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ABSTRACT

Slopes stability and seepage of earth dam are tmanitant items to design earth dam core in fielgj@btechnical
engineering. Recently, using of evolutionary altoris have been widely attracted attentions formiaing the
earth dams. In this study, three evolutionary aidons including Shuffled Complex Evolution (SCHEpubated
Annealing (SA) and Genetic Algorithm (GA) have beereloped to optimize the geometry of Birjand H&smgi
earth dam core based on seepage integration, hyidrgeadient, and safety factor of stability coretrts. Several
parameters including material type, size and shapethe core dam have been considered to perform the
optimization process. Furthermore, material voluared dam seepage are two objective functions whieh a
minimized. The results of performances indicatet 8CE, SA, and GA algorithms produced 14, 12.8 Ehd
percent reduction of the dam cost, respectivelgoAthe values of the core dimensions, coeffiadérdtability,
leakage from the body, and hydraulic gradient weretained from alternative evolutionary algorithms.
Development of SCE algorithm was proven remarkabbgperous capability in form of 24 percent redotior
material type in dam core and 8.5 percent in stial.

Keywords: Shuffled Complex Evolution (SCE); Simulated Anlireg (SA); Genetic Algorithm (GA); Earth Dam;
Seepage; Clay Core

INTRODUCTION

Dams are structures that are used especiallywater storage, energy production, andgation. Dams are
mainly divided into four parts on the basis tfe type and materials of construction as igraslams, buttress
dams, arch dams, and embankment dams [8].Tde®s are divided into two types: homogeneous amd no
homogeneous earth dams. Non- homogeneous damsadee ghdifferent parts that each part has mucluénite
separately on the dam body’s performance, stapditgl other design components. In designing ofaath er rock
fill dam, the foundation, abutments, and embanknséoiuld be considered as a unit. The entire assgmbhust
retain the reservoir safely without excessive lgaka Provisions for seepage control have two indeépet
functions. The first is reduction of water lossessl water reduction to an amount compatible with phoject
purpose. Another independent function is that, ielting the possibility of structure failure by pig. It may also
be concerned with the stability of constructionpgl® and slopes around the reservoir after impountdr®ame of the
most important components in dam designing is @@ dore. The dam core is significant factor in kg and
controlling dam body seepage. In unconsolidata@iterwhen leakage velocities reach critical vaJ@ession takes
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place giving rise to sub fusion and subsidenceiibgadb the dam collapse [19, 24]. Also, it estdidis the
importance of mapping the seepage paths and mimgjttte changes in seepage as a function of timease of
dam designing, the core should be made of fine matétedue to its low permeability. Furthermore, daate has
relatively lower shear strength compared to theofarts. So considering the dam persistencebigtier to choose
the core thinner on the other hand the thickercthre the more resistant the dam is. The seepagesggwill be
reduced because the seepage and inner corrosiahewdacking risk [27]. From the previous invgations, it is
established that the economic considerations catetegmined as one of the most significant fadtorselection of
the dam core geometry. Several studies of damageewere carried out with different conditions &fld and
laboratory. Occasionally, using of experimental diedd investigations cause too much cost of eq&ipts to
measure data sets, compared to the numerical atiéematical methods. Mathematic solutions take tiarebthese
methods can be produced inaccurate performancesen®y, various numerical methods have been usaelywo
identify different aspects of dam problems. Goldimd Raskaz (1985 [10]) initiated optimization $tsdfor the
clay core of the homogeneous dam using completiorfaest and factor analysis. They utilized fachmalysis
method to optimize the design of the dam in chajehoosing various sources of bond and shell sloper
optimum design of a 70 meters dam, four altereatiptions were presented for different sourcesoofdband side
slopes of dam. They also applied the full operatiathod for a high dam (300 meters) to choose tfeetsfof the
stability factor. Results indicated that the siséle's embankment plasticity is more than the iteedf. Also, and it
imposes a thin and straight core. On the other hidntde shell side's embankments are much lesiplthan the
clay dam core, an inclined core will be more juakife [10]. Paviovsky (1956 [25]) developed an appnate
method which allowed the piecing together of floet iragments to develop a flow net for the totatpsme
problem. This method termed the "Method of Fragmietitat, allows seepage problems with relativelgher
complication to be resolved by breaking them intotq analyzing flow patterns for each, and reabtiam the
parts to provide an overall solution. Harr (1963])lexplained the use of transformations and mappintransfer
the geometry of a seepage problem from one compliemxe to another. Hadi (1978 [12]) studied thepage
through embankments into adjacent drains. In higstigation, the soil has been assumed to be hamogs and
isotropic. Also, the water flow was steady statedition. Flow nets for the different flow patterere drawn using
the circle method, for predicting the seepage diggds. Ishaq (1989) used a finite difference coate
transformation to get pressure distribution undeiraulic structure and exit gradient with and witheheet pile in
upstream or downstream only, resting on anisotrppious media. Hillo (1993 [14]) used finite elemnprethod for
seepage below hydraulic structures on anisotropic feundation. The structural appearance of then daas
examined by Hitashy (1996 [15]) using genetic athon. In their study, decision and construction muping
systems were developed to design the dam appearautertinet al, (1996 [4]) used commercial code/software to
solve the unsaturated problems of multi-layer cever an infinite aquifer pumping test. This softeaolves the
underground water problems for stable, unstabtera@d and unsaturated conditions.

Griffiths and Fenton (1997 [11]) combined randoeidigeneration and finite-element techniques to ehstbady
seepage through a three-dimensional (3D) soil dormawhich the permeability was randomly distritiiia space
Furthermore, Khsaf (1998 [20]) used finite elememtthod to analyses seepage flow through pervioils so
foundation underneath hydraulic structures thawipiesd with flow control devices. it can be elimiadt Irzooki
(1998 [17]) applied different technical study oEpage problems on the left side of Al-Qadisiya dBoger (1998
[6]) solved three-dimensional flux equations imsi@nt condition by neglecting capillary forces ttapillary force
in steady sate condition was considered as sigmifiparameter through seepage problem. Akyuz aactdh
(2003 [2]) carried out experiments for predictiig tseepage from an earth dam placed on an imperbiase by
using the Hele-Shaw viscous fluid. They validateeirt results with several traditional equationsnBebarelet al,
(2005 [5]) used the finite difference method to muital studies of seepage failure of sand soil iwithcofferdam.
Based on this study, the conditions for seepaderéaare clearly identified by using the boilingbdul Husseiret
al, (2007 [1]) used multi-objective functions by wieitng method to optimize the designing of the hoarapus
earth dam. Andrew and Anop (2009) applied gendtjordhm to determine the critical failure level Blope
stability analysis. Furthermore, Nazari Giglou &tetaatparvar (2012 [23]) presented the physicdl ggpmetric
factors of earth dam such as permeability, upstraathdownstream slope of the dam to solve seepadgem.
The seepage rate through homogeneous earth indatiested and unsaturated flow. The amount ofveateping
through and under an earth dam, can be estimatediby the theory of flow through porous media.sTiieory is
one of the most common analytical tools that ardusidely by engineers. The computed amount of agpejis
useful in estimating the loss of water from theeresir. The estimated distribution of pressurehia pore water is
used primarily in the analysis of stability agaisbear failure that is used widely by engineerdysthe hydraulic
gradient at the point of seepage discharge whiehsga rough idea of the piping potential (Sheetrdl, 1963).
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Different aspects of seepage phenomena have heestigated because seepage through the dam bddynaer
the foundation adversely affects dam stability. sTetudy specifically investigated seepage in damybdhe
seepage in the dam body follows a phreatic lineorliter to understand the degree of seepage, #dsssary to
measure it. In this study, a numerical model isettgped to analyze the seepage problem. The calendss
depends on the seepage, the anticipated resismmeacking and erosion of the available materiisall but the
more pervious core materials, a relatively thinecaill suffice to keep the seepage to a negligdsteunt. A thin
core will dissipate pore pressures more rapidly thahick one. Also, it is safer during suddenagtawn. A thick
core is more resistant to erosion, particularlgrifall cracks should develop from settlement. Aled dore volume
reduction as an impermeable part helps to econopi@e Determination of the appropriate core sitectv has a
minimum size is necessary in order to supply theatels and constraints. In this way, powerful optadi methods
including the SA, SCE, and GA algorithms based ruldjective function and specified constraints preposed to
find out the size of the clay core dam.

MATERIALS AND METHODS
One of the key aims of this study is to develop thenerical model for measuring seepage through deabjlity

factor and hydraulic gradient based on materiald gmometry specification of earth dams. Figurelwshthe
sample model of problem.

‘"
Y

&
¥

Figure 1. Sample model of problem

Description of the Simulated Annealing

SA algorithm is a computational stochastic techaifpr obtaining near global optimum solutions tontinatorial
and function optimization problems. Kirkpatriek al, (1983 [21]) stated that the method is inspireairfrthe
thermodynamic process of cooling (annealing) ofteroimetals to attain the lowest free energystateemmolten
metal is cooled slowly enough it tends to solidifya structure of minimum energy. This annealingcess is
minimized by a search strategy. The key princifiéhe method is to allowoccasional worsening moseghat
these can eventuallyhelp locating the neighborhodte true (global) minimum.

The associated mechanism is given by the Boltznpaoipability:

AE

P =exp (—E) 1)

whereAEis the change in the energy value from one poirthéonextKg is the Boltzmann'’s constant afds the

temperature (control parameter). ThkE parameter refers to the value of the objectivection and the
temperature. Furthermore, tfids a control parameter that regulates the proaseasnealing. The consideration of
such a probability distribution leads to the getieraof a Markov chain of points in the problem dom The
acceptance criterion given by Eq. (1) is populadferred to as the Metropolis criterion (Metropddisal, 1953
[22]). Another variant of this acceptance criteridor both improving and deteriorating moves) hasib proposed
by Galuber (1963 [9]) and can be written as:
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el -2)

n

1 exp| =T )

In simulated annealing search strategy: at thé atey move is accepted. This allows us to explofet®n space.
Then, gradually the temperature is reduced whicansdhat one becomes more and more selective epticg
new solution. By the end, only the improving mowes accepted in practice. The temperature is sydiesly
lowered using a problem-dependent schedule chaizadeby a set of decreasing temperatures. Prii#9¢ [26])
discussed more about the parameters used in sgdueinealing algorithms. Due to its simplicity aretsatility,
simulated annealing has the distinction of being of the most widely used techniques for both fiamctand
combinatorial optimization problems.

Description of the Genetic Algorithms

Genetic algorithms are stochastic numerical seprobedures inspired by biological evolution, crbsseding trial

solutions and allowing only the fittest solutiolmssurvive and propagate to successive generafidresy. deal with a
population of individual (candidate) solutions, wiiundergo constant changes by means of genetratapes of

reproduction, crossover, and mutation. These swigtiare ranked according to their fithess with eespo the

objective function where the fit individuals are madikely to reproduce and propagate to the neregation. Based
on their fitness values, individuals (parents) seéected for reproduction of the next generationekghanging
genetic information to form children (crossoverheTparents are then removed and replaced in thelgimm by

the children to keep a stable population size. Témult is a new generation with (normally) betténess.

Occasionally, mutation is introduced into the pagioh to prevent the convergence to a local optinaumd help

generate unexpected directions in the solutionespite more GAs iterates, the better their changeherate an
optimal solution. After a number of generations tfopulation is expected to evolve atrtificially,dathe (near)
optimal solution will be reached. The measure afsss is the convergence to a population with idanthembers.
The global optimum solution however cannot be guaed since the convexity of the objective funciiamnot be
proven.

Description of the Shuffled Complex Evolution

The Shuffled Complex Evolution (SCE) algorithm conds the strengths of the controlled random sedZ&5j]
algorithms with the strategy of competitive evabatiand the newly developedconcept of complex shgffliThe
SCE strategy is presented below (Duan et al., 1993)

Step 0. Initialize. Select>d and nxn+1, where p is thenumber of complexes, m is thaber of points in each
complexand n is the number of independent variahl#se optimizationproblem. Compute the sample sizpxm.
Step 1. Generate sample. Sample s points X; in the feasible Spac®CR". Compute the function valugdt each
point x. In theabsence of prior information, use a unifeampling distribution.

Step 2. Rank points. Sort the s points in ordénafeasingfunction value. Store them in an arrap®¥, i=1...,s},
so that i=1 represents the point with the smaflasttion value.

Step 3. Partition into complexes. Partition D iptoomplexesA...,A,, each containing m points, such that:
Ak:{x;{JfJ'k|x;{ = xk-l-'pl:_;l'—l}f;fk = fk+?.:ll:_;|'—1:| = 1, Jm}

Step 4. Evolve each complex. Evolve each complexkAl,...,p according to the competitive complex etioh
(CCE) algorithm.

Step 5. Shuffle complexes. Replacg.A.,A, into D, such that D={A k=1,...,p}. Sort D in order of increasing
function value.

Step 6. Check convergence. If the convergenceieridee satisfied, stop; otherwise, return to Step 3

The CCE algorithm is required for the evolutioneaich complex in Step 4 of the SCE method is predentlow
(Duan et al., 1993).
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Step 0. Initialize. Select q, a, and b, wherg<dn, a>1, an@>1.

Step 1. Assign weights. Assign a triangular prolitgidistribution to A i.e.,

P =2(m+1-i) /m (m+1),i=1,...m

The pointx;‘ has the highest probabilig=2/m+1. The poink¥, has the lowest probabilityg,,=2/m(m+1).

Step 2. Select parents. Randomly choose q digtiviots u,...,u, from A according to the probability distribution
specified above. Store them in array B ={u ,i = 1,...,q}, where jis the function value associated with poipt u
Store in L locations of Awhich are used to construct B.

Step 3. Generate offspring. Sort B and L so thatdhpoints are arranged in order of increasing tfancvalue.
Compute the centroidg using the expression

g :[1/(q-1Ef.:_11u}-]. Compute the new point r =2g-u

Step 4. Replace parents by offspring. Replace & Afitusing the original locations stored in L. SoftiA order of
increasing function value.

Step 5. Iterate. Repeat steps (1) through (4) bdiwhere bl s a user- specified parameter which determines ho
many offspring should be generatdildan be generated by each independently evolvimgptEx between two
consecutive shuffles).

According to the suggestions of Dueal, (1993 [7]), tuning parameters of the SCE algonitire set as follows in
this study: the size of a complex m and the nundlb@ffspring are all chosen to be equal to 2n+1, where n is the
dimension of the problem. The size of each sub ¢exngelected for generation of an offspring is n¥ie value of

the parameten. is set equal to 1 (only one step evolution of eathplex is permitted). The primary tuning
parameter to be selected in this method is the eawibcomplexes p, which is set equal to n.

The philosophy behind the SCE approach is to titeatglobal search as a process of natural evolf@hnThe
sampled points constitute a population. The poprids partitioned into several communities (compl, each of
which is permitted to evolve independently (i.earxh the space in different directions). Aftereg@n number of
generations, the communities are forced to mix, @& communities are formed through a process offlsig.
This procedure enhances survivability by a shandigthe information (about the search space) n ghine
independently by each community.

The SCE method is designed to improve on the leggtifes of the CRS method (i.e., global sampliogyaex
evolution), by incorporating within it the powerfabncepts of competitive evolution and complex 8imgf. Both
competitive evolution and complex shuffling help d¢osure that the information contained in the saniple
efficiently and thoroughly exploited. They also h&dpensure that the information set does not beatdegenerate.
These properties enable the SCE approach to hatex bwbal convergence features over a broadeyeran global
optimization problems [7]. Also, SCE flow chartsvaresented in Figure 2.

Modeling

In this study, a new model is proposed to predm¢psge rate, slope stability, hydraulic gradientnon-

homogeneous earth dams using Geo-Studio softwaiaoligh this model, seepage, slope stability, artaulic

gradient are formulated by different factors whate related to material properties and geometricedsions of
dam. It should be noted that permeability in sf@lthe non-homogeneous earth dams is more than El@nce, the
seepage rate for shell can be ignored becauséngxismarkable difference between shell and come. ddherefore,
the core can be considered as a homogeneous ddm [dGhe research, 150 assumed sections witterdifit

materials and dimensions are designed. RangedeatieE parameters for optimization problem aresgivn Table
1.
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Star

Input: n = dimension, p=number
complexes, m = number of point in
each complex; compute: sample
size s=p*m

Sample s point at randomén
Compute the function value at each point

A 4

A4

Sort the s points in order of increeg
function value. Store themin S

Partition S into p complexes of m poi

(e £ b = xppesymye i £ = Fipnmayomyesr =1

A

Evolve each complex‘Pk=1,.....,p

A4

CCE algorithm

A

A4

Replace B k=1,....,pinto S

Convergenc
criteriasatisfied?

Figure 2. SCE flowchart

Table 1. Up and down limit of effective parameters

Effective Parameter Low Bound Up Bound
Dam Height (meter) 15 40
Crest Width of core (m) 3 6
Up-stream Slope of Shell 1(Vertical):2(Horizontal) 1(V):5(H)
Down Stream Slope of Shell 1(V):2(H) 1(V):4(H)
Up Slope of Core 1(V):0.15(H) 1(V):0.53(H)
Down Slope of Core 1(V):0.15(H) 1(V):0.53(H)
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Performances of FEM-software for assumptive dam efsodvere analyzed using non-linear regression model
Correlation coefficient @) and standard error were considered in order teraéne the model validity. For
accessing the objective, a consolidated model statsiof a simple model obtained using linear regjoesand SA,
SCE and GA algorithms. In addition, evolutionargaithms were coded using the MATLAB package.

Seepage Model
In present study, 150 sections with different materand dimensions were molded using SEEP/W. Geame

parameters and materials characteristics are imdepé variables and seepage rate is dependentbhearia
Independent variables are recognized as a pasgession coefficient. It indicates increasing iepehdent
variables against adding a one unit to independarmables. Performance of linear regression modaliged high
accuracy (R=0.93 and Std=0.067). The regressiorehfodpredicting the of seepage rate was expreasddllows:

9=(2.167-0.958)xkc X I 3)

Whereq = Seepage in unit of dam length®( s/m) ; k = Permeability coefficient of coren( s) ; | = Water height in
dam reservoirrt) ; h = Dam heightif) ; d = Core width on foundationm).

Slope Stability Model

Modeling of slope stability for 150 assumed sediavith different materials and dimensions perfornusihg
SLOPE/W. Geometric parameters and materials chaistits were considered as independent variaBlss, the
seepage rate is dependent variable. Performanageaf regression model provided high accuracy @mglopriate
correlation (R=0.909 and Std=0.0098). The regressiodel for predicting the stability was expresasdollows:

SF=0.354+1.54%an 0 +o.ossf +2.194< )

¥i

WhereSF= Slope stabilityx = Dam width on foundatiomf); @= Angel of internal friction; & Effective cohesion
(kg/cnt) ; 7= Specific weight (kg/r).

Hydraulic Gradient Model

Modeling of slope stability for 150 assumed sediavith different materials and dimensions was edrout using
SEEP/W. Geometric parameters and materials chaistitte were considered as independent variabléso, Ahe
seepage rate is dependent variable. Basis on asumpnentioned in modeling section, the core daas w
considered as a homogeneous media [10]. Furtherrit@hould be noted that the seepage curve weaarlzed.
linear regression model provided good performaiiRe®).92 and Std=0.0098). The regression model fediption
of hydraulic gradient was expressed as follows:

i=0.76-1.625 (5)

s=(1% + (d = [ — 0.35(d — b).[)*)°® (6)
Wherei = hydraulic gradients = leak line lengthrt); b =crest width of coren().

Optimization

With regarding the preventing seepage from the dady, the stability safety factor and hydraulic djemt were
considered as constrains problem for minimizingdimeensions of the clay core dam. In this sectit@scriptions of
design variables and objective function would tsedssed.

Variables design

Generally, two types of variables are available daoss designing. At the first, environmental vialeés which are
functions of the location of the plan such as bsodrces and material properties are defined asnedria variable.
Another type is geometrical variables which somehefn are fixed such as the core axis angle . Ateoreminding
parametric variables are included those of theltteigd width of the dam crest which integratedesigh variables
in the objective function. In this study, vectordasign variables is expressed as follows:
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X={X1, X5, X3}

Which X; , X5, and X% are the core crown width, core width on foundatiand dam width on foundation,
respectively. The parametric variables inclbhdgotal height of the dam),(water level upstream of the dam), amd
(width of the dam crest).

Objective Function

Estimation of effective cost involves the use afadderived from the most current pricing for matks;i appropriate
wages and salaries, accepted productivity standards customary construction practices, procuremethods,
equipment needs, and site conditions. Cost estimasi determined with regarding the inherent Iswal risk and
uncertainties.

Typically, each new cost estimation for a spegqifioject is based on increasing levels of projefihement and
more detailed levels of design data. Cost estimati® developed based on the best available infammat the
time, the cost estimating based on mentioned irdtion should be considered remarkably in terms igh h
accuracy and confidence.

The purpose of this study is to reduce seepageighrdlam and volume of earth dam materials is ddfias a
function of cost. Hence, the objective functiomigpressed for cost estimation in form of:

T=Cst+Cc+Cw (7

Where T, G, C- and Gy are Total cost, construction shell cost, constamctiore cost and costs of water waste from
a leaking dam respectively.

Cost of the Shell
Total materials volume used to construct the gifdlhe earth dam is calculated by following equatio

Flz{f[{?{!‘l"n’:]Xh]—E[{X: +X1:]Xh]:]><h (8)

Where Fis the materials volume ¢hm) and b is the length of the crest.

Cost of the shell (€ is equivalent to:

CsFixK; 9)
where K is the cost per cubic meter of earth shell dam.

Cost of the Core
Total materials volume used for the constructiothefcore of the earth dam is calculated by follmp@quation:

Fp = (506 +x)x b)) xb (10)

Where kis the volume of the earth material¥(fim)

Costs of the core (§is equivalent to:

Cc=FxK, (11)
Where K is the cost per cubic meter of the earth core.

the stability constraint is a function of the pasers of the dam body. In addition, an appropsétpe is obtained
through optimizing the core dimensions and dam exkio&nt shell.
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Amount of Leakage from the Dam Body
As it mentioned before, Eq.(12) is applied to pcedimount of leakage from the dam. Through thenupgttion
problem, Eq.(12) entered the problem by following&tion:

q=(2.167 - 0.958 =) x k x1x b (12)

Where q is the term of cubic meters of waste wiataryear

The cost of wasted water per cubic meter from tytof the dam is 1000 Rials. Considering the ddtfgaof 30
years, an interest rate of 15 percent of the doststed water has been calculated over the aifeialf the dam.

Constrains Design
Here for reduction of objective function based esigning variables, constraints presented as fatlow

For considering static stability of the dam in #teady seepage conditions, a factor is presest&iadbility Safety
Factor (SF) that should not be less than 1.5 (Ur8yA2003).

leakage from the dam body caused un stabilityaofi o, the methods for reduction of seepage thrdaghbody
is essential. Therefore, hydraulic gradighig presented as constraint that must be lessttieacritical value §j).

Here, since the critical hydraulic gradient is cédted for the materials equal to 1. the constiaintefined in front
of:

i:o.76—1.62=é (13)
Wheresis the length of the phreatic line that is calcedatising Eq.(6).
Figure 3. illustrated the result of convergencéhef SCE, SA and GA algorithms for the optimizatmablem.

3
248210

iteration
Figure 3. Result of convergence for the used evdionary algorithms
From the Figure 3, it is clear that SCE algoritheoesses to the optimal value the optimal values west for the

two other algorithms in more than 30 iterationsafTindicated the higher performance of SCE algorjtbompared
to the SA and GA algorithms.
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Case Study

The Hesar Sangi dam is a earth dam with vertiay cbre as a nutrition —storage in Birjand. It hath storage
capacity of two million cubic meters of water thaas constructed in 2003. Also, it is located 12@rkieters
northern of Birjand and five kilometers up of theddr Sangi village (latitude %3 , longitude 5813), across the
Dahaneh river. Figure 4. shows the location of dsigh dam. Dam material properties and geomeatrepresented
in Table 2 and 3, respectively.

Figure 4. Location of Hesar Sangi Dam

Table 2. Dam material properties

Parametery Shell Core
17 40 30

¥i—=) 2260 | 2080
m

kg
- {—} | 10000 | 10000
Fu {mg:]

¢'(kgiend) | 0.05 | 0.3
K(mlyear) | 182.28| 0.06

Table 3. geometries properties

Crest lengtht) 250
Crest widthfn) 6
Dam height fn) 15
core crest widthr) 4
Core width on foundatiomd) 9.8
Slope of Shell 1:2.5
Slope of Core 1:0.21
Dam width on foundatiomf) 75

RESULTS AND DISCUSSION

In modeling the material properties of Hesar Sazagth dam, a grouped known parameters such astpktiand
the width of the dam crest are used (Table 4).vtilaes of the core dimensions, coefficient of digbileakage
from the body and hydraulic gradient obtained fraimodels development were compared with actuakgabd the
dam. The cost of Hesar Sangi dam construction adgthal dimensions is 2.82xRials. While the costs of the dam
construction using the SCE, SA ,and GA algorithwase 2.43x1%) 2.46x10 and 2.4762x1{Rials, respectively. In
the other hand, the results of performances ingittttat SCE, SA, and GA algorithms produced 148,28d 12.4
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percent reduction of the dam cost, respectivelwelgpment of SCE algorithm was proven remarkabbsperous
capability in form of 24 percent reduction for ntéétype in dam core and 8.5 percent in shell dam.

Table 4. Comparison of actual dimension by optimadlimension of clay core

actual dimensions optimal dimensions optimal dimensions optimal dimensions

of clay core of clay core (SA of clay core (SCE of clay core (GA
core crest widthrf) 4 3.4 3 3.42
Core width on foundatiom) 9.8 7.58 7.5 7.55
Slope of Shell 1:2.5 1:2 1:2 1:2.02
Slope of Core 1:0.21 0.139 1:0.15 1:0.138
Dam width on foundatiorm) 75 66.2 6€ 66.71
hydraulic gradier - 0.4€ 0.4% 0.4€
Slope stability - 1.69 1.79 1.69
Seepage - 1.33 1.3 1.5

As indicated from the Table 4, core crest widthrecoidth on foundation, slope of shell, slope ofeccand dam
width on foundation decreased actual dimensions. SBE algorithm yielded relatively higher reducti@iues for
the supply stability and hydraulic gradient constisa than those obtained by using the other algmst For
instance, reduction values for the core crest wigthe obtained 25, 15, and 14.5 percent using @&, SA and GA
algorithms, respectively. Result indicated that 8@E algorithm provided higher performance for mjatation of
clay core dimension in comparison with other algoris.

CONCLUSION

In this paper, new regression models including ilgkrom dam body model ,hydraulic gradient modeind
stability safety factor model were developed tocokite the designing variables. The results inditahe high
performance of new regression models for determginwefficient of stability, leakage from the boayd hydraulic
gradient. For developing the necessary model, yidrgradient and stability safety factor were ddesed as
constraints Also, the objective function was expeglsas costs of dam structure and waste watertfremeservoir.
This problem was optimized using the SCE, SA, amdl Ghe results of modeling were compared with dctua
geometry of Birjand Hesar Sangi earth fill dam. Madues of the core dimensions, coefficient of #itgbleakage
from the body, and hydraulic gradient obtained frammodels development were compared with actualegabf the
dam. The results of performances indicated that,S&& and GA algorithms produced 14, 12.8, 12.4ceer
reduction of the dam cost, respectively. Developmai SCE algorithm was proven remarkably prosperous
capability in form of 24 percent reduction for méétype in dam core and 8.5 percent in shell dam.
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