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Abstract: Selection of the best firing system has a key role in every blasting operation. Many 
parameters such as technical factors (velocity of detonation, accuracy of delays and sensitivity to grid 
variations, etc.), safety (fly rock, control of blasting circuit, noise, etc.) and cost are among the most 
important factors in selection of firing system. In this paper, fuzzy set theory, for the feasible systems 
(electric detonator, detonating cord and Nonel) is applied for the selection of appropriate method. In 
this study, fuzzy technique of similarity to ideal solution method (FUZZY TOPSIS), is used for ranking 
of alternatives and criteria importance coefficients. At the end of assessments, with regard to effective 
criteria, Nonel system with the highest fellowship degree (0.5181) is recognized to be suitable method 
for the gravel mine project in Gotvand Olya dam. Its fellowship degree is 2 percent more than electric 
detonator and 8 percent more than detonating cord. 
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INTRODUCTION 
 

 One of the effective factors in blasting cost and quality of product (good fragmentation) is the firing system. 
The purpose of the firing system utilization in blasting is detonation of base charge in order to fragment the 
main mass into movable materials. This system includes igniter, firing system and detonator. Detonation of base 
charge can be used in several firing system. Each system has its own advantages and disadvantages that can 
affect the operation under different conditions. Therefore, the optimum system should be compatible with the 
actual unfavorable conditions. Effective parameters in the selection of firing system are various. These 
parameters are consist of technical parameters such as sensitivity, exact delay, easy to use, secondary blasting, 
velocity of detonation, sensitivity of grid dimensions, stability of the pit wall, water resistance, shelf life of 
explosives, ground vibration and back-break, cost and safety parameters such as noise, fly rock and control of 
blasting circuit. Each of these parameters is important in the selection of the optimum alternative. Although the 
engineering experiences and judgments are still utilized in process of selection of the firing system, it is needed 
to have scientific and systematic research for detailed analyses of available data. According to the above 
mentioned items, in the selection of the firing system, with respect to complexity and requirements of the 
subject, a method based on Multiple Attribute Decision-Making (MADM) is developed. In this paper, fuzzy 
technique of similarity to ideal solution method (FUZZY TOPSIS) is used for ranking the alternatives. 
Researches in which the Fuzzy TOPSIS method are used, including: 
 (Monjezi, M., et al., 2008) predicted rock fragmentation due to blasting in Gol-E-Gohar iron mine by using 
fuzzy logic. To validate the performance of this fuzzy model, the simulation results are compared with the 
conventional regression analysis, so that there is a good compatibility between the results (Monjezi, M., et al., 
2008). A. (Aghajani, A., et al., 2008) optimized open pit mining equipment selection by using fuzzy multiple 
attribute decision making approach which cause to increase mine production (Aghajani, A., et al., 2008). 
 In this paper, first of all firing system and then fuzzy TOPSIS system are described. In addition, it is 
explained how to compute importance coefficients of criteria and ranking of the alternatives. Then, the 
importance coefficients of criteria, fellowship degree and the best alternative with the highest fellowship degree 
in the gravel mine project in Gotvand Olya dam is calculated. Finally, the findings are discussed.  
 
Firing Systems: 
 Detonating cord: 
 One common technique for initiating explosives is through the use of detonating cord. Although of  
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somewhat the same appearance as fuse, the similarity ends there. Detonating cord contains a primary explosive 
(PETN) in the core as opposed to black powder. The amount of explosive contained, expressed as grains/ft or 
grams/m determines the strength. To obtain the expressed in grams/m one multiplies the strength expressed in 
grains/ft by 0.2126. The breaking load of grain/ft (10 g/m) detonating cord which is commonly used as down 
line varies from about 200 Lbs (90 kg) up to 400 Lbs (180 kg). The breaking load selected depends upon the 
severity of the expected application. Detonating cord is initiated using a cap of sufficient strength. Commonly it 
is a No. 8 cap. The detonation then progresses along the cord with the velocity of detonation. Values for the 
velocity of detonation vary somewhat but are commonly of the order of 23,000 ft/sec (7000 m/sec). The use of 
detonating cord as trunk lines/down lines introduces a certain delay effect into a blast (Hustrulid, W., 1999). 
 
 Non-electric systems (Nonel system): 
 Although the detonating cord-based ignition system is non-electric as well, the ‘non-electric’ as used in this 
article refers to the Nonel-type systems. The Nonel system developed by Nitro Noble in Sweden is based upon 
the use of a tough sealed plastic tube (OD= 3 mm, ID= 1.2 mm) the inside of which is coated with a reactive 
substance. A shockwave and spark are transmitted to the tube using either a special blasting machine or a 
detonator. The shockwave whirls up a dust cloud of the reactive material which is initiated by the spark. This 
dust explosion travels along the tube at a speed of about 2000 m/sec. The entire reaction takes place within the 
tube which remains intact throughout the process (Hustrulid, W., 1999). Because of this: 
 The tube by itself is not classified as an explosive. 
 It does not affect anything around it. When used as a down line, it does not affect the surrounding 
explosive. 
 The reaction is quite silent. This has environmental advantage over detonating cord. 
 
Electronic blasting caps: 
 Outwardly, the Nitro Nobel AB electronic detonator (Hustrulid, W., 1999) looks like a conventional electric 
one. It has the same dimensions and is equipped with two lead wires. The detonators are marked with Period 
Numbers between 1and 250. In principle, the detonator consists of an electronic delay unit in combination with 
an instantaneous detonator. The Period Numbers indicate the order in which the detonations will occur rather 
than the delay time. Each detonator has its own time reference but the final delay time is determined in 
cooperation with the blasting machine just before initiation (Hustrulid, W., 1999). 
 
 Methodology: 
Fuzzy MADM Method: 
Fuzzy TOPSIS: 
 In the following, some basic important definitions of fuzzy sets from (Zimmermann, H.J., 1991; Buckley, J. 
J., 1985; Zadeh, L.A., 1965; Kaufmann, A. and Gupta, M.M., 1985; Yang, T. and Hung, C.C., 2007; Chen, C.T., 
et al., 2006; Kahraman, C., et al., 2007; Raj, P.A. and Kumar, D.N., 1999; Cheng, C.H. and Lin, Y., 2002) are 
reviewed and summarized. In the last decade, some fuzzy TOPSIS methods were developed in the literature: 
Chen and Huang transform (Zadeh, L.A., 1965) method to fuzzy case. Liang presents a fuzzy multi-criteria 
decision-making method based on the concepts of ideal and anti-ideal points (Liang, G.S., 1999) Chu presents a 
fuzzy TOPSIS model for solving the facility location selection problem (Chu, T.C., 2002) and the applications 
in aggregate production planning (Wang, R.C. and T.F., 2004). 
 It is not convenient for a decision maker (DM) to appoint an exact execution rating to an alternative for the 
attributes under consideration. surmise that a group of k decision makers (i.e. D1, D2, …, Dk) is responsible for 
appraising m alternative firing system (i.e., A1, A2, %, Am) under n selection criteria (i.e. C1, C2, …,Cn), where 
the suitability ratings of alternatives under each of the criteria, as well as the weights of the criteria, are evaluate 
in linguistic terms (Zadeh, L.A., 1976) proposed by triangular fuzzy numbers (figure1). Criteria are grouped into 
profit (B) and cost (C). It is not convenient for a decision-maker to appoint an exact execution rating to an 
alternative for the attributes under consideration. The deserve of using a fuzzy approach is to appoint the relative 
significance of attributes by using fuzzy numbers in place of exact numbers. This section extends the TOPSIS to 
the fuzzy environment. We briefly review the rationale of fuzzy theory before the evolution of fuzzy TOPSIS; 
as follows:  
 Definition 3-1-A fuzzy set  in a cosmos of discourse X is described by a fellowship function a(x) which 
associates with each element x in X, a real number in the interval [0,1]. The function value 

a(x) is named by the fellowship degree of x in . 
 The present study employs triangular fuzzy numbers. A triangular fuzzy number  can be explained by a 
triplet (a1, a2, a3). Its conceptual schema and mathematical form are presented by equation 1 (Kaufmann, A. and 
Gupta, M.M., 1985): 
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 Definition 3-2-  = ( a1 , a2 , a3) and  = (b1 , b2 , b3 ) are two triangular fuzzy numbers, then the summit 
method is explained to compute the distance between them, as equation 2: 
 

d , =                                                                                       (2)
  

 Let , , ̃  be three triangular fuzzy numbers. The fuzzy number , is closer to fuzzy number  than the 
other fuzzy number  if and only if d( , ) < d( , ̃). The fundamental performances on fuzzy triangular 
numbers are as follows, equation 3, 4: 
 
For multiplication: = , , , , , ,                                                     (3) 
For addition: = , , , ,  = , ,   
The fuzzy MADM can be concisely expressed in matrix format as equations 5 and 6:                                       (4) 
Step 1: Inputs are expressed in matrix format as; 

 

D  
x k x

x k x
                                                                                                                                                                                                                       (5) 

 
W= w , w , w , k, w                                                                                                                                           (6) 
 
 In the fuzzy TOPSIS procedure, the criteria weights (wj; j=1, 2, . . ., number of criteria) and characteristic 
values of firing system at criteria (xij; i=1, 2, . . ., number of firing system (m), j=1, 2, . . ., number of criteria 
(n)) are inputs and located in matrix form Sen and Yang, and Chen[18,19] as shown in equation 5. 
The linguistic variables  are triangular fuzzy numbers (aij , bij , cij ) according to figure 1 and table1. 
 

 
 

Fig. 1: Linguistic scales and triangular fuzzy numbers adopted. 
 
Table1: Linguistic scales and Fellowship function. 

Rank Fellowship FN 
Very Poor (VP) (0 , 0 ,1) 
Poor (P) (0 ,1 ,3) 
Medium Poor(MP) (1 ,3 ,5) 
Fair (F) (3 ,5 ,7) 
Medium Good(MG) (5 ,7 ,9) 
Good(G) (7 ,9 ,10) 
Very Good (VH) (9,10,10) 

 
 Step2: In order to make comparable the different scales of measurement (for various indexes), the following 
normalization equations (7 and 8) are to be used.  

If i = 1, 2, 3,…, m j = 1, 2,…., n R = r  

 rij = , ,  For criteria with positive aspects c = max                                                                          (7) 

 rij = , ,  For criteria with negative aspects c =min                                                                           (8) 

 
… 
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 Step 3: Making weighted fuzzy normalized decision matrix  
 Suppose that each criterion has its own weight. The normalized decision-making matrix can be computed 
by the multiplication of the weights significance for the evaluation of criteria in the scale of normalized fuzzy 
decision-making matrix. This matrix is explained in formula 9. 
 
V = v  If i = 1, 2, 3,…, m , j = 1, 2,…., n , vij= rij  wj            (9) 

 
 Step 4: recognize positive ideal (A*) and negative ideal (A-) solutions. The fuzzy positive-ideal solution 
(FPIS, A*) and the fuzzy negative-ideal solution (FNIS, A-) are shown as equations 10 and 11 Kahraman, C., et 
al., 2007): 
 
A = v  , v , v , , v = max v i 1,2, , m, j 1,2, n               (10) 

A = v1 , v2 , v3 , , vn = mini vij i 1, 2, , m, j 1, 2, , n              (11) 
 
 Step 5: compute separation measures. The distance of each alternative from A* and A- can be currently 
calculated by using equations 12 and 13 (Kahraman, C., et al., 2007). 
 
di = ∑ d vij, vj

n
j 1  , i = 1, 2, …, m j = 1, 2,…., n              (12) 

di = ∑ d vij, vj
n
j 1  , i = 1, 2, …, m j = 1, 2,…., n              (13) 

 
 Step 6: compute similarities to ideal solution. This step solves the similarities to an ideal solution by 
equation 14.  
 

 CCi = 
di

di  di
 i = 1, 2, …, m                 (14) 

 
 Step 7: Choose an alternative with maximum CCi

* or rank alternatives according to CCi* in descending 
order equation 15. 
 
CCi

*= Maximum ( CC1,CC2,…, CCm)               (15) 
 
Fuzzy membership function: 
 The decision makers use the linguistic variables to evaluate the importance of attributes and the ratings of 
alternatives with respect to different attributes. The present study has only exact values for the performance 
ratings and for the attribute weights. In order to illustrate the idea of fuzzy MACD, we purposefully transform 
the existing exact values to five-levels, fuzzy linguistic variables, very low (VL), low (L), medium (M), high 
(H) and very high (VH). Among the prevalently used fuzzy numbers, triangular and trapezoidal fuzzy numbers 
are likely to be the most adopted ones due to their sincerity in modeling and easy of explanation. Both triangular 
and trapezoidal fuzzy numbers are appropriate to the present study. We feel that in each rank a triangular fuzzy 
number is assigned an evenly spread fellowship function that has an interval of 0.30 or 0.25. Based on these 
supposition, a transformation table is shown in table 2 can sufficiently represent the five-level fuzzy linguistic 
variables and so, is used for the analysis after this time. As a rule of thumb, For example, the fuzzy variable-
very low has its associated triangular fuzzy number with minimum of 0.00, mode of 0.10 and maximum of 0.25. 
The same explanation is then enforced to the other fuzzy variables-low, medium, high and very high. Figure 2 
demonstrates the fuzzy membership functions. 
 

 

Fig. 2: Linguistic scales and triangular fuzzy numbers adopted. 
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Table 2: Transformation for fuzzy fellowship functions. 
Rank Fellowship FN

Very low (VL) (0.00,0.10,0.25)
Low (L) (0.15,0.30,0.45)

Medium Low(ML) (0.35,0.50,0.65)
High (H) (0.55,0.70,0.85)

Very high (VH) (0.75,0.90,1.00)
 
 Membership function can be calculated from formula 16 use the opinions of some decision makers. 
 Decision maker 1: ( a1, b1, c1), Decision maker 2: ( a2, b2, c2) , Decision maker n: ( an, bn, cn) 

 (a , b , c ) = [ min (a1,a2,…,an) ,  , max (c1,c2,…,cn) ]           (16) 

 
Case Study: 
Project description: 
 Gravel mine project in Gotvand Olya dam, is one the largest dam projects of Iran which is located in the 
North West 25 km of Shooshtar city. This dam is under construction on Karoon River. The embankment volume 
of this dam is around 26 MCM of which the considerable amount of rock fills. The required borrow materials is 
supplied from left side abutment of the embankment which is considered for the spillway. In this project, 
according to annual production of 6.5 MCM of borrow materials with specified particle size distribution, the 
issue of blasting specially the firing system is recognized to be very important (Ghaffarzadeh, R., 2005). 
 
 Application of Fuzzy TOPSIS method in Gravel Mine Project in GOTVAND OLYA Dam: 
 In order to choose the best firing system from among three proposed alternative by experts (table 3), many 
criteria (Figure 3 and list of criteria in the table 5) are effective that make the decision-making task difficult for 
management project. In this paper by using FUZZY TOSIS method and by considering all of the criteria and 
expert’s opinion, made the task decision-making easy to chose the best alternative at last. According to table 2, 
expert’s opinions are used for all of the criteria and the importance coefficient of each criterion is gained by the 
opinion of three decision maker, (Table 4). 
 

 
 

Fig. 3: Hierarchy of effective criteria. 
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Table 3: Alternative system fire line transfer. 
Electric detonator A1 
Detonating fuse A2 
Nonel system A3 

 
Table 4: Gain important coefficient criteria by decision maker. 

criteria DM1 DM2 DM3 Wj According Eq1 
C1 VL L VL (0.00, 0 .17, 0.45) 
C2 L L M (0.15, 0 .37, 0.65) 
C3 L M L (0.15, 0 .37, 0.65) 
C4 M M H (0.35, 0 57, 0.85) 
C5 M M M (0.35, 0 .50, 0.65) 
C6 M H M (0.35, 0 .57, 0.85) 
C7 L VL L (0.00, 0 .24, 0.45) 
C8 H H M (0.35, 0 .37, 0.85) 
C9 M L L (0.15, 0 .37, 0.65) 
C10 M H H (0.35, 0 .64, 0.85) 
C11 VH VH VH (0.75, 0 .90,1.00) 
C12 H M H (0.35, 0 .64, 0.85) 
C13 VH VH VH (0.75, 0 .90, 1.00) 
C14 H H M (0.35, 0 .64, 0.85) 
C15 M  L L (0.15, 0 .37, 0.65) 

 
Table 5: Criteria list. 

 criterion Selection parameters criterion Selection parameters Criterion 
Stability of the pit wall + C11 Back break - C6 Sensitivity - C1 

Water resistance - C12  Easy to use + C7 Exact delay + C2 
Cost - C13 Velocity of detonation + C8 Secondary blasting - C3 

Shelf life of explosive - C14 Noise - C9 Ground vibration - C4 
System control + C15 Sensitivity of dimension 

grid 

-C10 Fly rock -C5 

 
Table 6: Decision making matrix D. 
Criteria - C1 

+ C2 
- C3 

-C4 
- C5 

- C6 
+ C7 

+ C8 
-C9 

-C10 
+ C11 

+ C12 
- C13 

+C14 
+ C15 

A1 
DM1 P G F MG F MG F G MP F G MP MG G VG 
DM2 MP G MG G F MG F G MP F MG P G G G 
DM3 P G F MG MG F MG VG F F G P MG VG VG 

X1j(j=1,2,…,15) 
Accorrding 
Eq16 

(0, 1 .667, 5 )

(7,9, 10)

(3, 5.667, 9)

(5,7. 667, 10)

(3, 5.667, 9)

(3, 6.333, 9)

(3, 5.667,9)

(7, 9.333, 10)

(1, 3.667, 7)

(3, 5, 7)

(5, 8.333, 10)

(0, 1.667, 5)

(5, 7.667, 10)

(7, 9.333, 10)

(7, 9.667, 10)

A2 
DM1 MG F MP M P MP MG MG F P MG F VP F MP MP 
DM2 F MG F F MP F MG MG P MG MG P F F F 
DM3 MG F MP MP F F G F MP G F P MG F F 

X2j(j=1,2,…,15) 
Accorrding 
Eq16 

 

(3, 6.333, 9)

(3, 5.667, 9)

(1, 3 .667, 7)

(1, 3.667, 7)

(1, 3.667, 7)

(3, 5.667, 9)

(5,7.667, 10)

(3, 0 .367, 9)

(0, 1.667, 5)

(5, 7.667, 10)

(3, 5.667, 9)

(0, 0.667,3)

(3, 5.667, 9)

(1, 4.333, 7)

(1, 4.333, 7)

A3 
DM1 VG G G G VG MG G VG MG F G MG P MG MG 
DM2 VG VG G G G MG VG G MG F G F MP MG MF 
DM3 G VG MG G G MG VG G MG MG G MG P G G 

X3j(j=1,2,…,15) 
Accorrding 
Eq16 

(7, 9.667, 10)

(7, 9.667, 10)

(5, 8.333, 10)

(7, 9, 10)

(7, 9.33, 10)

(5, 7, 9)

(7, 9.667, 10)

(7, 9.33, 10)

(5, 7, 9)

(3, 5.667, 9)

(7, 9, 10)

(3, 6.333, 9)

(0, 1.667, 5)

(5, 7.667, 10)

(5, 7.667, 10)

 
 Step: Making the Decision matrix D (Table 6), According to Eq16.  
 Step2: Matrix R is normalized matrix D. Formula 7 (Table 7) has been used because all criteria are ranked 
optimistically.  
 Step3: The importance coefficient for each criterion is multiplied in matrix Rij (Table 7), (Equation 3, 
multiplication of two fuzzy set), then Weighted matrix without scale is obtained according to equation 9 (Table 
8). 
 Step4: Identify positive ideal ( ) and negative ideal (� ) solutions, According to equation 10, 11 (Table 
9). 
  Step5: The distance of each alternate from A+, A according to equation 12 , 13 (Tables 10 and 11). 



Aust. J. Basic & Appl. Sci., 5(12): 1089-1097, 2011 

1095 

Table 7: Matrix Rij According to Eq 6. 
A1 A2 A3

C1 (0.0, 0.16, 0.50) (0.30, 0.63, 0.90) (0.70, 0.96, 1.00)
C2 (0.70, 0.90, 1.00) (0.30, 0.56, 0.90) (0.70, 0.96, 1.00)
C3 (0.30, 0.56, 0.90) (0.10, 0.36, 0.70) (0.50,0.83, 1.00)
C4 (0.50,0.76, 1.00) (0.10, 0.36, 0.70) (0.70, 0.90, 1.00)
C5 (0.30, 0.56, 0.90) (0.10, 0.36, 0.70) (0.70, 0.93, 1.00)
C6 (0.33, 0.70, 1.00) (0.33, 0.63, 1.00) (0.55, 0.77, 1.00)
C7 (0.30, 0.56, 0.90) (0.50,0.76, 1.00) (0.70, 0.96, 1.00)
C8 (0.70, 0.93, 1.00) (0.30, 0.56, 0.90) (0.70, 0.93, 1.00)
C9 (0.11, 0.40, 0.77) (0.00, 0.18, 0.55) (0.55, 0.77, 1.00)
C10 (0.30, 0.50, 0,70) (0.50,0.76, 1.00) (0.30, 0.56, 0.90)
C11 (0.50,0.83, 1.00) (0.30, 0.56, 0.90) (0.70, 0.90, 1.00)
C12 (0.00, 0.18, 0.55) (0.00, 0.07, 0.33) (0.33, 0.70, 1.00)
C13 (0.50,0.76, 1.00) (0.30, 0.56, 0.90) (0.00, 0.16, 0.50)
C14 (0.70, 0.93, 1.00) (0.10, 0.43, 0.70) (0.50,0.76, 1.00)
C15 (0.70, 0.96, 1.00) (0.10, 0.43, 0.70) (0.70, 0.96, 1.00)

 
Table 8: Matrix Vij According to Eq 8. 

A1 A2 A3
C1 (0.00, 0.03, 0.22) (0.00, 0.10, 0.40) (0.00, 0.16, 0.45)
C2 (0.10, 0.33, 0.65) (0.05, 0.21, 0.58) (0.10, 0.35, 0.65)
C3 (0.04, 0.21, 0.58) (0.01, 0.13, 0.45) (0.07,0.31, 0.65)
C4 (0.17,0.44, 0.85) (0.03, 0.21, 0.70) (0.25, 0.51, 0.85)
C5 (0.10, 0.28, 0.58) (0.03, 0.18, 0.45) (0.25, 0.47, 0.90)
C6 (0.12, 0.40, 0.85) (0.12, 0.36, 0.85) (0.19, 0.44, 0.85)
C7 (0.00, 0.13, 0.40) (0.00,0.18, 0.45) (0.00, 0.22, 0.45)
C8 (0.24, 0.59, 0.85) (0.10, 0.36, 0.77) (0.25, 0.59, 0.85)
C9 (0.02, 0.15, 0.50) (0.00, 0.07, 0.36) (0.08, 0.29, 0.65)
C10 (0.10, 0.31, 0,59) (0.17,0.48, 0.85) (0.10, 0.36, 0.77)
C11 (0.37,0.75, 1.00) (0.22, 0.51, 0.90) (0.53, 0.81, 1.00)
C12 (0.00, 0.12, 0.47) (0.00, 0.05, 0.28) (0.12, 0.45, 0.85)
C13 (0.37,0.69, 1.00) (0.22, 0.51, 0.90) (0.00, 0.15, 0.50)
C14 (0.24, 0.59, 0.85) (0.04, 0.27, 0.59) (0.17,0.48, 0.85)
C15 (0.10, 0.35, 0.65) (0.02, 0.16, 0.46) (0.08, 0.28, 0.65)

 
Table 9: Identify positive ideal (A*) and negative ideal (A-) solutions. 

A+ A-

C1 (0.45, 0.45 , 0.45) (0.00, 0.00, 0.00)
C2 (0.65,, 0.65, 0.65) (0.04, 0.04 , 0.04)
C3 (0.65, 0.65, 0.65) (0.01, 0.01, 0.01)
C4 (0.85, 0.85, 0.85) (0.03, 0.03 , 0.03)
C5 (0.65, 0.65, 0.65) (0.03, 0.03 , 0.03)
C6 (0.85, 0.85, 0.85) (0.12, 0.12, 0.12)
C7 (0.45, 0.45 , 0.45) (0.00, 0.00, 0.00)
C8 (0.85, 0.85, 0.85) (0.10, 0.10, 0.10)
C9 (0.65, 0.65, 0.65) (0.00, 0.00, 0.00)
C10 (0.85, 0.85, 0.85) (0.10, 0.10, 0.10)
C11 (1.00,1.00, 1.00) (0.22, 0.22, 0.22)
C12 (0.85, 0.85, 0.85) (0.00, 0.00, 0.00)
C13 (1.00,1.00, 1.00) (0.00, 0.00, 0.00)
C14 (0.85, 0.85, 0.85) (0.03, 0.03 , 0.03)
C15 (0.65, 0.65, 0.65) (0.04, 0.04 , 0.04)

 
Table 10: The distance of each alternate from A+ and A- 

d(A1,A
+) d(A2,A

+) d(A3,A
+)

C1 0.3792 0.3282 0.3087
C2 0.3649 0.4343 0.3579
C3 0.4343 0.4855 0.3870
C4 0.4576 0.6170 0.4007
C5 0.3811 0.4579 0.2945
C6 0.4972 0.5102 0.4462
C7 0.3191 0.3033 0.2930
C8 0.3799 0.5157 0.3799
C9 0.4735 0.5306 0.3891
C10 0.5491 0.4430 0.5175
C11 0.3886 0.5325 0.2954
C12 0.6836 0.7502 0.4835
C13 0.4028 0.5325 0.8109
C14 0.3799 0.5946 0.4429
C15 0.3580 0.4770 0.3944
Sum 6.4488 7.5161 6.1989

 
The optimal solution, corresponding to the maximum fellowship 0.5181 is A3 according to equation 15. At 

the end of the evaluations, the Nonel system method (A3) was determined to be the most suitable method with 
0.5181 fellowship degree as an optimum firing system method for the dam project and Power Station of 
Gotvand. Other methods with lower fellowship degrees than A3 have lowered the chosen probability. To reach 
the result of this study, we are benefited from expert views through a questionnaire to determine the alternative 
methods and criteria weights. When experts were asked for the optimum method for application to this site, 
most of experts suggest the Nonel system method. The results and final ranking are shown in figure 4. 
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Table 11: The distance of each alternate from A- 
d(A1,A

-) d(A2,A
-) d(A3,A

-)
C1 0.1308 0.2416 0.2759
C2 0.3877 0.3256 0.3939
C3 0.3478 0.2632 0.4046
C4 0.5302 0.3383 0.5580
C5 0.3507 0.2572 0.5711
C6 0.4537 0.4455 0.4651
C7 0.2459 0.2796 0.2906
C8 0.5199 0.4083 0.5199
C9 0.3045 0.2121 0.4126
C10 0.3082 0.4847 0.4083
C11 0.5473 0.4230 0.5868
C12 0.2809 0.1658 0.5582
C13 0.7341 0.6112 0.3014
C14 0.5824 0.3516 0.5437
C15 0.3938 0.2463 0.3753
Sum 6.1179 5.0540 6.6654

 
 Step 6: Obtaining the index of similarity according to equation 14 (table 12). 
 Step 7: Choose an alternative with maximum CCi

* According to equation 14. 
 
Table 12: Calculate similarities to ideal solution and alternative ranking. 

RankingNormalized CCiCCiAlternative
234.60.4868A1
328.60.4020A2
136.80.5181A3

 
An example for this Step: 

CC A1= .

. .
0.4868 

CC A2= .

. .
0.4020 

CC A3= 
.

. .
0.5181 

 

 
 

Fig. 4: Final ranking of alternative. 
 
Conclusion: 
 There is no room for doubt that a good blasting operation is dependent on a good design and engineering 
including firing system, therefore, the site specifications must be assessed carefully. Since some of the 
specifications are qualitative and imprecise, they should be converted to quantitative and precise specifications 
to be able to assess with a mathematical formulation. Therefore, top level of knowledge and experience is 
needed to decrease the responsiveness of the DM. To do so, in this study in the Gravel mine project in Gotvand 
Olya dam with the help of FMADM, fuzzy Topsis method, by considering all criteria and chose the best 
alternative from among propose alternatives, all expert’s opinions were used. At end of assessment the degree of 
alternative’s fellowship is assessed respectively by Nonel system (0.5181), electrical detonator (0.4868), 
detonating cord (0.4020), so that Nonel with the highest degree of fellowship is chosen as the best firing system. 
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