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This research presents a systematic 

approach for selecting a maintenance 

strategy in an industrial facility through 

the integration of the Analytical Hierarchy 

Process (AHP) and Fuzzy Logic. The first 

Baghdad South Gas Power Plant needs to 

reduce production shutdowns and 

maintain the safety of the plant and its 

employees, especially given the 

significant need to increase maintenance 

operations. This study aims to select the 

most appropriate maintenance strategies 

for the power plant that maintains the 

plant's efficient operation. The Fuzzy 

Analytical Hierarchy Process (FAHP) 

technique was used to determine the 

relative importance of each of the main 

and sub-criteria. Microsoft Excel was 

used to calculate the results. Relative 

weights were determined based on a 

pairwise comparison list conducted by 

three experts in the power plant. The 

study concluded that time-based 

maintenance is the most preferred 

maintenance strategy for decision makers 

in the power plant. Condition-based 

maintenance was the second most 

important strategy. We recommend 

adopting time-based maintenance and 

increasing reliance on condition-based 

and predictive maintenance, while 

reducing reliance on corrective 

maintenance. 
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 المستخلص

ي لنًُشدد ا لن ددُيعتج عددٍ قةيدد  يقدمو لنحثددر قةيقددج يُلاختددج استتدديج ل ددتةلنتختج لن ددتيَج  دد

نكييم عًهتج لنتثهتم لنلاةيي ولنًُط  لنضحيبي.  ي ظم حيجدج يثطدج رلاةبدين جُدغد ب دملا لن ي يدج 

للأونى لندى نقهتدم نغاتديلإ لاَتديال ولنًثي لدج عهدى ليديٌ لنًثطدج ولنًدغظتتٍ. س غددي يد  وجدغا 

يج أرثددة ل ددتةلنتختيلإ لن ددتيَج حيجددج رحتددةا نةيددياا عًهتدديلإ لن ددتيَج. ندددسى ادد ِ لنمجل ددج لنددى لستتدد

يلائًج نًثطج لنكلاةبين. لنتي نثي ع عهى ل تًةلج عًم لنًثطج بكتينا. وام نى ل تخملو نقُتدج عًهتدج 

(. نتثميم للأاًتج لنُدحتج نكم يٍ لنًسدييتة لنةئتددتج ولنتةعتدج. ندى FAHPلنتثهتم لنلاةيي لنضحيبي )

يئج. وندى نثميدم لاو لٌ لنُددحتج بُدين عهدى ايئًدج ( ايخديا لنُتدMicrosoft Excelل تخملو بةَييج )

وسه د  لنمجل دج لندى لٌ لن دتيَج  للاثج سحةلن  ي لنًثطج لنكلاةبيئتجلنًقيجَج لنثُيئتج لنتي أجةلاي ث

لنًحُتج عهى لنغا  اي لن تيَج للأرثة نتضدتلا بينُددحج نًتخد ل لنقدةلج  دي لنًثطدج لنكلاةبيئتدج. وأٌ 

ثديَي أادى ل دتةلنتختج. ند ل َغددي بيعتًديا لن دتيَج لنًحُتدج عهدى لنغاد .  لن تيَج لنًحُتج عهى لنثيندج

و يددياا لاعتًدديا عهددى لن ددتيَج لنًحُتددج عهددى لنثينددج ولنتُحييددج. يقيبددم نقهتددم لاعتًدديا عهددى لن ددتيَج 

 لنسلاجتج.

لنضدحيبيل عًهتدج لنخدي  لنقدةلج يتسدما لنًسدييتةل ةالجا لن دتيَجل  تي دج لن دتيَجل لنًُطد   الكلماث المفتاحيت:

 .لنتثهتم لنلاةيي

1-Introduction: 

   Maintenance is one of the areas that plays a vital role in determining 

productivity. The main objective of a maintenance strategy is to minimize 

breakdowns and keep the plant in good working condition. The maintenance 

strategy plays a key role in ensuring long-term system availability. This 

study is based on the importance of developing a scientific, systematic 

approach, such as the Analytical Hierarchy Process (AHP), in selecting a 

maintenance strategy. This approach balances conflicting criteria and 

desires, in addition to using fuzzy logic to address inaccuracy in expert 

opinions. The research aims to select a maintenance strategy that ensures the 

least possible downtime and contributes to increasing the efficiency of 

maintenance operations. The winning maintenance strategy, the reasons that 

influenced the evaluation of strategies, and ways to improve the 

maintenance policy applied in the power plant will be presented. This study 

aims to provide an integrated methodology that contributes to making 

                                                 
*
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strategic decisions that meet the requirements of decision makers, thus 

contributing to achieving the goals of industrial companies. 

Research issue: 

   The first South Baghdad Gas Power Plant is facing an increasing number 

of breakdowns and an increased need for maintenance due to the use of 

heavy liquid fuel, which suffers from impurities. and because of the 

obsolescence of the power plant components. This impacts production, 

safety, and the availability of spare parts, some of which are imported and 

require replacement with the help of companies from different countries, 

this impacts the efficiency of the power plant. 

Research objective: 

   The research aims to select an appropriate maintenance strategy for the 

South Baghdad Gas Power Plant, which increases the efficiency of 

maintenance operations, contributes to reducing maintenance downtime, and 

increases the safety level for employees and the plant. This is done by 

ranking the alternatives based on the relative weight of each alternative, 

using the Fuzzy Analytical Hierarchy Process (FAHP). This requires 

calculating the Global weights of the criteria and then finding the total 

weight of the alternatives. 

The importance of research: 

   The research carries scientific and practical importance, as it presents an 

integrated methodology for selecting a maintenance strategy, using the 

Fuzzy Analytical Hierarchy Process (FAHP). It also contributes to reducing 

power plant downtime, increasing safety levels, and improving the 

management of spare parts stock, thus increasing the overall efficiency of 

the plant. 

Literature Review: 

   There are numerous studies on maintenance strategy selection. Bevilacqua 

& Braglia (2000) conducted a study on maintenance strategy selection. The 

study aimed to identify and group machines into three homogeneous groups 

and implement the Analytical Hierarchy Process (FAHP) method to select a 

maintenance strategy. Using a case study in the Italian petroleum industry, 

the study concluded that the AHP method can address the decision-making 

problem more completely and comprehensively, taking into account 

multiple factors compared to a method such as FMECA. Because the 

method can integrate qualitative and quantitative information, managers can 

express all factors through pairwise comparison. There is satisfaction with 

maintenance management derived from the use of the AHP methodology. 

Sharma et al (2005) published a study on fuzzy logic-based maintenance 

strategy selection. The study aimed to develop a fuzzy logic-based model 

using a multiple-input, single-output (MISO) framework to select the 

appropriate maintenance strategy for equipment. The study focused on the 
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manufacturing sector. The most important findings of the study were that 

the proposed model was able to handle uncertainty and provide a more 

accurate assessment, thus selecting the most beneficial and efficient 

maintenance strategy. Proactive (CBM) and aggressive (TPM) maintenance 

strategies were significantly better than traditional reactive maintenance 

(BDM). 

Wang et al (2007) aimed to evaluate different maintenance strategies (e.g., 

corrective, preventive, time-based, condition-based, and predictive 

maintenance) for various equipment. They developed a decision-making 

system based on AHP and Fuzzy Logic to handle uncertainty in expert 

judgment. The target sector of the research was the power generation 

industry. The FAHP model is suitable for handling uncertainty and precision 

in expert judgment. Maintenance strategies were ranked based on their 

ability to meet organizational objectives. Predictive maintenance is the most 

suitable strategy for boilers. 

Fazlollahtabar & Yousefpoor (2008) conducted a study using the AHP 

method to evaluate different maintenance strategies (e.g., remedial 

maintenance, time-based preventive maintenance, condition-based 

maintenance, and predictive maintenance) for various equipment used in a 

virtual learning environment. Their most important finding was that the 

AHP method accurately evaluated criteria, sub criteria, and alternatives. The 

result of the AHP method is an overall ranking of alternatives. An optimal 

maintenance strategy combination can improve the availability and 

reliability levels of plant equipment. 

Pun et al. (2017) proposed a decision support system based on the fuzzy 

analytic hierarchy process (FAHP) for multi-criteria decision making to 

select the most effective strategy in building maintenance. It was found that 

by finding the most appropriate strategy, work efficiency can be improved 

and costs reduced. 

Mostafa & Fahmy (2020) studied six different pieces of equipment to 

evaluate five different maintenance strategies based on multiple criteria, 

such as cost, wear, and feasibility. They used the Analytical Hierarchy 

Process (AHP) to solve the maintenance strategy selection problem at a 

natural gas processing plant. The results showed that the plant needed to 

make changes to its strategy, which would lead to improved plant resource 

utilization, reduced total maintenance costs, and increased equipment 

availability. 

Rahman et al. (2021) used the Analytical Hierarchy Process (AHP) 

technique to make a decision about outsourcing application maintenance. 

Fifteen influencing factors were used. These factors were then evaluated 

through a pilot study, which identified 10 critical success factors. The AHP 

model was then evaluated through three case studies in three companies. 
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2-Methodology:  

   Selecting a maintenance strategy for a power plant using the Fuzzy 

Analytical Hierarchy Process (FAHP) to extract the relative importance of 

key criteria (safety, business interruption loss, and technical feasibility). 

These criteria include sub-criteria: personal safety, facility safety, 

environmental safety, spare parts stock, production loss, quality, reliability, 

and applicability. 

Section One: Theoretical Framework 

1-Maintenance: 

   Maintenance is described as a set of all technical and managerial 

procedures, including supervisory procedures, that aim to maintain or 

restore an item to a condition in which it can perform the required function 

(Lagnebäck, 2007: p19). Maintenance is defined as a set of all 

corresponding technical and administrative procedures intended to be 

maintaining an item or returning it to a condition in which it can perform its 

required function (BESNARD, 2009: p23). 

Most authors of articles and books on maintenance management define it as 

“the collection of actions needed to maintain or restore equipment, facilities, 

and other physical assets in a desired operating condition.” (Rastegari, 2012: 

p10). 

1.1-Maintenance strategy: 

   Having a strategy means emphasizing long-term goals rather than short-

term ones, establishing wide-ranging, general goals for the organization, 

detaching yourself from day-to-day work, and concentrating on long-term 

goals (Kange & Lundell, 2015: p10).  

Maintenance strategies are needed because plant and building performance 

affects quality, costs, and customer needs, and therefore has direct input into 

the overall profitability (Salonen, 2009: p29). The domain of maintenance is 

frequently categorized into more specific approaches to how practical 

maintenance activities are performed (Lagnebäck, 2007: p20). The asset 

maintenance strategy relies on a coordinated set of core goals and policies 

for the maintenance process (Salonen, 2009: p30). The strategy is the 

comprehensive guide for making decisions related to maintenance 

operations (Kange & Lundell, 2015: p10). 

The strategy must aim to achieve the organization's goals; if not, the strategy 

must be adjusted (Olsen, 2017: p9). In line with manufacturing, corporate, 

and business-level strategies; in a manner that clarifies and discloses the 

organizational purpose; and identifies the nature of the economic and non-

economic contributions it aims to provide the organization as a whole 

(Salonen, 2009: p30). The choice of maintenance strategy is significantly 

affected by the company's business strategy, the characteristics of 
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production, the type of production machinery used in the organization and 

other factors  (Žilka, 2014: p210). 

1.2- Some of the most important maintenance strategies are: 

1.2.1- Corrective Maintenance: 

   In corrective maintenance or run-to-failure (RTF) strategy, corrective 

action is implemented to restore a device to a functional state after it has 

unexpectedly stopped working. This action entails either repairing or 

replacing the failed component and can be performed as needed (Abbas & 

Shafiee, 2020: p3). This means that no maintenance procedures are 

performed until the fault occurs (Žilka, 2014: p210). It is the most basic 

form of classic maintenance policy where an asset is used until it 

breaks/fails with the only activity focused on repairing and maintaining the 

parts. Corrective maintenance can then be Categorized into subtypes 

according to whether it is done immediately or postponed to a later date 

(Muyingo, 2009: p6). 

1.2.2-time-based preventive maintenance: 

   Time-based maintenance is preventive maintenance in which tasks are 

performed regularly depending on the elapsed time regardless of the actual 

condition of the item (Muyingo, 2009: p6). Preventive maintenance is the 

process of performing particular inspections, tests, measurements, 

adjustments, or replacement of parts, specifically intended to prevent 

breakdowns (Erkoyuncu et al, 2017: p3). Preventive tasks mean substituting 

components or repairing items at specified intervals, i.e. preventing 

premature equipment damage and preventing unscheduled downtime 

(Fredriksson & Larsson, 2012: p30). 

1.2.3- Condition-Based Maintenance 

   The concept of condition-based maintenance is to evaluate the state of 

technical systems and/or components by monitoring their condition, and to 

perform maintenance only when potential failures can be predicted. 

Condition monitoring uses techniques such as vibration analysis and oil 

analysis (Salonen, 2009: p18). This maintenance strategy respects the actual 

technical condition assessed through technical diagnostic methods (Žilka, 

2014: p210). The test results must be processed to detect, isolate and 

identify the fault (Achermann, 2008: p17). Machinery and equipment are 

only shut down when they reach the wear threshold, or the limit values of 

monitored properties, indicating a risk of failure (Žilka, 2014: p210). 

1.2.4- Predictive maintenance 

   Within a predictive maintenance policy, data is analyzed to detect patterns 

that can predict performance degradation. Maintenance activities are then 

scheduled based on future failure times and other relevant factors (Muyingo, 

2009: p7). Rotating machines often show signs of imminent failure prior to 

the ultimate breakdown if appropriate action is not taken in a timely manner. 
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For example, there may be elevated temperature or cracks in hot parts, 

increased vibration levels, or changes in vibration patterns and temporal 

waveforms. There may also be a decrease in performance (Chukwuekwe, 

2016: p9). Predictive maintenance relies on the belief that failures can be 

detected, and action taken prior to their occurrence. Therefore, predictive 

maintenance is proactive, meaning tasks are performed before failure 

occurs, thereby preventing failure. Predictive maintenance investigates the 

conditions that could cause deterioration and lead to failure (Fredriksson & 

Larsson, 2012: p31). 

2-Analytical hierarchy process (AHP) 

   The Analytical Hierarchy Process (AHP) is a technique invented by 

Thomas L. Saati in 1981. In AHP, alternatives are assessed based on 

quantitative and qualitative criteria. This is done in a multi-tiered 

hierarchical structure. Weight is then assigned to each alternative to 

determine the overall ranking of the alternatives (Samanlioglu et al, 2018: 

p3). The AHP method was developed by Al-Saati as a multi-criteria 

decision-making (MCDM) tool. It models the decision problem in a 

hierarchical structure consisting of several levels (Wang et al, 2007: p155).  

MCDM refers to finding the optimal decision from all available alternatives 

in the presence of multiple, usually conflicting, evaluation criteria (Torfi, 

2010: p520). Multiple criteria decision making (MCDM) methods are 

frequently used to address real-world problems with multiple, conflicting, 

and incompatible criteria and/or objectives (Kubler et al, 2016: p2). 

In the Analytic Hierarchy process (AHP), decision makers are required to 

compare each group at the same hierarchical level in a pairwise manner 

relying on their own experience and knowledge. For example, each time 

there are two criteria compared with each other’s relative to the objective. 

Since comparisons are made based on personal or subjective assessments, a 

certain degree of inconsistency may occur. To ensure consistency of 

judgments, a final process called consistency checking, one of the biggest 

advantages of AHP, it performs to measure the degree of consistency 

between pairwise comparisons by calculating the consistency ratio (Ho, 

2008: p212). 

To establish priorities, a five-step process is commonly used in the 

Analytical Hierarchy Process (AHP) (Cheng & Li, 2003: p233): 

1- Define the problem to be solved 

2- Break down the problem into a hierarchy 

3- Apply the pairwise comparison method 

4- Calculate the consistency level to eliminate inconsistent answers 

5- Assess the relative weights of the components of each level 
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2.1-Advantages of the Analytical Hierarchy Process (AHP) technique: 

1- The extensive use of the AHP methodology across diverse industries has 

proven its value and increasing validity as a tool in multi-criteria decision 

analysis (Choi, 2021: p8). 

2- The technique of Analytical Hierarchy Process is characterized by the 

fact that it enables the creation of a hierarchical structure for a multi-criteria 

decision problem and its grouping into various levels (Wittstruck & 

Teuteberg, 2012: p210). 

Al-Saati (1980) indicates that the popularity of the Analytical Hierarchy 

Process (AHP) technique stems from three main advantages (Cheng & Li, 

2003: p232): 

3-It assists in analyzing a realistic, complex, unstructured, multi-criteria 

decision-making problem (or research problem) into a set of elements 

represented by variables organized in a multi-level hierarchical form, which 

also determines general priorities by measuring the personal judgments of 

the experts. 

4-This method employs pairwise comparison process, which entails 

comparing two elements simultaneously to form a judgment about their 

relative weights. Because this method compares one element to other 

elements comprehensively, it provides more useful information for verifying 

the validity of the results. 

5- This technique evaluates the consistency level of each comparison 

matrix. Some scholars call this consistency measure a consistency test. 

Especially with appropriate measurements, AHP is more accurate (with 

reduced experimental errors) in achieving a higher degree of consistency. 

2.2-Fuzzy analytical hierarchy process (FAHP) 

   In AHP, experts' comparisons of main criteria, sub-criteria, and 

alternatives are expressed in the form of exact numbers. However, in many 

practical situations, experts' preferences are uncertain, and they are reluctant 

or unable to make numerical comparisons. Fuzzy decision making is an 

effective approach for decision-making in an ambiguous environment. 

Classical decision-making methods only work with precise, regular data, so 

there is no place for ambiguous data (Torfi, 2010: p520). To address 

uncertainty and ambiguity in the decision-making process, we use an 

extension of the Analytical Hierarchy Process (AHP) method, which is 

complemented by Fuzzy Logic (FHP), which has been developed and 

effectively used in many Multi-Criteria Decision-Making (MCDM) 

problems (Samanlioglu et al, 2018: p3). 

Zadeh (1965) proposed fuzzy set theory to solve problems in which the 

interpretation of activities, assessments, and observations is subjective, 

uncertain, and ambiguous. A fuzzy set can be defined as a collection of 

objects whose members have varying degrees of group membership. Fuzzy 
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set theory was introduced by Chang (1996) (Valipour et al, 2018: p5-6). 

Fuzzy set theory is a mathematical theory of non-exact sets. Any crisp set 

can be fuzzified by extending the concept of a set within this theory to the 

concept of a fuzzy set (Samanlioglu et al, 2018: p3). 

2.3- Fuzzy set arithmetic operations: 

   Fundamental mathematical operations involving two fuzzy trigonometric 

numbers              and               where             
      are presented below (Samanlioglu et al, 2018: p3): 

 ̃    ̃                      
 ̃    ̃                      
 ̃    ̃                      

 ̃

 ̃
 (

  
  

 
  

  
 

  

  
) 

 ̃    (
 

  
 

 

  
 

 

  
) 

 

Section Two-applied side and the Study results: 

1-An overview of the South Baghdad Gas Power Plant: 

   The first Baghdad South Gas Power Plant was inaugurated in 2005. It 

consists of two units for generating electricity. A gas power plant generally 

consists of fuel processing and storage tanks, air filters and compressors, a 

combustion chamber, a turbine, and a generator. The plant consists of the 

following departments, which either carry out maintenance work 

themselves, play a supporting role, or supervise the completion of 

maintenance work. These departments are as follows: Electrical 

Department, Mechanical Department, Control Department, Technical 

Support Department, Processing Department, and Safety and Fire 

Department. The importance of applying this research to the Baghdad South 

Gas Power Plant stems from the great need for electricity that Iraq suffers 

from. In addition, power plants operate continuously, which highlights the 

importance of maintenance in maintaining the plant under suitable operating 

conditions and minimizing downtime to the greatest extent possible. 

Furthermore, the power plant consists of thousands of parts and therefore 

requires a maintenance strategy that maintains the plant's operating 

efficiency (prepared by the researcher). 

2-Determine the problem hierarchy: 

   The first step in the AHP process is to create a hierarchical diagram of the 

problem, in which decisions are made using criteria against which 

alternatives will be evaluated. Alternatives are the options between which 

choices are made. The hierarchical model consists of three levels: the 

problem objective or research goal at the top level; the second, or 
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intermediate, level contains the criteria against which evaluation will be 

conducted; and the lowest level contains the alternatives being evaluated. 

The problem hierarchy will be as follows: 

 
Figure (1): The hierarchical diagram of the problem. Source: Prepared by 

the researcher 

3-Distribution of the pairwise comparison matrix: 

   After constructing the hierarchical diagram for the research problem, the 

AHP methodology required a pairwise comparison of the criteria to 

determine their relative weights. Experts from the power plant were tasked 

with completing the pairwise comparison matrix. The experts were selected 

from the maintenance departments. The expert opinions obtained were as 

follows: the head of the electrical department, an engineer from the 

mechanical department, and an engineer from the technical support 

department. The nine-point watchmaker scale was used in the pairwise 

comparison matrix, as shown in the following table: 
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Table (1): An example of the comparison matrix that was used (prepared by 

the researcher based on the sources) 
3 3 3 3 3 3 1 3 criteria 3 criteria 3 1 3 3 3 3 3 3 

        safety  

business 

interruption 

loss 

        

        safety  
technical 

feasibility 
        

        

business 

interruption 

loss 

 
technical 

feasibility 
        

4- Data Fuzzing and Aggregate Matrix Calculation: 

   We then transform the experts' opinions into fuzzy sets to determine 

judgments using a membership function. A triangular fuzzy set was used to 

transform linguistic variables into quantitative values in this study, where 

the pairwise comparison matrix is fuzzy using a triangular fuzzy number M 

= (l, m, u), where l and u represent the lower and upper bounds of the 

decision-maker's expressed preferences, respectively. As shown in the 

following table: 

Table (2): Fuzzy triple numbers 
Reciprocal of fuzzy triple 

numbers 
Fuzzy Triple Numbers Linguistic variables 

 
 

 
 
 

 
 
 

 
  (9, 9, 9) complete preference 

 
 

 
 
 

 
 
 

 
  (8, 7, 6) very strong 

 
 

 
 
 

 
 
 

 
  (6, 5, 4) Strong importance 

 
 

 
 
 

 
 
 

 
  (4, 3, 2) Medium importance 

 
 

 
 
 

 
 
 

 
  (1, 1, 1) equal importance 

(
 

 
 
 

 
 
 

 
)  (

 

 
 
 

 
 
 

 
)   

(
 

 
 
 

 
 
 

 
)  (

 

 
 
 

 
 
 

 
) 

(9, 8, 7), (7, 6, 5), 

(5, 4, 3), (3, 2, 1) 
Intermediate values 

Source: Moslem, S., Ghorbanzadeh, O., Blaschke, T., & Duleba, S. (2019). 

"Analysing stakeholder consensus for a sustainable transport development 

decision by the fuzzy AHP and interval AHP". Sustainability, 11(12), 3271. 

   Next, we combine the experts' opinions: To combine the experts' opinions, 

we use the geometric mean method. As in the following equation, where K 

represents the number of experts, we use the following formula: 

,                  
 

 ⁄  ,                  
 

 ⁄     

                    
 

 ⁄  

5-consistency ratio Calculation: 

   To calculate the consistency ratio (CR) for either standards or alternatives, 

we follow the following steps: 
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1-Convert the triple fuzzy numbers (lmi, mwi, umi) in the combined 

comparison matrix to normal numbers by calculating the average by adding 

the fuzzy numbers and dividing them on their count. 

2-Calculating the normalized matrix      : It is calculated by calculating 

the sum of each column, then dividing each paragraph in the column by the 

sum of the column. 

3-Calculate the arithmetic mean for each row of the last matrix, in order to 

obtain the priority vector column that represents the weights for the criteria. 

4-Calculating the value of the weighted sum column: It is calculated by 

multiplying the priority vector column    by each row of the matrix (except 

the sum row). 

5-Calculating (    ): We do this step by dividing the weighted column 

values by each corresponding value of the priority vector column, then we 

add the resulting numbers and divide them on their count. 

6-Then the consistency index (C.I) is calculated by subtracting the value of 

     from the number of criteria and then dividing it by the number of 

criteria minus one, according to the following law: 

     
      

   
 

7- The consistency ratio (CR), which is the numerical indicator for 

measuring the consistency of the pairwise comparison matrix, is calculated 

by dividing the consistency index (C.I) by the average consistency index 

(RI) as follows:        
  

  
 

The consistency ratio is designed to demonstrate the degree of consistency 

of opinions in pairwise comparisons. If CR < 0.1, experts' opinions are 

consistent, while if CR > 0.1, opinions are inconsistent. Note that the value 

of Ri, as mentioned by Al-Saati, depends on the number of criteria (n). The 

results obtained from calculating the consistency ratio can be summarized in 

the following table: 

Table (3): Summary of consistency ratio calculations 
The result CR Aggregate Matrix comparison NO 

consistent 0.036 Main criteria 1 

consistent 0.066 Safety Sub-criteria 2 

consistent 0.046 business interruption loss sub-criteria 3 

consistent 0.011 technical feasibility sub-criteria 4 

consistent 0.090 Comparison of alternatives according to personal safety 5 

consistent 0.061 Comparison of alternatives according to the facility safety 6 

consistent 0.043 Comparison of alternatives according to the environmental safety 7 

consistent 0.032 Comparison of alternatives according to spare parts inventory 8 

consistent 0.044 Comparison of alternatives according to the production loss 9 

consistent 0.034 Comparison of alternatives according to quality 10 

consistent 0.021 Comparison of alternatives according to reliability 11 

consistent 0.022 Comparison of alternatives according to the applicability 12 
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6- Determine the relative importance of the main and sub-criteria: 

   The relative importance of the main and sub-criteria can be calculated 

through the following steps: 

1-We calculate the arithmetic mean for each criteria with fuzzy values, 

according to the following law: 

 ̃   [∏  ̃  

 

   
]

 
 

 

2-Find the sum of each column of values resulting from the previous point. 

Then find the inverse of each sum by raising it to the power of (-1). Then 

arrange the inverse of the sum in a new row in ascending order. 

3-Obtain the fuzzy weights by multiplying each value of  ̃  with the value of 

the inverse of the sum, arranged in ascending order according to each 

column, as in the following equation: 

 ̃    ̃    ̃    ̃      ̃  
   

4-Removing the fuzzification by calculating the average of the triangular 

fuzzy weights for each row, as in the following equation: 

    
             

 
 

5-Normalization by collecting the values of    and then dividing each value 

by its sum, as in the following equation:             
  

∑   
 
   

 

By performing the same steps and calculations previously applied to all 

criteria, the weights for the main and sub-criteria were extracted, which are 

explained in the following tables. Initially, the weights for the main criteria 

were extracted to determine which were most important to the station 

engineers. The results were as follows: 

Table (4): Relative weights of the main criteria 

Then the relative importance of the sub-criteria was extracted. The result 

was as follows: 

Table (5): Relative weights of sub-criteria 
   criteria NO 

0.160 personal safety 1 

0.465 facility safety 2 

0.375 environmental safety 3 

0.192 spare parts inventory 4 

0.106 production loss 5 

0.702 quality 6 

0.302 reliability 7 

0.698 applicability 8 

Weight in FAHP Main-criteria NO 

3.113 Safety 3 

3.333 business interruption loss 3 

3.333 technical feasibility 1 
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7- We calculate the global weights by multiplying the weight of each main 

criterion by the weights of its sub-criteria. Using the above data, we can 

extract the global weights of the criteria, as follows: 

Table (6): Global Weights 
Global 

weights 

Sub-criteria 

weights 
Sub-criteria 

Main-criteria 

weights 
Main-criteria 

0.054 3.333 personal safety 

3.113 Safety 
0.157 3.333 facility safety 

0.126 3.133 
environmental 

safety 

0.020 3.333 
spare parts 

inventory 
3.333 

business interruption 

loss 0.011 3.333 production loss 

0.073 3.333 quality 

0.169 3.133 reliability 
3.333 technical feasibility 

0.390 3.333 applicability 

The maintenance alternatives were then compared, each time according to a 

specific criterion. This resulted in the relative weights for each alternative 

and for each of the criteria by which the alternatives were evaluated. The 

relative weights obtained for each alternative and the global weight for each 

criterion are shown in the following table: 

Table (7): Relative weights for each alternative 

N

O 

Alternativ

es/Criteria 

personal 

safety 

(0.054) 

facilit

y 

safety 

(0.157

) 

environ

mental 

safety 

(0.126) 

spare 

parts 

invent

ory 

(0.020) 

product

ion loss 

(0.011) 

Quali

ty 

(0.07

3) 

Reliabil

ity 

(0.169) 

Applicabi

lity 

(0.390) 

1 
Corrective 

Maintenanc

e 

0.090 0.140 0.078 0.276 0.305 0.089 0.069 0.184 

2 

time-based 

preventive 

maintenanc

e) 

0.454 0.495 0.437 0.391 0.462 0.388 0.405 0.309 

3 

Condition-

Based 

Maintenanc

e 

0.398 0.270 0.352 0.262 0.177 0.331 0.327 0.309 

4 
Predictive 

maintenanc

e 

0.058 0.094 0.132 0.071 0.057 0.192 0.198 0.198 

Since we know the global weights and the weights of the alternatives 

against each criteria, we can now extract the total weight for each alternative 

and then rank the alternatives according to their importance (priority), as 

follows: 

Table (8): Relative weights of alternatives multiplied by global weights 

N

O 

Alternatives/Cr

iteria 

perso
nal 

safety 

facili

ty 

safet

y 

environme

ntal safety 

spare 

parts 

invent

ory 

product

ion loss 

Quali

ty 

Reliabil

ity 

Applicabi

lity 

1 
Corrective 

Maintenance 
3.333 

0.02

2 
0.010 0.006 0.003 0.006 0.012 0.072 

2 time-based 0.024 0.07 0.055 0.008 0.005 0.028 0.068 0.121 
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preventive 

maintenance) 

8 

3 

Condition-

Based 

Maintenance 

0.021 
0.04

2 
0.044 0.005 0.002 0.024 0.055 0.121 

4 
Predictive 

maintenance 
0.003 

0.01

5 
0.017 0.001 0.001 0.014 0.033 0.077 

   When the weights in each row are added together, we obtain the total 

weight for each alternative, which is shown in the following table: 

Table (9): Ranking of alternatives 
NO Alternatives Total weight Rank 

1 Corrective Maintenance 0.135 3 

2 time-based preventive maintenance) 0.387 3 

3 Condition-Based Maintenance 0.315 3 

4 Predictive maintenance 0.161 1 

   The previous table shows that time-based preventive maintenance has the 

highest priority, having received a weight equal to (0.387). Condition-based 

maintenance then received the second highest priority, having received a 

weight equal to (0.315). The third highest priority was for predictive 

maintenance, which received a weight of (0.161). Corrective maintenance 

received the lowest weight and priority, which was equal to (0.135). 

7-Conclusions: 

   In the literature on maintenance strategy selection, the FAHP is the most 

widely used tool in this field to find a solution to the problem of selecting a 

maintenance strategy. This is due to its ability to express the desires of 

stakeholders and find a solution to a problem with multiple, even 

conflicting, criteria. 

The results show that the highest priority criteria for the company's 

engineers is the applicability criterion, with a weight of 0.390. The second 

criterion is reliability, with a weight of 0.169. The third criterion is facility 

safety, with a weight of 0.157. The fourth criterion is environmental safety, 

with a weight of 0.126. The remaining weights follow. 

As we can see from the results, time-based maintenance is the most 

preferred maintenance strategy by the company's engineers, receiving a total 

weight of 0.387. This is because it is the maintenance method applied at the 

power plant. General Electric has set the periodic maintenance schedules for 

the plant. Most plant engineers rely on this strategy because of the flexibility 

it provides. This allows them to ensure the plant's continued operation after 

maintenance is performed. This demonstrates the true ability of the FAHP 

tool to express stakeholders' desires and find a solution that satisfies their 

needs. Condition-based maintenance was the second most important 

strategy, receiving a weight of 0.315. This strategy can be relied upon to 

maintain equipment before it reaches the point of complete failure. It relies 

on sensors or even the sense of hearing to identify a problem and address it 
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before it escalates. This is reflected in the criteria values. In all criteria, 

especially in reliability, production loss, personal safety, and facility safety, 

this strategy outperformed the predictive and corrective strategies. 

Predictive maintenance also received the third highest weight (0.161), which 

is higher than corrective maintenance, which received a weight of (0.135). 

This may be due to the fact that predictive maintenance provides a better 

ability to identify faults before they occur and address them before 

equipment failure occurs. This provides a greater degree of assurance of 

plant continuity and higher reliability. This was expressed by predictive 

maintenance receiving a higher weight in the reliability and facility safety 

criteria compared to corrective maintenance. The fact that predictive 

maintenance received a lower weight than time-based and condition-based 

maintenance may also reflect concerns about implementing a new strategy 

whose results may be less than expected. 

The results obtained indicate that time-based preventive maintenance is 

preferred as the primary maintenance strategy applied at the plant. However, 

the results also indicate potential for improvement. Therefore, we 

recommend expanding the application of condition-based maintenance and 

establishing specific policies for it. We also recommend implementing 

predictive maintenance, especially for equipment whose breakdown 

schedules can be predicted, and reducing reliance on corrective 

maintenance. This also depends on the choice of decision makers at the 

plant, by determining the number of strategies they wish to implement. It is 

worth noting that implementing predictive maintenance requires the 

provision of specialized equipment and software to implement this strategy, 

in addition to providing training for the maintenance staff to handle it. 

Condition-based maintenance, on the other hand, requires fewer additional 

costs and requirements. Here, the obstacle to implementing predictive 

maintenance is the additional costs that must be incurred to implement this 

strategy. 

From the results obtained, we conclude the effectiveness of the Fuzzy 

Analytical Hierarchy Process (FAHP) tool in solving multi-criteria decision-

making problems. The results demonstrated the tool's ability to find a 

solution to a problem, even if the problem relies on qualitative criteria. It 

provides a systematic method for assigning weight to each criterion, which 

then helps in finding a solution that reflects the needs of decision makers 

and, consequently, satisfies them. 
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