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ABSTRACT

A Model for Selecting ProjectDelivery Systemsan PostConflict
Construction Projects

Mahmood-Reza Pooyan

Adopting themost suitablePDS (Project Delivery Systemjs a process that entails
thorougharalysis of multiple criteriend does not foll ow a fAone
In most casesthe development agencies in pasinflict statesresort to informal
procedures in selecting a project delivery approablerd is an oversimplification of the

decision making process in such a way that conclusions are often drawn in absence of

careful review, and consideration of alternatives, or all determinant factors.

The overarching objective of this research was to develegakable and site adaptable
decision frameworko facilitate objectiveselection of project delivery systenrs post
conflict construction projectsThis objective wagprimarily pursuedthrough icentifying
the most pertinent selection factors in postflict projects Theresearctat handconsists
of two PDS selection modelsThese models differ in their modality of judgment
elicitation andscoreaggregation At the output level, both modelsroduce suitability
index (SI) scores for the PDS options being considered.SI1 Score is a sum product
function ofthe relative importance weig(iRIW) of the selection factors and the relative
effectiveness valugREV) of the PDS optiondn both modés, theR | Wwese obtained
through Analytic Network Process whilehé R E V @vere directly assigned from a

predefined measurement scal@e first models predicated on individual assessment of



the parameters leading to calculation of the suitabilityaedi This model applies Monte
Carlo simulation to define a range for the suitability indiddse second modélowever,

is hinged upon consensbssed assessment of the components of the suitability .ihadex
the latter case judgmentsare elucidated throgh successive decision conferencing
workshops. The bottom line result$ this researclallude toConstruction Manager at
Risk (CM-R) as themoreviable option. Ultimately, the research provides a comparative
analysis of the results obtained from both modelstast$the veracityof the modeldy
confirming their utility and applicability outside the universe formed by the case study

projects
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CHAPTER |
INTRODUCTION

1.1 Background

Over the years, international development and funding agemaes been facing the
increasingchallenge of coping witithe technical problemsof constructionin post
conflict countries. Despite existence of general frameworks and techniques for addressing
construction obstacles, many of these shortcomings continue to undermine effectiveness
of project mobilization, resource allocation and project deliversirgel As the dynamics

of postconflict reconstruction evolve and the demand for revamped infrastructure grows
in unforeseen fashions, persistent technical gaps and emerging challenges will render

development and funding agenciesreasingly exposed.

Tradt i onal | vy, crisis management was predicat
required the swift exit of relief workers
spite of concentrated efforts to amend this approach, a reactive ethos stiliaswhuch

of the humanitarian sector. This mindset, combined with the disparate mix of
humanitarian actor s, has contri b-standirdy t o t
technical problems, as well as a perceived resistance to innovative engiiseértians.

In order to tackle these vulnerabilities more consistently, the sector must embrace

innovation and reach out to nontraditional responders who can offer wider skill sets.

Western donors and internationdévelopment agenciesiay not possess thmost

applicable construction methods for rehabilitating infrastructure in other countries.



Afghanistan, for example, does not benefit from a s@etumented engineering design

and construction standards. The expat community arrived in Afghanistan with a
perceived notion that the internationally funded construction projects would meet the
international level of standard practiced in wadlveloped countries. While the
international construction standards may have a logical appeal to be adopted for this
purpcse, it is oftendemandingand at timesmpossibleto meet internationally accepted
engineering design and constroctistandards in posbnflict states. This islue tothe
environmental constraints such aiortage of higlguality construction materialand
equipment, a scarcity of competent constructors and contractors, a lack of knowledge
about the geographic terrain and environment, a lack of awareness of available local

skills, a lack of skilled workforce, and poor security conditions.

1.2 Complexity in Construction Projects

Construction projects are intrinsically complex operatioAsvery diverse mix of
individualsinteractswhile a project is under constructioKasturiandGransberg (2002),

state that theralysis of project compléty requiresand understandingf innumerable
individuals involved in the process starting with the builder, the design professional,
construction representative, subcontractor, supplier, and the entire professional-and non
professional team members waorgi under thes responsibilities It is surmised that
every professional constructor will manage a host of factors related to environment,
politics, risks, technology and econometrics. In reference to complex environments,
Davies (2004 ar gues t ha tongineed tornmere ansl beter imgemgntason r

studies that can identify the particular conditions under which successful implementation

and deliverymaterialize offailt o t ake pl aceo. Figure 1 exhi



risk framework and the intedegionships of these factors in a hypothetical construction
project.Figure 1, classifies the elements of project risk into 5 categoriededims the

sub-elements within each cluster.

Characterigtics

T Natural
Environment

1 SiteLocation

T Regulations

1  Geologica
Studies

9 Water Control

Characterigtics

1  Project
Regulations Characteristics

1  Stakeholders(d 1 Tools&
onors, host - Equipments
government, (Software
implementing Technology Application)
organizations) 1  Building

9 Environment Techniques
within project 1  Project

Characterigtics
Characteristics 1 Method
. Time 1 Management
T Cost T (Team)
1 Prowq 1 Specifications
Financing Drawings
1  Qudity 9  Design
1 Safety 1  Historica
Project
Knowledge
1 Experience
1 Project Team

Figurel.1 Conceptual Model for Proje@omplexity

1.3 Statement of Problem

The increasing complexity of construction projects and the evolution of construction

management as a field of practites givenrise to emergence of several methods for



construction project delivery. Traditional, desiguild, designbid-build, and
construction manager aisk are amongst the most popular delivery systprasticed
worldwide. Selectingthe most appropriatproject deliverysystem on the other hand, has
for long been a subject of debate amongst project owners. Adoptingogteappropriate

PDS is a process that entails detailed analysis of multiple criteria and situations and does

not follow a Aone size fits all ocemipgpr oach

project delivery systems imply that the type of delivery system applied in a project has a
direct impact on the outcome of the project. Hitherto, there has been no categorical study
about the impact of project delivery method on desiven postconflict construction
projects. Surveys indicate thain postconflict construction projects, decisions are
conventionally based upon preconceived advantages and disadvantages of each PDS. In
majority of cases, project owners asevelopment agenciessortto informal procedures

in selecting a project delivery approach. There is an oversimplification of the decision
making process in such a way that conclusions are often drawn in absence of careful
review, and consideration of alternatives, or all determifactors. On thetherhand, in

an environment marked by complexity and stress, clarifying project objectives and means
for identifying project success at the outset of project, will facilitate evaluation of project
success uporompletion, beyond measg of schedule and performance. Gaining a
better perspective on how each of these project delivery methods are organized and
managed can helpternational development agencesd contractors to provide owners
(donors, host governments and the commumitigh better value for the projects. Yet,

the challenge lies in investigating how each project delivery system reacts to project

owner 6s intended objectives and prioriti

€ S



donokrdriven postconflict constructon projects highlightsthe exigency for developing
specific research methodologies &oromprehensive analysis of this issue.

The backbone of this research comes frondapth practitioner interviews and cluster
group meetings. Following the preliminatgrgeted interviews, the main determinant
factors in choosing a PDS were revealed as: Time, Cost, Safety and quality. This
discovery, lead to formulatingome fundamentajuestions, for which this research has

attempted to find answers:

1. Which project delrery system (DesigBid-Build, DesigrBuild and Construction
manager at Risk) is more compatible with tightelines and fast changing
priorities in postconflict construction projects?

2. Which project delivery system is more likely to provide a betieality
constructed facility in postonflict construction projects?

3. Which Project delivery system is more sensitiveségurityand safetyissuesin

postconflict construction projects?

14 Research Objective and Scope

The objective of this research wasrsued through aggregating the preferences of a
broad sample of experienced practitioners into selection criteria for project delivery
systems. In order toanswer the questions the preceding sectiprthe prerequisite
functions that were necessary falfillment of the research objective were identified and

classified as subbjectives.The overall objective ofleveloping a site adaptable and



scalable PDS selection model in postflict construction projectwas divided intdhree
sub-objectives presented below:
1. Identify and studythe set of alternative project delivery systems and the factors
relevant to the decision problem in pasiflict construction programs,
2. Definemeasuremerdttributes for selection factors in relationdbaracteristics of
alternative poject delivery systemsvaluated in this research
3. Develop asite adaptablelecision making model suited for individual and group
based selection of the project delivery system in -posflict construction

projects.

15 Research Methodology

The lection models proposed in this reseadbasedipon a mixeemethodapproach
The technique proposed for aggregating the PDS suitability is built upon ANP and
MAUT. The following points highlight thevarious stepsof developing the selection

modes:
Stepl. Identiying the potential PDS options
Step 2. Defining themost pertinenPDSSelection Factors in pesbnflict
Step 3. Assigning Relative Importance Weights to the Selection Factors
Step 4. AssigningRdative Effectiveness Values to the competing PDS options

Step 5. Aggregatingthe weighted scores of selection factors in relation to the

PDS options to determintheir suitability indices and



Step 6. Choosingthe PDSwith the highest suitability indexas the most

appropriate delivery option

16 ThesisOrganization

The thesis in hand consists sik chapters. In chapter one an overview of the research
subject and its relation with the urgent gaps in qoosiflict construction projects is
presented. Td introduction is followed by a discussion about the problem and the

objective that this research is set out to achieve.

In Chapter Il, a comprehensive review of literature related to project delivery system is
presented. The literature review focuseddsfinitions as well as thadvantages and
disadvantages of each PDS amtbllowed by a presentation of highlights of the research

activities already performed pertaining to PDS selection techniques.

An exposition of the project delivery system decidi@mework is presented in Chap

lll. This chapter elucidatethe methodology employed for assisting project owners in
choosing an appropriate project delivery system. Considering the preconceived resistance
to innovation in postonflict operations, the researcher has made an effort to adopt a
simplistic approach ni defining the methodology to encourage application of this
framework in real life practice of construction projects in gmusiflict. To this end, the
results of previous research were used as a starting point for defining a generic set of
selection factos. Postconflict construction practitioners were then asked to aggregate

these generic selection criteria into a sepeftinentselection factors as perceived by



project owners and practitioners in the field. This practice resulted in classification of
selection facta into three factor areasof: Project Related Parameterdgency
Preferencesnd Regional Parameter€hapter lllalsoprovides a look into the structure

of the decision framework model and applicatioraahix method approach hinged on
andytic network process (ANP) and multi attribute utility theory (MAUT) methods
ChapterlV contains the information abothe case study projects, the sample population,
data collection mechanism and survey questionnaisesvell asdata assessment and
analsis techniqueChaptenV also elaborates ahe survey pilot test angays particular

attention to testing the consistencypof act i ti oner sd response

ChapterV containsthe result of the resear@nd provides a comparative view of the
results obtainedrom the two models proposed in thissearch.Conclusionsand
recommendation for future work are presented in ChapteANo, this chapter provides

a narrative of the possible limitations of this research and considerations that project

officials should make whilst employing the framework proposed in this research.



CHAPTER Il

LITERATURE REVIEW

2.1 The Organization of International Development Projects

In developed countries, capitatojects arewned by either the governmemt a private

entity. The ownein addition to fundinghe poject will foster the idea and initiates the
construction operatiorHowever, this seemingly straightforward process takes a different
turn in post conflict reconstrucin. In post conflict countrieth e o wn e raéssmed o | e
and carried out bylifferent entities This phenomenoralters theentire framework of
project design and execution and influences the roles and responsibilities of project
participants The project deliverymethodsin postconflict development projectsave

many s$milarities with the three most popularoject deliveriepracticed in developed
countries. As earlier mentioned, in pesbnflict construction projects, typical managerial

and project related tasks are asedrby nortypical entities. In the interest of creating a
common understanding, the following section elaborates on the organizational structure

of international development projects and its components.

2.1.1 The Key Entities involved in International D evelopment Projects

Improving the living conditions through restoration of the infrastructure has been the
focus of international development efforts in many joostflict situations.
Successfulness of development programs depends on how well they nanaggrate

and involve communities in the reconstruction process. Therefore the perception that
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considers communities as mere beneficiaries is one that requires further adjustment.
Scholarly consensus is in favor of adopting a more adequate terminolagidtess
communities. Terms such as ptoject partners or community owners" deserve
consideration in community based developmenand community management
(McCommon et al., 1990)n the context of international development projesteccess

is warranted ol if development projectare collectively cared for, viewed as a public

asset, and thus managed for the common ¢Rather andRiveraGutiérrez, 2004).

Given the very nature of I nternational de
owner 0 Isi@esquadity Therkfare, thele of the owner is intentionally skipped

from the following list of project participants. Imost postconflict construction projects,

the role of the owner imterchangeablpssumedy thefunding agency, the development

agency and the community.

Development Agency:The development agen@itso referred to as the implementing
organization is an international or an ing@vernmental entity that initiates the project.
This agency will establish contact with communities, cohceeds assessments to
identify immediate infrastructure shortcomings of the commuuaityl depending on its
in-house capacity will providehe design package or contract a desigaerard the
contract for constructignand overseeonstruction. The devgbonent agencycts as a
channel through which project funds are disbur€xten the development agencies pool

in funds from their resources to fund construction projects. In certain cases, a group of
two or more development agencies with shared mandatesly joembarks on

developmeninitiatives
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Funding Agency: The funding agencyis the driving force behind international
development projects through which project funding is securld. funding agency
enters into An implementing contraetith the development agency, delegating the

management of the design aswhstruction.

Designer: often where there is a lack of competent design companies, the development
agency hires, trains and maintains design
standards of desigrDesigners maylso be contracted by the development agency to

undertake thelesign angbrepare construction cost estimates

Construction Contractor: The ti ming of contractoros i n\
determined by the developmeatgency 6s choice of project d
the development agency awards a construction contract to a contatietothe design
and bid packages are prepared by the desighlee contractor is usually a local
constructor w h oth she locally &cceptescgnstreation nerms and

techniques.

Project Partners or Community Owners: Communities are associations of people
bound by kinship who live in proximity to one another. In this conaxtimunities are
categorized by their lack of @per infrastructure and common desire for improved living
conditions. There is a shift in international development frameworks to engage the
communities in rehabilitation efforts and imgpa sense of ownership as a meaansure

sustainability and maiatnability of the project.
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2.1.2 Specific TechnicalConstraints in PostConflict

Afghanistanis an example of a country emerging from postflict. This countryhas
witnessed a recurring state of conflict over the past three decades. This plight started with
the 1979 Soviet invasion and occupation, followed by the outbreak of the Civil War from
1989 to 2001, and later by the U.S. invasion post 11 September Z@@visteattacks.

The current war led by the NATO coalition aims at building capacity in areas of
governance, security, education, and reconstruction. The reconstruction projects are
diverse but mainly focused on security and army facilities, schools¢slihbspitals,

water, irrigation and roads.

Reconstruction efforts in Afghanistan are met by many challenges including shortage of
gualified human resources. In the past 30 years, Afghanistan has only graduated a limited
number of engineers, and some béde engineers often lack basic knowledge and
expertise in comparison to their Western educated peers (Sargand 2009). The specific
issues enumerated below exemplify some of the obstacles encountered on construction
projects in Afghanistan. It is understbthatthese issues, for the most part, are common

to all postconflict states:

1 Physical environment,

91 Hostile geographic terrain,

M Construction standards,

I Brain drain,
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1 The impact of tribal social structure on construction projects,
1 Challenges in qualitgontrol and monitoring of projects,
1 Corruption,
1 Security related concerns,
1 Designbuild challenges and,
1 Quality of the construction material.

Consideration of these limitations is central to identification of the PDS selection factors
in postconflict. They are also instrumental in understanding the measurement attributes
of the PDS options in relation to the selection factors. For reasons of brevity, the specific
technical issues in pasbnflict are reviewed more expressly in appendix V. The author
strondy recommends that readers acquaint themselves with these limitations before they

engage with this thesis.

2.2 Decision Making and Decision Aid Models

Decision making is an essential function of management. This statement is warranted by
the increasing maber of studies and continued development of decision aids in various
fields of management. Ramamurthy, Wilson and Nystrom (1999), as well apditus

and Tatum (2000) studied decision making in the field of technology adoption decisions.
Mitrpoulos and Tatum (2000) established a model of the rate of diffusion of three
dimensional CAD technology in construction industries based on case stinlitseir

work, the relationship between industry factors and technological factors in technology
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adoption de@ions versus organizational characteristics were elicited to better present the
innovation mechanism in the industry. Moreover, Ramamurthy, Wilson and Nystrom
(1999), took on technology adoption decisions from the context of imaging technology in
medical fcilities industry. Their research suggests that there is a link between climate
and innovation. It also included attributes for measuring parameters of radicalness and
relative advantage, on 68 different technologies in the field of hospital imaging.
Accor di ngl vy, an organi zationos proclivity
technological options that the organization would opt for and the relative advantage that

could be gained from this decision.

In the field of capital facility project managentelecision problems have been the
subject of much deliberation and are at the center of numerous decision support tools. In
some cases, the review of decision problems focused on shaping the alternatives that
should be only acknowledged in specific subjapeas or in defining the appropriate

selection criteria for particular selection problems.

Numerous studies have focused on the selection problems in the case of capital facility
project management. The challenge of choosing a construction methaadl&rground
pipeline construction was addressed in the study carried out by Ueki, Hass and Seo
(1999). Moreover, Spainhour, Mtenga and Sobanjo (1999) proposed a decision support
system for selection and installation of crash attenuators in highway caiostrua
1999, Ziara and Ayyub developed a method to make effective use of the available

resources in housing development projects in impoverished countries and Mclintyre and
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Parfitt (1998) suggestl a decision support system fagsidential &nd development
selection. The literature review in this area reveals that decision making and decision
support systems have received significant attention and the work of researchers in this

field is one of continued evolution.

2.3 Project Delivery SystemqPDS)

Researchers have asserted various definitions for project delivery system. @&batan

(2008, define PDS as the process through which a construction project is
comprehensively designed and constructadah owner. These processes entpiloject

swpe definition, organization of designers, consultants and constructors, sequencing
design and construction operations, execution of design and constagtill as close

out and startip. Touranet al. (2008) also wate that in certain cases, projectlivery

system may also encompass operation and maintedamm®ject management, decision

analysis plays a key role in determining the most appropriate project delivery system with
respect to the characteri st iModelfoodptimizings peci f
the selection of project delivery systems
is Aa contractual structure and compensat.
acquire a completed facility that meets his/her requingsnhirough the design as well as

the construction services of the projecto
PDS from the researcherds point of Vi ew.
denotes the arrangement and interactiondiféérent participants in order to transform

the project ownerdéds goals and objectives i
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A project delivery system is a way of organizing the building and management of
construction projects (Rubin and Wordes, 1998). Different @mbwes to project delivery

provide different ways of packaging the building process; each system brings a new
character to the traditional structure of project delivery including the client, the designer

and the builder and a subsequent change in the tharac6 s r ol e dependi ng

system ( Ribeiro, 2001).

Further mor e, having a clear wunderstanding
context is essentidab the project owners to visualizé the process anthe alternative

delivery methods. The term does not encompass the means and methods used in
constructing a capital facility or the course of procuring equipment or material to
mobilize the construction, but rath#érsignals to the project teamo initiate hring of
construction professionals and the design of documents suitable to the building process.

It iI's the ownerods needs that determine th
professionals and the type of contracts to be signed. Similarly, decipamgthe timing

of hiring construction professionals and t
Clear lines must be drawn between different parties outlining their extent of
responsibility and the project owner must specify what degree of impoore befitting

accordingo their knowledge base.

Delivering a building project in time and within budget is still an increasingly complex
and risky business. A number of new project delivery methods and management

techniques have been iotluced to attain this objectivdJltimately, choosing and
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customizing the most suitable project delivery method to the needs of the project owner is

a crucial task in the early stage of any construction project (Groton and Smith, 1998).

The cl i enoffproject delilieoyisystem is a decision that has the most effect on the
relationships and the risk allocation in a construction project. Given thatestffproject

delivery system®rchestrate the building process in a different fashion, they malyenot

applied arbitrarily on all types of construction projects (Ribeiro, 2001). However, the
belief that there is a perfect project delivery method for eveilgibg project stands,
largelydiscredited. At the same time, there are no absolutes in projacrgaenethods,

merely variations along a spectrum (Kluenker, 1996). Accordingly, the best method
should be selected upon careful needs assessment of the customer, project characteristics
as well as team memberso6é expertise and exp
It is surmised that a project isonsidered as successful if the constructed facility is
delivered at the right time, at the appropriate price with ample quality and to the
satisfaction of the project owner (Naoum and Langford, 1988). Banwell and Emerson in
their reports of the 1960s, stipulate that the type of project delivery implemented has a
significant i mpact on t haumlpera $tueliestod grojestuc c e s
delivery systems in the recent years signiflest there is one delivery stem that is in

some sense more appropriate tl@inothers for an individual project yet there is no

single delivery system that is seemingly better than other alternatives for any project.

(Skitmore, 1995).
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Project delivery systems provide the framewéok the undertaking of capital facility
project as a business venture (Oyetug8p0l). From a business point of view, this
framework is comparable to the organizational structure of a commercial enterprise.
Choosing the framework that best meets theggtapbjectives, is the challenge that most
project owners/managers have to face. Conventionally, this process includes selecting a

method from the pool of available alternatives.

In recent years several alternative delivery methods have been devel@utidss the
insufficiency of the traditional designd-build scenarioThe following section includes

an introduction to the mogbpularproject delivery system alternatives.

24 Project Delivery System Alternatives

Project delivery systems refer tioet overall processes with which a project is designed,
constructed, and/or maintained. Within the public sector, the process has traditionally
entailed the almost exclusive application of the debigrbuild system, characterized by

the separation of dagi and construction services and sequential execution of design and
construction. With the increasing demand for within budget and on time construction,
the public sector has begun experimenting with alternative methods to improve the speed
and address ¢hefficiency of the project delivery process. The alternative methods slant
towards to the integrated services approach to project delivery favored in the private

sector.

Conventionally, Project delivery Methods can geupedinto two ategories This

classification i s b ao$fndncedCapitat grogectspareoejtherc t 6 s
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publidy funded or fully or partially funded through private investmen. the early
project cycle, project owner should opt for an appropriate project deliverynsyste
design, construction and commissioning, maintenance and operation of the project. In
addition to the traditional desigwd-build process, a client can select from a range of
alternative methods including desipnild, fasttrack, multiple primes om variety of
hybrids. Each of these methods has ceddwvantageanddrawbacksand the best choice

is governed by the specific requirements, complexity and urgent¢yegiroject and the

o w n ftecbnical knowledge and available managerial resources.

There are as many variation$ project delivery systerasthe vibrant minds ofowners
andfinanciers can conceiv@8y the same token, lile there are many strategies which
have been successfully tested for procurement of design and construction s#wices,
thesis at handocuses on the three project delivery methedied for publicly funded
reconstruction projects ipostconflict settings traditional (DesigrBid-Build), design
build (DB) and construction manager aisk (CM-R). These methods are further
discussed to providan overview on how thewre organized and managed. After
explaining the principal components of the delivery methods, it is vital to elaborate on the
advantages and shdvantages of the thr@eoject delivery methodsdopted in public
funded construction projectappendix Il provides a closer look at some dlfie most
notable project delivery methodsot discussed in the body of this thesis. This

information is adapted frotthe MIT Open Course ¥fe (OCW) material.
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24.1 DesignBid-Build (Traditional)

The desigrbid-build approach also referred to as traditional or general contracting
method is branded by a desibi-build sequence where the key construction entity is
the general contractor (GCThe traditional delivery system was predominantly used in
the industry untitt h e  1p@inia@ly krecause this system was in compliance with the
legal bidding and contracting parameters of public owners. Figdreilistrates the
relationship between parties in the traditional delivery method. In this diagram, solid lines
indicate a contractual agreement and dashed lines signifycormractual or

administrative relationships.

As in figure 2.1 the contractingtsucture includes two prime contracts. A prime contact

is defined as a contract undertaken by an owner in which the contracting entity is
obligated to perform the scope of contract as per the terms and conditions agreed upon. In
this setting, the first pme contract is the one between the owner and designer
(Architect/Engineer).The designer (A/E) is the entity responsible for design and
construction administration including project and contract management. The second
contract is an independent one exedubetween the owner and the general contractor.
The contract obligates the general contractor to undertake the construction, including the
actual performance of the construction as well as subcontracting with trade contractors
(subs) to execute specifiagkages of the work. Accordingly, coordination of the-sub
contractors rests with the general contradiora desigrbid-build approach as the name
connotes, the sequence begins with design. The bidding phase comes after completion of

the design and consttion does not commence until after the prime construction
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contract is awarded. The general contractor comes into the picture only when the
construction begins and has the responsibility to carry out the work in confamthty

the contract and meet theopect

Owner

Designer General Contractor

(Architect/Engineer) (GC)

Subcontractor

Figure 2.1DesignBid-Build (Traditional) Project Delivery Method
Diagram

requirements until the end of the warranty period. The designer on the other hand is
involved from the conceptual design step through the commissioning of the facility which

is the time that owner has occupied the facility.

2.4.2 Variations of DesignBid-Build Delivery Method

The traditional project delivery method has two widely accepted variations. These
variations include: desighid-build using separatprime bidding and desighbid-build

using singleprime bidding. There are four sequential phaassobserved in both
variations: selection, design, bid and construction. In the selection phase, designers are

hired on basis of their technical qualification and expertise. The design phase begins right
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after designers are hired. The design phase entage steps, commencing with the
schematic desigmuring which basic features and the overall plan are developed. Second
step in the design phase design developmenwhereby the functional and aesthetic
features of the project are defined; and thedtistep orconstruction documenturing

which construction technology and details of assembly are decided upon. During the
design phase, the owner streamlines the project requirements, also referred to as the
project program. What separates singiene from separat@rime bidding is the type of

bid specification packages that branch out from the design documents.

l. DesignBid-Build Using Separate (or Multi) Prime Bidding

In this variation of the traditional project delivery method, the designers creat@lenulti
bid packages for different segments of the construction operation such as HVAC,
plumbing, electrical an@jeneral construction. Bids are then collected from respective

prime contractors and

Owner
Designer
(Architect, Engineer)
Plumbing Prime Electrical Prime General Construction
HVAC )
Contractor Contractor Prime Contractor

Figure2.2 DesignBid-Build Project Delivery Method Using Mulrime
Bidding
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the contracts awarded to the lowest, most qualified bidders. By the end of the bid phase,
construction operation kicks off. According to this variation, the construction begins after
the design documents are complete, and the owner signs a separate contract with the

designers and prime contractor as shown in figure 2.2.

I. DesignBid-Build Using SinglePrime Bidding

In a singleprime desigrbid-build approach, contrary to the myttiime aproach where

several design packages are produced, the designers create a single package from design
document. Construction bidding will commence only after the single design package is
developed. Bids are gathered from general contractors (GC) aodetdth lowest most

crediblebid is awarded with the contract.

Owner

Designer
(Architect, Engineer)

General Contractor
(GC)

Plumbing Prime Electrical Prime General Construction

HVAC Contractor Contractor Prime Contractor

Figure 2.3DesignBid-Build Project Delivery Method Using Singkrime
Bidding
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Upon completion of the bidding, a single contract is undertaken. Construction work
begins after the design documents are complete and the construction operation is
perceived as the projectoés final stage. T |
with the designer and the general contractor. The general contractor can execute contracts

with subcontractors as illustrated in figure 2.3.

24.3 Design Build (DB)

The desigrbuild approach is characterized by three sequential phaseselbidion,
design and construction. The key entity in this method is the dbsighcontractor. In a
designbuild approach, the designerdatihhe construction professional are either a single ¢
ompany or have come together through a joint venture and there is only one prime

contract between them and the owner.

Owner

DesignBuild Entity

Designer Contractors

Figure 2.4DesigrnBuild Project Delivery Method
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The seleabn, coordination and administration of trade contractor lie with the design
build contractor and the performance of all parties is the responsibility of the -thesligin
company. In this method, the owner first prepares a detailed project program and
sulsequently calls for proposals to absorb a debigid contractor. Following the
request for proposals, several companies are-8&tet on the basis of theeixperience

and qualifications. At the next step, the desidnuilders prepare detailed proposals that
include design documents and a cost analysis. After developing the proposal, the owner
reviews each proposal. In most cases, the owner may require justifications from design
builders inwhich case they should revert with adjustments and modifications as per
ownersod recommendations. After evalwuating
contract to the most credible bidder. In the dedigild approach, the desigwild
contractor mg begin construction right after being awarded tomtract. Under this
method, the construction kicks off prior to completion of designdocumentsFigure

2.4 could be referenced for relationships between different entities in the desidn

deliverymethod.

24.4 Construction Manager at Risk (CM-R)

According to the American Society of Civil Engineers, a Construction Manager (CM) is a
firm or an organization specialized in the practice of professional construction
management. Conventionally, tl&V does not engage its own workforce to perform
major design or construction activity. The CM is perceived as a construction consultant
with the professional status equal to that of a designer rather than a competitive, price

motivated contractor.
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Constrution management is also viewed as a mechanism of communication whereby
construction expertise is spread to the entire project team throuahpbaise®f project

del i very. From a CM6s standpoint, the pl ar
tasks In the CM approach the project sequence starts with design and leads to bidding

and culminates in construction of the facility with the input from the CM beginning with

the commencement of design work and concluding with the expiration of the warranty

period.

Similar to the desigibid-build method, CMR entails sequential phases: selection of
designer, design, bid selection of a construction manager, and construction. The process
starts when the project owner develops the project program and then propesals

from prospective design professionals. A similar call goes out for attracting construction
management professionals and at times the owner merges these two by hiring a company
that has both design and construction management capacities. lattdrechse, a
guaranteed maximum price is negotiated with the design entity later in the design phase
to perform the construction oversight. In E@approach as well, the owner selects the

CM on basis of qualification and cost. Selection of the construatianager (CM) comes

after awarding the design contract to the deign entity and happens while the design

documents are being developed.

In the preconstruction phase, the construction manager collaborates with the owner and
the designer by providing inmutuntil the design documents are about 80 percent
complete. It is the owner who determines the interval where the guaranteed maximum

price (GMP) is negotiated. The literature suggests that the GMP is negotiated close to the
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end of the construction documesrdtage or at the point where the constructor is ready to

accept the construction risk at which point the GMP will be added to the contract.

The term fAat risko in the construction mar
the degree of risk thahé construction manager will assume through the guaranteed
maximum price (GMP) clause. The GMP is a mechanism for passing responsibility to the
construction manager in that the CM ensures the performance and financial viability of
subcontractors and supgils, market inflations and ensuing price fluctuations, schedule
adherence and other risks resulting from circumstances beyond control such as weather
and natural disasters. Once the guaranteed maximum price has been defined, the
construction manager may gghead with the construction, even in the absence of
complete design documentShould the construction stagtrly, multiple bid packages

must be prepared by the construction manager from the incomplete design documents and

then start the bidding process.

Owner

Designer Construction
(A/gE) — — — —| Manager at Risk
(CM-R)
|
|
Sub-Contractors

Figure 2.5Construction Manager at Risk Project Delivery Method
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In CM-R fast tracking of work is an option since the project can be divided into various
phased bid packages and thé-santractors could be engyed (similar to the design
bid-build separate prime bidding method) as needed to meet the time constraints of the
project. It has also been noted that the application offFCéAn provide the project owner

with an early knowledgabaut the project cost. Figure 2ibustrates the relationships
between different project entities in tleenstruction manager aisk project delivery
method where the owner contracts with the designer and the construction manager, and

the constructioomanager contracts with the sabntractors as needed.

2.5 Comparison of Project Delivery Systems

This sectiorhighlightssome of th&key advantages and disadvantagéshe three project
delivery systems so fadiscussed.The pros and cons presented instlsection are
discussed fromm he pr oj ect o wane arescompped fromtseveral sourcese w

namely as Touran et 008) and Konchaet al(1997)

25.1 Advantages of DesigrBid-Build

A. Simplicity in contracts administration. In most cagbsre is only one contract
to administer.

B. Ease of coordination amongst subcontractors and suppliers and other project
members due to relative familiarity with the traditional delivery method.

C. Design change is easily accommodated.

D. Price competition whictbenefits the owner in terms of fixing the construction

price before the starting the construction.
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E. A greater degree of certainty as the general contractor shoulders the majority of
construction risk.
F. Well defined roles and responsibilities for all parties.

G. The owner is not required to take an active role in the construction.

2.5.2 Disadvantages of DesigiBid-Build

A. Lengthy process of design and construction.

B. Potential for disagreement between general contractor and designer due to their
different intepretation of the project documents.

C. Potential for adversarial relationship between the owner and the general
contractor resulting from the fixed price contracihanges in the work could lead
to disputes.

D.Il mpending cost over  r umarkudansubdomractpes.ner al

E. Owner has limited supervision or control over the subcontractors and suppliers.

F. The pressure resulting from selecting the lowest bid could result in hiring
contractors lacking the qualification to deliver a satisfactory job.

G. Owne bears higher risk

H. Requires increased oversight and quality review by the owner due to the least

cost approach of the contractor.

25.3 Advantages of DesigrBuild

A. Merging of design and construction aspects into one contract.
B. Solid commitment to cosind time before starting the design.

C. Owner can reduce the construction time through phased work packages.
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D. Improved communication between designer and constructer during the design and
construction phase.

E. Risk is transferred to the destpnilder to some dent.

F. Owner doesnodt need to be actively invol

G. Owners can benefit from Desidnuild firms expertise and experience from
previous projects.

H. Constructability and construction expertisanisorporatedhroughout the design
phase.

I. Changes can be made with less restriction and repercussion.

25.4 Disadvantages of DesigiBuild

A. There is limited competition due to nexistent design documents.

B. Risk of cutting corners by the destgnild firm to increase their pfi, if the
price is set prior to design.

C. The total project cost could remain in the shadow if a firm price is not set and the
project is fastracked.

D. Owner has limited control over the project, e.g. selection ctsualractors.

E. There is no mechanism for owner to monitor the project quality. The quality
therefore is contingent upon the integrity of the desigiid party.

F. Owner should be well acquainted with the construction process to negate the

effect of the disadvantages lidtabove.
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255 Advantages ofConstruction Manager at Risk (CM-R)

A. Owner could transfer the responsibility for construction and to some degree, the
construction risk to th€EM

B. Owner retains control over the design phase and at the same time receives pre
construction input from the constructor.

C. Project schedule is shortened due to elimination of the procurement phase
between design and construction.

D. The constructio cost isknown and fixed during the design phase and could be
guaranteed.

E. Probability of chang orders is reduced.

F. Construction Manager is in control of trade/sidmtractors.

G. The probability of an adversarial relationship between the owner and the

contractor is significantly diminished.

25.6 Disadvantages ofConstruction Manager at Risk (CM-R)

A. Construction manager (CM) acts as the general contractor (GC), not as the
owner 6s agent .

B. Construction manager (CM) approach could potentially add to construction costs
since project fees are defined on basis of negotiation not the lowest bid.

C. The factthat @nstruction could start before the design is 100% complete could

give rise to conflict.
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26 PreviousStudies

This section reflects on previously published literature on the project deBystgms
selection modelswith an emphasis on the decisi@upport systems frameworks
developed in recent years. An effort is made to review the research methodologies
applicable to PDS selection problems as welthesmethodologies applied in earlier
studiesand those related to the present reseaktso, prevousstudies are reviewed to
examine the evolution of selection variables and factors as a precursor of determining the
most suitable project development method. This review is conducted to explore the
evolution of PDS selection methods over the last coapldecades and to provide the
groundwork for introducing new methods in the field of construction management and
engineering. The project delivery method selection techniques so far published are
assessed to determine their extent of contribution tdighisof study and to demonstrate

how this research brings something of value to the -gasfict reconstruction

practitioners.

A number of studies have focused on how
delivery system (e.g., NEDO, 1983) by dling to an array of project characteristics,
attributes and criteria. Some of the more positively reviewed stodregly aghe works

of Singh (1980) and Skitmore and Marsden (1988) propound a procedure involving
weighting factors and priority rating f@roject attributes such as risk, time, flexibility,
quality, complexity, price, etc. To ensure practicality of such procedure, it is required to
elicit the weighting factors which relate project attributes to individual project delivery

systems independemif individual projects. There is however a particular problem in
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using this method and it rises from obtaining the weighting factors. These weights cannot
be easily attained by objective means and should be obtained from experts and
practitioners in theiéld; reports indicate that practitioners have expressed some degree of

difficulty in reaching an agreement on such matters (Hamilton, 1987).

There isan arrayof factors that may be used to choose project delivery options. Each
option could be uniqueldefined through application of different combination loége
factors. Our options giroject deliveryalternativewill proliferate as we take more factors
into considerations and come up with more unique combinations (Mahdi, Alreshid,

2005).

In additionto the aforementioned studies, Bowers (2001) presents an exhaustive and
validated list ofgeneric project delivery systeselection factors, determined from the
owner6s point of view, which are used toda
Fromthe parameters defined by Bowers (2001), there are a total of thirty selection factors

that could be presented to decision makers to make an informed and comprehensive
decision. The thirty factors proposed by Bowers (2001) are holistic in a senseethat th
represent a wider range of project objectives that are ideally sought aftewnsteuction

project. Table 2.2hdicates the list of PDS selection factors as defined by Bowers (2001).
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Table2.1 List of Project DeliverySystemSelection Factoréaccording to Luu et al. 2003)

P D electlo aClo
Owner 6s Charact er i 4Ranking Project Characteristics | Ranking| External Environment| Ranking
Owner 6s desire for . Mar ket 0s
budget 1 Project type 4 competitiveness 6
Owner 6s desiretneor |2 Project size 5 Avalilability of 8
seasoned contractors
Knowledge of potential
Owner 6s requirement3 Problem causing factor] 10 Technology feasibility| 11
at construction site
Owner 6s risk abilitg?7 gl;'édmg construction 15 Regulatory feasibility | 21
_Own er6s confidence 9 Obscurec_l rlsk_factors al 5o Materials availability | 22
involved construction site
Owner 6s experience |12 A.pp"caF'O” of 27 Political impediments| 25
pioneering technology
Owner 6s proclivity]|13 Project site location 29 Industrial actions 26
Owner type 14 Labor productivity 28
Owner 6s i n house t 416 Cqmplamtfrom 30
neighbor
Owner 6s demand for Complaint from local
17 31
costs lobby groups
Owner 6s requiremenf Severe weather
) 18 » 32
maintenance costs conditions
Owner 6s financial (18 Cultural differences | 33
OV_V.” er o0s fodatarminaly superior 20 Natural disasters 34
facility
Owner 6s aesthetic p24

Source: Luu et al. (2003a)
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2.6.1 Procedure for Selecting a Project Delivery Method

Traditionally, practitioners and decisionakers are inclined to make thBiDS decision
based on their past experience and ndgut
mechanism (Cheung et al. 2001; Luu et al. 2003). A general lack of understanding about
the decision situations present particularly at the start of the $?Belection procedure,
states Masterman (2002). This lack of understanding is coupled with diminutive
knowledge of altmative project delivery systemand means of evaluation and
assessment of these alternatives. Such inadequacies could lead to selection of an
inappropriate project delivergystemwhich in turn could increase the risk of project
failure and prevent attainment of certain benefits atieidbwo the chosen project delivery

methods (RwelamilandMeyer 1999).

The significance of adopting a structured PDS decision making process is highlighted in
the work of many researchers and institutions. They have collectively encouraged the
application of a formalized PDS selection procedure to multiply the chances of project
success. A case in point is the British
proposal of a six step process for choosing a PDS. Similarly, the joint committee of
AirportsCounc i | I nt Ol o tNA)NArpott Bonsiiltarts douneil (AC®)C |
and the Associated General Contractors of America (AGC) produced a guideline that
advocates the use of a festep PDSJecisionmakingprocess as follows:

I.  Examine the ability to $e alternative project delivesystens.

II.  Establish a list of project delivesystens.

lll.  Select the appropriate project delivegstem
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IV.  Apply the selected project delivesystem
In a similar study, Sanvido and Koncha®99 developed a framework that afl$ four
integral steps. Their approaahwards selecting an approprigieject deliverysystem is
predicated uporseriesof questions that a decisionaker needs to consider. The four
integral steps include:
. Identfypr oj ect owner 6s objective.
II.  Search dr alternative project delivergystem
[ll.  Evaluate the alternative project delivesystens.

IV.  Implement the selected project delivegstem

The decision making process as described in this approach depends on certain feedback
and input namely as projecthar acteri stics, clientds exp
delivery methods, and past project performance. Accordingly, the overall output is
expected to be a high quality construction projébe framework developed by Sanvido

and Konchar1998 in additon to the aforementioned input level, incorporates a level of
constrains within the framework such as market conditions, regulatostraintsand

agency policies. The framework is better articulated in figure 2.7.

2.6.2 Evolution of PDS Selection Model Development

As stipulated inchapterone under the problem statememhe increasing complexity of
construction projects and the evolution of construction management as a field of practice,
has given rise to emgence of several methods for the delivery of construction projects.
This particularly holds true for the first half of the twentieth century and the post

industrial revolutiorera The literature review confirms that the earliest work on project
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delivery method selection is traced back to the United Kingdom during the first half of the twentiett

century.

Table 2.2Validated Project Delivery Method Selection Factors (Bowers 2001)

Validated Project Delivery Method Selection Factors

Compl etion within original budget is ¢

Owner 6 s c asprojettisoconstrdined t h e

An above normal level of change is anticipated in the implementation of the project.

A below normal level of changes is anticipated in the implementation of the project.

Confidentiality of business/ engineering detailstoet pr oj ect i s cr it

OO WINF

Owner critically requires early and solid cost figures to allow for financial planning
business decisions.

7 Local conditions at project site are favorable to project execution.

8 Local conditions aproject site are not favorable to project execution.

9 | Owner requires a high degree of control/influence over project implementation.

10 | Owner requires a minimal level of control/influence over project implementation.

11 | Owner desires a maximal use tf own resources in the execution of the project.

12 | Owner desires a minimal use of its own resources in the execution of the project.

13 | Project features are well defined by the time of awarding the desidor construction

contract.
14 | Project features are not well defined by the time of awarding the dasdpr construction
contract.
15 | Owner requires a single party to be held accountable for project performance.
16 |[Project | ocation is within reasonabl e
17 |Project | ocation is situated far from

18 | The project scope and monetary amount are large.

19 | The project scope and monetary amount are small.

20 | Owner assumes little financial risk on the project.

21 | Completion withinschedules essenti al to projectoos ¢

22 | Site condition could lead to design or construction changes.

23 | Pioneering design and/or construction methods are required to meet the project objec

24 | Project design/engineering is complex.

25 | Projectconstruction is complex.

26 |[Early procurement of | ong | ead equi pme
27 |Hi gh safety performance is critical t o
28 |Mi ni mal cost is critical to projectos
29 | Early completioni€ r i ti cal to projectds success.

30 |Familiarity with delivery approach/ con
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Simon (1944), Emerson (1962) and Banw#864) advocate an innovative approach to project delivery
methods, pushing for an alternative to the traditional ddsigibuild method. These discussions linger
into the second half of the twentieth century and are further expanded in the 1970s1&&Dshe

Constraints

| MaketConditions | | oo . | | AgencyPolicies
(e.g., availability of experienced (e.g. preference to use a particular
contractor, capital market I PDS asinstructed by higher |

Regulatory constraints I
| (eg., when legidlation bansthe |
use of certain PDSG)

L condition | |_ | |_ authorities) |
Input
Project Characteristics Step 1 Step 2 Step 3 Step 4
(e.g., project type, size, Evaluate Implement the
cost, financial resources i &
) I dentify Clientds Alternative PDSGs Sdlected PDS
o Sear ch for (Such methods as : : - .
Objectives : - ; (Key considerations Efficient and high
. Alternative PDS& MAUT, guidance, . : :
(e.g., completion include contractor quality construction
ience wi within budget and (DBB, DB, and knowledge and selection and risk
Past experience with a 1o CM-R) experience based -
certain PDS and PDS on time) and mixed and responsi bility
performances approaches) allocation, etc.)

PDS experience and project
performance

Figure 27 Project Delivery Métod Decision Making Procedur8dnvidoandKonchar 1998

2.7 Overview of available PDSselectionmethods

The diversity of PDS selection methods is an irrefutable fact. For ease of review, these methods
categorized into four prominent groups. This categorization is based on the underpinning concej
applied in developing these methods. The following agghtes stand out in terms of their application
in PDS decision making process:

I.  Guidance (decision charts and guidelines)

[I.  Multi Attribute Analysis
lll.  Knowledge and experience based

V. Mix method
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There are several methods associated with each efdhementioned approaches. These
methods will be introduced alongside their reference source in the following section.
Also to establish a departure point for the methodology used in the research, a discussion
on advantages and limitations as well as thgeulying concepts of these methods will be

presented.

2.7.1 Guidance Methods

Theguidancemethods could be classified as follows:

Methods References
Individual project Songer and Molenaar (1996), Molenaar and So(i§98),
delivery methods Beard et al. (2001), Chan et al. (2002), Gransberg et al.(20

Construction Industry Insititute (1997), KonclardSanvido
Comparison of

(1998), National Institute of Standards of Technology (200
alternative PDS

Ibbs et al. (2003).

Formalized UK Treasuryods Centr al Uni t
framework and andKonchar (998, Joint committee of AGNA, ACC and
guidelines AGC (1996).

Decision charts Construction round table (1995).

In the literature there is allusion to methods that facilitate the PDS selection process by
provision of general information about alternative project delivery methods and the
guidelines for selecting the appropriate PDS. These methods encompass stsidiglie of

and multiple project delivery methods, formalized PDS decision making frameworks,
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decision matrices and guidelines. Amongst various Bpt®ns researchers have shown
particular interest in the study of design build (DB) delivery method. For instance, Beard
et al. (2001) and Gransberg et al. (2006) looked into different facets of -thesidn
delivery system and argue its suitability for a agrtspectrum of construction projects.
Similar studies on this subject have been carried out by Molemah$ogner (1998),

Chen et al. (2002), etc. Studies of this type, although provide-dapih look into a

single PDS, do not meet the particular neefldecision makers when it ca® to
comparing alternative PDS optionDecision makers require further information than
just the particulars of an individual PDS to choose reasonably. Therefore, researchers like
Koncharand Sanvido (1998) took the initi@e to compare the performance different

PDS optionsA case in point is theomparisorthatwas made between the performance

of designbuild (DB), desigrbid-build (DBB) andconstruction manager ask (CM-R)

with respect tccriteria such as constriien speed. Similarly, Ibbs et al. (2003) made a
comparison between DB and DBB on such variables as cost, schedule and productivity as

measuresf performance.

Similar studies have been undertaken by t|
perceptiom of the performance nuances between different project delivery systems.
Although these guidelines, charts and matrices provide a better perspective on different
PDS alternatives, they are not sophisticated enough tools for decision makers to make

solid decisions (Masterman 2002).
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2.7.2 Multi attribute analysis

The PDS selection process involves a decision making based on multiple selection
criteria. As such, many researchers have opted for a method that involves a multi attribute
analysis technique. The multi attribute analysis allows for evaluation of alt@satith
respect to multiple evaluation criteria. As listed in the té@lew, the methods using

multi attribute analysis could be divided into four categories based on how a project
owner/ decisiormaker decidesvhich project delivery method is more appriate. What

follows is a succinct description of the methods using multi attribute analysis approach.

Methods References

Weighted sum Franks(®9 0) , UK Treasuryo6s Centr e

approach

MAUT SkitmoreandMarsden(1988), Love et al. (1998), Cheung et al.
(2001), Construction industry institute (2003), Oyetunji Anderson
(2006)

AHP Mahdi (2005), Al Khalil (2002)

Fuzzy logic Ng et al. (2002), Chan (2007)

Weighted sum approach:

This approach conventionally consists of two steps. In the first step, each PDS is assigned
a score using a numerical scale (e.¢h) Ion such measures as its ability to satisfy a
certain evaluation criteria. A higher score signifies better performande ahower

score reflects a poorer performance. In step 2, evaluation criteria are weighted. These
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weights indicate the relative importance of each criterion. The scores fronsréadbn

are then summed to specify the overall score for the PDS. Ultimately, a PDS with the
highest score is regarded as the most appropriate alternative for a specific project. The
weighted sum approach could be a very useful tool, given its ease of applaadion

simple calculation process, particularly to narrow down the potential PDS alternatives to

a manageabl e number. However, thereds a g
(weights and scores). Therefore the result may vary widely from one deciaker 0

another.

Multi attribute utility theory (MAUT):

This has been a method of choice for some researchers to address the PDS selection
problem. In this method, the decision maker has to primarily define utility function for

each evaluation criteriof. hese functions are | ater wused t
in reference to different criteria. Subsequentlyights are individually assigned &ach

criterionto reflect their relative importance. Finally, the utility scores for different criteria

are weighted and added up to obtain a global utility score for a given project delivery
method. Ultimately, a PDS with the highest utility score is recognized as the PDS of
choice for better meeting the decision mak
While the MAUT employsmore objective means for deriving scores as oppose to the
weighted sum approach, it has several limitations. In order to aggregate the decision
maker 6s preferences, the MAUT wuses wutility
(1982), when there is a gip of decision makers involved the process of producing a

utility function can be arduous, time consuming and inaccurate. This problem along with

the diversity of utility functions (e.g., linear or néinear) and methods to aggregate the
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individual utility functions (e.g., additive or multiplicative aggregation) further intensify
the challenge in identifying the appropriate utility functions and reaching an overall
utility score.

Analytical hierarchy process (AHP):

In AHP, similar to the multi attribute ity theory (MAUT), the process begins with
identification of alternative PDSs and building a hierarchy of evaluation crii&ftiat
distinguishes the AHP from MAUT is in its modality of deriving and measuring the
deci si on maker 0s pdMatél 2908). Arcirtegral futction in AHIPHs an
the pairwise comparison of alternatives whereby decision makers are required to
compare all alternatives in connection to the evaluation criteria one at a time. The
procedure for rating is such that decisma k er 6 s compar ative prefe
into ratio scales (e.g., 5 or 1/5). These scores are then integrated into an overall weight.
There are several advantages in application of AHP. According to Belton and Stewart
(2002), the two most prominentheantages of AHP could be cited as: 1) dissecting the
problem into a hierarchical format, that will enable decision makers to get a better grasp
of the problem they want to address and, 2) AHP allows decision makers to come to a
conclusion in a systematfashion through the pawise comparison of alternatives. On

the down side, AHP has been critiqued for its inadequacy in addressing uncertainty and
lack of statistical theory (Belton and Stewart 2002). It also falls short of providing a
practical solutiorwhen the number of evaluation criteria and PDS alternatives grows past
a certain limit and relatively increases the number of judgments that decision makers

have to make.
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Fuzzy logic approach:

There are certain evaluation criteria that cannot be gangedy of assigning numeat
values. This is due to their fuzzy nature as argued by Ng et al. (2002). Quality,
responsibility and flexibility are prime examples for fuzzy evaluation criteria. Assuming
that former PDS selection methods are inept in dealiitly fuzzy criteria, Ng et al.
(2002) applied an empirical study to develop the membership functions for the fuzzy
criteria. These membership functions are used to link a criterion to a degree of
membership ranging between 0 and 1 in a fuzzy set. If tdmebar 1 is assigned to
criterion it implies that the criterion is a member while number O indicates otherwise.
Application of the functions all ows for
into numeric values from linguistic terms like, low, med and high. Char(2007)

capitalized on the work of Ng et al to expand the fuzzy PDS selection model.

One of the key advantages of fuzzy approach is that the decision makers can be very
expressive about their preferences as they will be using lingtestis that could more
tangibly reflect their needs and inclinations. The fuzzy logic method has certain
disadvantages as well. Application of this method has proven to be time consuming and
cumbersome particularly when it comes to group decision makasg different
interpretations from the same linguistic term could create confusion. Also, employing this
method (to map the fuzzy membership functions and fuzzy relation rules) requires a

certain degree of knowledge and expertise that limits its application.

t
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2.7.3 Knowledge and experience based methods

The Knowledgeand experience based methods as classified in the following table are developed

on the premise of knowledge and experience sharing.

Methods References

Case based reasoning approach Luu et al. (2003; 2005; 2006).

Decision support system Kumaraswamy and Dissanayaka (2000).

According to Masterman (2002), decision maker
selecting a PDS. Luu et al. (2003, 2005, and 2006) applied a case rbaseding (CBR)

approach to define evaluation and selection criteria and to establish a case based contracting
advisory system. The mechanism employed in this method is based on early assessment of the
project outcome with respect to the recorded feedbhackother words, the decision maker is

referred to the experiences from the previous projects to get a sense of likely outcomes of a future

project. In 2000Kumaraswamy and Dissanayaka developed a DSS employing the same

mechanism for selecting approgeaonstruction project procurement methods.

This method can facilitate the task of decision making to some extent. However, effective
application of this method depends on availability of case data base consisting of
thorough and detailed real world prots- a requirement that is often in short supply.
Moreover, in selecting an appropriate PDS there is no rule of thumb. Every project is
unique in terms of it characteristics and even if an exhaustive data base of projects did
exist, there would be no tainty in applicability and conformity of previous experiences

to the projects in hand.
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Methods

References

Mean utility values+AHP

AHP +VE+ Multi -criteria multi -screening
Qualitative assessment + weighted score
approach

MAUT+ Project database

Cheung et al. (2001)
Alhazmi and McCaffer (2000)

Touran et al. (2009)

Ng and Cheung (2007)

As the title connotes, this approach provides a framework for PDS selection problems
using a mixture of mulble methods. For example, th@oject procurement system
selection mdel (PPSSM) developed by Alhazmi and McCaffer (2000), combines Value
Engineering and AHP into a multi criteria system. In another study, Cheung et al. (2001)
derived mean utility values for PDS selection criteri@arious project delivery methods

and applied AHP to elicit the relative importance of different criteria. In 2009, Touran et
al. combined a weighted score approach and a qualitative assessment method to build a
decision support system for transit projects

The mixed method is looked upon favorably by some decision makers arguing that it can
integrate the advantages of two or more methods into one packet. It should also be borne
in mind that this combination may also harbor the intrinsic shortcominge afitdgrated

methods as well.
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2.8 Multi criteria Decision Making/Analysis

(MCDM/MCDA)

MCDM or MCDA is a decision making framework that explicitly considers multiple
criteria in decision making environments (Belton and Stewart 2002). méinod
explicitly refersto the making ofdecisions in the face of uncoupled, multiple decision
criteria (Moselhi and Martinnelli, 1990Most applications of the methods of MCDA are
developed for individuals who make decisions in lieu of others, either as managers of
publicl y hel d corporations or as government
best interest. In such cases, the decision makers should apply strategies backed by
reasonable set of axioms as oppose to making intuitive or ad hoc decision analyses
(Dyers, 2005).The decision making problem could involve a set of conflicting criteria,
therefore, MCDM is deemed to moderate and create a balance between the envisaged
criteria. Application of MCDM is not limited only to professional settings or corporations
where decisiormakers face challenging decisions such as outsourcing production or
transferring the production plant into a different country. In our everyday life, there are
multiple conflicting criteria that affect our decision making whether it be renting a new
aparment or purchasing a new car. In either case, the decision maker will require a clear
understanding about the evolving and complex information that represent a broad
spectrum of viewpoints, particularly when decision making is a group endeavor. Miller
(19%6) states that orchestrating a decision making problem in such a way that all criteria
are adequately considered and complex information are properly combined calls for
structured and well defined approaches. When there is a higher degree of riskalitas vi

adequately structure the problem and take multiple criteria into consideration. Multiple
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Criteria Decision Making (MCDM/MCDA) is an amalgam of approaches that can
properly serve this purpose. For instance, the attempt to justify building a n&amuc

plant and its location, involves a host of complex considerations including multiple
criteria, as well as multiple parties whoegpotentially affected from itsonsequences.

Proper structuring of complex problems and taking explicit account of heuttieria

leads to sound and informed decisions.

Typically, in MCDM problems, a unique and optimal solution is -e&istent. It is
therefore imperative to input decision mak
Belton and Stewart (2002) gtilated that application of MCDM does not necessarily
warrant a right answer.

Solving a multi criteria decision problem can be conceived in several ways. It could
correspond to choosing the most preferred
view. While from a different perspective, solving the problem could be seen as choosing

a small set of viable alternatives, or grouping alternatives into different preference sets. A
more radical definition of sol wlomgratc eudldd
alternatives. The difficulty of the problem originates from the presence of more than one
criterion. A nondominated alternative is a solution so credible that it is not possible to
move away from it to any other solution without sacrificing asteone criterion. The
presence of such attributes in the ftmminated set makes them a reasonable alternative

for the decision maker to choose from.general, different MCDM approaches could

lead to different solutions depending on how the decisionemak s preferenc

extracted, what information is noted and how the problem is structured.
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As it is the case with most decision aid models, the results of MCDM approach are not

me ant to override the decision mis&ku 6s be
simply to complement these discernments. The use of MCDM approaches should
instigate constructive discussions and debates amongst concerning decision makers and

to conclude in a thoroughly considered and pragmatic decision.

The PDS selection adel proposed in thishesis is developed following a mmethod

approach. The methodology is hinged upon applicatorsefat y6s anal ytic
process (ANPandmulti attribute utility theory(MAUT). This model capitalizes on the
perceived advantages of the foregoing methods to create a model most suitable for
assessing PDS alternatives in postflict building projectsThe following sections will

elaborate on ANP and MAUT techniques in more dletai

2.8.1 Analytic Network Process (ANB

As earlier discussed, in MCDM, the optimal option is usually selected with respect to
multiple, conflicting and interactive criteria. Hitherto, an overview of sévera
methodologies for selecting optimal projectidety systemswas provided. The chief
disadvantage of therg@viously discussed techniquesthe assumption of preferential
independence, in such a way that dependence and feedback were systematically
overlooked. However, in real life, consideration of e®gpence and feedback are
inextricable parts of decision making (Yu and Tzeng 2006).

The Analytic Network Process (ANP) is one of the more recent methodologies in
Multiple Criteria Decision Making (MCDM); it is based on a relatively new theory

introduced byThomas Saaty in 1996 that extends the framework of the Analytic
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Hierarchy Process (AHP) by taking interconnections among decision factors into
consideration. Unlike AHP, the Analytic Network Process (ANP) does not assume a one
way hierarchical relationshibetween decision levels. In other words; ANP generalizes
AHP by replacing hierarchies with networks. ANP is also more versatile than AHP in
terms of its applicability for both qualitative and quantitative data sets (Yu and Tzeng
2006).In ANP, judgmentsre derived from the fundamental scale of AHP (table 2.3) by
answeringtwofold questions that clarifyhe extent of influence of any given pair of

elementswith respecto athird criterion (Saaty 209.

Since the introduction of ANP by Saaty in 198thas been adopted by many researchers
and academics to address multi criteria decision analysis problems in various fields of
study. ANP has been most notably applied in such fields as strategic decision making
(Chengand Li 2004; Dagdeviren et al. 26, product planning ( Karsak et al. Z)0
project selection (Lee and Kim 2000; Meade and Presley2002; Cheng and Li 2005;
Dikmen et al.20079), optimal scheduling (Momoh and Zhu 2003) and performance

prediction (Ozorhon et al. 2007).

The ANP solution pplication involves four steps: problem structuring and building a
model, preparing paiwvise comparison matrices of independent component levels,
formation of the supematrix, and selection of the most appropriate alternative (Dikmen
et al. 200B). More precisely, in assessing suitability of the ANP approach when using
qualitative components, it is recommended to observe the following steps (Cheng and Li

2005):



52

Identification of the decision problem (e.g., decision maker would like to choose

the most apmpriate form of project delivery system, the decision problem would

be to A select the most appropriate PDS

Ensure applicability of the ANP approach. ANP is usually appropriate for solving
decision problems with a network structure, whereas problethsawiierarchical
form could be addressed using AHP.
Break down the unstructured problem to groups of manageable and measurable
subproblems. The peak level problem represents the decision problem and lowest
level usually represents the alternatives (Saasgp).
Specify the group or the person whose responsibility is to rate the alternatives.
Typically, a small group of tofevel managers are best suited to provide the
needful data. Tofevel management could assign weights to upper levels and the
middle b operational management teams could score the lower levels.
Alternatively, when quantitative component is used, decision makers ought to follow
a different set of guidelines outlined below (Cheng and Li 2005):
For data collection, a quantitative questionnaire should be prepared and answered by
decision makers. Saaty (1980) suggested the application of-paimteoriority scale.
In every matrix, a comparison between each two elementiser comparison) is
made and then the eigenvector of each of the developed matrices is calculated to
determine the relative importance between the any given pair of elements.
Calculate the consistency ratio (CR) to measure the inconsistency of data in each of

the matrices.
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4. Fom the supematrix by placing the eigenvector of the individual matrices -(sub
matrix).

5. Verify that the supematrix is column stochastic. Subsequently, raise the super
matrix to exponential powers until the weights have converged and stay stable (Sarkis

1999).

2.8.2 Fundamentals of ANP

The Analytic Network Process (ANP) follows a multi criteria theory of measurement that
draws upon individual judgmentsased on théundamental scale of absolute numbers
(table 2.3) to determine relative priority scalédsabsolute numbers (Saaty, 2005). The
relative influence of one element over another is determined through the judgments, in a
pairwise comparison process ovarthird elementlso known as theontrol criterion
(Saaty, 2005). The pawise comparison oélements in ANP is a process that occurs in
each level with respect to the relative importance of elementawss their control
criterion. When the paiwise comparison for the whole network is complete, vectors that
correspond to the maximum eigenvau# the constructed matrices are calculated and a

priority vector is attained.

The priority value ofa given elementis obtained by normalizing theector that
corresponds to the maximum eigenval(Bg Qammaz et al. 200). Subsequently, where
building the supeimatrix involves the arrangement of matrices of column priorities, the
outcome of the comparison exercise is used to form the-gugieix. As earlier outlined

in the fivestep guideline, the superatrix, which is column stochastic, has to beedi

to exponential powers to the extent where weights converge and remain stable so that the
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limit supermatrix is achieved. In this final stage all columns of the limit supatrix
will be the same. By normalizing clusters of thmit supermatrix, find priorities of all

elements in matrix can be attained.

Table 2.3The Fundamental Scale of Absolute Numbers (Saaty 2005)

Intensity of Definition Remarks
Importance
1 Equal importance Two activities contribute equally to tt
objective
2 Weak orslight Experience and judgment slightly fav

one activity over another

3 Moderate importance

4 Moderate plus

5 Strong importance Experience or judgment strongly fav
one activity over another

6 Strong plus

7 Very strong or demonstrate An activity is favored very strongly ove

importance another

8 Very, very strong

9 Extreme importance The evidence favoring one activity ov
another is of the highest possible orde
affirmation

Throughout the comparison process, the consistencjudgfments is of paramot
importance. Fie samecontrol criterion that is the criterion with which respect the
comparison is conductetias to be used for each set of comparison ma&adgording to
Saaty(2005), it is essential to abide by the contraiecion while making judgmentss it

ensures accuracy of thinking when answering questions of dominance.

To better understand the nuances of ANP, the difference between a hierarchy and a

network are illustrated in figure &.A hierarchy is defined todve a source cluster or a
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goal and if available alternatives are added in the model, the hierarchy will include a
cluster or a sink node that pronounces the alternatives of the decision making problem.
Furthermore, as the name suggests, a hierarchy hasaa top down format with zero
interaction between higher and lower levels. However, once alternative are inputted to the
model, there is a loop at the lowest level confirming that every alternative in the level
depends on itself; therefore the elemems eonsidered to be independent from one
another. In a network however, an outlependence exists where influences could flow
forward from one cluster to another and travel back either directly from the second
cluster or through an intermediate clustea @ path. What defines the configuration of

this path is the nature of the problem and the degree of dependence within the network

model.
Feedback Network with Components
) ) having Inner and Outer Dependence
Linear Hierarchy among Their Elements
Goal i
Arcfrom C,to C,
l indicates the outer
dependence of the
o elementsin C, on
Criteria the elementsin C,
Component, with respect to a
/ Cluster(level) ' common property
Sub-criteria Q °
Elements
Alternatives o U ‘
U Feedback
A loop indicates that each Loop in acomponent indicates inner dependence of the elementsin
element depends only on itself that component with respect to acommon property

Figure2.8 The comparisoietween Hierarchy and Network (Saaty, 2005)
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Saaty(1996) proposed that ANP is best used in cases where the most thorough and
systematic analysis of influences needs to be nmladde constructiorengineering and
managemerield, several studies have us&lNP to develop models fatecision making
problens in the evaluation of the environmental impact of various projects alternatives
(Chen et al, 2005), project location selection ( Cheng and Li, 2005) contractor selection
(Cheng and Li, 2005), and project selection (Cheng and Li, 2005). The feedback from
application of the ANP models in the construction management field attests to the
usefulness of the ANP approach in choosing the best alternative using hypothetical cases.
However, as these cases are mainly based on theoretical models, themdrale
alluded to the potential areas of applicability of ANP thus leaving argéams of its

real life applicationThe aim of this research was to apply ANP for developing a model
for project deliverysystemselection in postonflict construction projectaising real

project data.

2.8.3 Multi -Attribute Utility Theory (MAUT)

Multi -attribute utility theory is a methodology that can be used to gauge objectivity in an
otherwise subjective area of management (Fellows et al0).198lity is a yardstick for
measumg desirability or satisfaction. It provides a uniform scale to compare and/or

combine palpable and impalpable criteria (Ang et al., 1984).

A utility function is a vehicle for quantifying the preferences of a decisiaker by
conferring a numera index to varying levels of satisfaction of a criterion (Mustafa et

al., 1990).
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functions are devised such that u(xNj) < u(
<  XThjs relationship is further articulated in figured2where it can be said that a

utility function is a transformation of some degree of imparnc e or satisfa
measured on in its natural units into an equivalent level of deaisadker satisfaon

(Hatush and Skitmore, 1998The MAUT approach is usualipvokedwhen a decision

makeris to chooseamong adiscrete number of alternativdeingevaluatedagainsttwo

or morecriteria The alternatives may involve uncertainties.

2.8.4 Fundamentalsof MAUT

In multi criteria decision analysis, decision making inveleaoosing one of the several

available alternatives. Typically, each alternative is examined for desirability over a
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(Hatushand Skitmore, 199).

In order to adequael v r epresent an individual 6s

certain conditions must be applied (Markowitz, 1959). These conditions have been

further classified bysoicoechea et al. (1982ito four axiomsthat shouldoe conformed

so thata n

i ndi vi dual 0 s eligted e¢hfoaghutility cfllnaionscfar ihothb e

certain anduncertain outcomes:

For two alternativesX; and X,, one of the followingconditions must

apply.

The cecisionmaker prefersX; to X;, prefersX2 to X1, or isindifferent

betweerthem.

Thedecisionmakesbassessmertf dternatives is transitive: if thegrefer

X1 to X, andX; to Xz, then they preferX; to Xs.

Supposethat X; is preferred toX,; and X; to X3, then there exists a
probability fipd, where0< p <1, at whichthe decisionmakeris indifferent
between attaining outcome X, with certainty or gettingX; with the
probability p and X3 with the probability (1-p). In other words, there exists
a certainty equivalent to amgttery orgamble.

Assumingthat decisionmaker is indifferent between the alternativ&s
and X, and if Xz is a third alternative, then the decisiorakerwill be

indifferent between thillowing two lotteries

pr
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lottery 1 presents an opportunity to attaxa with a probabilityp anda
probability (L-p) for attaining X, andlottery 2 warrants alternativeX,

with p and aalternativeX; with a probability of (L-p).

The MAUT stipulates thatthe overall utilityU(x) of an alternative or an objegtis
defined as a weighted addition it utility with respect to its relevant valamensions
also known as performance measyWmterfeld and Edwards, 1986). Theerall utility

is defined by the following overall utility function:
5 OBE 754 (2.1)
Or
p EOCQ@é.a=b6 p EEXxI (2.2)
Where

U; (X) is the utility of the alternative on thieth performance measu criterig n
representshe number of different performanoeeasuresr criterig W is the weight that
determines the impact of theh criteriaon the overall utility, i.e. the relative importance

of i th criteriaor performancaneasuravhere

B we p (2.3)

Ki is the scaling factor to keep individual attribute assessments consistent with overall
assessmeritl(x) and 0 <k <1. The function 2.1) is usuallyreferred to as the additive

form, which is the most common form of mudétitribute utility functions Keeney and
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Raiffa, 1993) The advantage of the additive form lies in its simplistic approach. For any
alternative, the overall utility function is detemed by identifyingn onedimensional

utility functions for that alternative. doation @.2) is usually referred to as the

mul tiplicative utility function, whi ch as

correlated.

The most notable textbook on multirddute utility theory by Keeny and Raiffa (1993)
promotes the application of multattribute preference models based on the theofies

Von Neumann and Morgensterh986. Their theory is based on axioms involving risk.
However, this approach is nappropriate for decisions comprising multiple objectives
when risk is not a consideratiodlternatively, the more appropriate approach for
decision making under certainty are either based on ordinal comparisons between the
alternatives or on estimates thie intensity of preference between pairs of alternatives

(Dyers, 2005).

2.8.5 Utility Functions vs. Value Functions

Adding unertainty to the decision problem will increasingly complicate the solution
process. The resulting complication often damagescbherence of the information that

is obtained from the decisieamakers and ultimately jeopardizes the accuracy of the
outcome of the analysis. Review of the literature reveals that inclusion of uncertainty in
defining utility functions adds inconsistgnto the inputs received from the decision

makers (Boecherding et al., 1991).

Goodwin and Wright (1991) suggest that in problems which do involve a high level of

uncertainty and risk, utility plays a central role, as long as the decrsader is familiar



61

with concept of probability and has the time and patience to exert the net#dftiand
thought to the questions regedl by the elucidation procedure. If the decisioaker

does not embody these qualities, then eliciting utilities may not be worthwhile. Goodwin
and Wright (1991) further challenge the application of utility toiglen problems where
risks and uncertainties are not crucial to decisioa k er 0 s concerns.
incorporating questions about lotteries and probabilities to such problems were
considered to be redundantonsidering the potential errors that couldcuar in
assessment of the utilities, the derivation of values instead of functions and the
identification of the path that maximizes the expected value may offer a valid alternative
approachWhen consequences of each available path are almost certaglicttation
procedure can be made less onerbysregarding each consequence as certasing

such an approximation, Value functions derived from the certainty assumption will
replace the utility functions in the muhitribute utility theory (Dyer etla1998). The

general from of value function can be formulated per below equation:
Ww B 0o@®ow (2.6)

2.8.6 Simple Multi-Attribute Rating Technique with Swing Weights
(SMARTYS)

SMART is avariationof multi-attribute utility theoryand a method for measurement of
multi-attribute utility (Edwards and Barons, 1994he utility approach is based ¢ine
alternatives having measures of valagainst everysingle performance measure or
criteria. Aggregate utility scores are computed for each alternativéhe measurement
attributes of performance measussslthe alternatives are then ranked on the basis of

their aggregate utility scoreSMARTS uses lineaapproximations to singldimension
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utility functions, an additive aggregation model as well as swing weights (Edwards and
Barons, 1994)The mathematicagxpressions for this computatibkased on the additive

aggregation modelredemonstrated belaw
ForAlternative j:  Uj(X;, X2,é , nXB Qv Qxe (2.7

Where: U; stands for the aggregate utility of Alternatjve

Xijj represents the degree to which alterngtisatisfies the performance
measure or criterion

U; stands for the single attribute function on measure
Wstands for the fArelative i mpiprtance

and, X Wiforalll =1.0 (2.9)

29 Overall limitations of the PreviousPDS selection methods

As stated under each method in the previous section, every PDS selection method has
certain advantages and shortcomings. Reviewing the evolution of PDS selection methods
in a chronologic order revealthat new methods are often developed as an effort to
perfect the existing models and to overcome their methodological limitations. By the
same token, the multi attribute utility theory was used to address the perceived
shortcomings of weighted sum methby alleviating the subjectivity involved in the

latter method through application of utility functions. Much in the same fashion, the
weighted sum approach was used to address the inadequacieguwtitreemethods. In

the case of MAUT, a simple attrite rating technique (SMART) and mean utility scores

of criteri a wer e i ntroduced t o ma k e it m



63

process (AHP) provided decision makers with the opportunity to assess and compare
their evaluation criteria in a formated manner. While all other methods were inept at
addressing the fuzzy nature of some evaluation criteria, the fuzzy logic approach was
introduced into the context of PDS selection process. Similarly, the mixed method
approach was introduced to capitalian the advantages of multiple methods and pool in

the expertise and experiences from previous projects into one integrated approach.

These methods not only vary in terms of their underlying concepts, but also in terms of
difficulty andthe level of inpu required to implement thenAccordingly, these methods
could be compared and classified on basis of the level of expertise and the level of
information which is required to successfully implement them. It is obvious that some of
these methods like the wgated sum approach could be applied with relative ease as
compared to MAUT or fuzzy logic approacthat require a stronger theoretical
background and skill seSimilarly, an the level of required information, methods like
MAUT and fuzzy logic would requé a more sophisticated level of input to function as
opposed toguidance methods that only require certain information about project

characteristics and owner objectives.

The methodsofar discussed, also differ in their modality of extracting decisiank e r 6 s
preferences. Generally, preferences are derived through a direct rating process. However,
in methods such as analytical hierarchy process (AHP), these preferences are drawn from
a pairwise comparison of criteria and alternatives. Also, distinctould be made

between these methods in terms of how these preferences are expressed and gauged. In
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the fuzzy | ogic approach, as discussed ear
preference, whereas i n ot hneesarerecbrtded ithform de c i

of numeric values.

Further to theabove selecting a PDSvhich is adaptive topostconflict environments

bring an additional dimension to the process. The convoluted dependencies between
different layers of the project, the pecf envirmment and selection criteria could
significanty affectthe project performance.

From the literature review conducted for this reseaitcis concludel that the existing
methods do not account ftne interdependencies between selectioteria and fail to

apply a multivariate approach to analyze tinelerlyingmetrics of cost and scheduleat

are shared between large number of selection criteria, thet#fiodsiding the decision
makers in considering the tino®st tradeoffs in ther comparison of alternativeroject

delivery systems



65

CHAPTER Il

METHODOLOGY

3.1 Overview

The novelty of this research lies in its innovative approach to bring some degree of
objectivity to an otherwise subjective area of construction manageAsearlier noted,
selectingthe appropriate project delivery system, more often than not, is carried out with
little consideration about the particular circumstances of projects. Such an unstructured
decisionmaking pocess may lead to selecting unsuitabld’DS. As established in the
outset, execution of building projects in posiflict is weighted down by an array of
security, logistic and technical challenges. In gmsiflict operations, where scarcity of
resources is an ewpresent concern, choosingeoject delivery method thatan secure
project completionn a timely, coseffective aad safe mannewill significantly enhance

the anticipated output of development efforf® offset the adversity of working
conditions in postonflict, decisionmakers and project managers tend to facilitate the
work flow by adopting simplistic means to steer their projects. By the same token, the
proposed PDS selection method has been developed with simplicity and applicability in
mind. It is deemed that the engsdis on the pragmatic nature of this model will
encourage its application thereby promoting the practice of objective degisking
amongst postonflict construction practitionerdn this chapter, two approaches are
described foidevelopmenbf the PDSselection model. While the two follow the same

logic, they differ in their mode of judgment elicitation and daggregation.
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The first is a multcriteria decision making model hinged upon individasgsessment of

the relative criteria weights and relative effectiveness value of the PDS optichss

approach, a statistical aggregation method is applied as opposed to the behavioral
aggregation method used in the second approélh. assessment retyl otherwise
referred to as fAj udgmémetradalive enpoetance evpightrodt e | y
selection factors were olmed through ANP. Assuminglependence between the
selection criteria, a network diagram was construatadg Super Decisiorsoftwareand

the relative weights were subsequently obtaiddter all the judgments wereompiled,

an overall score foeach PDS alternative waggregated via Mort€arlo simulation.

This process wadacilitated througha ppl i cat i on of iskt dna@ysisPal i s a
software. The secondpproachentails the same steps stated in thdormer method

However, the relative effectiveness weights aethtive effectiveness values were
elucidatedthrough consensusetween the decision making groupnce the relative
effectiveness valueswere attained following successive decision conferencing
workshops,the utility values weredefined for each set of judgment using a standard
gambling technique. The overall score of each PDSradtive washen aggregated from

the confluence of these utility values and the relative importance weigluisgh a

simple arithmetic equatiorf-igure 3.1 illustrates in more detail, the numerous steps
involved in the making of this modeln brief, the selection modeleveloped in this

research entails five major steps as outlined below:

Stepl. Identify the potential PDS options,

Step 2. Define the Project Delivery System Selection Factors ingasfict,
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Step 3. Assign Relative Importance Weights to the Selediaators,

Step 4. Score the PDS options by assigningrthRelative Effectiveness Value,

Step 5. Aggregate the weighted scores of selection fagtorslation to thePDS

optiors to determine their stability indices,

Step 6. Select the most appropriaRDS by cloosing the one that offers the

highest suitability index

3.2 Literature Review

The process of selecting an appropriate project delivergmyista multifaceted exercise
which cuts acrosfrom several scholarly domains. The literature review inpesent
research consists of three major blocks. The review begins withdapth investigation

of the selection factors that influence the selection path. Previous studies in this field are
used as a departure point to identify the most pertinenttiseldactors specific to post
conflict environmerd The reviewthenfocuses on narrowing the list of available PDS
alternatives based on their applicability and popularity down to DBB, DB, andRCM
Later in the process, conceived advantages and disades of the three PDS options

are described and finally, an overview of the existPigS selectionmethods and

techniquesoncludes the literature review.

3.3 Data Collection

The credibility of the proposed model depends on the consistency, accuracy and the

guality of the collected data. The model configuration dictates the kind of data required



69

for functioning of the model. Upon completion of the conceptual PDS selection,model

the type and nature of threquireddata came to light. Given the specific scope of this
research, the sample population had to be selected from the target populatiorr of post
conflict practitioners, with considerable exposure and experience incqaiitt
construction projects. Considering the extent and magnitude of rehabilitation,
refurbishment and construction projects in the joosiflict Afghanistan, this country was

selected as the pool from which the survey respondents were drawn. Also, the
resea cher 6s association with reconstthaicti on
interaction with respondents and the overall data collection proc@3ss section,

including theexplanation on theize and background of the sample population is further

described in chapter V.

The data procured in this research is spread over three tiers. Tier one draws on the
expertise of the sample population to prepare a litexnost pertinent selection factors
considered in postonflict construction projects. Téigoal is realized through application

of Delphi (Linstoneand Turoff, 1976) method. The Tiers two and three are designed to
obtain the R.I.W of selection factors and the R.E.V of the PDS options by surveying the
sample population. In order to conduct thigvey, a questionnaire comprising of two
parts was designed, tested and circulated to the target group in Afghanistan. Given the
scarcity of the postonflict practitioner population whose area of expertise corresponds
with that sought in this researchhe researcher assumed the upper limit of 30
respondents as the reliable sample size. As a rough rule of thumb, many statisticians
believe that 30 is a large enough number for a reliable sample size. Although the

construction efforts encompass a broad spet of capital and infrastructure projects,
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the scope of this research is focusedyoon two types of buildings with higher
construction demand. These building types are grouped into health/educational and
office/government buildings. The data colleatichapter providesmore detailed
information on the questionnaire design, execution of the pilot survey, itand
modifications. Thetemplateof the questionnaire used in this research is furnished in

appendix.

3.4 ldentifying the PDS Alternatives

Project alivery systemis a term thatefers to the overallframework within which a
project is designed ancbnstructed including outlining the contractual relations, roles

and responsibilities of the parties involved as well as the sequence of the activities
necessary for project completiorAs stated in chapter Iproject delivery methods ar
typically categorizedb as ed on t h e offimance @apitalénd infeagiructure e
projects are eithefunded by the statesr fully or partially funded through private
investment. The three most popular forms of project delivery sy&tepublic projects

are DesignBid-Build, DesignBuild and Construction manager &isk. For so many
years, theDesignBid-Build approach was théominantdelivery systm used by many
project owners in publiand private funded project§he requirements for qualiyased
selection of designers and awarding the contract to the lowest responsible bidder gave
rise to the popularity of the DBB method. Howewbe growing dversity of projects and

shift in priorities lead to development afternative delivery methods such @esign

Build and Construction manager &isk. PubliePrivatePartnership was also added to

the list of alternative delivery methods as a mean to eosgde for the shortages in
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public infrastructure findings. The latter method, however, is not considered as a viable
option in postconflict construction projects as the private sector is still unsure about the
return on their investmentn this reseaic the PDS alternatives considered for evaluation

are the ones stated above. It may be notedhikabest choice isonventionallygoverned

by the specific requirements, complexity and urgencynoét pr oj ect sand th

technical knowledge and available managerial resources.

3.5 Selection Factors

The PDS selection process starts with identification of the selection criteéaelection
criteria serve as the very backbone of this research. The proposed selectionsmodel i
predicated on the alignment of teengths and attributes the PDS alternatives with

the performance measured the PDS selection criteria. As earlier mentioned, the best
choice of PDS is bound by variety of factors. It is through assessmentsef faaors,

and understanding of their special relationshiith a given PDS option that a decision
suitability of aPDScould be renderedhese selection factoshouldbe identified by the
project owners and decision makers in harmony with the phaticircumstances of the
project.

As documengd in chapter Il, previous studidsing to lightan extensivecollection of
selection factors and criteria for project delivery system selection. As shown in Figure
2.6, many of these selection factors have been repeatedly cited by different researchers.
list of selection factors with the highest citation frequewagasserbled on the basisfo

the information revealed in thadrature review. This list servea$ thestarting blockfor

the round one of the Delphi survey.
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The followingis a description of the selection criteria identificatexercisethat leadto

the configuwation of three factor areas consisting of 14 distinctive selection fadtoes.

selection factor identification technique empldy@ this research is based @elphi

method. This method relies on the panel of expantshas provermostefficient when

the panel is carefully assembled and thatpgiozess is properlfacilitated. In this case,

the researcher assumed the facilitatoros r
the panel expertaind todocumenthe resultof Delphi surveysAs dated under the data
collectionsectionin present chapter, the targeipulation encompasses thestconflict
practitioners in Afghanistan. The expert panel was selected fromsdftktarget

population.

3.6 PDSSelectionFactorsin PostConflict

The Delphi sirvey as earlier describedyielded 14 selection factorsalso referred to as
As«ehbiteriad under three factor areas, al sc
were selected by a panel of experts in post conflict construction projects. At the end of

the Delphi exercise, the panel asserted in uni@ these factors were the chief
determinants of the PDS selection outcome in -posflict construction projects.
Therefore, the | ist o f 14 selection fact ol
Seletion Factors in Post o n f ISinaethedprgposed ndelwaslaid out on the basis of

how the selection factors align with the characteristics of the Bpi®ns it was

imperative tocreatea commonunderstandingabout thedescription andneasurement

attributes of the selection factans-a-vis the PDSoptions.
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The literature review offers the requisite information to form this common ground. This
information is contained imppendix IV. This appendix is included in an attempt to
unveil the connections between the PDSSF in-postlict and the PDS ojains set forth

for evaluation in this research.

3.7 Development of the PDS Selection Model

As earlier outlined, the model follows a simple equation based on the additive
aggregation modek[ W¢).V(ac)]. The overall score or the suitability index results from

the summation of the weighted score of all 14 PDS selection factors. As there are three
PDS options being evaluated in this research, three weighted score values are recorded
for each selection faot. These weighted scores atetermined by multiplying of the
Relative Importance Weiglatf the selection factdsy the Relative Effectiveness Value of

each PDS option for this selection factor. Depending on the approach used to arrive at the
weighted scre (individuatbased or consensbssed assessment), these scores were
aggregated and then summed for all 14 selection factors to determine an overall score for
the PDS options. In the end, the PDS with a highest score is selected as the most

appropriate dlivery method.

3.8 Individual -Based Assessment Model

In this approach, the data necessary to run the model is obtained from individual
respondents. To collect this data a questionnaire was prepared and submitted to experts.
A total of 36 valid response=ts were collected. An excel spresttket was created to

store the response sets. A trial version of @Risk 5.7 was used to define a best fit

distribution for the weighted scores of each selection factor. Then the mean value of the
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best fit distribution fo each selection factor was considered as an input to the produce the
model 6s output. The model determines the o
option. The outputwas simulated using @Riskto determine the mean valubat
representshe suitability index. Also, using simulation, the selection factors are ranked

based on their impact on the suitability index of PDS options.

3.8.1 Measuring Relative Importance Weights of the Selection Factors
via ANP

The relative importance weigigt a component of the selection model that governs the
final out come. 't 6s obvi ous , levelshofariportanbee s el e
from onerespondento another The importance weight of each selection factor is a
function of manythings induding ther e s p o npreferantces, @xperience and technical
capacity. Al s o, given the projectdos parti
wei ght of a factor is subject to change. S

assume a sinmal importance weight for a given selection factor.

The selection factors were identified following the Delphi survey. These selection factors
were grouped into three categories also known as main criteria. This categorization was
applied to facilitate tb model conceptualization. This categorization intended to facilitate
the comparison and allocation of relative weights to the selection factors. Also, having
the selection criteria listed in three distinct clusters allows for examination and
incorporatian of the interdependencies amongst them. At the end of the Delphi exercise,
the researcher alluded to the inherent interdependencies amongst the drafted selection

criteria. In round two of the Delphi exercise, participants were advised to combine the
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duplcate or interrelated selection factors. However, as earlier explained, due to the
shared underlying factors, varying levels of interdependence was detected amongst the 14

selection factors that made the cut.

With the assumption that the clusters were interdependent, the relative importance weight
of each selection factor was obtained thr
Process. The ANP allows for inclusion of dependence and feedback into deasiog m
process. The manual calculation of these weights is a lengthy and arduous process. In the
present research, this process has been facilitated by application of the Super Decision
software.This software is designed for decision making with dependandgeedback.

Super Decision follows the same fundamental prioritization as AHP. These priorities are
derived through judgments based on {@se comparison of elements. In ANP, elements

are arranged in flat networks of clusters. ANP stands out amothgstdecision making
methods in a sense that it allows for all possible and potential dependérioges.
accuracy of the weights derived from ANP is contingent on the consistency of the
judgements. In practice, to attain the desired consistency, withinsea®f comparison

matrix, all comparison should be made with respect to one element, known as the control
criterion. The control criterion will ensure that respondents remain focused while making
judgements as to priority or dominance of the elemerits. grocess for developing the

ANP model and obtaining the relative importance weights is expressed in full detail

under section 5.2 in chapter V.
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3.8.2 Measuring Relative Effectiveness Valu¢R.E.V) of the PDS
Options

The selection nadek proposed in this research enalthe decision makers to select a
PDS by prioritizing the selection factors and ranking the PDS cpbased on how they
align themselveswith the selection factors. Measuring the relative effectiveness values
should onlybe initiated after the PDS optionsvere defined. The PDS optignas
discussed earliewere defined based on their feasibility and potential for successful
application. This stepvas designedwith the knowledgehat PDS options vary in their
ability to meet the measurement attributes of the selection fatiaitsis exercise, each
PDS optionwasassigned a value from a predefined utility value scale with respect to the
selection factorsln other wordsit is possible to define a set of utility factors for each
PDS option by indicating their relative utility against each selection factor. In arder t
assign an appropriate effectiveness value to a PDS option, decision makerstakeuld
cognizanceabout theadvartagesanddisadvantagesf the subject PDSThis is due to the
influence that each PDS option is likely to have on the selection factors. This influence
should be translated into an effectiveness value which will ultimately be used to

determine the weightiescore of a given PDS optiavith respect to eackelection factor.

Therelative importance values weobtainedthrough a data collection exercide this
end, a score sheet was prepared in form g@fiestionnaireandwas disseminated to the
sample population. This questionnaire veasompanied by a concise guideline to assist
the respondents in assessing th& RV 6 s . E.VTskoee slitet questionnaire is

available inappendixl. The guideline stipulates the simple steps that respondents should
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follow in order to properly determine the relative effectiveness vall@s.respondents

were advised that in order to assign a relative effectiveness value to a given PDS option,
theyshol ask themsel ves thoweffe¢tielagpopratenigthedPDSE st i o
option under consideration, relative tbe other options in terms of achieving or
sati sfying t heAn£#HectiwendasiMeasure$cale (EMS) of.41100 was
designedo ascribe a score &ach PDS optiobasedon how theyrelate to the selection
factors.Respondents wememindedthat when assigning an effectiveness value Rb&

option, they should discusts advantages and disadvantages #miak in terms of the
appropriateness of treibjectPDS in meeting or satisfying thperformanceneasures of

the selection factor against whicht b&isg assessedhat is the relative effectiveness
value should represent the suitability of the PDS option in aligning iwgiéif the
measurement attributes of the selection factdtespondentwould complete the
guestionnaire bgcoringeachPDS optionfor each selection factor, relative to the other
options,before they move on to the next factékccordingly, each PDS optiowill end

up with 14 R.E.V scoresone for each selection factdn the aggregation process, these
values will be multiplied by the relative importance weighttlod respective selection
factor. The product is then summieddetermine the suitabilitydexof each PDS option.

Also, to facilitate the evaluation, respondents were provided with descriptions about the
selection factors and their measurement attributes (see t&iapl€o populate the score
sheet with adequate values, respondents westeucted to assign a score of 100 to the
most effective PDS option and a score of 1 to the least effective option with respect to a
given selection factor. The intermediate PDS opsibauldbe assigned a value between

1 and 100 that best reflects its atble effectivenesslt was also asserted that the
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respondentshould not have any reservation in assigning the highest or the lowest score

to a PDS option. 't i s toOO®ay htoludtd, nfoar bien
for the absolute best performance imaginable, but assigned to the PDS option that is most
satisfactory between the P@@tionsthat aresubjected to evaluatiosimilarly, the score

Al0 shoul d theworstlperforrkamgpossiblepbut for the least satisfactory
performance among PDS options that are being evaludiededuce the subjectivity of
evaluations,espondentsvereinhibitedfrom assigning the same score to the PDS options

when evaluated across the same sa&pdactor.

In this research, The PDS options and the selection factors have been defined
independent from any particular type of project. The only consideration was the presence
of postconflict behaviour and dynamic3.herefore, the relative effectivesge values

could be determined regardless of an individual project. These independently assessed
values are applicable to a wide range of projects as long as the same array of selection

factors and PDS alternatives are applicable.

3.8.3 Score Aggregatimm and Analysisvia Monte Carlo Simulation

The aggregate scores or the suitability indices of the PDS options are computed after the
R.LW6 R.E.\V6 srre determined. The aggregation rule applied in this case follows the
additive model. The applicability of the additive model is warranted by the fact that the
selection factors were assumed to haveferential independenamongst themThe
suitability index is determinedby summation ofthe weighted score foall selection

factor. The suitability indexis a sum product function of the importance weights- and
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effectiveness values of each PDS option dier set of selection factorBased on the
additive aggregation model, this procedure could be represented mathematically as

follows:

Uj(@ag am= Ziz1WE)-V(Ec) (3.9

WhereU; represents the suitability index or the aggregate score of PDS option j. In this
equation,U; is sum of the product o¥V(c) and V(ac;); such thatW(c) represents the
relative importance weight of selection factorand V(gic) denotesthe relative
effectiveness value of PDS optipmover selection factor. Also it should be noted that

XW(Ci) =1.

The aggregate score, also called the suitability indertéspreted as an ordinal value

that could only be used for identifying the most suitable PDS option. The PDS option
with the highest score is selected as the most optimal choice. The calculations in table 3.2
pertain to one of the 36 respondents who pigdied in the survey. In a deterministic
approach, the aggregate scores under each PDS from all 36 respondents can be averaged
out to determine the suitability index of the PDS options. However, the indixbeisald
assessment approach is based on a pildic model using Monte Carlo Simulation.

The various steps involved in developing the simulabiased model is described in

details under section 5.2.2 in chapter V.
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Table 31 SampleCalculation of Aggregate Scores of PDS Options Baseddiwidlual
Response Set

Respondent # 8 DBB DB CM-R

No. SF RIW | REV | W(c).V(gc) | REV| W(c).V(ac) | RE.V | W(c).V(gC)
Cl PC |0.1350| 70 9.4509 1 0.1350 100 13.5013
Cc2 CSU | 0.0411| 60 2.46755 100 4.1125 1 0.0411
C3 TQ 0.0411| 90 3.7013 1 0.0411 100 4.1125
C4 | CONF | 0.1350| 60 8.1008 1 0.1350 100 13.501
C5 | COM |0.0351] 60 2.1100 1 0.0351 100 3.5167
C6 FLX 0.0411| 70 2.8788 100 4.1125 1 0.0411
C7 RA ]0.1303] 1 0.1303 90 11.7339 100 13.037
C8 RI 0.0322| 100 3.2293 1 0.0322 80 2.5835
C9 SD 0.0391| 1 0.0391 100 3.9189 90 3.5270
C10| AIHC |0.0391| 70 2.7431 1 0.0391 100 3.9187
Cll| CON |0.1303| 1 0.1303 100 13.0379 60 7.8227
Cl12| SCPI | 0.0200/ 60 1.2059 1 0.0201 100 2.0099
C13| AEC |0.0932| 90 8.3958 1 0.0932 100 9.3287
Cl4| ARM | 0.0866| 70 6.0628 100 8.6611 1 0.0866

xW(c) 1 | Score| 50.6466 46.1084 77.0295

3.8.4 Simulation and Sensitivity Analysis

The simulation is performed to identify a range for the suitabiliices of the three PDS options.
Through simulation, the probability density and probability distribution of the suitalnitiigescan be
definedforeach PDS opti on. These distributions ca
comparison of the aggregate scores and their disiiln Using simulation, the aggragte scores could
also be plotted across the three PDS options. This plot can be used as a tool by decision makers
identify the most optimal PDS opti@ia glance. Also, the summary trend diagaram will specifnge

for the PDS scores with theghest probability of occurance. This enables the decision makers to
develop a better understanding as to the extent of suitability variation between the potentail PL

alternativesThe simulation command is executed from theigRRhenu. The user has to set the number
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of simulations a well asthe number ofiterationsfor each simulation. For this research,

the number of iternations was set t600Q and the model was simulated ondée
simual tion starts wupon executing the @ASt
results and its relevant graphs can be vi

@Risk menu.

The @Risk menu ab provides an option for sensitivity analysis. hist research, the
sensitivty option isnvoked to rank the selection factors based on their impact on the
bottom line score of each PDS option. Through sensitivity analysis, decision makers will
find an insightasto how the suiability index is affected @l@o a +1 change irstandard
deviation in each ofhe inputs (weighted score of the selection factors). The sensitivity
analysis aspect of this research is explained with examples and in more detail in chapter

V.

3.9 ConsensusBased Assessment Model

As statedunderthe overview, thdottomlineoutput of thePDS selection model could be
reached using two different approaches. The first approach relies on individual
assessment of the experts and drawsstatisticalmeans to aggregate the individual
judgerretns The aggregate judgements are then used to determine the suitadities

of the PDS options through simulation. The second approach, as its title connotes,
aggregates judgmentsased onconsenusand defines the suitablity ingks through
determinstic meansin brief, bothapproache$ollow the same path in terms of eliciting
relative importance weights and relative effectiveness values. The consensus based

method similar to the indviduabased approachhenefits from ANP as a mean to
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determine th R.I.LW and MAUT to define the utility of the selection factorsasigs the
PDS optiongR.E.V). An examination of the aptness of the two approaches revealed that
consensudased approach is more befitting in situasiarmere logistical andperational
constraintspreclude an elaborate data collection scheme. In chapter V, the results
obtained from both approaches are compared as mean to corrobonatdtilibhe and

applicability.

As earlier discussk the consenstsased assessment is hinged upon hetlav
aggregation of judgements. This type of aggregation is based on the process of grouping
a number of individual experts who collectively perform as a unit. Group consensus is
also advantageous iterms filtering personal biases anaiaking up for the lek of
expereince among decision makerfghe modality for obtaining the relative importance
weights and the relative effectiveness as well as the details for execution of the

consensudased model are further discussed in chapter V.
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CHAPTER IV
DATA COLLECTION AND CASE STUDY

4.1 Overview

This research drew on qualitative and quantitaive sumdata, collected througfirst

hand observation by the researcher. Data collection was carried out using a specifically
designed two part questionnaird.he cdlected data consisted dfiree tiers Tier one
pertained toidentification of the selection factors and was explained in details in the
methodologychapter. It is the focus of this chapter to outline the procedures observed to
obtain the data sets trers two and thre€The latter tiers were geared towaadsainng

the R.1.W of selection factors and the R.E.V of the PDS options by surveying the sample
population. The questionnaire waput to trial to exclude the glitches and ggential
misinterpretabns of the survey questionShe stepdor data collection procedurare
outlined in the following sectionAlso discussed are the particularstbé case study

projects and the survey respondents.

4.2 Categoriesof the Case Study Projects

When theinternational community committed itself to the reconstruction of-paostlict
Afghanistan, priority was given to the provision, after alia, schools and clinics,
government and office buildings (Patel, 2007). Given the magnitude of fundsfautsl ef
invested in rehabilitation of these sectdhg researcher was drawn to selecting the case
studies from amongst the healdducational office and government buildings. These

building types were grouped into two categories of health and educatmmffice and
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government buildingsherein referred to as H/E and O/G buildings. This categorization
was on the basis of intendede, design properties and targeted beneficiaries. The data
collected in this research reflects on some 90 individual projects davoss 20 Afghan

provinces. Table 4.1 displays tlestributionof projects in the benchmarked provinces.

Table4.1 Distributionof Projects by Province

Project Distribution
No. Province H/E O/G
1 Balkh * kK
2 Bamyan ek o
3 Farah * *x
4 Faryab *rk *x
5 Ghazni *x *
6 Helmand ** *x
7 Herat *kkk *k%
8 Kabul *kkk *kkk
9 Kandahar * *
10 Kapisa *x *xk
11 Kunduz ok *x
12 Laghman *x *x
13 Nangarhar *x *
14 Oruzgan *x *
15 Paktia * *x
16 Panjshir *x *x
17 Parwan *xx *x
18 Samangan *x *x
19 Sare-Pol *x *
20 Takhar *x *Ax

*Each asterisk represents one project

4.3 Categoriesof the Survey Respondents

The respondents were selecwuthto represent all the key concerns of pomtflict
construction projects Afghanistan The respondent group was comprised okgperts
in postconflict construction operation3 heir areas of expertise covemwide variety of

disciplines and positions including Head of Operation, Project Manager, Project Engineer
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and Rovig Technical EngineerThe piechart in figure 4.1 demonstrates the breakdown of the

respondent sé population and their positions.

B Project
Engine E Roving
44% Technical
Engineer
28%
B Head of
O Project Operation
Manag 3%

14% B Senior Project

. . . Manager
B Head of Operation B Senior Project Manager 110/51
@ Project Manager m Project Engineer

B Roving Technical Engineer

Figure4.1 Composition of survey respondents

As the figure above shows, Project Engineers made up for a dominating 44% of the responde
population, followed by Roving Technical Engineers who represented 28% of the population. Proje
Managers, Senior Project Managers and Hea®pération respectile represented 14, 11 and 3
percent of the sample population. TReoject Engineers had 6 years of experience@ragebasis

This number for Roving Technical Engineers was 10. Project Managers had 7 years of work experier

on average compared to 8 yg&r Senior Project Managers and 11 for the Head of Operation.

4.4 Data Collection Method

Theneedfud at a on respondentsd perception of PDS e
were collected directly from the respondent$is was materialized through conducting structured

telephony mterviews and the use of structured questionnaires. In view of the geographic distribution c
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the respondents across Afghanistan and their sporadic access to internet, the structured
guestionaire forms in conjunction with timed followp email messages were used as

the primary method of data collectioihe questionnaire was forwarded to all the
respondentsn the same day. A preferred date of return was specified on the message to
which the questionnaire package was enclosed. The package consisted of two separate
guestionnaires as availableappendixl. Part | of the questionnaire package was geared

to elidt the effectiveness value of the PDS option relative to the selection factors listed
under the column to the right of the questionnaire. Respondent were provided with a
concise guideline as to how the effectiveness values were to be assigned. Pdre Il of t
guestionnaire was designed to aggregate the respoadedignent on the relative
importance weight of the selection factors. The questions introduced in this section were
adapted from the pawise comparison matrix questionnaire of the Super Decision
software. Questionnaire part Il consisted of three sections and was accompanied by a

brief introduction to assist the respondents in producing consistent judgments.

4.4.1 Survey Procedure

The survey wasdesigned and executed as suohhavethe maximum app to the
respondents. Of the many techniques cited for enhancingeponse turnover, the
following key principles were applied to improve the attractiveness of the survey and
increase the quality and quantitytbé responses

Throughout this surveythe respondents were reminded of the voluntary natureisf th
exerciseand were reassured as to the confidentiality of their information and data. This
was carried out in accordance to the protocol set forth byCthecordiaUniversity

Human Research EticCommittee (UHRECYHf the Office of Research Ethics and
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Compliance UnitMoreover, the purpose of this research was clestdied and relayed

to participants on the introduction pagéthe questionnaire package. The questionnaire
was designed with carsion in mind. Thesurveyquestions were formulated to be short,
straightforward and focused.iv@&n that in both parts of the questionnatertain
guantification technique wereused, simple and tangible rating scalerswevisedto
facilitate assignmendf quantitative values to qualitative dafslso, particular attention

was given to logical ordering and sequencing of the questions in the sdivey.
guestionnaires were then tested vdtfewmembers of the sample population to identify
the bugs and wtify the potentially misleading content in terms of questions and
framework. At different intervals reminder massagesere sentto the respondent®
encairagetimely feedback. The respondents were also provided with incentives such as
formal acknowledgement of their contributions and a promise to share the outcome of the

research.

4.4.2 Survey Pilot Test

The questionnaire package was tested before it was distributieel $ample population.

To perform this test, a few members of the sample population as well as some experts in
Canada were selected to participate in the pilot. This exercise was carriednouéase

the overall credibility of the survey. In particulding pilot test was performed gather
feedback on whether the survey is understandable and clear for everyoneiranblitto
misinterpretations and misunderstandingsthad survey questionsThe pilot test also
provided an opportunity tensure the compency of the questions as well as the time
required to complete it. Out of the 36 members of the sample population, 5 people

(roughly 14%) were selected, one from each category of positions, in addition to 10
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independent experts in Canada. The indepernghaticipants hadn average ofix years
of work experienceand possessed advanced university degrees in construction

engineering and management.

4.4.3 Survey Questionnaire Modifications

During thepilot test, participants were asked to document thieservéions and remarks
concerningdesign and content of the survey forms. The comments were collected upon
completion of the test run. The questionnaire underwent four rounds of revision as a
consequence of the comments received. Several sections ofuéiséionnaires were
affected by these revisionsamely as the completion guidelirtbe rating scale and the
wording of themeasurement attributed some selection factors. These revisibelped

to ensure thahe questionsvereperceived the same way hll survey respondents.

4.4.4 Data Recording

A database was designed to keep track @@ s pondent sdé i nformati on
station, degree, years of experience, position and email address. This information was
used to maintain contact with the pesdents during the stages of data collection and
analysis. In a few cases where the response sets were incomplete or the consistency of
judgments were off, theelevantrespondergwere easily identifiedfor a follow-up using

this tracking systeniThe data transcribed on the questionnaires were transferred into an
Excel spreadsheet. Each respondent was assigned a unique table on the spreadsheet,
marked with their name. Thienportance value ratings from the comparison matrices

were fed into Super Dexon to determine thdRelative Importance WeightsThese

weights were themecorded inthe appropriate cells in the spreadsheet. The Relative
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Effectiveness Values were transferred directly from the questiosnaitbedesignated

cells in the spreadsheet

4.4.5 Data Screeningand Preliminary analysis

To better coordinate the collection of filléd questionnaires, respondents were
instructed to forward their responses by electronic mail. There were however a few cases

where the feedback had to be collectedtelephoe or onlineconversation

Given the geographic barrier between the researcher and the respondents and the
sensitive nature of the data being procured, verifying the accwhdatawas of
paramounimportance tcensureproper functioning of the selection modellence, each
response set was thoroughly reviewed upon redegt.| of the received questionnaires
wasinvestigated for repetitive scores and inclusion of a best and worst score for the PDS
options on each salgon factor.Deviation from the guidelines were duly recorded and

relayed to the respondentsinstigatecorrectiveactions.

The screening process of questionnaire part |l wase elaborate as it involvedest of
consistency. Although the questionir@ was designed such tgield maximum
consistencyin judgment, the test had to be performed to ascertain the accuracy of the
outputimportanceweights.The consistencyest was carried out inuper Decision upon
construction of the umweighted supermatrixTheinconsistency index of the comparison
matrices were checked for each response set. In case the index was outside the admissible

range, the judgements were revised as to achieve desirable consistency.
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CHAPTER YV

RESULTS AND ANALYSIS

5.1 Overview

This chapter is primarily focused on recapitulating thexecutionresults of the two
models deeloped for selectinghe most suitable project delivery system in poshflict
construction projectsThe chapter also offers more detail on the procedures observed for
obtaining these resultand seeks out to explain the steps leading to the model
development and implementatiofhe discussion on model development is followed by
anoverview of the outcomes as well asalysisof the resultsThe PDS selection results

are revealed for each category of the case study projects, i.e. health/educational buildings
and office/government buildings. Asxplained in chapter lllan aggregate scorer the
suitability indexis a sum product function of the importance weights anece¥eness
values of each PDS option avihe set of selection factors (equation 3lf)the next
section, thecalculation result$or eachcomponent of the aggregate scare reviewed

for each PDS optignunder thar respectivecategory of case study projecthis is
followed by the simulation results of the aggregate scores for each PDS .optien
analysis is concluded by choosing the PDS alternatitte the highest suitability index.

Also to provide a more wdepth analysisf therelationship between the aggregate ssore

and the selection factors, the results of regression mapped value analysis are reviewed
and discussed and the selection factors are ranked based on their impacucatiigy

indices of thePDS optios for eachcategory of thecase study projest Finally, the

resultedoutcome from both selection models dsmpared This comparison aim$o
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confirm the validity and robustness of the proposed model in choosing the most logically

suitable project deliveryystem for postonflict construction projects.

5.1.1 Selection Factor Identification Procedure

As stated in the methodology chapter, the selection factor identification procedure was
carried out using Delphi method. A group of 36 practitioners vaenetified for this task.

They were individually briefed on the modality of implementing the Delphi exercise. A
onepager guideline was prepared and disseminated to the participants highlighting the
key components of this exercise. The guideline toucheti®@objectives of the exercise

and contained a flowchart, detailing the three steps involved in establishing the exclusive
set of PDS selection factors in pasinflict construction projects. The 36 members on the
expert panel represented a wider popatatof postconflict experts whose areas of
expertise covers a vast variety of disciplines and executive positions including Head of
Operation, Project Manager, Project Engineer and Roving Technical Engineer. Table 5.1

outlines the composition and profilétbe expert panel.

The Delphi survey was set to stop at a predefined stop criterion of three survey rounds or
achievement of consensus between the participants (whichever came first). The survey
was designed so that by the end of the third round, tiperesx could produce a
consolidated list of selection factors best capturing the various requirements of

construction in postonflict.

The literature review suggests that the majority of studies in this field have adopted a

relatively large number of salon factors into the decision making framework. In
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practice, however, application of such large numbers of selection variables is met with
hesitation and grimace. During the first round, experts were presented with the list of
most frequently cited seleon factors and were tasked to trim it down to a manageable
number of factors. In this elimination exercise, experts were advised to retain only the
most pertinent selection factors. The facilitator, at the end of round one, summarized the
proceedings anéurnished to participants, the factors derived from the first part of the

Delphi exercise.

Table5.1 Composition of the Panel Experts

No. Category of Experts Sample Size (Person)
1 Head of Operation 1
2 Senior Project Manager 4
3 Project Manager 5
4 Project Engineer 16
5 Roving Technical Engineer 10
Total 36

In the second round, the panel was instructed to classify the surviving selection factors
under three factor areas of Project Related Parameters, Agency Preferences and Regional
Parameters. It goes without saying that the selection factors were to beeddsighe
foregoing factor areas on basis of their relevance. They were also advised to consolidate
the selection factors if found to be redundant or interrelated. Given that certain
underlying factors pertinent to the project, agency and the externedrmment (such as

cost, time and security) are mutually shared between a number of selection factors, it is
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virtually impossible to entirely remove or consolidate the interrelated selection factors
without damaging the integrity of the list produced by ¢he of round Il. The existing
interdependencies amongst the factor areas and their corresponding factors, further

justifies the application of ANP in calculation of the Relative Importance Weights.

The third and final round of the Delphi survey consgdtsonfiguration of the selection
factors based on their level of importance. It is to say that, the experts were advised only
to keep the selection factors that they unanimously considered as significant to the PDS
selection decision making process. Thadr round resulted in retention of 7 selection
factors under Project Related Parameters ( factor area 1), 4 selection factors under Agency
Preferences (factor area Il) and 3 selection factors under Regional Parameters ( factor
area lll). Figure 3.2 dispys the three factor areas with their corresponding selection

factors in a hierarchical format.

5.1.2 Defining the Attributes of Measure

As mentionedn the earlierchaptes, the proposed PDS selection model functions based
on alignment othe attributes of th®DS options with th@erformance measures the
selection factors. In the previous sectithe 14 selection factors were introduced. The
description providedh appendix IVfor each selection factor sets the tone for identifying

themeasurement attributes of every single fagtysus the PDS options.

Table 5.2 provides an overview of theaid attributes.The information contained in the

following table was used by the survey respondents at a later stage to assign to each PDS
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option a relative effectiveness value on how they satisfy the measurement attributes

ascribed to eackelection factar

5.2 Development of the ANP Model using the Super Decision
Software

This procesdegins by conceptualizing the network model. Once the model has been

thoroughly mapped out, it can be transferred to Super Decision for further processing. In

order to conceptualize the model, a logical relationship between the elements should be

visualizad. This logical relationship will allow for grouping of the nodes and clusters to

incarnate a structure for the model. This structure is shown in figure 5.1. As displayed in

W Super Decisions Main Window: PDS Model.mod
File Design Assess/Compare Computations Networks Help
= H & & b a<h A<B Sgm

Selecting the apporpriate PDSI

4

, Goal [0l

3
| |

Main Criteria

X - Project Related Parameters Y - Agency Prei‘erencesl Z - Regional Parameters

Sub-criteria- X a Sub-criteria-Y a Sub-criteria-Z =Bl

X1 - Project cost Y1 - Risk allocati
il Z1 - Scurity constraint & political impact

X2 - Construction speed & urgencyl Y2 - Responsibility & iu\'olvement'

22 - Availability of experienced cnntral:mrsl

X3 - Turnover quality Y3- Scope definition
I3 - Availability of resources & materiall

X4- Confidentiality Y4- Agency’'s in-house mpncil:yl ‘ v ol

X5- Complexity Y5~ Constructability

X6- Flexibility

Figure 5.1 Screenshot of the ANP Model in Super Decision



Table5.2 Measurement Attributes of the PDSSF

Selection
Factors

Description

Measurement Attributes

Project Cost

Does your agency require a firm pri
before any commitment is made and
completion within original budge
critical to project success?

Effectiveness of delivery syste
in controlling cost growth.

Construction How important is early projec
Speed and completion to your agency and | Securing the shortest reasona
b completion within schedule critical {§ schedule.
Urgency .
project success?
Effectiveness of delivery syste
Turnover What level of turrover quality does n ebase c;f St‘ﬁmpb rsducmg
Quiality your agency seek to secure? umber ot - ca acks, —an
' lowering the operation an

maintenance costs.

How crucial is the confidentiality o

Effectiveness of delivery syste

Confidentiality | project/engineering details to yo|in concealing the project detai
agency? and other proprietary matters.
(S your pr oj e c-tl Effectiveness of delivery it

Complexity

conventional, highly specialized at
technologically advanced or is ti
construction complex, innovative at
non-standard?

effective orchestration an
management of neconventional
project design/engineering and
construction.

Flexibility

Does your agency anticipate an ab
normal level of change in thproject
and if so how important is it to retai
the authority to effect change after c
estimate commitments are made?

Delivery system ability td
smoothly incorporate changes
the project scope during detail
design and construction.

Risk Allocation

To what exént does your agency wa
to limit the amount of speculative co
time and design liability?

Delivery system effectiveness
dividing and transferring ris
between different project parties

Responsibility
and
Involvement

To what extent does your ageneysh
to maintain control and exert influen
over project design and executi
and/or prefer direct profession
responsibility?

Effectiveness of delivery syste
I n accommodatin
for involvement in managin
design and construction.
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ScopeDefinition

Availability and/or necessity g
developing well defined project featur
by the award of the design and
construction contract?

Flexibility of delivery system in
efficiently using poorly define(
scope before the award of desi
and/or constrction.

Agency?od
house Capacity

To what extent is your agenc
dependant on outside assistanard
does it have the wherewithal to ¢
involved in detailed design an
construction?

Delivery system effectiveness
promote agency
detailel design and constructid
commensurate with its capacity.

Constructability

To what extent is your agency keen
integrating construction knowledge in
design process as a mean to achie
better quality project, in a safe mann
within schedule antbr the least cost?

Delivery system effectiveness
promote  constructability an
facilitate the interaction betwee
construction knowledge of th
design entity and the expertise
the construction party.

Security
Constraints and
Political Impact

To whatextent is your project affecte
by security constraints, mobilit
restrictions and changing politic
considerations?

Delivery system effectiveness
adapting to the volatility of th
situation on the ground ar
countering the negative effects
terms of construction time an

cost) resulting from securit
imposed restrictions and fa
paced political and regulatot
change.

Effectiveness of delivery syste

to address the shortage
Availability of To what extent does your agen| contractors and/or subcontractc
Mty depend on local contractors/sy who have the expertise to full
experienced ) ) : :
contractors contractors for execution fo their | project requirements and co
projects? with its consequences (in terms
time, cost, risk allocation an
quality) theref.
To what extent is material procuremg Effectiveness of delivery syste
and delivery crilin permiting early design an
Availability of | SUCCesS and is your agency inclined purchase of equipment or mater
y promote  early  procurement as well as offsetting the impal
Resources and . : - .
Material equipment and/or _ material | that availability of mat_erlal woulg
compensate for scarcity and/or lo| have on the construction speed
lead times of material and/¢ projects witha fast track or tigh

equipment?

time schedule.
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figure 5.1, the model consists only of one network. In this network all the clusters and
their nodes are placed in a single window. Throughout this exercise, the comparisons are
madewith a notion that selecting the appropriate PDS is the overruling condition that
should govern all judgements. The model consists of 5 clusters including the goal cluster,
the main criteria cluster and the three clusters ofcsitéria. The main criterig@luster
embodies three nodes, one for each of the factor areas earlier identified. These nodes
include the project rel ated parameters,
parameters. The criteria cluster is also connected to three clusters-aftsud. The

nodes within each sudriteria cluster are composed of the PDS selection factors. Another
important aspect in developing an ANP model in Super Decision is to define the
relationship between the clusters with respect to one another as wedl r@dationship
between the clusters and nodes within and beyond the same cluster. In the present ANP
model, there are no alternatives being considered. In other words, the model does not lead
to selection of a particular PDS. The purpose of constructegAtP model in Super
Denison is solely to derive the relative
relative importance weight of the selection factor. This information is then fed into the
final PDS selection model to determine the weightedesob each selectiofactor. By
aggregating the weighted score for all 14 selection factors, the suitability index of the

PDS options will come to light.

In The present model, the straight arrows indicate the linkages between clusters. If an
arrov is drawn from one cluster towards another, it signifies the outer dependence

between the elements within the two clusters. This action can be performed using the Do
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Connexions command menu in Super Decision. The looped arrow indicates inner dependence. T
means that there are elements linked to one another within the same cluster. In the PDS selection mc
the elements within the main criteria cluster are linkedeach other to account for their inner
dependence. This is signified by the loop as shown in figute To summarize, the node in the goal
cluster is connected to the three nodes in th

approp i ate PDSO node will serve as the parent n

B Super Decisions Main Window: PDS Model.mod
File Design Assess/Compare Computations Networks Help

el == A acbaco sy R

Selecting the apporpriate PDS I

Main Criteria

X - Project Related Parameters Y - Agency Preferences Z - Regional Parameters

v
Sub-criteria-Y =l | Sub-criteria-Z o =1

-

il Sub-criteria- X

X1 - Project cost
Z1 - Scurity constraint & political impact

X2 - Construction speed & urgencyl
Z2 - Availability of experienced contractursl

X3 - Turnover quality
Z3 - Availability of resources & materiﬂll

X4- Confidentiality Y4- Agency's in-house capacity 4 r o

X5- Complexity

X6- Flexibility

Figure 5.2 Visualization of outer and inner dependence for Node Y

the inherent inner dependence between the elements of the main criteria, the threacesbas within

this cluster are connected to one another as wellthg toodes encased withimeir corresponding
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subcriteria cluster, i.e., node X is linked to Y and Z within the main criteria cluster as
well as X1 through X6 within subriteria cluster X. Same order applies to nodesnd
Z. Figure5.2illustrates the connections in the case of nod&hé boxesutlined in this

image denote that there is a connection to the said node.

The elements within each sghteria cluster are also pawise compared with respect to

their corresponding paremode in main criteria clustefthe comparison stage began

after the relationships between tlkisters and nodes were defindd this stage the
clusters can be compared as well as the nodes within them to determine their weights. In
this model, the cluste only act as benchmarks or references to allow for systematic
comparison of the nodes within them. Therefore, they are not compared and the model
assumes an equal weight of 1/n for each cluster where n corresponds to the number of

clusters (the weightsf @lusters within a network add up to unity).

To initiate the node comparison, the element which is to serve as the parent node for the
first set of comparison is selected. This could be done by depressing the Assess/Compare
command menu from the SupBecision task bar and selecting the Node Comparison
command. Once this command is selected, the program allows to change the parent node
from the one already selected to the other parent nodes defined earlier in the model
conceptualization stage. From teame screen, the user can select the cluster which
contains the nodes considered for comparison with respect to the parent node. This
action could be carried out alternatively by righitking on the parent node in the main

screen and selecting the No@empare Interface command from the ddmgvn menu



101

that appears. By clicking this command, the cluster selector screen opens. From this
screen the appropriate cluster which contains the nodes intended for comparison can be
selected. Oncthe elements beingompared are acknowledged, the comparison window

in questionnaire mode opens. This action is repeated until all the intended nodes are
compared. Figur&.3 shows the comparison matrix screen in questionnaire mode for the

nodes in the main criteria clust®ith respect to ta node in the goal cluster.

me Comparisons wrt "Selecting the apporpriate PDS" node in "Main Criteria” cluster

File Computations Misc Help

Graphicl ‘Jerbal' Matrix | Questionnaire

Comparisons wrt "Selecting the apporpriate PDS" node in "Main Criteria” cluster
# - Project Related Parameters is moderately more important than ¥ - Agency Preferences

K-ProjectRelated | .o ¢ |glg|7|6|s|afz 2| |2|2|4|5|e|7|e]s 5 | o comp.

" Parameters

X - Project Related
* Parameters

Y - Agency
Preferences

Z - Regicnal
Parameters

>=B.553T554|EZ 22|45 6|7|B)5 5 |He comp.

¥ - Agency | |r Z - Regional
& Preferences i i e 2 T P-| parameters

Figure 5.3 Comparison Questionnaire Matrix

The judgementshould be entered as indicated by the user. In this research, to fill out the
comparison questionnaires with adequate data, the researched caeateptimized
guestionnaire form and distributed it to the sample survey population. This questionnaire
was accompanied by a brief introduction to guide the respondents in aggregating their
judgments. This guideline as well as the sample questionnairelusled in appendix |.
Once the comparison matrix is filled out, by selecting the Computation command menu
from the task bar atop the questionnaire screen and selecting the Show New Priority
Command, the local priorities of the nodes can be calculategseTlocal priorities

correspond to the comparison judgements that were entered in the preceding step.
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By calculating the local priorities, the program also displays the inconsistency index of
the judgements. This index is visible at the top of the piesriscreen as displayed in
figure 5.4. As earlier stated, maintaining a consistent stream of judgment is of paramount
importance to the accuracy of the weights derived from the ANP method. Saaty has
defined an admissible range for the inconsistency inthethis study, given the size of
comparison matrices, an inconsistency ratio of less than 0.1 is desirable. The desirable
range is also annotated at the top of the priorities screen. If the inconsistency index falls
beyond the admissible range, the judgetseshould be reviewed and accordingly
modified to achieve a desirable inconsistency index. The Super Decision program offers
an inconsistency improvement option. This option is accessible from the comparison
window. The window should be viewed in the Matmode to allow access to the

inconsistency improvement button

mer Prionties

The inconsistency index is 01,0000, It is
desirable to have a value of less than
01

# - Project Related
Parameters

¥ - Agency Preferences 0.200000

0.600000

Z - Regional Parareters 0.200000

Figure 5.4 LocaPrioritiesfor the Nodes in the Main Criteria Cluster With
Respect To the Node in the Goal Cluster
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5.2.1 The Relative Importance Weightsand the Super Matrix
Computations

Once all the comparison matrices in the model have been filled out, the Computations
command menu can be used to obtain the final priorities of the selection factors. The
process of arriving at these priorities involves several levels of computation. These
computations have been defined in the form of-smnmands under the Computation
command menu. The model starts calculating the priorities by constructing the
unweighted super matrix. This matrix contains the local priorégtors derived from

everysinge comparison matrix that was built throughout the network. In the graphical

me Super Decisions Main Window: PDS Model.mod: Priorities

Here are the priorities.

A1 - Project cost | 0.35590 [0.077960 |

#2 - Construction speed & |

0.35590 [0.077960
urgency

Ma Icon

0.11595 [0.025399 |

Molcon| X3 - Turnowver quality

=

Molcon| X4- Confidentiality 0.06192 10.013563 N

Mo lcon #5- Flexibility 0.05516 iﬂ.ﬂlEﬂEB

I
I
Molcon| X5- Complexity | 0.05516 |0.012083
|
|

| Y1 - Risk allocation 030401 [0.039400 |~

Olkay | Copy Values

Figure 5.5 a Section from the Final Priorities Report
representation of the unweighted super matrix, the node situated on top of the column is
the control criterion of the various comparison sets comprising of the nodes at the left.
Next in the process is calculating the Weighted Super Matrix by multiplying the local
priority vectors in the unweighted super matrix times the corresponding cluster weights.

The cluster weights are determinied pair-wise comparing the connected clustefth
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respect to their importance over the parent cluster. When the clusters are assumed to have
equal importance, the model enters equal values by default to form the cluster matrix.
This will result in a column stochastic weighted supermatrix wherertbetp vectors in

each column are weighted by the importance weight of their corresponding cluster.
Lastly, to elicit the final priorities of the nodes, the Limit Super Matirx is computed by
raising the weighted supermatrix to powers until it convergleat is when all the

columns in the matrix have identical entries.

The entries in the limit super matrix represent the priorities of the nodes displayed on the
left side of the matrix. The final priorities could also be retrieved using the Priorities sub
command. Figure.5 portrays the final priorities obtained by invogi the Priorities
command. Applying this command will produce the priorities of all the nodes in the
model. The priority values could be copied from the Priorities window and pasted into a
spread sheet for further processing by simply depressing the edygs\button at the

bottom left corner of the screen.

5.2.2 Application of Monte Carlo Simulation and Score Aggregationn
the Individual-Based Assessment Model

In the individuaibasedapproach, the weighed scoré&/(§;).V(gici)] of each PDS are
separately recorded in an Excel sprshdet. In this manner, there will be total of 3
tables, each designated to a PDS option. Each table consists of 14 columns and 36 rows.
The columnsrepresent the weighted score of the subject PDS tbeeset of selection
factors. The rows, on the other hand, represent the entries from each of the 36

respondents. Every respondent is assigned a row wineneeighted scores are entered
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relative to each selection factor. These entries are based ondfements elicited from
that respondent in the R.LW and the R.E.V determination stages. To initiate the
probabilistic model in Excel, the @Risk component has to be activated. The process
begins by defining a bet probability distribution for the inpt¢d weighted scores of
each selection factor. Given the availability of data (36 entries) this task can be
performed withrelative ease usinthe Distribution Fittingcommand from the @Risk

menu. To execute this command for the range of data for whidie#tdit distribution is

intended, the category of data has to be
selecting the appropriate data type from the ¢fopwn menu i n the AFIt
Dataodo screen. The numer i claih thed @mtiauousi dalad i n

category. This step is illustrated in figure 5.6.

@RISK - Fit Distributions to Data -

Data | Distributions to Fit | Chi-Sq Binning |

W.V-C1-DBB
0.032141936,
4.398117592

0.05251021
3.847714286 N [wv-C1-DBB(O/G)
18.44507067
8.6594
0.053029894 | Continuous Sample Data
3.017153966 ‘Continuous Sample Data

Discrete Sample Data
0.393060786 3 Discrete Sample Data (Counted Format)

0.02196 Density (X,Y) Points (Unnormalized)
: Density (X,Y) Points (Normalized)
0.179663641 |Cumulative (X,P) Points

1.601276797
2.504010016
5.425610851
0.04544043
3.3524
9.002181996
0.66933
3.408526439

Data Set

|526:s-13

Figure 5.6Selection of Data Category in @Risk
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I i mi

ranges from O tol by the R.E.V that varies frorid0. Therefore, the weighted score

which is a product of these two should be bound between 0 and 100. By setting the lower

and upper limits, the program automatically narrows down the list of applicable

theoreical distributions to Beta General, Triangular and Uniform. This is shown in figure

57 By

pressing t

he AFi t o

button on

t he

out the best fit distributions and ranks them based on theaue. As shown irfigure

5.8, the distribution with the lowest-¥alue is the best fit and is visible on top of the list.

This fit-ranking is based on the C8guare goodness of fit test.

@RISK - Fit Distributions to Data ]

Data Dgstrbutimstoﬁtlgi-s:.anmgl

W.V-C1-DBB
0.032141936
4.398117592

0.05251021
3.847714286
18.44507067,

8.6594
0.053029894|
3.017153966)
0.393060736]
0.02196
0.179663641
1.601276797
2.504010016
5.425610851

0.04544043

3.3524|
9.002181996|
0.66933|
3.408526439|

Best-fit

Fitting Method

Lower Limit

Parameter Estimation Mt

Distributions

(% Fixed Bound |o
" Bounded, But Unknown

" Open (Extends to -Infinity)
(" Unsure

Upper Limit
¢ Fixed Bound
" Bounded, But Unknown

¢ Open (Extends to +Infinity)
¢ Unsure

100

[V BetaGeneral
¥ Triang
[V Uniform

Figure 5.7the Applicable Theoretical Distributions
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After the best fit distribution is defined, the mean value of this distribution can be
recorderd for future refer enstuatedogthelloweessi ng
right corner of the AFit Resul & $4cselestonr een .
factors. The mean values for the best fit distriutions are similarly recorded. The suitability

index is determined by summing the mean values of the weighted scores so far recorded.
This formula is applied to an empty cell in the Excel spiseeet. The resulted value is
designated as the simulation output by apft
@Risk menu. These steps are applied for all three PDS options. At the end of this
process, the PDS option with the highest output value mrded as the most suitable

project delivery system for the project in mind.

Weichted Score of Selection Factors attribi
1- @RISK - Fit Results W.V-C7-CMH

Fit Comparison for WV-C7-CMR(0O/G)
RiskBetaGeneral(1.2767,24.286,0,100)
16.92

Triang
Unifarm 54.0000

. Inipast

Minimum  0.0358
Maximum 16,92
Meaan LR

L 3 Sid Dev 357
@RISK Trial Version Vhes 18
ation Purposes Only

m— BzrzGanerzl

Minimum 0.00
Maximum 130,00
Mzzn 455
0.04 4 Std Dev 413

0.02 4

0.00

u

'Q)l Ilﬂlgl IE[E %l Jl Write To Cell | Close |

Figure 5.8he BestFit Ranking Results
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5.2.3 Measuring the Relative Importance Weight of Selection Factors
in the ConsensusBased Model

The steps outlined for obtaining the relative importance weights under theduadi
assessment method are applicable to the consbases approach in its entirety. They

are only distinguished in that instead of collecting individual response sets, a group
judgement is reached by the members of the deemmmking committee throuyg
communication and discussion. In this research, consensus was built through decision
conferencing. In the decision conference meeting, particpants were selected to represent
all the key concerns on the issue of pamtflict construction projects. The roposition

of the working group was the same as in the selection factor identification stage. The
breakdown of participants is similar to that shown in table 5.1. The session started off by
setting up a target and brainstorming the issue at hand. Next prdbess, a model was

built based on the participants judgements on the relative importance weights. To derive
these judgemetns, participants were referred to the questionnaire form that was designed
earlier for the individuabased assessment approache Tespondents were already
familiar with the questionnaire. This familiarity proved advantageous in deriving the
consensudased judgements. Particiapnts discussed the questinnaire in their working
group, one question at a time and moved on to the nedtign only after a consesnus
answer was reachebh the process leading to a consensus ansegeral revisions were

made to ensure that the results are reflective of the broader consensus. Lastly, the results

were summarized and recorded for the nekp.s
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5.2.4 Measuring the Relative Effectiveness Value of the PDS Optionas
the ConsensusBased Model

The process for measuring relative effectiveness values is entirely compatible with the
one applied under the individubhsed assessment. The safftectiveness Measure
Scale is used for the cosenfiased assessment. The modality of building consesus is
similar to that explained under sectoir2.8. Upon reaching consensus on the relative
importance weights, particiapnts were directed to replichéee Same procedure to
determine the effectiveness values of the PDS options relative to set of selection factors
defined for postonflict construction projects. Through decision conferencing, the
participants, tapped into their shared understanding of dibgsion problem and

deteremined the R.E.V of the PDS options through consensus.

5.2.5 Defining the Utility Factors Based on the Relative Effectiveness
Valuesin the ConsensusBased Model

The process of determining the relative effectiveness value is a préeetmidefining

the utility functions 6 the PDS optionsAlthough the proposed consendgssed model

can consolidate a suitability index on the basis of R..LW and R.E.V alone, this step is an
additional effort for transforming the relative effectiveneatugs into utility functions

and connecting the selection factors to the desirabiltiy of the PDS alternatives. The utility
functions provide a uniform scale to compare the level of attainment of the PDS options.

In this exercise, decision makers assignedhuaerical index to varying levels of
attainment for each PDS option based on the relative effectiveness values earlier assigned
through direct scoringT he uti |l ity functions are devel o]

technique. In this technique, the best and worst outcomes (PDS options) are identified
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based on their effectiveness score relative to each selection factor. The choice of the best
and the worsoutcome is governed by the lower and uppper limits of the EMS scale.
Therefore, a score of 100 sifjigs the best outcome whereth® score of 1 defines the

worst possible outcome. The range of 0 to 1 was selected to establish the utiliy value of
the wost and the best outcomes respectively. In the standard gambling method (Hatush
and Skitmore, 1998), the decision makers are offered two selection routes to determine

the utlity of the intermediate values. The decisoin makers can choose between the

3t

Cerdbmtiinono where a cert aipsliwatrantedma thevi t h

3t

Ri sk Optiondo where the decision maker |
a lottery. In this lottery the decision maker can either end up with the best outcome which
has the probability op or the worst outcome with the probability bdp. To determine
the utility of an intermediate score, the decision maker has to assume a value for the
indifference probability between the certain outcome route and 8@ 50ute dfered as
per the Risk Option for the worst and the best outcomes. The utility of the intermediate

values is then calculated based on the principles of expected valuequation 5.1.

Arriving at an idifference probabaility is a time consuming proceasitivolves a great
degree of subjectivity. Alternatively, in this research a linear interpolation method was
employed to determine the utility of intermediate values. This task was carried out with
relative ease due to the fact that respondentes wdradiesl to always include a best

and a worst oucome while assigining the relative effectiveness values to the PDS options.
Therefore, in the case of each selection factor, the three PDS options were scored in such

a way that there were always two outcometh respective scores of 1 and 100 and a

S

f
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third PDS option with an intermediate value scofiéherfore, for each selection factor,

the PDS option with the highest score was assigned the best utility of unity and the utility

p*(utility of the besibutcome) + (Ip)* (utility of the worst outcome) (5.1)

Decision Node

. \
{Chance Node |
\ !

" 7

\"\-\.

[

Figure 5.9 Visualization of the Standard Gambling Technique

of zero was reserved for the PDS option that was assigned a relative effectiveness value

of 1. The utility of he PDS with an intermediate score was then calculated through linear

interpolation. This linear interpolation is methematically descirbed in the following

equartion:

8-8p -9%po
9¢ 580 9

(5.2)



Where:

Y, is the utility value of the PDS option with the intermediate score,

Y, andY; represent the best and worst utility values respectively,

Xz represents the effective value score of the intermediate PDS option and,
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X1 andXs resepectively represent the effectiveness values for the best and the worst PDS options.

5.2.6 Execution of ConsensudBased Model

Thes u i
each selection factor. In other words, the aggregate score of each PDS is calculated by summing

multiplication results of their relative utility drthe relative importance weight for each selection factor.

tability

ndi

ces

of

t

he PDS

This process could be tabulated on an Excel spskadt as shown in tal#e3.

Table5.3 Tabulated Results of the Consen8ased Approach

opt.i

ons

ar

Corfsgé‘;fﬁse“ DBB (Option 1) DB (Option 2) CM-R (Option 3)

1 2 3 4 5 6 7 8 9 10

No| SF | RIW |REV|Utlity | Wiuji | REV | Utiity | Wi.Uji | RE.V | Utility WiUji
1 PC 0.1474 1 0 0 50 0.49 | 0.0722| 100 1 0.1474
2 | csu | 01474 | 1 0 0 | 100 | 1 |o01474] 60 | 059 0.0869
3| TQ | 01021 | 100 | 1 |o0.1021 0 0 | 70 | 069 0.0704
4 | CONF | 00256 | 100 | 1 | 0.0256 0 0 | 50 | 049 0.0125
5| COM | 00228 | 100 | 1 |0.0228 0 0 | 50 | 049 0.0111
6 | FLx | 00228 | 100 | 1 |0.0228 0 0 | 60 | 059 0.0134
71 RA | 00746 | 1 0 0 | 60 | 059 |00440] 100 | 1 0.0746
8| R 00746 | 100 | 1 |00746] 1 0 0 | 50 | 049 0.0365
9| sp | 00139 | 1 0 0 | 100 | 1 |00139 30 | 029 0.0040
10| AHC | 00139 | 100 | 1 |00139] 1 0 0 | 50 | 049 0.0068
11| CoN | 00122 | 1 0 0 | 100 | 1 |00122] 50 | 049 0.0059
12| scpl | 00374 | 1 0 0 | 100 | 1 |00374] 70 | 069 0.0258
13| AEC | 01990 | 1 0 0 | 100 | 1 |01990] 60 | 059 0.1174
14| ARM | 01057 | 1 0 0 | 100 | 1 |01057| 50 | 049 0.0518
x Wil = (R'l_\?\%ﬁmy) 0.26D 0.6321 0.6653

e

1
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As per tables.3, the suitability index of PDS option 1 is the sum product of columns 1
and 3. Similarly, the aggregate score of PDS option 2 is the sum product of columns 1
and 6 and for option 3, the suitabality index is the sum product of columns 1 and 9. The
PDS optimm with the highest suitability index is selected as the most suitable project

delivery system for the intended project.

5.3 Results from the Individual-Based Assessment Model

This model is built upomdividual assessment of the relative criteria weightsraladive
effectiveness value of the PDS optiode suitability indiceswere obtained viea
statistical aggregation methotihe relative importance weighof selection factors were
determinedhrough ANP.The suitability indexfor each PDS alternative was aggregated
via MonteCarlo simulation. The simulation is performed usinBal i sade 6 s
analysis software. Aggregation results collectively point out to CGRI as the most
suitable PDS option for both categories of the caisgysprojects. The second and third

most suitable option are DB and DBB for both project groups.

5.3.1 Health and Educational Buildings

Thefollowing results were obtained from the respondents who were inydlvedrying
degrees in the decision makjndesign, construction and monitoring of projects in the
health and educational building category. The geographic spread of these project is

outlined in table 4.1.

@R
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The relative importance weights have been obtainedpeddent from any particular

PDS. Hence, these importance weights could be applied to a wide range of pijects
postconflict construction program3.able 54 displays the relative importance weights of
the selection factors for health and educatidmaildings. These weights have been
generated via Super Decision software. The values listed in front of each selection fact
are in fact the final priority values resulting from construction of the ANP limit

supermatrix.Table 54 consists of 14 columns and 18 rows. Each column corresponds to

a selection factor and the rows contain the relative importance wegytecaled ¥ the

18 respondents.

Table 5.4Relativelmportance Weights of Selection Factors for Health and
Educational Buildings

Relative Importance Weight of Selection Criteria for Health and Educational Buildings

C1

C2

C3

C4

C5

C6

C7

C8

C9

C10

C11

C12

C13

C14

0.1848§

0.0601

0.0311

0.0293

0.0293

0.030(

0.1649

0.0521

0.0444

0.0945

0.0547

0.0518

0.1553

0.0173

0.1374

0.035(

0.0264

0.0227

0.0264

0.0228§

0.1925

0.0391

0.0475

0.0391

0.0331

0.227(

0.0751

0.0751

0.0377

0.0333

0.0148

0.0107

0.0208

0.0204

0.1201

0.0617

0.144(0

0.0334

0.034(0

0.3709

0.0506

0.0484

0.1484

0.1484

0.029(

0.0262

0.0393

0.023(

0.05%4

0.0526

0.2868

0.0151

0.0181

0.0122

0.0765

0.0684

0.1383

0.0434

0.0443

0.0483

0.0473

0.0568

0.0143

0.0759

0.1177

0.04849

0.0143

0.1121

1 0.0771

0.1614

0.2119

0.0428

0.0428

0.0408

0.0428

0.0479

0.0291

0.0214

0.0571

0.1029

0.1609

0.0389

0.0176

0.1434

0.0703

0.0961

0.0939

0.0824

0.0649

0.0621

0.1324

0.0604

0.159(¢

0.0383

0.0381

0.0669

0.0188

0.0154

0.135(

0.0411%

0.0411

0.135(

0.0357

0.0411

0.1304

0.0323

0.0397

0.0397

0.1304

0.0201

0.0933

0.0864

0.1743

0.0317

0.1743

0.0279

0.0317

0.027

0.0259

0.0703

0.1367

0.0079

0.025§

0.0242

0.1217

10.1217

W-10

0.2037

0.0568

0.0414

0.0344

0.0703

0.0414

0.1413

0.0468

0.0221

0.0269

0.1413

0.0159

0.0794

0.0794

W-11

0.147(¢

0.0391

0.1470

0.0300

0.0164

0.0233

0.1144

0.0216

0.0297

0.2575

0.0314

0.0154

0.0441]

0.0831

W-12

0.1183

0.0610

0.0243

0.0168

0.0987

0.0981

0.0283

0.0131

0.1196

0.1523

0.1633

0.0018

0.0953

0.008(

W-13

0.2169

0.0731

0.03371

0.0257

0.061(

0.0484

0.0331

0.0331

0.1518

0.0139

0.1518§

0.0096

0.0734

0.0734

W-14

0.1293

0.1293

0.0245

0.1293

0.0245

0.0208

0.052(

0.052(

0.010(

0.0187

0.0104

0.0431

0.2327

0.1234

W-15

0.077(

0.215(

0.0269

0.077(¢

0.0269

0.0161

0.095§

0.0343

0.0343

0.0178§

0.0178§

0.0511

0.155]

0.155]

W-16

0.0974

0.0974

0.0974

0.0974

0.0193

0.0193

0.0693

0.0693

0.024(

0.024¢

0.0129

0.0743

0.0743

0.2229

W-17

0.0627

0.115

0.1198§

0.0631

0.0308

0.0286

0.0881

0.0957

0.0214

0.1404

0.0878

0.0978

0.0244

0.0244

W-18

0.0261

0.0883

0.0483

0.0131

0.007%

0.017(

0.0774

0.0613

0.053(

0.1103

0.0638

0.0541

0.1988

0.1807
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The rows in the above table sum to unity. In other waddjng the values for,Go Cy4

yields the value of one for each responseset. BBilagd i sadeds @Ri sk anal
best fit distribution for the weight of each selection factor was determined. T&ble 5.
contains the mean values of the best fit distributions for each selection Tdee mean

values are used to indicate the relative average weight of the selection factors.

Table 5.5Average Relative Weights of Selection Factors for H/E Buildings

SF.|ClL|C2|C3|C4|C5]C6|Cr|C8|CY|Cl0|Cll|Cl2]|Cl3|Cl4
A.R.W|0.1281 0.0784 0.0592 0.0506 0.0384 0.3381 0.0861 0.0496 0.0837 0.0661 0.0661 0.0734 0.0924 0.0937

The ARW table for H/E buildings reveals that, @hich representgproject cost is the
most significant selection factor with thdatve average weight of 0.128fbllowed by
Ci4 that is availability of resources and material with the relative weight of 0.0932 and

C.3, availability of experienced contractors with the weight of 0.0924.

l. Relative Effectiveness Values

The relative effectiveness values were assigneahdiyidual respondents to ea&tDS
optionrelative tothe selection factor§able 5.6 contains the relative effectiveness values
that correspond to DBB As per the questionnaire guideline, the respondents were advised
to assign a value of 1 or 100 to PREernatives over the selection factors, respectively
denoting the least and the most effective PDS option. The intermediate PDS option was
expected to receive a value between 1 and 100 depending on its level of effectiveness in
meeting the performance nsesies of the selection factors. Table 5.7 demonstrates the

relative effectiveness values corresponding to DB.
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Table 5.6 Relative Effectiveness Values pertaining to DBB for H/E buildings

Relative Effectiveness Value for DBB- Health and Educational Buildings
Cl|C2|C3|C4|C5|C6|C7T|CB|CO |ClO|CIl|Cl2|Cl3|Cl4
V-DBB1| 100 1000 100 100 100 100 100 100 100 100 100 100 100 100
V-DBB2 1 1 100 1 1 1 1 100 1 100 1 1 1 1
V-DBB3| 80 1 1 1 1 1 800 100 100 80 1 1| 100 100
V-DBB4 1 70 80 1 1 100 100 100 500 70, 100 100 100 60
V-DBB5| 50 1 100 1 1 500 100 600 70| 40 40, 80 100 80
V-DBB6| 80 1 1 1 1 1 1 1 1 100 1 100 100 1
V-DBB7 1 1 1/ 100 100 100 1 100 100 100 1 1 1 1
V-DBB8| 70| 60 900 600 60 70 1] 100 1 70 1 60 90 70
V-DBB9 1 1 90 900 50, 100 1] 100 1] 100 1] 100 1 1
V-DBB10| 100 1] 100 100 1 1 1] 50 1 100 1 1 1
V-DBB11 80 1 1 1 90 1] 100 1 100 60 1 1
V-DBB12 1 1 1| 100 100 1] 100 1] 100 1 100 100 1
V-DBB13 1 1 8] 40 70 300 90 90 900 90| 90 60 90 90
V-DBB14 1 1] 100 100 100 100 1] 100 1] 100 1 1 1 1
V-DBB15 1 1 100 100 100 1 1] 100 1) 100 1 1 1
V-DBB16 1 1 100 100 80 1 1] 100 1 100 1 1 1
V-DBB17 1 1 100 100 100 1 1] 100 1 100 1 1 1 1
V-DBB18 60 1 1 1 70 1 1] 100 1 100 60 1 1 1

Table 5.8 reflects on the effectivenesdue of CMR relative to the project delivery
system selection factors in pasinflict health and educational building projects. A visual
investigation of the REV tables reveals that DBB is relatively a less attractive option as
compared to DB and CMR. However, DBB has relatively scored the highest over C
(Responsibility & Involvement) and¢( A g e n-Eouse apécity). These findings
are consistent with the properties of degigshbuild project delivery method. As for

DB, the highest score aretrédtuted from G (Construction Speed & Urgency),1C
(Constructability), and G (Availability of Resources & Material). These are due to the

inherent advantages of design build delivery method to fast track, allow for infusion of
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design knowledge with catruction expertise and its flexibility in early procurement of

material.

Table 5.7 Relative Effectiveness Values pertaining to DB for H/E
buildings

Relative Effectiveness Value for DB- Health and Educational Buildings

Cl | C2 | C3|C4|C5]C6 | C7 | C8 | C9O|ClO|Cl1l|Cl12]|Cl13]|Cl4

V-DBB1 700 100 100 100 100 100 90, 100 100 100 90, 100 90, 100
\V-DBB2| 100 100 1 100 100 90| 90 1] 100 1 100 100 100 100
V-DBB3 1 80 80 100 90 90 1 400 40 1 100 500 70| 50
V-DBB4 90 100 100 100 100 1 1 40, 100 1 1 1 1 100
V-DBB5| 100 70 1 80 100 1 1 1 1 1 90 100 1 100
\V-DBB6 1 80 700 8] 60 100 60, 90| 70 70| 70, 60| 70 100
V-DBB7| 100 100 100 1 1 1] 80 1 400 700 90| 80 100
V-DBB8 1 100 1 1 1] 100 90 100 1] 100 1 1] 100
V-DBB9 60 100 60 1 1 1 90 100 1] 100 1 100 100
V-DBB10 1 100 40 1 100 100 100 100 1 100 100 100 100
1
1

V-DBB11]] 1 100 100 100 1 100 100 100 100 100 100 100
V-DBB12) 100 100 100 1 1 100 100 100 100 1 1 100
V-DBB13] 100 100 80 40, 70 80, 90, 90, 70 80 80 60 100 90

[l 1 el el el el

V-DBB14 80 100 1 1 1 1 100 1] 100 1 100 100 60 100
V-DBB15 60 100 1 1 1 100 100 1] 100 1 100 80| 100 100
V-DBB16 90 100 1 1 1 100 100 1] 100 1 100 70] 100 100
V-DBB17] 60 100 1 1 1 100 100 1] 100 1 100 100 100 100
V-DBB1§ 1 100 100 100 1 100 100 1] 100 1 100 100 100 100

Table 5.8 reveals that GIR is a relatively more attractive option in terms of its
effectiveness to meet the performance measures of the selection facteRsisGidtably

more appealing due its ability to satisfy factorg C,, Gs, C;7, Co, Ci1 and Ga. This
conclusion is merely based on theshbeenmber
assigned with respect to a given selection factor. However, the choice of the most
appropriate PDS is governed by their suitability index which takes into account the
importance weights of the selection factors. This will be cross referenced with th

simulation results at a later stage to corroborate the relative suitability eR.CM
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Table 58 Relative Effectiveness Values pertainingXl-R for H/E
buildings

Relative Effectiveness Value for CMR- Health and Educational Buildings
Cl|C2|C3|C4|C5|C6 | C7|CB|CO9 |ClO|Cl1|Cl2]|C13|Cl4
V-DBB1| 100 700 90, 60 30 30 100 50, 200 20 100 90, 100 90
V-DBB2 900 90 200 80 90| 100 1000 70, 90, 60 80 8 70 80
\V-DBB3| 100 100 90, 100 100 100 100 1 1 100 100 100 1 1
V-DBB4| 100 1 1 70 600 60 70 1 1 100 700 70 30 1
V-DBB5 1 1000 700 1000 80| 1000 50 100 1000 100 100 1] 40 1
V-DBB6| 100 100 100 100 100 50f 100 100 100 1 100 1 1 60
V-DBB7 80 500 90 60 80 80 100 80| 30 1 100 100 100 60
V-DBB8| 100 1 100 100 100 1 100 80 90, 100 60, 100 100 1
\V-DBB9| 100 60| 100 1000 100 90 100 60 80, 80 80| 60, 80| 70
V-DBB10| 80 90 1 500 500 80 8 100 9 50 80 80 90| 90
\-DBB11] 100 90 90, 90, 100 80 90| 700 90 70, 90 80 80 90
\-DBB12| 700 80 80 8 8 70, 80 90 8] 600 8] 80 70 70
\-DBB13] 500 70 80 40 700 80 90| 90 700 70 70, 60 80 80
\-DBB14| 100 70 80, 80 90| 90, 90| 90, 60 80 90 40 100 60
\-DBB15| 100 80 900 60 90| 200 80 60 50 300 90 100 70, 80
\-DBB16| 100 90 700 90, 100 30, 90| 70, 80 400 90, 100 70, 80
\V-DBB17| 100 80 400 60, 60 60, 90| 60, 40, 60, 60 80 70 60
\-DBB18| 100 90 90, 70 100 80 80 700 8] 700 90 80 70 90

[I.  Suitability Index for DBB

The suitability index for each PDS determinedthroughsummation of their weighted
scorewith respect teeach selection factoAs earlier statedhe suitability indexs a sum
product function of the importance weights and effectiveness values of each PDS option
over the set of selection factorsThe mathenatical representation of this additive

aggregation model is stated in equation 3.1.
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Weighted Score of Selection Factors attributed to DBB- Health and Educational Buildings

W.V-C1

W.V-C2

W.V-C3

W.V-C4

W.V-C5

W.V-Co

W.V-C7

W.V-C8

W.V-C9

W.V-C10|W.V-C11

W.V-C12

W.V-C13

W.V-C14

R1

18.475

6.006

3.105

2.930

2.930

3.003

16.490

5.267

4.494

9.449

5422

5.176

15.528

1.725

R2

0.137

0.035

2.642

0.022

0.026

0.023

0.193

3.908

0.048

3.908

0.033

0.227

0.076

0.076

R3

2.974

0.033

0.015

0011

0.021

0.021

9.604

6.121

14.398

2.690

0.034

0.371

5.063

4.842

R4

0.148

10.385

2.321

0.026

0.039

2.302

5.537

5.259

14.342

1.058

1.866

1.223

7.650

4.105

RS

6.914

0.043

4.434

0.048

0.047

2.840

1434

4530

8.202

1.957

0573

8.964

7.769

12.929

R6

16.948

0.043

0.043

0.041

0.043

0.047

0.029

0.021

0.057

10.294

0.161

3.894

1.762

0.143

R7

0.070

0.097

0.094

8.239

6.448

6.210

0.132

6.036

15.898

3.848

0.038

0.067

0.019

0.016

R8

9.451

2468

3.701

8.101

2.110

2.879

0.130

3.229

0.039

2.743

0.130

1.206

8.396

6.063

R9

0.174

0.031

15.688

2.507

1.559

2.785

0.026

7.028

0.137

0.794

0.026

2424

0121

0121

R10

20.315

0.057

4.095

3437

0.070

0.041

0.141

2.342

0.023

2.654

0141

0.016

0.079

0.079

R11

11.757

0.039

0.147

0.030

1472

0.023

0.114

2.159

0.030

25.747

1.883

0.016

0.044

0.083

R12

0.118

0.061

0.024

1.676

9.875

0.099

0.028

1.370

0.120

15.225

0.163

0.179

9.527

0.008

R13

0.217

0.073

2.693

1.008

4.2170

1.468

3.030

3.030

13.661

1.251

13.661

0.578

6.605

6.605

R14

0.129

0.129

2449

12.934

2449

2.080

0.052

5.205

0.010

1.869

0.010

0.044

0.232

0.123

R15

0.077

0.215

2.655

7.698

2.655

0.016

0.096

3430

0.034

1779

0.018

0.052

0.155

0.155

R16

0.097

0.097

9.740

9.740

1.558

0.019

0.069

6.950

0.024

2403

0.013

0.074

0.074

0.223

R17

0.062

0.115

11.980

6.307

3.082

0.029

0.088

9.567

0.021

14.045

0.088

0.098

0.024

0.024

R18

1.568

0.088

0.048

0.013

0.504

0.017

0.077

6.129

0.053

11.028

3.829

0.055

0.199

0.181

 of
best-fit

4.895

1.130

3.618

3.510

2.162

1318

1.240

4.191

3.641

5.7%

1.290

1.095

2,632

1.989

Output (Agrregate Score)

38.505

Table5.9 contains the weighted scorestbé selection factors attributed to DBB for the

health and educational buildings. The entry in each cell is resulted from multiplication of

the selectiof act or 6 s

The aggregate score is thealculated by adding up the mean values of the best fit

wei ght

ti

me s

t

h e

effect

V e neE

distribution of the weighted scores across the 14 selection factors. As stated in the

overview, the suitability index resulted from the individbaked assessment model is

simulated using the @Risknalysis software trial version 5.7. By simulating the score

with an iteration of 1000. The probability distribution of the suitability index for DBB is

reflected in figure 5.10. The probability distribution indicates a value for the lower, the

mean and th upper limits of the suitability index.
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Probability Distribution of DBB Score for Health & Educational Buildings

97.5

DBB Score for
W

@RISK Trial Version Momem 51

. 121.98
For Evaluation Purposes Only Mean 3952

Std Dev 16.97
Values 1000

These values are as followsower limit: 5.11, Mean: 38.5, Upper limit: 121.98. The
mean value of therobability distribution is in fact the suitability index of the DBB
project delivery system for health and educational buildidder the Slvalues were
simulatedfor the otherPDS options, thewerecompared and the option with the highest
mean valuewas selected as the most suitable optidie bar chart in figure 50

demonstrates that the aggregate score range between 20 and 40 has the highest

probability density.



Table 5.10contains the weighted scores of the selection factors relative to DB for the
health and educational buildingBhe suitability index probability distribution graph is

displayed in figure 5.11. This graph is resulted by simulating the aggregate score of DB

Suitability Index for DB

for H/E buildings as the risk output in @Risk analysis software.
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Table 5.10Weighted Scores corresponding to DBHealthandEducational Buildings

Weighted Score of Selection Factors attributed to DB- Health and Educational Buildings

W.V-C1

W.V-C2

W.V-C3

W.V-C4

W.V-C5

W.V-Co

W.V-C7

W.V-C8

W.V-C9

W.V-C10

W.V-C11

W.V-C12

W.V-C13

W.V-C14

R1

12.933

6.006

3.105

2.930

2.930

3.003

14.841

5.267

4.494

9.449

4.880

5.176

13976

1.725

R2

13.742

3.497

0.026

2.224

2.642

2,051

17.329

0.039

4.754

0.039

3.310

22.703

7.568

7.568

R3

0.037

2.666

1.186

1.066

1871

1871

0.120

2448

5.759

0.034

3.399

18.526

3.544

2421

R4

13.353

14.836

2.902

2.624

3.928

0.023

0.055

2.104

28.684

0.015

0.019

0.012

0.076

6.842

RS

13.828

3.035

0.044

3.866

4.728

0.057

0.014

0.075

0.117

0.049

1.290

11.205

0.078

16.161

R6

0.212

3.425

2.997

3.265

2.569

4.748

1.743

1.930

3.996

7.206

11.263

2.336

1233

14.344

R7

7.049

9.671

9.395

0.082

0.064

0.062

10.590

0.060

0.159

1.539

2.666

6.022

1.505

1.587

R8

0.135

4113

0.041

0.135

0.035

4113

11.734

0.032

3.919

0.039

13.038

0.020

0.093

8.661

RY

10.459

3117

10.459

0.028

0.031

0.028

2.321

0.070

13674

0.008

2.583

0.024

12121

12121

R10

0.203

5,685

1.638

0.034

7.033

4.095

14.130

0.047

2.267

0.027

14.129

1.589

7.944

7.944

R11

0.147

3.909

14.696

2.995

0.016

2.328

11437

0.022

2.974

0.257

3.138

1.564

4.414

8.308

R12

11.831

6.096

2430

0.017

0.099

9.875

2.831

0.014

11.955

0.152

16.332

0.002

0.095

0.798

R13

21,688

7.313

2.693

1.008

4.2170

3.913

3.030

3.030

10.625

1112

12.143

0.578

7.338

6.605

R14

10.347

12.934

0.024

0.129

0.024

0.021

5.205

0.052

1.004

0.019

1.004

4.371

13935

12.340

R15

4.619

21495

0.027

0.077

0.027

1610

9.580

0.034

3430

0.018

1779

4.136

15510

15510

R16

8.766

9.740

0.097

0.097

0.019

1.948

6.950

0.069

2403

0.024

1.294

5.200

7428

22.287

R17

3.733

11545

0.120

0.063

0.031

2.865

8.807

0.096

2137

0.140

8.779

9.778

2444

2444

R18

0.026

8.826

4.831

1311

0.007

1.697

1.737

0.061

5.298

0.110

6.381

5472

19.885

18.072

it of
best-fit

7.090

1.684

3.122

1214

1.667

2439

6.930

0.859

6.032

1138

5915

5.351

6.462

9.143

Output (Agrregate Score)

65.045

According to the probability distributioshart in figure 5.11, the lower limit or the
minimum value of the aggregate score is 15.87. The upper limit or the maximum value
equals 172.47 and the mean value which is synonymous with the suitability index is

65.04. This value is the same as the oufpggregate score) calculated in table 5.10.
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Figure 5.11 also indicates that while 90% of the suitability indices fall between 33.5 and

106.6, the highest probability density pertains to the score range between 40 and 80.

Probability Distribution of DB Score for Health & Educational Buildings

33.5 106.6

5.0%

M 08 Score for H/E

@RISK Trial Version

. Maxmum  172.47
For EVallation Purposes Only ven 650t
Values 1000

Figure 5.11ProbabilityDistribution of DB suitability Index for H/E buildings
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V. Suitability Index for CM -R

Theweighted scores faCM-R in health and educational building projects are captured in
table 511. As the table demonstrates the suitability indexCM-R is 72.7 which is
significantly higher than that of DBB and DB for this category of buildinbse
probability distibution barchart resultedrom simulation of theCM-R aggregate score is
displayed in figure 32. The probability distributionindicates thathe lower and the
upperlimits of the suitability indexequalto 29.28 and 141.68respectively The mean
valueof the probability distribution whiclndicates the suitability index f@M-R equals

72.73

Table5.11 Weighted Scores corresponding@W®R in HealthandEducational Buildings

Weighted Score of Selection Factors attributed to CMR- Health and Educational Buildings
W.V-CL | W.V-C2 | W.V-C3 | W.V-C4 | W.V-C5 | W.V-C6 | W.V-C7 | W.V-C8 | W.V-C9 |W.V-CL10[W.V-C11|W.V-C12|W.V-C13|W.V-C14

R1 | 18.475| 4204 | 2.795 | 1.758 | 0.879 | 0.901 | 16.490| 2.634 | 0.899 | 1.890 | 5422 | 4.659 | 15.528| 1.553

R2 | 12.368| 3.147 | 0528 | 1.780 | 2.378 | 2.278 | 19.255| 2.736 | 4.279 | 2.345 | 2.648 | 18.162| 5.297 | 6.054

R3 | 3718 | 3.332 | 1.335 | 1.066 | 2.079 | 2.079 | 12.005]| 0.061 | 0.144 | 3.362 | 3.399 | 37.052| 0.051 | 0.048

R4 | 14.836| 0.148 | 0.029 | 1.837 | 2.357 | 1.381 | 3.876 | 0.053 | 0.287 | 1511 | 1.306 | 0.856 | 2.295 | 0.068

RS | 0.138 | 4.336 | 3.104 | 4833 | 3.782 | 5679 | 0.717 | 7.549 | 11.717| 4.893 | 1.434 | 0.112 | 3.108 | 0.162

R6 | 21.185| 4.281 | 4.281 | 4.081 | 4281 | 2.374 | 2.905 | 2.144 | 5709 | 0.103 | 16.091] 0.039 | 0.018 | 8.607

R7 | 5.640 | 4.835 | 8.455 | 4.943 | 5.159 | 4.968 | 13.238| 4.829 | 4.769 | 0.038 | 3.808 | 6.691 | 1.881 | 0.952

R8 | 13.501| 0.041 | 4.113 | 13.501| 3517 | 0.041 | 13.038| 2.584 | 3.527 | 3.919 | 7.823 | 2.010 | 9.329 | 0.087

R9 | 17.431| 1.870 | 17.431| 2.785 | 3.117 | 2.507 | 2.585 | 4.217 | 10.939| 0.636 | 2.067 | 1.455 | 9.697 | 8.485

R10 | 16.252| 5116 | 0.041 | 1718 | 3516 | 3.276 | 11.304| 4.685 | 2.040 | 1.327 | 11.303| 1.271 | 7.149 | 7.149

R11 | 14.696| 3.518 | 13.226| 2.696 | 1.636 | 1.862 | 10.293| 1.511 | 2.676 | 18.023| 2.824 | 1.251 | 3,531 | 7477

R12 | 8281 | 4877 | 1.944 ] 1.341 | 7.900 | 6912 | 2.265 | 1.233 | 9.564 | 9.135 | 13.065| 0.143 | 6.669 | 0.559

R13 | 10.844| 5.119 | 2.693 | 1.008 | 4.270 | 3913 | 3.030 | 3.030 | 10.625| 0.973 | 10.625| 0.578 | 5.871 | 5.871

R14 | 12.934] 9.054 | 1.959 | 10.347| 2.204 | 1.872 | 4.684 | 4.684 | 0.602 | 1.495 | 0.903 | 1.748 | 23.224| 7.404

R15| 7.698 | 17.196| 2.389 | 4.619 | 2.389 | 0.322 | 7.664 | 2.058 | 1.715 | 0.534 | 1.601 | 5.170 | 10.857 | 12.408

R16 | 9.740 | 8.766 | 6.818 | 8.766 | 1.948 | 0.584 | 6.255 | 4.865 | 1.922 | 0.961 | 1.165 | 7.429 | 5.200 | 17.829

R17 | 6.222 | 9.236 | 4.792 | 3784 | 1.849 | 1.719 | 7.926 | 5740 | 0.855 | 8.427 | 5267 | 7.822 | 1.711 | 1.467

R18 | 2.614 | 7.944 | 4348 | 0918 | 0.720 | 1.358 | 6.190 | 4.290 | 4.238 | 7.719 | 5.743 | 4.378 | 13.919| 16.264

wof | 10.745| 5344 | 4.441 | 4.002 | 2.999 | 2.441 | 7.960 | 3.249 | 4.236 | 3.749 | 5370 | 5.770 | 6.850 | 5.575
best-fit Output (Agrregate Score) 72.730
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Figure 512 alsoindicatesthat the 90% confidence interval of the probability distribution

accounts for the suitability indices ranging betwddn9 and 10.8. Yet, the highest

probability density pertains to the score range between 60 and 80.

Probability Distribution for CMR Score for Health & Educational Buildings

107.8
90.0% 5.0%

CMR Score for
Wye

@R.I-SK Trial Version

Minimum 29.98

. Maxi 141.68
For Evaluation Purposes Only e 7273
Std Dev 18.94
Values 1000

Figure 5.12Probability Distribution ofCMR suitability Index for H/E buildings
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5.3.2 Analysis of the Suitability Indices based on the Simulation
Resultsfor H/E Buildings

Upon completn of the simulationasuitability indexsummary trend is plotted he plot
demonstrates the trend tife suitability indices of the three PDS opti@swell aghe
probability of occurrencef a given Slover the range of output dataggregate sore)

This plot is a resourceful tool that could help the decision makers in identifying the most
suitable PDS option at a glandégure 513 shows the aggregate scaemmarytrend

for the PDSO scatiomal bhildirg projdcts.and e d

Score Summary Trend of the PDS Alternatives (Health & Educational Buildings)

@RISK Trial Version § 7150
For Evaluation Purposes Only Dev.

W 5% - 95%

10

DBB Score for H/E DB Score for H/E CMR Score for H/E

Figure 5.13 Summary Trend of the PDS Suitability Indices for H/E
buildings
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Figure 513 shows thaCM-R has a higher probability density compared to DB and DBB.
The narrow curve amidst the graph corresponds to the mean value of the suitability index.
The area immediately to the top and bottom of the average curve indicate the score range
with the highest mbability. The very outer laysrof the graph indicate the lower and
upper limits of the probability distribution of the suitability indic8he final results

reveal thalCM-R, with the suitability index of 72.73, outperforms DB and DBB with the

suitability indices of 65.04 and 38.5 respectively.

5.3.3 Sensitivity Analysis of theSuitability Indices for H/E Buildings

The sensitivity analysis was performed to determine the level of impact of each selection

factor on the aggregate sco(suitability index). This task was facilitated by the

DBB Score for Health & Educational Buildings

Regression - Mapped Values

Wv-C1-DBB
Wv-Co-DBB
WV-C10-DBB
Wv-C4-DBB
Wv-C3-DBB
WV-C13-DBB 4.13

WV-C8-DBB L7 290 [l
rsion

FOREVallateh Purposes Only

WV-C14-DBB

Wv-C5-DBB 2.96

Wv-Co-DBB

WV-C11-DBB

Wv-C7-DBB

Wv-C2-DBB

WV-C12-DBB

-

DBB Score for H/E

Figure 5.14 Sensitivity Analysis of DBB Sl for Hhtlildings
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Regression MappeWalue Graph command in @Risk software. The resulted tornado
graphs exhibit how much a change in an input (weighted score of the selection factors)
can affect the bottorine output (the suitability index)'he X axis of the tornado graphs
indicates the amaint of change in the suitability index due to a +1 standard deviation

change in each input.

Figure 514 illustrates the regression pyaed value tornado graph fttre DBB score The
graph has alseankedthe selection factors in descendingrder based on their level of

impact on thesuitability index of DBB.

Table 512 Ranking of Selection Factors based on their Impact on the S| of DBB

(H/E Buildings)

Selection Factors Effect on DBB Suitability Index for H/E Buildings

Rank SelectionFactor Change du
1 Project Cost (© 7.55
2 Scope Definition (©) 6.86
3 A g e n ¢ ynause Capacity (o) 5.94
4 Confidentiality (G) 5.53
5 Turnover Quality (@) 4.99
6 Availability of ExperiencedContractorgCi3) 413
7 ResponsibilityandInvolvement (G) 3.90
8 Availability of ResourcesindMaterial (G) 3.43
9 Complexity (G) 2.96
10 Flexibility (Cs) 2.77
11 Constructability (Gy) 2.24
12 Risk Allocation (G) 1.99
13 Construction Speed and Urgency) C 1.99
14 Security ConstraintandPolitical Impact (Gy) 1.70
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According to the analysis results,; (project cost) has the highest impact on the
suitability index of DBB option. This is followed byg¢Gscope definition) and
( a g e n ehgudescapacity). The lgetion factors with the least impact are identified as
Cy (risk allocation), G (construction speed & urgency) and,@security constraint &

political impact). Table 5.12 shows the ranking of the entire set of selection factors.

DB Score for Health & Educational Buildings

Regression - Mapped Values

WV-C1-DB

Wv-C7-DB

Wv-C13-DB

Dataset 1

Wv-C14-DB

WV-C9-DB

WV-C11-DB

WV-C3-DB

WV-C2-DB

WV-C6-DB

WV-C5-DB

WV-C10-DB

WV-C4-DB

WV-C8-DB

- n

DB Score for H/E

Figure 515 Sensitivity Analysis of DB Sfor H/E buildings
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Figure 515 illustrates the sensitivity analysis graph tbe DB suitability index The
descending rank order of the selectiaators reveals th&; (project cost) has the highest
impact on the suitabilityndex of DB option. This is followed by (risk allocatior) and
Cy3 (availability of experienced contractprd he selection factors with the least impacts
are Cio (a g e n c hause capacily C; ( confidentiality and G ( responsibility &
involvemenj. The selection factor ranking is provided in tablel®. The selection

f a c tefbect sndSldecreasérom top to bottom.

Table 513 Ranking of Selection Factors based on their Impact on the
Sl of DB (H/E Buildings)

Selection Factors Effect orSuitability Index of DB for H/E Buildings

Rank Selection Factor Change du
1 Project Cost (© 9.08
2 Risk Allocation (G) 7.67
3 Availability of Experienced Contractors {§ 7.65
4 Security ConstraintandPolitical Impact (Gy) 7.62
5 Availability of ResourcesindMaterial (G4) 6.81
6 Scope Definition (©) 6.06
7 Constructability (G,) 5.79
8 Turnover Quality (G) 4.61
9 Construction Speed and Urgency)C 4.50
10 Flexibility (Ce) 3.13
11 Complexity (G) 275
12 A g e n c nause Capacity (f) 2.03
13 Confidentiality (G) 167
14 ResponsibilityandInvolvement (G) 1.38
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CMR Score for Health & Educational Buildings

Regression - Mapped Values

WV-C1-CMR
WV-C12-CMR
WV-C13-CMR
WV-C14-CMR

WV-C7-CMR

WV-C3-CMR

WV-C2-CMR

WV-C11-CMR

WV-C10-CMR

WV-C9-CMR

WV-C4-CMR

WV-C8-CMR

WV-C6-CMR

WV-C5-CMR

CMR Score for H/E

Figure5.16 Sensitivity Analysis oCM-R S| for H/E buildings

Theresults ofsensitivity analysi®n the suitability index ofCM-R reveal that € (project
cost), G2 (security constraints &political impac) and Gz (availability of experienced
contractor$ have the highest effect on the value of Bbreover,selection factorsuch
as Cg (responsibility &involvement), G( flexibility) and G (complexity) have the least
effect on the suitability index dEM-R in health and educational building construction
projects. The tornado chart in figurel6.displays the sensitivity analysis results
pertaining toCM-R. Table 514 shows the ranking of selection factdrased on the
amount of change they inflict on the suitability ©M-R in the present category of

project due to a +1 variation of standard deviation.
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Table 514 Ranking of Selection Factors basadtheir Impact on the
S| of CM-R (H/E Buildings)

Selection Factors Effect orSuitability Index of CM-R for H/E Buildings

Rank Selection Factor Change due tot+ 1

Project Cost (© 7.66
2 Security ConstraintandPolitical Impact (Gy) 7.32
3 Availability of Experienced Contractors {£} 7.16
4 Availability of ResourcesindMaterial (Ga) 6.81
5 Risk Allocation (C7) 5.50
6 Turnover Quality (@) 4.80
7 Construction Speed and Urgency)C 4.80
8 Constructability (G) 423

Table 5.8 Continued

9 A g e n c ynause Capacity () 4.20
10 Scope Definition (©) 4.07
11 Confidentiality (G) 3.04
12 ResponsibilityandInvolvement (G) 282
13 Flexibility (Ce) 2.09
14 Complexity (G) 1.69

5.3.4 Office and Government Buildings

The results here forth stated pertain to the categdrgffice and government building
projects in postonflict Afghanistan. Detailson the location and the quantity of these

projects areutlined in table 4.1.

l. Relative Importance Weights

Table 5.15exhibits the relative importance weights of the selection factors for office and

government buildings. The modality of extracting thesights and the properties of the



132

table presentedbelow are identical to those stated under the health and educational

buildings category

Table 5.5 contains the mean values of the best fit distributions for each of the 14
selection factorsThe mearvalues are used to indicate the relative average weight of the
selection factors. Theest fit distributions and their mean values were obtained through

@Risk analysis software.

Table 515 Relative Importance Weights of Selection FactorsXs Buildings

Relative Importance Weight of Selection Criteria for Office and Government Buildings

Cl | C2| C3 | C4]C5 | C6 | C7T | C8B | CO|ClojcCI1|Cl2|C13] C14

W-1 | 0.0321 0.1144 0.0604 0.0611 0.0611 0.0709 0.0573 0.0300 0.1557 0.15571 0.013§ 0.0804 0.0804 0.026§

W-2 | 0.062§ 0.062§ 0.1212 0.0097 0.0094 0.0093 0.155( 0.0181 0.0353 0.037( 0.0193 0.3504 0.0664 0.044(

W-3 | 0.0524 0.0083 0.0523 0.0273 0.0525 0.0773 0.035§ 0.169] 0.0134 0.0861 0.0469 0.220( 0.1169 0.0414

W-4 | 0.055( 0.0061 0.0192 0.0066 0.0153 0.0254 0.0900 0.017§ 0.0185 0.253§ 0.0189 0.0279 0.223( 0.223(

W-5 | 0.2049 0.0587 0.0559 0.07171 0.0369 0.0309 0.0181 0.052§ 0.1004 0.185(Q 0.056§ 0.0183 0.0549 0.0549

W-6 | 0.0864 0.0866 0.0200 0.0277 0.0250 0.0213 0.018( 0.018Q 0.055§ 0.1189 0.055§ 0.0432 0.1364 0.287]

W-7 | 0.053( 0.0085 0.1037 0.0071 0.025§ 0.0089 0.0508 0.1975 0.0172 0.1513 0.0124 0.283Q 0.0404 0.0404

W-8 | 0.0334 0.0335 0.067Q 0.1341 0.016§ 0.1341 0.0634 0.0317 0.0633 0.1909 0.0317 0.033§ 0.0779 0.088%

W-9 | 0.0131 0.0631 0.0422 0.0224 0.0037 0.0037 0.0281 0.1634 0.0942 0.1634 0.011§ 0.030Q 0.1807 0.1807

W-10 | 0.022( 0.0437 0.0868 0.0053 0.0053 0.0053 0.188Q 0.0340 0.034Q 0.0201 0.0940 0.3461 0.0571 0.0571

W-11 | 0.17971 0.017§ 0.169] 0.0174 0.0264 0.034Q 0.1053 0.021Q 0.0079 0.0244 0.0079 0.0229 0.183( 0.183(

W-12 | 0.0534 0.0107 0.1135 0.0102 0.0102 0.0103 0.0827 0.1563 0.0269 0.0899 0.0129 0.3087 0.0383 0.077(

W-13 | 0.0313 0.1375 0.1991 0.0139 0.0670 0.0104 0.0291 0.1564 0.0129 0.14471 0.0864 0.072( 0.0259 0.013f

W-14 | 0.0543 0.0173 0.1257 0.0884 0.1643 0.0166 0.0679 0.016§ 0.0679 0.016§ 0.2353 0.0096 0.076( 0.042§

W-15| 0.0454 0.1370 0.1558 0.0134 0.0145 0.0133 0.0477 0.007Q 0.104Q 0.0371 0.0449 0.0283 0.1269 0.2244

W-16 | 0.0339 0.0335 0.067Q 0.1341 0.016§ 0.1341 0.063 0.0317 0.0633 0.1909 0.0314 0.0327 0.0594 0.1079

W-17] 0.090Q 0.0664 0.0323 0.017( 0.032§ 0.027§ 0.018Q 0.0180 0.0818 0.0939 0.0553 0.035Q 0.1553 0.276]

W-18 | 0.0149 0.0034 0.006Q 0.0497 0.0494 0.0053 0.035§ 0.1713 0.0159 0.1994 0.035§ 0.3304 0.0434 0.0399

Judgingby the average weights from table &.%election factoCy, (security constraint
& political impact) is the mostsignificant factorwith the relative average weight of
0.1268, followed by Go( a g e n ehguéesapacity)with the relative weight 00.1188

and G4 (availability of resources & material) with the ARW of 0.1118.
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These values reveal that the priority of selection factors in this category of buildings is
slightly different than the health and educational building category. In the latter group,
the three most significant selection factors were, in order of signitcal; (project

cost), G4 (availability of resources & material), 1€ (availability of experienced

contractors).

Table5.16 Average Relative Weights of Selection FactorsQdéG
Buildings

SF.] Cl | C2|C3|C4|C5]C6|Cr | C8 | CY9|CL0|Cll|Cli2] Cl3| Cl4

A.R.W| 0.0623 0.0503 0.082§ 0.0400 0.0354 0.0357 0.0644 0.0729 0.053§ 0.118§ 0.0490 0.126§ 0.0969 0.111§

. Relative Effectiveness Values

Table 517 demonstratethe relative effectiveness valuesrresponding to DBB for O/G

building categoryThe visual investigt i on of t he RewedléthatDBB t ab | «
has received relatively low scores with respect to most selection factors with the
exception of @ (responsibility & involvement) and & (availability of inhouse

capacity). These obsations are in line with the characteristics of the debigrouild

project delivery system. DBB requiresaximal retention of responsibility by the agency

and would subsequently call for a wetunded capacity on the part of the agency
(project owner). Table 5 Bdemonstrates the RIVG6s for DB
category. The visual inspection of table 5.18 reveals that DB has scored relatively higher

than DBB with respect to the majority of the selection factors, particularly with regards to

C. (constructiorspeed & urgency), z(constructability) C3(availability of experienced

contractors) and £ (availability of resources & material).
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Relative Effectiveness Value for DBB- Office and Government Buildings
Cl | C2 | C3 | C4 [ C5 | C6 | C7 | C8B | C9 |Ci0|C11|C12| Cl13 | C14
V-DBB1 1 1] 100 100 1000 100 1] 100 1 100 1 1 1 90
V-DBB2 70 1| 100 1 1 600 100 100 80 90 1 700 100 60
V-DBB3 1 1 1 1 80 100 1 1 1 1 1 1 1 1
V-DBB4 70, 1] 100 100 100 100 1] 100 1] 100 100 1000 100 1
V-DBB5 90 1] 100 70 1] 100 1 1] 100 1 80 1 1 1
V-DBB6 100 1] 100 80 1 1 1 90, 100 100 100 70 1 1
V-DBB7 1 1 1 1 1 1 1] 100 1] 100 1] 100 100 1
V-DBB8 90 1 1 1 1 1] 100 1 1] 100 60 1 1 1
V-DBB9 30 1] 100 1] 100 80 100 100 1] 100 100 1 1 1
V-DBB10 1 1 90, 100 100 100 1 1 1 1 1 1 1 1
V-DBB11| 1 1 100 100 100 1 1 100 1 100 1 1 1 1
V-DBB12 30 1 100 1 100 60 1] 100 60f 700 100 70| 100 60
V-DBB13 1 80 1 1 1 1 1 1 1 100 50, 100 1 1
V-DBB14 1 80 1 100 1 10 1 1 100 90 1 70 90| 100
V-DBB15 1 100 100 100 1 100 100 100 1 100 80 1 1] 100
V-DBB16 1 40 1 1 1 1 1] 100 100 100 1 1 1 1
V-DBB17| 1 50, 100 80 1 1 1] 100 1] 100 1 1 1 1
V-DBB18 1 1 80 90 1 80) 90| 100 1 90 1 100 90 100
Table 5.18RelativeEffectivenesd/alues pertaining to DB for O/G buildings
Relative Effectiveness Value for DB- Office and Government Buildings
Cl | C2 | C3|C4|C5|Ch|[C7T | CB|CO9 |Cl0of|cCc11]|c1r2]|cC13]|cCcr4
V-DBB1 80| 100 1 1 1 1] 100 1] 100 1] 100 80| 100 90
V-DBB2 100 70 1 80| 100 1 1 1 1 1 90, 100 1] 100
V-DBB3 90| 100 100 100 1 1] 100 100 100 100 90 100 90| 100
V-DBB4 1] 100 1 1 1 1 90 1 70 70 70, 60 70, 100
V-DBB5 1] 100 1 1] 100 1 90 90 1] 100 100 100 100 100
V-DBB6 1 90 1 1 100 90 80 100 1 90 90 90| 100 100
V-DBB7 80 90 80 80 600 100 100 1 70 70 70 70 60| 100
V-DBB8 80 90 900 100 90 100 1 100 100 1 100 100 90| 100
V-DBB9| 100 50 1 60 1 1 1 1| 100 1 900 100 100 100
V-DBB10| 50 100 1 1 1 1] 100 100 100 100 90 100 90, 100
V-DBB11 80| 100 1 1 1] 100 100 1 100 1 100 90 100 100
V-DBB12| 100 90 1 50 1 1] 100 1 1 1 90| 100 1 100
V-DBB13 50 1 100 70 80 100 500 100 100 1 1 1 100 100
V-DBB14 700 100 90 90, 100 90 90 100 90, 100 90| 100 1 1
V-DBB15| 100 1 1 1] 100 1 1 1] 100 10 1 90| 100 1
V-DBB16 80 1 90| 100 90| 100 100 1 1 1 600 100 90 100
V-DBB17 80 1 1 1] 100 90, 100 1] 100 1 90, 100 100 80
V-DBB18§ 90 100 1 1 90 1] 100 1] 100 1 90 80 1 1
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Theseobservationsare attributed to the fact that DB allows for fast tracking of the
construction operation. The success of a DB&ivery systemis contingent upon
availability of seasoned contractors. Also, given the possibility of phased construction,
early procurement fomaterial is a concern, therefore availability of material and
resources shod be taken into consideration before committing to adeBvery system
Table5.Dcaptures t he RI VO slticapparers fsom ¢ahlel5.16 that t o
CM-R has receive better ratings compared to the other optiofer office and
government building project¥.et again the final decision is governed by the suitability

indices derived based on the aggregation of the weighted scores.

Table 5.1%Relative Effectiveness Values pertaining®lIR for O/G buildings

Relative Effectiveness Value for CMR- Office and Government Buildings

Cl|C2|C3|C4|C5|C6|Cr|CB|CO|ClojcCii|cCi2|C13]|Cl4

V-DBB1| 100 900 600 40 700 80 90| 60, 90 70, 100 100 80, 80

V-DBB2 1 100 700 1000 80 100 500 50, 100 100 100 1 80 1

V-DBB3| 100 900 900 500 1000 40, 900 30 70 40 100 60f 100 90

V-DBB4| 100 900 900 90| 90 80 100 70 100 1] 100 1 1 80

V-DBB5 90 900 900 1000 90, 90, 100 100 90, 90, 90] 90, 90, 90

V-DBB6 900 900 900 100 90 100 90 1 90 1 100 100 90 90

V-DBB7| 100 100 100 1000 1000 700 90| 80, 100 1] 100 1 1 70

V-DBB8 1 900 100 80 1000 90, 80 9 80 90 90| 85 100 90

V-DBB9 1 100 900 1000 80 100 90| 70p 50 60, 1000 200 90, 80

V-DBB10] 1000 900 100 80 90, 50, 90| 40, 40, 40 100 80, 100 80

V-DBB11] 1000 700 83 70 50 300 90| 30 70 40 90| 100 80, 80

V-DBB12 1 100 90 100 80 1000 500 30, 100 100 100 1 40 1

V-DBB13] 100 100 80 1000 1000 50, 100 50, 80, 60, 1000 90, 90 90

V-DBB14 100 1 110 1 900 100 100 90 1 1] 100 1 100 90

V-DBB15 90 100 900 60 600 200 500 50, 90, 40 100 100 80 70

V-DBB16| 100 100 100 80 1000 90, 80| 90 80 80 100 80, 100 90

V-DBB17] 100 100 90] 1000 90 100 90 90 90, 900 100 90, 90 100

V-DBB18 100 90 100 100 100 100 1 800 900 100 100 11 80 90

C
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Il Suitability Index for DBB

Table 520 contains the weighted scores of the selection factors attributed to DBB for the
office and government buildings. The aggregatere wascalculated by summing the
averagevaluesfrom the best fit distribution of the weighted scorEgyure 517 exhibits

the probability distribution of the DBB suitability index as determined through simulation
of the aggregate score. Tipeobability distribution indicatesa lower limit of 7.67, a
Meanof 44.22 and anpper limit: 14098. The mean value of the probability distribution

is in effed the suitability index of the DBB project delivery system fidfice and
governmentbuildings. The chart in figur®.17 demonstrates that the aggregate score

range betweeB0 and50 has the highest probability density.

Table 520 Weighted Scores corresponding to DBEOffice and Governmeruildings

Weighted Score of Selection Factors attributed to DBB- Office and Government Buildings
W.V-CL | W.V-C2 | W.V-C3 | W.V-C4 | W.V-C5 | W.V-C6 | W.V-CT | W.V-C8 | W.V-C9 |W.V-C10|W.V-C11|W.V-C12|W.V-C13|W.V-C14

R1 | 0032 | 0.114 | 6.057 | 6.112 | 6.112 | 7.086 | 0.057 | 3.003 | 0.156 | 15.566| 0.014 | 0.080 | 0.080 | 2.411

R2 | 4398 | 0.063 | 12.119] 0.009 | 0.009 | 0.553 | 15.503| 1.809 | 2.839 | 3.333 | 0.019 | 24.526| 6.639 | 2.642

R3 | 0.053 | 0.008 | 0.053 ] 0.027 | 4201 | 7.730 | 0.036 | 0.169 | 0.013 | 0.086 | 0.047 | 0.220 | 0.117 | 0.041

R4 | 3.848 | 0.006 | 1.924 | 0.661 | 1.529 | 2.539 | 0.090 | 1.778 | 0.018 | 25.377| 1.848 | 2.788 | 22.301| 0.223

RS | 18.445] 0.058 | 5590 | 5.016 | 0.037 | 3.054 | 0.019 | 0.053 | 10.042] 0.185 | 4.544 | 0.018 | 0.055 | 0.055

R6 | 8.659 | 0.087 | 1.996 | 2.177 | 0.025 | 0.021 | 0.018 | 1.624 | 5584 | 11.889| 5.584 | 3.022 | 0.136 | 0.287

R7 | 0.053 | 0.008 | 0.104 | 0.008 | 0.026 | 0.008 | 0.051 | 19.751| 0.017 | 15.132| 0.012 | 28.304 | 4.043 | 0.040

R8 | 3.017 | 0.034 | 0.067 | 0.134 ] 0.017 | 0.134 | 6.349 | 0.032 | 0.063 | 19.048| 1.905 | 0.034 | 0.077 | 0.089

R9 | 0393 | 0.063 | 4216 | 0.022 | 0.367 | 0.294 | 2.870 | 16.342| 0.094 | 16.342| 1.177 | 0.030 | 0.180 | 0.180

R10 | 0.022 | 0.044 | 7.808 | 0.529 | 0.529 | 0.529 | 0.188 | 0.034 | 0.034 | 0.020 | 0.094 | 0.346 | 0.058 | 0.058

R11| 0.180 | 0.018 | 16.910| 1.740 | 2.643 | 0.034 | 0.105 | 2.099 | 0.008 | 2.455 | 0.008 | 0.023 | 0.183 | 0.183

R12 | 1.601 | 0.010 | 11.351| 0.010 | 1.019 | 0.611 | 0.083 | 15.626| 1.614 | 6.293 | 1.289 | 21.571| 3.852 | 4.623

R13| 0.031 | 11.004| 0.199 | 0.014 | 0.067 | 0.010 | 0.029 | 0.156 | 0.013 | 14.475] 4.333 | 7.204 | 0.026 | 0.014

R14 | 0.054 | 1.380 | 0.126 | 8.859 | 0.164 | 0.166 | 0.068 | 0.017 | 6.791 | 1.514 | 0.235 | 0.675 | 6.838 | 4.278

R15| 0.045 | 13.701] 15.577| 1.348 | 0.015 | 1.334 | 4724 | 0.702 | 0.104 | 3.773 | 3.594 | 0.028 | 0.126 | 22.460

R16 | 0.034 | 1.341 | 0.067 | 0.134 | 0.017 | 0.134 | 0.063 | 3.175 | 6.349 | 19.048] 0.032 | 0.033 | 0.059 | 0.108

R17 | 0.090 | 3.337 | 3.234 | 1.359 | 0.033 | 0.028 | 0.018 | 1.796 | 0.082 | 9.387 | 0.055 | 0.035 | 0.155 | 0.276

R18 | 0.015 | 0.003 | 0.482 | 4.425 | 0.049 | 0.438 | 3.219 | 17.128] 0.016 | 17.946| 0.036 | 33.045| 3.908 | 3.992

pof | 2300 | 1.755 | 4.797 | 1.798 | 0.938 | 1.376 | 1.878 | 4.704 | 1.867 | 9.691 | 1.370 | 6.601 | 2.756 | 2.398
best-fit Output (Agrregate Score) 44.229
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Figure 517 Probability Distribution of BB suitability Index forO/G buildings

V. Suitability Index for DB

Table 5.21 contains theeighted scores of the selection factors relative to DB for the
office and government buildings. Figurel8.depicts the suitability index probability
distribution graph. The graph is resulted by simulating the aggregate score of DB for O/G
buildings as aisk output in @Risk analysis software. As per figure 5.18, the minimum
value assumed for the aggregate score is 8.10. The maximum value equals 157.13 and the

mean value that represents the suitability index is 62.36. The distribution mean value is
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the sane as the output (aggregate score) calculated in table 5.21. According to figure
5.18, while 90% of the suitability indices fall between 29.4 and 102.4, the highest

probability density pertains to the score range between 40 and 80.

Table 521 Weighted $ores corresponding to DB @ffice and Governmerguildings

Weighted Score of Selection Factors attributed to DB- Office and Government Buildings
W.V-CL |W.V-C2 |W.V-C3 | W.V-C4 | W.V-C5 | W.V-C6 | W.V-CT | W.V-C8 | W.V-C9 |W.V-C10JW.V-C11|W.V-C12|W.V-C13|W.V-C14

Rl | 2.571 | 11.419] 0.061 | 0.061 | 0.061 | 0.071 | 5.734 | 0.030 | 15.566 | 0.156 | 1.381 | 6.429 | 8.036 | 2.411

R2 | 6.283 | 4398 | 0.121 | 0.737 | 0.922 | 0.009 | 0.155 | 0.018 | 0.035 | 0.037 | 1.716 | 35.037| 0.066 | 4.403

R3 | 4726 | 0.828 | 5251 | 2.715 | 0.053 | 0.077 | 3582 | 16.914| 1.339 | 8.608 | 4.222 | 22.005| 10.523 | 4.141

R4 | 0.055 | 0.607 | 0.019 | 0.007 | 0.015 | 0.025 | 8.103 | 0.018 | 1.293 | 17.764 | 1.293 | 1.673 | 15.611 | 22.301

RS | 0.205 | 5.815 | 0.056 | 0.072 | 3.693 | 0.031 | 1.686 | 4.751 | 0.100 | 18.505| 5.679 | 1.830 | 5.489 | 5.489

R6 | 0.087 | 7.793 | 0.020 | 0.027 | 2.499 | 1.919 | 1.444 | 1.805 | 0.056 | 10.700| 5.026 | 3.886 | 13.637 | 28.711

R7T | 4242 | 0.764 | 8.294 | 0.613 | 1.546 | 0.849 | 5.081 | 0.198 | 1.202 | 10.593 | 0.852 | 19.813| 2.426 | 4.043

R8 | 2.682 | 3.017 | 6.034 | 13410| 1.509 | 13.410| 0.063 | 3.175 | 6.349 | 0.190 | 3.175 | 3.384 | 6.975 | 8.866

R9 | 1.310 | 3.156 | 0.042 | 1.342 | 0.004 | 0.004 | 0.029 | 0.163 | 9.422 | 0.163 | 1.059 | 3.003 | 18.018 | 18.018

R10 | 1.098 | 4.370 | 0.087 | 0.005 | 0.005 | 0.005 | 18.804| 3.401 | 3.401 | 2.012 | 8.462 | 34.615| 5.192 | 5.769

R11 | 14.373] 1.785 | 0.169 | 0.017 | 0.026 | 3.401 | 10.532| 0.021 | 0.790 | 0.025 | 0.790 | 2.059 | 18.301| 18.301

R12 | 5338 | 0.917 | 0.114 | 0.509 | 0.010 | 0.010 | 8.272 | 0.156 | 0.027 | 0.090 | 1.160 | 30.816| 0.039 | 7.704

R13 | 1.565 | 0.138 | 19.909| 0.976 | 5.361 | 1.036 | 1.455 | 15.619| 1.292 | 0.145 | 0.087 | 0.072 | 2.552 | 1.356

R14 | 3.798 | 1.726 | 11.311] 7.973 | 16.430| 1.492 | 6.112 | 1.682 | 6.112 | 1.682 | 21.192| 0.964 | 0.076 | 0.043

R15 | 4.544 | 0.137 | 0.156 | 0.013 | 1.450 | 0.013 | 0.047 | 0.007 | 10.398| 0.377 | 0.045 | 2.564 | 12.648| 0.225

R16 | 2.682 | 0.034 | 6.034 | 13.410| 1.509 | 13.410| 6.349 | 0.032 | 0.063 | 0.190 | 1.905 | 3.268 | 5.345 | 10.792

R17 | 7.202 | 0.067 | 0.032 | 0.017 | 3.278 | 2.502 | 1.796 | 0.018 | 8.176 | 0.094 | 4.962 | 3.503 | 15.550 | 22.091

R18 | 1.339 | 0.340 | 0.006 | 0.049 | 4.425 | 0.005 | 3.577 | 0.171 | 1.591 | 0.199 | 3.219 | 26.436| 0.043 | 0.040

wof | 3.549 | 2.623 | 3.177 | 2.335 | 2.375 | 2.130 | 4547 | 2.688 | 3.697 | 3.949 | 3718 | 11.145]| 7.513 | 8.921
best-it Output (Agrregate Score) 62.366




139

Probability Distribution of DB Score for Office & Government Buildings

102.4
90.0% 5.0%

DB Score for
Ho

@RISK Trial Version o 5.0

. 157.13
For Evaiuation Purposes Only e 8%

Std Dev 22.86
Values 1000

Figure 518 Probability Distribution of DB suitability Index for O/G
buildings

V. Suitability Index for CM -R

The weighted scores f@M-R in office andgovernmenbuilding projects ar@resented

in table 522. The average value of the aggregate score probability distribution which
representshie suitability index ofCM-R reads ag'1.31 which is significantly highethan

DBB and DB for this category of building§he suitability index probability distribution

bar chart is illustrated in figure . The chart indicates that the lower and the upper

limits of the suitability index equal #2.45and155.30respectively.
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Table 5.22Neighted Scores corresponding@W®R in Office andGovernment Buildings

Weighted Score of Selection Factors attributed to CMR- Office and Government Bildings
W.V-CL | W.V-C2 | W.V-C3 | W.V-C4 | W.V-C5 | W.V-C6 | W.V-CT | W.V-C8 | W.V-C9 |W.V-CL0|W.V-CLL\W.V-CL2|W.V-CL3|W.V-C14
RL | 3.214 | 10.277| 3.634 | 2.445 | 4278 | 5669 | 5.161 | 1.802 | 14.009 | 10.896 | 1.381 | 8.036 | 6.429 | 2.143
R2 | 0.063 | 6.283 | 8.483 | 0922 | 0.737 | 0.922 | 7.751 | 0.904 | 3549 | 3.704 | 1.907 | 0.350 | 5.311 | 0.044
R3 | 5251 | 0.746 | 4726 | 1.358 | 5251 | 3.092 | 3.224 | 5.074 | 0938 | 3.443 | 4.691 | 13.203 | 11.692| 3.727
R4 | 5497 | 0546 | 1.732 | 0595 | 1.376 | 2.031 | 9.003 | 1.245 | 1.848 | 0.254 | 1.848 | 0.028 | 0.223 | 17.841
RS | 18.445| 5234 | 5031 | 7.166 | 3.324 | 2.749 | 1874 | 5.279 | 9.038 | 16.654| 5.111 | 1.647 | 4.940 | 4.940
R6 | 7.793 | 7.793 | 1.797 | 2.721 | 2249 | 2132 | 1.624 | 0.018 | 5026 | 0.119 | 5584 | 4.318 | 12.273| 25.840
R7 | 5303 | 0.849 | 10.368| 0.766 | 2.576 | 0.594 | 4573 | 15.801| 1718 | 0.151 | 1.217 | 0.283 | 0.040 | 2.830
R8 | 0.034 | 3017 | 6.705 | 10.728| 1676 | 12.069| 5.079 | 2.857 | 5.079 | 17.143| 2.857 | 2.876 | 7.750 | 7.980
RO | 0013 ] 6.312 | 3.795 | 2.236 | 0.294 | 0.367 | 2.583 | 11.440| 4711 | 9.805 | 1.177 | 0.601 | 16.216| 14.414
R10 | 2.196 | 3.933 | 8.675| 0423 | 0476 | 0.264 | 16.924| 1.360 | 1.360 | 0.805 | 9.402 | 27.692| 5.769 | 4.615
RI1| 17.966| 1.249 | 13528| 1218 | 1.321 | 1.020 | 9.479 | 0.630 | 0.553 | 0.982 | 0.711 | 2.288 | 14.641| 14.641
R12 | 0.053 | 1.019 | 10.216] 1.019 | 0.815 | 1.019 | 4136 | 4.688 | 2.689 | 8.989 | 1289 | 0.308 | 1.541 | 0.077
R13 | 3.130 | 13.755] 15.927| 1.394 | 6.701 | 0518 | 2.911 | 7.810 | 1.033 | 8.685 | 8.667 | 6.483 | 2.296 | 1.220
R14 | 5426 | 0017 | 13.824| 0.089 | 14.787| 1.658 | 6.791 | 1514 | 0.068 | 0.017 | 23.547| 0.010 | 7.597 | 3851
R15 | 4.090 | 13.701] 14.019| 0.809 | 0.870 | 0.267 | 2.362 | 0.351 | 9.359 | 1509 | 4.493 | 2.849 | 10.118 | 15.722
R16 | 3.352 | 3.352 | 6.705 | 10.728| 1.676 | 12.069| 5079 | 2.857 | 5.079 | 15.238] 3.175 | 2.615 | 5.939 | 9.713
RI7 | 9.002 | 6.674 | 2911 | 1.699 | 2.950 | 2.780 | 1.616 | 1.616 | 7.358 | 8.448 | 5513 | 3.152 | 13.995| 27.613
RI8 | 1487 | 0.306 | 0.602 | 4.916 | 4916 | 0.548 | 0.036 | 13.702 | 1.432 | 19.940| 3577 | 0.330 | 3.473 | 3593
wof | 5.046 | 4681 | 7.339 | 2.859 | 3.146 | 2.787 | 4994 | 4377 | 4.148 | 6.849 | 4850 | 4.340 | 7.113 | 8.785
bestit Output (Agrregate Score) 71.313

Figure 519 alsoindicates that the 90% confidence interval of the probability distribution
accounts for the suitability indices ranging betwe8r8 4nd 1®.5. However, the score

range between 50 and 80 has the highest probability density.
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Figure 5.8 Probability Distribution of DB suitability Index for O/G
buildings

5.3.5 Analysis of the Suitability Indices based on the Simulation Results
for O/G Buildings

The suitability index summary trendn figure 520 demonstratesiow the aggregate
scores are plotted across the three PDS optidrie figure indicateshat CM-R has a
higher probability density compared to DB and DBB. The narrow curvibBe middle
section of the graph trendlse mean value of the suitability indekhis curve signifies
the suitability indices of the three options and could be used for visual demonstration of

the most suitable PDS optioA.comparison of the suitability indisereveal thaCM-R
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with the SI of 71.31 outrank€DB and DBB with the suitability indices @&2.36 and

44 .22respectively.

Score Summary Trend of PDS Alternatives for Office & Government Buildings

_— Mean

@RISK Trial Version g 15
For Evaluation Purposes Only .

W 5% - 95%

ev.

10

DBB Score for O/G DB Score for 0/G CM-R Score O/G

Figure 520 Summary Trend of the PDS Suitability Indices @G
buildings
5.3.6 Sensitivity Analysis of theSuitability Indices for O/G buildings

The sensitivity anal ysi s resul ts all ow

characteristics. Similar to the results reported under the H/E building category, sensitivity



143

analysis was performed on the suitability indices of Bi#S options to provide the

decision makers with an opportunity to gain a better insight into the significance of the

DBB Score for Office & Government Buildings

Regression - Mapped Values

WV-C12-DBB(0/G)
WV-C10-DBB(0/G)
WV-C8-DBB(0/G)
WV-C3-DBB(0/G)
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WV-C14-DBB(0/G)
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WV-C7-DBB(0/G)

WV-C9-DBB(0/G)

WV-C4-DBB(0/G)

WV-C11-DBB(0/G)

WV-06-DBB(0/G)

WV-C5-DBB(0/G)

©

DBB Score for O/G

Figure 5.21Sensitivity Analysis oDBB SI for O/Gbuildings

selection factors with respect to each PDS option in the case of afftcgovernmet
building projects. Figure 5.2depicts the sensitivity results pertaining to DBB.this
chart the selection factors are ranke@ descending order based on their level of impact
on the suitability index of DBBThe results reveal thatCi, (security constraint &
political impac) has themost significant factor in determinindpe suitability index of

DBB. Second most significant factor @ (a g € n c-kodse capaci)yfollowed by Cg
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(responsibility & involvement The selection factorgast affecting the Sre identified

as G (risk allocation), G ( flexibility) and G ( complexity. Table 523 presentshe
ranking of the entirgelection factors with respect to the suitability index of DBB in O/G
building projectsThe sensitivity analysis resuksrongly corroborate witthe realities of

the construction projects in pesbnflict. As an examplein O/G building projed, more
significance is attached selection factoC;, (security constraint & political impactiue

to the fact that construction of office and government buildings has direct implications on

the stability of the government, democratization process and security.

Table 523 Ranking of Selection Factors based on their Impact on the
S| of DBB (O/G Buildings)

Selection Factors Effect on DBB Suitability Index forO/G Buildings

Rank Selection Factor Change due to +1
1 Security ConstraintandPolitical Impact (G,) 11.27
2 A g e n c ynause Capacity (f) 10.66
3 ResponsibilityandInvolvement (G) 6.88
4 Turnover Quality (G) 6.46
5 Availability of Experienced Contractors {£§} 452
6 Project Cost (© 4.00
7 Availability of ResourcesindMaterial (G4) 3.90
8 Construction Speed and Urgency)C 3.39
9 Risk Allocation (G) 3.31
10 Scope Definition (©) 3.29
11 Confidentiality (G) 292
12 Constructability (Gy) 2.21
13 Flexibility (Cg) 2.16
14 Complexity (G) 155
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Analysis of DB Score for Office & Government Buildings
Regression - Mapped Values
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Figure 5.22Sensitivity Analysis of DB SI for O/G buildings

Figure 522 displaysthe sensitivity analysis gragbr DB. Therankingof the selection
factors reveals that,, (security constraint & political impachas the highest impact on
the suitability index of DB. This is followed by {(availability of resources & material)
and Cy3 (availability of experienced contractors). The selection factors with the least
impactsare C5(complexity), G (projectcost) and @ (constructionspeed & urgency).

Table 5.2 presents the ranking dié¢ selection factor rankirig a descending order
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Table 5.2 Ranking of Selection Factors based on their Impact on the
Sl of DB (O/G Buildings)

Selection Factors Effect orBuitability Index of DB for O/G Buildings

Rank Selection Factor Change du
1 Security ConstraintandPolitical Impact (G,) 12.07
2 Availability of ResourcesindMaterial (Ga) 10.05
3 Availability of Experienced Contractors {£§} 8.99
4 A g e n ¢ ynause Capacity (f) 6.21
5 Turnover Quality (G) 5.55
6 Risk Allocation (G) 5.53
7 ScopeDefinition (Cy) 5.04
8 ResponsibilityandInvolvement (G) 4.66
9 Confidentiality (G) 4.11
10 Constructability (Gy) 4.09
11 Flexibility (Ce) 4.01
12 Complexity (G) 3.86
13 Project Cost (© 3.64
14 Construction Speed and Urgency)C 3.17

For CM-R, the sensitivity analysis results (figure 5.23) indicate that the selection factors
with- the highest effect are;g{availability of resources & material),;6(availability of
in-house capacityand Gz (availability of experiencedcontractory. Onthe other hand,
selection factors £(flexibility), C4 (confidentiality) and G (complexity) have the least
impact on the suitability index of CIR in office and government building construction
projects. Table 5.25 displays the ranking of selection fadtased on their impact on the

suitability of CM-R in office and government building projects.
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Figure 5.23Sensitivity Analysis ofCMR Sl for O/G buildings
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Table 5.5 Ranking of Selection Factors based on their Impact on the
Sl of CM-R (O/G Buildings)

Selection Factors Effect orCM-R Suitability Index for O/G Buildings

Rank Selection Factor Change du
1 Availability of ResourcesindMaterial (Gy) 9.31
2 A g e n ¢ ynduse Capacity (f) 8.32
3 Availability of ExperiencedContractors (&) 6.51
4 Project Cost (© 6.34
5 Security ConstraintandPolitical Impact (Gy) 5.81
6 Turnover Quality (G) 5.11
7 Construction Speed and Urgency)C 5.07
8 ResponsibilityandInvolvement (@) 4.74
9 Risk Allocation (G) 4.22
10 Constructability (Gy) 4.08
11 Scope Definition (©) 3.84
12 Flexibility (Ce) 292
13 Confidentiality (G) 287
14 Complexity (G) 2.79

5.4 Comparison of the Results between H/E and O/G

buildings
The suitability indices of the PDS options a@mpared between the two categories of
building types. This information is presented in table65&s the table demonstrates,
CM-R is the most suitable PDS option for both project types. DB is the second most

suitable while DBB has received the leastathility score.



Table 5.5 Comparison of the PDS Suitability Indices for GiedH/E building

types
Rank PDS Option Sl for H/E buildings Sl for O/G
1 CM-R 72.73 71.31
2 DB 65.04 62.36
3 DBB 38.50 44.22

Table 5.7 provides a comparative view of the most dhd least effective selection

factors with respect to each PDS option for the two categories of case study projects.

Table 5.7 Comparison of th&11 SelectionFactor Nexus

Health and Educational Office and Government
DBB
= g PC (Cy) SCPI(Cyo) % =
S g SD (&) AIHC (Cyo) 2 2
w AIHC (Cyy) RI (Cg) ®
5 £ RA (C)) CON (Cya) LU
§ 8 CSU(Cy) FLX (Ce) é %
W SCPI(C1) COM (Cs) @
DB
= g PC(C)) SCPI(Cy) g =
S g RA (Cy) ARM (Ci4) 2 2
L AEC (Cya) AEC (Cya) ®
o g AIHC (Cy9) COM (Cs) m
& 8 CONF(Cy) PC(Cy) é 2
- RI(Ce) CSUCy) ®
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Table 5.7 Continued

Health and Educational Office and Government
CM-R

= 2 PC (G) ARM(C14) LU
g 8 SCPI (G>) AIHC (C19) S 3
< ~—

w AEC (Cp) AEC (Cypy) ®
g 2 RI (Co) FLX (Co) 0
3 8 FLX (Co) CON (G) S
9 < —

t COM (Gs) COM (G) @

5.5 Results from theConsensusBased Assessment Model

The consensubased assessment model relies on aggregation of judgements furnished by
the panel of experts. This method is advantageous in that it guards against personal
biases. Also, the resultdeterminedthrough this m#hod are quite versatile since they
reflect on the collective judgements aflarger, more diverse pool of respondents. The
following section elaborates on the outcome of applying the consbasad model. The

data was collected from the same sample @djmud as in the individudbased model.

This model was conducted after completion of the formerdel; therefore the
respondents were already familiar with the process. This proved very instrumental in
procurement of data and consensus building. The seheltein recorded pertain to a
larger group of building projects and is applicable to the both categufrid/E and O/G
buildings This is partly due to the fact thiéie sample population was a conglomerate of
practitioners from both categories of theseatudy projects who shared similar concerns

and experience with respect to poshflict rehabilitation endeavours.
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5.5.1 Relative Importance Weights

Table 5.8 displays the importance weights of the selection faatoraputedthrough
ANP. Thevalues contained in this table are derived from the ANP comparison matrices.
These matrices were constructed based on the group consensus judgements on the

relative importace of the selection factors.

Table 5.28 Consensigased Relative Importance Weights

Consensus-Based Group Respon

A visual inspection of the relative importance weights revealssilattion factor ¢
(availability of experienced contractorsas received the highest importance weight.
Selection factors ¢€(project cost)and G (constructionspeed & urgencyhave jointly

receivedthe secondhighest importance weight, closely followed by (Scope definitioh
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and Go( a g e n ehguSexapdcity) in the fourth place. Given that the importance
weights are determined irregpwe of any particular project, it may be surmised that
availability of experienced contractors in peshflict Afghanistan is a major concern

considered by majority of decision makers.

5.5.2 Relative Effectiveness Values

The consensudasedrelative effectiveness values of the PDS options are presented in
table 5.B. These values have been determined through consensus agciordine
procedures described in sectior2.8 Table 5.29 also contains the utility values of the
PDS options relative to each selection factor. The methodology for obtaining the utility

values has been expressed in full details earlier in this chapter (5.2.5)

Table 5.2%ConsensusBased Relative Effectiveness/ Utility Values

PDS Options
DEB DB CM-R

Effectiveness . Effectiveness Effectiveness

Utility

Value Value Value

50 100
100

[y

Lo T e ) e ) e T N e T I e e T N (N il I e ) ]
el el e e b= L= I E=R E =0 = =
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The utility values sugge that on average basGM-R has received higher effectiveness

value. DB and DBB are respectively second and third in terms of their average

effectiveness value.

5.5.3 ConsensusBased suitability Indices of the PD3ptions

In the consensdisased model, the suitability indices are determined based on an additive

aggregation modellhe suitability indices are in effect, tlseam product function of the

utility valuesand the relatve importance weights of theelection facta. Table 530

displays the agggation process and the suitabilitglices of the three PDS options.

Table 5.30 Aggregatioaf the Suitability Indices for the PDS Options

PDS Qptions

Group Response DBB DB CM-R
No. | SF |R.L.W|R.E.V| Uty [W(c).U(ac)W(c).V(ac)| R.E.V| Utity |W(ci).U(ac)\W(c).V(ac)| R.E.V| Utity |W(ci).U(ac)|W(c).V(ac)
1 |PC|01474 1 | O 0 0147 | 50 | 049| 0072 | 73718 [ 100 | 1 | 0147 | 1474
2 |CU (01474 1 | 0 0 0147 | 100 | 1 | 0147 | 147436 | 60 | 059 | 0.087 8.846
3 | TQ [01024 00| 1 | 0102 | 120210 [ 1 | O 0 01021 | 70 [ 069| 0.070 7147
4 |CONF|0.025§ 100 | 1 | 0.026 255 | 1| 0 0 0.0256 | 50 | 049| 0013 1.282
5 |COM|00229 100 | 1 | 0023 2285 | 1| 0 0 00229 | 50 | 049| 001 1143
6 | FLX [00229 100 | 1 | 0.023 2285 | 1| O 0 0.0229 | 60 | 059| 0013 1.371
7 | RA|00747 1 | 0 0 0075 | 60 | 059 0044 | 44809 [ 00| 1 | 0075 7.468
8 | RI |00747 00| 1 | 0075 7468 | 1| 0 0 0.0747 | 50 | 049| 0.037 3734
9 | SD|00139 1 | 0 0 0014 | 100 1 | 0014 | 13930 | 30 | 029| 0.004 0418
10 |AHC|0.0139 100 | 1 | 0.014 133 [ 1] 0 0 0.0139 | 50 | 049 | 0.007 0.697
11 |CONJ0.0122 1 | O 0 0012 | 100 1 | 0012 | 12228 | 50 | 049 | 0.006 0.611
12 |SCPIj0.0375 1 | O 0 0037 | 100 1 | 0037 | 37457 | 70 | 0.69 | 0.026 2.622
13 |AEC|01990 1 | 0 0 0199 | 100 1 | 0199 | 199017 | 60 | 059 | 0117 | 11.941
14 |ARM 02050 1 | O 0 0106 | 100 | 1 | 0106 | 105745 | 50 | 049 | 0.052 5.287

x Wil Score 0262 | 26.945 0632 | 63.696 0.665 | 67.312
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5.5.4 Analysis of theConsensusBasedSuitability Indices

The bottom lineresultsin table5.30 indicatethe aggregate score$ each PDS optian
The results showthat CM-R (SI= 0.66) outperforms DB (SI= Bp and DBB (0.26).
Therefore based on the input provided by the respondents, the corsassdanodel
distinguishes CMR as the most suitable projectlidery system in post conflict

construction projects in Afghanistan.

5.6 Comparison of the Oucomes of the Two Models and

Testing
The results under each of the proposed models are compared to corroborate the outcomes
and establislhat these decision todd could be appliedbeyondthe perimeter formed by
the casestudy project. The proposed models were also subjected to testing to confirm
their utility and applicability. A fraction of the sample population was asked to apply the
proposed models to a number of upcoming projects. This was aimed at confirming the
utility of the modés by comparing the choice of PDS suggested by the models to the ones
intuitively favoured by the respondents prior to their engagement in this exercise. The

testing result indicated a 100% match.

5.7 Results Summary

Table 531 provides a comparative view tfe suitability indicegathered from the two
models proposed in this research. As the results show, both models have flagged CM

as the most suitable project delivery system.
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S| from the Individual -Based
Assessment Model

S| from the ConsensusBased
Assessment Model

PDS Health and Office and Based on Based on
Options Educational Government Utility Value
Buildings Buildings Functions Functions
DB 65.04 62.36 0.63 63.69
CM-R 72.73 71.31 0.66 67.31
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CHAPTER VI

CONCLUSIONS AND RECOMMENDATIONS

6.1 Summary and Conclusions

Studies show that the choice of project delivery systemaha#ect impact on the
outcome of the projeciThe literature revieweveals thathere has beeno structured
framework designed fothe selectionof project deliverysystems inpostconflict
construction projectsA careful review of the construction efforts in pasiflict
indicates that decisions aremerely based uponpreconceived advantages and
disadvantages of each PDS.nrany cases, project owners and development agencies
resort to informal procedures in selecting a project delivery approach. There is an
oversimplification of the decision making process in such @ that conclusions are
often drawnin absence of careful review, without consideration of alternativedl the
determinant factors.

The overall objective of this research wasdevelopa well-roundedframework for
rational and structured selectiafi the most suitable project delivery system in post
conflict construction projectsThis objective wassecured through establishing a
customized methodology for identifying the most pertinent selection factors in post
conflict projects and prioritizinghem in relatiorto the properties of the applicable PDS
options. As a resuylta multi criteria decision making model was designed to help
development agencias choosingthe project delivery system that is best suttetheir

projects on the basis of peat objectives, priorities andpecific agency and location
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conditions Themodel development wasursued through aggregating the preferences of
a broad sample of experienced practitiortereugh survey and structured interviews.
The results of this resrch weresufficient to warranthe conclusion that:

1 Theresults obtained from execution of theo proposed models armanimous
and consistent,

1 The proposed models are effective in securing objective;imfelimed decisions
concerning®DS selection,

T The methodol ogy employed in this resear
understating of the multi criteria decision making problem,

1 The proposed methodology, emphasiaasonsideration of the selection factors
and their relation with the PDS optios ©o garner a logical solutiofor PDS
selection,

1 CM-R is a comparativelymore attractive PDS option for constructicof
healtheducational and office/government projects in fmustflict Afghanistan.

1 DB is more accommodating than DB8r constructionof heath/educational and
office/government projects in pespnflict Afghanistan.

1 Project cost, security constraints and political impact and availability of
experienced contractors are the three most significant selection factors affecting
the suitability inde»of CM-R in H/E building projects.

1 Availability of resourceandmat er i al ,-hoasg @pacity @nd availability
of experienced contractors are the factors with highest impact on the suitability

index of CMR for O/G building projects.
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1 Application of the individuabased model will enable decision makers to gain a

better insight into the level of importance their selection criteria.

6.2 Contributions

The novelty of this research lies in its innovative approach in bringing some dedgree o
objectivity to an otherwise subjective area of construction managem&nhé most
considerable contribution of this research is the simplgicsophisticatednethodology
devised to select a suitable PDS in pamtflict construction projects. Otherrdabutions

could be categorized as follows:

1 Developing a methadogy for identification of the most pertinent selection

factors in postonflict construction projects.

1 Developing a list of most important selection factors in qoosiflict construction
projects andlefining their performance measures

1 Developing an innovativenixed-method approachto determinethe suitability
indices of the PDS options.

1 Ranking theselection factors for the two categories of case study projects based

on their influence on the suitability indices of the PDS options.
91 Provision of twoproject delivery system selection models based on a unique

quantification approach.

6.3 Limitations

This researchwas developed to address a basic yet fundamental gap Htquoktt

construction projects. However, the model was designed using the data collected from
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postconflict practitioners in Afghanistan alone. The sample population who participated
in this research was not randomly selected. However,diherse backgroundand
extensive experience of theparticipants in conjunction with their sizable number

minimized the impact of biased outcomes.

Also, the data collected in this research only cgpoad to two categories of buildings
and does not cover major capital projects. As such, the applicability of the model to

certain infrastructures is subject to testing.

Moreover, in the ANP model, assumptions were made in determining the dependence
betweenselection factors. Thassumption was such that only the main criteria were
deemeds interdependent. In other words, only the top level criteria were assumed to be
dependent and the dependencies between the selection factecsiteria) were taken

out of consideration. This assumption was made only to facilitate execution of the ANP

model and to avert confusion and frustration on the part of respondents.

6.4 Recommendationdor Future Research

The PDS selection modelsgposed in this research have the potential of being adopted
as standard practice tools ke development agencies violved in postconflict
rehabilitation in AfghanistanThe following recommendations aneadeto improve the

present work and also to buibsh its potentials for future research:

Areas of Improvement:

1 To fully exploit the potentials of the ANP modessumption of dependence

amongst the subriteria within and beyond eadubcriteria clustershould be
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incorporated this will enhance the quality of judgmentn the relative

importance weghts of the selection factors,

Othermethods of quantification can be used to obtaerilative effectiveness
values,

In the consensuBased model, the utility values were detmed via lirear

interpolation; this could be revised in the future through applicationthed

standardyamblirg technique as explainedchapterV.

Extension of Current Work:

1

1

The models should be further developed and extended to suit the particular
conditions ofother postconflict countries,

It is also recommended to customize the models to meet the requirements of
construction efforts in disaster relief projects by identifying disaster relief specific
selection facta,

As discussed in chapter I, the PDftions selected for evaluation in this research
are mainly suited for public funded construction projects. The proposed models
could be modified to accommodate other types of project delivery system

particularly those that accommodate pupiczate partrership.
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APPENDIX |

SURVEY QUESTIONNAIRE



GUIDELINE FOR COMPLETING QUESTIONNAIRE PART I: SELECTING RELATIVE EFFECTIVENESS VALUES OF PDS ALTERNATIVES

Introduction: The thrust of this exercise is to determine the performance (attainment) level of cach project delivery system alternative on the
measurement attributes of the Selection Factors (SF). Respondents are encouraged to refer to this guideline for better understanding of the
properties and attributes of the Project Delivery System (PDS) alternatives. Also, the tables illustrated in this guideline should be referred to for
information concerning the measurement attributes of each selection factor.

Instructions for completing the questionnaire: Respondents should select the appropriate value from the Effectiveness Measure Scale (EMS)
depicted on the questionnaire, and assign it to each project delivery system, relative to other PDS alternatives on the basis of its effectiveness in
meeting the measurement attributes of the selection factors. In conferring the relative effectiveness values, respondents should bear in mind the
question that “how effective/appropriate is the PDS option under consideration, relative to other alternatives, in terms of achieving or satisfying
the selection factor?”

The Effectiveness Measure Scale ranges from 1 to 100. As such, the most effective/appropriate PDS option compared to others in satisfying the
selection factor should receive a score of 100 and the least effective/appropriate PDS option a score of 1. The PDS option that falls between the
most and least effective should be assigned a score that reflects its relative effectiveness.

Respondents should not have any reservation in assigning the highest or the lowest score to a PDS option. It is to say that, for instance, the score of
“100” should not be reserved for the absolute best performance imaginable, but assigned to the PDS option that is most satisfactory between the
PDS altematives that are being examined. Similarly, the score “1” should not be kept for worst performance possible, but for the least satisfactory
performance among PDS options that are being evaluated. Respondents should also refrain from assigning duplicate scores to the PDS options
being evaluated over the same factor in the same set of comparison.

Table 1. Description of PDS Alternatives

Project Delivery System alternatives in brief
Design-Bid-Build is marked by sequential sequencing of design and construction. Agency enters into contract separately with
designer and constructor
Design-Build is recognized by overlapped sequencing of construction. Procurement commence during design. Agency deals
with a single point of contract (design build contractor).
Construction Manager af Risk entails overlapped sequencing of design and construction. Procurement begins during design.
CM-R Agency contracts separately with designer and CM (at risk). It helps by supplementing in-house staff and saving time by fast
tracking construction. The performance risk is transferred to CM.

DBB

DB




Table2. Description of Project Delivery System Selection Factors

Factor No. Selection Factors (SF) Description Measurement Attributes
. Diges R BERLRN MRS 4 ﬁrm [k .before. MY | Effectiveness  of delivery  system  in
1 Project Cost commitment is made and is completion within .
— Py iy A controlling cost growth.
2 original budget critical to project success?
< How important is early project completion to your
E 2 Construction Speed and Urgency agency and is completion within schedule critical to | Securing the shortest reasonable schedule.
= project success?
A : 3 .
; Effectiveness of delivery system in ease of
= 3
8 3 Turnover Quality What lonel BF men-avsr qualtiy does your sgeney start-up, reducing number of call backs, and
= seek to secure? : . .
E lowering the operation and maintenance costs.
= o Mow GEGEl B WG soumdsanalty  of Effectiveness of de_hvery system in prot;ctmg
) 4 Confidentiality p : s 5 the secrecy of projects and other proprictary
= project/engineering details to your agency?
= matters.
=) Is your project’s design non-conventional, highly | Effectiveness of delivery in effective
- ; specialized and technologically advanced or is the | orchestration and management of non-
o 5 Com plexity . - . . . . . .
E construction complex, innovative and non- | conventional  project  design/engincering
b standard? and/or construction.
=) —
*g Does vour ageney ant1c1.pate an above.normal l.evel Delivery system  ability to  smoothly
= e of change in the execution of the project and if so | . .
6 Flexibility ; . ; ; incorporate changes to the project scope
how important is it to retain the authority to effect : < ; :
. . during detailed design and construction.
change after cost estimate commitments are made?
To what extent does yvour agency want to limit the | Delivery system effectiveness in dividing and
7 Risk Allocation amount of speculative cost, time and design | transferring risk between different project
P liability? parties.
= To what extent does your agency wish to maintain | Effectiveness of  delivery system in
= . . . . \ .
%% 8 Responsibility & Invelvemen: control. and exert influence over project des1gr} and ficcommodatmg. agency’s dGS{re for
a2 exccution and/or prefer direct professional | involvement in managing design and
§ g responsibility? construction.
- “E Availability and/or necessity of developing well | Flexibility of delivery system in efficiently
§ =¥ 9 Scope Definition defined project features by the award of the design | using poorly defined scope before the award
z and/or construction contract? of design and/or construction.
= To what extent is your agency dependant on outside | Delivery system effectiveness to promote
10 Agency’s in-house Capacity aggistance & does it have the wherewithal to get | agency’s involvement in detailed design and
involved in detailed design and construction? construction commensurate with its capacity.
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