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APPROPRIATE BUILDING
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STRATEGIES USING MULTI-
CRITERIA DECISION-MAKING
ANALYSIS — A DELPHI STUDY
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ABSTRACT

As an influential and significant factor in improving
the service of building components and elements,
maintenance plays an essential role in maintaining
reliability, availability, and quality, as well as
increasing efficiency and security. Therefore, how
to define this maintenance system and determine
the appropriate criteria and strategies for that
play an important role in the cost and longevity of
the buildings after construction and during their
operation. The purpose of the article is to determine
the effective criteria for evaluating buildings based
on maintenance and repair (R&M) and finally
determining the appropriate strategy for the
maintenance of residential buildings, using multi-
criteria decision-making methods. These criteria
were first identified by reviewing the literature and
using the Delphi method to obtain the opinions
of maintenance experts. The criteria were then
prioritized, based on the SWARA method, and the
results were compared and evaluated. Based on
comparison, safety, health, environment, and proper
utilisation were rated the top four criteria to consider
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for building R&M. Finally, using the VIKOR? method, it was found that the breakdown
maintenance (BM) and corrective maintenance (CM) strategies are the best strategies
to use for the R&M of residential buildings.

ABSTRAK

As ’'n invloedryke en beduidende faktor in die verbetering van die onderhoud van
geboukomponente en -elemente, speel instandhouding 'n noodsaaklike rol in die
handhawing van betroubaarheid, beskikbaarheid, kwaliteit en die verhoging van
doeltreffendheid en sekuriteit. Daarom, hoe om hierdie instandhoudingstelsel te
definieer en die toepaslike kriteria en strategie€ daarvoor te bepaal, is belangrik vir die
koste en langdurigheid van die geboue na konstruksie en tydens die bedryf daarvan. Die
doel van die artikel is om die effektiewe kriteria vir die evaluering van geboue op grond
van onderhoud en herstel (R&M) te bepaal en uiteindelik die toepaslike strategie vir
instandhouding van residensiéle geboue te bepaal deur gebruik te maak van multi-kriteria
besluitnemingsmetodes. Hierdie kriteria is eers geidentifiseer deur 'n literatuurstudie
en die Delphi-metode is gebruik om instandhoudingskundiges se menings daaroor te
verkry. Daarna is die kriteria geprioritiseer op grond van die SWARA-metode, en die
resultate is vergelyk en geévalueer. Gebaseer op vergelyking, is veiligheid, gesondheid,
omgewing en behoorlike benutting as die top vier kriteria aangewys om te oorweeg vir
die R&M van geboue. Laastens, met behulp van die VIKOR-metode, is gevind dat die
breakdown maintenance- (BM) en corrective maintenance- (CM) strategieé die beste
strategieé is om te gebruik vir die R&M van residensiéle geboue.

Sleutelwoorde: Gebou-instandhouding, gebouherstel, herstel en instandhouding, multi-
kriterium-besluitneming, Delphi-metode, SWARA, VIKOR

1. INTRODUCTION

The need to design, deploy and use maintenance systems in all industries
is one of the most important factors in maintaining capital and it is
important in terms of security and economy. The issue of maintenance
in the construction industry is not exempt from this rule and has been
considered globally, especially in developed countries (Katabi & Almasian,
2016: 1). The main purpose of building R&M is to optimise the capability of
building equipment and elements to achieve maximum efficiency, reduce
failure and breakdown. Its minor objectives include increasing readiness
and reliability, as well as reducing additional costs. Considering that
proper utilisation of buildings increases their useful life and that their R&M
method has a significant impact on building costs during operation, it is
necessary to conduct studies to determine the appropriate criteria in this
regard. Building assessment based on R&M is important for two reasons.
First, the assessment should be done in several phases. The first phase is
from the design to the repair management stage. The second phase is the
assessment of the availability and features related to the useful life data,
which is inherently heterogeneous, inaccurate, uncertain, and incomplete
(Talon, Boissier & Lair, 2008).

2 Vise Kriterijumsk Optimizacija Kompromisno Resenje.
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Since numerous criteria are involved in the assessment of R&M of buildings
(Khodayari & Abdollahzadeh, 2018: 281), it can be said that recognising
and ranking those criteria and determining and prioritising appropriate
R&M strategies of the building based on the mentioned criteria is of special
importance. Various R&M policies have been provided and the application
of each strategy has different advantages and disadvantages depending
on the type of industry (Do et al., 2015). Many researchers have applied
multi-criteria decision-making techniques separately or simultaneously to
determine the R&M criteria and related strategies in different industries.
Each of them examined this issue from a different perspective. However,
the main problem facing experts and managers in the construction industry
is the failure to understand and prioritise the key and appropriate criteria of
the R&M system and finally choose the most appropriate R&M policy.

Therefore, choosing a maintenance strategy is a kind of multi-criteria
decision problem. The best option can be selected from the possible
solutions based on evaluating multiple criteria (Bowersox & Closs, 1996:
283). Choosing the right R&M strategy for a building with combined
decisions prevents premature deterioration of buildings during operation.
Therefore, the appropriate R&M strategy should be effective and based
on certain criteria to identify and enhance building lifespan, operation,
equipment, and elements, as well as reduce costs (Kheradranjbar,
Mohammadi & Rafiee, 2022a: 2). Although identifying and prioritising
design and implementation defects are addressed in the building
maintenance system, the construction industry is mainly focused on the
design, supervision, and execution of the building relative to the R&M. If
the issue is addressed, it is mostly qualitative. Therefore, determining the
quality criteria of building R&M will help the experts determine the effective
sub-criteria of the building R&M system, formulate the codes and national
regulations, and choose the appropriate R&M strategy, increasing longevity
and reducing the costs during the operation.

Given the lack of comprehensive research in identifying and prioritising
criteria and selecting the most appropriate R&M policy, the important issue
is the relationship between the factors and the appropriate techniques to
determine the relationship and evaluate the proper criteria. This article
seeks to determine and prioritise the basic criteria and then select the
appropriate maintenance policy in the R&M system of buildings to identify
and analyse them in the buildings’ assessment with a multi-criteria decision-
making technique.
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2. LITERATURE REVIEW

2.1 Repair and maintenance methods

An appropriate method should be provided for the R&M of projects,
especially construction projects. For this purpose, one must first note the
main reason for the maintenance policy in construction projects, in other
words, one must first define the scope of the problem to carry out this
process. Then collect data and basic information to define the defects,
identify and prioritise the relevant problems and defects, and finally proceed
to plan solutions and organise and guide the implementation and control of
solutions (Kelly, 2006: 19-28).

R&M includes a set of activities designed to prevent sudden breakdown
of equipment and facilities. Repairs are carried out when the equipment
fails, does not function properly, or its operation is delayed (Shi & Zeng,
2016). The main purpose of R&M is to extend the life of equipment and
reduce the costs in the most efficient manner that is defined from the
time of installation of equipment and during operation (Golchi et al., 2018:
2). R&M is an optimal way to achieve a satisfactory level of reliability, in
order to reduce costs during the useful life of the building (Das, Lashkari &
Sengupta, 2007). The cost of maintaining and repairing buildings increases
exponentially from the time of construction. If regularly inspected and
evaluated buildings are neglected, this can lead to exorbitant costs; thus
planning a maintenance management system can be especially important
in reducing maintenance costs (Moriconi & Naik, 2010).

Various maintenance policies are applied in R&M, of which the most
well-known and widely used one include emergency maintenance (EM),
breakdown maintenance (BM), corrective maintenance (CM), preventive
maintenance (PM), pre-dictive maintenance (PdM), total productive
maintenance (TPM), and proactive maintenance (PRM). Caballé et al.
(2015: 103-105) briefly describe the policies used in this study.

EM: Repair and preparation are done after the first breakdown and there is
no prior preparation to deal with them; the experiences gained are neither
recorded nor evaluated.

BM: The repair process takes place after a breakdown has occurred, but
prior preparation has been made for defects, cause, required corrective
actions, repair instructions, tools, parts, and other equipment required.

CM: After creating signs of a defect that does not cause the equipment to
stop, special planning is done to correct the equipment defects and return
them to their original state at the appropriate time.

PM: Maintenance of buildings and equipment at specific intervals and
according to a specific schedule.
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PdM: At certain intervals, several equipment components such as vibration,
pressure and temperature are measured. Based on this data, decisions are
made to repair or replace parts and equipment.

TPM: Maintenance is not solely the responsibility of the repairman and is
part of the day-to-day maintenance process.

PRM: Effective R&M is done to improve performance, reduce the need for
maintenance, and eliminate the causes of failures, and instead of waiting
for failures to occur, the management will have taken action previously and
be in a good position.

Different indicators and approaches have been used to select the most
appropriate maintenance strategy. Due to budget constraints, a systematic
approach is needed to more efficiently allocate limited resources to the
maintenance and repair system. The maintenance system is not simply
a technical process, but a socio-technical problem. Therefore, several
criteria must be considered and turned into a multi-criteria decision-making
(MCDM) problem (Das & Nakano, 2021).

2.2 Repair and maintenance criteria

Various building codes and regulations have been provided to improve
the quality of the building in terms of design, construction, repair, and
maintenance. These codes assess building quality based on different
criteria. Criteria are used to compare and rank maintenance policies;
different classifications of these criteria have been proposed (Wang, Chu
& Wu, 2007: 152). According to several experts, these criteria are grouped
into four main groups: cost, value added, safety, and feasibility (Zaim et al.,
2012: 18). Some criteria such as hardware, software and costs of training,
reliability, and equipment reliability are measurable and quantitative;
however, others such as safety, flexibility, acceptance by workers,
and product quality are qualitative and face problems in measurement.
Quantitative and qualitative criteria are classified into four main categories:
economic, technical, social, and environmental (Shafiee, 2015: 380). Since
the codes related to buildings change over time, according to the costs of
buildings, for their proper maintenance and repair, new criteria should be
proposed to develop these codes and finally determine the appropriate
strategies for maintenance and repair of the building (Martin, Tognetti &
Hill, 2016).

The main criteria for selecting appropriate maintenance policies that have
been most emphasied in previous research are profitability, accessibility,
environment, safety, and reliability (Sherafat, Karimi & Davoodi, 2017:
718-719).
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Since the scope of this research is Iran and according to the existing codes
and regulations in the construction sector, articles in the framework of R&M
criteria and experts’ opinions, basic criteria in technical, social, economic
and environmental fields are addressed (Khodayari & Abdollahzadeh,
2018: 281-282).

2.3 Repair and maintenance strategies and frameworks

Kheradranjbar et al. (2022) identified and prioritised effective criteria in the
maintenance system of residential buildings, using a combination of multi-
criteria decision-making methods. In the proposed method, first the weight
of the criteria was calculated and then the criteria were prioritised, based
on multi-criteria fuzzy and non-fuzzy decision-making methods. Finally, by
considering the ratings obtained from these methods, the final ranking of the
criteria was calculated using the average rating and Copland method which
ranked safety and health criteria the highest (Kheradranjbar et al., 2022b).
In a study using the AHP method and a Likert-based survey, Dolphin et
al. (2021) prioritised basic policies to determine the relative importance
of problems identified in the R&M sector of the Hong Kong construction
industry, and finally recommended policies such as registration of RMAA
workers, intensifying monitoring and enforcement, and provision of loan
services for safety can overcome problems. Zohrehei & Mohtashami,
(2020) presented a new method for selecting the optimal maintenance
strategy based on fuzzy network analysis and ideal fuzzy multi-choice
planning. They first calculated the fuzzy weights of the components by
fuzzy network analysis method and then prioritized the R&M operation by
defining the obtained weights, writing the ideals and the objective function,
and fuzzy multi-choice goal programming (Zohrehei & Mohtashami, 2020).

Kameli et al. (2020) proposed a system that uses the industry foundation
class data structure (IFC) and reader and facility identification database
(RFID) to connect the BIM model simultaneously and demonstrate the
accessible information via the Internet on a tablet. This approach provides
a general framework for managing the data on maintenance of building
facilities. This framework calls for the proposed system for preventive
maintenance and reporting based on it. This system was used in a case
study of building R&M in a football stadium and the results showed that it is
useful for managing its R&M (Kameli et al., 2020).

Mishra et al. (2009) addressed time-based reliability modelling and
preventive maintenance planning for residential buildings. Their purpose
was to reduce the damages caused by the storm, using the gamma process
to model random damage to building components. Using multi-criteria
simulation and decision-making, Khodayari and Abdollahzadeh (2008)
examined an approach to determine appropriate maintenance policies
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and multi-product repairs in a food industry production unit. The main
criteria in selecting the R&M policies were profit, productivity, accessibility,
environment, safety, and reliability. Using a computer simulation and multi-
criteria decision-making, they selected the best policy for each production
line separately.

In a study of selection and ranking of optimal suppliers, Ejadi Maghsoudi
et al. (2018) used the SWARA and TOPSIS multi-criteria decision-making
methods. After determining the criteria and decision alternatives for
constructing the decision matrix using the past literature, they selected
suppliers and then constructed the decision matrix. Using the new SWARA
weight method, they obtained the ideal weights of the decision criteria and
ranked the suppliers by merging the obtained weights with the help of the
TOPSIS method. Finally, they concluded that the SWARA-TOPSIS method
can be used as a suitable and accurate tool for ranking and evaluating
similar problems.

In examining the personnel selection approach in the tourism industry,
based on the SWARA-WASPAS methods, Urosevic et al. (2017) stated that
managers should have the necessary knowledge, skills, and competencies
to make timely decisions to react to the changes that happened in their
organisations. They thus presented the linear version of the personnel
selection method in the tourism sector, using the SWARA-WASPAS
methods. The proposed approach was used as well as its efficiency in a
numerical example and the results showed that the introduced method
has a high validity and the proposed approach can also be used to solve
problems in other areas.

For purposes of this study, the following thirteen (13) criteria (factors)
that affect the R&M of buildings are considered to assess maintenance
strategies: safety, health, proper utilisation, energy saving, economic saving,
reliability, culture-building, environment, citizenship rights, intelligence,
value added, risk, and comfort. Out of 13 criteria, 9 criteria were selected
with the opinion of supervisors and consultants and provided to experts.
These building maintenance and repair criteria have been selected based
on their concept of literature and maximum research. Finally, the meaning
of the final eight criteria is as follows:

Safety: The degree or degree of distance from danger. In fact, this condition
has the potential to damage employees, equipment and buildings, destroy
materials or reduce efficiency in performing a predetermined task (Golabchi
& Amiri, 2015: 7).

Health: Providing the physical and mental needs of residents and
preventing accidents (Hatami et al., 2019: 50).
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Proper utilisation: Utilisation in the building can be expressed in the sense
of efficiency and quality of equipment in providing service and maximum
use of equipment, resources, and facilities (Bakhtiari, Dehghanizadeh &
Hosseinipour, 2014: 52).

Energy saving: The sense of changing the pattern of energy consumption
by making optimal use of energy resources in a way that does not change
economic well-being (Naderian & Haji Mirzaei, 2007: 36).

Environment: In this study, the environment is the building of a residence in
which all components and people living in it and other natural, artificial and
social factors that are in contact with each other and affect the process of
life in the building (Sarmadi & Masoumifard, 2016: 39-40).

Economic savings: The sense of better use of limited resources such as
time, cost, etc., by using new methods (Bagheri & Makarizadeh, 2009: 66).

Accessibility: The length of time an asset and equipment can be used, if
needed. In fact, accessibility indicates how much equipment is available
when needed (Dhillon, 2008: 60).

Reliability: This refers to the possibility of a system operating smoothly and
correctly under specified and predetermined conditions for a given interval
(Karbasian, Ghandehary & Abedi, 2011: 22).

To select the most appropriate building maintenance strategy using multi-
criteria decision-making methods based on the determined criteria, the
following widely used net strategies are considered for this study: emergency
maintenance (EM), breakdown maintenance (BM), corrective maintenance
(CM), preventive maintenance (PM), pre-dictive maintenance (PdM), total
productive maintenance (TPM), and Proactive maintenance (PRM).

Table 1: Summary of studies performed
Author Year | Multi-criteria decision-making method
Kheradranjbar et al. 2022b | Use of data envelopment analysis method in

evaluating the performance and the efficiency of
the maintenance system in buildings

Dolphin et al. 2021 | Use the AHP method. Prioritise basic policies to
determine the relative importance of identified
problems in the construction industry maintenance

Zohrehei and 2020 | Prioritise maintenance strategies using the method

Mohtashami fuzzy network analysis and ideal fuzzy multiple
choice programming

Kameliet al. 2020 | Provide an overall framework for managing data on
the maintenance of building facilities

Mishra et al. 2019 | Provide preventive maintenance planning for

residential buildings using multi-criteria decision-
making method
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Author Year | Multi-criteria decision-making method
Khodayari and 2018 | Investigating an approach to determine appropriate
Abdollahzadeh multi-product net policies

Ejadi Maghsoudi et al. | 2018 | Using SWARA and TOPSIS methods for selecting
and ranking suppliers optimally using multi-criteria
decision-making method

Urosevic et al. 2017 | Using Swara and Vaspas methods in examining the
personnel selection approach in the tourism industry

3. RESEARCH DESIGN

The purpose is to determine the criteria affecting the building R&M system
and then select the most appropriate maintenance strategy in buildings,
using multi-criteria decision-making methods. A quantitative research
design was used, in which a questionnaire survey collected data that allows
researchers to generalise their findings from the consensus of a group of
experts (Brady, 2015: 6). Using the Delphi study method, survey data were
obtained from three rounds. A Delphi study conducts a series of rounds to
examine divergence and achieve consensus among a group of experts,
using controlled feedback, anonymity, statistical aggregation of group
responses, and repetition (Sourani & Soheila, 2014: 56; Linstone & Turoff,
2002: 11; Rajendran, 2006: 110; Skulmowski, Hartman & Kran, 2007: 2-3).
In Round 1, extracted from sources and existing laws and regulations, nine
(9) effective criteria in the R&M system of buildings were identified as the
initial factors used to assess maintenance strategies. In this round, experts
proposed the accessibility criterion. In Rounds 2 and 3, initial and additional
factors affecting R&M were identified and rated, using a 5-point Likert
scale until consensus was reached. Likert-scale measurement was used,
because statements could be analysed on the mean rating for agreement
of experts. Statements with the highest rating indicate that most of the
experts agree that the factor affects R&M system in buildings.

3.1 Sampling and expert panel selection

Delphi sample sizes depend more on group dynamics in reaching
consensus than on their statistical power (Okoli & Pawlowski, 2004: 19).
The target population included specialists and university professors who
were members of Iran Construction Engineering Organization (IRCEO).
Using non-probability sampling and targeted judgemental methods
(Mashayekhi et al., 2005: 199-204), initially five (5) researchers, including
specialists and university professors in the field of building engineering who
were members of IRCEO and active in the field of building maintenance,
were nominated to participate in this research. The other members of
the panel were introduced through these people. Delphi panel members
were introduced from construction specialists and prominent university
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professors in the field of building maintenance. All those invited must be
members of IRCEO for at least 5 years, in addition to building maintenance
expertise, and finally the number of Delphi panel members was 24. All
experts responded to rounds one, two and three. In the Delphi process,
general rules-of-thumb indicate that 14-30 people for a homogeneous
population (that is, experts coming from the same discipline such as, for
example, specialist members of IRCEO) are generally considered to be
sufficient to achieve consensus (Clayton, 1997: 378).

3.2 Data collection

During July and August 2021, three rounds of data collection, using the
Delphi method and questionnaires, were performed. Questionnaires for
each round were distributed and collected electronically via email. In round
1, a list of nine (9) effective criteria (citizenship rights, reliability, energy
saving, comfort, environment, economic savings, proper utilisation, health,
and safety) for R&M that were extracted from literature was provided to the
experts. They were asked to rate the criteria, using a 5-point Likert scale,
on the importance that it would have on evaluating a building, based on
R&M conditions. In addition, they were asked to submit their ideas about
other factors not on the list. The accessibility criterion was proposed in this
round of the Delphi method. In round 2, the factors that were proposed in
the first round (accessibility), along with the primary factors (safety, health,
proper utilisation, energy saving, economic saving, reliability, environment,
citizenship rights, and comfort) extracted from the literature, were included
in the questionnaire. In round 2, experts were asked to reconsider their
judgement on the issues raised or to state their reasons for disagreement.
In all rounds of the Delphi process, to determine the importance of the
factors affecting the R&M of the building, the following scale was used,
where 1 = very low impact (=1.00 and <1.80); 2 = low impact (=1.81 and
<2.60); 3 = medium impact (=2.61 and <3.40); 4 = high impact (=3.41 and
<4.20), and 5 = very high impact (=4.21 and <5.00). In round 3, criteria
for comfort and citizenship items were introduced with “very low” and “low
ratings” and were dropped. Consensus and non-consensus items rated
“medium”, “high”, and “very high” in rounds 1 and 2 were provided to each
panel member. Members were requested to rate these factors in terms
of their importance in evaluating a building, based on R&M conditions.
Statistical and qualitative feedback was provided to each expert in round
3. The outcome of round 3 indicated that there was a consensus (Tengan
& Aigbavboa, 2017: 1972) among the experts regarding the building R&M
system characteristics, stated in Table 4, and thus no need for round 4.
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3.3 Analysis and interpretation of the data

3.3.1 Questionnaires analysis

Descriptive analysis was used for the respondents’ profile information, in
which the frequencies and percentages were generated and reported. The
Kendall coordination coefficient was used after performing three rounds
of the Delphi method to determine the degree of consensus among panel
members. The validity and reliability of the questionnaires were calculated
using Lawshe (for expert panel validity) and Cronbach’s alpha (for
questionnaire validity), respectively.

Content validity rate (CVR) was used to quantify the votes of the
panel members.

(1

neg —

NI =2

CVR=

NI=Z

Where “CVR” is the linear and direct conversion of panel group members
who selected the phrase “required”, denotes the number of specialists
who answered the “required” option, and n_ represents the total number of
specialists. If the calculated value is greater than the value in Table 2, the
content validity of that item is accepted.

Table 2: Minimum CVRt® and CVR values for different number of panel
members
Minimum acceptable CVR Number of panel members
0.99 5
0.99 6
0.99 7
0.78 8
075 9
0.62 10
0.59 11
0.56 12
0.54 13
0.51 14
0.49 15

Source: Lawshe, 1975: 567-568

3 The CVRt differs from the CVR only in the notation. The “t” designates ‘task’ (Lawshe,
1975: 571).
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Content validity index (CVI) was used to determine the validity of the
questionnaires. The CVI represents the comprehensiveness of judgements
about the validity or applicability of the final model, test, or tool.

2hCVR 2)

V= Retained numbers

“CVR” is the linear and direct conversion of the panel members who
selected the phrase “necessary”, and “retained numbers” is the number
of remaining items (Lawshe, 1975: 567-568). Table 2 shows the CVR
results related to the numerical mean of the judgements and the results of
acceptance or rejection of building maintenance system criteria.

3.3.2 Factor and strategy analysis

This research applied multi-criteria decision-making methods to prioritise
the criteria for factors and strategies that are important to evaluate a
building, based on R&M conditions. The multi-criteria decision-making
process consists of four basic steps: identification and assessment,
weighting, selection of the best option and sensitivity analysis, and
selection of the final option. Multi-criteria decision-making is a suitable
method for analysing the complexities of issues that can be used as an
efficient method for comparative assessment of different options with
respect to multiple and contrasting aspects (Diakoulaki & Karangelis, 2007;
Santoyo-Castelazo & Azapagic, 2014). One of the advantages of this
method is to consider human preferences along with computational issues.
Operations research techniques such as the multi-criteria decision-making
tool (MCDM), which includes multi-criteria decision-making (MADM) and
multi-objective decision-making (MODM) have been developed to assist
decision makers for evaluating.

In this study, as part of MCDM, the SWARA decision-making method was
used to analyse the factors and strategies that are important to evaluate a
building, based on R&M conditions. In this method, the criteria are ranked
based on value. Accordingly, the most important criterion is ranked first and
the least important criterion is ranked last. The SWARA method provides for
weighting the criteria in multi-criteria decision-making problems (KerSuliene,
Zavadskas & Turskis, 2010: 245-250). Using the SWARA method, experts
each consider their own opinions and information in decision-making (Ejadi
et al., 2018: 4-5) and each decision maker is involved in assessing his/
her weight and rankings for ranking factors and in the negotiation stage
that consists of all participants (Zarbakhshnia, Soleimani & Ghaderi, 2018).
In the first step, the research criteria should be extracted from different
sources and, in the next steps, these factors should be assessed and the
dependent criteria should be removed, in order to finalise the set of criteria.

97



Kheradranjbar, Mohammadi & Rafiee 2022 Acta Structilia 29(1): 86-111

The final must be factors that are independent of each other. In the next
steps, these factors are provided to the experts to determine their rank,
whereupon they are placed in the SWARA method algorithm to extract their
weight (KerSuliene et al., 2011).

3.3.2.i Steps of the SWARA method

Step 1: The criteria are categorised in descending order based on
expected objectives.

Step 2: From the second criterion, experts state the relative importance of
criterion j in relation to the previous criterion (j-1) and this performs for each
specific criterion. This ratio is the comparative significance of the mean
value, S.

J

Step 3: The coefficient kj is determined as follows:

5=l 42 ®

Step 4: Determine the recalculated weight as follows:

wfoy 0 )

qf‘l/Kj ji>1

Step 5: The final weight of the assessment criteria is determined as follows:

Wi:‘]i

/22:1 qr (5)

This shows the lineage weight of the criterion j and indicates the number of
criteria (Karabasevi¢, Stanujki¢ & UroSevi¢, 2015: 45-46).

In this study, as part of MADM, the VIKOR method was used to evaluate
and prioritise three out of seven most widely used net R&M strategies in
the industry.

VIKOR is a Serbian term meaning consensual solution and multi-criteria
optimisation. This method was first introduced by Opricovic in 1998 and
later developed by Opricovic and Tzeng in 2004 (Opricovic & Tzeng, 2004:
47-49). The emphasis of this method is on ranking and selecting from a set
of options and determining agreed solutions to the problem with conflicting
criteria (Chen & Wang, 2009). The multi-criteria ranking index of this
method is the degree of proximity to the ideal option (Liu et al., 2014). In
recent years, the VIKOR method and its development as a new solution to
multi-criteria decision problems has received much attention. With the help
of this method, different options can be ranked based on different criteria. In
situations where the decision maker is not able to identify and express the
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advantages of an issue at the time of its initiation and design, this method
can be considered an effective tool for decision-making (Talon, Boissier &
Lair, 2008).

3.3.2.ii Steps of the VIKOR method

In a multi-criteria decision problem with n criteria and m options, the steps
of the implementation algorithm to select the best option using the VIKOR
method are:

Step 1: Form a decision matrix and a weight vector of criteria.

x x
o m e ©)
A X11 X12 X1in
D = “2|%X21 X22 X2n
Mxme Xm2 Xmn

Step 2: Normalise the decision matrix using Equation (5).

_ 7)

T =
m 2
2T

Step 3: Determine the ideal positive point * and negative f for each
criterion.

f*=maxfi;, f~ = min f;; (8)

Step 4: Determine the utility (S).

SN S [f;*—fu-] 9)
Sl_;W]'}‘f—ff'Rl_maxWl'f,-*—fjf

Step 5: Calculate the Vicker index (Q) according to equations (10) and (11).

S*=minS;; ST =maxS;; R =minR;; R~ = maxR; (10)
5 -5 R — R (11)
Q=v [W]Jr(l*v)[k-—w]

Step 6: In the final step of the Victor technique, the options are sorted into
three groups from small to large, based on the values of R, Q, and S. The
best option is to have the smallest Q if the following two conditions are met:

Condition one: If options A, and A, are ranked first and second among m,
then relation (12) must be established.

) - QU 2 1 (12)
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Condition two: Option A1 must be recognised as the top rank in at least
one of the groups R and S. If the first condition is not met, both options will
be the best option. If the second condition is not met, options A, and A, are
both selected as the top option.

Step 7: If condition one is not established, a set of options will be selected
as the top option.

best alternative = Ay, 4,, ..., Ay (1 3)

The maximum value of m is calculated according to the following equation:

1 1 14
QU ~ 0 < =y wmx(m)wml) (14)

4.  RESULTS AND DISCUSSION
4.1 Experts profile

Table 3 shows the composition and characteristics of panel members
to determine the criteria. Most (41.6%) of the experts have construction
expertise; 62.5% of the experts had a Ph.D. degree, and 37.5% of the
experts had an M.Sc. degree.

Table 3: Composition and characteristics of panel members
Expertise M.Sc. | PhD. | Frequency | % | Field of activity of panel members
Electricity - 1 1 4.1 | Faculty member of Islamic Azad
University, Karaj
Machinery - 1 1 4.1 | Faculty member of Tehran University
Traffic 1 1 2 8.3 | Member of the Board of Directors

of the Building Engineering System
Organization Kordestan

Faculty member of Islamic Azad
University
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Expertise

M.Sc.

P.hD.

Frequency

%

Field of activity of panel members

Construction

10

41.6

Faculty member of Yazd University

Faculty member of Islamic Azad
University Karaj

Faculty member of Islamic Azad
University Karaj

Faculty member of Islamic Azad
University Karaj

Faculty member of Islamic Azad
University Uromia

Faculty member of Islamic Azad
University Robat-Karim

Member of the Board of Directors
of the Building Engineering System
Organization Golestan

Member of the Board of Directors
of the Building Engineering System
Organization Zanjan

Member of the Board of Directors
of the Building Engineering System
Organization Karaj

Member of the Board of Directors
of the Building Engineering System
Organization South Korasan

Architecture

Faculty member of Semnan
University

Faculty member of Islamic Azad
University Hashtgerd

Member of the Board of Directors
of the Building Engineering System
Organization Elam

Environment

4.1

Member of the Board of Directors
of the Building Engineering System
Organization Kargj

Repair and
maintenance

8.3

Faculty member of Islamic Azad
University Tehran

Member of the Board of Directors
of the Building Engineering System
Organization Uromia

Mechanics

4.1

Faculty member of Islamic Azad
University Karaj

Urbanism

8.3

Faculty member of Islamic Azad
University Karaj

Lecturer at Sama College Karaj

Surveying

4.1

Member of the Board of Directors
of the Building Engineering System
Organization Khozestan

Total

24

62.5

Ph.D.

37.5

M.Sc.
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4.2 Factor and strategy results and discussion

In this study, the Kendall coordination coefficient was used to determine
the degree of consensus among panel members. In round 2, the Kendall
coefficient was 0.581 and Cronbach’s alpha coefficient was 0.831 in the
questionnaires. In round 3, based on the average opinion of the experts
(MS rating), the criteria that had little and very little effect in round 2 were
removed and expert opinions were asked again about the importance of
the criteria. Finally, in round 3, with mean score ratings above 3.41, eight
(8) parameters were accepted as assessment criteria of maintenance
system (see Table 4). The Kendall coordination coefficient for the members’
responses to the order of the eight criteria is 0.603 and the Cronbach’s
alpha coefficient is 0.707, which has not grown significantly in two
consecutive rounds and shows the consensus among the members. The
difference between Kendall coefficient in rounds 2 and 3 was 0.022. In
addition, professors and experts confirmed the apparent or formal validity
of the questionnaires. Although Lawshe’s proposed method states that the
minimum number of members to determine the content validity is 4 people,
in this study, 14 experts were selected to ensure the results. Then, by
calculating the CVR, the content validity index of CVI = 0.80 was obtained,
so the validity of the questions is confirmed (Lawshe, 1975: 567-571).

Table 4: Detailed description of the results in round 3
Kendall = 0.603, Cronbach’s alpha | CVI=0.80, ¥ CVR = 6.4
=0.707

& =

Q o 5

@ §§ ©

3 e 3 S g S

5 | o 5 &=/ & gs| =

= S

LS S| § | %x/1S88| 3| x| S8 3

S | ® 0 Q Q S| S| g 2| 2|32 3

2 W | S %} S| S| SE& L | O |53 <
1 | Safety 24 | 49210282 | 4|5 1 14 1 3 Accept
2 | Health 24 | 41210282 | 4| 5| 2 | 14| 1 3 Accept
3 | Accessibility 24 | 4001|0417 | 3 | 5 5 14 [0.85| 2.85 | Accept
4 | Proper utilisation 24 | 4040359 | 3|5 4 14 10.85| 2.92 | Accept
5 | Economic savings | 24 | 3.17 | 0381 | 3 | 4| 8 | 14]0.71| 285 | Accepft
6 | Environment 24 | 408 | 0408 | 3 | 5 3 14 10.71 | 2.85 | Accept
7 | Energy saving 24 | 3.75|0.608 | 3 | 5 6 14 |0.57 | 2.78 | Accept
8 | Reliability 24 | 3710464 | 3 | 4| 7 | 14|0.71| 285 | Accept

Considering the general consensus on the criteria raised in relation to the
factors affecting R&M, in the next step, experts determined the importance
of each criterion. Then to increase the accuracy using the SWARA method
the weight of each parameter was assessed and finally the rank of each
index was determined.
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First, the criteria were ranked according to the opinion of experts and then
the coefficient was calculated using the formula expressed in the third step
(see 3.3.2.i). Then the weight and the final weight were recalculated based
on the fourth and fifth steps (see 3.3.2.i), respectively, the results of which
are shown in Table 5.

Table 5: Calculation of criteria weight for SWARA method

Criteria Rank i kji=sj+1 | wj=(xj-1)/kj qi=wj/sum(wj)
Safety 1 0 1.0 1 0.31
Health 2 0.3492 1.3 0.7412 0.23
Environment 3 0.4483 1.4 0.5118 0.16
Proper utilisation 4 0.4458 1.4 0.3540 0.1
Accessibility 5 0.4929 1.5 0.2371 0.07
Energy saving 6 0.4746 1.5 0.1608 0.05
Reliability 7 0.4813 1.5 0.1085 0.03
Economic savings 8 0.3975 1.4 0.0777 0.02

In this test, safety with the most important criterion with the rank of 1
and economic savings with the least important criterion was introduced.
Examining the values in Table 5, it was observed that the rank of safety,
health and environment criteria have a higher priority, which indicates the
high importance of these criteria compared to other criteria. Since the
data entered into the methods used were reviewed based on the experts’
opinions, the results can be used for the building M&R system.

In the next step, using the SWARA method, the maintenance strategies
of the building were ranked using the experts’ opinions and based on its
efficiency and application in the construction industry and the conditions
of Iran, so that appropriate maintenance strategies were selected. Table 6
shows the results.

Table 6: Calculating the weight of strategies for SWARA method

Strategy Rank | sj | ki=sj+1 | wj=(xj-1)/Kj | qi=wj/sum(wj)
Emergency maintenance (EM) 1 0 1 1 0.377
Breakdown maintenance (BM) 2 |0.673| 1.67 0.597 0.225
Corrective maintenance (CM) 3 |0.743| 1.74 0.342 0.129
Preventive maintenance (PM) 4 0.44 1.44 0.238 0.089
Pre-dictive maintenance (PdM) 5 0.26 | 1.26 0.188 0.071
Total productive maintenance (TPM) 6 10.227| 1.22 0.154 0.058
Proactive maintenance (PRM) 7 0.19 1.19 0.129 0.048

According to the results in Table 6, it was found that three strategies,
namely emergency maintenance (EM), breakdown maintenance (BM), and
corrective maintenance (CM), have the highest priority in the maintenance
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system of buildings. Therefore, these three strategies with higher priority
are considered the main strategies of building R&M. By calculating the
effective weight of each criterion by the SWARA method, in order to prevent
the dependence of research results on the personal tastes and judgements
of experts in the forward research approach, prioritisation and selection of
appropriate maintenance and building strategies was determined using the
VIKOR method (Zhang & Wei, 2013). The VIKOR method was used for
this purpose, according to the weight of the criteria obtained for ranking
and selecting the appropriate strategy for R&M of the building. Table 7
shows the results of the criteria weight and the ideal surface distance from
the options.

Table 7: Criteria weight and ideal surface distance from option
Criterion Weight Criterion distance from the ideal surface
Emergency Breakdown Corrective
maintenance (EM) | maintenance | maintenance (CM)

Safety 0.31 0.31 0 0.100146
Health 0.23 0.23 0 0.026816
Accessibility 0.07 0.16 0 0.048299
Proper utilisation 0.1 0.1 0 0.03472
Economic savings 0.05 0 0.07 0.031041
Environment 0.16 0.05 0 0.021831
Energy saving 0.02 0 0.03 0.017283
Reliability 0.03 0.02 0 0.008568
Si - 0.88 0.1 0.288705
Ri - 0.31 0.07 0.100146

The ranking of building R&M strategies are arranged based on the values
of three utility criteria (S, regret (R) and VIKOR index (Q) with size (v = 0.5)
(see 3.3.2.ii). Table 8 shows the calculation results.

Table 8: Ranking of building maintenance strategies based on R, S and
Q criteria
Strategy Rank based on S | Rank based on R | Rank based on Q
Value | Rating | Value | Rating | Value | Rating
Emergency maintenance (EM) | 0.88 3 0.31 3 1 3
Breakdown maintenance (BM) 0.1 1 0.07 1 0 1
Corrective maintenance (CM) | 0.288 3 0.334 3 1 3

As can be noted in Table 8, considering that condition one is not established,
a set of options are selected as the top option, according to the seventh step
(see 3.3.2.ii) of the reform strategies, breakdown maintenance (BM) and
corrective maintenance (CM) considered the top options of maintenance
system in buildings.
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5. CONCLUSION AND RECOMMENDATIONS

Selecting appropriate R&M criteria for building assessment is a matter
of strategic decision-making. Managers can prioritise and select the
characteristics of the building maintenance system based on the decision-
making methods described in this article. Multi-criteria decision models can
be placed in the framework of the decision-making approach (principled,
analytical, behavioural, and instructional). That is, managers who use
definite non-fuzzy models use a guiding approach, and when they use
probabilistic and fuzzy models, they use an analytical approach.

In this study, using the Delphi method, eight effective criteria in maintenance
of buildings were identified and the impact of seven maintenance systems
in the construction industry were ranked using multi-criteria decision-
making techniques.

To select the appropriate strategy for R&M of buildings, the eight criteria
were compared and ranked by experts on a 5-point Likert scale and then,
using the SWARA method, the criteria were weighted as part of the process
of selecting the best option among the options for better and more efficient
decision-making. Thus, these methods were used to calculate the weights
of decision-making criteria and ranking and final selection. By comparing
the criteria, it was determined that the safety criterion has the highest
priority and that the criteria of health, environment, and proper utilisation
have the second to fourth ranks.

Finally, with the knowledge of the results of prioritisation of eight criteria,
the VIKOR method was used to select the best appropriate building R&M
strategy from the seven maintenance systems and it was found that the
strategies emergency corrective maintenance (CM) and breakdown
maintenance (BM) are the best strategies in the building R&M system.
This allows engineers, specialists, and planners to decide on a strategy
for the building maintenance system. This strategy should be determined
according to the safety criteria as the highest priority. Its sub-criteria should
be considered more carefully in the maintenance system. It is suggested
that managers and maintenance specialists assess the buildings by
determining sub-criteria based on the eight criteria, in order to ensure that
the R&M process of the building moves in line with the predetermined goals.
It is also suggested for further research, in order to reduce the method error
and approach the models and more realistic methods, using fuzzy decision-
making methods.

Conducting this study was accompanied by some limitations that can be
pointed out: the lack of proper knowledge among those involved in the
R&M of buildings, about the subject of the research, which made the work
difficult for cooperation.
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