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ABSTRACT: In this paper, the selection of maintenance strategies of material handling 

equipment in Punj Lloyd plant Gwalior (India) is studied. Maintenance strategy selection is a 

multi-criteria decision-making (MCDM) problem including both quantitative and qualitative 

criteria and has a strategic importance for company. In this research, we present a multi-

criteria decision-making approach for selecting maintenance strategy under partial or 

incomplete information (uncertainty). The conventional methods for maintenance strategy 

selection are inadequate for dealing with the imprecise or vague nature of linguistic 

assessment. To overcome this difficulty, fuzzy multi-criteria decision-making methods are 

proposed. The goal of this research is to use the fuzzy technique for order preference by 

similarity to ideal solution (TOPSIS) methods for the selection of maintenance strategy. In 

this paper selection of maintenance strategies in Punj Lloyd plant Gwalior (India) with the 

application of the proposed fuzzy TOPSIS method is given, showing that the breakdown 

maintenance strategy is the most suitable for material handling equipment.  

KEYWORDS: Multi-criteria decision-making, Maintenance strategy selection, Fuzzy 

TOPSIS method, Linguistic variables, Triangular fuzzy number. 

___________________________________________________________________________ 

INTRODUCTION: In many industries there is a strong incentive to maximize their plant 

and machinery lifetime. This means plant and machinery may be kept running beyond their 

original design lifetime to do so. Therefore, risk and reliability analysis has recently become a 

critical decision tool to optimize maintenance strategy in order to ensure safety and minimize 

costs [1]. Many companies think of maintenance as an inevitable source of cost. For these 

companies maintenance operation have a corrective function and are only executed in 

emergency conditions. Today, this form of intervention is no longer acceptable because of 

certain critical elements such as product quality, plant safety, and the increase in maintenance 

department costs which can represent from 15 to 70% of total production costs [2]. Most 

plants are equipped with various machines, which have different reliability requirements, risk 

levels and failure effect. There, it is clear that a proper maintenance program must define 

different maintenance strategies for different machines. Thus, the reliability and availability 

of production facilities can be kept in an acceptable level and the unnecessary investment 

needed to implement an unsuitable maintenance strategy may be avoided [3]. TOPSIS 

method is a popular approach to multiple criteria decision making (MCDM). The TOPSIS 

method has also been extended to deal with fuzzy MCDM problems. In this paper proposes a 

fuzzy TOPSIS method based on fuzzy extension principle. 
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LITRETURE REVIEW: Related fuzzy TOPSIS method following works is to we done. 

Mansour Momeni, Mohammad Reza Fathi, Mohammad karimi Zarchi, and Sirous Azizollahi  

(2011) A fuzzy TOPSIS-based approach to maintenance strategy selection: A case study. 

Irfan Ertugrul and Nilsen Karakasoglu (2008) Comparison of fuzzy AHP and fuzzy TOPSIS 

mrthods for facility location selection. Elissa Nadia Madi, and Abu Osman Md Tap (2011) 

Fuzzy TOPSIS method in the selection of investment boards by incorporating operational 

risks. Maysam Ashrafzadeh, Farimah Mokhatab Rafiei, Naser Mollaverdi Isfani, and Zahra 

Zare (2012) Application of fuzzy TOPSIS method for the selection of Warehouse Location: 

A case study. Deng Yong (2006) Plant location selection based on fuzzy TOPSIS. Ying-Ming 

Wang and Taha M. S. Elhag (2006) Fuzzy TOPSIS method based on alpha level sets with an 

application to bridge risk assessment. Heresh Soltan Panah, Hiwa Farughi and Seiran 

Heshami (2011) Ranking repair and maintenance projects of large bridges in Kuurdestan 

Province using fuzzy TOPSIS method. Yahia Zare Mehrjerdi (2012) Developing fuzzy 

TOPSIS method based on interval valued fuzzy sets. Mehdi Amiri-Aref, Nikbakhsh Javadian, 

Mohammad Kazemi (2012) A new fuzzy positive and negative ideal solution for fuzzy 

TOPSIS.  

FUZZY SETS, LINGUISTIC VARIABLE and FUZZY NUMBERS:  

In order to deal with vagueness of human thought, Zadeh [4] first introduced the fuzzy set 

theory. A fuzzy set is a class of objects with a continuum of grades of membership. Such of 

objects a set is characterized by a membership function which assigns to each object a grade 

of membership ranging between zero and one [4].  

A linguistic variable is a variable the values of which are linguistic terms. Linguistic terms 

have been found intuitively easy to use in expressing the subjectiveness and/or qualitative 

imprecision of a decision maker’s assessments [5].  

It is possible to use different fuzzy numbers according to the situation. In applications it is 

often convenient to work with triangular fuzzy numbers (TFNs) because of their 

computational simplicity, and they are useful in promoting representation and information 

processing in a fuzzy environment [6]. In this study TFNs are adopted in the fuzzy TOPSIS 

methods. 

      Triangular fuzzy numbers can be defined as a triplet (a, b, c). The parameters a, b, and c 

respectively, indicate the smallest possible value, the most promising value, and the largest 

possible value that describe a fuzzy event. A triangular fuzzy number X is shown in fig. 1 [7]. 

The distance between two triangular fuzzy numbers can be vertex method [8]: 

dv(ṁ, ṅ) = √1/3[(a1 – a2)
2
 + (b1 – b2)

2
 + (c1 – c2)

2
] 

µX 

1.0 

 

0.0        X 

             a           b            c 

            Fig. 1 
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THE FUZZY TOPSIS METHOD:  

In fuzzy MCDM problems, criteria values and the relative weights are usually characterized 

by fuzzy numbers. A fuzzy number is a convex fuzzy set, characterized by a given interval of 

real numbers, each with a grade of membership between 0 and 1 [10]. 

TOPSIS method is a technique for order preference by similarity to ideal solution and 

proposed by Hwang and Yoon (1981). The ideal solution (also called positive ideal solution) 

is a solution that maximizes the benefit criteria and minimizes the cost criteria, whereas the 

negative ideal solution (also called anti-ideal solution) maximizes the cost criteria and 

minimizes the benefit criteria. The best strategy is the one, which is closest to the ideal 

solution and farthest from the negative ideal solution [10]. Fuzzy TOPSIS method is the 

combination of both fuzzy MCDM method and TOPSIS method. The various steps of fuzzy 

TOPSIS method are presented as follows: 

STEP-1: Form a committee of experts. 

First of all a committee of experts is formed. In a decision committee that has K experts; 

fuzzy rating of each experts Ek = (k = 1, 2…K) can be represented as triangular fuzzy number 

with membership function µN. 

STEP-2: Identify the evaluation criteria. 

STEP-3: Choose the appropriate linguistic variables. 

After that, appropriate linguistic variables are chosen for evaluating criteria and maintenance 

strategies. 

STEP-4: Aggregate the weight of criteria. 

STEP-5: Construct the fuzzy decision matrix. 

Then the fuzzy decision matrix is constructed as: 

          D =   
X11   X12 ⋯ X1n

⋮ ⋱ ⋮
Xm1  Xm2 ⋯ Xmn

  

STEP-6: Normalize the fuzzy decision matrix. 

After constructing the fuzzy decision matrix, it is normalized. We can obtain the normalized 

fuzzy decision matrix N. 

N = [rij]mxn  i = 1, 2,…,m; j = 1, 2,…n   where rij = (aij/cj
*
, bij/cj

*
, cij/cj

*
), cj

*
 = maxicij 

STEP-7: Construct weighted normalized fuzzy decision matrix. 

Considering the different weight of each criterion, the weighted normalized decision matrix is 

computed by multiplying the importance weights of evaluation criteria and values in the 

normalized fuzzy decision matrix. The weighted normalized decision matrix W is defined as: 

W = [vij]mxn  i = 1, 2,…,m  j = 1, 2,…n    vij  = rij*wj 

Here wj represents the importance weight of criterion Cj. 
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STEP-8: Determine FPIS and FNIS. 

Then, the fuzzy positive ideal solution (FPIS, M
+
) and fuzzy negative ideal solution (FNIS, 

M
-
) are determined as [9]: 

M
+
 = (v1

+
, v2

+
…vn

+
),   M

-
 = (v1

-
, v2

-
…vn

-
)   where vj

+
 = maxi{vij} vj

-
 = mini{vij} 

STEP-9: Calculate the distance of each maintenance strategy from FPIS and FNIS. 

Then, the distance of each strategy from FPIS and FNIS are calculated as: 

Di
+
 = Σj=1

n
 dv (vij, vj

+
),   Di

-
 = Σj=1

n
 dv (vij, vj

-
)  i = 1, 2,…m 

Where dv(.,.) is the distance measurement between two fuzzy numbers. 

STEP-10: Calculate the closeness coefficient (CCi) of each maintenance strategy. 

A closeness coefficient (CCi) is defined to rank all possible strategies. The closeness 

coefficient represents the distances to the fuzzy positive ideal solution (M
+
) and fuzzy 

negative ideal solution (M
-
) simultaneously. The closeness coefficient of each strategy is 

calculated as [8]: 

CCi = Di
-
/Di

+
 + Di

-
      i = 1, 2…m  

STEP-11: Rank the maintenance strategy according to their closeness coefficient.  

Value of closeness coefficient (CCi) is lies between 0 and 1. The larger the CCi value, the 

better the performance of the maintenance strategy. 

A CASE STUDY: In this research selection of maintenance strategy of material handling 

equipment in Punj Lloyd plant Gwalior. In this research five experts (E1, E2, E3, E4, and E5) 

and six strategies (corrective maintenance M1, preventive maintenance M2, condition based 

maintenance M3, opportunistic maintenance M4, predictive maintenance M5, and breakdown 

Maintenance M6). This research framework includes 10 evaluation criteria, such as quality 

(C1), spare parts inventories (C2), purchasing cost of spare parts (C3), maintenance labour cost 

(C4), Reliability (C5), safety (C6), Maintenance time (C7), Facilities (C8), cost of supporting 

equipment (C9), and environment (C10). After the construction of the hierarchy the different 

priority weights of each criteria and strategy are calculated using the fuzzy TOPSIS method. 

TABLE 1: Linguistic variables for importance weight of each criterion 

S No Linguistic variable  Code Fuzzy number 

1 Very low VL (0, 0, 0.1) 

2 Low L (0, 0.1, 0.3) 

3 Medium low ML (0.1, 0.3, 0.5) 

4 Medium M (0.3, 0.5, 0.7) 

5 Medium high MH (0.5, 0.7, 0.9) 

6 High H (0.7, 0.9, 1.0) 

7 Very high VH (0.9, 1.0, 1.0) 
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TABLE 2: Linguistic variables for the ratings 

S No Linguistic variable  Code Fuzzy number 

1 Very poor VP (0, 0, 1) 

2 Poor P (0, 1, 3) 

3 Medium poor MP (1, 3, 5) 

4 Fair F (3, 5, 7) 

5 Medium good MG (5, 7, 9) 

6 Good G (7, 9, 10) 

7 Very good VG (9, 10, 10) 

TABLE 3: Linguistic assessments for the 10 criteria. 

S No Criteria Code Experts 

E1 E2 E3 E4 E5 

1 Quality C1 VH H VH VH H 

2 Spare parts inventories C2 MH M ML L VL 

3 Purchasing of spare parts  C3 M ML M MH ML 

4 Maintenance labour cost C4 MH H ML M M 

5 Reliability C5 VH H H VH VH 

6 Safety C6 H VH H VH VH 

7 Maintenance time C7 MH M H MH H 

8 Facilities C8 H  MH VH H MH 

9 Cost of supporting equipment  C9 L ML M M VL 

10 Environment  C10 MH H VH H MH 

TABLE 4: Aggregate fuzzy criteria weight 

TABLE 5: Ratings of the six maintenance strategies by five experts under ten decision 

criteria. 

Criteria Strategies Experts 

E1 E2 E3 E4 E5 

C1 M1 G VG G G VG 

M2 F MG F F MG 

M3 G G VG VG MG 

M4 F MG G G MG 

M5 MP F MG MG F 

M6 VG G VG G VG 

C2 

 

M1 G MG F MG G 

M2 F MP P MP F 

M3 P VP P MP P 

M4 MG G G MG F 

M5 P VP MP MP P 

M6 VG G G G MG 

C3 M1 G MG F MG G 

Code Weight Code Weight 

C1 (0.82, 0.96, 1) C6 (0.82, 0.96, 1) 

C2 (0.18, 0.32, .5) C7 (0.54, 0.74, 0.9) 

C3 (0.26, 0.46, 0.66) C8 (0.7, 0.88, 0.98) 

C4 (0.38, 0.58, 0.76) C9 (0.14, 0.28, 0.46) 

C5 (0.82, 0.96, 1) C10 (0.66, 0.84, 0.96) 
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 M2 MP F F MP G 

M3 MP F MG F MP 

M4 MG G F MG MG 

M5 P MP F MP F 

M6 G G VG VG G 

C4 

 

M1 MP F G G F 

M2 G F P MP MP 

M3 F MG F MP MP 

M4 MP MP F P F 

M5 P MP MP MP F 

M6 G VG VG G VG 

C5 

 

M1 G VG VG G MG 

M2 MP F F MG MG 

M3 G G VG G MG 

M4 MG G F F G 

M5 MP F MG F MP 

M6 G G VG VG G 

C6 M1 G MG MG G MG 

M2 MG F F MG G 

M3 G G VG G G 

M4 G MG F F MG 

M5 F MG G MG F 

M6 G G VG MG MG 

C7 

 

M1 G MG G G MG 

M2 F F MP MP G 

M3 F MP MP G MP 

M4 F MP MG G MG 

M5 MG F MP MP P 

M6 VG G VG VG VG 

C8 M1 G VG G MG MG 

M2 MG F F MG F 

M3 VG G VG G VG 

M4 F MP P MG MP 

M5 G MG G MG MG 

M6 MG G VG VG VG 

C9 M1 G F MG F MG 

M2 F MP MP G MG 

M3 F MG MG MP MG 

M4 MP MP F F MP 

M5 MP P MP MP F 

M6 VG VG G VG VG 

C10 M1 F G MG G VG 

M2 G MG MG G G 

M3 VG G VG VG G 

M4 F G MG F MG 

M5 G G G MG MG 

M6 VG G G VG G 
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TABLE 6: fuzzy decision matrix 

     Strategy 

Criteria 

M1 M2 M3 M4 M5 M6 

C1 (7.8, 9.4, 10) (3.8, 5.8, 7.8) (7.4, 9, 9.8) (5.4, 7.4, 9) (3.4, 5.4, 8.4) (8.2, 9.6, 10) 

C2 (5.4, 7.4, 9) (1.6, 3.4, 5.4) (0.2, 1.2, 4.2) (5.4, 7.4, 9) (0.2, 1.6, 3.4) (7, 8.8, 9.8) 

C3 (5.4, 7.4, 9) (3, 5, 6.8) (2.6, 4.6, 6.6) (5, 7, 8.8) (1.6, 3.4, 5.4) (7.8, 9.4, 10) 

C4 (4.2, 6.2, 7.8) (2.4, 4.2, 6) (2.6, 4.6, 6.6) (1.6, 3.4, 5.4) (1.2, 3, 5) (8.2, 9.6, 10) 

C5 (7.4, 9, 9.8) (3.4, 5.4, 8.4) (7, 8.8, 9.8) (5, 7, 8.6) (2.6, 4.6, 6.6) (7.8, 9.4, 10) 

C6 (5.8, 7.8, 9.4) (4.6, 6.6, 8.4) (7.4, 9.2, 10) (4.6, 6.6, 8.4) (4.6, 6.6, 8.4) (6.6, 8.4, 9.6) 

C7 (6.2, 8.2, 9.6) (3, 5, 6.8) (2.6, 4.6, 6.4) (4.2, 6.2, 8) (2, 3.8, 5.8) (8.6, 9.8, 10) 

C8 (6.6, 8.4, 9.6) (3.8, 5.8, 7.8) (8.2, 9.6, 10) (2, 3.8, 5.8) (5.8, 7.8, 9.4) (7.8, 9.2, 9.8) 

C9 (4.6, 6.6, 8.4) (3.4, 5.4, 7.2) (3.8, 5.8, 7.8) (1.8, 3.8, 5.8) (1.2, 3, 5) (8.6, 9.8, 10) 

C10 (6.2, 8, 9.2) (6.2, 8.2, 9.6) (8.2, 9.6, 10) (4.6, 6.6, 8.4) (6.2, 8.2, 9.6) (7.8, 9.4, 10) 

 

TABLE 7: Fuzzy normalized decision matrix for the selection of maintenance strategy for material 

handling equipment. 

     Strategy 

Criteria 

M1 M2 M3 M4 M5 M6 

C1 (0.8, 0.9, 1) (0.4, 0.6, 0.8) (0.7, 0.9, 1) (0.5, 0.7,0. 9) (0.3, 0.5, 0.8) (0.8, 1, 1) 

C2 (0.6, 0.8, 0.9) (0.2, 0.3, 0.6) (0.0, 0.1, 0.4) (0.6, 0.8, 0.9) (0.0, 0.2, 0.3) (0.7, 0.9, 1) 

C3 (0.5, 0.7, 0.9) (0.3, 0.5, 0.7) (0.3, 0.5, 0.7) (0.5, 0.7, 0.9) (0.2, 0.3, 0.5) (0.8, 0.9, 1) 

C4 (0.4, 0.6, 0.8) (0.2, 0.4, 0.6) (0.3, 0.5, 0.7) (0.2, 0.3, 0.5) (0.1, 0.3, 0.5) (0.8, 1, 1) 

C5 (0.7, 0.9, 1) (0.3, 0.5, 0.8) (0.7, 0.9, 1) (0.5, 0.7, 0.9) (0.3, 0.5, 0.7) (0.8, 0.9, 1) 

C6 (0.6, 0.8, 0.9) (0.5, 0.7, 0.8) (0.7, 0.9, 1) (0.5, 0.7, 0.8) (0.5, 0.7, 0.8) (0.7, 0.8, 1) 

C7 (0.6, 0.8, 1) (0.3, 0.5, 0.7) (0.3, 0.5, 0.6) (0.4, 0.6, 0.8) (0.2, 0.4, 0.6) (0.9, 1, 1) 

C8 (0.7, 0.8, 1) (0.4, 0.6, 0.8) (0.8, 1, 1) (0.2, 0.4, 0.6) (0.6, 0.8, 0.9) (0.8, 0.9, 1) 

C9 (0.5, 0.7, 0.8) (0.3, 0.5, 0.7) (0.4, 0.6, 0.8) (0.2, 0.4, 0.6) (0.1, 0.3, 0.5) (0.9, 1, 1) 

C10 (0.6, 0.8, 0.9) (0.6, 0.8, 1) (0.8, 1, 1) (0.5, 0.7, 0.8) (0.6, 0.8, 1) (0.8, 0.9, 1) 

 

TABLE 8: Weighted normalized fuzzy decision matrix for selection of material handling equipment. 

     Strategy 

Criteria 

M1 M2 M3 M4 M5 M6 

C1 (0.7, 0.9, 1) (0.3, 0.6, 0.8) (0.6, 0.9, 1) (0.4, 0.7,0. 9) (0.2, 0.5, 0.8) (0.7, 1, 1) 

C2 (0.1, 0.3, 0.5) (0.0, 0.1, 0.3) (0.0, 0.0, 0.2) (0.1, 0.3, 0.5) (0.0, 0.1, 0.2) (0.1, 0.3, 0.5) 

C3 (0.1, 0.3, 0.6) (0.1, 0.2, 0.5) (0.1, 0.2, 0.5) (0.1, 0.3, 0.6) (0.1, 0.1, 0.3) (0.2, 0.4, 0.7) 

C4 (0.2, 0.3, 0.6) (0.1, 0.2, 0.5) (0.1, 0.3, 0.5) (0.1, 0.2, 0.4) (0.0, 0.2, 0.4) (0.3, 0.6, 0.8) 

C5 (0.6, 0.9, 1) (0.2, 0.5, 0.8) (0.6, 0.9, 1) (0.4, 0.7, 0.9) (0.2, 0.5, 0.7) (0.7, 0.9, 1) 

C6 (0.5, 0.8, 0.9) (0.4, 0.7, 0.8) (0.6, 0.9, 1) (0.4, 0.7, 0.8) (0.4, 0.7, 0.8) (0.6, 0.8, 1) 

C7 (0.3, 0.6, 0.9) (0.2, 0.4, 0.6) (0.2, 0.4, 0.6) (0.2, 0.4, 0.7) (0.1, 0.3, 0.5) (0.5, 0.7, .9) 

C8 (0.5, 0.7, 1) (0.3, 0.5, 0.8) (0.6, 0.9, 1) (0.1, 0.4, 0.6) (0.4, 0.7, 0.9) (0.6, 0.8, 1) 

C9 (0.1, 0.2, 0.4) (0.0, 0.1, 0.3) (0.1, 0.2, 0.4) (0.0, 0.1, 0.3) (0.0, 0.1, 0.2) (0.1, 0.3, 0.5) 

C10 (0.4, 0.7, 0.9) (0.4, 0.7, 1) (0.5, 0.8, 1) (0.3, 0.6, 0.8) (0.4, 0.7, 1) (0.5, 0.8, 1) 
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 To obtain both fuzzy positive ideal solutions (FPIS) and fuzzy negative ideal solution (FNIS) 

are as following:  

M
+
 = [(1, 1, 1), (0.5, 0.5, 0.5), (0.7, 0.7, 0.7), (0.8, 0.8, 0.8), (1, 1, 1), (1, 1, 1), (0.9, 0.9, 0.9), 

(1, 1, 1), (0.5, 0.5, 0.5), (1, 1, 1)] 

M
-
 = [(0.2, 0.2, 0.2), (0.0, 0.0, 0.0), (0.1, 0.1, 0.1), (0.0, 0.0, 0.0), (0.2, 0.2, 0.2), (0.4, 0.4, 

0.4), (0.1, 0.1, 0.1), (0.1, 0.1, 0.1), (0.0, 0.0, 0.0), (0.3, 0.3, 0.3)] 

Then the distance of each maintenance strategy from FPIS and FNIS with respect to each 

criterion are calculated by using vertex method as: 

D (M1, M
+
) = √1/3[(1 – 0.7)

2
 + (1 – 0.9)

2
 + (1 – 1)

2
] = 0.18 

D (M1, M
-
) = √1/3[(0.2 – 0.7)

2
 + (0.2 – 0.9)

2
 + (0.2 – 1)

2
] = 0.68 

Here only the calculation of the distance of the first strategy to FPIS and FNIS for the first 

criterion is shown above, as the calculated are similar in all steps. The results of all 

TABLE 9: Distance between Mi (i = 1, 2, 3, 4, 5, 6) and M
+
 with respect to each criterion. 

       Criteria 

Strategy 

C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 

D (M1, M
+
) 0.18 0.26 0.42 0.47 0.24 0.32 0.39 0.34 0.29 0.39 

D (M2, M
+
) 0.48 0.39 0.47 0.56 0.57 0.40 0.53 0.51 0.39 0.39 

D (M3, M
+
) 0.24 0.42 0.47 0.53 0.24 0.24 0.53 0.24 0.29 0.31 

D (M4, M
+
) 0.39 0.26 0.42 0.58 0.39 0.40 0.53 0.67 0.37 0.48 

D (M5, M
+
) 0.56 0.41 0.54 0.62 0.57 0.40 0.65 0.39 0.40 0.39 

D (M6, M
+
) 0.17 0.26 0.34 0.31 0.18 0.26 0.26 0.26 0.26 0.31 

 

TABLE 10: Distance between Mi (i = 1, 2, 3, 4, 5, 6) and M
-
 with respect to each criterion. 

       Criteria 

Strategy 

C1 C2 C3 C4 C5 C6 C7 C8 C9 C10 

D (M1, M
-
) 0.68 0.34 0.31 0.40 0.66 0.37 0.56 0.67 0.26 0.42 

D (M2, M
-
) 0.42 0.18 0.24 0.32 0.39 0.29 0.34 0.48 0.18 0.47 

D (M3, M
-
) 0.66 0.12 0.24 0.34 0.66 0.47 0.34 0.75 0.26 0.51 

D (M4, M
-
) 0.51 0.34 0.31 0.26 0.51 0.29 0.39 0.34 0.18 0.34 

D (M5, M
-
) 0.34 0.13 0.12 0.26 0.34 0.29 0.26 0.60 0.13 0.47 

D (M6, M
-
) 0.71 0.34 0.39 0.60 0.68 0.43 0.62 0.72 0.34 0.51 

 

TABLE 11: Computations of Di
+
, Di

-
, CCi and Ranks 

Strategy  Di
+
 Di

-
 CCi Ranks 

M1 3.30 4.67 0.586 2 

M2 4.67 3.31 0.415 5 

M3 3.51 4.35 0.553 3 

M4 4.49 3.47 0.436 4 

M5 4.93 2.94 0.374 6 

M6 2.61 5.34 0.672 1 
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RESULT: 

With the help of fuzzy TOPSIS method the order ranking of maintenance strategy for 

material handling equipment are as M6 > M1 > M3 > M4 > M2 > M5. The result show that 

breakdown maintenance (M6) is the best maintenance strategy for material handling 

equipments and predictive maintenance (M5) is the poor maintenance strategy for material 

handling equipments.  

CONCLUSION:  

In maintenance department of Punj Lloyd plant Gwalior is difficult problem for selecting the 

maintenance strategy. This study presents a multi-criteria decision making (MCDM) for 

evaluation of maintenance strategy for material handling equipment by implementing fuzzy  

Technique for Order Preference by Similarity to Ideal Solution (TOPSIS) method. An 

optimal maintenance strategy can improve reliability levels of material handling equipments 

and reduce unnecessary investment in maintenance of material handling equipments.  

Finally, observing all these results, fuzzy Technique for Order Preference by Similarity to 

Ideal Solution (TOPSIS) method proposes breakdown maintenance (M6) strategy as the best 

choice. 
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