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ABSTRACT

It has been observed that since last few decades maintenance activities are solely more
than 50% of total construction activities. It has been reported in last few decades
maintenance work ratio is increasing yearly. Hence it also shows that maintenance is
clearly an important and big issue as efficient maintenance work holds the key to better
operation facility, for this maintenance strategies and selection of appropriate
maintenance contractor plays an important role. Traditionally contractor is selection is
a process purely based on low price contract. Best value procurement is other method
of procurement arises due to increase the complexity of projects & increasing
awareness of maintenance. But a limited work is carried out for maintenance contractor
selection process also these best values approaches come with lack of substantiation
knowledge for the factors include in the best value approach, which make the model
difficult to adopt and there is no strategies of evaluating criteria are mentioned, hence
this research aims to provide best value selection criteria through introducing of
Analytical Hierarchy Process (AHP) analysis for maintenance contractor selection
process along with the substantiation knowledge of factors to enhance owner ability in
selection process of maintenance contractor. For this goal 17 factors are divided into 5
criteria and pairwise comparison of among criteria and attributes has been done from
consultants. The attributes have been given local and global weights through AHP
procedure. Our result shows that past performance of contractor has the most weightage
criteria among all. The strategies for substantiation of the factors are also discussed,
which is primarily achieved through interviews with industry consultants. Final best
value framework has been made which shows the weightages of criteria and attributes

along with strategies through which those attributes can be evaluated.
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CHAPTER 1: INTRODUCTION

1.1 Background:

Like human building components also have life cycle which starts from the
point its start operating, however its end is difficult to predict because it highly depends
on its maintenance facilities time to time, without which it can be endure until collapse
(Silva, de Brito et al. 2022). Now a days along with basic living space people also
focuses on quality of services provided, whenever affordable people the value-added
facilities provided in an area, these facilities include security, power supply, fire
services & elevators etc , Nevertheless, all these services and facilities require
maintenance to upkeep their conditions in acceptable level (Au-Yong, Ali et al. 2019).
Building owners worldwide envisage an optimum, conducive, and safe indoor
environment for the tenants. Subsequently, several previous studies have determined

the factors affecting the end-user satisfaction (Mohammadpour, Karan et al. 2015).

For ensuring end user satisfaction, it is necessary that the services and facilities
are available seamlessly without any disruption Without proper maintenance, the
facilities provided unable to support the intended function and retain its value. These
services primarily constitute the mechanical, electrical, and plumbing facilities, such
air conditioning, sewerage, lighting, elevators, etc. The performance of facilities is
highly dependent on their effective maintenance (Swanson 2001). The longevity and
use of building components and facilities are heavily reliant on their care and the
commitment of the maintenance contractor. To maintain the efficiency, dependability,

and safety of their assets, organizations in a range of industries must carefully select



their maintenance contractors (Tsang 2002). Similarly, other building components life

and usage is highly dependent of its maintenance.

1.2 Maintenance Work:

It has been observed that since 2002 maintenance activities are solely more than
50% of total construction activities (Lam, Chan et al. 2010). It has been reported in last
10 years the maintenance activities increases by 66% and it increases by 43% in
between early 90’s and 2000 compare to only 28% maintenance work of total
construction (El-Haram, Marenjak et al. 2002, Wood 2005). Hence it also shows that

now maintenance is clearly an important and big issue (Wood 2005).

1.3 Maintenance Contractor:

Efficient maintenance work holds the key to better operation facility, for this
maintenance strategies and selection of appropriate maintenance contractor plays an
important role. Traditionally contractor is selection is a process purely based on low
price contract (Waara and Brochner 2006). Best value procurement is other method of
procurement arises due to increase the complexity of projects & increasing awareness
of maintenance(Bruno, Gelderman et al. 2018). Best value procurement method
removes a weakness in selection criteria purely based on price with dissatisfaction of
contractor, Best value criteria increases the competition in a construction industry leads

to innovation (Ying, Zhao et al. 2022).

A critical component in best value process is to determine the correct evaluation

criteria for specific work (Perrenoud, Lines et al. 2017). Hence, it is imperative that the



building owners have some benchmarks to select Maintenance Contractors.
Subsequently, they can identify the areas of weakness and suggest necessary changes

to promote end user satisfaction.

The Problem at hand is the lack of substantiated knowledge and understanding
regarding the factors that contribute to the selection of maintenance contractors based
on based value. Best value refers to a holistic approach so without comprehensive
knowledge of these factors’ substantiation organizations may struggle to make
informed decisions when choosing a maintenance contractor, potentially leads to

subpar performance and increase costs.

Therefore, this research aims to facilitate the building owners in two different
ways by providing a substantiated framework that organizations can utilize to make
well informed decisions when selecting maintenance contractor through best value

approach.

(1) To develop a framework for the best value selection criteria Maintenance

Contractors

(2) To devise strategies to enhance owner ability to evaluate/Substantiate

maintenance contractor Performance indicators.

1.4 Research Gap:

The current best value selection procedure for maintenance contractor comes
with attribute weightages but without any strategies on how to evaluate these criteria
while selecting maintenance contractor, this also leads to include those attributes in

selection models which are practically impossible to substantiate at time of procurement



of maintenance contractor, which make it practically impossible to adopt the best value

practices in selection procedure of maintenance contractor.

1.5 Problem Statement:

Inefficient maintenance contractor selection practices with lack of
substantiation strategies inhibit in selection of competent maintenance contractor &
effect project success. This research explores strategies for substantiated best value

attribute assessment in maintenance contractor selection.

1.6 Research Objectives:

e To identify the factors influencing the selecting criteria of maintenance contractors.

e To develop a framework for employing of maintenance contractor.

e To devise strategies to facilitate owner in substantiation of factors in best value

process.

1.7 Research Significance:

By addressing these research objectives, this study will provide a substantiated
framework that organizations can utilize in to make well informed decisions while
selection maintenance contractor which will lead to enhanced maintenance outcomes

and cost saving.



CHAPTER 2: LITERATURE REVIEW

2.1 Traditional Selection Method:

Contractor selection is one of the most crucial tasks undertaken by the project
owner to ensure the successful execution of the work, it is an all-around, challenging,
and exhaustive process requiring consideration of numerous interrelated factors and
uncertainties simultaneous in order to produce a knowledgeable decision (Le, Jeong et
al. 2020). Incompetency in selection process can affect future decision process (Singh
and Tiong 2005). Most of the time, selection of contractor takes place purely on basis
of lowest bid instead of practices of best value criteria (Lines, Nguyen et al. 2021).
However, the choice of the lowest bidder does not guarantee the lowest cost at the
completion due to the possibility of claims and litigation during the construction phase
and also, incompetent contractor causes project delays results in additional cost along

with poor quality of work (Le, Jeong et al. 2020).

2.2 Best Value Selection Approach:

To increase the likelihood of project success Best value Criteria is used at pre-
qualification stages as well as contractor selection stage to remove the incompetent
contractors from the list (Afshar, Alipouri et al. 2017, Shalwani, Lines et al. 2019). Best
value criteria evaluates the contractor based on technical, financial, experience and past
performance criteria for evaluation rather than focusing on bid price only, In short BV
criteria focuses on quality and value of work rather than focusing only on price (Cheng

and Li 2004, Perrenoud, Lines et al. 2017). Best value process theoretically balances



the cost and quality-based selection criteria by considering both in selection process,
previous research shows that contractors who selection are based on qualification tend
to achieve better performance in project quality, professionalism and customer
satisfaction, best value criteria also cause reduction in cost, disputes and
claims(Nguyen, Lines et al. 2018). Best value criteria make sure to identify the right
person for right job, it has been observed from previous research that 98% of projects
avoid cost & time overruns due to adoption of best value criteria for selecting of

contractor (Sullivan 2011).

2.3 Adoption of Best value selection:

BV criteria has been adopted in many developed countries like USA and others,
but it also faces barriers sometimes due to liability claims of illegally favoring someone
by other contractors because usually BV contractor bid price is high compare to some
other bidders (Yu and Wang 2012). On the other hand a study carried out for design bid
build contractors in USA to focus more in a best value selection process, they collect
the data based on 167 DBB contracts based on best value selection, the study shows
that best value contractors select the qualified contractors almost 52% of time, and
lowest bid 48%, this study also shows that 67% of time the qualified contractors ranked
also as top 2 lowest bid contractor showing that qualified contractor doesn’t come on

premium but rather they have efficiency in implementation of their work(Nguyen,

Lines et al. 2018).

BV criteria is not limited to contractor selection only but also has been applied
in other critical employment in construction industry, A study for best value

construction manager has been done in which study focus on RFPs, RFQs of different



projects, In this study total of 29 transportation projects & 25 non transportation
projects documents are analyzed, mainly these documents include RFPs and RFQs, A
formal content analysis of these documents has been which concludes that non price
factors are considered 73% compare to 23% of price factors in selection of general

contractor by these firms (Gransberg and Shane 2015).

In another study best value selection criteria is used for risk management
purposes and it includes risk maturity as a factor in selection of contractor which shows
that risk maturity is directly link with project success (Perrenoud, Lines et al. 2017).
Hence above discussion shows that best value practices increase the probability of
success, and such practice should also be incorporated in maintenance contractor

selection process.

2.4 Analytical Hierarchy process:

One of the technique most commonly used in BV criteria as multi criteria
decision making is AHP, which is gaining more attention because of available literature
make it easy to apply the procedure for finding solution to a problem. AHP is used for
many constructions management problem solutions, one of the major portion is using
AHP in used for finding solution to problems related to risk management, other than
AHP is used in sustainable construction, bidding problems, contractor prequalification

and many more (Darko, Chan et al. 2019).



2.5 Contractor Selection Practices:

Various procedures for contractor selection are applied in the field as well
proposed by different researchers. For example in Denmark contract selection
procedure removes the two lowest and two highest bids and consider the average ones,
Similarly in Italy and South Korea only lowest and highest bids are excluded and the
one close to average is selected, In France the bid having abnormally low cost has been
not considered, Also in Australia contractor selection process occur in two stages in
first experience is evaluated and then in second step price negotiation occur (Zavadskas
and Vilutiené 2006). It can be stated that the process of contractor selection is a not
limited to bid price only but a multi-criteria problem (Huang 2011). Now people have
been investigating contractor selection & evaluation criteria more because now
governments in developed world also focuses and encourages use of multi-criteria
evaluation in contractor selection process compare to low price contracts (Waara and

Brochner 2006).

As traditional low price contract award is also in practice in Turkey, but the
main aim to select contractor for work is not to select low bidder but to select the bests
bidder among them, A study carried out in turkey for public sector contractor selection
process observes that if pre-qualification stage exists also then at 2™ stage contractor
selection process was based purely on low bid means if a contractor gets a high score
in pre-qualification still it won’t get a contractor if someone with low score and low bid
exists, which also contradicts the best bidder selection process for this purpose they
study literature and gets an expert opinion finds out that quality and time are two factors
which should be taken into consideration, they proposes a multicriteria model for
contractor selection process considering quality and time factors in the contractor

selection process. The study divides contractor selection into two stages 1)



Prequalification stage & ii) choice of contractor, at 1% stage quality and time are
considered as prequalification criteria. After successful qualification in the 2™ stage
along with bid price quality and time are also incorporated to make selection not purely

based on lowest bid at 2™ stage also (Topcu 2004).

A study in Hong Kong in 2003 has been done for improving the framework of
multi criteria decision making in contractor selection process, the study uses analytical
network(ANP) process for which 8 factors which includes Tender price, financial
Capability, Past performance, Past experience, Resources, Current workload, Past
relationship & Safety management in which 4 factors have further divided into sub-
factors like financial capability is divided into Financial statement & Financial
references, Past performance is sub factorized as failed contracts, cost overruns, delays
& quality achieved, resources are divided into human & physical resources & past
experience is divided into scale of project, work in local area & Type of project
completed. These all are selected to be consider in contractor selection process taken
from literature. They compare their result with previous work which considers AHP for
contractor selection, They took a case study by considering 3 contractors and run both
AHP & ANP model both shows different results due to consideration of interdependent
relation by ANP which shows contractor A is more efficient for work considering above
factors, Due to consideration of interdependent relations among all factors and sub

factors ANP is terms as more efficient method in contractor selection. (Cheng and Li

2004).

In China for the problem of contractor selection has been proposed a solution
of Multiple-layer Fuzzy Pattern Recognition (MFPR) approach to solve contractor
selection problem, in this technique the factors are divided into specified categories and

decision making are based on considering these categories as base for each layer in



decision making process, for contractor selection the factors are divided into 2 layers
of financial and technical aspects only. Financial group includes bid, routine
maintenance, lump-sum item price, financial stability & financial status while technical
group includes experience, equipment, personal & past performance, safety record,
management ability, environmental protection, construction planning and quality
guarantee ability. The result shows the weightages of considered factors helps in

decision making of final contractor selection (Singh and Tiong 2005).

Same as contractor selection a study has been done for selection of sub-
contractor, in this study a web based sub-contractor evaluation system has been develop
based on multi-criteria. The model has been based on cost, quality, time & adequacy
parameters. Further the parameters have been divided into sub-factors. The parameter
has been set in a web form and each having scores 1 to 10 where 1 represents
unsatisfactory, the contractors scored based on his resources and gives a suitable sub-

contractor at end (Arslan, Kivrak et al. 2008).

In 2013 a study carried out for selection of design build contractors which uses
the methodology of text analysis of request of proposals. For this study the RFPs sample
contains RFPs of residential, commercial, heavy civil work, institutional, industrial &
renovation work. The study identifies 23 factors which are considered in these RFPs
and place them in 10 different categories. According to this study Price holds the most
frequency of 91% followed by experience 83% other categories like technical approach,
management approach, qualification & schedule holds 72%, 68%, 62% & 60%
respectively, while past performance, financial capability, responsive to RFP & legal

status holds 54%, 37%, 37% & 14% respectively (Xia, Chan et al. 2013).

10



In 2017 a study carried out for knowing the procurement methods and their
focus on factors consider in those literature, detailed literature has been studied in which
total of 676 papers are observed, from filtering out the irrelevant one 119 papers
remained has been analyzed through text analysis which shows that many methods have
been suggested in research which include best value criteria, fuzzy set technique, multi
criteria-based methods, structured framework etc. This research also points out that in
this literature the quality factor is comes out to be most imported which have 9.2% of
total followed by cost 8.2%, other factors include staff features, financial, company
management, experience & time which are 7.9%, 7.9%, 7.6%, 6.5% & 6% respectively

(de Araujo, Alencar et al. 2017).

Another study shows that contractor selection process should have fair
competition among for that purpose the study considers technical aspect, Health,
Safety, and environment factor (HSE), bid price & bidder competence in developing a
framework through generalized comparative linguistic ELECTRE III. The research
incorporated the quantitative and qualitative factor in selection criteria (Chen, Zhang et

al. 2021).

2.6 Maintenance Contractor Selection Practices:

A study is carried out (Zavadskas, Turskis et al. 2005) is done to find out
solution of maintenance contractor selection problem, for this purpose simulation of 15
maintenance contractor data has been used to find out the best alternative practices to

be apply in maintenance contractor selection procedure which is user satisfactory.

In another Study multi criteria evaluation of maintenance contractor has been

done through a case study in which 16 maintenance firms & 11 client data has been
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used hence this model linking client satisfaction and maintenance performance through
a statistical calculation of obtain data. The study shows that client ranks cost as the
highest priority followed by maintenance level, quality standard of service, reliability
of firm, employee qualification & Implementation of needs, On other hand the
maintenance firm employee qualification is most important followed by number of
project, reputation, reliability of firm and range up-to which services are provided

(Zavadskas and Vilutiené 2006).

To find out the criteria prioritize by parties involve in selection of maintenance
contractor and maintenance work a study is carried out for evaluating of maintenance
contractor my ranking the attributes for maintenance contractor which is acceptable to
all parties in selection as well as maintenance work (Zavadskas, Kaklauskas et al.

2009).

Another study based on Saudi Arabia industry problem in selection of
maintenance contractor concludes that maintenance contractor should be procure based
on his past performance, expertise, technical plan along with health and safety plans as

well (Hadidi and Khater 2015)

In a study for developing a framework for elevator maintenance contractor has
been done through text analysis of RFPs, in this study total of 70 RFPs has been
analyzed which are based on best value procurement. In this study the total of 29 factors
attained from RFPs has been categorized into 9 groups, Price, experience and
qualification, past performance, responsive to RFPs, maintenance strategies, financial
capability, diversity, contractor resources & legal status. Through manual content
analysis of all these RFPs it has been found out that Price has been included in 100%

in these RFPS followed by experience and qualification which holds 92% other factors
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are included in as 77% responsive to RFPs, 54% maintenance strategies, financial
capability is included in 51%, diversity in 26%, contractor resources in 25% & legal
status in 11%. Among the average weightages given it has been observed that price
holds the highest weightage of 35.71%, followed by experience and qualification
25.39%, Past performance has been given 18.47%, maintenance strategies 21.99%,
responsive to RFPs are 18.50%, financial capability has been given 10.68% average

weightage, diversity, contractor resources & legal status received the lowest weightages

which are 8.08%, 11.61%, 88.33% respectively (Zubair and Zhang 2022).

The current frameworks for selecting contractors are markedly lacking in
substantiation knowledge. These frameworks don’t have any strategies to evaluate the
attributes of maintenance contractor hence lacking the guidelines in evaluating
maintenance contractor based on their past performances. Due to lack of strategies for
substantiation of attributes of maintenance contractor, the current practices may not find

be very helpful by owners.

In conclusion, current maintenance contractor selection frameworks emphasize
a multi-criteria approach, however there is lack of robust strategies for evaluating these
criteria. It is important to incorporate current best practices, proven business
considerations, and well-researched industry insights into this process to address this
problem. The selection of an informed and efficient maintenance contractor will be
handled back from this iterative analysis, reducing risk and improving overall project
success. The framework should be in such a way that it provides methods for specific
quality assessments to ensure industry adoption. Therefore, this research aims to
facilitate the building owners by providing a substantiated framework that
organizations can utilize to make well informed decisions when selecting maintenance

contractor through best value approach. Multi criteria—decision-making approaches,
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such the AHP, have been adopted in the search to achieve a balance between cost-

effectiveness and service quality when choosing the best maintenance contractor.

2.7 Attributes for selection of maintenance contractor:

Based on literature review regarding selection of maintenance contractor total

of 21 factors has been identified which compromises both on approach towards project

and contractor record in previous projects. The identified attributes are given in

following table 2.1 along with its references.

Table 2.1 Identified factors with references

S.No

Factors

References

(1)

Proposed maintenance

approach and plans

(Singh and Tiong 2005, Zavadskas and
Vilutiené 2006, Aradjo, Alencar et al. 2018)

Approach to  manage

(Al-Hammad and Assaf 1996, Arslan, Kivrak et

(2) | subcontractors. al. 2008, Araujo, Alencar et al. 2018, Tayeh, Al
Hallaq et al. 2018, Naji, Gunduz et al. 2022)
Understanding insight of | (Al-Hammad and Assaf 1996, Arslan, Kivrak et
clients and project needs. al. 2008, Assaf, Hassanain et al. 2011, Enshassi,
3) Mohamed et al. 2013, Hasnain, Thaheem et al.
2018, Tayeh, Al Hallaq et al. 2018, Zubair and
Zhang 2022)
General work Experience | (Cheng and Li 2004, Egemen and Mohamed
“4)

2006, Zavadskas and Vilutiené 2006, Arslan,
Kivrak et al. 2008, de Aratijo, Alencar et al.
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2017, Aratjo, Alencar et al. 2018, Tayeh, Al
Hallaq et al. 2018, Naji, Gunduz et al. 2022)

()

Experience of  similar

works

(Egemen and Mohamed 2006, Zavadskas and
Vilutiené 2006, Arslan, Kivrak et al. 2008, Tan,
Shen et al. 2014, Naji, Gunduz et al. 2022,
Zubair and Zhang 2022)

(6)

Employee qualification

(Tan, Shen et al. 2014, Bintoro and Malani
2017, Aratjo, Alencar et al. 2018, Naji, Gunduz
et al. 2022, Zubair and Zhang 2022)

(7)

Availability of technical
skilled/Trained staff

(Al-Hammad and Assaf 1996, Egemen and
Mohamed 2006, Zavadskas and Vilutiené
2006, Arslan, Kivrak et al. 2008, Watt, Kayis et
al. 2009, Enshassi, Mohamed et al. 2013,
Hosny, Nassar et al. 2013, Tan, Shen et al.
2014, de Araujo, Alencar et al. 2017, Araujo,
Alencar et al. 2018, Hasnain, Thaheem et al.
2018)

(8)

Past performance

(Cheng and Li 2004, Singh and Tiong 2005,
Watt, Kayis et al. 2009, Enshassi, Mohamed et
al. 2013, Hosny, Nassar et al. 2013)

)

Performance In similar

project

(Enshassi, Mohamed et al. 2013, Hosny, Nassar
et al. 2013, Hasnain, Thaheem et al. 2018,
Zubair and Zhang 2022)

(10)

Previous Client satisfaction

/Reputation earned.

(Singh and Tiong 2005, Wireman 2005,
Egemen and Mohamed 2006, Zavadskas and
Vilutiene 2006, Watt, Kayis et al. 2009,
Enshassi, Mohamed et al. 2013, Hosny, Nassar
et al. 2013, Tan, Shen et al. 2014, Arayjo,

Alencar et al. 2018, Hasnain, Thaheem et al.
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2018, Tayeh, Al Hallaq et al. 2018, Zubair and
Zhang 2022)

(11)

Safety of work/Accidents
Record

(Al-Hammad and Assaf 1996, Cheng and Li
2004, Singh and Tiong 2005, Egemen and
Mohamed 2006, Arslan, Kivrak et al. 2008,
Watt, Kayis et al. 2009, Puri and Tiwari 2014,
de Araujo, Alencar et al. 2017, Aragjo, Alencar
et al. 2018, Hasnain, Thaheem et al. 2018, Naji,
Gunduz et al. 2022)

(12)

Previous work Quality

(Ahmed and Kangari 1995, Topcu 2004,
Wireman 2005, Banaitiene and Banaitis 2006,
Egemen and Mohamed 2006, Arslan, Kivrak et
al. 2008, Enshassi, Mohamed et al. 2013,
Hosny, Nassar et al. 2013, Puri and Tiwari
2014, Tan, Shen et al. 2014, de Araujo, Alencar
et al. 2017, Araujo, Alencar et al. 2018,
Hasnain, Thaheem et al. 2018, Tayeh, Al
Hallaq et al. 2018, Naji, Gunduz et al. 2022)

(13)

Documentation of works

(Al-Hammad and Assaf 1996, Love, Holt et al.
2002, East 2007, Tayeh, Al Hallaq et al. 2018)

(14)

Current workload

(Cheng and Li 2004, Singh and Tiong 2005,
Egemen and Mohamed 2006, Zavadskas and
Vilutiené 2006, Watt, Kayis et al. 2009, de
Aratjo, Alencar et al. 2017, Naji, Gunduz et al.
2022)

(15)

Failed contracts

(Cheng and Li 2004, Singh and Tiong 2005,
Banaitiene and Banaitis 2006, Hosny, Nassar et
al. 2013, Puri and Tiwari 2014, Naji, Gunduz et
al. 2022)
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(16)

Inventory in stock

/Resources

(Al-Hammad and Assaf 1996, Cheng and Li
2004, Singh and Tiong 2005, Zavadskas and
Vilutiené 2006, Assaf, Hassanain et al. 2011,
Enshassi, Mohamed et al. 2013, Au-Yong,
Azmi et al. 2018, Tayeh, Al Hallaq et al. 2018,
Zubair and Zhang 2022)

(17)

Financial

Capability/stability

(Cheng and Li 2004, Singh and Tiong 2005,
Banaitiene and Banaitis 2006, Egemen and
Mohamed 2006, Arslan, Kivrak et al. 2008,
Watt, Kayis et al. 2009, Enshassi, Mohamed et
al. 2013, Puri and Tiwari 2014, de Araujo,
Alencar et al. 2017, Aragjo, Alencar et al. 2018,
Hasnain, Thaheem et al. 2018, Naji, Gunduz et
al. 2022, Zubair and Zhang 2022)

(18)

Proposed Price

(Cheng and Li 2004, Singh and Tiong 2005,
Banaitiene and Banaitis 2006, Egemen and
Mohamed 2006, Zavadskas and Vilutiené
2006, Enshassi, Mohamed et al. 2013, Hasnain,
Thaheem et al. 2018, Naji, Gunduz et al. 2022)

(19)

Availability of required
licenses to perform

maintenance.

(Tan, Shen et al. 2014, Tayeh, Al Hallaq et al.
2018)

(20)

Litigation & Claim History

(Banaitiene and Banaitis 2006, Egemen and
Mohamed 2006, Hassaan, Fors et al. 2013,
Hosny, Nassar et al. 2013, Tayeh, Al Hallaq et
al. 2018)

21)

Minority and  special

organizations

(Witherspoon and Wohlert 1996, Steele and
Sodhi 2004, Zubair and Zhang 2022)
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2.8 Grouping of identified factors:

The above 21 factors are divided into 6 categories of main criteria, the grouping of these
factors is based on their connectivity to each other, the grouping of these factors has

been given in table 2.2,

Table 2.2 Categorizing of Factors

S.No | Main Criteria Factors

Work Approach Proposed maintenance approach and plans

Approach to manage subcontractors.

Understanding insight of clients and project

needs.

Experience General work Experience

Experience of similar works

Employee qualification

Availability of technical skilled/Trained staff

Past Performance Past performance

Performance In similar project

Previous Client satisfaction /Reputation earned.

Safety of work/Accidents Record
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Previous work Quality

Documentation of works

Personal Record & | Current workload

Resources

Failed contracts

Inventory in stock /Resources

Financial & Legal Status | Financial Capability/stability

Proposed Price

Availability of required licenses to perform

maintenance.

Litigation & Claim History

Diversity Minority & Special Organization
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CHAPTER 3: METHODOLOGY

3.1 Introduction:

The research technique being used to achieve the specified objectives is
analyzed and presented in this chapter. The research methodology shows how research

1S going to carry out step by step to achieve their research objectives.
goimng Iy p by step ]

There are several techniques which will be used to carry out this research to
fulfill certain objectives. This research includes detailed literature review, preliminary
survey & detail questionnaire survey, by use of Analytical hierarchy process as a multi
criteria decision making technique, for development of a model for selection of

maintenance contractor.

Along with weightages of attributes substantiation of these factors has been
carried out by face to face interviews from concern experts of related field, the
substantiation for each factor is linked with attribute weightages and criteria weightages
in the final framework for selection of maintenance contractor. The steps adopted in

methodology of this research is shown in figure 3.1,
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Identification of Factors consider in maintenance contractor selection

Literature Review

Identification & Categorizing of factors

Step 2: Validation of identified factors

Questionnaire development

Pilot assessment

l—l DatalS0urce

Interviews LinkedIn

l Data Analysis

Frequency Analysis

Step 3: Application on Analytical Hierarchy Process (AHP) & Substantiation Strategies

Classifying goal, criteria & identified attributes

Questionnaire Survey for pairwise Survey questionnaire for strategies
comparison to substantiate attributes

Development of pairwise comparison
matrix for criteria and attributes

Development of Normalized matrix for
criteria and attributes

Calculate priority weights and
determine local & Global weights of
attributes

No

Yes

Final Ranking of attribute

Final framework having attribute weightages and substantiation strategies

Figure 3.1 Methodology Framework
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3.2 Identification of factors for selection of maintenance contractor:

In the first step of this research is to identify a key attribute which are important
in the selection of maintenance contractor. For this phase a detailed literature review
has been carried out to point out the related factors which are important for owner or
consultants to be consider at the time of procurement of maintenance contractor. A total
of 21 factors has been identified at first through detailed literature review which are

divided in 6 different categories.

3.3 Preliminary survey:

After shortlisting of factors from literature, A questionnaire survey was
developed to take expert opinion on the priority of these factors for selection of
maintenance contractor. Questionnaire survey was distributed to industrial
professionals mainly consultants. The survey was based to validate the identified
factors and either they are substantiable or no. As a result of this survey 4 of identified
factors which are rated low by industry experts and also may face substantiation issue

further has been removed and final 17 factors are consider for future progress.

3.4 Main survey Questionnaire:

After short listing 17 factors which are distributed in 5 categories a
questionnaire is developed with the main objective of the study which is weightages of
attributes and their substantiation techniques in decision making process of selection of
maintenance contractor. For weightages of attributes a multi criteria decision making

technique is employed due to its significance in solving complex problems. For this
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purpose, Analytical Hierarchy Process (AHP) is used which is a mathematical decision-
making technique used to solve problems that are complex. This technique which helps
in disintegrating problems into a hierarchy of criteria and sub-criteria with the help on

comparative analysis.

3.5 AHP methodology:

Analytical hierarchy process is a technique which is used to structure and
analyze a complex decision problem by establishing a step wise decision model in order
to achieve the goal. This process includes qualitative and quantitative components.
AHP assumes that the relationship between clusters is unidirectional along different
decision levels of the hierarchy and uncorrelated between clusters & elements within

each cluster or sub cluster.

The AHP process works as shown in figure 3.2, involves identifying criteria and
their corresponding sub criteria. This helps in breaking down the decision into specific
factors for consideration. Following this, pairwise comparisons are made between the
components, providing a relative scale of their importance. Experts in their respective
fields are asked to compare the importance of each pair of elements at every level of
the hierarchy. This involves assessing the relative significance of each criterion
compared to others at the second level. Similarly, experts compare the importance of
each pair of sub-criteria under the same criterion at the second level and continue this
process throughout the hierarchy. Since AHP uses subjective judgments from decision
makers, there is no automatic assurance of consistency in these judgments. Hence, it
becomes essential to conduct consistency checks to ensure an optimized outcome.

Results from these comparisons are normalized, a process where values are adjusted
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for accurate weight calculations. Subsequently, weights are determined for the decision
components(criteria/sub-criteria) and in the end, the weights assigned to decision

components are combined, aggregating all the factors to a final decision effectively.

! T - : : ; ]
| B oW @&
i ! v —- ! i i i

Identification & | i z= i : | |
i i i i i i

AHP Analysis

Validation Data Collection Result

Figure 3.2 AHP Methodology

3.6 Data Analysis:

After main Survey the data will be analyzed through AHP process getting local
& global weights for criteria & factors by developing decision matrixes to get the
required best value framework, on the other hand the substantiation of all the factors is
collected into qualitative form of survey and represented along with best value

framework.
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3.7 Substantiation of attributes:

Along with AHP pair-wise comparison the strategies to substantiate those
attributes is identified through conducting interviews from consultants having industrial
experience of 5 to 25 years. The strategies have been identified to evaluate the certain
attribute in shape of either meeting or specified documents through which certain

criteria can be substantiated.
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CHAPTER 4: RESULTS & ANALYSIS

4.1 Introduction:

This section explains the findings of the initial interviews and final
questionnaire surveys and then provides a thorough analysis of the results. The AHP
model is offered for choosing a maintenance contractor, along with strategies for

evaluating the attributes that have been identified.

4.2 Preliminary Interview:

A preliminary interview was conducted to obtain feedback from the
construction sector regarding the identified attributes and their substantiation
possibilities. Interviews from 5 construction consultants having more than 5 years’

experience had been taken.

As a result of preliminary interviews shown in table 4.1, 4 factors from the
identified 21 factors has been removed because of the majority of consultants vote out
due to its substantiation issue at the time of procurement of contractor as well as having

less importance compare to others.
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Table 4.1 Preliminary Interview

S.No

Main Criteria

Factors

Vote out by consultants

Work
Approach

Proposed = maintenance
approach and plans

Approach to manage
subcontractors.

Understanding insight of
clients and project needs.

Experience

General work Experience

Experience of similar works

Employee qualification

Availability of technical
skilled/Trained staff

Past
Performance

Past performance

Performance In  similar
project

Previous Client satisfaction
/Reputation earned.

Safety of work/Accidents
Record

Previous work Quality

Documentation of works

Personal
Record &
Resources

Current workload

Failed contracts

Inventory in stock
/Resources

Financial &
Legal Status

Financial
Capability/stability

Proposed Price

Availability of required
licenses to  perform
maintenance.
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Litigation &  Claim
History 2

6 Diversity Minority &  Special
' Organization 4

As it has been observed that majority of consultants had voted out 4 factors namely,

1. Approach to manage subcontractor

2. Documentation of work

3. Current work load

4. Minority & Special organization

The above mention factors have been not considered in further process.

4.3 Shortlisted attributes:

After analysis of interviews 17 attributes are shortlisted which are further
categorized according to same nature in 5 different criteria. AHP procedure has been

selected for the final survey.

The shortlisted attribute placed in 5 criteria are shown in table 4.2,
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Table 4.2 Shortlisted Factors

S.No | Main Criteria Factors
Work Approach Proposed maintenance approach and plans
L Understanding insight of clients and project
needs.
Experience General work Experience
) Experience of similar works

Employee qualification

Availability of technical skilled/Trained staff

Past Performance

Past performance

Performance In similar project

Previous Client satisfaction /Reputation earned.

Safety of work/Accidents Record

Previous work Quality

Personal Record &

Resources

Failed contracts

Inventory in stock /Resources

Financial & Legal Status

Financial Capability/stability

Proposed Price

Availability of required licenses to perform

maintenance.

Litigation & Claim History
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4.4 Prioritizing attributes for selection of maintenance contractor:

The first stage is to create a hierarchy structure for the issue, starting with the

study's objective and moving on to the relevant criteria and sub-criteria. Depending on

the nature of the problem and the managerial choice, a hierarchy may have numerous

levels. a system of hierarchy of the issue can be developed by original thought, memory,

and utilization of people's perception, to achieve the objective of the study for which

the AHP technique will be employed. Figure 4.1 shows the hierarchy structure for AHP

containing goal followed by categories and sub-factors.

Maintenance
Contractor

Figure 4.1 AHP based hierarchy model for selection of maintenance contractor

Employee
qualification

Availability of
techical Staff

Previous client
satisfactiion

Work saftey
record

Previous work

quality
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4.4.1 Approach of assigning weightages:

According to AHP the categories will be pairwise compared to each other as
well as attributes of each category will be compared to each other pairwise to get
relative importance of each attribute and category. A comparison matrix is created after
the responder assigns relative weights to the factors, showing the components' relative
importance. In order to assign values to factors and demonstrate their relative
importance in relation to one another while keeping the goal in mind (Satty, Blakeley
et al. 1988) presented a nine-point scale. In figure 4.2, the relative scale is displayed.
Through pairwise comparison, a matrix is created where the diagonal values are equal
to 1 and the other factors have a reciprocal value. For instance, factor j is "1/q times"

as important as factor i if factor i is "q times" as essential as component j.

Explanation Numeric Values

If Option A and Option B are equally important: Mark 1

If one option is moderately more important than the other: 3
Mark

If one option is strongly more important than the other: 5
Mark

If one option is very strongly more important than the other: 7
Mark

If one option is extremely more important than the other: 9
Mark

Use even numbers for intermediate judgements 2,4,6,8

Figure 4.2 Relative scale of comparison
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4.4.2 Aggregation of responses:

People generally respond differently from one another since their opinions are
formed from their experiences. In group decision-making, individual decision-makers
may rank certain aspects differently from one another depending on how essential they
believe they are. Consequently, it's critical to come to a decision based on a
methodology (Dong, Zhang et al. 2010). Among several techniques for aggregation of
responses, one of the most popular techniques is the weighted geometric mean method,
to reach consensus, weighted geometric mean of the responses was calculated for
criteria and sub criteria pairwise comparisons. The qualification and experience of

participants are shown in figure 4.3.
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Expertise

Education

B Consultants B Contract Engineers

M Bachelors ™ Masters Doctorate
Architects

() (b)

Experience

/|

1

W 24 years M 14 years ™ 8years " 4 vears

(©)

Figure 4.3 . Details of the experts a) Expertise b) Education c) Experience

4.4.3 Pair-wise Comparison of Criteria:

To determine the weightages of criteria for selection of maintenance contractor,
the five criteria are compared with each other and their priorities are calculated. The
matrix formed as a result of pairwise comparison is shown in table 4.3. The shown

matrix is formed in a result of taking geometric mean of experts rating for criteria during

pair-wise comparison.
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Table 4.3 Pair-wise comparison of criteria

Criteria
Personal Financial
Work ) Past Record ancia
Experience & Legal
Approach Performance &
Status
Resource
Work 1.000 1.146 0.820 0.517 2.246
Approach
Experience 0.873 1.000 0.882 1.647 1.566
Past 1219 1.134 1.000 1.723 1216
Performance
Personal
Record & 1.933 0.607 0.581 1.000 0.739
Resource
Financial & | 445 0.638 0.822 1.353 1.000
Legal Status

4.4.4 Pair-wise Comparison of Attributes:

To determine the weightages of attributes of each category for selection of
maintenance contractor, all attributes of specific category are compared with each other
and their priorities are calculated. The matrix formed as a result of pairwise comparison
of under each category is shown in table 4.4, 4.5, 4.6, 4.7 & 4.8 respectively according

to categories.
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Table 4.4 Pair-wise comparison of work Approach Attributes

Project need

Work Approach
Proposed  Understanding
Maintenance insight of
plan & client &
Approach Project need
Proposed
Maintenance
plan & 1.000 0.640
Approach
Understanding
insight of
cliont & 1.563 1.000

Table 4.5 Pair-wise comparison of Experience Attributes

Experience
General  Experience Emplovee Availability
Work of similar I'IE' yt of technical
Experience works qualttication Staff
General
Work 1.000 0.353 1.933 0.381
Experience
Experience
of similar 2.831 1.000 1.811 0.529
works
Employee | 547 0.552 1.000 0.345
qualification
Availability
of technical 2.627 1.891 2.901 1.000
Staff
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Table 4.6 Pair-wise comparison of Past performance Attributes

Past Performance
Performance  Previous Work Previous
Past ... .
in similar client safety work
Performance . . .
works satisfaction record quality
Past
1.000 0.223 0.259 0.981 0.266
Performance
Performance
in similar 4.481 1.000 1.199 2.034 0.711
works
Previous
client 3.861 0.834 1.000 0.654 1.148
satisfaction
Work safety 1.019 0.492 1.530 1.000  1.448
record
Previous 3.758 1.407 0.871 0.691  1.000
work quality

Table 4.7 Pair-wise comparison of Personal record & resources Attributes

Personal Record & Resource

Failed | Inventory
Contracts | in Stock

Failed
Contracts 1.000 0.645
Inventory

i Stock 1.551 1.000
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Table 4.8 Pair-wise comparison of financial & legal status Attributes

Financial & Legal Status
. . Avallab.l lity Litigation
Financial Proposed of required .
o . . & Claim
Capability  Price license for .
History
work
Financial 1.000 1.632 0.459 1.919
Capability ' ’ ' '
Proposed | ¢ 1.000 0.339 1.739
Price
Availability
of required | 1¢ 2.950 1.000 2.420
license for
work
Litigation
& Claim 0.521 0.575 0.413 1.000
History
4.4.5 Normalized Matrix:

The numbers in the matrix are normalized to take into consideration the overall
values in order to calculate the weightages of criterion and attributes & bring it into
common scale. To create a normalized matrix, the columns of the matrix are added
together, and then each element of the matrix for a given column is divided by the sum
of that column. Equation 1 shows the process for normalization for 1% entry of table 4.3

pairwise matrix.

1
T 140.873+1.219+1.933+0.445

Xl,l = 0183 (1)
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The normalized matrix of comparisons for the criteria, work approach,
experience, past performance, personal record and resources, & financial and legal

status factors are shown in table 4.9, 4.10, 4.11, 4.12,4.13 & 4.14.

Table 4.9 Normalized matrix for criteria

Criteria
Personal Financial
Work . Past Record ancia
Experience & Legal
Approach Performance &
Status
Resource
Work 0.183 0.253 0.200 0.083 0.332
Approach
Experience 0.160 0.221 0.215 0.264 0.231
Past
0.223 0.251 0.244 0.276 0.180
Performance
Personal
Record & 0.353 0.134 0.141 0.160 0.109
Resource
Financial & | ) 5¢) 0.141 0.200 0.217 0.148
Legal Status
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Table 4.10 Normalized matrix for work Approach Attributes

Project need

Work Approach
Proposed  Understanding
Maintenance insight of
plan & client &
Approach Project need
Proposed
Maintenance
plan & 0.390 0.390
Approach
Understanding
insight of
client & 0.610 0.610

Table 4.11 Normalized Matrix for Experience Attributes

Experience
General  Experience Availability
Work of similar Emp loye;e of technical
Experience works qualification Staff
General
Work 0.143 0.093 0.253 0.169
Experience
Experience
of similar 0.406 0.263 0.237 0.235
works
Employee | 574 0.145 0.131 0.153
qualification
Availability
of technical 0.377 0.498 0.379 0.444
Staff
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Table 4.12 Normalized matrix for Past performance Attributes

Past Performance

Performance  Previous Work Previous
Past ... .
in similar client safety work
Performance . . .
works satisfaction record quality
Past
0.071 0.056 0.053 0.183 0.058
Performance
Performance
in similar 0.317 0.253 0.247 0.380 0.155
works
Previous
client 0.273 0.211 0.206 0.122 0.251
satisfaction
Work safety 0.072 0.124 0315  0.187 0317
record
Previous 0.266 0.356 0.179  0.129 0219
work quality

Table 4.13 Normalized matrix for Personal record & resources Attributes

Personal Record & Resources

Failed | Inventory
Contracts | in Stock

Failed
Contracts 0.392 0.392
Inventory
i Stock 0.608 0.608
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Table 4.14 Normalized matrix for financial & legal status Attributes

Financial & Legal Status
. . Avallab.l lity Litigation
Financial Proposed of required .
. . . & Claim
Capability  Price license for .
History
work
Financial -} = 53, 0.265 0.207 0271
Capability ' ’ ' '
Proposed | 145 0162 0.153 0.246
Price
Availability
of required | <4 0.479 0.452 0.342
license for
work
Litigation
& Claim 0.121 0.093 0.187 0.141
History

4.4.6 Local & Global weights:

When the matrices are normalized, the weights of attributes are calculated with
respect to their criteria and with respect to the goal of the study which are known as
local weights and global weights respectively. The local weight of an attribute is its
weight or priority with respect to its node placed one level above the hierarchy also
known as criteria. In this case, local weight of an attribute termed as sub criteria is with
respect to its particular criteria. After local weights are calculated, the next step is to
calculate the weight of the attribute with respect to the main goal. These values of
weights are called global weights. Global weights for any element in the hierarchy are
calculated by weighing local priority by global priority assigned to the element at the
preceding level. For example, the weightage for work approach has been shown below

in equation 2 & 3,
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Score or Local weight = X RoWattribute 2

0.183+0.253+0.2+0.083+0.332

Scoreyork appraoch = P = 0.210 3)

4.4.7 Ranking the criteria & attributes:

The next step after calculating local and global weights is to rank the criteria
and attributes in descending order. This technique is helpful for the identifying the most
important criteria and attributes which will affect the decision more in selection of
maintenance contractor process. The priority weights of criteria and attributes in

descending order are shown in table 4.15.
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Table 4.15 Priority weights of criteria and attributes

Global
Category Score Factors Local Score
Score
Performance in similar works 0.270 0.063
Previous work quality 0.230 0.054
Past
0.235 Previous client satisfaction 0.213 0.050
Performance
Work safety record 0.203 0.048
Past Performance 0.084 0.020
Availability of technical Staff 0.424 0.093
Experience of similar works 0.285 0.062
Experience | 0.218
General Work Experience 0.165 0.036
Employee qualification 0.126 0.027
Understanding insight of client &
i 0.610 0.128
Work Project need
0.210
Approach Proposed Maintenance plan &
0.390 0.082
Approach
Personal Inventory in Stock 0.608 0.109
Record & 0.180
Resources Failed Contracts 0.392 0.070
Availability of required license for
0.445 0.070
work
Financial & | Financial Capability 0.244 0.038
Legal Status
Proposed Price 0.176 0.028
Litigation & Claim History 0.136 0.021

43




This study provides a technique for ranking of attributes for selection of
maintenance contractor that affects the decision making significantly and hence award
contract, to do this, an analytical hierarchy approach is applied, which weighs attributes
by comparing them pairwise and figuring out how important they are to one another.
Based on the evaluation of regional industry experts, this strategy has produced

outcomes. Expert evaluation led to the ranking of attributes according to priority, as

indicated in figure 4.4.

14% 13%

12% 11%

o

11% 0%

9% 8%

o

8 6% 6%

5% 4% 4o,

3%

3% 3% 1% 2%
l l
0%

0'5} '@q‘. N 4‘0 : ., ¥ %\Q "\\ & \° &

g,é . ‘;:5 ::9' QQ(G ao‘ @‘é‘ &..t't *J‘e 0‘:" qpc.. ‘z.c' ) & q’{& 4;} \Qc.. \\’6 p

Q(&\ § e"'& 9'?' t"o & éy v\':,‘?@ *U:v g@.{@ *3@ \b% (';ﬂ & 0?‘,') @@ Q“é

o A 3 > .
99 o"'@ @oﬂ Q\q& @‘_\‘3" o '&g\ & ;‘p& &0\ & é‘;\ R & < & 8 Q:Dé
&€ R \{&b & é‘é & e‘,"-’ & Q\ﬁ‘ > Ry &
5 & & & ) & & & &
=S & & \‘tu ¢ F & & *5&?
é\é‘ LA K qtf“ &F g o &
& & S
o ‘?ﬁ \‘50
(P & >
t‘"& Q‘a v

Figure 4.4 Global weights of attributes in descending order

The above figure shows the global weights of attributes shown in table 4.15 in
descending order, the column two of same table represents the weightages of criteria.

It has been observed that criteria “Past Performance” is the come out as most important
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criteria having 23.5% of overall weightage. It shows that in selecting of maintenance
contractor his past performance matters a lot & it can be a decisive factor among others.
The contractor while submitting bid can show his past performance on projects more
clearly in order to get edge on other in competitive bidding. The attributes of past
performance include performance in similar projects, general performance, safety of
work, quality of previous work & previous client satisfaction. In these attributes
“performance in similar projects” holds the most importance followed by quality of
work in previous projects showing that contractor work in similar projects is the

important factor to be consider while selecting the maintenance contractor.

After past performance the 2" most important criteria in selection of
maintenance contractor is “experience” of contractor which holds the 21.8% of total
weightage. The attributes include in these criteria are general work experience,
experience in similar work, employee qualifications & availability of technical staff.
This shows that experience of not only the projects work on but also the current
availability of staff and employee also counts. Among the above attributes the
availability of technical staff holds the most importance showing that importance of
technical skilled labor and employee is most important factor considering for
maintenance work. The other attribute importance is in order experience in similar

project, general work experience & employee qualification respectively.

After Experience the other important criteria is contractor’s “Work Approach”
which holds the 21% of total weightage. Having attributes like proposed maintenance
plan & understanding client and projects need it shows that how important it is to

understand the work and proposed a specific work plan accordingly.
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The other two criteria Personal record and resources & financial & legal status
holds 18% and 15.7% respectively, which shows their significance as well in selecting
of maintenance contractor. The attributes in these criteria are inventory in stock, failed
contracts, price, financial capability, litigation and claim history & proper required
licenses. All attributes are important factors to be consider in process of selecting

maintenance contractor.

According to global weights of attributes, understanding of client & projects
needs holds the most importance with 13& of total weightage shows that the most
important factor performing maintenance work is to first understand the project needs
and client requirement and proceed further accordingly. After understanding another
important factor is inventory in stock require to perform maintenance work. Having the
required machinery, equipment and other needful items is one of important factor in
selection of maintenance contractor, the presence of self-inventory could not only save
cost but also reduce time to perform maintenance work. The 3™ important attribute is
availability of technical staff which has global weightage of 11% showing the
importance of skilled staff with contractor to perform the work efficiently in safe

manner according to requirement.

4.4.8 Equation for selection of maintenance contractor using AHP:

Using the AHP method, priority weights of all criteria and factors have been
calculated which highlights the importance of factors in decision making for
selection of maintenance contractor. The equation for maintenance contractor

selection has been proposed as follow in equation 4,

Maintenance contractor score = Y, Bi * Xi 4)
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Where ‘Bi’ is the priority weight of the factor which has been calculated in the
previous section and ‘Xi’ are the variables with values ranging from 1 to 9. The
decision maker will decide the value of the variable based of the capability of the

subcontractor against each factor separately.

4.4.9 Consistency Ratio:

The consistency checks on pairwise data are required to apply on every matrix
having order 3*3 or above, for consistency checks first finding Aimax value with help
of pair-wise comparison data and final score of criteria & attributes. With help of Amax
consistency index is find out and furthermore the consistency index is compared to the
random index to see whether a decision maker made irrational pairwise comparisons.
The requirement is that consistency ratio should not be more than 10% or 0.1
(Karapetrovic and Rosenbloom 1999). Equation 5,6 & 7 are the equations to find max

eigen value, Consistency Index & Consistency ration respectively.

imax = Y, (weighted sum/final weightage)/no of factor in matrix(n) %)

Consistency index (CI) = (Amax —n)/(n—1) (6)

Consistency ratio (CR) = Consistency Index/Random index (7

From equation 5,6 & 7 the consistency ratio of criteria matrix and attributes matrix of
pairwise comparison are derived and are given in table 4.16, 4.17, 4.18 & 4.19

respectively.
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Table 4.16 Consistency ratio of criteria matrix

Criteria
Personal . . . .
Past Financial | Weig | weigh
Work . Record .
Experience | Performa & Legal | hted ted Ratio
Approach &
nce Status score sum
Resource
Work 1.000 1.146 0.820 0.517 2246 | 021 | 1.1 52
Approach
Experience 0.873 1.000 0.882 1.647 1.566 0.218 1.2 53
Past
Performanc 1.219 1.134 1.000 1.723 1.216 0.235 1.2 53
e
Personal
Record & 1.933 0.607 0.581 1.000 0.739 0.18 1.0 5.4
Resource
Financial &
Legal 0.445 0.638 0.822 1.353 1.000 0.157 0.8 53
Status
Amax 5.288
Cl 0.072
Consistency
Ratio 0.064
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Table 4.17 Consistency ratio of experience attribute

Experience
General | Experience Availability . .
Work of similar Em.ploye'm of technical Weighted | weighted Ratio
. qualification score sum
Experience works Staff
General
Work 1.000 0.353 1.933 0.381 0.165 0.7 4.1
Experience
Experience
of similar 2.831 1.000 1.811 0.529 0.285 1.2 4.2
works
Employee | 57 0.552 1.000 0.345 0.126 0.5 4.1
qualification
Availability
of technical 2.627 1.891 2.901 1.000 0.424 1.8 4.2
Staff
Amax 4.1
Cl 0.044
Consistency Ratio | 0.049

49




Table 4.18 Consistency ratio of attribute Past performance

Past Performance

Performance Previous | Work | Previo
Past L. client safety us Weighted | weight .
in similar . . Ratio
Performance satisfacti | recor | work score ed sum
works .
on d quality
Past
Performa 1.000 0.223 0.259 0.981 | 0.266 0.084 0.5 5.5
nce
Performa
nee m 4.481 1.000 1.199 | 2.034 | 0.711 0.27 1.5 5.5
similar
works
Previous
client 3.861 0.834 1.000 | 0.654 | 1.148 | 0213 1.2 5.4
satisfacti
on
Work
safety 1.019 0.492 1.530 1.000 | 1.448 0.203 1.1 5.3
record
Previous
work 3.758 1.407 0.871 0.691 | 1.000 0.23 1.3 5.4
quality
Amax 5.430
Cl 0.108
Consistency Ratio | 0.096
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Table 4.19 Consistency ratio of attribute financial & legal status

Financial & Legal Status
Availability Litieation
Financial | Proposed | of required gan Weighted | weighted .
o . . & Claim Ratio
Capability | Price license for . score sum
History
work
Financial - = o4, 1.632 0.459 1919 | 0.244 1.0 4.1
Capability
Proposed | 613 1.000 0.339 1.739 0.176 0.7 4.0
Price
Availability
of required |5 1g5 | 2950 1.000 2420 | 0.445 1.8 4.1
license for
work
Litigation
& Claim 0.521 0.575 0.413 1.000 0.136 0.5 4.0
History
Amax 4.1
Cl 0.022
Consistency Ratio 0.025

As consistency ratio value of all the matrix are within the specified range which is

less than 0.1 hence, the result of pair-wise comparison and AHP is acceptable.
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4.5 Substantiation of attributes:

To help in the evaluation of attributes, the study also gives substantiation

guidelines for the above attributes. The evaluation strategies have been identified

through interviewing face to face questionnaire from 7 consultants having more than 4

years’ experience. The evaluation strategies will help the decision makers to assign

score to attributes easily and make the selection process more reliable and time saving.

The evaluation strategies of all 17 attributes are given in table 4.20.

Table 4.20 Substantiation strategies of attributes

S. Factors

No

Ways to Substantiate

Approach to Work / Work Approach

Proposed maintenance

Bid documents, approach to fulfill codal

L. approach and plans requirement, proposed methodology, evaluation
of technical bid
Understanding insight of | Proper understanding, Subsequent meetings,
2. | clients and project needs | tender documents, method statement, proposed
methodology
Experience
General work Experience | List of projects, contractor profile, list of
3.

projects having similar cost, completion

certificates
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Experience of similar | List of similar projects done, portfolio of
4. | works contractor, completion certificates of same
nature projects
5 Employee qualification Employee CVs, Employee resume, contractor
profile, experience certificates
6 Availability of technical | Certificates, experience of staff, list of
skilled/Trained staff engineers, supervisors, technicians, labor etc
Past Performance
Past performance Quality assurance reports of previous projects,
7. project completion reports, physical inspection
of project, previous approvals & awards
Performance In similar | Quality assurance reports of previous of similar
2 project projects, project completion reports, physical
inspection of project, previous approvals &
awards
Previous Client . _ _
9 _ _ ' Client satisfactory report, Quality assurance
- | satisfaction ~ /Reputation _
report, previous approvals & awards.
earned.
10 Safety of work/Accidents | Contractor HSE plan, level of safety in previous
Record projects, accidents & nature of accident report.
1 Previous work Quality Performance certificates from client, client
satisfactory report, project completion report
Personal Record & Resources
Failed contracts List of failed contracts with reasons, documents
12. provided by contractor, checking blacklisting of
company
13 Inventory in stock | Contractor profile, list of equipment and

/Resources

resources available.
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Financial & Legal status

14 Financial Bank statement, audit reports, bank guarantee,

Capability/stability enlistment slips with client
15 Proposed Price Bid price, tender amount, financial proposal of

contractor

Availability of required ) )
1 _ Copy of required licenses from PEC, work
6.| licenses  to perform

_ department etc

maintenance.
1 Litigation and claims o ‘
7. _ Non litigation certificate

history

The above table shows the documents which will help in substantiation of

attribute in-front of them, e.g., for attribute “understanding client need” the documents

require to evaluate is “tender documents/ technical proposal” along with subsequent

meeting the understanding of contractor on project need can be assessed. Similarly,

“experience” of contractor can be assessed through list of projects done, completed

projects etc. for all attributes the mentioned record in table will help the

owner/consultant to make him able to access the previous performance of contractor

and can give score accordingly in AHP selection model. The substantiation strategies

will help in using best value criteria model more easily and adoption of best value

selection for maintenance contractor can be adopted in practical.
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4.6 Final Best value substantiated framework:

The final model represents the criteria along with attributes and their

percentages weightages along substantiation strategies, which is shown in Figure 4.5,

( Proposed )
8% . P Proposed methodology, subsequent meetings, evaluation of
maintenance R . .
technical bid & Codal requirement
21% \__plan )
Work Approach My
L 13% unldelrstandmg _| Proposed methodology, subsequent meetings, tender
q |n5|ght of i documents method statement & Codal requirement
\ project J
4% Gengral >| List of projects, Contractor profile & Completion certificates |
Experience 1
229 6% Experience of L| List of similar projects, Contractor profile & similar projects
Experience similar projects | Completion certificates
3% Employee =| Employee CVs, experience certificates, contractor firm profile |
qualification L
9% Availability of =|| staff Certificates, list of engineer, staff, labor etc ‘
technical staff

Previous project quality assurance reports, project

2% Past >|

completion reports, approvals & awards if an
Performance
Previous similar project quality assurance reports, similar
6% Performance - I?;' jectq X y e p d"f
L roject completion reports, approvals & awards if an
in similar work proj P ports, app Y

Past 23% ﬁ
5% Previous client

Performance Satisfaction

¥

Client satisfactory report, project completion report |

|

_| HSE plan, previous accidents record, Tevel of safety on |

5% Work Safety " previous project
5% Previous work _| Performance certificates, quality assurance reports, previous
quality gl project completion report

%

Failed >‘ List of failed contracts with reasons, blacklist record if any

ﬁ

contracts
18%

Personal record

11% Inventory in ,‘ Contractor profile, list of equipment resources etc

stock

|
i

4% Financial |
Capability > Bank statement, audit reports ‘

16% 1 Proposed Price >

3%
Financial & I Tender price, financial proposal ‘

Legal Status

Availability of
required
licenses

2% N Litigation & ,! Non litigation certificate |
Claim History

Figure 4.5 Final Best Value Framework

— ¥

Copy of required licenses, PEC category |
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SUMMARY OF RESEARCH WORK

Maintenance is clearly big issues with growing field and people importance in
provided facilities certain attention is required, for efficient maintenance work the key
is to hire an efficient maintenance contractor through a fair process. For address that
issue this study is carried out for proposing a framework for selection of maintenance

contractor.

In the initial stages the detail literature has been studied to find out the research
gap in current best value models, it has been observed that models proposed are just
weightages of attributes with no strategies for evaluation moreover those models are
basically impractical in use because of consideration of those factors which are unable
to substantiate at time of procurement. After that a detailed literature study is carried
out for identifying the attributes considering in selection of maintenance contractor.
This results in finding the 21 attributes which are divided into 6 categories initially.
These attributes are validated from industry through interviews from consultants having
experience more than 4 years in the construction industry, the opinion of those experts
results in removing 4 out of 21 attributes because of their less importance in
maintenance work and also have a substantiation issue at time of procurement of
maintenance contractor. The remaining 17 attributes are divided into 5

categories/criteria and are shortlisted for final AHP analysis.

The pair-wise comparison has been done for all 5 criteria and attributes within
criteria from 7 consultancies and form pair-wise matrix through geometric mean of
experts data, matrices are than normalized to get one unit analysis and hence normalized

matrices are formed, after which arithmetic mean of rows of normalized matrices are
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taken to get local and global weightages of attributes. The data has been than checked
for its consistency, by applying the consistency checks on pair wise matrices, which
shows that consistency ratio of each matric of order 3 or above are less than 10% and

the data collected is consist.

In 2" step of research strategies to evaluate the attributes of best value criteria
are obtained through face to face interviews, interviews are conducted from consultants
having vast experience in field of construction in these interviews consultants give their
opinion how a certain attribute can be evaluated, and through which documents certain

attributes can be evaluate at time of hiring a maintenance contractor.

After evaluation/substantiation strategies are identified final framework along
with weightages and strategies to substantiate has been made which can be used at time

of procurement of maintenance contractor.
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CONCLUSION

The research addresses the major gap in the selection process of maintenance
contractor which is the non-existence of strategies for evaluation of attributes for
maintenance contractors. This research concluded in giving a framework for strategic
selection of maintenance contractor having specific attributes weightages and most

importantly the strategies to substantiate those attributes.

Using multi criteria decision modelling technique AHP it has been observed
that past performance of contractor is the criteria having the most weightage among all
followed by experience and work approach of contractor. The attribute understanding

need of project holds the high weightage among the 17 attributes.

The research result in giving a strategic framework having each attribute
weightage is assigned along with the substantiation strategy is identified from experts
which make the selection process for maintenance contractor more adoptable for

industry.
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FURTURE RESEARCH RECOMMENDATION

This work has been for general maintenance contractor and the attributes
identified are general in nature. For more specific approach the work can be done for
specific maintenance work like maintenance of HVAC, elevators, escalators, cracks etc
which may have additional few attributes considering the complexity of maintenance
work and parts of specified maintenance required. Other multi decision making

methods can also be applied like ANP, Fizzy AHP etc.
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APPENDIX:

The survey form for prioritizing criteria and attributes are as follow,
Prioritizing Criteria & Factors consider in Selection of maintenance Contractor

In this survey the participants are asked to rate the criteria and factors according to
relative importance to each other considering its importance in maintenance contractor

selection process.

The Scale of comparison has been shown in following table:

Explanation Numeric Values

If Option A and Option B are equally important: Mark 1

If one option is moderately more important than the other: 3
Mark

If one option is strongly more important than the other: 5
Mark

If one option is very strongly more important than the other: 7
Mark

If one option is extremely more important than the other: 9
Mark

Use even numbers for intermediate judgements 2,4,6,8

Using the scale from 1 to 9 where 9 shows extreme importance of one to other and 1
shows equally important, please indicate the relative importance of option A to option

B.

Introduction:

Participant’s Name:

Name of Organization:

Participant Field of Expertise:

Experience of Participant (if any):
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Option A Option B

Work Approach Experience

Work Approach Past Performance

Work Approach Personal Record &
Resources

Work Approach Financial & Legal
Status

Experience Past Performance

Experience Personal Record &
Resources

Experience Financial & Legal
Status

Past Performance

Personal Record &

Resources
Past Performance Financial & Legal
Status
Personal Record & Financial & Legal
Resources Status

Option A 1 Option B
Proposed Understanding
Maintenance plan insight of client &
& Approach Project need
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Option A 1 Option B
General Work Experience of
Experience Similar works
General Work Employee
Experience Qualification
General Work Availability of
Experience Technical Staff
Experience of Employee
Similar works Qualification
Experience of Availability of
Similar works Technical Staff
Employee Availability of
Qualification Technical Staff
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4.Relative Importance of Past Performance Factors

IF “OPTION A IS RELATIVELY IMPORTANT

Option A

Past Performance

Past Performance

Past Performance

Past Performance

Performance in
similar works

Performance in
similar works

Performance in
similar works

Previous Client
Satisfaction

Previous Client
Satisfaction

Work
Safety/Accidents
Record
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IF “OPTION B” IS RELATIVELY IMPORTANT

2 3 4 5 6 7 8 9

Option B

Performance in
Similar work

Previous Client
Satisfaction

Work
Safety/Accidents
record

Previous work
quality

Previous Client
Satisfaction

Work
Safety/Accidents
record

Previous work
quality

Work
Safety/Accidents
record

Previous work
quality

Previous work
quality




Option A

Option B

Failed Contracts

Inventory In Stock

Option A Option B
Financial Proposed Price
Capability/

Stability

Financial Availability of

Capability/ require licenses to

Stability perform
maintenance work

Financial Litigation & Claim

Capability/ History

Stability

Proposed Price Availability of
require licenses to
perform
maintenance work

Proposed Price Litigation & Claim
History

Availability of Litigation & Claim

require licenses to History

perform

maintenance work
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Part-B: Substantiation of Factors:

Following are the factors consider for best value selection process of maintenance
contractor, kindly answer according to your knowledge how these factors can be
substantiated for a specific contractor in procurement process, which documents can

help in evaluating these factors for a contractor.

S. No Factors Ways to Substantiate
Approach to Work / Work Approach
Understanding insight of
1. . .
clients and project needs.
Proposed maintenance
2.
approach and plans
Experience
3. General work Experience
4 Experience of similar
' works
5. Employee qualification
6 Availability of technical
' skilled/Trained staff
Past Performance
7. Past performance
] Performance In similar
' project
Previous Client
0. satisfaction /Reputation
earned.
Safety of work/Accidents
10.
Record
11. Previous work Quality
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Personal Record & Resources

12. Failed contracts
Inventory in  stock
13.
/Resources
Financial & Legal status
14 Financial
' Capability/stability
15. Proposed Price
Availability of required
16. licenses to  perform
maintenance.
17 Litigation and claims

history
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