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Abstract: One crisis which human beings will probably face in the upcoming decades is the 

water crisis. The crisis in arid and semi-arid regions covering a large part of Iran would be 

much more severe. Thus, using novel methods of water collection such as construction of 

underground dam is so important. Decision making and selection of an appropriate option 

in construction of such dams is one basic challenge. The major issue in construction of 

such dams is selecting an appropriate location. Selecting the best location for building 

underground dams is a challenge due to involvement of a wide range of influential factors. 

In this paper, analytic hierarchy process (AHP), one of multi-criteria decision making 

(MCDM) techniques in fuzzy environment is applied to select the optimal alternative for 

construction of an underground dam in a case study. Results show that using AHP in the 

fuzzy environment improves decision making through considering more important factors 

in decision making. 

Keywords: underground dam; multi-criteria decision making; fuzzy theory; AHP 

1 Introduction 

Water shortage in arid and semi-arid regions is one of the problems of policy 

makers. Various solutions have been used to overcome this problem around the 

world. One of such solutions is construction and use of underground dams. In 

recent years, efforts have been made at national level to use dams more because of 

increase in severity, extent, and frequency of droughts. Thus, steps were taken 

quickly so as to facilitate construction of more such dams in the country. Since 
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construction and operations of these dams is a new technique in water resource 

management in Iran, the present paper attempts to compare application of two 

methods of fuzzy analytic hierarchy process and analytic hierarchy process. The 

aim of this comparison is to familiarize experts with these methods and to specify 

the strengths and weaknesses of these two methods. 

Underground dams are built for different purposes such as prevention of saltwater 

and freshwater interference (Garagunis, 1981), avoidance of underground water 

penetration in the mines (Gupta et al., 1987), prevention of seawater into 

freshwater aquifers (Onder and yilmaz, 2000), and holding water for operation 

(Nilsson, 1988). Underground dams are usually constructed in the bed of a water 

stream where signs of underground water is seen. For underground dams to be 

able to extract water, their construction should be justified but considering some 

factors as follows: bedrock depth in the water stream, water stream width, 

impenetrable walls, suitable sediments, the volume of useable water, suitable 

context for using extracted water, social issues, economic justification and so on 

(Nilsson, 1988). Evaluation of factors requires detailed studies to be carried out 

before determining initial appropriate options. Therefore, the first step in 

constructing underground dams is to find suitable options. 

Basically, several factors influence on selection of an alternative for construction 

of underground dams. Taking into account all of these factors makes the decision 

making problem so complex. Thus, multi-criteria decision making (MCDM) 

methods are applied to tackle this problem.. One widely used MCDM method is 

the analytic hierarchy process (AHP) which has been used in various managerial 

areas from hydrogen production methods (Pilavachi et al., 2009) to motor cleaning 

systems and many others. In addition, AHP has been applied for water resource 

management in many studies such as Anagnostopoulos et al. (2005, 2007), 

Srdjevic (2007), and Mei et al. (1989). Mei et al. (1989), in applying multi-criteria 

decision making methods for water resource management in China, stated that 

analytic hierarchy process method specifies not only relative importance of each 

factor, but also it specifies combined weights matched to initial goal. Akpinar et 

al. (2005) believed that multi-criteria decision making methods are useful in 

planning for issues in which many factors are involved. They used this method in 

determining agricultural land-use types in Turkey and approved successfulness of 

analytic hierarchy process method in priority setting in agricultural land-use types. 

Montazar and Behbahani (2007) developed an optimized irrigation system 

selection model using analytic hierarchy process. Their findings indicated that 

results obtained from this model are consistent with those obtained from field 

evaluations. In addition, evaluation of methods showed that results provided by 

this model were more reliable than ordinary weighting methods. Okada et al. 

(2008) applied analytic hierarchy process for improvement of irrigation project. 

They found out that the first priority for irrigation management planners is the 

water delivery. In fact, they considered appropriate water allocation and control as 

the main factor for these planners. Montazar and Zadbagher (2010) used an 
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analytic hierarchy model for assessing global water productivity in irrigation 

networks. They stressed that AHP is a practical and comprehensive tool for 

improving effectiveness of such systems. 

Standard hierarchical analysis process is not effective to solve more complicated 

problems. Therefore, some modifications are necessary for this method. 

Combining fuzzy methods with analytic hierarchy process is one approach for 

solving the complicated problems. Fuzzy analytic hierarchy process (fuzzy AHP) 

has been applied in different problems as follows: in geographical information 

system (GIS) application (Vahidnia et al., 2008), risk evaluation of information 

technology projects (Iranmanesh et al., 2008), water management plans 

assessment (Srdjevic and Medeiros, 2008), and eco-environmental vulnerability 

assessment (Li et al., 2009). Kong and Liu (2005) applied fuzzy analytic 

hierarchical process to evaluate success factors of e-commerce. They stressed that 

fuzzy AHP has qualifications of both subjective and thematic factors in the 

decision making process. Stirn (2006) integrated the fuzzy AHP with dynamic 

programming approach for determining the optimal forest management decisions 

so that he could maximize economic, ecological and social benefits. Results 

indicated that this method can be successful in problems where different criteria 

are involved in decision making. Ascough et al. (2008) stated that decision 

making in natural environment is difficult due to inherent complexity of the 

environment and different interests of decision makers and operators. They 

proposed solutions to overcome this problem which are based on using fuzzy 

systems. They found out combining fuzzy systems with other decision making 

methods useful. Alias et al. (2009) applied fuzzy analytic hierarchy process for 

logical use of Johor River in Malaysia. The considered different dimensions of the 

area and concluded fuzzy method with triangular fuzzy numbers can be successful 

for ambiguous data. Opricovic (2011) applied fuzzy AHP with fuzzy VIKOR for 

water resources planning. Tsiko and Haile (2011) used GIS and fuzzy AHP in 

modeling optimum sites for locating water reservoirs. 

Locating underground dam construction projects is a complex problem due to 

existence of uncertainty in factors influencing on it. Since the real world is full of 

ambiguities and imprecise and vague terms, most decision makers in field of 

underground dam construction know using linguistic terms more practical and 

feasible. Zadeh (1965) introduced fuzzy sets theory as a powerful tool to dominate 

these ambiguities, vagueness and uncertainties when there is a special complexity 

and lack of complete information on experts’ opinions. In the current study, a 

useful and practical methodology is presented for group decision making on the 

location of underground dams construction based on the AHP and fuzzy theory. 

The rest of the paper is structured as follows: Section 2 describes the proposed 

methodology; in Section 3 the proposed methodology is applied to locate the 

underground dam construction as an experiment and results are provided; in 

Section 4, the proposed methodology is tested for the verification and validation 

purposes; finally Section 5 includes conclusions of the present work. 
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2 Proposed Methodology 

In this section, the proposed fuzzy AHP based methodology is presented for 

evaluating and selecting the best location for underground dam construction 

location. The steps of the proposed methodology are illustrated in Figure 1. The 

steps will be implemented in a case study and described in great details. 

2.1 Fuzzy Analytic Hierarchy Process 

AHP is a decision making method for decomposing the hierarchical problem and 

can apply to solve a complex multi-criteria decision problem (Saaty, 1980). In the 

literature, AHP has widely been applied to solve the different MCDM problems. 

Many times decision makers are only able to provide a subjective and uncertain 

answer rather than an exact value (Shaw et al., 2012). Hence, such answers need 

to be quantified. Conventional methods of AHP cannot be used for decision 

making problem in the real world when fuzziness and vagueness is observed in 

data of problems. To handle such uncertainties and vagueness, fuzzy sets theory, 

initially introduced by Zadeh (1965), can be applied. Therefore, incorporation of 

the fuzzy concept with AHP can be more applicable and more effective than the 

conventional AHP in the real world problems. This issue has attracted many 

researchers to apply fuzzy AHP in different fields such as risk and disaster 

management (Takács, 2010), work safety evaluation (Zheng et al., 2012), green 

initiatives in the fashion supply chain (Wang et al., 2012). 

Figure 1 shows the proposed fuzzy AHP based methodology for decision making 

on selection of the best location form underground dam construction. The steps of 

the proposed methodology are as follows: 

Step1: Determining Criteria and Alternatives and Establish hierarchal structure 

The first step of our methodology is to determine the criteria which are going to be 

affected for making a decision about underground dam construction location. 

Step 2: Collecting experts' judgments based on fuzzy scale and establish fuzzy 

pair-wise comparison matrices 

The sample questionnaire by Azadeh et al. (2010, 2011) and Nazari-Shirkouhi et 

al. (2011) can be applied to collect the experts’ judgments based on fuzzy scales. 

In the present paper, the triangular fuzzy numbers (TFNs) for fuzzy membership 

function applied to enable the decision maker to make easier decisions (Kaufmann 

and Gupta, 1988). The membership function of a TFN is shown in Equation (1). 

The TFN is usually shown with A = (l, m, u), where l m u   
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Figure 1 

 The proposed methodology based on fuzzy AHP 
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Where x  ; ( )
A

x is a continuous mapping from R to the interval 

[0,1]. For two TFNs A = (l1, m1, u1); B = (l2, m2, u2), some of the main 

mathematical operations can be expressed in equation (2) as bellow: 

N
ec

es
sa

ry
 m

o
d

if
ic

at
io

n
s 

Step1: Determining Criteria and Alternatives and Establish 

hierarchal structure 

 

Step 2: Collecting experts' judgments based on fuzzy scale and establish 

fuzzy pair-wise comparison matrices 

 

Step 3: Defuzzifying the fuzzy pair-wise comparison matrices 

 

Step 5: is 

C.R. <0.1? 

 

Step 6: Computing weights for pair-wise comparison matrices, priority weights for each 
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The AHP method uses pair-wise comparisons and related matrix is shown in 

Equation (3). 
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Where, 
1

(1,1,1) : ;  :
k k

ij ij k

ij

a i j a i j
a

      . 

kA is the fuzzy judgment matrix of kth expert,
k

ij
a  is a the fuzzy evaluation 

between criterion i and criterion j of kth expert, ( , , )
k k k

ij ij ij ij
a l m u . 

To aggregate the experts’ judgments, Buckley (1985)’s method is applied here. As 

is shown in equations (4-7) l, m, and u show the minimum possible, most likely 

and the maximum possible value of a fuzzy number, respectively. TFN 
kA is 

defined as the following: 

: , , , [1/9,9]( , , )ij ij ij ij ij ij ij ij ij ijl m u l m uA l m u     (4) 

min( )ij ijkal   (5) 
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max( )ijkij au   (7) 

Which, ijka shows the relative importance of criteria Ci and Cj given by expert k. 

The linguistic scale and underlying TFNs are illustrated in Table 1 based on 

Azadeh et al. (2011) and Nazari-Shirkouhi et al. (2011). 
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Table 1 

 The linguistic scale and underlying TFN 

Fuzzy number Linguistic scales Scale of fuzzy number 

1  Equally important (1, 1, 1) 

3  Weakly important (2, 3, 4) 

5  Essentially important (4, 5, 6) 

7  Very strongly important (6, 7, 8) 

9  Absolutely important (7, 8, 9) 

2,4,6,8  Intermediate values ( x ) (x- 1, x, x+1 ) 

1/ x  
Between two adjacent 

judgments 
(1/( x+ 1), 1/x, 1/ (x- 1)) 

 

Step 3: Defuzzifying the fuzzy pair-wise comparison matrices 

There are various methods to defuzzify fuzzy numbers. In this paper, we applied 

the Liou and Wang (1992) s’ method to defuzzify fuzzy matrix A  into crisp matrix 

,g   : 

, ( ) [ . ( ) (1 ). ( )],  0 , 1ij ij ijg a f l f u            (8) 

, ,( ) 1/ ( ),   0 , 1 :  ij jig a g a i j        
 

(9) 

( ) ( ).ij ij ij ijf l m l l     is the left-hand value cut    for 
ija  and 

( ) ( ).ij ij ij ijf u u u m      is the right-hand value cut   for ija . 

The range of uncertainty can be shown by index. In other words,  index can 

indicate stable or unstable conditions. The larger value of  index indicates the 

lower degree of uncertainties. The   index can be viewed as the degree of 

pessimism of a decision maker for the judgment matrix 
k

A . The larger value of 

  index indicates the lower degree of optimism (decision maker is pessimistic). 

Therefore, the defuzzified pair wise comparison matrix can be expressed as 

equation (10). 

Step 4: Calculating Consistency rate (C.R.) 
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(10) 

Saaty (1980) suggests a consistency test to verify conformity of the calculation 

results. To calculate of consistency rate (C.R.), eigenvalue ( max ) of the single 

pair-wise comparison matrix , ( )g A  should be determined first. max is 

calculated by equation (11). 

, maxdet( ( ) ) 0 g A     (11) 

After finding max , values of consistency index (C.I.) and C.R. can be obtained 

from equations (12-13): 

max. .
1

n
C I

n

 



 (12) 

. .
. .

. .n

C I
C R

R I
  (13) 

The value of Random index (R.I.) depends on the value of n and is the average 

consistency index for randomly generated entries (Saaty, 1980). 

Step 5: is C.R. <0.1? 

According to Saaty (1980), . . 0.1C R   is acceptable scope; otherwise, for the 

comparison matrix modifications are necessary and new matrix must be solicited. 

Step 6: Computing weights of pair-wise comparison matrices, priority weights 

for each alternative and making a best decision 

The W is the weight of pair-wise comparison matrix , ( )g A  . On the other hand, 

the W is eigenvector of matrix , ( )g A  and can be defined as equation (14). 

, max[ ( ) ]. 0g A W     (14) 

After calculating the weights for all pair-wise comparison matrices of the 

proposed hierarchical structure, in this step the final weight of the alternatives can 

be calculated and then the best decision made. The weights can be sorted 

decreasingly and the best alternative is selected finally. 
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3 Experiment and Results 

In this section, the proposed methodology is implemented on an actual case in one 

of the biggest provinces (Kerman province) in Iran to select the best location for 

construction of an underground dam. Following successive droughts in the 

province and the benefits of underground dams in utilization of unconventional 

waters, the expert team suggested several options for selecting and evaluating the 

best location for building the underground dam Construction in the city of 

Rafsanjan. Figure 2 shows position of selected options over the city of Rafsanjan. 

Selection of the best location should be done based on criteria in such a way that 

all important technical factors are considered. The best location for underground 

dam construction can provide appropriate amount of water for agriculture in this 

region. 

 

Figure 2 

 The position of 8 selected locations over Rafsanjan city and the Kerman province 

The steps of the proposed methodology to select the best location for underground 

dam construction are described as follows: 

Step1: Determining criteria and alternatives and establish hierarchal structure 

The expert team should firstly determine the related criteria to evaluate the 

alternatives. The criteria and alternatives should be able to describe the existing 

difficult decision problem. Thus, considering these criteria and alternatives are 

very important for the decision makers’ team in selecting the best location for 

underground dam construction. 
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The selected criteria according to the methodology of studying the physical 

specifications are as follows: bed width, utilization land area, distance to 

utilization location, bed slope, wall material which are extracted from the 

topographical maps. The, data are evaluated by experts and field studies to ensure 

the precision of data. After final approval, the proposed methodology is used to 

select the best location of project and its priorities. 

Each criterion used for priority setting of a location has optimal values and 

conditions which should be met. For the slope, if it is high, it causes ejection of 

reserved water in the reservoir and thus water accumulation on its surface which, 

in turn, leads to subsequent problems. On the other hand, very low slope causes 

that there is a long distance when the reserved water is transferred and when it is 

transferred from the depth to the bed. Therefore, the best slope for selecting an 

option is about -12% (Nilsson, 1988). The minimum width is the most appropriate 

bed width. Of course, the less this width is, fewer water will be reserved. Thus, 

here it is assumed that bed width does not influence on the upstream reservoir. 

The third important factor is the wall material. The stronger and more 

impenetrable the walls are (and have fewer seams and cracks), the more 

appropriate they are considered. The stratification direction is also important 

which should be perpendicular to the flow. Another criterion is the distance 

between water extraction location and water utilization location. If this distance is 

shorter, construction cost will be lower. The last criterion is the area of 

agricultural lands which need using accumulated water in the dam. If the area of 

lands is large, justification for dam construction will be more logical. Related 

matrixes were built and calculations were performed following converting 

amounts of criteria intro measurable values. 

After reviewing the literature related criteria, the experts’ team considered eight 

candidate locations to evaluate with regard the expert’s judgment who had worked 

in related field. Finally, the eight candidates are Goor choopan (Alternative 1), 

Khezr (Alternative 2), Bayaz (Alternative 3), Tezerj (Alternative 4), Uderj 

(Alternative 5), Joz (Alternative 6), Givdari (Alternative 7), and Dahaneh abolfazl 

(Alternative 8). The position of eight candidates over the city of Rafsanjan and 

Kerman province are shown in Figure 2. 

After determining the criteria and alternatives, decision makers will setup 

hierarchical structure. The hierarchical structure should be able to break the 

existing complex decision problem into manageable components of different 

layers/levels (Nazari-Shirkouhi et al., 2011). The selected criteria can determine 

the levels of hierarchical structure. Level #1 (target level) addresses target 

(selecting the best location for underground dam construction). Level #2 (criterion 

level) addresses different factors impacting on locating decisions for underground 

dam construction. In the present paper, five criteria are considered. Finally, the 

latter level usually consists of alternatives. Different levels of the hierarchy 

structure for locating the underground dam construction are sketched in Figure 3. 
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Figure 3 

Hierarchical structure for underground dam construction 

Step 2: Collecting experts' judgments based on fuzzy scale and establish fuzzy 

pair-wise comparison matrices 

Because the problem of locating underground dam construction can be modeled 

based on expert’s judgment, experts play an important role on the reliability and 

accuracy of evaluating locations of underground dam construction. In this case 

study, the project manager decided to consider the problem of underground dam 

construction depending on the judgments by seven experts.  

The sample questionnaire (see Nazari-Shirkouhi et al., 2011) is applied to find the 

weights of the criteria using experts’ judgments in the form of fuzzy numbers 

shown in Table 1. According to the linguistic scale, underlying TFN in Table 1 

and equations (4-7), the fuzzy decision matrix for criteria with respect to goals are 

achieved from a questionnaire filled by experts. Then, the fuzzy decision matrices 
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are converted to fuzzy numbers in a way explained in Azadeh et al. (2011) and 

Nazari-Shirkouhi et al. (2011). Table 2 shows the aggregated fuzzy decision 

matrix of criteria (level 2). 

Table 2 

 Aggregated fuzzy comparison of criteria (level 2) with respect to goal 

Goal 
Bed 

slope 
Bed width Wall material 

Distance to 

utilization 

location 

Utilization lands 

area 

Bed slope 1 1 1 1 2.884 5 0.167 1.474 9 1 4.121 8 0.167 0.776 8 

Bed width    1 1 1 0.200 1.310 4 1 3.476 8 0.250 1.260 4 

Wall 

material 
      1 1 1 0.167 1.063 4 0.250 0.693 3 

Distance 

to 

utilization 

location 

         1 1 1 0.125 0.189 0.5 

Utilization 

lands area 
            1 1 1 

Step 3: Defuzzifying the fuzzy pair-wise comparison matrices 

After making the fuzzy matrices for all levels, the matrices are defuzzified. Using 

equations (8-9) and setting  and   to 0.5, the final defuzzified matrix (Table 2) 

is shown in Table 3. 

Table 3 

Defuzzified matrix of criteria (level 2) with respect to goal 

Goal 
Bed slope 

Bed 

width 

Wall 

material 

Distance to 

utilization 

location 

Utilization 

lands area 

Bed slope 1 2.942 3.029 4.311 2.4296  

Bed width 0.340 1 1.705 3.988 1.6925  

Wall material 0.330 0.586 1 1.573 1.1592  

Distance to 

utilization 

location 0.232 0.251 0.636 1 0.2510  

Utilization 

lands area 0.412 0.591 0.863 3.984 1 

Step 4: Calculating Consistency rate (C.R.) 

The consistencies of fuzzy judgment matrices are evaluated using equations (12-

13). Equation (11) is used to determine the maximum eigenvalue (
max

 ). After 

solving
max

 equals to 5.1703. 
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Step 5: is C.R. <0.1? 

The results indicate that C.R. is lower than 0.1 and the decision matrix for the 

second level of the hierarchical structure is consistent. The C.R.s of all the 

matrices are below 0.1 which show their consistency. 

Step 6: Computing weights for pair-wise comparison matrices, priority weights 

for each alternative and making a best decision 

After solving equation (14), weights of the five criteria in level 2 (W) are shown in 

Table 4. 

Table 4 
The weights of five criteria of level 2 

Criteria 
Bed 

slope 

Bed 

width 

Wall 

material 

Distance to utilization 

location 

Utilization lands 

area 

Weight 0.4163 0.219 0.1344 0.0667 0.1636 

Table 5 
Summaries of results for level 2 to level 3 

Criteria 

Weights 

for 

level 2 

Weights for level 3 

A
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Bed slope 0.4163 0.1649 0.2017 0.1264 0.0309 0.1261 0.1006 0.1612 0.0883 

Bed width 0.219 0.1451 0.0755 0.0956 0.2179 0.182 0.1406 0.0259 0.1175 

Wall 

material 
0.1344 0.1968 0.1892 0.0619 0.1597 0.1878 0.0718 0.0891 0.0437 

Distance 

to 

utilization 

location 

0.0667 0.1695 0.1714 0.0202 0.1714 0.0905 0.042 0.1675 0.1675 

Utilization 

lands area 
0.1636 0.1974 0.1898 0.0617 0.1482 0.1885 0.0721 0.0985 0.0438 

Final Weight 0.0132 0.0127 0.0041 0.0099 0.0126 0.0048 0.0066 0.0029 

The local weights of the alternatives are calculated using equation (14). The final 

weights of all alternatives are shown in Table 5. The final weights of the 

alternatives using data of Table 5 are as follows: 0.0132, 0.0127, 0.0041, 0.0099, 

0.0126, 0.0048, 0.0066, and 0.0029 for Al1 to Al8 , respectively. 
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According to results, the first alternative has the highest weight and is the most 

proper location according to the experts’ judgment in the fuzzy environment. 

“Goor Choopan” and “Dahaneh abolfazl” locations are suggested as the first and 

last options, respectively. 

4 Validation and Verification 

For validation and verification of results, the pair-wise comparison matrices are 

run in the crisp state (standard AHP). The local weights of criteria in the second 

hierarchical level (AHP) are shown in Table 6. 

Table 6 

The weights of five criteria of level 2 (AHP) 

Criteria 
Bed 

slope 

Bed 

width 

Wall 

material 

Distance to utilization 

location 

Utilization lands 

area 

Weight 0.42 0.22 0.12 0.06 0.16 

Table 7 

Summaries of results (AHP) 

Criteria 

Weights 

for 

level 2 

Weights for level 3 

A
l1

: 
G

o
o

r 
C

h
o

o
p

an
 

A
l2

: 
K

h
ez

r 

A
l3

: 
B

ay
az

 

A
l4

: 
T

ez
er

j 

A
l5

: 
U

d
er

j 

A
l6

: 
Jo

z 

A
l7

: 
G

iv
d

ar
i 

A
l8

: 
D

ah
an

eh
 

ab
o

lf
az

l 

Bed slope 0.42 0.17 0.20 0.13 0.02 0.13 0.09 0.17 0.09 

Bed width 0.22 0.13 0.07 0.09 0.23 0.19 0.15 0.03 0.12 

Wall material 0.12 0.20 0.20 0.06 0.14 0.20 0.07 0.09 0.04 

Distance to 

utilization 

location 

0.06 0.16 0.17 0.02 0.17 0.10 0.04 0.17 0.17 

Utilization lands 

area 
0.16 0.20 0.20 0.06 0.14 0.20 0.07 0.09 0.04 

Final Weight 0.167 0.170 0.092 0.112 0.161 0.094 0.111 0.088 
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As we can see in Table 4 and Table 6), the criterion 1 (Bed slope) and the criterion 

4 (Distance to utilization location) are the most important and least important 

criteria according to their weights in both AHP and Fuzzy AHP methods, 

respectively. The final weights of all alternatives (AHP) are shown in Table 7. 

The results of two runs (fuzzy AHP and AHP) have been compared and shown in 

Table 8. 

Table 8 

Comparison of ranks between AHP and Fuzzy AHP 

Alternatives 
AHP Fuzzy AHP  

Weight         Rank        Weight          Rank 

Al1: Goor Choopan 0.167 2 0.0132 1 

Al2: Khezr 0.17 1 0.0127 2 

Al3: Bayaz 0.092 7 0.0041 7 

Al4: Tezerj 0.112 4 0.0099 4 

Al5: Uderj 0.161 3 0.0126 3 

Al6: Joz 0.094 6 0.0048 6 

Al7: Givdari 0.111 5 0.0066 5 

Al8: Dahaneh abolfazl 0.088 8 0.0029 8 

After ranking the alternatives in two states of AHP and Fuzzy AHP, the only 

difference is in ranks 1 and 2. In AHP method, the fist alternative (Khezr) is the 

best location and in the fuzzy AHP method, the second alternative (Goor 

Choopan) is the best underground dam construction location. As we can observe 

in the Table 8 not only all weights have changed but also the ranks of alternatives 

(locations) have changed. Using fuzzy theory for selecting the best location for 

underground dam construction can reduce vagueness and uncertainty that are 

inherent in problem. 

Conclusion 

In this paper, a holistic fuzzy AHP approach was proposed as a multi criteria 

decision making tool for evaluating and selecting the best location of underground 

dam construction Fuzzy sets theory was applied for selecting the best location of 

underground dam construction to reduce ambiguities and uncertainties inherent in 

the selection criteria. Bed slope, bed width, wall material, distance to utilization 

location, and utilization lands area were considered as the criteria. Eighth different 

alternatives for the location underground dam construction were considered in an 

actual case study. Based on the goal of underground dam construction, the 

proposed hierarchical structure may vary slightly. Finally an experiment and 

actual case has been conducted to apply the proposed methodology in evaluating 

and selecting the best underground dam construction location as a case by using 

judgments of six experts who had worked in the underground dam construction 

field and then the results were represented. As a result of the empirical study, we 

found that the fuzzy AHP is practical and holistic approach for ranking the 
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candidates in terms of their overall performance regarding multiple criteria. In this 

case, fuzzy AHP provides a very useful decision-making tool to rank underground 

dam construction locations. It is expected that the present paper will serve as 

guideline for future studies and applications of locating in underground dam 

construction. Also, the proposed approach can be applied for other regions. 
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