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abStract. asset management, as a systematic process of operating, maintaining, and 
upgrading physical assets, is an important element of decision-making in heavy equipment 
management and operation. Maintenance strategy selection plays a significant role in mining 
design. However, the nature of maintenance strategy selection is a complex multi-criteria deci-
sion making (mCDm) problem including both tangible and intangible parameters which are 
often in conflicting with each other. As well as when decision makers are uncertain in deter-
mining and defining the ratings and the weights of alternatives and criteria respectively, fuzzy 
theory provides an appropriate tool to handle the existing uncertainties. In this paper, a new 
fuzzy MCDM method based on the concepts of COPRAS (COmplex PRoportional ASsessment) 
and aHP (analytical Hierarchy Process) was proposed to evaluate the feasible maintenance 
strategy. The linguistic terms are employed to assess the ratings and weights. Fuzzy AHP is 
utilized to calculate the weights of the evaluation criteria; then, the rankings of alternatives 
are computed based on fuzzy sets theory and COPRAS. A real world case study is presented 
to illustrate a potential application of the proposed model.
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1. introduction

In asset intensive industries such as min-
ing and earthmoving operations, the produc-
tivity and reliability of capital assets is vital 

to financial success of projects. Maintenance 
operations can dramatically affect useful life 
and overall performance of an asset. accord-
ingly, both asset operators/owners and asset 
service providers are continually trying to  
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improve their maintenance practices to select 
the most effective strategy for this important 
operation. nowadays, billions of dollars are 
spent annually to produce different types of 
heavy machineries for use by construction and 
mining industries (Bashiri et al., 2011; sayadi 
et al., 2012). The competitive global economy 
is forcing equipment managers to find opti-
mum ways for increasing their competitive-
ness to contend against the other companies 
in the global marketplace, by improving their 
performance in terms of quality, flexibility, de-
livery time and cost. on the other hand, the 
safety related issues come under increased 
concentration which makes costs ineffective 
to have backup units (Dhillon, 2008). for this 
reason heavy equipment are becoming much 
more sophisticated and their capital and op-
erational costs are increasing at an alarming 
rate. Heavy equipment managers need to opti-
mize all effective parameters in order to meet 
production targets. There are various problems 
which can affect equipment performance; such 
as equipment fleet selection, scheduling and 
maintenance strategy selection. 

equipment maintenance cost is one of the 
main expenditure items for earthmoving oper-
ations which can reach up to 60% of operation-
al costs (sayadi et al., 2010), varying accord-
ing machine type, working and environmental 
condition, maintenance level and strategy, etc 
(nichols, 1976). selection of optimum main-
tenance strategy plays an undeniable role in 
achieving organizational objectives as well as 
increasing productivity, reducing equipment 
downtime, minimizing overall cost and provid-
ing reliable machinery (Jafari et al., 2008). a 
survey of effectiveness of maintenance manage-
ment in U.S. industries signifies that one third 
of overall maintenance costs are misspent as 
the result of unsuitably or unnecessary main-
tenance activities; so that, an annual loss of 
more than $60 billion is result of ineffective 
maintenance planning and management (mob-
ley, 2002). 

There are a large number of tangible and 
intangible criteria, which often are in conflict 
with each other, that should be considered in 
selection of the best maintenance strategy. 
For these reasons, it is particularly difficult 
to equipment managers choose the best main-
tenance strategy for each piece of equipment 
from a set of feasible alternatives, especially 
during the feasibility studies and plant design 
stages. as a result, using multi attribute deci-
sion making methods can be useful. 

In view of the fact that choosing of the most 
suitable maintenance strategy for different 
equipment is a crucial decision for managers, 
a large number of studies have been devoted to 
this field of research. In the literature, Murthy 
and Asgharizadeh (1999) recommended a 
methodology based on game theory for selec-
tion of maintenance strategy for the companies 
which outsource the maintenance operations. 
almeida and Bohoris (1995) discussed a brief 
review of different decision theory concepts 
along with their applicability in the choosing 
of the most appropriate maintenance strategy. 
Bevilacqua and Braglia (2000) proposed a mul-
ti criteria decision making (mCDm) method 
based on analytic hierarchy process (aHP). In 
this research sufficient attributes have been 
considered in the form of a crisp mCDm meth-
od. Bertolini and Bevilacqua (2006) selected 
maintenance strategy for a set of centrifugal 
pumps used in an Italian oil refinery by us-
ing a hybrid method of goal programming and 
AHP. Al-Najjar and Alsyouf (2003) proposed a 
combination of fuzzy Inference System (FIS) 
and simple additive weighting (saW), with 
considering a few failure causes as attributes, 
to make the optimum decision about mainte-
nance strategy. Azadivar and Shu (1999) pro-
posed a new method considering 16 different 
characteristic parameters as criteria for each 
class of systems in a just-in-time environment. 
Gaonkar et al. (2008) and Wang et al. (2007) 
present a fuzzy AHP approach to model the 
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uncertainty in the choosing process of the op-
timum maintenance strategy.

although there are a number of research 
works on maintenance strategy selection, there 
is still a need to use a systematic mathemati-
cal approach to help the decision maker in tak-
ing an appropriate decision for selecting the 
maintenance strategy. CoPras, introduced by 
Zavadskas and Kaklauskas (1996), is a appro-
priate tool that its applicability and capability 
is demonstrated by different researchers (Kak-
lauskas et al., 2006, 2010, 2011; Zavadskas 
et al., 2009a, 2009b, 2010; Tupenaite et al., 
2010; Uzsilaityte and Martinaitis, 2010; Mad-
huri et al., 2010; Chatterjee et al., 2011; Pod-
vezko, 2011; Zavadskas and Turskis, 2011). 
This technique is able to determine a solution 
with the ratio to the ideal solution.

In this paper, we propose an integrated ap-
proach based on fuzzy AHP and COPRAS to 
solve mCDm problems in which the weights 
of criteria and the performance ratings of al-
ternatives are calculated based on linguistics 
terms. The relative importance of criteria was 
calculated by Fuzzy AHP. The COPRAS tech-
nique was employed in order to evaluate the 
maintenance strategies. finally, alternatives 
are ranked and the best one is selected. 

The rest of the paper is organized as fol-
lows. In the next section, possible alterna-
tive maintenance strategies are summarized. 
In section 3, the fuzzy AHP methodology is 
briefly introduced, including fuzzy logic, fuzzy 
number, linguistic variables, and fuzzy AHP. 
In section 4, the CoPras approach is illus-
trated and described. The proposed method to 
solve mCDm problem is described in section 5. 
section 6 presents a real world case study to 
show the potential application of the proposed 
model to select an optimal strategy for mainte-
nance. The implementation of proposed model 
is presented in section 7. finally, the results 
are discussed in section 8.

2. PoSSible alternative 
Maintenance StrategieS

five alternative maintenance strategies 
considered in this paper are briefly intro-
duced as following: failure based maintenance 
(fBm) is intended to repair a failed system. 
This maintenance is carried out after a failure. 
This means that the equipment will run until 
a breakdown occurs (savsar, 2011). In some 
literature this is referred as fire-fighting main-
tenance, corrective maintenance or breakdown 
maintenance (swanson, 2001).

Preventive maintenance (Pm) is based on 
component reliability characteristic and in-
tended to decrease the probability of the po-
tential failures. This method is carried out 
at predetermined intervals or according to 
prescribed criteria (moghaddam and Usher, 
2011). Preventive maintenance is performed 
before machine failure in order to keep equip-
ment in specified condition by providing or-
ganized check up, recognition, and prevention 
of potential failure (mann et al., 1995). This 
means that preventive maintenance strategy 
is helpful in overcoming the difficulties associ-
ated with the wearing of elements (Tatari and 
skibniewski, 2006).

Condition based maintenance (CBm) is 
based on the performance and monitoring of 
units from the system. The condition monitor-
ing may be continuous or scheduled, on request. 
The gathered machine data from monitoring 
system can specify essential maintenance be-
fore forecasted failure. maintenance program 
is implemented when a condition factor ap-
proaches or exceeds a threshold level. CBm 
is introduced as the most cost-effective means 
of maintaining critical equipment (Veldman 
et al., 2011; andrawus, 2008). 

scheduled maintenance (sm) means that 
maintenance activities are implicated after 
an established time schedule, no matter the 
failure occurs or not. sm can be classified 
into age-based and clock-based maintenance,  
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according to the time that a certain machine 
age is reached and a particular calendar time, 
respectively (ahmadi et al., 2010). In some 
literature this strategy is referred to as time-
based maintenance (Christer and lee, 2000). 

opportunistic maintenance (om) is an at-
tempt to combine Pm and fBm. The approach 
is to consider the failure of a unit as an op-
portunity to perform Pm on other units and 
restore yet non-failed components in order to 
prevent future failures (laggoune et al., 2009). 
Instead of scheduling the Pm beforehand, a 
strategy is used that decides which Pm carries 
out at a given state of the equipment (Khazraei 
and Deuse, 2011).

3. fuzzy aHP

Fuzzy set theory
Fuzzy set first proposed by Zadeh (1965), to 

model the existing uncertainty and the outputs 
be more precise, accurate, and reliable (Zadeh, 
1975a, b, c). This powerful mathematical tool 
can provide the flexibility and robustness need-
ed for the decision maker to understand the 
decision problem (Büyüközkan et al., 2011). 
These capability and efficiency of the method 
developed would facilitate its use in real world 
situations for making more effective decisions. 
A fuzzy set is a general form of a crisp set. 
Crisp sets only allow full membership or non-
membership, whereas fuzzy sets allow partial 
memberships (Torlak et al., 2011). The mCDm 
problem has been tackled by various research-
ers working in the area of decision-making in 
a fuzzy environment (Gaonkar et al., 2008). 
A fuzzy set is defined between interval [0, 1], 
which 0 expresses do not belong to the set un-
der consideration and 1 addresses full belong 
to the set.

As depicted in Figure 1, a fuzzy number 
A  on real numbers R is a triangular fuzzy 
number (Tfn), if its membership function 

)A xµ (


be as follows: 

( ) / ( ),         ,
( ) ( ) / ( ),       ,
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where: l m u−∞ < ≤ ≤ < +∞ and can be shown 
as (l, m, u).

1

0
l m u

figure 1. Triangular fuzzy number

Determining the linguistic variables
a linguistic variable is a variable whose 

values are words or sentences in a natural or 
artificial language (Sun, 2010). We use this 
type of expression to obtain the weight of 
criteria through two-by-two comparisons by 
nine-point linguistic scale, as presented in Ta-
ble 1. In this study, triangular fuzzy number 
is employed to represent subjective pairwise 
comparisons of evaluation process in order to 
model the uncertainty.

Fuzzy AHP
AHP was first introduced by Saaty (1980) and 

is able to solve the decision making problems. 
aHP can decompose any complex problem into 
several sub-problems in terms of hierarchical 
levels where each level represents a set of cri-
teria or attributes relative to each sub-problem. 
AHP utilize three principles to solve problems 
(aydogan, 2011): (i) structure of the hierarchy, 
(ii) the matrix of pairwise comparison ratios, 
and (iii) the method for calculating weights.  
Based on its unique merit, this method is used 
in solving many sophisticated decision-making 
issues by different researchers (Bertolini et al., 
2006; ying et al., 2007; Kauko, 2007; Dong 
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et al., 2008; lin et al., 2008; Wong and li, 2008; 
Arunraj and Maiti, 2010; Dong et al., 2010;  
Plebankiewicz, 2009; Lin, 2010; Podvezko et al., 
2010; Ulubeyli and Kazaz, 2009; Sivilevičius 
and Maskeliūnaitė, 2010; Medineckienė et al., 
2010; fouladgar et al, 2011).

However, the pure aHP model has been 
considerably criticized for a variety of reasons 
(Sun, 2010; Toosi and Kohanali, 2011). Signifi-
cant criticisms include but are not limited to 
the following:

aHP is not capable to handle the uncer-
tainty associated with the mapping of human 
judgment to a number by natural language, the 
subjective judgment by perception, evaluation, 
improvement and selection based on prefer-
ence of decision-makers have great influence on 
the aHP results, and the ranking of the aHP 
method is rather imprecise. To overcome these 
problems, researchers combined the aHP tech-

nique with fuzzy theory to take into account 
the uncertainty (aghataher et al., 2008; Wang 
et al., 2008; Cebeci, 2009; li and  Huang, 2009; 
Torfi et al., 2010; Wang et al., 2010; Isaai et al., 
2011; lee et al., 2011; Kilincci and onal, 2011; 
Rostamzadeh and Sofian, 2011; Yang et al., 
2011; Jung, 2011; manekar et al., 2011; Chen 
et al., 2011; an et al., 2011).

yang et al. (2011) proposed a hybrid ap-
proach using fuzzy inference system and fuzzy 
aHP which serves as a robust tool for the pri-
oritization of different issues. The procedure 
for determining the importance of dimension 
by FAHP can be defined as follows (Sun, 2010; 
Chen et al., 2011):

step 1: form pairwise comparison matrices 
among all the criteria. Determine linguistic 
terms to the pairwise comparisons by asking 
which is the more important of each two dimen-
sions based on Table 1, as following matrix A :

table 1. membership function of linguistic variable
Intensity of 
importance

Fuzzy 
number

linguistic variable membership function reciprocal scale

9 9 Perfect (8,9,10) (1/10,1/9,1/8)

8 8 absolute (7,8,9) (1/9,1/8,1/7)

7 7 Very good (6,7,8) (1/8,1/7,1/6)
6 6 fairly good (5,6,7) (1/7,1/6,1/5)

5 5 Good (4,5,6) (1/6,1/5,1/4)

4 4 Preferable (3,4,5) (1/5,1/4,1/3)

3 3 not bad (2,3,4) (1/4,1/3,1/2)
2 2 Weak advantage (1,2,3) (1/3,1/2,1)

1 1 equal (1,1,1) (1,1,1)

12 1 12 1

21 2 12 2

1 2 1 2

1 1
1 1 1

1 1 1 1

n n

n n

n n n n

a a a a
a a a a

A

a a a a

   
   
   = =
   
   
      

   
 

   
 



       

  
 

, (2)

where 
1 1 1 1 1 1 1 19 ,8 ,7 ,6 ,5 ,4 ,3 ,2 ,1,2,3,4,5,6,7,8,9,    

1                                                                                 ij
i ja
i j

− − − − − − − − ≠= 
=

                



,
.  (3)
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Step 2: Calculate the fuzzy weights of each 
criterion by geometric mean technique (Buck-
ley, 1985; Hsieh et al., 2004; Wu et al., 2009) 
that is: 

1
1( ) n

i i ij inr a a a= ⊗ ⊗ ⊗   
  , (4)

1
1 1[ ]i i nw r r r r −= ⊗ ⊕ ⊕ ⊕ ⊕    

  , (5)

where: ija is fuzzy comparison value of di-
mension i to criterion j, thus, ir is a geometric 
mean of fuzzy comparison value of criterion i 
to each criterion; iw  is the fuzzy weight of the 
ith criterion, can be indicated by a triangular 
fuzzy number; ( , , )i i i iw lw mw uw= . Here: ilw , 

imw and iuw are the lower, middle, and upper 
values of the fuzzy weight of the ith dimension, 
respectively.

The output of fuzzy synthetic decisions ob-
tained by each dimension is a fuzzy number. 
Therefore, it is necessary to convert fuzzy 
numbers into crisp numbers by defuzzification 
in order to compare the rank of dimensions. 
The procedure of defuzzification is to locate 
the Best Nonfuzzy Performance (BNP) value. 

Methods of such defuzzified fuzzy ranking gen-
erally include mean of maximal (mom), center 
of area (Coa), and α -cut (Chen et al., 2011).

In this study, the authors employ the cent-
er of area (COA) method to prioritize the order 
of importance of each dimension. This method 
is a simple and practical without the need 
to bring in the preferences of any evaluators 
(Wu et al., 2009). The BNP value for the fuzzy 
number ( , , )i i i iR LR MR UR=     can be found us-
ing the following equation:

[( ) ( )] / 3i i i i i iBNP UR LR MR LR LR= − + − +     . (6)

4. coPraS (complex Proportional 
aSsessment) MetHod (zavadskas  
and Kaklauskas, 1996)

The CoPras method determines a solution 
with the ratio to the best solution. 

The algorithm of the CoPras method is 
shown in the figure 2.

1. selection of the available set most impor-
tant attributes, which describes alterna-
tives;

figure 2. ranking of alternatives by applying CoPras method

Decision-making matrix 

Normalizing decision-making matrix 

Weighting normalized decision-making matrix 

Calculating minimizing indexes Ri for each alternative  (The sums of normalized 
 weighted indexes describing the i-th alternative that must be minimized are calculated)  

Calculating maximizing indexes f, for each alternative (The sums of normalized  
weighted indexes describing the i - th alternative that must be maximized are calculated) 

Calculating the sums of normalized weighted indexes describing the j-th alternative 
The alternatives are described by minimizing indexes 

Determining minimal value of Ri

Determining significance of alternatives 

Ranking alternatives according to relative significance of each alternative 
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2. Preparing of the decision-making matrix 
X:

11 12 1

21 22 2

1 2

...

...
; 1, 1, ;

...

m

m

n n nm

x x x
x x x

X i n and j m

x x x

 
 
 = = =
 
 
  

   

, (7)

 where: attribute j is in the alternative i of 
a solution; m is the number of attributes; 
n is the number of the alternatives com-
pared.

3. Determining weights of the attributes qj.
4. Normalization of the decision-making 

matrix X . The normalized values of this 
matrix (Zavadskas, 1987) are calculated 
as:

   

1

; 1, 1, .ij
ij n

ij
j

x
x i n and j m

x
=

= = =

∑
 (8)

 After this step we have normalized deci-
sion-making matrix:

   

11 12 1

12 22 2

1 2

...

...
.

...

...

m

m

n n nm

x x x
x x x

X

x x x

 
 
 =
 
 
  

  

 (9)

5. Calculation of the weighted normalized 
decision matrix X



. The weighted nor-
malized values ˆijx  are calculated as:

   ˆ ; 1, 1, .ij ij jx x q i n and j m= ⋅ = =  (10)

 In formula (10) qj is weight of the j – th 
attribute.

 after this step we have weighted normal-
ized decision-making matrix:

  
11 12 1

21 22 2

1 2

ˆ ˆ ˆ...
ˆ ˆ ˆ...ˆ ; 1, 1, .

...
ˆ ˆ ˆ...

m

m

n n nm

x x x
x x x

X i n and j m

x x x

 
 
 = = =
 
 
  

  

 (11)

6. sums jP  of attributes values which larger 
values are more preferable (optimization 
direction is maximization) calculation 
for each alternative (line of the decision-
making matrix):

   
1

ˆ
k

i ij
j

P x
=

= ∑ . (12)

 In formula (12) K is number of at-
tributes which must to be maximised (it 
is assumed that in the decision-making 
matrix columns first of all are placed 
attributes with optimization direction 
maximum and ones with optimization 
direction minimum are placed after).

7. sums iR  of attributes values which 
smaller values are more preferable (op-
timization direction is minimization) cal-
culation for each alternative (line of the 
decision-making matrix):

   .ˆ
1

∑
+=

=
m

kj
iji xR  (13)

 In formula (13) ( )m k−  is number of at-
tributes which must to be minimized. 

8. Determining the minimal value of iR :

   min min ; 1, .ii
R R i n= =  (14)

9. Calculation of the relative weight of each 
alternative iQ :

   
min

1

min

1

.

n

i
i

i i n

i
ii

R R
Q P

RR
R

=

=

= +
∑

∑
 (15*)

 formula (15) can to be written as fol-
lows:

   1

1

.
1

n

i
i

i i n

i
ii

R
Q P

R
R

=

=

= +

⋅

∑

∑
 (15)

10. Determination of the optimality crite-
rion K:
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      max ; 1, .ii
K Q i n= =  (16)

11. Determination of the priority of the 
project. The greater weight (relative 
weight of alternative) iQ , the higher is 
the priority (rank) of the project. In the 
case of maxQ , the satisfaction degree is 
the highest. 

12. Calculation of the utility degree of each 
alternative:

      
max

100%,i
i

QN
Q

=  (17)

 where: iQ  and maxQ  are the weight of 
projects obtained from formula (15).

5. tHe ProPoSed Model 

In this paper, fuzzy AHP and COPRAS are 
employed as an integrated methodology for 
selecting the optimal maintenance strategy. 
The proposed model includes three steps: (1) 
determining the weights of evaluation criteria 
by fuzzy AHP, (2) evaluating the preference 
rating of alternatives, and (3) ranking the al-
ternatives and choosing the optimal mainte-
nance strategy. In the first step, fuzzy AHP 
is carried out by decomposing the structure 
of decision process into a hierarchical struc-
ture in order to determine the importance of 
each criterion through pairwise comparisons 
and based on linguistic terms. after construct-
ing hierarchical structure and calculating the 
weights of criteria, the importance of alterna-
tives are evaluated via the CoPras technique. 
finally, according to the results of CoPras 
method, alternatives are ranked in descend-
ing order and the best alternative is selected. 
schematic diagram of the proposed model for 
selecting the optimal maintenance strategy is 
shown in figure 3.

6. caSe Study

sungun copper mine is one of the largest 
copper deposits of Iran which is located in east 

Azerbijan province in mountainous area and 
north West of ahar city. The location of sun-
gun copper mine in Iran is depicted in figure 
4. Mine is connected to Tabriz city through 
a road that is about 125 km (Bazzazi et al., 
2009). This deposit is in the middle of Qara-
bagh mountains that highest altitude of the 
area from open sea is about 2390 m. feasibil-
ity studies were shown that open-pit mining 
is the most suitable method for this deposit 
and an amount of about 384 million tons of 
ore at an average grade of 0.665 % copper with 
the waste to ore ratio of 1.8:1.0. The mine’s 
life span is estimated at 31 years, with an an-
nual production of 7 million tons in the first 5 
years and about 14 million tons for remaining 
years of mine’s life (Hoseinie et al., 2006). 

Through technical and economical studies, 
shovel and truck have been selected as the op-
timum loading and hauling equipment in this 
mine. 30 and 100 tons Komatsu dump trucks 
are used for material handling operation1.

7. tHe iMPleMentation  
of ProPoSed Model 

regarding the evaluation of dump truck 
maintenance strategies in sungun copper 
mine, 8 experts were invited to evaluate five 
alternatives using the proposed model shown 
in figure 3. according to the literature inves-
tigation and expert’s opinions, the committee 
finally adopted 12 criteria. This study con-
tains 12 evaluation criteria including spare 
part stocks (C1), Personnel wage (C2), mean 
time to repair (C3), mean time between fail-
ures (C4), Product loss (r1), People damage 
(r2), environmental damage (r3), Technology 
(aC1), Human resource (aC2), Product quality 
(AV1), Efficiency (AV2), and Intrinsic safety 
(AV3). The first seven criteria are cost criteria, 
while the last five are benefit ones.

1 www.mbinco.com

http://www.mbinco.com
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Selecting the best maintenance strategy 

Ranking the alternatives 

Calculating the weight of criteria 

Determining the alternative maintenance 
strategies 

 

Constructing the decision hierarchy structure 

Determining the criteria 

Computing the preference of alternatives 

Fuzzy AHP 

COPRAS 

Forming decision matrix  

Constructing the weighted normalized fuzzy 
decision matrix 

S
te

p 
1 

S
te

p 
2 

S
te

p 
3 

figure 3. The proposed model

figure 4. location map of sungun copper mine in Iran (Bidhendi et al., 2007)
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after constructing the structure of hierarchy 
as depicted in figure 5, the weights of evalu-
ation criteria are calculated using the fuzzy 
aHP approach. The comparison of the impor-
tance or preference of one criterion or alterna-
tive over another can be accomplished with the 
help of questionnaire. The priority weights of 
the feasible alternatives are obtained based on 
following computations.

Calculating the weight of each  
criterion 
We adopt fuzzy AHP method to evaluate the 

weights of evaluation criteria for the mainte-
nance strategies for dump trucks. The decision 

makers group contains of 8 experts with mini-
mum 7 years experience in the field of mainte-
nance were invited to fill the judgment matrix.

The fuzzy pairwise comparison matrix of 
the main and sub-criteria are obtained based 
on Table 1 by asking which is more important. 
Then, the elements of synthetic pairwise com-
parison matrix are calculated by using the geo-
metric technique introduced by Buckley (1985). 
This technique computes the geometric mean 
of the fuzzy comparison values of one criterion 
over another. The computation of the elements 
of synthetic pairwise comparison matrix by us-
ing the geometric mean method is obtained as 
follows matrices. 

 

Selection of the optimal maintenance strategy 

Cost (C) Risk (R) Added value (AV) 

Mean time to repair 

Mean time between failures 

Efficiency 

Product quality 

Human resource People damage 

Product loss 

Environmental damage 

Personnel wage 

Spare part stocks Technology 

Accessibility (AC) 

Intrinsic safety  

OM SM CBM PM FBM 

figure 5. structure of hierarchy

(1,1,1)     (0.95,1.25,1.56) (2.27,3.38,4.44) (1.19,2.21,3.22)
(0.64,0.79,1.05) (1,1,1) (2.1,3.19,4.23) (1.19,1.86,2.44)
(0.22,0.29,0.44) (0.23,0.31,0.47) (1,1,1) (0.53,0.64,0.

 

Cost
RiskA

Accessability
Added value

=

                                                                              

84)
(0.31,0.45,0.84) (0.41,0.54,0.84) (1.19,1.56,1.86) (1,1,1)

Cost Risk Accessability Added value
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1 (1,1,1)     (0.82,1.25,1.79) (0.52,0.67,0.92) (0.54,0.64,0.87)
2 (0.55,0.79,1.2) (1,1,1) (0.53,0.69,0.96) (0.52,0.62,0.79)
3 (1.09,1.48,1.91) (1.03,1.43,1.86) (1,1,1) (0.69,0.91,1.25)
4 (1.14,1.54,1.84) (

Cost

C
CA
C
C

=

1                                   2                                     3                                 4

1.25,1.62,1.91) (0.79,1.09,1.43) (1,1,1)

C C C C
 
 
 
 
 
 

     

1                                    2                  
1 (1,1,1)     (0.63,0.79,1.05) (0.87,1.29,1.73)
2 (0.95,1.25,1.56) (1,1,1) (1.13,1.64,2.21)
3 (0.57,0.77,1.15) (0.45,0.61,0.88) (1,1,1)

R R

Risk

R
A R

R

 
 =  
  

                   3R

     

1                                      aC2
1 (1,1,1)     (0.75,0.92,1.15)
2 (0.87,1.09,1.31)         (1,1,1)     

AC

Accessability
ACA
AC

 
=  

 

     

1                                    2      

 

1 (1,1,1)     (0.66,0.92,1.31) (0.87,1.19,1.51)
2 (0.95,1.25,1.56) (1,1,1) (0.87,1.29,1.73)
3 (0.66,0.84,1.15) (0.57,0.77,1.14) (1,1,1)

AV AV

Added value

AV
A AV

AV

 
 =  
  

                               3AV

The fuzzy weights of the dimensions are calculated as following part.

(1.266,1.749,2.175)Costr = ; (1.124,1.476,1.817)Riskr = ; (0.411,0.493,0.647)Accessabilityr = ;

 (0.623,0.785,1.071)Added valuer = ;

1 (0.695,0.859,1.094)Cr = ; 2 (0.628,0.765,0.982)Cr = ; 3 (0.942,1.182,1.453)Cr = ;

4 (1.034,1.285,1.5)Cr = ;

1 (0.822,1.012,1.221)Rr = ; 2 (1.024,1.272,1.513)Rr = ; 3 (0.638,0.776,1.004)Rr = ;

1 (0.871,0.957,1.071)ACr = ; 2 (0.933,1.044,1.147)ACr = ;

1 (0.832,1.029,1.257)AVr = ; 2 (0.871,1.122,1.377)AVr = ; 3 (0.725,0.865,1.095)AVr = .

The relative importance of each criterion is 
calculated by using formula (5) and the results 
are listed in Table 2. The fuzzy weights for each 
criterion are transferred into the BnP value by 
the Coa method as presented in Table 2. It can 
be inferred from the fuzzy AHP results that the 
first two important criteria for the evaluation 
of maintenance strategies are people damage 
(0.171) and mean time between failures (0.152). 
moreover, the less important criterion is tech-
nology (0.064). The final ranking of criteria is 
schematically depicted in figure 6. 

Evaluate the alternatives with COPRAS
During the decision procedure, the decision 

maker team was asked to fill the decision ma-
trix by comparing alternatives with respect to 
each of the criteria one by one. The decision 
matrix based on expert knowledge is formed 
in order to evaluate the possible alternatives. 
The decision makers use the linguistic rating 
variables shown in Table 3 to evaluate the rat-
ing of alternatives with respect to each crite-
rion. A sample of the decision matrix filled by 
one of the experts is shown in Table 4. 
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table 2. Fuzzy weights of evaluation criteria by FAHP
Criteria local weights Global weights BnP rank
Cost (0.221,0.388,0.635) 0.415 1
C1 x1 (0.138,0.209,0.331) (0.03,0.081,0.21) 0.108 6
C2 x2 (0.125,0.187,0.297) (0.027,0.072,0.188) 0.096 7
C3 x3 (0.187,0.289,0.44) (0.041,0.112,0.279) 0.144 3
C4 x4 (0.205,0.314,0.454) (0.045,0.121,0.288) 0.152 2
risk (0.196,0.327,0.53) 0.351 2
r1 x5 (0.22,0.33,0.491) (0.043,0.108,0.26) 0.137 4
r2 x6 (0.273,0.415,0.608) (0.053,0.136,0.323) 0.171 1
r3 x7 (0.17,0.253,0.404) (0.033,0.083,0.214) 0.11 5
accessibility (0.072,0.109,0.189) 0.123 4
aC1 x8 (0.392,0.478,0.593) (0.028,0.052,0.112) 0.064 12
aC2 x9 (0.42,0.521,0.635) (0.03,0.057,0.12) 0.069 11
added value (0.109,0.174,0.312) 0.198 3
aV1 x10 (0.223,0.341,0.517) (0.024,0.059,0.161) 0.082 9
aV2 x11 (0.223,0.372,0.566) (0.025,0.064,0.177) 0.089 8
aV3 x12 (0.194,0.286,0.45) (0.021,0.049,0.141) 0.071 10

∑ 1.293

figure 6. The final ranking of the criteria
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table 3. Definition and membership function of fuzzy numbers
linguistic variable Triangular fuzzy number
Very low (Vl) (0,1,3)
low (l) (1,3,5)
medium (m) (3,5,7)
High (H) (5,7,9)
Very high (VH) (7,9,10)
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The linguistic values of expert’s opinion are 
converted into triangular fuzzy numbers. To 
construct the decision matrix and determine 
the rank of maintenance strategies, the aggre-
gated fuzzy rating of alternatives is calculated 
through formula (7):

1 2 3( , , )ij ij ij ijx x x x=

 

where:

1 1 2 2 3 3
1

1min{ },  ,  max{ }
K

ij ijk ij jk ij ijk
k kk

x x x x x x
K =

= = =∑
And the fuzzy rating of the k th decision 

maker is 1 2 3( , , )ijk ijk ijk ijkx x x x= .
The ratings of the five maintenance strate-

gies by the decision makers under the different 
criteria are presented in Table 5. Then, Crisp 
values for decision matrix are obtained by for-
mula (6) as shown in Table 6. 

table 4. A sample of decision matrix filled

effect fBm Pm CBm sm om
x1 – Vl VH H m l
x2 – H m l Vl l
x3 – VH m m l H
x4 – VH Vl m l m
x5 – VH Vl l m l
x6 – H l m Vl m
x7 – m H m l l
x8 + VH Vl m H H
x9 + H l m m m
x10 + l VH H H m
x11 + m H VH VH H
x12 + Vl VH H H m

table 5. Aggregated fuzzy rating of maintenance strategies
fBm Pm CBm sm om

x1 (0,2.32,7) (5,7.21,10) (3,5.67,10) (1,4.12,7) (0,3.44,7)
x2 (5,6.86,10) (1,4.97,9) (0,3.56,7) (0,2.43,5) (0,4.13,7)
x3 (5,7.23,10) (1,5.64,9) (1,3.95,7) (0,3.32,7) (5,6.48,10)
x4 (3,6.73,10) (0,2.13,5) (1,5.34,9) (0,4.21,9) (0,3.46,7)
x5 (5,7.72,10) (0,1.27,5) (0,3.58,7) (1,4.39,9) (0,3.77,9)
x6 (3,6.24,10) (0,3.12,7) (1,4.87,9) (0,1.89,5) (0,3.62,7)
x7 (1,5.16,9) (3,6.75,10) (0,4.33,9) (0,2.57,7) (0,3.23,7)
x8 (3,7.34,10) (0,2.16,7) (1,4.76,9) (3,6.82,10) (3,7.11,10)
x9 (1,6.57,10) (0,3.25,7) (1,4.87,9) (1,4.37,7) (1,6.13,9)
x10 (0,3.28,7) (3,6.76,10) (3,5.96,10) (1,5.24,9) (1,4.26,9)
x11 (1,4.36,9) (3,6.79,10) (5,7.34,10) (3,6.17,10) (3,6.12,10)
x12 (0,2.31,5) (3,7.38,10) (1,5.96,10) (3,6.42,10) (1,5.26,9)
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table 6. Crisp values for decision matrix

Criteria alternative maintenance strategies
fBm Pm CBm sm om
S1 2 3 4 5

x1 3.11 7.4 6.22 4.04 3.48
x2 7.28 4.99 3.52 2.47 3.71
x3 7.74 5.21 3.98 3.44 7.16
x4 6.57 2.37 5.11 4.4 3.48
x5 7.57 2.09 3.53 4.79 4.25
x6 6.41 3.37 4.95 2.29 3.54
x7 5.05 6.58 4.44 3.19 3.41
x8 6.78 3.05 4.92 6.6 6.7
x9 5.85 3.41 4.95 4.12 5.37
x10 3.42 6.58 6.32 5.08 4.75
x11 4.78 6.59 7.44 6.39 6.37
x12 2.43 6.79 5.65 6.47 5.08

table 7. The problem’s solution according to CoPras method

Initial decision-making matrix with values of the attributes describing the compared alternatives

strat. Criteria
x1 x2 x3 x4 x5 x6 x7 x8 x9 x10 x11 x12

opt. min min min min min min min max max max max max

Weight 
qj

0.108 0.096 0.144 0.152 0.137 0.171 0.11 0.064 0.069 0.082 0.089 0.071

1 3.11 7.28 7.74 6.57 7.57 6.41 5.05 6.78 5.85 3.42 4.78 2.43
2 7.4 4.99 5.21 2.37 2.09 3.37 6.58 3.05 3.41 6.58 6.59 6.79
3 6.22 3.52 3.98 5.11 3.53 4.95 4.44 4.92 4.95 6.32 7.44 5.65
4 4.04 2.47 3.44 4.4 4.79 2.29 3.19 6.6 4.12 5.08 6.39 6.47
5 3.48 3.71 7.16 3.48 4.25 3.54 3.41 6.7 5.37 4.75 6.37 5.08
∑ 24.25 21.97 27.53 21.93 22.23 20.56 22.67 28.05 23.7 26.15 31.57 26.42
Weighted normalized matrix Q N rank
1 0.014 0.032 0.040 0.046 0.047 0.053 0.025 0.015 0.017 0.011 0.013 0.007 0.175 60.8 5
2 0.033 0.022 0.027 0.016 0.013 0.028 0.032 0.007 0.010 0.021 0.019 0.018 0.222 77.2 4
3 0.028 0.015 0.021 0.035 0.022 0.041 0.022 0.011 0.014 0.020 0.021 0.015 0.226 78.6 3
4 0.018 0.011 0.018 0.030 0.030 0.019 0.015 0.015 0.012 0.016 0.018 0.017 0.288 100.0 1
5 0.015 0.016 0.037 0.024 0.026 0.029 0.017 0.015 0.016 0.015 0.018 0.014 0.245 85.3 2

After 12-th solution step final solution results as are as shown in Table 7 and Figure 7.
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figure 7. Graphic representation of alternatives’ ranking according to CoPras methods

according to solution results we can to 
state, is we will perform calculations with opti-
mistic, pessimistic and grey values the results 
will be different (figure 7). The alternatives 
ranks as follows: 4 5 3 2 1A A A A A    . The 
best 4th alternative is selected according to the 
CoPras method. 

8. concluSion 

maintenance strategy selection is a critical 
management problem because of its signifi-
cant roles in production and manufacturing. 
Therefore, the accuracy in selecting the most 
appropriate maintenance strategy is one of the 
maintenance goals. The maintenance strategy 
selection problem is often influenced by uncer-
tainty in real world, and in such circumstances 
fuzzy set theory is a proper tool to face with 
this type of problems and model the existing 
uncertainty.  In practice, it is difficult or even 
impossible for decision makers to express the 
precise numerical information on the weights 
and the ratings; for this reason, the linguistic 
terms are useful. 

This study has proposed a new fuzzy MCDM 
method based on combining the concepts of 

COPRAS and AHP, which fuzzy AHP is ap-
plied to assign the weights of evaluation cri-
teria and CoPras technique is used to rank 
the feasible maintenance strategies. a real 
case study of maintenance strategy selection 
in sungun copper mine has been illustrated to 
demonstrate the applicability of the proposed 
method. It appears this method has some ad-
vantages which may be useful in facing with 
maintenance strategy selection problem.

although the proposed method described in 
detail is shown by a problem of maintenance 
strategy selection in sungun copper mine is 
very flexible, it can also be applied to other is-
sues such as equipment selection, mining meth-
od selection, project selection, and many other 
different problems in connected with selection.
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SantrauKa

PRIEŽIŪROS STRATEGIJOS PARINKIMAS TAIKANT AHP IR COPRAS METODUS 
NEAPIBRĖŽTOSE SITUACIJOSE

Mohammad Majid fouladgar, abdolreza yazdani-cHaMzini, ali laSHgari,  
edmundas Kazimieras zavadSKaS, zenonas turSKiS

Turto valdymas, kaip sistemingas veiklos procesas materialiajam turtui palaikyti ir atnaujinti, yra svarbus 
sprendimų priėmimo sandas, reikalingas sunkiajai įrangai valdyti ir naudoti. Pasirinkti priežiūros stra-
tegiją yra ypač svarbu projektuojant kasybą. Tačiau techninės priežiūros strategijos parinkimo pobūdis 
yra sudėtingas daugiatikslio sprendimų priėmimo (MCDM) uždavinys, apimantis tiek materialius, tiek 
nematerialius aspektus, tarpusavyje dažnai prieštaraujančius. Kai sprendimų priėmėjui kyla neaiškumų 
nustatant ir apibrėžiant rodiklių vertes ir svorius, neraiškiųjų aibių teorija yra tinkama priemonė esamam 
neapibrėžtumui aprašyti. Straipsnyje pateikiamas naujas neraiškusis MCDM būdas, pagrįstas COPRAS 
(kompleksinio proporcingo projektų įvertinimo) ir AHP (analitinio hierarchijų proceso) metodais, tikslin-
goms nekilnojamojo turto palaikymo strategijoms įvertinti. Rodiklių vertės ir svoriai yra apibrėžti lingvisti-
nėmis sąvokomis. Neraiškusis AHP taikomas vertinimo rodiklių svoriams apskaičiuoti. Paskui alternatyvų 
rangai nustatyti taikant neraiškiųjų aibių teoriją ir COPRAS metodą. Naujai pasiūlytas modelis pritaikytas 
realiam uždaviniui spręsti.
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