[image: ]
This is control point 4
To Determining is the Min D5& Max. D100 sizes of the filter according to table 26-5 of filter criteria. Min. D10 value = 0.075mm (table 26.5)
This is control point 5
Max. D100 value = 3 inch or 75mm,since material size greater than 75mm considered as boulder 
This is control point 6
Determine Maxmum.D90& Min. D.10 to minimize segregation during construction. First calculate Min. D10 by using  [image: ] , which is less than 0.5 then the Max.D90 = 20mm.
This is control point 7
Finally connecting control points 4, 2 & 5 to form partial design of the fine side of the filter band. & connecting control points 6, 7, 3 & 1 to form design of the coarse side of the filter band.



[bookmark: _Toc21443591]

       Table: 24   Designed filter upper and lower bound
	Control point
	Particle size (mm)
	%  Passing
	 Remark

	 
	4.75
	100
	Min

	4
	0.500
	60
	Min

	2
	0.1000
	15
	Min

	5
	0.075
	5
	Min

	6
	75
	100
	Max

	7
	20
	90
	Max

	3
	2.500
	60
	Max

	1
	0.5000
	15
	Max

	 
	0.375
	5
	Max















	 Control point
	Name of  sieve
	Grain size
	 

	Control point 1
	maximum D15
	0.50
	Mm

	Control point 2
	minimum D15
	0.10
	Mm

	Control point 3
	maximum D60
	2.50
	Mm

	Control point 4
	minimum  D60
	0.50
	Mm

	Control point 5
	minimum D5
	0.08
	Mm

	Control point 6
	maximum D100
	75.00
	Mm

	Control point 7
	maximum D90
	20.00
	Mm


[bookmark: _Toc21443592]            Table: 25 control point and grain size

     
[bookmark: _Toc427737989][bookmark: _Toc19917964][bookmark: _Toc21444642]   Figure18: Designed chimney and horizontal filter bound
Therefore the filter material or sand material that falls in between this lower and upper bound used as filter material.	
4.2 [bookmark: _Toc430894266][bookmark: _Toc18448327][bookmark: _Toc21571129]SEEP/W and SLOPE/W Model Results for the Newly Proposed Section
For existing dam with a high phreatic line, two alternatives can improve the dams stability. One is to add a drain near the toe to both filter the seepage and lower the phreatic line through a controlled release of the seepage. The second is to add a berm for added resistance and improved stability of the embankment. This does not lower the phreatic line, but improve the dam stability by adding weight to prevent sliding the embankment. After provided of the designed (analyzed) filter material, increasing the berm width from 1m to 2m and revising the steep slope of the shell material above the berm from 2:1 to 2.5:1 and below the berm from 2.5:1 to 3:1 for the shell material and 1:1 slope of clay core on both sides. The seepage quantity at central core obtained from seep/w model is as shown in the figure (19) the value is, q=2.9786E-007m3/sec/m. As the model result from the SEEP/W model graph the top flow line remains within the horizontal and chimney filter, therefore the seepage force cannot be able to transport base material to the shell region means its safe removal of seepage water. 

[bookmark: _Toc427737990]              [image: ]
        Figure19: steady stat Seepage analysis result of the newly proposed section

              [image: ]
     Figure 20 pour water pressure distribution after provided section 
The Pore- water pressure distribution above the top flow line was negative as shown in the figure20 below the top flow linepositive value. This indicates there is no water flow to the downstream because the top flow line within the filter material.These cases reduces the pour water pressure. 
[image: ]
[bookmark: _Toc19917966][bookmark: _Toc21444644]Figure 21: Upstream slope stability analysis under steady state newly proposed section
The upstream slope stability analysis   for newly proposed section using Morgenstern-price method for stead state condition as shown in the figure 21 the factor of safety estimated was 2.127 this value is greater than 1.5and this means Zana dam is safe.
[image: ]
[bookmark: _Toc21444645]Figure 22: Downstream slope stability under steady state for the newly proposed section
Thedownstream slope stability analysis   for newly proposed section using Morgenstern-price method for stead state condition as shown in the figure 22 the factor of safety estimated was 2.285 this value is greater than 1.5and this means Zanadam is safe.
[image: ]
[bookmark: _Toc431712471][bookmark: _Toc21444646][bookmark: _Toc19917968]Figure 23: Upstream slope stability analyses under seismic action for the newly proposed 
Section
The upstream slope stability analysis   for newly proposed section using Morgenstern-price method for under seismic action as shown in the figure 23 the factor of safety estimated was 1.689 this value is greater than 1 and this means Zana dam is safe. 
[bookmark: _Toc21444647][bookmark: _Toc19917969][image: ]   Figure 24: downstream slope stability analyses under seismic action for the newly proposed section
The downstream slope stability analysis   for newly proposed section using Morgenstern-price method forunder seismic action as shown in the figure 24 the factor of safety estimated was 1.963 this value is greater than 1.3 and this means Zanadam is safe. 
[bookmark: _Toc19909479][bookmark: _Toc21443593]   Table: 26 the newly proposed section from above summery result of factor of safety
	Loading condition 
	Shear strength parameter 
	Pore pressure characteristics
	Location
	Factor of safety
	Allow able factor of safety
	Remark

	Steady state seepage 
	Effective 
	Steady state seepage under conservation pool
	Upstream 
	2.127
	2
	Safe

	 
	 
	 
	Downstream
	2.285
	1.5
	Safe

	Steady state seepage under seismic action
	Effective 
	Steady state seepage under conservation pool
	Upstream
	1.689
	1.1
	Safe

	 
	 
	 
	Downstream
	1.963
	1.3
	Safe


[bookmark: _Toc431712421]






5 [bookmark: _Toc18448328][bookmark: _Toc21571130]CONCLUSIONS AND RECOMMENDATIONS
5.1 [bookmark: _Toc18448329][bookmark: _Toc21571131]Conclusions
 This paper focused on the failures of Zana earth dam and properly described the modes and cause of failure based on the review of literature and the study testing result, the following conclusions are drawn.  
· The first and the most part of work were on the comparison of the material property stated on the design report and actually used for construction and analysis was made using the materials properties. SEEP/W model was employed with steady state analysis and used the material property stated on the design report. The seepage through the embankment body  from the design document or the secondary data was q=1.406*10-7m3/s/m or 0.000489m3/s this shows within the allowable limit were as the actual or the primary data analysis out puts gave seepage value of q=1.6837 *10 -3m3/s/m or 0.586 m/s. As a result there was seepage above the allowable limit due to this for the construction case there was seepage line cuts at the downstream face of the dam.
· The second part of the work was checking the embankment body weather it has an appropriate filter material to discharge the seepages through the embankment body or not. Moreover to check whether the constructed dam body requires chimney drain or not;   According to the filter material criteria based on the  gradation analysis of both base and shell materials shows that there was base material migration to the shell region or Piping effect were observed unless otherwise chimney drain provided. Therefore suitable chimney drain design and provision is mandatory. Hence appropriate thickness and quality of filter material designed and provided, according to this provided. The provision of appropriate drain resulted in safe removal of seepage means the tope flowline within the filter material. One can also see, the relative seepage discharge for chimney filter was larger than that’s obtained by horizontal filter. This shown that the chimney filters was fall down the top flow line from the embankment body of the dam.
· The other critical investigation undertaken in this study was to check area wast he slope stability by slope/w .The analysis was made using Morgenstern-price limit equilibrium method. The method use based on the material property as an input .The result reviled that the factor of safety used for designed and actually used for construction of the downstream slopewere 1.335and1.193respectively. That is why failure due to sloughing and softening downstream body of the dam was evident. To minimize the problem, anew cross-section like chimney filter, increase the berme width from 1m to 2m, provision of slope 2.5:1 above the berm and 3:1 below the berm was proposed. The proposed configuration resulted a factor of safety of 2.285 for downstream slope within steady state that would stabilize the structure with the available material.
5.2 [bookmark: _Toc18448330][bookmark: _Toc21571132][bookmark: _Toc431712422]Recommendations
· Gradation analysis of both base and shell materials; designing of filter materials (both horizontal and chimney) of  should work while designing  a zonedearth fill embankment dams, in order to prevent piping failure and proper drainage of seepage water through embankment body.
· Slope stability analysis should be conducted with methods having variety scenarios that will happen on the real situation and downstream slope protection work should be as equal weight of work as seepage drained mechanism for long live of the dam.
· Design should be check before construction in different perspective and also use appropriate martial during construction. 
· Removing the weak zone around the failure part proper filling and compacting with same material /well graded gravel or shell material at the top and downstream slope failure part of the embankment dam. If  the incoming of probable maximum flood will increase the water level and lead to total dam failure by over toping 
· Berms will improve the stability of an embankment dam, a one possible means to prevent such stability problems of this dam is to raise and re-construct a stabilizing berm of coarse material along the d/s toe of the dam. An added advantage of a downstream berm is to increase slope stability because of the additional resistance to sliding provided by the berm. The downstream slope should be protected against the erosive action of rain and its runoff. So, cover the exposed area with grass and regular maintenance need on the downstream slope. 
· The recommended remedial measures to address the problem are based on literature review and analysis result. But before implementation to work it’s quite helpful to visit and discuss about construction methods with experienced professionals.
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7 [bookmark: _Toc10493751][bookmark: _Toc21571134]Appendixes
7.1 [bookmark: _Toc9646476][bookmark: _Toc9671429][bookmark: _Toc9674649][bookmark: _Toc9747429][bookmark: _Toc9797550][bookmark: _Toc9798063][bookmark: _Toc9798380][bookmark: _Toc9936917][bookmark: _Toc9937206][bookmark: _Toc9968014][bookmark: _Toc10493752][bookmark: _Toc18448337][bookmark: _Toc21571135]Appendix-A
[bookmark: _Toc9737985][bookmark: _Toc9759434]Proctor Compaction Test of core and shall materials
A. Clean and dry the moisture can (container). Make sure that all are marked the same reference no. or letter
b) Weigh each container and record.
c) Prepare five or more different soil samples which have 2000g mass and shake with water properly for all soil samples using deferent amount of water.
d) Fill the soil sample which are shake with water in the Mould and compact by Hammer(Mortar) 25 times without apply any force (simply dropping the Hammer).
e) With spatula (knife), the soil should be leveled or cut the excess soil from mould and clean using Brush. 
f) Record weight of the compacted wet soil with Mould.
g) Take wet sample from compacted soil for determination of moisture content.
h) Record weight of wet sample + container. 
i) Place the wet sample + container in the oven. Maintain in the required temperature normally 105-1100C for 12- 24 hours.
 j) Remove the sample from the oven and allow in the air to cool at least 10-15 min 
k) Take weight of dry sample + container.
Calculation
The moisture content of a soil or aggregate is expressed as a percentage of its dry mass.
M.C (%) =
Wet density (g/cm3) =
Dry density (g/cm3) =
Finally, draw graph by taking Dry density vs. Moisture content.
Date sampled: - April 14/2019			Type of test: - standard proctor                                              
[bookmark: _Toc20013390]Test Date tested: - April    18/2019Volume of mould: - 999.999cm3 ≈ 1000
[bookmark: _Toc21445580]Table 3: Water Content and Dry Density of Core Material
	[bookmark: _Toc9738659][bookmark: _Toc9759287]Item
	Test number

	
	1
	2
	3
	4
	5

	Volume of mould, v (mm3)
	1000
	1000
	1000
	1000
	1000

	Weight of mould,w1(g)
	3895
	3895
	3895
	3895
	3895

	Weight of mould+compacted soil w2+w1(g)=w2
	5410
	5535
	5575
	5515
	5575

	compacted soil w2-w1(g)=w
	1515
	1640
	1680
	1620
	1680

	Bulkdensity,γb =   (g/cm3)
	1.515
	1.64
	1.68
	1.62
	1.68

	Water content (%)
	20.3
	24.36
	26.3
	28.48
	31.5

	Dry density γd =
	1.26
	1.32
	1.33
	1.26
	1.28

















[bookmark: _Toc21445581]Table 4: Water Content and Dry Density of Shell
	Item
	Test number

	
	1
	2
	3
	4
	5

	Volume of mould, v (mm3)
	1000
	1000
	1000
	1000
	1000

	Weight of mould,w1(g)
	4810
	4810
	4810
	4810
	4810

	Weight of mould+compacted soil w2+w1(g)=w2
	6610
	6670
	6710
	6640
	6760

	compacted soil w2-w1(g)=w
	1800
	1860
	1900
	1830
	1950

	Bulkdensity,γb =   (g/cm3)
	1.8
	1.86
	1.9
	1.83
	1.95

	Water content (%)
	9.42
	11.34
	11.02
	11.11
	16.4

	Dry density γd =
	1.65
	1.67
	1.71
	1.63
	1.68



Permeability
Permeability is one of the most important properties that Hydrologist, Geotechnical engineers
and ground water professionals always deal with (Cedergren 1989). Naturally all the soil materials are permeable, means water can flow through the soil by the interconnected pore spaces in the soil. The quantity of permeability is always denoted by the term Coefficient of Permeability (k).


Procedure
1. Supply water using a plastic tube from the water inlet to the burette. The water will flow from the burette to the specimen and then to the funnel. Check to see that there is no leak. Remove all air bubbles. 
2 Allow the water to flow for some time in order to saturate the specimen. When the funnel is full, water will flow out of it into the sink. 
3. using the pinch cock, close the flow of water through. The specimen. The pinch cock is located on the plastic pipe connecting the bottom of the specimen to the funnel. 
4. Measure the head difference, h1 (cm). Note: Do not add any more water to the burette. 
5. Open the pinch cock. Water will flow through the burette to the specimen and then out of the funnel. Record time (t) with a stop watch until the head difference is equal to h2 (cm). Close the flow of water through the specimen using the pinchcock.
[bookmark: _Toc21445582]Table 5 : falling head permeability test determination permeability of core
	Test No.
	1
	2
	3

	Diameter of sand pipe reading, d (cm2)
	1.02
	1.02
	1.02

	Diameter of specimen, D (cm)
	10
	10
	10

	Area of standpipe reading a (cm2)
	0.79
	0.79
	0.79

	Area of sample A:(cm2)
	78.53
	31.67
	31.67

	Height of travel through sample, L: (cm)
	12.73
	12.75
	12.75

	Height of initial head, h1 (cm)
	170
	168.2
	168.9

	Height of final head, h2 (cm)
	168.2
	148
	145

	Time, t (second)                         
	480     
	1500
	640

	K= 2.303
	 4.34 x10-8
	3.63x10-8
	4.18x10-8

	Average, K=
	4.05x10-8










[bookmark: _Toc9731812][bookmark: _Toc9759928]Shell material
[bookmark: _Toc21445583]Table 6: falling head permeability test determination permeability of shell
	Test No.
	1
	2
	3

	Diameter of standpipe reading, d (cm2)
	1.02
	1.02
	1.02

	Diameter of specimen, D (cm)
	6.35
	6.35
	6.35

	Area of sand pipe reading a (cm2)
	0.79
	0.79
	0.79

	Area of sample A:(cm2)
	31.67
	31.67
	31.67

	Height of travel through sample, L: (cm)
	18.6
	18.6
	18.6

	Height of initial head, h1 (cm)
	174
	168.2
	170

	Height of final head, h2 (cm)
	140
	142.4
	156

	Time, t (second)                         
	240
	245
	280

	K= 2.303
	10.4716x10-4
	10.154x10-4
	7.4244x10-4

	Average, K=
	9.35x10-4



Determination of Shearing Strength of Soil 
In the direct shear test, a sample of soil is placed into the shear box. After the specimen is placed in the box, and all the other necessary adjustments are made, a known normal load is applied (Braja M. Das, 2002). Then a shearing force is applied. The normal load is held constant throughout the test but the shearing force is applied at a constant rate of strain will be explained later on).The shearing displacement is recorded by a dial gauge. Normally, the plotted points of normal and shearing stresses at failure of the various specimens will approximate a straight line. However, it is the usual practice to draw the best straight line 

Through the test points to establish the Coulomb Law. The slope of the line gives the angle of shearing resistance and the intercept on the ordinate gives the apparent cohesion (Arora,2003).
Procedures
1. Place the shear box into the shearing device.
2. Apply a normal load to the specimen using the load transfer plate and the loading hanger.
3. Remove the alignment screws from the shear box.
4. Turn the gap screws a half turn clock wise and then tow turns counter clockwise. This should increase the gap between the two halves of the shear box.
5. Set the shearing device the advance at a rate of 0.50 mm/min.
6. Begin the data acquisition system. Record the input voltage output and voltage fromthe channels needed.
7. Once data acquisition has begun start the shearing device.
8. Record the transducer output every 30 seconds after it has begun to change from the
initial reading. Continue recording the output until the output is constant or drops fort three consecutive readings.
9. Stop the data acquisition system.
The dimension of the box width =5.08cm, length = 5.08cm, height, =3.33cm
Calculate the nominal shear stress, acting on the specimen as follows:
τ=
Where:
τ = nominal shear stress
F = shearing force
A = initial cross sectional area of the specimen.
Calculate the normal stress action on the specimen
σn=where:
σ n = normal shear stress
N = normal vertical force acting on the specimen.
Estimate the friction angle, ϕ, for the specimen by assuming the shear stress at failure is the maximum shear stress.
Estimate the friction angle, ϕ, by assuming the horizontal plane is the failure plane





[bookmark: _Toc21445584]          Table 7 : shear strength test of core material
	Normal stress
	0
	30
	40
	60
	70
	180

	shear stress
	29
	49
	56
	70
	80
	160


[bookmark: _Toc9759737]
            

[bookmark: _Toc21445585]   Table 8: shear strength test of shell material
	Normal stress
	0
	20
	40
	60
	70
	120

	shear stress
	25
	45
	64
	80
	90
	100


[bookmark: _Toc18448338][bookmark: _Toc21405166][bookmark: _Toc21453486][bookmark: _Toc21571136]
     

Gradation analysis
Sample preparation 
Expose the soil in the air until it is dried. Break up the dried sample by mortar with a rubber covered pestle and select a representative sample of the amount required to perform the test by the method of quartering or by use of sample splitter. The amount of soil was 1500g selected based on the maximum size of aggregate. 
[bookmark: _Toc21405168][bookmark: _Toc21453488][bookmark: _Toc21571138]Procedure
1. Oven dries the soil at a temperature of 105 – 1150C for 24 hours.
2. Determine the total mass of the sample.
3. Select the appropriate of varying size sieves. Stack the sieves in such a way that the smallest sieve will be at the bottom and the largest at the top.
4. Weight each sieve and the pan. Make sure each sieve is clean before weighing it.
5. Place the stack on the sieve shaker. Carefully pour the sample through the stack of sieve.
6. Place sieve cover on top sieve. Sieve the soil through the stack of sieves using mechanical shaker for about 10 minutes.
7. Remove the stack from the sieve shaker. Weigh the sieves and pan with soil retained on them.
     Apparatus and supplies 
1. a complete set of IS sieve
2. Drying oven
3. Balance
4. Sieve shaker
5. Brush
6. Sample splitter
[bookmark: _Toc21445586]     Table 9 : Base material grain size distribution from laboratory result
	Standard Sieve size 
	Grain size in (mm)
	Original % passing 

	3 inch
	76.2
	100

	1inch
	25.4
	100

	3/8 inch
	9.5
	100

	0.248inch
	6.3
	97.12

	No 4
	4.75
	96.28

	No 10
	2
	93.99

	No 40
	0.425
	89.49

	No 200
	0.074
	78.04

















[bookmark: _Toc21445587]        Table 10: Gradation of regraded base material
	Sieve No
	Original
% passing
	Regarded
% Passing
	Remark

	4
	96.28
	100.00
	F=1.0386

	10
	93.99
	97.62
	

	20
	91.99
	95.54
	

	40
	89.49
	92.95
	

	60
	86.11
	89.44
	

	140
	81.11
	84.24
	

	200
	78.04
	81.06
	



     Based on the regarded base soil, 81.06% of the base soil fine

Dam dimensions (geometry)
Crest length = 348m
Top width = 4m
Bottom width = 91m
Dam height =20m
Maximum water level =2368.4m
Normal water level =2367m
Crest level of dam =2370.36m
Bed level =2350.36m
U/s shell slope =2:1
D/sabove the berm 2:1
D/s slope below the berm 2.5:1
U/s and d/score slope 1:1












7.2 [bookmark: _Toc18448339][bookmark: _Toc21571139]Appendix-B
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[bookmark: _Toc21447063]Figure appendixes1Seepage analysis result according to the design data

[image: ]
[bookmark: _Toc21447064]Figure appendixes 2  Seepage analysis result according to used during construction
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[bookmark: _Toc21447065]Figure appendixes 3  Downstream Slope stability analysis result of designed section
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[bookmark: _Toc21447066]Figure appendixes 4  Downstream Slope stability analysis result of during construction	
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[bookmark: _Toc21447067]Figure appendixes 5   steady stat Seepage analysis result of the newly proposed section
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[bookmark: _Toc21447068]Figure appendixes 6Upstream slope stability analysis under steady state condition newly proposed section	
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[bookmark: _Toc21447069]Figure appendixes 7  downstream slope stability under steady state condition for the newly proposed section
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[bookmark: _Toc21447070]Figure appendixes 8  upstream slope stability under seismic action for the newly proposed section
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[bookmark: _Toc21447071]Figure appendixes 9   downstream slope stability under seismic action for the newly proposed 
Section
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Figure10 appendixes water content vs., pore-water pressure of core

[bookmark: _Toc21447072]Figure appendixes10Vol. water content vs., pore-water pressure of shell[image: ]
[bookmark: _Toc21447073]Figure appendixes 11   X-conductivity vs. pore-water pressure of core
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[bookmark: _Toc21447074]Figure appendixes 12  X-conductivity vs. pore-water pressure of core

[image: ]
Figure 13 seepage t the down stream of Zana dam 
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Figure 14 at the down stream slope face failure 
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