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Abstract

Slope stabilization is one of the most crucial tasks in rock-fill reservoir dam projects to prevention of erosion and
destruction of upstream and downstream slopes. Inappropriate choice and design of the protection can cause irreparable
damages imposing additional costs and time to the project. In this paper, the body slope ranking is conducted by using the
classical and fuzzy multi-criteria decision making approaches specifically VIKOR and Fuzzy-TOPSIS methods. To this
aim, eight important and effective criteria were considered to select the most appropriate cover among five most common
ones for protecting and conserving body slope of the rock-fill dams. The study was conducted on a dam in Bijar city located
in the province of Guilan, the north of Iran. According to results of a comparative analysis using fuzzy and classical MCDM
techniques, the concrete facing cover and the soil-cement cover have placed at the highest and lowest ranks to protect the
body of the dam, respectively, suggested by both employed methods.

Keywords: Slope Stabilization; Rock-Fill Reservoir Dam; Multi-Criteria Decision Making; Fuzzy-TOPSIS; VIKOR.

1. Introduction

The global water crisis and management of water resources have accelerated the requirement for the construction of
dams; hence, in recent decades, the constructions of dams in the world and especially in Iran are in a special position.
Dam design and stability are the most important issues that engineers are encountered. The earth dam is designed for
different parts including slope upstream and downstream of the dam. Additionally, slope protecting cover of dam is
important for the protection and stability. The importance is that an incorrect design and an unsuitable protection cover
of earth dams can lead to slope instability and irreparable social, financial, and environmental damages [1-2]. Therefore,
choosing an appropriate cover for slope stability of dams is a very important part of the design. There are several
approaches for selection and evaluation of the body slope protection such as numerical methods [3-4]. As an instance,
Zartaj et al. (2012) utilized finite element method (FEM) for evaluating the stability of earth dam with geotextile using
PLAXIS 3D [5]. However, most of the times there is probability of failures and defects because of uncertainty in
implementation and collection of data and also lack of consideration in many other parameters. These issues can lead to
failure in the phase of selecting the type of cover for the stability and design; hence, one of the designers’ activities is
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preparing and gathering all data related to economic issues and performance optimization according to time condition
and project necessity. These conditions depend on the variable selection and they are not the same in all cases. So, in
slope stabilization and optimization, there is not a specific method as a solution because there are differences between
criteria and selections. In fact, selection of the suitable method of dam slope stabilization is considered as a multi-criteria
decision making problem. A research was conducted by Ahangari et al. (2010) in order to identify effective and
impressive criteria. They considered several criteria in order to analyze stabilization methods in the phase of decision
making including technical, managerial, financial, environmental, and socio-cultural considerations [6]. Lim et al. (2015)
evaluated slope stability analysis. They used the three-dimensional analysis. Based on their results obtained, they made
some recommendations for the evaluation of slope stability [7]. Qi et al. (2015) investigated slope stability using three
methods. The results demonstrated that the numerical modeling can be applied as a powerful tool for modeling slope
stability [8]. Fattahi (2016) carried out investigations for prediction of slope stability using the soft computing methods
including the adaptive neuro-fuzzy inference system (ANFIS) based on clustering methods. The results obtained showed
the ANFIS-SCM maodel is a reliable system modeling technique for prediction of slope stability [9].

In this research, the multi-criteria decision making (MCDM) methods enhanced by fuzzy logic are utilized to rank
the possible slope stabilization methods for a rock-fill reservoir dam in Bijar, northern Iran. The Bijar dam is designed
with the aim of providing urban and industrial water supply and public consumption in Guilan province, Iran which was
constructed on a branch of Sefidrud River. It is located 8 kilometers far from Shahr-e-Bijar village and 35 km from Rasht
City, on Zilky River in Guilan province. Technical specifications of the dam include dam crest elevation: 219.5 m (from
sea level), dam height: 94.5 m (from basement), crest height: 430 m, spillway: free spillway in the right bank end in to
cascading shoot, excavation volume: 2.7 million cubic meters, embankment volume: 4.6 million cubic meters, concrete
volume: 272,000 cubic meters, total length of tunnel & galleries: 1,125 m, diameter of tunnel & galleries: 4.7 to 2.5 m,
and total length of grouting curtain: 712 m.

For this aim, the Fuzzy-TOPSIS and VIKOR techniques are employed considering various criteria and alternatives
under uncertain conditions. A number of experts are asked to score the related questionnaires of both decision making
methods and the information is utilized in the framework of the fuzzy and classical analyses. The results of two methods
are finally compared and evaluated.

2. Fuzzy-TOPSIS

The “Technique for Order Performance by Similarity to Ideal Solution (TOPSIS)” was introduced by Hwang and
Yoon (1981) for ranking of alternatives through a very reasonable mathematical approach which is a powerful tool
according to its ideal similarity [10]. This method was founded based on the two principles of positive and negative ideal
solutions. In recent years, this method has been widely used for solving multi-criteria decision making and ranking
problems. There are several applications of this methodology in the fields of earth sciences and geographic information
system as well as mining operation issues [11-14].

In many engineering problems, we may face unpredicted and uncertain criteria and alternatives. The fuzzy logic is a
suitable and impressive approach for dealing with complex issues related to making a choice from among some options
which provide a comparison of the considered alternatives. Fuzzy logic is in fact the opposite of classical logic. The
boundary of Fuzzy sets unlike that of classic sets is implicit and uncertain, namely, it is bound. All information related
to a fuzzy set is described by its membership function and used in all applications of fuzzy set theory [15-16]. Hence,
the concept of membership function has a special place in the fuzzy sets theory. In fact, by corresponding any value in
the interval (0~1) to any membership degree of members in a fuzzy set, we can extend a classic set to fuzzy set. In
general, in complex problems that classical mathematics’ analysis is difficult, the theory of fuzzy logic is an appropriate
solution to resolve these limitations [17].

The introduction of fuzzy logic by Professor Lotfi Askar Zadeh in 1965 and his article on information and control
periodical under the title “Fuzzy Sets” and then the works of other researchers such as Kaufmann & Gupta (1988) and
Zimmermann (1992) had an important role in developing of this theory [18-19]. This logic has led to many advances in
numerous sciences, especially engineering science. The fuzzy sets theory has a wide variety of applications. Fuzzy
decision making problems are one of the most efficient applications of fuzzy sets theory in the fuzzy logic. The Fuzzy
multi-criteria decision-making is frequently employed by researchers in other sciences, including geotechnical
engineering, rock mechanics, mining engineering, operations research [20-24].

Chen and Hwang (1992) presented the fuzzy-TOPSIS method. In this context, there are eight defined steps for this
technique by multiple options and criteria, which are described as follows [23-24].
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2.1. Formation of Decision-making Matrix

Decision- making matrix is formed based on the current available alternatives and required criteria for evaluating the
alternatives. Also, the value >~<ijfor fuzzy triangular numbers is equal to %; = (a;,by,c;) where %, is the function of

alternative i (i=1, 2, 3,..., m) in relation to criterion j (j= 1, 2,3,..., n) [25].

' g
Il

Tables 1. and 2. are used to constitute fuzzy decision matrix and weight vector of the criteria, respectively. Figures 1.
and 2. show them.

Table 1. Linguistic Variables to Assess the Criteria Significance Table 2. Linguistic Variables to Rank Options

Corresponding Fuzzy

Linguistic Variable

Corresponding

Linguistic Variable

Number Fuzzy Number
(0,0,0.1) Very Low Preferred(VLP) (0,0,1) Very Low (VL)
(0,0.1,0.3) Low Preferred (LP) 0,1,3) Low (L)
(0.1,0.3,0.5) Medium-Low Preferred (MLP) (1,35) Medium-Low (ML)
(0.3,05,0.7) Indifferent (IND) (35,7) Medium (M)
(0.5,0.7,0.9) Medium-High Preferred (MVP) (5,7,9) Medium-High (MH)
(0.7,0.9,1) High Preferred (HP) (7,9,10) High (H)
0.9,1,1) Very High Preferred (VHP) (9,10,10) Very High (VH)
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Figure 2. Linguistic variables to assess the criteria significance

2.2. Determination of the Matrix of Criteria Weight

After the formation of decision matrix based on the Equation 1, the importance of different criteria is determined as
following:

W =[W,,W,,.....,W,] @)

2.3. Normalization of the Matrix of Fuzzy Decision

In the fuzzy technique for order performance by similarity to ideal method unlike the classical technique, changing linear
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scale instead of complicated methods is used for normalization. In addition, whileX;; ‘s and I;;'s are fuzzy, Equations 2.
and 3. are used in normalization matrix for positive and negative criteria, respectively [25].

porlu Pi G @)
CJ Cj CJ

. a. a; a;

F =[—‘,b—’,—‘] 3)

Cj Dy a
The values C? and aj‘ in above equations are gained from Equations 4. and 5, respectively.

Cj =Mmaxc, 4)

a; =mina ()
I

Therefore, the fuzzy decision matrix is normalized based on Equation 6, where M and N values indicate the number of
alternatives and criteria, respectively.

R=[F]n i=1,2,3,....m , j=123,..n (6)

2.4, Determination of the Weighing Fuzzy Decision Matrix

In order to determine the weighing fuzzy decision matrix in terms of the weight of different criteria, the importance
coefficient related to each scale is multiplied by normalization matrix according to Equation 7.

V= [Vij]mxn
i=1,2,3,....,m ()
F1,2,3,....n
This matrix of triangular fuzzy numbers for criteria with positive and negative aspects is based on Equations 8. and 9.
vt <[22 G W w (8)
U L PCIPCIICE N AR P AR
¢ ¢ G
G_rw 8 &3
V:rij'Wj:[?’El;]'(wjliij’st) 9)

2.5. Fuzzy Positive Ideal Solution (FPIS, A*) and Fuzzy Negative Ideal Solution (FPIS, A")

Based on Equations 10. and 11, Positive and Negative Ideal Solution are achieved as follows:
A ={V,,V,,V;,..... V' } (10)

A ={,9,,V;,....V} (11)

2.6. Calculation of Distance from Fuzzy Positive Ideal Solution and Fuzzy Negative Ideal Solution

For determination of the distance from fuzzy positive ideal and negative ideal for every alternative, Equations 12.
and 13. are used.

S: = Zd(vij 1 \7:) (12)
=

§ = d(,,v:) (13
=1

Where (d) is distance between two fuzzy numbers in the Equations 12 and 13.

2.7. Ranking Based on the Closeness Coefficient (CC)

At this stage, the Closeness Coefficient is obtained from Equation 14.
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CC, = *Si . i=1,2,3,.....,m (14)
S, +S,

At the final stage based on similarity index, alternatives are classified and those with more similarity index are of the
first priority.

3. VIKOR Method

The VIKOR algorithm is based on a compromise programming method of multi-criteria decision-making and one of
the most effective and useful methods in this field with non-commensurable and conflicting criteria, firstly proposed by
Opricovic (1998) [26]. In later years, this method has been developed and used in other scientific and technical
disciplines such as ranking of risks, civil engineering, economics, operations research, geotechnical and mining
engineering [27-29].

An analytical model with VIKOR approach was proposed by Chang & Hsu (2009) for prioritizing land-use restraint
strategies in the Tseng-Wen reservoir watershed [30]. A compromise solution in water resources planning has been
carried out by Opricovic (2009) [31]. A research on evaluating the credit-risk in power enterprise was investigated by
Huang & Yan (2008) using VIKOR and SVM methods. In VIKOR algorithm with (m) options and (n) criteria, seven
steps have been defined [32].

3.1. Formation of Decision Matrix

Decision matrix (K) according to the number of criteria and options will be formed to evaluate alternatives based on
criteria as follows:

X Xp o Xy,
K= Xan Xy o Xy
1 1
1 1
1 1
Xml X 2 -
Where x; is function of i" option (i=1,2,3,....,m ) in relation to j™ criterion.

3.2. Formation of Decision Matrix

At this step, the decision matrix will be normalized and matrix (F) will be as follows:

fll le fln
F= £, £, .. f,
£ £, . f

R (15)

3.3. Determination of the Weight Vector of Criteria

The weight vector of criteria is obtained based on its relative importance as Equation 16, where w; is the relative
importance of criteria (i= 1,2,3,.....,n).

W=[w,W,,W,,...,W,] (16)
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3.4. Determination of the Best T j* and the Worst T j' Values of all Criterion Functions

fj*and f i are the best and the worst values of (j) criterion among all criteria functions. The best fj* and the worst
T~ values of positive and negative criterion are obtained from Equations 17. to 20.

f*j:Maxfij 17)
i

f*szinfij (18)
i

f_j:Mi.rn‘ij (19)
i

f'_j:Ma_xfij (20)

i
3.5. Calculation of the Utility Measure (S) and Regret Measure (R)
S and R are defined by Equations 21 and 22.

*

[T R
] ]
f*._f..
Rj=Maxqw; B (22)
Vet g

] J

3.6. Ranking of the Order of Preference Based on Values R, S and Q

The amount of Vikor Index (Q) is calculated as follows:

S-S R.-R~
Qi—{ 2 _}(1—\»{ 2 _} (23)
S -S R -R

* — * —
S:MaxSi . S :MinSi , R =MaxRi , R =Miani

S -S R -R
is the weight of the maximum group utility and it is usually supposed 0.5 [33-34].

S-S R:-R~
In fact, { L } and [,{} are rates of distance from the positive and negative ideal solution, respectively. v

3.7. Ranking of the Order of Preference Based on Values R, Sand Q
The preferred option is the one with the lowest value of Q index which satisfies the following two conditions:

1) If Al and A2 options have the first and second ranks of Q index and n is the number of alternatives, Equation 24.
will be established.

1
QA2)-Q(AY> — (24)
n —
2) Al option should be the preferred option in at least one of the groups R and S.
4. Application

4.1. Evaluation Alternatives and Criteria

The present study is conducted on Bijar dam in northern Iran (Figure 3). That is one of the most important earth dams
in Iran located on an important river in the area to supply public, agricultural and industrial water consumption.
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Figure 3. Location of the Dam [35]

Based on the resources, publications and experts’ comments, five major common methods were considered as
alternatives to protect body covers of upstream slopes including “Concrete facing cover” (A1), “Rip rap” (A2), “Asphalt
concrete cover” (A3), “Soil-cement cover” (A4), and “Geo-synthetic materials” (A5). In addition, 17 criteria were taken
into consideration based on the initial data through experience after several meetings, consultations and brain storming
with the experts. Eight most effective criteria were finally selected including the “Economical capability” (C1), “Cut-
off” (C2), “Resistance against the environment factors” (C3), “Ductility” (C4), “Access to materials” (C5), “Hardship
of doing the job” (C6), “Environmental effects” (C7), and “Long time taking of the project” (C8). Among them, the first
five criteria have positive aspects and the next three are negative. These problem criteria and decision alternatives can
be shown in hierarchical structure like what is seen in Fig. 4.

Economical Capability
(©)
Cut.off Concrete Facing Cover
() (&)
Resistance Against the
Environment Factors Rip Rap Cover
(C:) (A)
Ductility
(C.)
Asphalt Concrete Cover
A
Access to Materials (e
(C)

Hardship of Doing the Job Soil-Cement Cover
(Cy) (A)
Envn'om:::t;llﬁects Geo-synthetic Materials

’ (As)
Long Time Taking of the
Project (C;)

Figure 4. Hierarchical design of the problem

4.2. Decision Making by FTOPSIS

Tables 3 and 4. show the fuzzy decision matrix and fuzzy weight vector of criteria based on experts’ opinions,
respectively. Triangular fuzzy numbers are hence used to define the parameters in this research according to Tables 1
and 2.
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Table 3. Matrix of fuzzy decision of FTOPSIS
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C, C, C, C, C, C, C, C,
A1 (5.13,7.058.57)  (6.88.57,9.65)  (7.61,9.32,10)  (3.98,6.46,7.94)  (6.8,8.57,9.65) (144,357,559 (6.08,7.88,9.65)  (1.71,3.98,6.08)
A2 (3.56,5.59,7.61)  (4.72,68,857)  (6.8,8.57,9.65) (0,3.27,5.74) (0,2.47,4.72) (3.98,6.46,7.94)  (4.72,6.8857)  (5.13,7.058.57)
A3 (6.08,7.88,9.32)  (7.39,8.88,9.65)  (8.28,9.65,10) (0,1.44357)  (6.24,7.94,8.88)  (2.08,4.22,6.26)  (2.47,4.72,6.8)  (3.56,5.59,7.61)
A 4 (247,472,6.8)  (2084.22,6.26) (276,513,7.05)  (0,171,3.98)  (559,7.61,9.32)  (472,68857)  (6.8857,9.65  (4.32,6.3,7.88)
A5 (2.92,5.28,7.4) (0,1.71,3.98) (5.28,7.4,8.88) (02.08422)  (3.56,5.59,7.61) (13,5 (1.44,356,5.59)  (2.08,4.22,6.26)
Table 4. Weight vector of criteria of FTOPSIS
Criteria C C C C C C C C
1 2 3 4 5 6 7 8
C\;\;teeigﬁt” (0.63,0.83,0.97)  (0.68,0.86,0.97)  (0.83,0.97,1)  (0.47,0.68,0.86)  (0.29,0.47,0.68)  (0.14,0.36,0.56)  (0.56,0.76,0.93)  (0,0.17,0.39)

Table 5. shows the normalized weighting decision matrix determined based on the pseudo-codes of FTOPSIS and

Equation 1. to 9.

Table 5. Normalized matrix of fuzzy decision of FTOPSIS

C, C, C, C, C. C, C, C,
A1 (0.35,063,0.89) (0.48,077,097)  (06409,1)  (0.240550.86) (02,042,068 (00301039 (008014022  (0,0.07,0.39)
A2 (0.24,049,0.79)  (0.33,06,0.86)  (0.56,0.83,0.97)  (0,0.28,0.62) (00.12033)  (0.020050.14) (01,016,029  (0,0.04,0.13)
A3 (041,071,097)  (052,079,097)  (0.69,0.94,1) (0012039  (0.19,039,0.63) (0.02,0.09,027) (0.12,0.24,0.54)  (0,0.050.18)
A , (01704207) (015038063 (0230490.71)  (00.15043)  (017,037.0.66) (0020050.12)  (0.080.130.2)  (0,0.06,0.16)
A5 (0.19,047,0.76)  (00.150.39)  (0.43,0720.89)  (0,0.18,0.45)  (0.12,0.27,054)  (0.30.12056)  (0.150.3,093)  (0,0.07,0.32)

Therefore, the fuzzy positive ideal solution (FPIS) and fuzzy negative ideal solution (FNIS) are determined according
to Table 5. and Equations 10. and 11, as follows:

R (0.97,0.97,0.97),(0.97,0.97,0.97),(1,1,1),(0.86,0.86,0.86),
~ |(0.68,0.68,0.68),(056,0.56,0.56), (0.93,0.93,0.93), (0.39, 0.39,0.39)

A ={(047, 047, 017),(0,0,0),(0.23,023,023),(0,0,0),(0,0,0), (0.02,002,002) ,(0.08, 0.08,0.08),(0,0,0)}

For each alternative, distance of FPIS, distance of FNIS and closeness coefficient (CCi) are calculated based on
Equations 12 to 14. The results are shown in Table 6.
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+(0.63-0.97)° +(0.89 —0.97)2] =041

2 2

(0.48-0.97)° +(0.77 - 0.97) +(o.97-o.97)2}0.31

(Lo
Al

S13 \/1[(064 1) +(0.9—1)2+(1-1)2}:o.2z
|

3
* |1 2 2
S g(24 086) +(0.55-0.86)" +(0.86 - 0.86) | =
no
SI :Jéld(vu,vj)

2 2

+(0.63-0.17)" +(0.89 - 0.17)2] =05

+(0.97 70)2} =0.77

2 2

(0.64-0.23)" +(0.9-0.23) +(1—0.23)2]:0.64

S ALES

S \/1[(048 0%+ (0.77-0)°
Al
(L@

*
S; =041+0.31+0.22+04+0.32+0.42+0.78+0.29 = 3.15

SI =0.5+0.77 + 0.64 + 0.61+ 0.48 + 0.22 + 0.09 + 0.23 = 3.54

CC, = =0.529

3.15+3.54

_ 1 2 2
S —1(0.2-0 0.42-0
- \/3[( )2 +(042-0)

_7 \/1 [(0 08-0. 08)2 +(0.14- 0.08)2 +
3

Vol. 3, No. 6, June, 2017

2

(02-0.68)% +(0.42-0.68)° + (0.68—0.68)2} =032

2 2

(0.03-0.56)° + (0.1~ 0.56)" + (0.39 0.56)2} =042

(0.08-0.93)° +(0.14 - 0.93)° (0.22—0.93)2]:0.78

[92]
=%
~
<=‘_
w |
1 1 1 i

(0-039)% + (0.07-0.39)° + (0.39 0.39)2] =0.29

+(0.68 - O)ZJ =048

2 2

(0.03-0.02)° +(0.1-0.02) +(0.3970.02)2}:0.22

(0.2 —0.08)2:| =0.09

1 2 2
0-0)" +(0.07-0 0.39-0)" [=0.23
' J3[( )2 +(007-0)7 +(039-0 |

Table 6. Distance between each alternative’s (s;, s; )and closeness coefficient

A A, A, A, A,

Distance of Fuzzy Positive Ideal 315 3.96 397 44 3.96
Solution

Distance of Fuzzy Negative Ideal 354 248 393 204 281
Solution

Closeness Coefficient 0.529 0.385 0.497 0.317 0.415

Figure 5. shows the ranking of body slope cover using FTOPSIS for the considered case study. As seen, concrete
facing cover (A1) option has the highest ranking among other alternatives. The next ranks are assigned to asphalt
concrete cover (A3), geo-synthetic materials (A5), and rip rap (A2), respectively, and lastly to soil-cement cover (A4).
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Figure 5. Ranking of Body Slope Cover in the Bijar reservoir dam by FTOPSIS

4.3. Decision Making by VIKOR

The importance coefficients of criteria and normalized decision matrix are shown in Tables 7. and 8. based on
investigations and evaluations. Based on Equations 17. to 20. and Table 8, the best and worst values of criteria are
calculated and the results are shown in Table 9.

Table 7. Importance coefficients of criteria of VIKOR

Criteria C, C, C, C, C, Cs C, C,

Weight Vector 0.194 0238 0321 0.054 0.069 0.022 0.085 0.017

Table 8. Normalized decision matrix of VIKOR

C, C, C, C, C, C, o C,
A1 0.605 0.636 0.619 0.319 0.502 0.424 0.431 0.368
A2 0.318 0.212 0.4 0.446 0.443 0.326 0.388 0.295
A3 0.465 0.495 0.51 0.382 0.473 0.448 0.459 0.405
A4 0.375 0.354 0.255 0.51 0.425 0.473 0.529 0.516
A5 0.42 0.424 0.364 0.542 0.384 0.538 0.416 0.589
Table 9. The best and worst values of criteria of VIKOR
aemies 1 G G ¢ & ¢ G G
f*j 0.605 0.636 0.619 0.542 0.502 0.538 0.529 0.589
f 0.318 0.212 0.255 0.319 0.384 0.326 0.388 0.295

]

The utility measure (S), regard measure (R) and Q index of VIKOR are determined according to Equation 21. to 23.
and assuming v = 0.5. The final ranking based on values of (S), (R) and Q index are shown from smaller to larger
ratings in Table 10.

Table 10. Ranking matrix of VIKOR
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Ranking based on values of (Q)  Ranking based on values of (S)  Ranking based on values of (R)

0 A 0.094 A 0.054 A

0.286 A, 0.387 A, 0.096 A,

0.674 A, 0.593 A, 0.225 A

0.761 A, 0.683 A, 0.238 A,

1 A, 0.801 A, 0.321 A,
Qu(0286)-Qu(@= =

= 0.286>0.2

In addition, necessary and sufficient conditions are established according to Equation 24. Based on the results, the
ranking of body slope cover in the Bijar dam by VIKOR method will be: A1>Az>As>Ax>Au.

The resulted ranking by the VIKOR method is the same as what FTOPSIS suggests and hence two employed classical
and fuzzy methods in this paper recommend the use of soil-cement cover as the best stabilization method and oppose
the use of soil-cement cover for this purpose.

In comparison between the Fuzzy-TOPSIS and VIKOR methods, the obtained results show that the concrete facing
cover and soil-cement cover have the highest and lowest rates for both methods, respectively. The advantage of these
approaches to rank the slope stabilization methods in a rock-fill reservoir dam is combination of experienced technicians
and use of geotechnical studies. Consequently, it can be concluded that these methods are the reliable system modelling
techniques for evaluation and ranking the slope stabilization with highly acceptable degrees of accuracy. In fact, the
Fuzzy-TOPSIS and VIKOR methods contribute greatly to the evaluation of uncertain issues without extra assumptions.

5. Conclusion

The main purpose of this paper was to rank the slope stabilization methods for body slope cover in a rock-fill reservoir
dam using the classical and fuzzy multi-criteria decision making methods. To this aim, Fuzzy-TOPSIS and VIKOR
methods were employed and several experts from different related fields were chosen and asked to share their viewpoints
on the problem. The most strong point of our study is the ability to deal with model uncertainty and multiple criteria
decision making in ranking options using linguistic variables and fuzzy logic. Accordingly, eight most related criteria
were selected along with five most common stabilizing/protecting techniques to be applied in the case study of this
research located in northern Iran. The present study in Shahr-e-Bijar reservoir dam in the north of Iran showed that the
concrete facing cover and soil-cement cover have the highest and lowest rates, respectively, among all the considered
methods concluded by both FTOPSIS and VIKOR methods. The results of this research can be used in design and
management phase of project management in similar dam construction projects.

6. Acknowledgements

We would like to express our deepest thanks to Professor Mahdi Ghaem for his excellent advice.

7. References

[1] Cooke, J. Barry, James L. Sherard. "Concrete-face rockfill dam: Il. Design." Journal of Geotechnical Engineering 113, no. 10
(1987): 1113-1132.

[2] Rahimi, H. Earth Dam. Tehran: Institute of Tehran University Publications and Printing. 2003.

[3] Shamssaei A., & Jabari, M.M.,The application of geosynthetic cover to prevent destruction of the dam slope"”, 2th National
Conference on Dams, Zanjan, Iran, (2009).

[4] Griffiths, D. V., Lane, P. A., Slope stability analysis by finite elements. Geotechnique, 49(3), (1999), 387-403.

[5] Zartaj H, Mardokhpour A, Ghadimei F, Rajabzade Kanafi P., Evaluation of the stability of dams with geotextile by using 3D
models by Plaxis 3D Foundation. 2th National Conference on Structures, Earthquake and Geotechnical Engineering, Mazandaran,
Iran, (2012).

[6] Ahangari K, Golestani Fard M, Abasszade M., The decision making on the selection of methods of slope stabilization of dam
reservoirs, 7TH Conference of Engineering Geology and the Environment, Shahrood University of Technology, Iran, (2010).

[7] Lim, K., A. J. Li, and A. V. Lyamin. "Three-dimensional slope stability assessment of two-layered undrained clay." Computers
and Geotechnics 70 (2015): 1-17.

392



Civil Engineering Journal Vol. 3, No. 6, June, 2017
[8] Qi, Changging, Jimin Wu, Jin Liu, and Debi Prasanna Kanungo. "Assessment of complex rock slope stability at Xiari,
southwestern China." Bulletin of Engineering Geology and the Environment 75, no. 2 (2016): 537-550.

[9] Fattahi, Hadi. "Prediction of slope stability using adaptive neuro-fuzzy inference system based on clustering methods." Journal of
Mining and Environment 8, no. 2 (2017): 163-177.

[10] Hwang CL, Yoon K. Multiple Attribute Decision Making: Methods and Applications. New York: Springer-Verlag. 1981.

[11] Abo-Sinna, Mahmoud A., Azza H. Amer. "Extensions of TOPSIS for multi-objective large-scale nonlinear programming
problems.” Applied Mathematics and Computation 162, no. 1 (2005): 243-256.

[12] Naghadehi, Masoud Zare, Reza Mikaeil, and Mohammad Ataei. "The application of fuzzy analytic hierarchy process (FAHP)
approach to selection of optimum underground mining method for Jajarm Bauxite Mine, Iran." Expert Systems with Applications 36,
no. 4 (2009): 8218-8226.

[13] Mikaeil, Reza, Masoud Zare Naghadehi, Mohammad Ataei, and Reza Khalokakaie. "A decision support system using fuzzy
analytical hierarchy process (FAHP) and TOPSIS approaches for selection of the optimum underground mining method." Archives
of Mining Sciences 54, no. 2 (2009): 349-368.

[14] Haghshenas, Sina Shaffiee, Mir Ahmad Lashteh Neshaei, Pouyan Pourkazem, and Sami Shaffiee Haghshenas. "The Risk
Assessment of Dam Construction Projects Using Fuzzy TOPSIS (Case Study: Alavian Earth Dam).” Civil Engineering Journal 2, no.
4 (2016): 158-167.

[15] Bojadziev, George, Maria Bojadziev. Fuzzy sets, fuzzy logic, applications. VVol. 5. World scientific, 1996.

[16] Haghshenas, Sina Shaffiee, Sami Shaffiee Haghshenas, Milad Barmal, and Niloofar Farzan. "Utilization of Soft Computing for
Risk Assessment of a Tunneling Project Using Geological Units." Civil Engineering Journal 2, no. 7 (2016): 358-364.

[17] Zadeh, Lotfi A. "Fuzzy sets." Information and control 8, no. 3 (1965): 338-353.

[18] Kaufmann, Arnold, and Madan M. Gupta. Fuzzy mathematical models in engineering and management science. Elsevier Science
Inc., 1988.

[19] Zimmermann, Hans-Jirgen. Fuzzy set theory—and its applications. Springer Science & Business Media, 2011.

[20]Shanian, A., and O. Savadogo. "TOPSIS multiple-criteria decision support analysis for material selection of metallic bipolar
plates for polymer electrolyte fuel cell." Journal of Power Sources 159, no. 2 (2006): 1095-1104.

[21] Rad, Mostafa Yousefi, Sina Shaffiee Haghshenas, Payam Rajabzade Kanafi, and Sami Shaffiee Haghshenas. "Analysis of
Protection of Body Slope in the Rockfill Reservoir Dams on the Basis of Fuzzy Logic." In IJCCI, pp. 367-373. 2012.

[22] Rad, Mostafa Yousefi, Sina Shaffiee Haghshenas, and S. S. Haghshenas. "Mechanostratigraphy of cretaceous rocks by fuzzy
logic in East Arak, Iran." In The 4th International Workshop on Computer Science and Engineering-Summer, WCSE. 2014.

[23] Chen, Shu-Jen, Ching-Lai Hwang. "Fuzzy multiple attribute decision making methods." In Fuzzy Multiple Attribute Decision
Making, pp. 289-486. Springer Berlin Heidelberg, 1992.

[24] Wang, Ying-Ming, and Taha MS Elhag. "Fuzzy TOPSIS method based on alpha level sets with an application to bridge risk
assessment." Expert systems with applications 31, no. 2 (2006): 309-319.

[25] Ataei Mohammad, Fuzzy Multiple Criteria Decision Making. Shahrood University of Technology Press. 2010.

[26] Opricovic, Serafim. "Preference Stability of Compromise Solution in Multicriteria Decision Making." In XI-th International
Conference on Multiple Criteria Decision Making. 1994.

[27] Opricovic, Serafim, and Gwo-Hshiung Tzeng. "Multicriteria planning of post-earthquake sustainable reconstruction." Computer-
Aided Civil and Infrastructure Engineering 17, no. 3 (2002): 211-220.

[28] Opricovic, Serafim, and Gwo-Hshiung Tzeng. "Compromise solution by MCDM methods: A comparative analysis of VIKOR
and TOPSIS." European journal of operational research 156, no. 2 (2004): 445-455.

[29] Opricovic, Serafim, and Gwo-Hshiung Tzeng. "Extended VIKOR method in comparison with outranking methods." European
journal of operational research 178, no. 2 (2007): 514-529.

[30] Chang, Chia-Ling, and Chung-Hsin Hsu. "Multi-criteria analysis via the VIKOR method for prioritizing land-use restraint
strategies in the Tseng-Wen reservoir watershed." Journal of Environmental Management 90, no. 11 (2009): 3226-3230.

[31] Opricovic, Serafim. "A compromise solution in water resources planning." Water Resources Management 23, no. 8 (2009):
1549-1561.

[32] Huang, Yuansheng, and Ying Yan. "Research of evaluating credit-risk in power enterprise based on SVM and VIKOR method."
In Industrial Engineering and Engineering Management, 2008. IEEM 2008. IEEE International Conference on, pp. 1596-1599. IEEE,
2008.

393



Civil Engineering Journal Vol. 3, No. 6, June, 2017

[33] Kackar, Raghu N. "Off-line quality control, parameter design, and the Taguchi method." In Quality Control, Robust Design, and
the Taguchi Method, pp. 51-76. Springer US, 1989.

[34] Opricovic, Serafim. "Multicriteria optimization of civil engineering systems." Faculty of Civil Engineering, Belgrade 2, no. 1
(1998): 5-21.

[35] http://geology.com/world/iran-satellite-image.shtml.

394


http://geology.com/world/iran-satellite-image.shtml

