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ABSTRACT

One of the vital factors that contributetbe success of a project is the selection of an appropriate
contractor. Contractors play a major raigrojects. However, choosing the best contractor for
construction projects has been one of the significant challenges which aroused a lot of concerns
and discussions. Concurrent with the recent development in construction, there has been
increasing ingrest in tender evaluation management in this sector. However, the decadimy

problem is multicriteria in the formulation. It contains different variables require clients to make
judgements between competing objectives and limited resourcesof@me common failures
associated with construction projeetgre attributedo inefficient tools to properly measure

contractors before awarding the contract.

This study investigates the nature of the tender evaluation procedures in the New Zealand public
construction sector and suggeatpossible framework that could improve the performance of
contractor selection practices. The study employed mixethod approach stang with
conductingten semistructured interviews with construction experts in fgkland region.

Based on the results obtained, an online survey was later administered to a wider population
across New Zealand. The findings of these two phases then resulted in developing a tender
evaluation framework fahe New Zealand publiconstructiorsector. The information gathered

from previous approaches were then syn#eesiand validated using subject matter expert

interviews.

The study results illustrated the absence of a fossdliramework that can evaluate and select
contractos appropriately. With this in mind, the literature review of this research explored the
key components of tender evaluation processéifferent evaluation methods including
mathematical, Al and hybrid approaches were revieard a comprehensive list advantages

and disadvantages of each method was proviBadhermore, the study demonstrated Huahe
challenges such as over workload, low productivity and inappropriate risk allocation practices are

affecting the construction tender evaluation psses in New Zealand.

Thus, this research proposed a comprehensive tender evaluation framework consists of three
stages of (1) market analysis, (2) criteria selection and (3) tender evaluation protocols. The market
analysis stagéncludes vital information to assist public clients and decisiakers in their
pretender procedurgacluding; plan approach to the market, specifying the project requirements
and project management planning. The second stage consists of the idientiitahe most
suitable attributes to be evaluated in the tender. A list of criteria with 20 categories and 178
criteria was established in this stage to assist deemgkers in finding the best set of attributes
based on the project specificatioriBhe final stage of the framework is the evaluation prqcess
which consist of a hybrid approach using AHP and TOPSIS methods. On the whole, the study

XVii



provided rich and idepth information on current tender evaluation protocols in New Zealand
and emphased on the benefits of using modern decisioaking tools. It is anticipated that this
research will improve the current public tendering procedures in New Zealand public construction
sector. Finally, the study reported here adds significantly to thestadding of contemporary

perceptions on contractor selection processes in the New Zealand construction industry.
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Chapter 1 Introduction

1.  Chapter 1 - Introduction

2.1Aims of the chapter

This chapter aims to provide an introduction to the reader about the objectives and scopes of thi
study. A summary of the research questions, problems, methodology and limitations has been
provided in this chapter as well. At the end of this chapter, an outline of the thesis has been

demonstrated.

2.2Background

One of the vital factors to measutiee economic growth of a country is its developments in
construction projects such as buildings and infrastructures. THaisuccess of construction

projects is an important isst@ the government.

The mnstruction sector in &v Zealandis one of the largst sectors in the economy generating
more than $30 B annual revenue and employing more than 171,000 people, which is over 7% of
the New Zealandvorkforce(MBIE). To ensure the successful delivery of the project, advances

in technology need to be matchieg the process thas used to procure buildingdasterman

2003; Morledge & Smith, 2013) Despite the increasing use of alternative forms of project
delivery systems, the performance of the construction industry has declined as many projects end

up withsubstandard work, delays and cost evens(Hatush & Skitmore, 1997)

Different factors contribute tinesuccess of a proje@nd one of the most vital ones is Contractor
SelectionNieto-Morote & RuzVila, 2012) Martine etl. (2016) stated that Ctnactor Selection

(CS) is deemed by most of the clients to be the most important element in construction
procurement. Selecting the most appropriate contractor will potentially increase the probability
of delivering the right project at the right time kiufficient qualityChiang, Vincent, & Luarn,

2017; G. Holt, 2010)

Previous studies suggest that inappropriate contractor evaluation procackmge of the
reasons for poor performancetire construction sectofG. D. Holt, 1998) It has been known

for many years that the construction industry has significant problems with respect to choosing
the most suitable contractors for proje@@arvish, Yasaei, & Saeedi, 2009; G. Holt, 2010)
Tender evaluation processes have remained relatively unchangddciegDarvish et al.,

2009) Especially irthe public sector, accepting contractors based on the lowest price is still the
dominant tendering approafatush & Skitmore, 1997; G. Holt, 2010)

A comprehensive evaluation process should be conducted to mé&@sare nt r act or 6 s

success based aproper set of criteria that reflect the requirements of that proj¢ctvever,

1



Chapter 1 Introduction
the objective of the selection process is not only to enswaetth t he contractor 6 s
match the requirements of the project and fulfils the basic criteria, but also to what degree those
criteria fulfilled (Kashiwagi & Byfield, 2002) The decisiormaking problem is mukcriteria in
the formulation. It ontains different variables requires clients to make judgments between
competing objectives and limited resour¢@s Holt, 2010; M. Sénmez, J. Yang, & G. D. Holt,
2001a)

As has been mentioned, CS is one of the important elements of @ugeess. However, it has
not attracted significant attention from construction practitioners and researchevsZe&land
To date onlythreepublications since the year 2D0 This is much less than 23 publications in

China, 20 publications ithe US and 15 publications in Australia.

Because of the lack of ability of the contractor, a significant number of construction projects have
been delayed or failed dew ZealandMBIE). This may have been due to the absence of suitable
CS procedures. All ohese challenges indicates that CS procedures regreiaer attention in

New Zealand

2.3Rationale and significance of the study

The construction industry is one of the key sectors irNéhe Zealandeconomy(Page, 2009)

The onstruction sector is the thitargest industry in New Zealapcbmprising more than 50,000
businesse@MBIE). This sector is considered to be one of the pral@pntributors to théNew
Zealandeconomy and has been identified as the most vital industry for future economic
developmats (Page, 2009) However, in recent years, this sector has suffered from various
challenges such as high workloads, skills shortages and financial failures. It has been observed
that major topend contractors are going bust due to the fact that risksodibeing fairly allocated
(MBIE). Figure 1 illustrates some of the challenges involved New Zealandconstruction

sector which can lead to project failure.



Chapter 1 Introduction

Project failure

""“'"

Iissues

There is no room for doubt that different parties involvethenNew Zealancconstruction are

Figure 1 - Challenges ofheNew Zealand constructiamarket

aware of these challenges and their consequences and are trying to overcome these issues.
However, in this traditional market, developing a modern mawgagyistem that can communicate

and optimise the efforts from different participanta @ne qua non.The market is developing

rapidly in response to the high demand for new buildings. However, most of the public and
private participants are using tradnal approaches which sometimes cannot answer the current

problems.

This research is trying to address contractor selection challenges in New Zealand by identifying
areas for potential improvement and design a comprehensive tender evaluation framatvork th

can assist public clients formingthe best possible contractor for their projects.

2.4Problem statement

The first step in design and development study shoulthémlentification of the problen(Ellis

& Levy, 2010) According to Aptekin (2014), the siccess of any construction project is
considered a complementary procedure. If any participating body is wrongly chosen, that will
certainly influence the achievement of the congal@roject.
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Previous studies illustrated that many faiki@ssociated wit construction projects were
attributed to the lack of effective tools to properly measure contractors before awarding the
contract Dar vi sh et al ., 2009; Kashiwagi & Byfi el
2008) The standard level of CS metlsoand criteria ilfNew Zealands inadequate aseveral
significant factors are not presently taken into accountdxidgionMakers (DMs) Such factors
include poor gqualification of the contractol
challenges, et¢MBIE).

Identifying the key elements affecting the industry is a critical first step to improve the operations
of theNew Zealanatonstruction. From literature, it is clear that CS is one of the important factors
in project success. Thus, arfegfive framework should be designethich can assisNew
Zealandclientsin selectingthe best contractor whoan satisfy the project requirements from

amongst possible candidates.

2.50Dbjectives

The overarching impact of CS processes in construction pmoemtehas been the subject of
research and debate for decaffelsSawalhi, Eaton, & Rustom, 2008; Fong & Choi, 2000; G.

Holt, 2010) A misunderstanding of the importance of selecting best value contractors and not
low bid tenderers is considered to be ook the major reasons of project failures
(Abbasianjahromi, Rajaie, & Shakeri, 2013; Darvish et al., 2009; G. Holt, 2010; Watt, Kayis, &
Willey, 2009) As Chan et al . 2002 shrewdly obser
likes it, but everyone undsangdt hi s ol d systemo. However , ac
plan published byhe government, New Zealand construction is receiving the significant boom

of $50 billion investment in infrastructure projects for the next ten years. One of the most
important visions that this plan supportghie improvement of knowledge and management to

tackle the challenges and ensure that the best decisions have been made in the future of this

industry.

With this in mind, the objectives of this research are taawg the processes that construction

of New Zealand evaluate contractors by establishing the current state of knowledge of this sector
and provide a framework to transfer from traditional evaluation procedures to modern selection
methods. It is hoped thaventually, both clients and consumers of the construction industry will
benefit from this development. Clients and stakeholders will achieve better value for money and
costumers and New Zealand residents will experience more satisfaction from thes. home
Moreover, by clarifying the potential areas for improvement of selection procedbees,
government can consider this information to

tender evaluation protocols. Thtise objectives of this research dmr-fold:
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1 To find the advantages and disadvantages of CS methods, establish a universal set of

Price/NonPrice Attributes and identify their priorities.
1 To identify potential areas for improvement of CS procedures in New Zealand.

1 To createrecommendations that evolve traditional criteria to optimal price and

non-price attributes

1 To develop a framework for CS that can increase the efficiehqublic tendering

procedures ofhe New Zealand construction industry.

2.6Research questions

To achiee identified objectives, the following research questions have been formulated. Figure
2 shows how these research questions related to the research objectives. Different chapters of

this research yrto address this list of questions and design a framehased on these results.
1. What are the features of construction contractor selection?
a. What are the different tender evaluation methods?
b. What are the advantages and disadvantages of each method?
c. What are the different tender assessment criteria?
d. Whatare the priorities in the universal set of criteria?
2. What are the elements of tender evaluation ithe New Zealand construction sector?

a. What are the current challenges of public tenderinghim New Zealand

construction sector?
b. Which methods andriteria do New Zealand clients use to assess tenders?

c. What are the benefits and barriers of current contractor selection practices in New

Zealand?
3. What universal tendering methods can be benchmarked to New Zealand industry?
a. Which CS methods are more sditi® be used in New Zealand?
b. Which criteria are more important ftire New Zealand construction sector?

c. Which modern princiles are more important to be added to CS?

5
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4. What would be the elements of a comprehensive CS framework ftiie New Zealand

context?
a. How to develop the current methods of CS to fit into New Zealand industry?
b. Which criteria should be considered to optimise the framework?
5. What would be the challenges of implementing a CS framework in New Zealand?

a. What would be the challenges of implementihgs framework inthe New

Zealand industry?

Study the features of Which methods clients What are the advantages Which Price/Non-Price What ae the priorites in
cnnstmclmn.mntractur ﬂ use to evaluate :> and dlsad\'amagis of ::> attributes clients :> universal set of criteria?
selection. confractors? each method? consider?
Establish the fu!”l'ent state of Which methods and criteria What are the benefits and barriers ] How many publications
knowledge ."f“few Zealand —N o Nz clients us: to assess :b of current cr_:mmm{ silemou —  exist in NZ confext?
construction industry in tender? practices In NZ?
Identify international methods Which methods are Which criteria are more Which modern industrial principals
that can be benchmarked to NZ ﬂ more suifed for this :> important for NZ are more important to be added to
industry. purpose? mdustry? tender evaluation?
Develop a framework specifically How to develop the current Which criteria should be
designed for contractor selection :> methods of contractor selectionto =4 COHSIIdEl'Ed to optimize
in NZ. fit into NZ industry? this framework?
Demonstrate challenges of What are the challenges of
establishing new framework in :: implementing this
the industry. framework in NZ industry?

Figure 2 - Research objectives and related questions

2.7The context and scope of the study

As stated previously, the main aim of this research is to imgte/Mew Zealandconstruction
industry. New Zealand, is made up of two major lands, North Island and South Islaevarad
smaller islands that populates 4.5 million peoffRage, 2009) New Zealand is located
approximately 1,500km east of Australia and about 1,000km from the Pacific I{Rags,
2009)

To manage the research in terms of time and effort, the interview approach has been limited to a

specific area. Thus, the role o&thity in national, facilities, social and economic activities, and
6
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accessibility and variety of data and availability of their sources, made Auckland the best context
for the first phase of the study (Qualitative phase) for investigating the CS, iksirptatedures,
obstacles and operatiofikumar, 2019) Moreover, this research has been limited to public

funded projects since their scopes, procedures and requirements are better defined.

2.8Summary of research methodology

A comprehensive literature review dghe New Zealand construction sector encouragssl
researcher to try to address the identified research problem. The primary objective of this study
is to design an efficient framework of construction tender evaluptioredures in New Zealand

which can assist public clienta deriving the optimum value for their projects. A research
philosophy was defined considering the nature of the problem. After reviewing the philosophical
assumptions artther e s e a r ¢ ¢tmehrtotchiee ptyrly objectives, it has been recognised that

this research belongs tioe positivism paradigm.

In this study, the descriptive sequential mbradthod approach used to collect both qualitative

and quantitative information to carry out thesh parsimonious and advantageous means for
arriving at theory. Neither qualitative nor quantitative approach is adequate to best understand
the problems and gaps in CS procedurdsest Zealand@onstruction. Thughefirst aim of this
research is to delop a detailed view of the current practiceblew Zealandand generally learn

what variables to study and then study those variables with adequate” sample of individuals and

generalte the findings to the industry.

Phase oneTo understand the naturétbe problem and recognise the best approaches to achieve
the objectives of the studw literature review has been considered as the vital first step. It
includes the investigation of tender evaluation strategies, methods, assessment criteria and
protools developed and implemented in New Zealand and other countries. The primary purpose
of the literature review in this study is to provide rich informatiaboutthe history and
development of CS and identifying its key elements that can #ssissearchein developinga

comprehensive CS framework.

Phase two: To understand the current challenges of public tenderindNéw Zealand
construction and routine tender evaluation protocols that public clients use, an exploratory
qualitative survey involmg semistructured interviews was conducted. Moreover, qualitative
analysis was used to look for patterns in the collected data to design a reliable quantitative survey

later in the study.

A sample of 10 participantsags el ect ed by @ s mhiswnbthot is ansfientipel i n g «
and purposeful sampling method to reach the most knowledgeable people in the industry.
Population for this phase tfie study was major construction clients (universities, hospitals and

7
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health care districts and governmental&ments), construction engineers, builders and architects
who were involved in public contractor selection procedures. The results of the interviews were
analysed using content analysis. NVIVO 11 software was used to eliminate unnecessary
information awl reducealarge amount of qualitative data collected through interviews by coding

and describing the data.

Phase three:The findings frontheliterature review and qualitative phase were used to form a
guantitative survey targeting a wider population.e Tjuantitative stage tried to address the key
research question of finding the priorities of assessment criteria targie¢iagorementioned
parties around New Zealandefore distributing the survey, three copies of the questionnaire
were distributed tdhe experts in Auckland, as a pilot study to find the gaps, investigate the

precision of questions and improve the survey.

After analysing the pilot results and designed the final survey, the questionnaire has been
distributed to the experts Mew Zeaand Descriptive statistical and Wilcoxon Signed rank test
wasused to analyse the survey results. SPSS 20 software waeslutilianalyse these statistical

tests.

Phase four: This phase is divided into two steps. The first step is to design antbpleve

theoretical CS framework fddew Zealandased on the data collected through previous stages.

The second step thevalidation of the results. The main purpose of this phase is to validate the
designed framework and both qualitative and quantéatigéearch findings from previous stages

by conductingnterviews with industry expertsTo validate the research, the data from semi
structured interviews and online survey were analyaaed the results presented to multiple
construction leader alongthithe suggested framework for their verification and additional input.
Validation process allowed the experts to evaluate the findings in terms of practicality and

effectiveness of the framework and establish a roadmap for improvement.

It is worth mentiming that for both serstructured interviews and validation procedutikesglite
interview sampling method was used. This is a method of using interviews to study those at the
top of the system to gain rich anddepth information about an iss()umar, 2019) This is an
effective method when there is a lack of previous data exists in the literature. Therefore, in this
research, specific participation requirements were considered in data collection plmdes

limited the number of potential candtda.

Phase five:Final phase of this study the conclusion and recommendations drawn on the
strength of the syntheses of the study results. Recommendations are based on both the identified
gaps in previous stages and suggested approaches of the é@xpeetgualitative phase and

validation interviews Table 1 shows the research objectives, questions and methods of data

8
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collection. Figure 3 illustrates the overall research design and data collection methods to address

research problems.

Tablel - Research objectives, questions and data collection methods

Data collection

Research objectives Research questions .
) g techniques
1) What are the different tender evaluati
methods?

2) What are the advantages and disadvantage

1. To find the advantages ant each method?

disadvantages of CS methoc ) .
establish a universal set ¢ . Literature review
Price/NonPrice Attributes anc 3) What are the different tender assessm

identify their priorities. criteria’

4) What are the priorities in the universet of
criteria?

5) What are the current challenges the New
Zealandconstruction sector in terms of publ

. . i ? . .
2. Identify potential areas fo tender evaluation procedures? Literature review and

improvement of CS procedure 6) Which methods and criteria ddew Zealand Semistructured
in New Zealand. clients use to assess tenders? Interviews

7) What are the benefits and barriers of curr
contractor selection practicesNlew Zealan@

8) Which CS methods are more suited for tl
purpose?

3. To create recommendatior 8 Which criteria are more important fitreNew

that evolve traditional criteri Zealandconstructdbn sector? i(tegr]\r/?éwgt:;eddsurve\
to optimal price and noprice o \
attributes 10) Which modern princiles are more importan questionnaire

to be added to CS?

11) How to develop the current methods of CS

fit into New Zealandndustry? . .
Literature review

4. Develop a framework for CS 1) which criteria  should be considered = Semistructured

:Eat’\?atisf%/ thle rgquirer?enf[_s { optimise the framework? interviews
the New Zealand constructiol Questionnaire survey
industry. 13)What would be the challenges t i iqation interviews
implementing this framework iNew Zealand
industry?
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Figure 3 - Research design
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2. 9Limitations

To interpret the results properly, it is vital to state the possible limitations of the research. One of
the main limitations of this study is associated with the accurattyeofsponses provided loyr

participants irthe qualitative and quantitative pke of this research.

Research participation requirements limited the number of potential candidttegualitative

and quantitative phases of the study. Ssimictured interviews were limited to 10 participants

in theAuckland region and 38 respses received fahesurvey phase itheNew Zealandegion.
Thus, it is important to notice that in this reseatbtle perceptions offered by the participants
form only parts of the real challenges. Moreover, the generalisability of the researchsfinding

might be a potential limitation due to the fact thatNlesv Zealandtonstruction sector is unique.

2.10Thesis outline

This thesis has eight chapters. A summary guide to each chapter can be found below:

Chapter one: This chapter is an introduction to shely. A brief history of the contractor
selection, the current gaps and objectives of the study are explained. Moreover, the design
methodology and scopes of the studydiaeen discussed and are followed by the limitations of

the research.

Chapter two:The general information of the construction industry will be discussed in this
chapter. Furthermoréhe unique characteristics of tidew Zealandconstruction sector will be

illustrated.

Chapter three: This chapter reviews the literature and previodeston construction tender
evaluation methods and criteria. Different CS approaches and their advantages and disadvantages

will be discussed.

Chapter four: Different research methodologies will be reviewed in this chapter. This is followed
by a discussen of the best approach that can best answer the issues identified in this study.

Moreover, the data collection and analysis approaches will be briefly explained in this chapter.

Chapter five: This chapter disass the qualitative phase of the study aegorts the results of

the semistructured interviews.

Chapter six: Characteristics of the quantitative survey, distribution and analysis of the results will

be demonstrated in this chapter.

Chapter seven: This chapter provides the findings of the giaditand quantitative analysis and

develops a CS framework fohe New Zealandconstruction sector by considering its unique
11
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environment.Also, thevalidation procedures of the framework and the findings of this study will

be illustrated in this chapter.

Chapter eight: Conclusions and recommendations of the study will be explained in the final
chapter of the thesis. This chapter briefly discusses all of the chapters and review the objectives
of the research. Finally, the identified knowledge gaps wihtesentedand future researches

will be recommendedinda summary of the conclusions will be given.

2.11Summary

This chapteprovided an introduction to the study. Research problems and objectives have been
demonstratecand methodology approach has been discussed. Mord¢lowecppes of the study

have been defined. Finally, the chapter concluded with the thesis outline.

12



Chapter 2 General characteristics of construction

2. Chapter 2 - General characteristics of construction

2.1 Type of industry

Construction principally aims to bring together various businesses into orergudéd concept

of assembling materials and produ@®uld & Joyce, 2000 Despite the peculiar challengé

forging a partnership between different participants of the prafeatpnstruction industry is one

of the most vital to the economy and our daily lives. Unlike other industries that depend mostly
on the new technologies, success and failure of stixarion project rely heavily on qualities of

its people (Gould & Joyce, 2009 This industry comprigevarious types of business
organgations and a diverse range of professionals. The construction industry is one of the key
sectors in thé&New Zealandeconomy(Page, 2009) This sector is considered to be one of the
principal contributors to théNew Zealandeconomy and has been identified as the most vital

industry for future economic developme(®age, 2009)

Demographics, market trend, governmefualling and unpredictable nature of the work, caused
higher risks in construction than it is in other sectors. To overcome planning and controlling
challenges of construction projects, construction practitioners need to apply systematic methods
to ensuresuccessful project outcome for the owner. However, since construction projects are
unique, it is difficult to use managing techniques from other industvieish makes it difficult

to accurately predict the outcome of the project. This makes thisipatisthigher risk of failure

than other sectors. During the past decades, these technical complexities of construction projects

have pushed project participants into more collaborative methods of delivering the projects.

2.1.1 Construction sectors

All of the construction projects must be planned, scheduled, financed, controlled and managed to
be completed successfully. However, duettie complexity of the projects, construction
encompasses numerous specialized sectors whietahage influence on how thegect would

be funded and in what manner would designers, builder and owners interact. Construction has

often categorised into these four sectors:

1. Residential: This sector usually comprises privately funded homes and apartment
complexes. This sector haglirect relationship with the strength of the economy. In a
strong economy, usuall$0% of the construction funds will be spenttba residential
sector.

2. Commercial: Although some public funding would be available for hospitals and

education centresjmilar to residential, these buildings tend to be funded privately. The
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complexity of the commercial projedtsgreater thanhe residential sectomwhich leads
to fewerproject participants.

3. Infrastructure: Highways, bridges and tunnels are examplige girojects in this sector.
Since infrastructure projects are usually large and very sophisticated, they are often
funded with public money because they ser
years, there is a growing trend toward public pavagartnership for infrastructure
projects.

4. Industry: This sector includes huge production facilities such as refineries and steel mills.
The design and construction of these buildings are highly sophisticated and needs specific

equipment.

The constructionndustry can also be divided intbe public and private sector. There is a big
difference exists between these two sectors in terms of their definition and fuRetga 2009)

Public projectsoften running by public entities, are being completethiwithe context of net
for-profit organgations and funded by public moné@ould & Joyce, 2009) Thus, thereare
limitations to the flexibility in their spending and methods of funding. On the other hand, private
projects thatare completed for profit within privatelpwned companies which has more
flexibility and agility within budgetindGould & Joyce, 2009) Public projects usually focus on
adding social values to the society, while private projects has a centralized focus on driving

revenue.

One of the main differencdmtweenthese two sectors is that there are very specific regulations
and constraints exishipublicfunded projects. Public construction is defined and regulated by
legislation in every countryThe pivate sector is also regulatatlsome level, such as laws for
monitoring equality and anbribery. Howeverthe public sector is more regukd in terms of
construction procurement and project management. Thus, this research focused prirtfaily on
public sector since there are more guidelines, regulations and literature exists in these types of

projects.

2.1.1.1  Project participants

For aconstruction project to be successful, different parties should interact, collaborate and
cooperate. Buildings are born from owners ideas, translated into graphics dyedesind

produced by builder§Gould & Joyce, 2009) These participants make upligerse group.

2.1.1.1.1 owners:

The owner is the entity that has a specific need for a construction building and has money to pay
for it (Fellows & Liu, 2015) The owner is where the project is b@fellows & Liu, 2015) Thus,

thefirst step of the constructigoroject is to identiftheo wner 6 s needs. Mor eo
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responsible to financially back the project during its construction. Depending on the source of

the project funding, construction owners can be categorised into different types:

1 Public ownes: There are different entities representing the public in the goveryimént
in all casesthe real owners are taxpayers. Public entities have to follow specific
guidelines and approval processes to prove that the public money is being spent to achieve

the best results. There should be a clear procedure to choose designers and constructors.

9 Private owners: Construction projects are mostly financed by private owners. Large
organgations usually have a team of professionals who represent their idligniegtthe
project. In this case, one of the vital steps is to spend proper time early in the project to
outline the objectives of the company for the team. Experienced owners are usually very

clear about their orgasational goalswhile others sometingeare less clear about their

motivations.
21112 Designers:
Architects are wusually the first participant
responsibility is to translate the ownerr 6s i

that the conceptual design is prepared, the engineers usually being hired to develop the building
systems such as structure as well as electrical and mech&wockk & Williams, 2013) Since
architects are the first members of the team, they usaéllience the choice of constructors and

procurement methods.

2.1.1.1.3 Contractors:

Clients appoint contractors to carry out the construction works. However, in most cases,
contractors do not have all the trades required to build the project. Thus, they kavysldg

construction professionals to build working packages.

21114 Sub-contractors:

The objective of all of the previous processes from concept design to IFC drawings is to instruct
the Construction professionals who actually perform the field W@doke & Williams, 2013)
Sub-contractors play a vital role in construction projects with 25 to 65 percent of the construction
costs going to these trad@ould & Joyce, 2009) They are responsible to complete their work
packages on time, on budget and with adeqpatéormance. They provide highly skilled

professionals include mechanical and electrical contractors.

21.1.15 Other participants:

In addition to the people who are directly involvedhaconstruction of the jolihere are various
organgations that ease the wéhroughout the project. Material and equipment suppliers play a
15
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key role in any construction job. Without materials and equipment, the project would be only a
dream(Gould & Joyce, 2009) Governments and financial orgsations are involved in funding
the projects. Lawyers assist the owners to msgrthe risk and to negotiate during their dispute

resolutions.

2.1.1.2  Project chronology

A construction project has different phases starts with an idea. Then it will be translated into
graphic forms by the dagiers. Contractors and sabntractors will be choseand it is then
built and turned over to the client. However, each of these phases can be very sophisticated and

required teams of specialists working for years to be completed.

21111 Initiation of the project

A project starts when the owner identifies a need. However, moving from an idea to reality by
recognising the parameters to satisfy these needs is a vital step toward a successful start. The
owner should be sure that the result can have adedtate and worth the investment. Thus, he

or she often consdiwith designers and constructors and ask them to run several analysis from
different standpoints to examine the investmedtter evaluating the profitability of the work,

the owner should #n find sources to financially back the work. Especially for major projects,
owners have to acquire outside funds which can be obtained in the form of bank loans, bonds or

government funds.

21.1.1.2 Design of the project
The design of a project usually performdanr main steps:

1. Programming: First, the project objectives will be written and checked to satisfy the

clientds needs, budget and schedul e.

2. Schematic design: Second step is to evaluate different designs that match the project

objectives.

3. Design developmenThird step is to define important parameters of the project from

technical specifications @selection of the materials.

4. Construction documents: these documents are sets of detailed designs including
specifications, technical drawings amgtructions which are necessary tbe use of
construction packages. Moreover, it contains final documents of specifications to be

submitted to local government and authorities for approvals and building permits.
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2.1.1.1.3 Procurement

Construction procurement et to an orgasational system that assgmesponsibilities to

different participants of the proje@&ould & Joyce, 2009; Masterman, 2003)he selection of
procurement strategy depends on various elemengse ci al |y ri sks of the
objectives. Figuré illustrates the relation betweemumber of procurement strategies and the
distribution of the risk between client and contractor. Numerous delivery methods have been
developed during the past decades. Here some of the most compnoaches that are currently

being used ithe New Zealanatonstruction sector will be reviewed.

Speculative Risk Risk
Contract Type

Employer | Contractor

DESIGN & BUILD |
Complete "Package” by supplier
DESIGN & BUILD
Design Input by Employer
TRADITIONAL - LUMP SUM
Fixed Price
TRADITIONAL - LUMP SUM
Fluctuations

1
4
TRADITIOMAL - MEASUREMENT . —

Bill of Approximate Quantities

TRADITIONAL - MEASUREMENT
Fixed Fee Prime Cost |

TRADITIONAL - MEASUREMENT
Percentage Fee Prime Cost |

MANAGEMENT CONTRACT

Figure 4 - Risk apportionment between client and contractor

2.1.1.1.1.1 Traditional (Design/bid/build)

With this approach, the owner acceptst tt@ design is separated from the construction work.
He/she first hire a designer/consultant to complete the design package and control the cost and
then select a contractor wis responsible for the construction work. This selection candze

eitherby requesting bids from contractors to obtain iwvastie or by negotiating with a specific
contractor. The traditional approach has been the predominant method for decades. The most
important advantage of this approach is that since it has been emplpytbd construction

practitioners for years, procedures and contractual arrangements are well understood.

However, one of the main disadvantages of this approach is that ushelbuildability of the
design has not been reviewed before it is compleléhus, if some aspects have been missed by
the designerthecontractor can submit change orders that increase the overall cost of the project.

Moreover, less collaboration between architects and contractors can cause numerous delays
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throughout the piect. The overall project duration of the traditional approach is usually longer

than other delivery methods.

2.1.1.1.1.2 Design/build

With this approachthe contractor accepts the responsibility of the project design in addition to
the construction of the job. Thimethod generally k#ess risk for the client by providiregsingle

point of contact and less responsibil{tgooke & Williams, 2013; Gould & Joyce, 2009By
choosing this method, design/build firms can avoid the problems associated laitk of
cooperation between different participants and benefit from good communication between the
design and construct teams. It is also easier to apply changesprofict since it occurs within

one orgargation.

On the other hand, it is difficult to have a guaranteed price at the early stages of the project since
the design usually develops during the construction work. One of the main reasons that
sometimesclients avoid this approach is that theme afraid to lose control over the project.
Because both of the design and construct teams are working for the samsatoyathey might

force into situations to choose between solving project problems andtpiotecg t he f i r mo

2.1.1.1.1.3 Early Contractor Involvement (ECI)

As its name suggest s, ECI tries to exploit t
design proces®urdyev & Mbachu, 2011) A capable contractor will be hired at the early stages

to evaluate the constructability of the design documents. This early involvement in project
planning can increase the possibility of achieving a great influence on project costs and outcomes.
One of the primary reasons that ECI is currently in favoun tie clients is that it enables risks

to be identified, evaluated and managed. Another advantage of this approach is that it reduces
the cost of tendering procedures. However, some clients believe that they cannot employ the
potentials of proper compdtie pricing with ECI(Durdyev & Mbachu, 2011) Moreover, a

poorly structured ECI can create new challenges and conflicts in the project team.

Due to the collaborative advantages and greater cost certainty of it, ECI is currently inofavour
New Zealad clients. It assists clients to underlie project objectives more efficiently. The
structure of the ECI and the relationship between the participants is one of the significant elements
influencing the process outcomes. Furthermore, depending on thes soiagh objectives of the
project, the client can also benefit frahreinvolvement othec ont r act or 6 s key s
the ECI phase.

2.1.1.1.1.4 Public Private Partnerships (PPP)

Originally developed in the UK ithe90s, PPP is a collaborative agreement betvpebtic and
private sectors for some mutual benef@®uld & Joyce, 2009) During the past decades, it has
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been observed that sometimes private sector can provide services more effectively and so a
partnership of the two sectors might deliver better veduehe public moneyGould & Joyce,
2009) Integrating asset and design, incentivising the design and asset management and
improving risk management are some of the advantagde 8PP approach identified by the
New Zealandreasury(Gould & Joyce, 209).

PPPs are usually lorgrm contractual agreements typically-20 years involving one or
multiple private firms in the delivery of public asset or services. The public entity concentrates
on defining the project objectiveand the private sectos iresponsibldor providing finance,

design, construction and maintenance of the asset during the contract time. At the end of the
contract, control of the asset will be returned to the public €@ityson, 201Q) InNew Zealand

the PPP guidelines wibe provided to all of the governmental orgations by the Treasury.

2.1.1.1.4 Construction

The next step is to initiate the field operation of the construction pyejbith includes the main
factors of ordering the proper materials and equipment, monitorcpregdedwds managing

construction techniqueand coordinating the site operation.

2.1.1.3  Tender process and bidding

Some construction firms negotiate most or all of their works. Others have to create their
opportunities by tendering incampetitive market lwause there are always other companies who
are chasing good opportuniti€Sooke & Williams, 2013) However, bidding takes significant

time and costs from contractose the decision of bidding on a tender dependswarafactors.

One of the most ingrtant elements is the strength of the mafkaioke & Williams, 2013)

When the market is strong, firms have more opportunities to bid on projects with better values.
But when the market is dowthey have to bid on less desirable projects. Sometiom@sactors

have another motivation besides profits to bid on a project. They may want to establish a

relationship with a prospective client who might have a pipeline of work in the future.

Whatever the reason is, due to the competitive natuteténdeing market, contractors have to
convince the clients that they have the required skills and can offer services to satisfy the project
needs. Thus, project owners evaluate contr
projects. Tender evaltian is a challenging procedure associated with many uncertainties. It is
a multicriteria decisiormaking problem required clients to make subjective judgm@wst,
Kayis, & Willey, 2010) Numerous scholars believe that contractor selection is aihe ofiost
important decisions that project owners should m@eavish et al., 2009; Doloi, 2009; G. Holt,
2010; Jafari, 2013; Watt et al., 2009)
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21111 Invitation to tender

To illustrate that everyone in the markeslam equal opportunity to participate in tipeoject,

clients publish an advertisement for their tenders. This advertisements usually provide basic
information of the drawings and specifications and a request for pricing. The information usually
includes type and scope of the project, locationdhigl date, bonds and other legal requirements
(Gould & Joyce, 2009) Sometimes for major projects, a {lniel conference will be held by the
owner, which allows designers to demonstrate the intent of the project to the potential bidders.
Moreover, it alsaallows contractorso ask their questions and uncover holes in the published
documentgGould & Joyce, 2009)

21.1.1.2 Type of tenders

Depending on the complexity of the project and various other reasons, the client should choose a
tendering type tapproach the market. Three different types of tendering in construction projects

including Open, closed and negotiation has been demonstrated as follows.

2.1.1.1.1.1 Open tenders

In this method, clients publish their advertisement in a public newspaper or websiterariid

as many contractors as are interestegarticipatingin the bidding process. This is the most
common method for public projects to ensure the market that the procedure has bdaimlgone
However, this method has been considered as a timeaatdconsuming method since many
contractors may spend a lot of time and cost preparing bids to no effect. Moreover, due to the
small chance of winning, contractors may bid without studying the contract in details and end up

losing profits.

2.1.1.1.1.2 Closed tender

Although open tenders are the most common method of tendering, due to their limitations, they
may not attract a lot of reputable contractors. An alternative way to address this problem is closed
(selective) tendering. Under this method, clients firstrtiibt aroundfive contractors who are
capable of completing the project and invite them to submit their proposals. One of the main
benefits of this method is that it can improve the quality of the tender and evaluation procedures
would be more manageabl Contractors also prefer this method since it gives them a proper idea
about how much chance they have to win the job. However, the main disadvantage of this
approach is that favouritism may occur shortlisting which reduces the chances of other

cortractors to get a good dgdssays, 2013)

2.1.1.1.1.3 Negotiation

This method is usually being used when particular equipment is requiritbére is a need fam
extension othe existing project. In this case, the client sedactonstruction firm of his choéc
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to review the project and submit a methodology and price. At the end of the negotiating period,
if both parties agreedn the termsthe contractor can start the project. Otherwise, clients will

have to find another constructor to propose a request.

2.1.1.4  Tendering strategy

One of the vital decisions that clients should make is their strategy to approach the arket.
clear understanding of the project objectives can assist the oimnmiakingthe best decision.
Depending on the nature, scope and conifyl@f the construction worka number of questions
should be clarified. In this step, clients should consider several options such as level of details of
pretender documents, open/closed or negotiated tender, single estangdtitender, type of RFx
doauments, Advertising the tender, process plan and evaluation method@egglopment,

2011)

21111 New Zealandpublic tendering

Public tendering is a critical element of developingNew Zealandeconomy. Almost 18% of

New Ze al aisthk @oods@rid Bernds provided to the government entities by tiedty
companiegMBIE, 2015) Better value for public money can be achieved by effective and well
designed procurement guidelines. Togdiapubl i c6s trust therNéw d e mo |
Zealandgovernments spending public funds on wadlanned projects, an efficient set of rules is
required to design tendering processes. It is vitatfeNew Zealandyovernment to illustrate

its transparency and accountability to build confidence in their practices.

To make it easier for construction participants to understand the components of a good
procurement strategiyew ZealandVlinistry of Businessileveloped a comprehensive guideline

to demonstrate the mandatory rules for planning public procure(MBiE, 2015) First

published in 2013, this guideline replaced the rules of public procurement publisiibd by
Ministry of Economics in 2006. Modesiii ng t he government 6s appr o:
encourage public entities to use more strategic approaches of competitive tendering and providing
simple and ugio-dated rules are among the main purposes of publishing this guideline. The main

five principles ofNew Zealangublic procurement consists of:

Plan and manage for great results
Be fair to all participants
Get the right team

Get the best deal for everyone

a k 0

Play by the rules

Moreover, other rules have been illustrateédcluding nondiscriminaton, protection of

participant és i nf or mawhichis mandatod forthe agenciesitatfolowo f  a |
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There are numerous other documents published to support good public procurement practices in
New Zealand uc h as @ Mas tuareimeg tpou pluibd iprheecd by Mi ni
and APl anning construction procuremento pub
procurement o devel oped a guideline to assist
of the market, businesssions and delivery approaches. By reading this guideline, cagi@ms
will be encouraged to achieve strategic procurement outcomes and adopt a structured &pproach
planning and management . APl anning ctofstruc
developing strategic procurement approach for agencies dieveZealangublic construction
sector. Different types of project delivery, methods for assessing strategic models and issues to

be considered when planning the approadhamnarket ha been provided in this guideline.

Although different government agencies have their guidelines, all of them should follow a specific
set of rules for tendering. Some of the mandatory rules of tendering for public projects are as

follows:

1 All of the public agencies should advertise their contract opportunity on Government
Electronic Tenders Service (GETS) unless an exemption applies. They should also
publish a Notice of Procurement free of charge and provide access to all relevant tender
documents.

Agencies should not use RFI to shortlist potential suppliers.

Any additional information should be available to all participant at the same time.

2.1.1.5  Types of construction contracts inNew Zealand

One of the most important means to balance the risks between parties is the construction contract
(Gould & Joyce, 2009) Different types of contracts defiredifferent relationship between the
project participants and their rights and obligations will dedined. Contracts establish a
mechanism to administrate project procedures as well as dealing with payments, delays and
disputeqCooke & Williams, 2013)

Numerous types of standard contracts are being used in construction projects around the world.
Jant Contract Tribunal (JCT), Engineering and Construction Contract (ECC) and Institution of
Civil Engineers (ICE) are among the wktown contracts. INew ZealandNZS 3910 andNZS

3916 are the most commonly used contracts in engineering and constproferts.NZS 3910

is intended for separated (traditional) procuremantt NZS 3916 is for integrated (design &

build) projects. Other contracts being usedéw ZealandncludeNZIA: SCC1, Building Right

BCC, IPENZ and NEC3. Each of these contragds be used to serve the objectives of the project.
However, depending on how the project would be funded and the nature of the risks associated,
the client should choose a mean of payment for the project costs. Here four types of contracts

commonly usd in New Zealandwill be discusse@Development, 2011)
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A single fixed price (lump sum): In this type of contratie contractor agrees to complete the

project for a specific sum. This contract is often used with traditional procuré@euid &

Joyce, 2009) The most important benefit of this contract is that the owner can fix the final cost

before the project beginsOn the other hand, if errors exist in the project documents or if the

specification of the project changes, there is a good chance that it exposes the client to the risk of

ani ncrease in project costs. | flefermbrsarhingtheo c c ur

costs.

These disagreements usually result in litigafdooke & Williams, 2013) Thus,

designers and contractors try to specify and estimate the job accundtidly takes time and

prevents the construction frotime beginning(Gould & Joyce, 2009)

1.

Unit price: With the unit price contract, clients ask contractors to submit their bids with

a price charged per each unit of the project work packages. Then, the overall price of the
bid will be determined by the total value of theseasafe quotes. The most vital benefit

of this method is that it allows the construction work to start even if the design documents
are not completed. Moreover, it redsdke risk of renegotiating the work when an

unexpected condition ocauduring constuction. The dsadvantage of this contract type

i s that the owner doesnot know the actual

Costplus contract: In cogblus agreement, the owner agrees to reimburse the contractor
for the cost of labour and materjals an additional agreaghon fee or as a percentage

of costs(Fellows & Liu, 2015; Gould & Joyce, 2009J his is a common contract type
when ités difficult to define the scope
success factors of this agreent is that the owner and the contractor should amgree
upfront on what materials and labour will exactly be reimbursable. Because there is
risk that the client suspexthat the contractor reimbursed for a work that could be done
less expensively.However, this risk can be minisad by project participant working
collaboratively in the process which encoumageod value engineering and project

management.

Guaranteed maximum price: This type of contract is-esgilanatory. As is name
implies, client and contractor will agree on a maximum price. If the construction work
exceeded the maximum price, the contractor is liable for the ovéGmed & Joyce,
2009) Any savings during the construction project will be shared between the project
participats. This approach encouragmllaboration and teamwork among the project

participantswhich often leads to finish on time and within the budget.

2.1.1.6 The New Zealandconstruction environment

The construction sector plays a vital roldNew Zealand s e g.dtmsehmthirdlargest sector

in the industrywhich contributes around 8% bew Zealand s GDP . Mor e than
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are currently employed in constructioglated works that accounts for 10% of tohéw
Zealand s e mp | oy mé ilustrates thé&pergantage of new investments by different
industries inNew Zealand As it can be seetthe construction sector is the largest investor in
New Zealand(Black, Guy, & McLellan, 2003) Appreciating the key characteristics of this
industry can assist us to better understand
Here, some general information abohew Zealand s geographical, soc
characteristics will beidcussed. Moreover, the role of labour force in this sector and current

status of the industry will be presented.

Construction

Imports

Wholesale & Retail Trade
Manufacturing

Professional, Scientific & Technical
Rental, Hiring & Real Estate
NetIndirect Tax|es

Mining |

Electricity, Gas, Water & Waste |
Agric, Forestry & Fishing |
Financial & Insurance
Information Media & Telecom.
Transport, Postal & Warehousing
Public Admin & Safety

Arts & Recreation

Education & Training

Health Care & Social Assistance
Other Services

Accommodation & Food

Owners of Owner-occ. Dwellings

0% 10% 20% 30% 40% 50%

Figure 5 - Investments in New Zealand by different sectors

21111 Geographical and climateharacteristics

New Zealand consists of two large islands and several smaller isldedsZealand s | and ar
is more than 250,000 Kiwhich is about similato the UK. New Zealan@ s posi ti on
boundary of two tectonic plates caused the counthate numerous earthquakes. ThHuesw
Zealandis extremely vulnerable to seismic activity. Previous experiencéd¢eim Zealand
illustrated that the failure dhe earthquakerone buildingoulde ndanger pwhichl ed s
makes earthquake risk redioct a priority inNew Zealand With advancements in the knowledge

of seismicity,New Zealandhas had a progressive approach to introduce new standards for
earthquake resistant buildings which most recently was a standard introduced in July 2017 for

guideline on how to procure earthquatesistant designs and developments.

New Zeal andds weather is influenced by geogr

from cold weather irthe south to warm subtropical temperate climatethanorth. It vaies
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considerably depending on the location. However, the average rainfall experiendiegyin
Zealandis higher (between 600 to 1600 mm of rainfall) than that of other continental countries
which often cause delays in construction jobs. These specificactgristics are highly

influencingNew Zealand s bui |l ding form, material <choices

2.1.1.1.2 Culture characters

Culture gives identity to a country. Continuous improvement in efficiency is a vital aspect of
construction industrydentified by numerous reviewand progressive and enduring culture is
believed to be a foundation of these developm@ttan, Lam, Chan, Cheung, & Ke, 2010; Egan,
1998; Latham, 1994) Therefore peforedesigning any framework, the cultural aspectshef t

New Zealana@onstruction sector should be identified and taken into account.

Construction inNew Zealandhave some similarities and differences comparing to other
countries. Some of the main differences identified are different construction standdrds a
materials the strict requirement to follow the health & safety laws and informal communication
style. New Zealandaws necessitate employers to provide a safe workplace for their employees.
Especially forthe construction environment that pose vasdazards to people working on site.

In New Zealandemployees should be trained to operate equipment safely and use appropriate
protective equipment. Furthermore, the ways of communication between employer and
employees may be differentifew Zealand They haveless formal relationshjand employees

can question or complaiabout politely more than some countries. These are some of the
examples that makbBlew Zealandconstruction a unique environment which requires a deep

understanding of its chareeistics before developing improvement plans.

2.1.1.1.3 The labour force inNew Zealand

Construction is the fifth largest sector by employmentNew Zealand Around 170,000
employees are working in core constructiand constructiomelated services are estimat®

have 53,000 workersvhich account for 10% of total employmentNiew ZealandBlack et al.,

2003) The results also demonstrate annual average of 3% growth in constructiefated
employment over the past five years. However, by reviewing thectxd demand for the next

five years, Ministry of Business considered this as not adequate and looking for the construction
employees to be projected to increase by around 10 % between 2015 toM2ORIry of
Business, 2015) Figure6 illustrates the xpected increase in constructioglated occupations.
Similar to the rest of thé&lew Zealandeconomy, construction has a high portion of small

businessespecially in building construction and construction services.
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Figure 6 - Total New Zealand key construction Occupations
21114 New Zealandconstruction industry classification system

Classification or rating systems exist in every industry to describe the size and capabilities of the
firms. The @nstruction sector in Newealand has a rating system that classifies companies as
Tierl, Tier 2 and Tier 3. Construction orgsations based on their size, resources, skills,
experiences and financial viabilitiesin take a different kind of projects. For instance, Tier 1
contractors are the major head contractaviich are the most experienced in the industry and

Tier 3 companies are the more modest firms.

The largest, wealthiest and most experienced companies in the industry can be considered as Tier
1 companies. This categois so exclusive that there are oalfew Tier 1 companies currently
working in New Zealand. These companies take on major commercial and infrastructure projects
such as motorways, railways, hospitals and universities. These companies have théyaafpabili

taking jobs projects with contract values in the billions and hundreds of millions of dollars.

Tier 2 companies are mitker organsations which are still key players in the industry. Tier 2
companies are often tialg large scale commercial proje@sd small to miesized infrastructure
projects with contract values in the tens of millions of dollars. Tier 3 companies are essential to
the industry who take residential jobs and sreadlle commercial projects. These lot of Tier

3 companies irhie market which have plenty of work in the contract value of around the million

dollar range.
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2.2Current statue of New Zealandconstruction industry

The New Zealandconstruction sector has experienced substantial growth during the past years.
Christchurch rbuilds, housing shortages and construction boom in Auckland are the main reasons
for this growth. However, compared to other sectths,building industry has long been
criticised for its conservatism and lack of innovatimbo & Wilkinson, 2008) Moreover,
compared with the construction in other countriésw Zealand s producti vity i s
Results indicate that there has been no significant growthlew Zealandconstruction
productivity in the last 20 yeatkobo & Wilkinson, 2008)

Oneof the main reasons for the low productivityNlew Zealands the cyclical nature of the
construction industrywhich can causalack of experience and requires more trainiingbo &
Wilkinson, 2008) Another reason ihelack of scale and balance stweef the firms involved in

the sector. Due to their uncertain fututbere are less likely to invest in improvements.
Furthermore, current contracting and procurement issues constrain innovation and flexibility in
the practices. This condition urgbeiheed for transforming tiNew Zealandonstruction sector

to a more productive industry which can also boost the economy. Without proper attention to
these issues, there would struggle to meet the medium demand of the industry. PWC report
illustrateda number of areas for improvemgwhich can increastine overall productivity of the
industry. These initiatives include increasing the use of standardised contracts, integrating D&B
procurement and procuring at the scale of the economic objectivesoWwor the industry can

benefit from further investment in training, innovation and promoting better contracting practices.

During the past decadethie New Zealandyovernment tried to reduce the risks by employing
traditional methds of project delivery. This approach separates different participants of the
project. However, the government can broadly benefit from a more integration between design
and build which provides flexibility, better communication and more innovationutjnout the

project.
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3. Chapter three - Literature review

2.1Introduction

This chapter reviews the general information about construction tender evaluation and history of
contractor selection procedures. It has been structured into four key sectorsvefview of
construction Contractor Selection (CS), tender evaluation methods, assessment criteria and
research gaps. First, the key components of CS and related processes will be introduced. The
chapter then explores the background and history of CS in gofigir procurement. To establish

a better understanding of the elements of construction CS, related subjects include evaluation
techniquesand assessment criteria will be demonstrated. Finally, the last section discusses the
advantages and disadvantagédifferent processes and current issues that need to be addressed

in the research.

2.20verview of CS

The @nstruction industry is developing rapidly and becoming extremely compefltovensure

the successful delivery of the projeatlvances in technology needomatchedy the processes

that are used to procure building/dorledge & Smith, 2013; Maste@n, 2003) A well
documented procurement strategy, based on professional analysis, is a vital step toward successful
delivery of construction project@Vatt et al. 2009; Morledge et al. 2018ew Zealand
government 2013 The most vital step in coingction procurement is contractor selection
(Darvish 2008).

Martin et al. (2016) stated that Contractor Selection (CS) is deemed bgfritastlients to be

the most important element in construction delivering strate§glecting the most appropga
contractor will potentially increase the probability of delivering the right project at the right time
with sufficient quality (Chiang, 2017; Rashvand, 2015; Holt, 2010; Kashiwagi, 200R)
diligently conducted tender proceeding alloiws avoiding vaious problems which may occur
during the execution phase of the projgctC. Lam, E. Palaneeswaran, &¥.Yu, 2009)

The correct execution of the tender proceeding, based on a comprehensive analysis of the bidders,
will increase the probability of delivering the project successfully. Since tender evaluation
problems are muklcriteria in the formulation, designing a per model is not easy. It contains
different variables require clients to makgidgement between competing objectives and limited
resource§M. S6nmez, J. Yang, & G. D. Holt, 2001bMore complex projects require more
variables to consider, necesditgtthe use of more advanced mathematical models and more

powerful algorithms working at laigherlevel.
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2.3Key components of CS

CS, in its simplest formconsists of three different approaches oftareder, prequalification and
tender evaluation. However, each of these approaches can be exteadetitais range of
processes (Figur®. Although different protocols of public tendering exists, sorapsssuch as
defining the project objectives, selecting the assessment method and evaluation criteria are key

components of CS.

Pre-tender phase

Identify

project Specify Prepare the Organize a Identify the Determine
needs and |::> project |:> tender |:> selection [> evaluation the selection
analyze the requirement documents committee criteria method
market
Pre-qualification phase
Publish the Binary Eliminate Shortlist the
tender and |:> qualificatio |:> disqualified |:> potential
receive bids n process contractors winners
Evaluation and awarding phase
Invite the
qualified Evaluate the

N conftractors ~ Negotiate .
l?lddels o . |:> based on the |;'> Rank the ':> with the |:> Award the
present their identified contractors winner contract
proposals in

. criteria
a meefing

Figure 7 - Contractor selection phases

2.1.1 Pre-tender

CS process takes placetire early stages of a coingction project and is plagued with many
uncertainties(Elsayah, 2016) Thus, setting strategic direction and identifying the project
requirements is a vital step toward successful delivery of the job. Especially, government entities
are encouraged teedelop an overarching procurement stratBgymanaging public funds. To
achieve optimal outcome in construction projects, the clients should make sure that the right
people are doing the right activity at the right time. This objective reghieesrly engagement

of the clients and their consultants to identify the stakeholders, the project team and project

objectives to design a proper management framework.

At the very first stages of any project, it is vital to conduct analysis and find the kenairded
external stakeholdersNew Zealan@ s mast ering procurement gui

projectdos stake&olders into five group

1. Responsible: People who are responditieleliveringthe project successfully.
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Accountable: People who have the mltite authority.
Supportive: People who do physical work.

Consulted: People whose input secure the successful implementation of the tasks.

o & 0N

Informed: People who are not involved in decisinaking procedures but need to be

notified.

Another essential activitin pretender phase is to assemble a team of stakeholder representatives.
Depending on the nature and complexity of the project, the size and composition of the teams
may vary significantly. Especially in more complex projects, usualproper mix okkills and

knowledge is required to appropriately plan, manage and execute the procedures.

Next step is identifying the project needaghich requires research and analysis of the client
objectives. A statement of needs consi$teey elements such asetiprojects purposes, impacts,

major internal clients and external users should be recorded. This statement should later be
developed into a detailed specification of needs to inform participants about the nature and scope
of the project, risks and sustalwility impacts of the construction project. Furthermore, the
market should be closely monitored and analysed to develop a comprehensive understanding of
the market and what impacts does it have on the overall procurement s{i¢egjopment,

2011) Finally, the tender documents should be prepared by considering an appropriate approach
to the market, establishing a selection committee and finding proper evaluation methods and

criteria.

2.1.2 Pre-qualification

Financial problems, poor management and -@e@nmitment are among various reasons that
construction projects are still witnésg failure fromthe contractor sid¢Doloi, 2009) The main
objective ofthe pre-qualification phase is to eliminate unqualified candidates and restrict the
number of eligible contractors involvéBsiazek & Ciechowicz, 2016) Prequalification is a

vital step in construction CS. A wealerformed pregualification can assure clients that the
shortlisted contractors are highly likely to be able to complete the project successfully
(Abdelrahman, Zayed, & Elyamany, 2008; Jafafi13)

In complex and higivalue projects, prgualification is crucial for both contractors and clients,
as it targets towards best val(@. Holt, 2010) Its approach can also assist contractars
discoveringstrength as well as areas for improveiria the company. Palaneeswaran etal. 2000

considered some obijectives of qaealification as follows:

1 To eliminate contractors who are not responsive, responsible and competent.
T To enhance and assure bidding opportunitd.i

T To encourage healthy competition among 66
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1 To minimise risks of contractor failure and improve client satisfaction.

I To optimise the CS regarding achieving a better balance between price and performance

parameters.

This procedure is often a befetendering CS method in many countr{&slyta Plebankiewicz,

2010) It usually defines as registration of capable contractors. However, identifying a model
that comprise all the conditions of pgealification is a difficlt procesqEdyta Plebankiewicz,

2010) Various criteria should be selected, scaled and evaluated. This evaluation procedure is

usually subjective and ambiguous.

To date, there are numerous researches carried out in different countries to idebhaft ged of
criteria for prequalification. For instance, Doloi 2009, determined relative importance and
impacts of different attributes using factor analysis and identified seven most significant factors
in Australian prequalification stages. These rditites include (1) soundness of business and
workforce; (2) planning and control; (3) quality management; (4) past performance; (5) risk

management; (6) orgasational capability; and (7) commitment and dedication.

To recognise the attributes that have thost impacts on construction fyealification (Edyta
Plebankiewicz, 2010¢xplored the procedure of tendering in Poland. In this study, financial
standing, Technical ability, Management capability, Health and safety, and Reputation have been

identifiedas t he domi nant a-gualificatioruptoeess. i n Pol andbs p

The nine criteria that Jafari 2013 pointed out by evaluating constructiagquptéication in Iran

are Work experience, Technology and equipment, Management, Experience and knowledge of
the technical staff, Financial stability, Quality, Being familiar with the area or being domestic,
Reputation, Creativity and innovation. Moreover, in that study, agpadification score
calculation matrix has been suggested usimgQuality function defwyment (QFD) method.

QFD is a method to systematicallyevaluliiec ont r act or 6 s capability t

using a series of matri€y¥.-K. Juan, Y=-H. Perng, D. Castrhacouture, & K-S. Lu, 2009)

2.1.3 Evaluation of bids

The constructioris characterisedby cost and duration overruns, serious problems in quality
standards and safety measures, and an increased number of claims, counterclaims, and litigation
(Chan, Scott, & Lam, 2002)To minimise or optimise all these riskslection of an@propriate
contractor to deliver the project under consideration as per requirements is the most crucial

challenge faced by any construction cli@@hiang et al., 2017; Doloi, 2009; Darvish et al., 2009)

However, the decisiemaking problem is mulcriteria in the formulation. It contains different
variables require clients to make judgements between competing objectives and limited resources.

Previous studies illustrated that many faiki@ssociated with construction projects were
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attributed to the lack of effective tools to properly measure contractors before awarding the
contract(Kashiwagi & Byfield, 2002; Zavadskas et al., 2008; Darvish et al., 20083se tools
vary significantly ad are typifiedby Nonlinearity, uncertainty, subjectivity and volatili{.
Holt, 2010) How effective these measures could work is subject to how efficiently the

knowledge could be absorbed.
2.1.1.1  Lowest price

Lowest price has been considered as the rpasic technique of tender evaluation. In this
approach, the total price of each offer is the sole criteria of the CS. This methodology is being
used when quality and other attributes are not deemed impamalrthe price is the main concern
(Developmat, 2011) The bwest price is often not recommended for complex construction

projects where wider elements of value for money are important.

It has been proven that choosing contradbaised orthe lowest initial bid will expose the client

to an incrased risk of postontract claims and cost ovams becausemost of the times
contractors desperately quote low prices by reducing project qUsli§onmez et al., 2001a)

Thus, multicriteria selection methods became more popular to overcome the issue that the lowest

tendered priceloes not guarantebe lowest project co$t G . Hol t , 2010; ALPTE

During the past decades, the lowest price method has alterecdBest\éalue BV) approach to

award contracts in many countri@dasnain, Thaheem, & Ullah, 2017; Wang et al., 2013;
Palaneeswaran, Kumaraswamy, & Ng, 2003) For instancethe Australian government
implement atwo-stageprocess to assess contractors. stFithey evaluate applicants based on
some mandatory criteria and then opening the proposed price en{pish et al., 2009)In

some countries such as ltaly, Portugal, Peru, South Korea and Denmark, the closest proposed
prices to the average willmain in thecompetition,and the highest and the lowest prices will be
excludedWang et al., 2013; Enshassi, Mohamed, & Modough, 2013)

2.1.1.2  Price-quality methods

The Pricequality method is a tendering tool to consider both price and quality attributies of t
construction contractors. PQM should be used where clients determine that best value for money
will be obtained by having contractors compete on both price angnimmn criteria. In this
approach, decisiemakers try to find the most suitable contaacby translating qualitative
attributes into quantitative scores and combine it with the price score. This is a common
methodology in public projects. Both price and +poite attributes will be given weightings and
scores based on their importance. choose the best contractors, it is indispensable to attain their

ranking. Mathematical models are used for this purpose.
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series of decision models basedvamious approaches were developed to estimate the value of
contractors regarding the specific project, such as Muiltibute Analysis (MAA), Graph
Theory and Matrix (GTM), Artificial Neural Network (ANN), Analytical Hierarchy Process
(AHP), Analytic Netvork Process (ANP), Fuzzy Set Theory (FST) and Multivariate Discriminant
Analysis (MDA) (G. D. Holt, 1998; Palaneeswaran & Kumaraswamy, 2000; Chan et al., 2002)
The following context briefly explains some of the routine CS methodss. eXpectedhatthese

reviews on CS methods will assist the rese@mdinding suitable approaches the suggested

model.
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assess contractor 0¢G. @ HoltrlPIMWUA e s

ag

This research identified, collected and recorded 16 methods from reviewing 26 papers on the topic

of CS evaluation models published from 2007 t680 These methods haeen summarised

into three categories of Mathematical models, Artificial Intelligence (Al) models and Hybrid

models (See Figure 6 and Table 3).

CS methods
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Fuzzy AHP
Fuzzy QFD
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AHP
i D
Topsis Multi Agent
]‘;:z Support Vector Machin
Competitive Intelligence
Graph theory WEBSES
PEP
2Ji2) . J
RA
Superiority/Inferiority
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Figure 8- proposed categories for CS models
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21111 Mathematical

Mathematical DecisioiMaking (MDM) is a process which deals with numerical measures to
make comparisons between different alternatjyaskowski, Biruk, & Bucon, 2010) In MDM,

the process of integration of the desirability and probability irdifferentphases of decisien
making is less complicated than Al and Hybrid approaches. However, the MDM approaches are
applicable only after setting up the preferred gadémntify various alternatives and setting up the
domain of the decisiof@askowski et al., 2010)In other words, changes in the decision variables

requiredrepeatinghe procedure.

During the past decades, several MDM methods he&en developed Thereviewed articles
illustrated that AHP is the most published method from 2007 to 2018. From 2007, AHP was the
most often used approach (27%) followed by TOPSIS (10%) and Fuzzy VIKOR (7%). Wang et
al. (2013), Abdelrahman (2008), Chiang et al. (30h&ve reviewed the application of AHP
method in C§Chiang et al., 2017; Wang et al., 2013; Abdelrahman et al., 2008gir results
indicate thathe AHP methodapplies tosupport group decisiemaking and can increase group

satisfaction in the proces

Due to their simplicity, AHFbased approaches are becoming more pogGab. Holt, 1998;

Ksi NUek & Ci ecWhewdecision makifglirddlves interdependencies between
attributes in complicated decisianaking problems, thiierarchicalstructure may need to be
remodelledPan, 2008) Althoughin most of theesearchesttributes are assumed independent,
Fong et al. (2000) demonstrated that selection criteria are interrelated to a certain extent and
shouldbe evaluatedby generic aalytic methods such as analytic network process (ANP). On
the other hand, ANP requires a lot of calculations and-wigE comparison metrics to

demonstrate a meaningful resiiBay k as oYl u, ¥zbay, G°Y¢ ¢k, & ¥z

To explore the impacts of the castency limits of AHP on CS Martin etal. (2018), determined
whether the traditional AHP (CR 0.1) and weakly consistent AHP (CR.@)Froduce the same
result(Martin, Koylass, & Welch, 2018) The importance adhe TOPSIS method in CS decision
makingis evident from the works of San Cristobal (2012), Zavadiskas (2010) and Alptekin (2017)
(Orkun Alptekin & Alptekin, 2017; San Cristobal, 2012; Zavadskas, Vilutiene, Turskis, &
Tamosaitiene, 2010; O. Alptekin, 2014; Zavadskas et al., 200B)e basic pnciples of this
methodarethat the chosen alternative should have the shortest distance from the ideal solution
and the farthest distance from the negatigeal solution(Orkun Alptekin & Alptekin, 2017; O.
Alptekin, 2014)

El-Abbasy et al. (2013)awe providedthe ANP method to prioritise CS criteria for a highway
project in Egypt. ANP is the general form of AHP. However, unlike AHP, this method provides
inner and outer dependencies between assessment ¢Eledibbasy, Zayed, Ahmed, Alzraiee,
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& Abouhamad, 2013Yanget al. (2016)havedeveloped a systematic method to support CS,
utilising Data Envelop Analysis (DEA) to facilitate the assessment of each contractor during the
shortlisting staggYang, Wang, Wang, & Ma, 2016)DEA is a norparametric method that can
measure thefficiency of the alternative§Emrouznejad & Yang, 2018; Ramezdararkhorani,
Khodabakhshi, Mehrabian, & NuBahmani, 2014) In CS problems, DEA can develop a

function to determine the most efficient contractor.

Basal on three case studies related to service procurement projects, Yang et al. (2016)
demonstrated that the DEA method is an effective tool to evaluate and select contvaatgrs

et al.,, 2016) The study conducted by Darvishal. (2009) shows thatow the graph theory

and matrix can be applied as an analysis method for CS, specifically suitable when
interdependency of the attributes are of the interest. This method can convert variables and their
interdependencies intbomathematical form that cdrelp DMs to determine the numerical index
(Darvish et al., 2009)

In addition to the abovenentioned methods, four more mathematical CS methods have been
identified in the reviewed literature namely, Price Elasticity of Performance (Yu et al. 2012),
Qualty function development (Jafari 2013), Regression Analysis (Doloi 2009) and superiority
and Inferiority ranking moddDafari, 2013; Doloi, 2009; Marzouk, 2008)

Table2- Assessment of identified CS methods published from 2Q04&

. Global
No. of Relative ercentage of
Selection method A percentage of p e
publications all publications
the method .
in CS
Mathematical 17 65 40
AHP 7 27 16.5
TOPSIS 3 12 7.5
ANP 1 4 2.5
DEA 1 4 2.5
GRAPH THEORY 1 4 2.5
PEP 1 4 2.5
QFD 1 4 2.5
RA 1 4 2.5
SUPERIORITY/INFERIORITY 1 4 2.5
Al 5 19 12
MULTI AGENT 1 4 5
SVM 1 4 2.5
CI 1 4 2.5
WEBSES 2 8 5
Hybrid 3 12 7
FUZZY VIKOR 1 4 2.5
FUZZY AHP 2 8 5
FUZZY QFD 1 4 2.5
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21.11.2 Al:

Al refers tothemachi nedés ability to replicate carhe co
learn and solve problem&hahramani, 2015) Various scholars suggested that Al will
substantially raise the value of human judgement irddusion-makingprocesyMcGovern et

al., 2017; Power, Sharda, & Burstein, 2Q15)

Al methods in CS are trying to predict the future performance of the potential contractors by
evaluating dargeamount of data from their previous performance. Predictiosg8ul because

it helps improve decisions. However, even the best Al systaakemistakeqTshilidzi, 2015)
andsince all the results haymen measurednd generated by machines, it is very difficult to

interpret the reasorisr disqualifying a contictor.

To automate tender evaluation procedures, Kog et al. (2016), introducedNgeitt Systems
(MAS), which is the next generation of knowledggsed system#&og & Yaman, 2016) MAS
interacts with its environment, learns upon obtaining new dataento achieve the objectives

of the construction project. To explore the prospective potential of using robust Support Vector
Machine (SVM) method for CS, Lam et al. (2009) compared the performance of SVM with
Artificial Neural Network (ANN) outcomg(K. C. Lam, E. Palaneeswaran, & C. y. Yu, 2009)

In this study, initially, a piloitmodellingwith hypothetical datasets has been explored. In the
second phase, tlapplicability of the frameworkwvas examinedby considering the suitability of

three nodinear Kernel functions and validation fgeneralisatiorby using further practical
datasets. Their results demonstrate encouratfiegpotential for SVM application in
procurement problems such as CS. Arslan et al. (2012) and Safa et al. ®&1&petl a
web-based system and Competitive Intelligence (CI) system respectively, to improve the process

of assessing and selecting contrac{Gesfa et al., 2015; Arslan, 2012)

21113 Fuzzy Hybrid:

CS problems may have k@ solvedn the absence of precise informatidtieto-Morote & Ruz

Vila, 2012) Various scholars suggestdthtto achieve this goal, the evaluation process could
you Fuzzy logic to model uncertainty and imprecisiBtebankiewicz, 2014; Nietorote &
RuzVila, 2012)Fuzzy set and probability theory introduced by Lotfi Zadeh in 1965 attempts to
predict future performance based on previous eVgidsseini Nasab & Mirghani Ghamsarian,
2015; Chan, Chan, & Yeung, 2009)Although, because of temporary nature amigueness of
each project, it is difficult to predict the exact eveRigzzy Sets can model human judgements

and reduce the imprecision and uncerta{@tigan et al., 2009)

Hosnyet al. (2013) and Jaskowski etal. (2010) have provided Fuzzy AHRoahéd the process

of group decisiormaking in CS procedurgHosny, Nassar, & Esmail, 2013; Jaskowski et al.,
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2010) Their resultshowthat a Fuzzy extension of AHP method enables the user to analyse the
CS problems in detaila terms ofprecision of stimation and evaluation consistency. However,
it allows the user to find a solution even if some DMs are unable to provide a complete set of
pairwise comparisons. The fuzzy extension of mathematical decisi&img models is suitable

for dealing withimprecision and uncertainty of the input data.

In a universal set of discourse X, a fuzzy subset A of X is defined by a membership fur@tjon p
which maps each element x in X to a real number in the intvwabnmez et al., 20018)ieto-
Morote & RuzVila, 2012) The concept of these fuzzy selaysa fundamental role in those
decisionmaking problems, in which it is difficult to provide exact numericalues for the
decision variables. Juan etal. (2009) and Vahdani (2013) studied the FezwiagxbfQFD
and VIKOR to design a framework to solve CS problefdahdani, Mousavi, Hashemi,
Mousakhani, & TavakkolMoghaddam, 2013; Y. K. Juan, Y. H. Perng, D. Cakaoouture, &

K. S. Lu, 2009) A comprehensiveeview of the advantages adbadvantages of CS methods
are illustrated in table 4.

Results illustrated that AHP and TOPSIS methoaislccbe useful methods to solve MCDM
problems. Thus, a combination of these two method®éan used in this research to design a
tender evaluatiomr&dmework later in the study. The primary reason for selecting the AHP method
was that it is an appropriate method for solving complex decision probparigularly for
weighting multiple variables. The rationale to choose TOPSIS is that it has been phrat it is

a reliable tool to clarify a solution froseverallternatives by considering multiple dimensions

of the problem. The following sections contain the definition and steps of applying AHP and

TOPSIS techniques in decisiomaking problems.

21.1.1.1.1AHP

The AHP is a systematic procedure to determine the relative importance of various decision
criteria to help DMs select the best alternative among different alterné®iaaty, 1978) This

approach is based on decision theory and can be advantageaeggtiting numerous attributes

and selecting a lead concept among alternatives. This method has been applied to many areas of
construction management suchtlas selection of the projects, ranking of the projects, facility

location and improving constetion productivity(Wang et al., 2013; Doloi, 2009)

This study explores the application of AHP in CS. By breaking CS problems idtova
structured gradual step, users can connect through paired comparison judgements of DMs.
Initially, the list of poential criteria shoulde identifiedoy DMs. To determine which of these
criteria are more important in the targeted projgnext step of AHP is torganisea pairwise

weighting matrix (PWM).
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ryp i E I 0l
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Given nelements at a hierarchical level, PWM isratm matrix. The importance of criteria is

pair-wisely comparedo eachDMs to determine criteria weights.  The ranking system for

pairwise comparison proposed by AHP i©9iwhi ch r epr esent stoftthee wus

relative importance of the criteriaavercj (See Table 5).

Table3 - A proposed ranking system for pairwise comparison

If ci andcj considered to be equally important, the proposed vajlueo8ld be equal to 1. Ific
considered to be more important tlgnthen $ Would be >1. Thus, the PWM is a reciprocal
matrix obtained by pairwise comparison of each pair of criteria. Terge& the vector of
weights, users should determine the principal eigenvestaorresponding to the maximum
Ei gen mwkibbtalm the each column should be nornsald and then taking the average

of each resulting rows.

However, DMs judgement may not be consistent with one ana@hdthe aggregation weight
vector may be invalid. Thus, a minimum level of consistency ratio steuttemonstrateith
the matrix.  The consistency value will beteteninedby ei genval ue, o,

consistency index of the matrix.
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