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Abstract. All buildings require Repair and Maintenance (R&M) in their life cycle period. However, if R&M activities are
not carried out properly, deterioration will occur, service life of buildings will be reduced, and maintenance costs will in-
crease. Hence, selecting the appropriate R&M methods is pivotal, especially for developing countries, such as Iran, which
are featured by highly constrained resources. The present study aims to identify and prioritize the main criteria for selecting
the suitable R&M methods for Commercial Buildings (CBs), which is considered as a profound challenge for the Architec-
ture, Engineering and Construction/Facility Management (AEC/FM) industry. A total of 20 senior experts in the AEC/FM
industry and CBs in Iran were invited to participate in a Delphi survey to solicit their perceptions and opinions on the
selection criteria. The total number of individual criteria identified is 16, which are further divided into five categories: hu-
man resources, flexibility and technical capability, risks, cost of maintenance, together with facilities and technology. Then,
the Fuzzy Analytic Hierarchy Process (FAHP) technique was applied to prioritize the identified criteria. Among the 5 main
selection criteria, the cost of maintenance is the most important criterion for selecting appropriate R&M methods for CBs

whereas the criterion of human resources (HR) was recognized as the least important.

Keywords: repair and maintenance, life cycle costs, fuzzy approaches, commercial buildings.

Introduction

Buildings are the most valuable assets of countries because
they provide people with shelter and facilities for work
and leisure activities. However, obsolescence of buildings
caused by time requires the implementation of Repair and
Maintenance (R&M) activities, and this becomes an inval-
uable process in retaining the value and quality of a build-
ing (Lam et al., 2010; Shen, 1997). As a consequence, gov-
ernments all over the World spend a considerable amount
of funds each year, around 50% of the total turnover of
the Architecture, Engineering and Construction/Facility
Management (AEC/FM) industry (Lateef, 2009), toward
R&M projects (Al-Arjani, 2002; Grussing, 2014). From
that, scholars have been increasingly focused on identify-
ing the appropriate maintenance and repair methods that

can lower the R&M costs of buildings, e.g., Mangano and
De Marco (2014); this is because employing a suitable
R&M practice considerably reduces the cost of mainte-
nance and repair (Suweero et al., 2017). Among the vast
array of building typologies, Commercial Buildings (CBs)
are necessary for the future development of cities due to
the unprecedented population migration towards them
(Bagaeen, 2007); however, CBs are equipped with a wide
range of facilities and their maintenance is essential to
meet the requirements in the long run (Lai, 2015; Nourel-
fath et al., 2016). With the increasing number of CBs, the
issues associated with their R&M rises, and this creates the
need for seeking appropriate criteria and R&M methods
to offset a portion of the costs (Ruparathna et al., 2018).
In this regard, the broadness of R&M methods (Roue’s
formula system, the priority category matrix, point
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accumulation system, multi-attribute approach and Alani
method) and the existence of many criteria (e.g., ability to
respond, long-term effect, etc.) makes it harder to choose a
particular method for R&M (for an account of these meth-
ods and criteria see, for example, Alani et al., 2002; Martin-
ez et al., 2013; Wieczorek et al., 2019). On that point, Be-
siktepe et al. (2020) tried developing a Multi-Criteria Deci-
sion-Making Approach for the identification of the criteria
for building maintenance decisions in facility management.
In doing so, they administered a questionnaire to 127 facil-
ity managers in Colorado and found that criteria such as
“Health and Safety”, “Code Compliance”, and “Condition”
have higher importance compared to “Cost” and “Funding
Availability”. Similarly, Chua et al. (2014) tried prioritizing
criteria of procurement selection for building maintenance
projects; in their study, respondents were employees of the
maintenance and facilities’” maintenance management de-
partment of one public University in Malaysia and found
that “Price Competition” was the most important criterion
for procurement of the R&M decision.

However, the above-cited studies did not consider
some important criteria, such as “Human Resources” and
“Flexibility and Technical Capability”, nor did they con-
sider the case of Iran, showcased by highly constrained
and unequally distributed resources (Ledford & Lynch,
2019). In this context, other studies tried elaborating tools
for easing maintenance management of facilities in Iran
(Amani et al., 2012, 2013; Motamed & Majrouhi, 2018),
but, no-one aimed at prioritizing the criteria for selecting
appropriate R&M methods for CBs. Therefore, the aim of
this study, implemented in the Iranian context, is to fill the
following gap: identifying and prioritizing the selection
criteria of appropriate R&M methods for CBs. Answer-
ing this question would advance current related literature,
which has fragmentarily highlighted the existence of some
technical and managerial matters (e.g., the effect of cli-
mate, design and materials’ choice, personnel of AEC/FM
industry, managerial systems and financial systems) con-
nected with R&M of buildings in developing countries
(Wall, 1993; Olanrewaju & Abdul-Aziz, 2014), but has not
provided insights on how to specifically evaluate and com-
pare R&M methods (Sodnagi et al., 2014). Yet, the CBs’
literature has been mainly focused on investigating returns
on investments (Baum, 2009; Duca & Ling, 2020; Geltner
et al., 2001; Ghent et al., 2019), without being interested in
R&M methods and their assessment criteria.

In order to fill the above-mentioned gaps, a total of 20
experts in the AEC/FM industry and CBs in Iran - still con-
sidered as a developing country (United Nations, 2020) -
were invited to participate in a Delphi survey to solicit their
perceptions and opinions on R&M methods to be imple-
mented in CBs and the criteria to assess them. Through
comparison with similar studies, heterogeneity of criteria
emerges among developed and developing countries, while
there seems to be a certain degree of homogeneity when
looking at the studies conducted in Iran and developing
countries, where cost of maintenance is the main method

chosen by decision makers in selecting how to repair and
maintain a building. Despite this result, clearly connected
to country system features that should be further explored
by future research, decision makers of R&M activities are
recommended to systematically consider all five identified
categories due to the fact that slightly higher R&M activities
and/or suppliers can drive toward more effective results and
a reduction of costs for future interventions.

The theoretical background at the basis of this research,
especially the literature related to previously-used crite-
ria for assessing R&M methods, is reported in Section 1.
Then, in Section 2 the Delphi study and Fuzzy Analytic
Hierarchy Process (FAHP) methodologies are introduced.
Subsequently, in Section 3 results of the research are pre-
sented. In Section 4 discussion are presented. Finally, in
the last section implications for theory and practice, to-
gether with limitations, are debated.

1. Theoretical background

1.1. Repair and maintenance for buildings

Urbanized areas are increasingly developed with housing
estates. Further to their design and construction, the ser-
vices provided for managing estates’ facilities are crucial to
the living quality of numerous inhabitants. One of the most
common metrics Facility Condition Index (FCI): related to
the built environment conditions (Re Cecconi et al., 2019).
For the comprehensive evaluation (Yuan et al., 2019) key
success factors can indicated. In this regard, it is not suf-
ficient to assess facility maintenance services through key
success factors such as: general management (GM), secu-
rity (S), cleaning (C), and building characteristics (B) (Lai,
2011). Indeed, R&M is a core activity that should be de-
veloped to efficiently manage the building costs. Indeed,
prior studies revealed that the adoption of R&M activities
increases the operational costs but, when performed with
adequate periodicity, it allows maintaining the buildings’
performance at high standards and reducing building costs
linked to carelessness (Ferreira et al., 2021).

The idea of establishing a CB in a city reflects its physi-
cal and social development (Oprea & Popescu, 2008). The
main objective of all CBs is to create a pleasant environ-
ment, where their facilities provide high-quality services
for customers. As depicted by Bond et al. (2007), many
of the modern western societies combine CBs to increase
their profits. In some cases, the CBs are even considered as
recreational shopping centers (Pivo & Fisher, 2011). Hence,
without proper maintenance, these centers will become de-
graded and, in some cases, lead to dramatic financial losses
(Daibing & Zeng, 2014), as happened with the Plasko build-
ing in Tehran, Iran, or the CBs of Yemnaya Vishnia in Rus-
sia. In contrast, it has been demonstrated, as in the case of
16 urban parks in Iran (Bahriny & Bell, 2020), that the level
of management and maintenance, such as the maintenance
of surfaces, has a positive relationship with the level of use
of CBs; building occupancy, in turn, increases the need for
maintenance (Boussabaine & Kirkham, 2004).
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However, the AEC/FM industry usually “designs and
builds infrastructure on the basis of first costs only, with-
out explicit consideration of the maintenance and depre-
ciation of the facility over its service life” (Mirza, 2006,
p. 648), despite the maintenance period usually covering
95 percent of the project life-cycle (Bevilacqua & Bra-
glia, 2000) and their costs can account for a significant
proportion of the entire life cycle costs (Boussabaine &
Kirkham, 2004). In particular, R&M costs are difficult to
cut due to the fact that the main goal of R&M of buildings
is to ensure that they and their equipment are at optimal
operating levels (Au-Yong et al.,, 2017; ElSorady & Rizk,
2020). From that, employers and structural managers
are forced to reduce the time and cost and, at the same
time, increase the useful life of structures and facilities
(Liddle et al., 2020). In this regard, Shohet and Perelstein
(2004) proposed a model for the allocation of a main-
tenance budget that can alternatively: 1) maximize the
benefits while adhering to a fixed budget or, 2) minimize
costs while putting the emphasis on the performance of
the buildings. The first approach is suitable for organiza-
tions interested in reducing the costs of maintenance. The
second approach is suitable for organizations wishing to
achieve the highest performance possible.

However, the above methods can be used if accom-
panied with strong information management processes
(Hakkinen & Belloni, 2011; Munir et al., 2019; Shohet &
Nobili, 2016a, 2016b, 2017). As a consequence, building
information modeling in structural management reduces
the operational costs and risks and also improves the qual-
ity, energy efliciency, useful life, and safety of the build-
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ings (Kim et al., 2014; Sadeghi et al,, 2019). In brief, these
information management practices should be oriented to
inform decision makers about the factors strongly influ-
encing R&M costs. This has been demonstrated by Lavy
and Bilbo (2009) who, by surveying 72 schools in Texas,
found that having both administrative staff and students
concerned with facility status and implementing visual in-
spections, using adequate tools, and recording facility con-
dition images will help to build an information base, which
has positive effects on building maintenance management.

In the field of commercial buildings (CBs), the core

concept of the repair and maintenance (R&M) consists of
several steps, including: a) the primary identification of a
CB, which aims to classify the building by its type; b) the
secondary design/average service life of the building in
years; and c) the preceding second step involves the follow-
ing factors required for the evaluation of an existing CB:

1) Serviceability;

2) Ultimate limit states related to the structure, wear
and damage and structural defects;

3) Energy parameters of building life cycle and their
efficiency;

4) Costs related to building repair/reconstruction/
damage/new construction project;

5) Conditions and the situation in the Real Estate
market, and the evaluation of benefits and payback
terms;

6) Environmental improvements, reduction of CO,
emissions, etc.

The core concept is shown in Figure 1.
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Figure 1. Core concept of repair and maintenance in CBs
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Every building and its environment are unique. The
level of technical requirements for buildings depends on
the purpose of the existing condition of a commercial
building and its environment.

In particular, according to the established literature,
the factors affecting the cost of maintenance include pro-
cesses in AEC/FM (Lai, 2010; Lai et al., 2008); and a study
by De Silva et al. (2012) illustrates that R&M costs are
reduced by 35%, when these factors are minimized. It is
possible to reduce these costs through the implementa-
tion of the right and appropriate R&M method (De Silva
et al,, 2012), which leads to maximizing the utilization of
the building.

Table 1 represents the different R&M methods adopted
in the AEC/FM industry, as illustrated by Katebi and Al-
masian (2016) - of course, others have been produced (see
Abu Dabous & Alkass, 2008; Ghosh & Roy, 2010), but this
example seems the most complete and developed classifi-
cation. An efficient R&M method is aimed at improving
the operating conditions of machinery, reducing the need
for repair, and completely eliminating the causes of fail-
ure (Kizim, 2013). As identified by Katebi and Almasian
(2016), the R&M method is selected according to the type
of the structure, the importance of the structure, proper-
ties of the used materials, and building occupancy. These
strongly influence the R&M decision; for example, Lavy
and Shohet (2007) found, through a simulation study, that
occupancy conditions affect the cumulative maintenance
and replacement to a much greater extent than environ-
mental conditions do; higher maintenance resources for
high levels of occupancy and lower maintenance resources
for low levels of occupancy. In particular, Shohet (2003)
and Shohet et al. (2003) found, in the context of health-
care facilities, that the deterioration of some of the build-
ing systems under high occupancy conditions is accelerat-
ed and, in these cases, in-house provision (and manpower)
offers opportunity for saving. In contrast, at standard or
low occupancy levels, there is indeed an advantage as well
as savings by employing external maintenance workers.

Due to R&M costs, choosing the proper method is
important. However, Katebi and Almasian (2016) did not
identify any of the reported R&M methods as having su-
perior performance over the others; their beneficial (or
not) implementation depends, of course, on the context,
such as the: 1) status of the existing building (in obso-
lescence terms), 2) date of construction of the building,
3) complaint about building performance, 4) customer
application, 5) availability of budget, and 6) hygiene and
safety requirements (Ali, 2009). From that, the identifica-
tion of criteria on which to evaluate, periodically, their
suitability (according to the context) is even more impor-
tant than the R&M method itself. These criteria are the
subject of the following sub-section.

1.2. Criteria for selecting appropriate repair and
maintenance methods

R&M of a building is unavoidable due to its continuous
use, degradation of its components and problems caused
by environmental factors. Yet, in developing countries,
building and services’ R&M face even greater challenges
due to lack of a budget and the side effects of the project
(Thaheem & De Marco, 2014; Wall, 1993).

As identified by Ruparathna et al. (2018), to reduce
these challenges, an active management scheme with an
approach to manage risks should be created; this would
also allow correct identification of the criteria on which
R&M methods should be evaluated. Indeed, as already
advanced, a fair assessment of R&M methods is the main
challenge in CBs, mainly because it is considered as a com-
plex multiple-criteria decision-making (MCDM) problem
(Shafiee, 2015). In this vein, Lee and Kim (2007), in assist-
ing the Korean government in prioritizing routine main-
tenance, repair, rehabilitation, and replacement activities
to optimize the given constrained budgets, suggested a ge-
netic algorithm by which the selection of R&M activities
can be modelled as a multi-objective combinatorial opti-
mization problem. Accordingly, Yousefli et al. (2020) pro-
posed and simulated a multi-agent facility management

Table 1. Types of various maintenance strategies

Strategy Description
Reactive/emergency Repair of the equipment is done after the first incident and there is no prior preparation; the
maintenance acquired experiences are not recorded

Repair of disablement based
on failure
have been done

Repair actions are taken after failures. Notwithstanding, previous preparations for defect causes,
the corrective action required, repair instructions, tools, parts, and other required requirements

Corrective repairs

After witnessing the signs of a malfunction in equipment, there is a special plan to fix the
problem and to restore the original state of the equipment

Preventive maintenance
specific time periods

A scheduled timetable is prepared and the state of the building and its equipment is checked at

Maintenance based on the
situation

In certain time periods, a number of equipment parameters in terms of vibration, pressure, and
temperature are measured. According to the implemented measurements, it is then decided
whether to repair or replace the parts and equipment

Effective maintenance and
pre-action

Improving the operating conditions of machinery, reducing the need for repair, and completely
eliminating the causes of failure are the priorities
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system (MAFMS), employing Unified Modeling Language
(UML) diagrams that illustrate the specific agents of the
system and how these agents interact with each other. The
result of modeling workflows, as decentralized multi-agent
processes, leads to reducing the response time to main-
tenance requests compared to the current maintenance
system.

In terms of adopted criteria, Lam et al. (2010) reviewed
the results of 110 R&M management practices in contract-
ing companies in Hong Kong and concluded that their
success criteria mainly included time, cost, quality, per-
formance, safety, and environmentally friendliness. Parida
and Chattopadhyay (2007) developed a multi-criteria hi-
erarchical framework for maintenance performance meas-
urement (MPM) and grouped maintenance performance
indicators under seven criteria: 1) indexes related to
equipment: access, performance level, quality, and num-
ber of short and long stops, 2) indexes related to mainte-
nance work: quality of work for maintenance, scheduled
maintenance work, and illegal maintenance tasks, 3) in-
dexes related to costs: maintenance cost and return on
investment of maintenance, 4) indexes related to impact
on customer satisfaction: number of quality complaints,
low quality return, customer satisfaction, customer reten-
tion, and number of new customers, 5) indexes related
to learning and development: number of new ideas, skills
and development of merit, 6) indexes related to hygiene,
safety, security and environment: health indexes, security,
safety and environment, number of accidents, number of
legal cases, number of cases of compensation, number of
complaints about safety of hygiene, and health of the envi-
ronment, and 7) indexes related to employee satisfaction:
morale, personnel absenteeism, personnel complaints,
and personnel travel rates. Apart from Lam et al. (2010),
other scholars tried to identify the criteria to select R&M
methods; among them it is worth remembering the study
of Pourjavad et al. (2013). These scholars, in particular,
developed an analytic network process (ANP) method and
the technique for order preference by similarity to an ideal
solution (TOPSIS) to select a suitable R&M strategy. In
particular, they proposed the following steps: first, identify
the prioritized criteria using the ANP method. In their
case, they are: reliability, availability, maintainability, and
cost employing. Then, pair-comparing R&M strategies re-
lated to criteria, a table of importance of criteria is drawn
up. Considering the table and weights of criteria that are
evaluated by the ANP method, a decision-making matrix
is formed. Finally, by employing the TOPSIS method,
R&M strategies are ranked.

For buildings that are located in places where econo-
mies are influenced by constrained resources, Shohet
(2003), instead, proposes that Condition-Based Mainte-
nance (CBM) is a common solution for the maintenance
of large complex facilities. In particular, he advances two
rating scales for the evaluation of a building’s condition
and forecast R&M: one for the individual components, and
a second for the entire building. The first scale combines

criteria regarding the physical state, performance, fitness
for use, and preventive maintenance of various building
components. The second scale, instead, is a 100-point
scale that covers 10 of the building’s main systems. Follow-
ing this, Shohet and Nobili (2016a, 2017), through their
analysis of 13 courthouses and 42 community clinics lo-
cated in Haayin (Israel), established a performance-based
contract for the maintenance of public facilities consisting
of: (1) a performance model based on the KPIs, (2) a pro-
curement model, and (3) a contracting model. They found
an increase of 20-40% in the performance-cost effective-
ness of maintenance through the application of their pro-
posed model (see also Shohet and Straub, 2013 for another
application in the Netherlands and Israel), whose key pa-
rameters are: the creation of a clearly defined procure-
ment model, assimilation of the performance model for
both the owner (public agency) and the contractor in the
contract, and performance control of the facilities. This
framework, mainly based on a condition-dependent ap-
proach to maintenance and allowing the control desired
maintenance performance levels and costs (Straub, 2002),
can, moreover, lead to greater results if accompanied with
the use of an Enterprise Resource Planning system (Sho-
het & Nobili, 2016b). However, to strengthen the reported
framework by Shohet and Straub (2013), a more compre-
hensive list of KPIs for performance evaluation of CBs is
needed and a well-developed list is provided by Lai and
Man (2017). In particular, these scholars, even if not of-
fering a prioritization, produced a list of 71 items classi-
fied into five categories: (1) physical, (2) financial, (3) task
and equipment related, (4) environmental, and (5) health,
safety and legal.

The above-identified criteria, plus others emerging
from the literature (reported in this theoretical back-
ground), for selecting R&M methods are studied in this
research to obtain insights into their applications in CBs;
see Table 2. In the case of benchmarking legal issues, it
should be clarified that the objective is to determine the
type of contracts made at the time of AEC processes,
which affects the choice of the R&M method. Indeed,
since maintenance costs due to the obligation to comply
with legal issues may be affected, the legal issues’ vari-
able was grouped under Cost of Maintenance (CM) (see
Christudason et al., 2010). This issue was also noted by
Lai (2010) and Lai et al. (2004, 2006, 2009) who demon-
strated the effect of legal disputes regarding conditions
of R&M contracts, i.e., stipulating the legal framework
and specifications.

Recognizing these criteria helps managers to make
better decisions to increase quality and reduce the issues
of maintenance.

From the review by Shafiee (2015) on R&M methods,
and as reported in Table 2, it emerges that there are always
a variety of criteria to be taken into account for selecting
the most suitable R&M method, “Some of these criteria
are quantitative and measurable (such as hardware/soft-
ware and training costs, equipment reliability/availability),
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Table 2. The evaluation criteria for the selection of R&M methods for commercial buildings (CBs)

No. Criteria Source
1 Human resources Ali (2009)
2 | Flexibility and technical capability Lai et al. (2008)
3 |Facilities and technology Motawa and Almarshad (2013)
4 |Risks Ali (2009)
5 | Cost of maintenance Lam et al. (2010); Ali (2009)
6 | Satisfaction of employees and consumers Parida and Chattopadhyay (2007); Ali (2009)
7 | Having the necessary equipment Parida and Chattopadhyay (2007)
8 | Saving energy consumption Lai et al. (2008); Kim et al. (2014)
9 |Structural and installation conditions of building (age, mechanical, | Ali (2009)

electrical, plumbing installations, and building structure)

10 | Better efficiency (added value)

Flores-Colen and de Brito (2010)

11 | Decrease of reactive decision making

Lind and Muyingo (2012)

12 | Identifying vicious factors

Motawa and Almarshad (2013)

13 | Management and integration of information

Motawa and Almarshad (2013)

14 | Number of experts

Lépez et al. (2013)

15 | Compatibility with environment

Lam et al. (2010)

16 | Information note

Lopez et al. (2013)

17 | Relations between managers and employees

Lee and Scott (2009)

18 | Facilities management

Zawawi and Kamaruzzaman (2009)

19 | Risk identification

Lind and Muyingo (2012)

and some others are qualitative and difficult to measure
(such as safety, flexibility, acceptance by labours, product
quality)” (Shafiee 2015, p. 384). Considering all of them,
Shafiee (2015) grouped quantitative and qualitative crite-
ria into: 1) economic (e.g., hardware cost, customer satis-
faction, etc.), 2) technical (e.g., lead time, flexibility, etc.),
3) social (e.g., labor wage level, stakeholder participation,
etc.), and 4) environmental (e.g., energy consumption,
environmental protection, etc.). It is worth noticing that
these four categories are strongly aligned with those in
the recent review by Hauashdh et al. (2020) on the fac-
tors affecting building maintenance practices in Malaysia;
in particular, these scholars classified criteria influencing
R&M in the following categories: 1) Management (i.e.,
strength of top administration, stakeholders’ collaboration,
preventive maintenance approach, quality of maintenance,
strategic management plan), 2) Technical (i.e., design, In-
formation and Communications Technology, techniques
and tools to detect building defects), 3) Human Resources
(i.e., expert building maintenance professionals, institu-
tional training), and 4) Financial (i.e., budget allocation).

In this regard, Besiktepe et al. (2020) and Chua et al.
(2014), in Colorado and Malaysia respectively, tried
prioritizing criteria of procurement selection for build-
ing maintenance projects; results of the first study have
shown “Health and Safety” was the main criterion for
selection, while, for the second study, the main criterion
was the “Price Competition” among potential suppliers.
However, the above-cited studies did not consider some
important criteria reported in Table 2, such as “Human

Resources” and “Flexibility and Technical Capability”,
leaving their analysis incomplete. Moreover, none of the
produced studies trying to prioritize the R&M method
considered the Iranian context (Amani et al., 2012, 2013;
Motamed & Majrouhi, 2018), which is featured by highly
constrained and unequally distributed resources (Ledford
& Lynch, 2019). In this regard, as demonstrated by Vanier
et al. (2006) in their study aimed at comparing different
prioritization techniques, the R&M method to use highly
depends on the assigned weight of factors made by evalu-
ators, which vary by culture and organizational need.

2. Research methodology

This research aims to identify and rank the main criteria
for selecting appropriate R&M methods for Commer-
cial Buildings (CBs). Similarly to Sarvari et al. (2020), to
achieve the aim of the research, this study can be divided
into three steps (Figure 2).

The first and second steps were the identification of the
most important criteria that act as critical indicators for
selection of R&M methods for CBs. For this purpose, the
existing desktop literature was reviewed, and 20 structured
interviews were conducted with employees of the R&M
department and executive managers of the Iranian CB in-
dustry. The selected sample, which emerged from the row
“Organization type’, is formed by people from different
organizations (i.e., 20). This ensured that the interviewed
people are not an expression of the perception of one or-
ganization, but of many voices within the industry.
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Figure 2. Developed research model for solving problems in this study
Table 3. Sample data description
Socio-demographic feature Category Frequency (%)
Educational level Bachelor’s degree 9 (45.0)
Master’s degree 8 (40.0)
Ph.D. degree 3 (15.0)
Length of work experience Less than 2 years 2 (10.0)
2 to 6 years 6 (30.0)
6 to 10 years 4 (20.0)
More than 10 years 8 (40.0)
Area of expertise Civil engineering 7 (35.0)
Mechanical engineering 5(25.0)
Electrical engineering 3 (15.0)
Industrial engineering 3 (15.0)
Architecture 2 (10.0)
Age 22-26 years 5(25.0)
26-30 years 5 (25.0)
More than 30 years 10 (50.0)
Organization type Architecture 3 (15.0)
Engineering 6 (30.0)
Construction 3 (15.0)
Operation 8 (40.0)
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The characteristics of the selected population includ-
ing academic degree, work experience, area of expertise,
and age of the participants are listed in Table 3. The most
important criteria that emerged from the interviews were
identified according to a mixed thematic analysis (Braun
& Clarke, 2006). In the second step, a questionnaire was
prepared using the Saaty (1972) model and Saaty’s nine-
point scale with the experts to determine the importance
of each of the identified criteria. The FAHP technique was
performed for the categorized indicators, which were pri-
oritized and ranked based on the results of the analysis.

2.1. Delphi survey method

The use of specialized knowledge and views in collecting
data to make decisions about problems with a qualitative
nature is very effective (Sarvari et al., 2020). Hence, in this
survey, following the previous studies and identifying the
criteria for interviews, the Delphi technique was used to
consensually identify and categorize the criteria (Hsu &
Sandford, 2007; Khosravi et al., 2020; Sarvari et al., 2019).
The Delphi technique was used to determine the impor-
tance of criteria and to screen key criteria before applying
a multi-criteria decision-making method, which has been
successfully implemented in similar studies concerning
the classification of strategies within the R&M field (e.g.,
Ghazali et al., 2019; Hon et al., 2011, 2012). The Delphi
technique is a structured process for collecting infor-
mation to make decisions on qualitative issues (Chan &
Chan, 2012; Khoshfetrat et al., 2020; Olawumi & Chan,
2018). The main purpose of the Delphi technique is to
obtain the most reliable set of expert opinions through a
series of structured questionnaires with controlled feed-
back. There are no strong and explicit rules on how to
select and recruit experts, referred to as respondents of
the Delphi questionnaires. However, it is worth mention-
ing that the quality of experts is more important than
the quantity, which is usually less than 50, and is often
from 15 to 20 (Sarvari et al., 2020). The number of ex-
perts depends on factors including sample homogeneity,
Delphi goal, difficulty range, quality of decision, ability of
the research team, internal and external validity, time of
data collection, available resources, and the scope of the
problem (Chan & Chan, 2012). The Delphi method has
been used in previous similar contributions. For exam-
ple, Chan and Chan (2012) applied the Delphi method to
identify a performance measurement index for target cost
contracts in construction. Yet, Sarvari et al. (2019) used
the Delphi method to identify the risk identification ap-
proaches in public-private partnership (PPP) projects (see
also Tamogaitiené et al., 2021). The Delphi panel of this
study included 20 employees of the maintenance depart-
ment and executive managers of Isfahan’s CBs; they were
chosen by convenience sampling and directly contacted by
the researchers living in Iran. By agreeing on a group of
experts through this process, researchers can identify and
prioritize issues and develop a framework for identifying
them.

In the first round of the Delphi study, a questionnaire
including 9 criteria was distributed among the panel
members who were asked to express their opinion on
their approval or rejection; the criteria were: 1) Satisfac-
tion of employees and consumers; 2) Number of experts;
3) Structure condition; 4) Identification of vicious factors;
5) Decrease of reaction decision making; 6) Environmen-
tally friendly; 7) Saving energy consumption; 8) Manage-
ment and integration of information; and 9) The presence
of necessary equipment. In addition, panel members were
asked to suggest other criteria that did not appear in the
questionnaire. This is in line with the mixed thematic anal-
ysis approach. In particular, the mixed thematic analysis
is based on both deductive analysis (by which commu-
nication messages are thematized according to an initial
codebook; in this case, derived from the desktop review
of the literature) and inductive analysis (by which new
themes are free to emerge). Each author (of this paper)
analyzed the transcripts individually and the inter-rater
reliability between them was high (Cronbach’s Alpha =
0.81); however, when disagreeing, together they delved
deeper into the analysis in order to deliver a shared vision
of the sentence meaning and related theme. By gathering
and reviewing the opinions of the panel members in the
first round and aggregating their views, it became clear
they approved all 9 items in the questionnaire. In addi-
tion, four additional criteria were added to the original list
of criteria: legal issues, organizational culture, increase of
reliability, and ease of implementation. The questionnaire
was modified by adding these 4 items and classifying the
criteria according to groups: human resources, flexibility
and technical capability, facilities and technology, risks,
and cost of maintenance, as shown in Table 2. The up-
dated questionnaire, consisting of 14 criteria in 5 different
groups, was distributed among the panel members in a
second round of the Delphi technique. In this round, also,
participants were asked to comment on each criterion’s
approval or rejection, as well as their categories. Summing
up the results of this step, it indicated that all 14 criteria
presented in the questionnaire were confirmed by panel
members. It was also suggested that the criterion of “in-
crease the life of equipment” be added to group of cost of
maintenance, and the criterion of “possibility to apply dif-
ferent techniques of repair and maintenance” be added to
group of flexibility and technical capability, as new crite-
ria. During this round, panel members also suggested that
the criteria of number of expert forces and environmen-
tally friendly be moved to the group of human resource
and group of risks, respectively. Previously, these criteria
were in the cost of maintenance and flexibility and techni-
cal capability groups. Due to new criteria being added and
the proposed change in groupings, the questionnaire was
redistributed in a third round of the Delphi technique.
Finally, by gathering and reviewing the panel members’
opinions, it became clear that all panel members agreed
with the proposed criteria and their groupings. This led
to a consensus among them. A total of 16 final items and
their groupings were established.
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2.2. Reliability and validity of the questionnaire

From what has been discussed in the prior section, the fi-
nal questionnaire was drawn up by reviewing the research
literature and from experts’ opinions collected via the
three rounds of the Delphi technique. The validity of the
questionnaire was tested through face and content validity.
Face validity refers to the extent to which a test appears
to measure what it is intended to measure; most people
would agree that the test items appearing to measure what
the test is intended to measure would have strong face
validity (Johnson, 2013). Content validity, instead, exists
in a questionnaire when the items pertain to what is being
measured and when the items encapsulate what is relevant
to the construct being measured (Preedy, 2010). For the
content validity of the questionnaire, the Content Validity
Ratio (CVR) and the Content Validity Index (CVI) were
calculated. CVR is used in order to measure content valid-
ity based on experts’ opinions. To calculate it, firstly the
aim of the test was explained to the experts — who were
met in person in 2019 - who were then asked to score
each item (in 30 minutes) using the Likert scale between
“necessary item’, “useful but not necessary item” and “un-
necessary item’, of course with reference to R&M activities
for CBs. The CVR was calculated using Equation (1):

=
Y
CVR=

where: N is the total number of experts and # is the num-
ber of experts who have selected the “necessary item” op-
tion. The minimum acceptable CVR value for a total of 10
experts is equal to 0.62 (Pezshki et al., 2017). Items with
CVR values lower than this threshold should be eliminat-
ed from the test due to lack of suitable content validity.
Then, experts were asked to score each item regarding its
Relevance, Simplicity, and Clarity using a 4-level Likert
scale. The experts scored Relevance using 1 (“irrelevant”),
2 (“somewhat relevant”), 3 (“relevant”), and 4 (“fully rel-
evant”). Simplicity was also scored using 1 (“not simple”),
2 (“somewhat simple”), 3 (“simple”), and 4 (“simple and
relevant”), while Clarity was scored using 1 (“unclear”),
2 (“somewhat clear”), 3 (“clear”), and 4 (“clear and rel-
evant”). The Content Validity Index then was calculated
using Equation (2):
number of experts giving 3 and 4 scores
CVl= . (2)
total number of experts

The minimum acceptable threshold for CVI is 0.79
and items with scores below this threshold are eliminat-
ed (Pezshki et al., 2017; Fadavi-Ghaffari et al., 2017). In
order to measure the face validity of the items, the item
impact score test was used. In order to calculate item im-
pact scores, firstly participants were asked to score the im-
portance of each item in the questionnaire using a 5-level
Likert scale from 1 (“not important at all”), 2 (“a little im-
portant”), 3 (“somewhat important”), 4 (“important”), and
5 (“very important”).

(1)

The face validity value of items must not be below 1.5
and only items with impact scores higher that 1.5 are re-
tained (Fadavi-Ghaffari et al., 2017). The results of face
and content validity evaluations showed that all items have
suitable face and content validity scores. Yet, the reliability
of the items was investigated and items with low reliability
were removed in order to improve the overall reliability of
the test. Various methods are used to measure reliability.
In this study, Cronbach’s Alpha coefficient was calculated
using SPSS software. The Cronbach’s Alpha value must be
higher than 0.7 (Taber, 2018). The Cronbach’s Alpha value
calculated in the current study was 0.916, which indicates
that all items have suitable reliability.

2.3. Fuzzy Analytic Hierarchy Process (FAHP)
technique

Multiple criteria decision making (MCDM) has grown as
a part of operations research, concerned with designing
computational and mathematical tools for supporting the
subjective evaluation of performance criteria by decision
makers (Sarvari et al., 2019; Zavadskas et al., 2014).

In recent years several previous studies have employed
MCDM tools such as Analytic Network Process (ANP),
Analytic Hierarchy Process (AHP), Fuzzy Analytic Hier-
archy Process (FAHP), and applications to solve problem
areas such as determining the Criteria for selecting ap-
propriate decisions. The Analytic hierarchy process (AHP)
is an effective method that can solve a multiple criteria
decision-making problem that can be applied to the R&M
problem maintenance to gain a scientific and objective
view on maintenance scheduling (Al-Shammari & Mili,
2019; Alani et al., 2002; Galar et al., 2011). Selection of a
R&M strategy for a particular machine or group of ma-
chines is a problem of decision making and it is always a
challenging task for the maintenance Manager/Engineer.
By using the decision-making tools like AHP, this problem
can be solved. The use of the AHP method also facilitates
calculating the weight of factors through which the de-
cision maker can analyze the difference between actual
condition and required condition. Present research work
shows that the problem of selecting an optimum mainte-
nance strategy for a machine can be overcome by using
a decision-making tool (AHP) (Chandrahas et al., 2015).

When decision makers and/or experts are unsure of
their response to a survey result, the AHP is unable to ad-
dress this uncertainty. However, FAHP can take this into
consideration when performing pairwise comparisons.
The FAHP approach has been used by previous researches.
Applying fuzzy sets is more consistent with vague expla-
nations and human linguistics, and using fuzzy numbers
seems to be a proper way to make decisions (Sarvari et al.,
2021). Dabiri et al. (2020) indicated that using the FAHP
method for group decisions could resolve the fuzziness of
frequent misunderstanding of specialist opinions. There-
fore, this method is an appropriate way to evaluate the
importance of the parameters affecting a phenomenon or
a concept on a more flexible scale. In this regard, Sayed
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et al. (2019) used the fuzzy AHP for prioritizing lean con-
struction barriers in Qatari civil companies. Sarvari et al.
(2020) applied FAHP for prioritizing the barriers of pri-
vatization of water and wastewater infrastructure projects.
In this study, FAHP was used also to prioritize selecting
the methods of R&M of CBs. This approach is based on
pairwise comparisons based on the experts’ points of view.
Similarly to Suganthi (2018), the six implementation steps
of the FAHP method in this study are reported as follows:

1 - When multiple respondents reply to paired com-
parisons, the geometric mean method is used to integrate
them to obtain an integrated paired comparison matrix.
The integration of fuzzy matrices is such that the first
data gathers all the comparisons with each other geomet-
ric mean, the second data with each other, and the third
data with the geometric mean. As a result, a hierarchical
tree (identifying the purpose, criteria and sub-criteria) is
drawn up.

2 - Then, the fuzzy numbers of each row are added
together. In this regard, a Pairwise Comparison Matrix
Formation (5( ) is implemented: Each pairwise formation
of matrix comparisons X is displayed as x;.The Pairwise
comparison matrix is presented in Table 4.

Table 4. Pairwise comparison matrix

C

n

Cl
(1,1,1) Cl

(1,1, 1) C

n

3 - Consolidation of experts’ views: In order to con-
solidate the experts’ views, the geometric mean of each of
the three triangular fuzzy numbers is used.

Eygr = (T1(1)11(m),T1(1)). )
4 - Calculate the sum of the elements in each row.
n
§=> % - (4)
j=1

5 — Normalize the sum of the elements in each row: To
do this, Saaty’s (1972) special vector technique is used. The
fuzzy sum is the sum of column elements.

n ~

DS (5)
i=1
And is also displayed as follows

non )

j

DO M. (6)
i=1 j=1
To normalize the sum of the preferences of each cri-

terion, the sum of the values of that criterion must be di-

vided by the sum of all the preferences (column elements).
0 -1

55

i=1

M;=S§® . (7)

Because the values are fuzzy, the fuzzy sum of each
row is multiplied by the inverse of the sum. The inverse
of the sum must be calculated.

M, 7t = (Vuy, Umy, 1) ®
-1

n n .

Sym| “

i=1j=1
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Se=2M|>>M;| . (10
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These calculations are summarized in Table 5.

Table 5. Summary of fuzzy calculations

Fuzzy set C, . C1

o (1,1,1) C1
31=Zalj
j=1

" (L 1,1) C,

=

6 - Defuzzification of the values and determining the
final weights of the elements: To do this, the triangular
fuzzy method is used (Chang, 1996). Consider two tri-
angular numbers, M, = (I}, m;, u;) and M, = (I, m,, u,).
The two basic concepts of the fuzzy hierarchical analysis
process based on the development analysis method are as
follows:

V(M, > M,)=hgt(M, = M, ) =py, (d); (11)

1 if (m2 > ml)
L —u,
(mz _”2)_(m1 _11)
where: d is the coordinate of the highest point in the inter-

face and collision of the two membership functions p,,,
and ;. As shown in Figure 3, this point is also visible.

V(M,=M,)= (12)

bl
else

M(x) A

~/ X

I, m, l; d u,m u;

A J

Figure 3. The distance of two triangular fuzzy numbers
(Sarvari et al., 2021)
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To compare M; and M,, it is necessary to calculate
both V(M2 ZMI) and V(M1 ZMZ). The degree of
probability of a convex fuzzy number being greater than
k of another convex fuzzy number is calculated as follows:

V(M=M,M,,...M; )=

V[(M=M,),(M=M,),...(M>M)]|=

minV(M=M, )i=1,2,...k

The center of gravity method has been used. In this

method, the following is done to de-fuzzy the triangular
fuzzy numbers:

F=(L,M,U); (13)
. L+M+U
L+2M+ L+4M+
xfn:—U;xfn:—U; (14)
4 6
Crisp number=_Z7 *= max(x%nax, X2 X ) (15)

The values of x_max”i are not much different and are
always a number close to M. M is the mean of the sum of
the probable values of m from different triangular fuzzy
numbers. However, the definite value of the largest x!
is considered. Finally, the de-fuzzy value is for final analy-
sis to determine the weight of the criteria. It should be
noted that the calculated weights are non-fuzzy but should
be normalized.

3. Fuzzy Analytic Hierarchy Process (FAHP)
technique

3.1. Identification and categorization of the
evaluation criteria

As shown in Table 6, a total of 16 individual selection cri-
teria were identified as important indicators for selecting
the methods of maintaining and repairing of CBs.

The sub-criteria were further grouped into five main
categories: 1) Human Resources (HR): satisfaction of em-
ployees and consumers, organizational culture, and num-
ber of expert forces; 2) Flexibility and Technical Capability
(FTC): ease of implementation, possibility to apply dif-
ferent techniques of repair and maintenance, and struc-
tural condition; 3) Risks (R): identification of malicious
factors, decrease of reaction decision making, enhanced
reliability, and environmentally friendly; 4) Cost of Main-
tenance (CM): saving energy consumption, increase the
life of equipment, efficiency (value added), and legal is-
sues; and 5) Facilities and Technology (FT): management
and information integration, and the presence of neces-
sary equipment.

3.2. Prioritization of the main selection criteria

The FAHP technique was used to determine the prior-
ity of the identified main criteria and the data analysis
of the FAHP method was carried out in Excel software.
The paired matrix for the categories was obtained after
comparing the pairs of categories based on the target, and
determining their weight, based on the fuzzy geometric
average of the experts choice. The integrated fuzzy com-
parison matrix for the criteria is given in Table 7.

Table 6. The main evaluation criteria and its sub-criteria for selecting the repair and maintenance methods of CBs

Main criterion Sub-criteria Source

1 Human resources (HR) | Satisfaction of employees and consumers Parida and Chattopadhyay (2007)

2 Organizational culture Interview

3 Number of experts Lépez et al. (2013)

4 Flexibility and technical |Ease of implementation Interview

5 capability (FTC) Possibility to apply different techniques of repair and | Interview
maintenance

6 Structural condition Ali (2009)

7 Risks (R) Identification of malicious factors Motawa and Almarshad (2013)

8 Decrease of reaction decision making Hon et al. (2011)

9 Enhanced reliability Interview

10 Environmentally friendly Lam et al. (2010)

11 Cost of maintenance Saving energy consumption Lai et al. (2008); Kim et al. (2014)

12 (CM) Increase the life of equipment Interview

13 Efficiency (value added) Interview

14 Legal issues (i.e., maintenance costs arising from legal | Lai (2010); Lai et al. (2004, 2006,
issues) 2009)

15 Facilities and technology | Management and integration of information Motawa and Almarshad (2013)

16 (FT) The presence of necessary equipment Parida and Chattopadhyay (2007)
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Table 7. The integrated fuzzy comparison matrix for the main selection criteria

HR FTC R CM FT
HR 1.00 1.00 1.00 | 0.87 1.11 1.36 | 0.61 0.79 1.04 | 057 | 0.72 | 093 0.56 | 0.71 0.91
FTC 073 | 090 | 1.16 | 1.00 | 1.00 | 1.00 | 1.26 | 147 | 167 | 0.88 | 1.11 134 | 098 | 1.18 | 1.34
R 0.96 1.27 1.63 0.60 | 0.68 | 0.79 1.00 1.00 1.00 | 0.92 1.08 1.29 1.09 1.42 1.83
CM 1.07 1.38 1.77 | 0.75 0.90 1.13 | 0.78 | 0.93 1.09 1.00 1.00 1.00 1.50 1.79 | 2.06
FT 1.10 1.42 1.79 | 0.75 | 0.85 1.02 | 055 | 0.70 | 091 049 | 056 | 0.67 1.00 1.00 1.00

Table 8. Fuzzy sum, fuzzy expansion, and degree of preference for the main selection criteria

Fuzzy sum of each row Fuzzy compound expansion Degree of preference of S; over S,

HR 3.604 4.326 5.249 0.117 0.167 0.238 0.609 0.675 0.530 0.936
FTC 4.861 5.667 6.500 0.158 0.218 0.295 1.000 1.000 0.910 1.000
R 4.570 5.447 6.540 0.149 0.210 0.297 1.000 0.943 0.861 1.000
CM 5.095 5.998 7.047 0.166 0.231 0.320 1.000 1.000 1.000 1.000
FT 3.878 4.526 5.392 0.126 0.174 0.245 1.000 0.664 0.731 0.583

Table 9. Degree of preference and final weight for the main selection criteria

Criteria Degree of preference Normalization of preferences Rank
HR 0.530 0.1365 5
FTC 0.910 0.2344 2
R 0.861 0.2217 3
CM 1.000 0.2575 1
FT 0.583 0.1500 4

In addition, the fuzzy sum of each row, the fuzzy
compound expansion, and the degree of preference of S;
over S, for the criteria is given in Table 8. Moreover, Ta-
ble 9 shows the degree of preference for criteria and the
normalization of preferences for the criteria. The results
showed that CM (0.2575) and FTC (0.2344) greatly in-
fluence the selection of maintenance methods of CRE. R
and FT scored 0.2217 and 0.1500, respectively, while HR
records the lowest weight at 0.1365.

To calculate the consistency ratio (CR), the consist-
ency index (CI) is divided by the random index (RI). If
the result is lower than 0.1, the matrix is consistent and
usable for data evaluation. If both CR™ (obtained consist-
ency ratio based on the middle numbers of the triangular
fuzzy matrix) and CR8 (obtained consistency ratios based
on the geometric mean of the upper and lower bounds of
the triangular fuzzy matrix) indices are under 0.1, then the
fuzzy matrix is compatible; however, if both indices are
higher than 0.1, the decision maker is asked to revise the
prioritization (Deng, 1999; Thengane, 2019). For the crite-
ria, both of these indices are less than 0.1 (CR™ = 0.0246,
CRe& = 0.0681), which are the allowable values.

The FAHP technique was used to determine the pri-
ority of sub-criteria within each category. The results

and the weights related to the sub-criteria are shown in
Table 10. Among the sub-criteria of HR, the Number of
Expert Forces (NEHR) and the Satisfaction of Employ-
ees and Consumers (SEAC) had a higher score compared
to Organizational Culture (OC). Meanwhile, for the FTC
sub-criteria, the Structure Condition (SC), the Ease of
Implementation (EI), and the Possibility to Apply Differ-
ent Techniques of R&M (PAVTRM) had the highest-to-
lowest weights. Under the R sub-criteria, Identification of
Malicious Factors (CIMF), Decrease of Reaction Decision
making (DRD), Enhancement of Reliability (ER), and En-
vironmentally Friendly (CWE) had the highest-to-lowest
weights. In addition, sub-criteria, such as the Increase
the Life of Equipment (ILE), the Efficiency (value-added)
(IEVA), Saving Energy Consumption (SEC), and Legal
Issues (LI) had the highest-to-lowest weights among the
sub-criteria of CM. Moreover, for the FT sub-criteria, the
Presence of Necessary Equipment (PNE) has a higher
score compared to the Management and Information
Integration (MMI). In total, the results revealed that the
Presence of Necessary Equipment (PNE) and Legal issues
(LI) sub-criteria are the most important and the least im-
portant for R&M methods for CRE, respectively.
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Table 10. Determination of the final priority of the main selection criteria and sub-criteria with the FAHP technique

Criteria | CR™ CR8 | Weight Sub-criteria Weight Racr;l;egg;in Final weight Overall rank
HR 0.0030 | 0.0055 | 0.1365 SEAC 0.286 2 0.039
oC 0.283 3 0.039
NEHR 0.431 1 0.059
FTC 0.0027 | 0.0049 | 0.2344 EI 0.249 2 0.058 11
PAVTRM 0.206 3 0.048 14
SC 0.545 1 0.128
R 0.0030 | 0.0072 | 0.2217 CIMF 0.292 1 0.065
DRD 0.265 2 0.059 10
CWE 0.218 4 0.048 13
ER 0.225 3 0.050 12
CM 0.0048 | 0.0139 | 0.2575 SEC 0.197 3 0.051 15
ILE 0.442 1 0.114
IEVA 0.340 2 0.088
LI 0.020 4 0.005 16
FT - - 0.1500 PNE 0.576 1 0.086 1
MMI 0.424 2 0.064 5

4. Discussion of analytical results

The R&M period is a major part of the lifespan of a build-
ing; it usually covers 95 percent of the project life-cycle
(Bevilacqua & Braglia, 2000). This indicates that special
attention should be paid to this tricky situation in which
the need to cut costs should be handled with the consid-
eration that equipment should always be at their optimal
operating levels (Au-Yong et al., 2019; ElSorady & Rizk,
2020). In order to identify the best R&M methods that can
satisfy these intertwined needs, this research has tried clas-
sifying and prioritizing the criteria for their assessment for
Commercial Buildings. Commercial Building (CB) centers
are among the structures where R&M is of utmost impor-
tance since they draw vast numbers of visitor traffic due to
the extensive shopping opportunities they provide. Identi-
fying proper R&M methods and evaluation criteria for ap-
plying these methods to such structures makes it possible
to save a significant amount of cost and time. This is even
more important in developing countries, the context of
this research, where building and services R&M faces even
greater challenges due to lack of resources (Motamed &
Majrouhi, 2018; Thaheem & De Marco, 2014; Wall, 1993).

In order to fill this gap, a list of criteria affecting the
proper R&M method selection for CRE was identified.
Also, a Delphi questionnaire, based on the identified cri-
teria, was developed and distributed among the invited
experts. In this step, a total of 16 criteria were identified
and categorized into five different groups and the FAHP
approach was used to prioritize the identified criteria.
Pairwise comparison questionnaires were distributed
among experts and results showed that the Cost of Main-
tenance (CM), Flexibility and Technical Capability (FTC),

Risks (R), Facilities and Technology (FT) and Human Re-
sources (HR) criteria are in the first to fifth ranks, respec-
tively. Also, the results showed that the Presence of Neces-
sary Equipment (PNE) and Legal Issues (LI) sub-criteria
are the most important and the least important for main-
tenance and repair methods of CBs in Iran, respectively.

The order of criteria for selecting R&M methods is the
following: CM, FTC, R, FT, and HR. This ranking is, part-
ly, in line with was has been found by Lam et al. (2010)
who reviewed the results of 110 R&M management prac-
tices in contracting companies in Hong Kong; the authors
identified time and cost as pivotal factors to consider in
R&M evaluations - in spite of not formalizing a hierarchi-
cal analysis.

Yet, results of the proposed analysis, in terms of clas-
sification, are almost aligned with the categorization pro-
posed by the review of Shafiee (2015). In fact, while this
scholar proposed to divide criteria for the assessment of
R&M methods into: 1) economic (e.g., hardware cost,
customer satisfaction, etc.), 2) technical (e.g., lead time,
flexibility, etc.), 3) social (e.g., labor wage level, stake-
holder participation, etc.), and 4) environmental (e.g.,
energy consumption, environmental protection, etc.),
this research has proposed dividing them into: 1) Cost of
Maintenance (CM), 2) Flexibility and Technical Capabil-
ity (FTC), 3) Risks (R), 4) Facilities and Technology (FT),
and 5) Human Resources (HR). From the comparison of
the above two classifications, a correspondence emerges
between the two economic and technical terms, catego-
ries 1) and 2) the environmental topic of Shafiee (2015)
resides within the R category, while the social one can
be considered as included in the HR variable. However,
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if looking more closely at both these two exceptions, the
new — with respect to Shafiee (2015) — FT category, and
the sub-criteria included in all the 5 proposed categories
of this research, it emerges that this categorization looks
more at the internal factors of the organization that would
implement R&M activities rather than Shafiee (2015). This
is not a complete drawback; indeed, while the proposed
categorization seems to be comprehensive of all internal
factors but not external ones, the categorization of Shafiee
(2015) seems to include part of the internal factors of the
organization and part of the external ones, without being
comprehensive of either. The advantage of this research
is in having employed a mixed qualitative-quantitative
analysis; results of the interviews with experts have been
quantified and a prioritization model has been built in ac-
cordance with the results. In doing that, this research has
precisely answered the call of Shafiee (2015) who high-
lighted how few attempts have been made to combine
qualitative approaches (survey and interviewing method-
ology) with quantitative techniques (mathematical model-
ling) in order to solve the R&M methods’ selection. In this
vein, stemming from the fact the selection of an appro-
priate maintenance strategy is a group decision-making
problem and cannot be performed on an individual basis,
attention has been paid, through the implementation of
the Delphi study, to the diversity of information given by
maintenance experts, which was another gap identified by
Shafiee (2015) but has been tackled by this research.
From the reported results, some differences emerge
from the comparison in prioritizing the criteria among
developed countries and developing countries. For exam-
ple, results of this research are in contrast with those of
Besiktepe et al. (2020), who found that criteria for select-
ing R&M methods, such as “Health and Safety”, “Code
Compliance”, and “Condition’, have higher importance in
a developed country; while in this study, it has been found
that CM is the most important criterion. From the study
of Sodangi et al. (2014), the most important criterion, in
Malaysia, was maintenance staff training and expertise —
equal to the HR category of this research; however, this
result is in contrast with the one by Chua et al. (2014) that
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identified “Price Competition” as the main important cri-
terion for the procurement of R&M decisions in Malaysia.
The same has been found, again in Malaysia, by Ali (2009)
who found, through a survey administered to 200 selected
buildings’ managers, that the main factors usually consid-
ered by the building managers in allocating maintenance
costs are the availability of funding, the client’s preference,
and economic situation. Yet, with regard to the mainte-
nance of wastewater systems in Iran, Amani et al. (2013),
despite not considering different criteria, identified the
cost of maintenance as the suggested method for R&M.

So, stemming from the emerging differences with
similar studies, it clearly appears that there is not strong
homogeneity of criteria among developed and developing
countries, while there seems to be a certain degree of ho-
mogeneity when looking at the studies conducted in Iran
and developing countries. In practice, for decision makers
in developing countries, but, especially in Iran where re-
sults seem to be more convergent (see Amani et al., 2013),
the cost of maintenance is the main method for selecting
how to repair and maintain a building.

In order to better convey the explained result, the fol-
lowing example is provided. A 20-year-old CB in Tehran
(Iran) needs to be partly restructured and the manage-
ment has to make the decision between: a) repair the
existing ceramic tiling, or b) replacing it with a natural
stone cladding. According to the results of this work, the
management will look for data concerning all 5 identified
main criteria (HR, FTC, R, CM, and FT) and compare
the two methods correspondingly. However, within this
comparison, what is more relevant - to the eyes of deci-
sion makers — is the CM category (formed by the follow-
ing sub-criteria: saving energy consumption, increase the
life of equipment, efficiency, and legal issues). From that,
decision makers weight these sub-criteria over the two
methods (Table 11).

Within the proposed example, to facilitate understand-
ing, only the main criterion - i.e., Cost of Maintenance —
has been taken into consideration; albeit, the procedure
would work in the same way even if adding other criteria.
The weight of each sub-criteria of CM is taken from the

Table 11. Example of costs of maintenance evaluation between two R&M methods

. Method directing
Weight of each o . Score for
- o Method directing Score for each towards replacing
Sub-criteria of Cost of | sub-criterion o o Qo N each sub-
. towards repairing the sub-criterion | existing ceramic tiling o
maintenance of Cost of o Lo Iy . criterion about
. existing ceramic tiling | about repairing with natural stone
maintenance . replacement
cladding
Saving energy 3 Saving 20% of energy 7 Saving 40% of energy 9
consumption consumption per year consumption per year
Increase the life of 1 Life of equipment 7 Life of equipment 10
equipment increased by 23 years increased by 50 years
Efficiency 2 Equivalent Uniform 10 Equivalent Uniform 7
Annual Cost of 2.4 €/m Annual Cost of 3.8 €/m
Legal issues 4 N.A. 0 N.A. 0
Total (weight X score) 48 51
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results shown in Table 7, while the scores’ columns re-
port a mark subjectively assigned ranging from 1 (lowest
value) to 10 (highest value); the last row, instead, shows
the result of the weight column per each score column.
From the proposed example, it is possible to derive that
the method directing towards replacing the existing ce-
ramic tiling with natural stone cladding is the one chosen
by the management of the CB.

Anyway, assigning greater weight to a criterion rather
than another seems, from the comparison of this study’s
results with existing literature, linked with cultural issues.
From that, external factors, which have not been con-
sidered in this and other studies, are probably those that
create differences in the prioritization of criteria. In this
regard, cross-country studies are needed to establish these
differences and similarities.

Conclusions

The value added of the proposed research, aimed at classi-
tying and prioritizing criteria for R&M decisions, is high-
lighting a sort of homogeneity for the Iranian context;
indeed, this and other prior contributions (Amani et al.,
2013) seem to underline that the main criterion is the cost
of maintenance, in contrast to results for developed coun-
tries (Besiktepe et al., 2020) and other developing ones
(Sodangi et al., 2014). This result, in practice, substantiates
how the choice of the R&M method is driven by criteria
that are prioritized differently, according to the culture in
which the organization is embedded.

In terms of practical implications, what this study
wants to convey to managers that are responsible for
R&M decisions is: First, managers responsible for R&M
choices should consider R&M method costs since their
initial analysis of the building’s construction. The evalu-
ation of these costs must be guided by the principles of
sustainable development and must consider the energy
embodied in materials and construction, and in both ini-
tial and recurring maintenance (see also Mirza, 2006). In
order to do that, various methodologies have been elabo-
rated to help budgeting for R&M activities; they can be
categorized into: 1) Plant value methodologies, 2) other
formula-based methodologies, 3) life-cycle cost method-
ologies, and 4) condition assessment methodologies (see
Ottoman et al., 1999 for more details). Second, it is hereby
recommended (and remarked) that all five categories of
criteria are important for R&M decisions (see also Lavy
& Shohet, 2004). These categories should be systematically
considered when making R&M choices; if the manager
does not do so, the adopted R&M method would lead to
overseeing other important variables (e.g., risks) that, if
not assessed, can drive to dramatic negative consequences.
In doing that, multi-criteria methods should be adopted
(see de Almeida, 2001; Parida & Chattopadhyay, 2007;
Shyjith et al., 2008 for some applications). The allocation
of a budget for R&M issues can be managed by a Condi-
tion Based Management approach (Shohet, 2003; Straub,
2002), which allows the control of desired maintenance

performance levels and, especially, costs (Straub, 2002).
This would, indeed, overcome the common problem of
poor maintenance performance deriving from the insuf-
ficient allocation of maintenance costs (Ali, 2009; Hauash-
dh et al., 2020). These tools, as the basis of the cost of
maintenance criteria, should be flexible according to the
context of implementation. Indeed, managers responsible
for the selection of proper R&M methods should consider
that the weights of criteria are likely to be context specific.
Hence, it is recommended that future studies examine the
effects of the factors (criteria and sub-criteria) in different
countries and regions, developed and developing, as well
as other sectors of the economy. Other implications for
theory come from the implementation of the recent list
of factors developed by Lai and Man (2017) and already
implemented, with reference to the performance of build-
ings — but not for maintenance (Lai & Man, 2018a, 2018Db).

There are 3 main limitations of this study. First, it
should be recognized that the number of respondents
was not very high (i.e., 20), some respondents (i.e., 2) did
not have as much work experience as other respondents,
and all respondents come from just one developing coun-
try, Iran; this calls for other studies that can enhance the
generalizability of results looking for a greater number
of respondents, with equal work experience, and coming
from different developing countries. Second, respondents
were chosen through convenience sampling that, despite
reducing the complexity of data collection, has the risk of
not identifying all the sub-groups of the population. Third,
stemming from the fact that criteria have been also select-
ed thanks to the suggestions of the few participants in the
Delphi study, they cannot be exhaustive of all the valuable
criteria for assessing R&M, due to the fact that they are
the product of the perception of experts that can be biased
by their socio-demographic characteristics, culture, and
cognitive factors. In practice, the selection of these criteria
may have suffered from the intrinsic characteristics of the
panel - it is worthy of notice, however, that the majority
of criteria emerged from the analysis of the literature. It
would be interesting to investigate, in a quantitative man-
ner, whether socio-demographic characteristics and/or
other psychological variables are significant in the defini-
tion and evaluation of criteria for R&M methods’ selection
at the individual and group levels.
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