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Abstract: Whole life costing (WLC) has become besactice in construction
procurement and it is likely to be a major issugiadicting whole life costs of a
construction project accurately. However, differexpectations from different
organisations throughout a project’s life and #heklof data, monitoring targets, and
long-term interest for many key players are obstatd be overcome if WLC is to be
implemented. A questionnaire survey was undertakemvestigate a set of ten
common factors and 188 individual factors. Theseewgrouped into eight critical
categories (project scope, time, cost, qualitytremt/administration, human resource,
risk, and health & safety) by project phase, asgieed by the clients, contractors
and sub-contractors in order to identify criticalcsess factors for whole life
performance assessment. Using a relative importambex, the top ten critical

factors for each category, from the perspectivprofect participants, were analysed



and ranked. Their agreement on those categoriedaators were analysed using
Spearman’s rank correlation. All participants idgrifType of Project” as the most
common critical factor in the eight categories WELPA. Using the relative index
ranking technique and weighted average methodagstfound that the most critical
individual factors in each category were: "Clarity Contract" (Scope); "Fixed
Construction Period" (Time); "Precise Project Budgstimate" (Cost); "Material
Quality" (Quality); "Mutual/trusting Relationships"(Contract/Administration);
"Leadership/Team Management” (Human Resource), ‘adnagement of Work
Safety on Site" (Health and Safetyhere was relatively a high agreement on these
categories amongst all participants. Obviouslyhw80 critical factors of WLPA,
there is a stronger positive relationship betwekenic and contactor rather than
contractor and sub-contractor, client and sub-eatr. Putting these critical factors
into a criteria matrix can facilitate an initialainework of whole life performance
assessment in order to aid decision making in th#ig sector in South Korea for

evaluation/selection process of a constructiongatagt the bid stage.
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Introduction

The concept of whole life costing (WLC) is not neWLC has been used as a tool
since the 1960s (Bartlett et al. 2001) and it hexemtly become best practice in
construction procurement (Sorrell 2003). The carcsion industry has been looking
at adopting a framework that allows organisatiansdnsider service life, whole life

cost and building component performance data dysimogurement and throughout

the building’s life (Al-Hajj 1999; Bartlett and @i1999; Hunter 2006)

However, its management is quite new and its ateymaediction is a major issue in
the construction industry because it is the godhefclient to estimate as accurately
as possible the actual final cost of a projectsoa to require funds to be diverted
from other projects (Creedy 2006). Any system fraiduces an increased service
life for lower whole life cost should be welcomdéghagan et al. 2005). The more
whole life costs of constructed assets are redudeel, better the investment

performance.

The construction industry has largely acknowledtpedbenefits that whole life cost
based decision-making can bring to the design gretation of building assets
(Kirkham and Moores 2005). However, there are sosasons given for not using
whole life costing including : 1) not required hetclients; 2) lack of data; 3) lack of
monitoring targets; and 4) lack of long-term ingren the building for many key

players (Clift and Bourke 1999; Mike Clift 1999),



Furthermore, the client may have a limited forebteaise for the building and
different organisations may have different expeatest of the constructed asset in the
future (Bourke and Davies 1999). Therefore, it istical to understand the
expectations of different project participants tigbout a project’s life and consider
the relevant factors which affect the implementatd whole life costing, and to find
more effective collaborative project conditions. tdaver, the early consideration of

factors affecting whole life performance could Imeraportant step forward.

Objectives of the Study

The focus of this research is on the critical festand their relative importance to
Whole Life Performance Assessment (WLPA), basedthan perspective of the
clients, contractors and sub-contractors. The tgmmcipal industry participants’

(PIPs) will be used in this paper to represent ¢hents, contractors and sub-

contractors in South Korea.

A survey was undertaken to investigate how prgpecformance, from pre-design to
post-construction, is affected by a number of fexcia terms of scope, time, cost,
quality, contract/administration, human resourcsk, rhealth and safety. The survey
was designed to draw on the expertise and expeseoicdifferent practitioners and
academics in the construction and engineering ingluShe survey reported in this

paper aimed to:



v Identify the critical factors and classified factoategories influencing a

holistic project appraisal;

v' Evaluate the relative importance of the identiffadtors by collecting the
group perspectives of three principal industry ipgrants (PIPs), viz. clients,

contractors and sub-contractors in South Korea;

v' Develop a criteria matrix of critical factors foetber understanding and

implementing WLPA from the PIPs’ point of view.

Literature Review

Time, cost and quality are typically used as thg keteria for planning and
assessing project performance in the constructdastry. Many of the processes
within project management are iterative becausbeéxistence of, and necessity for,
progressive elaboration in a project throughoutlifes cycle (Project Management
Institute. 2004). For example, construction time hlways been seen as one of the
benchmarks for assessing the performance of aqgbrajed the efficiency of the
project organisation (Ogunsemi and Jagboro 2006)rdier to improve construction
time performance of building projects, Chan and l&mswamy (1996) evaluated
factors which affect the construction time perfonte in Hong Kong's building
industry. Russell, Jaselsket al. (1997) used the continuous or time-dependent
variables to predict project cost and scheduleaué&s from detailed design through

to construction completion.



Due to the increasing complexity and dynamics afstauction projects, humerous
factors, including time, cost and quality, needéoconsidered across the whole life
of a constructed asset. For example, Creedy (20f#)tified construction risk
factors in highway projects in order to provide ttient with a better guarantee that
the final cost of a delivered project would not esd the risk adjusted project budget
estimate. The adoption of an appropriate procurémmethod can minimize several
risks associated with this process, including telection of an unsuitable design-
build team, poor project performance, and ownex{geetations not being met (El
Wardani et al. 2006). The rate of development aity pdanning regulations are

important factors in determining the life of builds (Minami 2004).

While there are various factors, such as projegamsation, design, construction and
quality of materials, which contribute to clienttiséaction, the early stages of
construction projects are critical for overall @] success. These factors need a
great level of applicability and value judgement oaly to adapt to new project
conditions, but also to satisfy the project papicits by delivering projects that
demonstrate value for money through the wholedffa project. The acknowledged
importance of clients as the driving force has led repeated calls for the
construction industry to deliver better value-fooimay projects (Kamara et al. 2002).
Moreover, the interactions and interrelationshigtwieen the project participants

including the client, the architect and the cortmgclargely determine the overall



performance of a construction project (Egan et1l8P8; Soetanto and Proverbs

2002)

A review of the construction industry was undertake establish the range and
influence of whole life performance issues. Shartcws were identified and it was
argued that, in order to achieve improvement in le/lide performance, there is a
need to reform the extent of decision-making (Ra989). Hence, a number of
published studies have identified time and costrrovefactors related to project
performance (Khosrowshahi and Alani 2003; Yu and 2@D5) and developed

forecasting models for whole life costing (Kirkh&®©05).

Despite numerous researches into the relevantrfa@od criteria to improve a
project performance, including time delay, costrowe and risk factors, there has
been limited study into categorised factors andpkmcriteria of whole life

performance for a constructed asset. None of th@woaphes are generic and
representative enough to be applied generally.ahiqular, there is no research to
identify and investigate the relative importancefadtors, which affect whole life

costing, as perceived by the client, contractord subcontractors in South Korea.
Yet, there is an increasing need to take accouthefcosts, impacts, performance

and operation throughout the whole of the planmdise life of a constructed asset.

A holistic approach to a project's physical, ecompriunctional, service and design

life enables the client to estimate project cogyairsst the analysis of project



functionality and performance characteristics asueately as possible. This
approach allows all relevant project costs to besmered systematically and can
lead to a successful project with the right decisib the outset thus avoiding any

cost overruns and achieving on-time project connpiet

There needs to be a balance of competing demandsms of: (1) project scope, (2)
time, (3) cost, (4) quality, (5) contract/admingion, (6) human resource, (7) risk,
and (8) health and safety. The specifications, pland alternative approaches to
meet the different expectations of the various igiggnts need to be adapted to

improve project performance.

Study approach and Methods

Classification of Factors through a questionnairais/ey

The hypothesised factors associated with whole dgeformance of a constructed
asset were explored through a literature revieweof 10 common factors for each
category and 188 individual factors were identifimad classified by a series of

interviews with the PIPs. These factors were furtdaegorized according to:

v" Project scope (24)
v Time (23)
v' Cost (38)
v' Quality (18)

v' Contract/administration (20)



v' Human resource (22)
v Risk (34)
v' Health and safety (20)

NB( ) - the number of individual factors

The factors were used as the basis of a questienaaid represented the project
performance based on WLPA from the PIPs’ perspectivhe 10 hypothesised
common factors identified in this research werenanparticular order: (1) Type of
Project; (2) Size of Project; (3) Type of Contrgdl} Project Goals and Milestones;
(5) Location of Project; (6) Type of Client; (7)dpect Organisation; (8) Project
Management Information System; (9) Project Planr&cBdures; and (10) Relevant

Law and Regulations.

Firstly, the concept of WLPA was explained to teepondents and they were asked
a series of questions in the survey. This estaddigheir level of understanding of
WLPA, the type of procurement methods and contrappsopriate to WLPA, and in

which sector (public or private) its use would bestreffective.

Secondly, the opinions of the PIPs were soughtuantify “qualitative” variables.

These were recorded, using a scale of 1 to 5, whésdahe lowest perceived factor,

and 5 is the highest perceived factor:

» Extremely Significant (E.S.) 5



» Very Significant (V.S.) 4

» Moderately Significant (M.S.) 3
» Slightly Significant (S.S.) 2
» Not Significant (N.S.) 1

Based upon the data from the PIPs, the rankingfadbrs were generated by

evaluating their relative importance across eacligof respondents.

Evaluating factors using the “mean score” and theélative importance index”

Chan and Kumaraswamy (1996) adopted the “mean”scwtod with 5-point scale
to evaluate construction time performance in thegdiong building industry. Assaf
et al, (1995) used this approach with 4-point scale ttaldish the relative
importance of the causes of delays in large builgirojects in Saudi Arabia, from

the perspective of the owners, the architects/esgsand contractors.

The mean score (MS) for each factor is computetthéyollowing formula:

(1 =MS =5) (1)

Where s is the score given to each factor by tepamdents, ranging from 1 to 5
where “1” is “not significant” and “5” is “extremeglsignificant”; f is the frequency
of responses to each rating (1-5), for each facamg N is total number of

respondents for that factor.



In addition to the mean score, the five-point scaigs transformed to relative

importance indices using the relative index rankchnique (A.Shash 1993; Chan
and Au 2009; Chinyio et al. 1998; Kometa et al.3;9Barawneh 2004), to determine
the rankings of the factors and verify the evalratby the mean score. The relative

importance indices (RIl) were calculated usingftilwing formula:

Total point score
RII = (0 <RI < 1) (2)
ExN

Where total point score is the summation of allrtengs for a given factor, and 5 is

the maximum rating possible.

Evaluating the relative importance of factors frothe PIPs’ perspective by
benchmarking “critical success factor analysis”

Critical Success Factor (CSF) analysis, as intiptbposed by Rockhart (1979), is a
widely used top-down methodology for examining @astaffecting technological
change (McPherson and Nunes 2006). CSFs are sdivgtquired to ensure business
success and identify key areas of performanceateaessential for the organisation

to accomplish its mission (Caralli 2004).

The term “critical success factor” has been adaptedmany different uses. For
example, CSFs were used to develop a process rfurdedk management (Dobbins

2002). It was applied to the implementation of gyahanagement in Russia (Tan



2002) and Torp, Austeng et. §2004) identified CSFs and potential pitfalls fret

project performance for large public projects innNay.

Figure 1 presents the research approach of dewglapiteria for the evaluation of
construction project performance based on the tisgtwal factors (CFs) for WLPA

and CSFs as the process tools. This approachgslyabased on Rockhart (1979)
and Caralli (2004). However, a sub-structured peds refined and codified for

collecting, deriving and analysing data as welC&s for WLPA.

Decide upon 8 major

Define scope of CF activity ¢ categories for unit factors
I

Select participants

Collect and review relevant
factors

I
J Develop survey questions

Collect data

I
Plan and conduct participant
survey

Organise collected data

Analyse data #> Respondent analysis

1
Importance of 8 major
categories by RII

I

Place 8 major categories
into the construction phases

Common and individual
critical factors by category
I

Relative Importance Index
of common / individual CFs
I

Rank common & individual
CFs in each category

Derive CFs >

Correlation analysis
amongst groups
T

Analyse CFs 5

Weighted average of RII for
each CF in each category

Develop a criteria matrix

Analyse relationships

Fig. 1. Critical Factor Method Approach for WLPA



Survey and Analysis

Results for WLPA — through benchmarking of “critidesuccess factor methods”,
“mean score” and “relative importance index & rank”

Step 1 — Define scope of CF activity for WLPA

In order to determine the critical factors for WLPR0 common factors and 188
individual factors were identified through a literee review and a series of
interviews. The factors were grouped into eightanaptegories: project scope, time,
cost, quality, contract/administration, human reseurisk and health and safety by
the PIP survey respondents. The importance of camamal individual factors was

clarified and evaluated by the PIPs.

Step 2 — Collect Data

Questionnaire

A questionnaire survey was used to examine thevastefactors and identify their
importance in evaluating construction project penfance based on WLPA. The
survey sought information/opinions in four areas:

1. Information on the distribution profile of respomie

2. Current attitudes of project participants towardsPA&

3. Significant and relative importance of differenttias

4. Additional comments and recommendations for applWLPA to the

construction and engineering industry.



Table 1 provides a breakdown of the valid respobgagspondent type and shows a

response rate of 24.1%.

Table 1 Three groups of survey respondents

Step 3 — Data Analysis

Results analysis — ‘mean score, relative importamogex & rank’

All the respondents were PIPs from the South Koreamstruction industry. The
client group respondents were from both the priaaig public sectors, with the split
reflecting the ratio of public to private sectort@ames in South Korea; 26.9% to
73.1% in 2006 and 30.7% to 69.3% in 2007 (Koreatidwal Statistical Office,
2008). Their names and addresses were obtainedfivermain sourceg1) central
and local government (such as Ministry of Land,nBgort and Maritime Affairs in
South Korea); (2) educational authorities; (3) pulbbrporation; (4) private capital

inducement corporation; and (5) various organisatguch as pension funds.

The contractor and subcontractor group respondests short-listed from the top 30
Korean construction companies who represent 78%otaf construction output in
South Korea. The total construction output in Sdkithiea is 91,001 billion KRW
and the turnover of the top 30 companies was 70hp#68n KRW in 2006, (1 US$ =
1040.00 KRW). Names and addresses of the appreppabple were mainly

obtained from project and cost management depatsm@nthose companies. All



respondents had been in the industry for betwegrydars and 31.7 years, with a
mean period of 13.1 years. The average number afsyaork experience of the
clients, contractors and sub-contractors contaotes 10.6, 14.0, and 13.8
respectively. This level of experience meant thairtresponses on the important
factors of whole life performance assessment (WLRAuld be considered

reasonably realistic and reliable.

When questioned on the fitness for sector and aontype when using WLPA, all
respondents showed that it is slightly more appabgifor the public sector (52.9%)
than the private sector (47.1%), and that DesigitdB31.8%) and Turnkey (22.4%)
contracts are the most appropriate contract typenwMWLPA is introduced and

applied to a construction project - see Table 2.

Table 2 Type of Contract for WLPA

Table 3 indicates the relative importance of eiglajor factor categories throughout
the life of a construction project according to gwevey respondents. The relative
importance index ranges from 0 to 1. The indice$able 3 show that some factors
are more important than others. For example, cpstlity, scope and time are more
important to all respondents than contract/adnmatisin, risk, human resource and
health and safety. This is in line with the traafital key factors of time, cost, and
guality seen as important for project performancd meeting clients’ main needs

(Hewitt 1985; Project Management Institute. 200/9king the relative indices as a



measure of the importance of the eight major facébegories, ‘cost’ is ranked most
important with a range of 0.77 to 0.92 over the l@Hide of a project, except for the
post-construction phase in which the relative ingoatrindices of all factors except
for ‘quality’ were not more than 0.75. The rankiof ‘cost’ should not be at all
surprising because there would be no benefit inettalling a project if it is not

completed within project budget nor profitable eglodor PIPs.

Contractors and sub-contractors ranked ‘cost' fostsecond in the design,
procurement and construction phases in agreemeite wlients ranked a range of
factors as being the most important over the ptgjdde. For example, 'human
resource' in the pre-design phase, 'scope’ indbigial phase, ‘contract/administration’
in the procurement phase, 'cost' in the constmgblbase, and ‘quality’ in the post-
construction phase were ranked most important aittoverall index of 0.79, 0.81,

0.86, 0.92 and 0.82 respectively.

Table 3 MS and RII of 8 major factor categories byphase

This ranking would seem to indicate that it is resesy for contractors and sub-
contractors to consider other factors throughoatloject's life in order to satisfy
the clients' requirements and to manage the prafetctively. All respondents
ranked 'health and safety' in the construction @tagher than that in other phases.
This supports the findings of Kometa, Olomolaiyalei(1995). Contractors and sub-

contractors are aware that more and more cliertsating safety seriously.



Step 4 — Derive CFs

Tables 4 and 5 summarise the relative importandexir{RIl) and ranks ten critical
common factors over eight major categories fromRlies' perspective. Out of ten
hypothesised common factors, ‘type of projecthes most important with relative
indices of 0.68 to 0.84 over eight major categof@sall participants. This is in
contrast to 'type of client’, which is relativesk important with relative indices of
0.48 to 0.71 overall. In terms of quality, 'projemals and milestones’, 'PMIS' and
'type of project’ are the most critical factorshwithe same relative index of 0.74 for
the client, contractor and sub-contractor grouppeesvely. 'Project plan and
procedures' is identified by the client group asriost important factor in the health

and safety category and is ranked 3rd by the cctotrand sub-contractor group.

Table 4 Relative importance index (RIl) and ranks R) of Top 10 critical

common factors by scope, time, cost and quality

Table 5 Relative importance index (RIl) and ranks R) of Top 10 critical

common factors by con/admin, HR, risk and H/S

Tables 6 to 8 tabulate the top ten critical indinatifactors in each major category
according to the client, contractor and sub-comdragroups. All participants
ascribed slightly different degrees of importanaehypothesised individual factors

for WLPA. For example, the client group generalbrqeives 'risk response’ in the



risk category, with a relative index of 0.86, asgmaount to whole life performance
(see Table 6); while the contractor and sub-cotdragroups view ‘defective design’
as the most important factor with indices of 0.88 8.81 respectively (see Tables 7
and 8). In a similar vein, the client group viewtarity of contract (0.83)" and
'sustainable project design and construction (0iBIhe scope category as important
determinants. The contractor and sub-contractoupggoare more aware of the
importance of 'effective pre-planning' and 'desagmpleted before work on site'

with indices of 0.84 and 0.82 respectively.

Despite the differences amongst participants, tlestraritical factors were in the
time' and ‘'cost' categories. In particular, 'ramldcision making' and ‘fixed
construction period' in the time category and @e@roject budget estimate' and
‘adequate tender sum' in the cost category wengediein a similar way by all
respondents and scored more than 0.80 on theveelatiiex scale (see Tables 6, 7
and 8). These results indicate that all respondargsnterested in speed and have
explicitly considered the influence of decision nmgkon project time; they place a

much greater emphasis on cost and time than cibtors.

The eighty five responses used to evaluate eactbrfacthe survey are sufficient to
allow for analysis using the relative index rankiteghnique, but they may be
insufficient to guarantee a definitive conclusiém.spite of this, valuable clues can
be found for the evaluation of the relative impod& of critical factors and assessing

whole life performance in terms of scope, time tcqaality, contact/administration,



human resource, risk and health and safety fronepith@n to completion of a
construction project. These factors may be a fonctf South Korea's distinct
construction industry environment as well as calturaditions and illustrate how
whole life performance over project phases canvaduated by those ranked factors

with relative indices in terms of the eight majategories.

Table 6 Top 10 critical individual factors by categ@ry — Clients (N=20)

Table 7 Top 10 critical individual factors by cate@ry — Contractors (N=27)

Table 8 Top 10 critical individual factors by cate@ry — Sub-contractors (N=38)

Step 5 - Analyse CFs

In order to test any agreement on the relative mapoe of the critical individual
factors and to rank them in each category betwedflereht participants, the
Spearman’s rank correlation, which is a non-panacnaieasure of correlation, is
used (Chan and Kumaraswamy 1996; Kometa et al.)199% Spearman rank
correlation coefficient §§ for any two sets of rankings is calculated usthg

following formula:

L emme
.= I'l[I'l:—]_:I [ )

where ¢= the difference between ranks, and n = numberagsf values in the

data



The correlation analysis was performed using thatisical Package for Social

Sciences (SPSS, version 15.0). Table 9 presentdetiiee of agreement among the
respondents on 80 critical factors of WLPA. It denconcluded that all participants
have a large positive significance between anydveups, however the value of the
correlation coefficient is 0.622 between clientsl aontractors which indicates a
much stronger positive relationship rather than ¢befficient of 0.498 between

contractors and sub-contractors, and 0.482 betwkamnts and sub-contractors. This
reinforces the agreement in perception betweemtsliand contractors on the 80

critical factors.

Table 10 describes the strong agreement betweertvanygroups on the relative
importance of the eight major categories by phpse:design, design, procurement,
construction and post-construction. It is obseried all participants have an overall
agreement on eight major categories throughouttiae life of a project, although
there is slightly differing perceptions of eight joracategories over project phases

between client and contractor with a coefficien0@46.

Table 9 Correlations between participants on 80 ctical factors

Table 10 Correlations between participants on 8 majr categories by phase



For the purpose of determining the most criticatdes of WLPA in each phase from
all participants’ perception, and developing aerrét matrix with these factors, the
“weighted average” of the relative importance indexthe top ten critical factors in
each category by each group is calculated and cwmdhbwith the weighted relative
importance index with the remaining groups. The loiored three relative importance
indices (RIl) are obtained from the sum of the otgpof the proportion of the

guestionnaires received from each group comparedth®o total number of

respondents (n/N) as below:

Weighted Average £ (n/N x RIl) (IWA<5), (4)

Where n=20 for the client group, n=27 for the caator group and n=28 for the sub-

contractor group; N =85.

Table 11 presents the weighted averages of the dklEght major categories by
phase as identified in the questionnaire surveytheumore, tables 12 and 13 show
the “criteria matrix of critical factors by phasa WLPA” as obtained and developed
from combining the weighted averages of the redatmportance indices of eight
major categories by phase, with the weighted awsray the relative importance

indices for the top ten critical factors in eackegary.

This criteria matrix of critical factors for assegs WLP defines the various critical

factor category and types across the whole prgjeases that need to be considered



when implementing the relevant project performaiat of the 80 critical factors in
this matrix, the most significant critical factan each category for WLPA was:
“clarity of contract” (in scope), “fixed construoti period” (in time), “precise project
budget estimate” (in cost), “material quality” (iuality), “mutual and trusting
relationships” (in contract/administration), “leagleip/team management” (in human
resource), “defective design” (in risk), and “maeamgnt of work safety on site” (in

health and safety).

The matrix indicates that some critical factors hsuws “precise project budget
estimate”, “fixed construction period” and “matérnpality” ought to be considered
as being able to achieve best value for a projeet the whole life of a construction
project. This is due to its considerable importafozewhole life performance rather
than those critical factors that need careful abersition during a certain
construction phase for whole life performance. &xample, “clarity of contract” is
needed at the beginning of a construction projecthe pre-design and/or design
phases. “Defective design” is critical during presijn and construction due to its
relationship between design and construction. Iriquéar, “management of work

safety on site” is one of most critical factorsidgrconstruction.

Table 11 Relative importance indices (RIl) of eachgroup and Weighted

average(Wa) for 8 major critical category by phase



Table 12 Criteria Matrix of Critical Factors by phase for WLPA — SCOPE,

TIME, COST and QUALITY

Table 13 Criteria Matrix of Critical Factors by phases for WLPA-

CONTRACT/ADMIN, HUMAN RESOURCE, RISK and HEALTH&SAF ETY

Discussion

The following discussion is an attempt to desctii®emost significant critical factors

identified above and understand their relationshiipls other critical factors.

"Clarity of Contract" in SCOPE

This related to clear terms and conditions of astroigtion contract between parties.
Clarity of contract (S-CCO) in scope is identifiedd one of the performance
attributes which has a significant impact on a geopwith a relative index of 0.54 to
0.65 (Table 12) and was ranked the most importatit an overall index of 0.83
(Table 6). Once an appropriate contract basic frreelected, modified, finalised
and agreed between parties, clear terms and comslitf contract would prevent
unnecessary claims and disputes, which may ocaitalambiguity in the contract.
In relation to this critical factor, the rankingeses to suggest that fair contractual
terms for all parties should not be neglected ifualibenefits for all parties are to be
gained. Clarity of contract was recently highlightes an important project success

factor by Phua (2004).



"Fixed Construction Period" in TIME

This refers to the project construction periodlifgeot the life of the project. Clients
and sub-contractors ranked this factor the mosbmapt with an index of 0.83 and
0.79 respectively (Tables 6 and 8). In particutixed construction period” (T-FCP)
during the procurement phase was ranked the mqsirtamt with an overall relative
index of 0.79 (Table 12). However, in order to secualue for money through a
holistic approach, whole life performance shouldubed to represent the securing of
efficient long-term value via the appraisal of imfsa occurring throughout the
project life cycle, including a project serviceelif (Rowe 1999). This life is
associated with design life, economic life, funotb life, technological life or
service life of a constructed asset (Flanagan 200Byiously, a fixed construction
period is important to contractors and sub-contractfor timely completion.
Moreover, they need to understand that clientsiegl consider the influence of

time on the costs and returns over the life of @stroiction project.

"Precise Project Budget Estimate" in COST

This refers to the budget estimate of the projemnfinception to completion. Out of
the 80 critical factors, this was ranked the mogtartant from the pre-design to the
procurement phase (Table 12) and all participamtsved a strong agreement on the
precise project budget (C-PPB) estimate being thsetraritical factor over all the
phases for whole life performance. In the costgatg clients and sub-contractors
ranked this factor the most important with an inad#x0.86 and 0.87 respectively

(Tables 6 and 8). Clients' estimating policies illgumcus on the preparation of



"unlikely to be exceeded but not excessively coraare” estimates and this means
that the estimate prepared at any stage of a priogesca 90% confidence factor of the
project budget not being exceeded on completiord@y, 2006). To make more
realistic project cost estimates, project budgetsdno be adjusted by other relevant
critical factors such as risk, and monitored bydfesck from other participants and
departments through the budgeting procedures. example, public clients are
expected to spend money wisely as part of theirgatbn to be accountable.
Therefore, a constructed asset by the public sedtould be cost-efficient, safe,

completed on time and achieve a minimum standacpiality within the budget.

"Material Quality” in QUALITY

The quality category includes the quality of matkridesign, technology,
workmanship and so on. In the quality categoryredipondents ranked this factor
first or second with an overall index of 0.80 t@®(Tables 6, 7, and 8). Out of the
80 critical factors, material quality (Q-MQU) indhpost-construction phase was
ranked the most important with a relative indeX0d7 (Table 12). Material quality
(Q-MQU) provides a starting point for constructiamrk with the availability of
materials, their availability as a bulk commodigyc.. The material quality category
is one of most significant factors affecting labquoductivity (Dai et al. 2007). In
addition, technical quality gives an indicationtleé project's quality of materials and
finishes (Ling et al. 2006). Clients may preferighhquality constructed asset but
this is costly. Clearly, a constructed asset shbaklk at least a minimum standard of

quality and all participants would be encourageddésign buildings with better



qguality materials that are more compatible with gdwncept of sustainable and

environmental construction in consideration of vehlifie performance.

“Mutual and trusting Relationships” in CONTRACT/ AMINISTRATION

With a relative importance index of 0.76 to 0.8Wtual and trusting relationships in
contract/administration ranked the most importavgrall (Tables 6, 7, and 8). It was
ranked 61" in the design phase and"6 the construction phase (Table 13). This
low ranking is quite astonishing as this factoroften associated with improving
productivity, cost competitiveness and profit masgi One explanation is the
relationship between customer and contractor irsttoation. which constitutes a
multilevel complexity in which parties operate sitaneously and collaborate within
groups of networks (Karna 2004). Despite its coxipje it is apparent that better
mutual and trusting relationships (CA-MTR) leadnatual satisfaction and benefits
for a construction project. In contrast, adverdaegationships can lead to inferior
levels of whole life performance. As an alternateeproach for integrating the
construction process based on those relationsbigsply chain management is a
win-win business-based approach to the maintenasfceelationships among
enterprises which has proven potential to improvmganies' overall performance

(Ofori 2000).

“Leadership and Team Management” in HUMAN RESOURCE
Clients and contractors ranked leadership and t@amagement the most important

in human resource with relative indices of 0.86 ar&¥ respectively (Tables 6 and



7). It was highly ranked - 21in the pre-design phase and™li the post-
construction phase (Table 13). The ranking wouldnsdgo indicate that it is
necessary for PIPs to organise appropriate teardsfaster good relationships
between the teams and their leaders at the begimiia project. There is no doubt
that construction is a people business and thusmonication is key to a successful
project (CIOB 2002). Leadership and team manageft&iRtLTM) must be visible
and all participants need to provide strategicovisand leadership to encourage
teams to collaborate and network to achieve welktiwed and co-ordinated
communication between parties. This ensures that glhoject will be well

implemented and managed by the experienced teslewed by PIPs.

“Defective Design” in RISK

Taking the relative indices as a measure of theortapce of individual factors in
risk, defective design (R-DDE) is the most impottamdication of how design
influences a construction project over its life ifea 13). Contractors and sub-
contractors ranked this the most important with iadex of 0.85 and 0.81
respectively (Tables 7 and 8). Obviously, it isrigical factor and can cause severe
project delays (Kartam and Kartam 2001) as defectigsign can have a serious
impact on major changes in output prices, projattedule, minimum standard
quality, technical development etc. throughoutlifeeof a project. Therefore, it can
be a critical factor that should be dealt withte pre-design phase to allow control

and monitoring over the construction and post-gocibn phases. Proactive



management would help to avoid project participdntsn performing deficient

work, causing serious project delays.

“Management of Work Safety on Site” in HEALTH ANCBAFETY

For health and safety, management of work safetgiten hazard identification and
cleanliness and order on site are the main crifmetors. Of these, management of
work safety on site (HS-MWS) was ranked first oca®l with a relative index of
0.85 by clients, 0.88 by contractors and 0.85 ly®antractors in the survey. It was
ranked 12 in construction phase (Table 13). This high raghily PIPs is probably
because of need to consider the safety of indivédoma site and the emphasis placed
by health and safety regulations. This importanmecars with previous studies by
(Karna 2004; Kometa et al. 1995), who considerad #s one of the important
attributes for the work environment and safetyhvsiafety during construction as the

second fundamental need for clients.

Conclusions and further work

The objective of this study was to identify thetical factors influencing whole life
performance of a construction project and evaltlae relative importance from the
perspective of PIPs in South Korea. A set of temmon factors and 188 individual
factors were identified, which were grouped intghtimajor categories and ranked
into the top 80 critical factors by their relatiraportance. A questionnaire survey
was conducted and its analysis was carried outugfiraa critical factor method

approach for whole life performance assessment &YLBsing the “mean score”,



“relative importance index” “weighted average” nmihand “Spearman’s rank
correlation coefficients”. From the PIPs' pointvaéw, these analyses revealed that
design-build and turnkey contracts are the mostapate contract types for using
WLPA in South Korea and cost, quality, scope amgetiare more important than
contract/administration, risk, human resource agalth and safety to all respondents

over a project life cycle. In particular, ‘cost’ tise most important factor for all PIPs

in South Korea in assessing whole life performance.

The critical factors of whole life performance asseent (WLPA) have been
highlighted in a critical matrix throughout the fmcat phases and revealed the
following findings. (1) Out of eight key categorjentractors and sub-contractors
ranked ‘cost’ first or second in the design, prexuent and construction phases in
agreement while clients ranked various factors rtfeest important with a relative
index of 0.79 to 0.92 over the project's life. Esample, ‘human resource (0.79)' in
pre-design, 'scope (0.81)" in design, 'contraatiiacstration (0.86)' in procurement,
‘cost (0.92)" in construction, and 'quality (0.8@)' post-construction phase while
contractors and sub-contractors obviously rankest"éirst or second over phases in
agreement. (2) Out of 10 common factors, all pgaiats were of the opinion that
“type of project” is the most critical common factwver eight categories for WLPA.

(3) Out of the top 80 critical factors, “clarity obntract”, “fixed construction period”,
“precise project budget estimate”, “material qudlitmutual/trusting relationships”,
“leadership/team management”, and “management ok wafety on site” were the

most critical factor in each key category for WLPA) There is a relatively high



agreement on eight key categories by phase for WaR®ngst all participants.
However, with the top 80 critical factors of WLP#&ere is a stronger positive
relationship between client and contactor rathantbontractor and sub-contractor,

or client and sub-contractor (see Tables 9 and 10).

By taking into account these critical factors fasassing whole life performance
from inception to completion, some suggestions previded to help clients,
contractors and sub-contractors, whether they la@vengoing construction project

or are considering commencing a new project.

* It is preferable to employ whole life performanceetvaluate design-build or
turnkey project rather than design-bid-build in Bokorea. In South Korea,
the rate of design build increased rapidly in thd-8000s, rising to 40.3% in
2005 and 40.5% of total public sector projectshia 1st half of 2006 (Lee et
al. 2006), because South Korean government polcy sdrategy has been
continuously oriented towards the activation ofigiesuild in the public
sector. Public sector clients in South Korea maift sheir attention onto
whole life performance from only price competitiess for evaluating

design-build.

» Practitioners in South Korea involved in a conginrc project may use the
findings to get an insight into the critical factothat lead to the holistic

planning and management of construction projectsSauth Korea. For



instance, the results indicated which factors thents ranked as most
important over the project's life. The contractogamisations should pay

more attention to meeting clients’ needs phasehage of the project.

While the criteria matrix of critical factors by abe for WLPA was
constructed using South Korea data, it is beliewd this matrix would be
relevant to clients, contractors and sub-contradtogeneral. The eighty five
responses used to evaluate each factor allows sesalyy using the relative
index ranking technique, but they may be insuffitido guarantee a
definitive conclusion and consistency. In view bistbelief and limitation,
the findings should be treated with caution, but lo® dismissed, since they
offer a ray of hope that evaluation criteria fopm@ject can evolve from a

criteria matrix of critical factors.

There is a need to establish an initial framewdrkvbole life performance
and proceed with a whole life performance assessmendel for the South
Korean construction industry (Lee and Lee 2006)e Tdeentified critical
factors in this study may be incorporated into thénework. The WLPA
model based on this framework can be used to amisida making,
appropriate for use by the public and private gsctor evaluation/selection

process of a construction project at the bid stage.



The number of huge, complex and long-term projectSouth Korea is increasing
and a holistic approach from inception to the pmstipletion of a project may
encourage the construction industry to deliver rilgat construction project at the
right time, at the right cost and at the right gyalo meet their clients’ needs.. In a
future study, it would be interesting to ascertatrether the critical factors identified
can be generalised across different countries wsmgar studies. Furthermore, there
is a need to expand on this research to estalfistcritical performance index of
eight categories by phase and the model of whidepkerformance assessment that

could be developed from these indices by colleatoge data and testing the model.
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Table 1 Three groups of survey respondents

Client Contractor  Sub-con Total
Sent 105 104 143 352
Response 22 28 38 88
Valid 20 27 38 85
% 19.2 25.7 27.3 24.1

* The primary target population was planned to b8 PIPs from each group who work as a project
and/or cost manager in South Korea. However, ttesem number of respondents in each group
was finalised in their lists due to their eligibgis.

Table 2 Type of Contract for WLPA

Type of Contract Client Contractor  Sub-con Total
Design-Bid-Build - 2 9 11 (12.9%)
Design-Build 10 92 8 27 (31.8%)
Turnkey - 7 12 19 (22.4%)
Construction 3 3 5 11 (12.9%)
Management
JV/Consortium - - 2 2 (2.4%)
BOT/BTO/BOO 7 6 2 15 (17.6%)

Size 20 27 38 85 (100.0%)




Table 3 MS and RII of 8 major factor categories byphase

Hypothesised

PRE-DESIGN PHASE

- Client Group Contractor Group Sub-contractor Group
?arggg Number of scoring ‘MS “RI "R Number of scoring MS RIL R Number of scoring MS RIL R
5 4 3 2 1 5 4 3 2 1 5 4 3 2 1

SCOPE 4 7 8 0 1 365 0.73 416 6 4 0 1 433 087 1 7 16 11 3 1366 073 4
TIME 3 8 4 5 0 345 0.69 6 7 12 7 1 0 393 079 (20 111 12 4 1366 073 3
COST 5 8 6 1 0 38 077 3 99 6 3 0 38 078 4:18 11 6 2 1 413 083 1
QUALITY 3 6 7 2 2 330 066 7 3 8 11 5 0 333 0616 9 9 3 1 39 079 2
CON/ADMIN 3 10 4 2 1 360 0.72 5 8 10 5 4 0 381780. 5 2 13 16 5 2321 064 8
HR 4 12 3 1 0 395 0.79 1 2 10 8 7 0 326 065 7 5 17 8 7 B47 069 6
RISK 4 11 5 0 0 395 0.79 2 1 7 5 3 1 389 078 B 13 10 6 1355 071 5
H/S 2 2 8 5 3 275 055 8 0 1 10 13 3 233 047 |8 82 8 6 4 337 067 7
Hypothesised DESIGN PHASE

£f3 major Number of scoring MS RII R Number of scoring MS RIL R Number of scoring MS RIL R

actors 5 4 3 2 1 5 4 3 2 1 5 4 3 2 1
SCOPE 7 9 2 2 0 405 0381 1 13 6 7 1 0 415 083 2 12 13 12 1 B89 079 3
TIME 3 11 41 1 370 074 5 8 11 8 0O O 400 080 3 9 17 9 3 34 077 4
COST 6 7 61 0 390 0.78 3.14 6 7 0O O 426 08 1 20 14 4 0 0 442 088 1
QUALITY 6 6 4 4 0 370 074 6 8 12 5 2 0 39 079 4 186 3 1 0 434 087 2
CON/ADMIN 4 8 6 1 1 365 0.73 7 7 5 12 3 0 359 072 6 2 14 16 6 3B2 066 7
HR 6 8 5 1 0 39 0.79 2 4 7 12 4 0 341 068 7 5 15 13 5 653 071 6
RISK 5 8 52 0 380 0.76 4 6 9 9 3 0 367 073 5 8 16 8 6 3®B8 074 5
H/S 2 2 77 2 275 0.55 8 1 1 9 14 2 244 049 8 6 9 12 10 324 065 8
Hypothesised PROCUREMENT PHASE

8 major Number of scoring MS RIl R Number of scoring MS RIL R Number of scoring MS RIL R

factors 5 4 3 2 1 5 4 3 2 1 5 4 3 2
SCOPE 7 3 8 2 0 375 0.75 4 10 9 8 0O O 407 081 8 13 14 21 366 073 5
TIME 3 410 2 1 330 066 7 8 6 12 1 0 378 076 5 7 16 13 02374 075 4
COST 9 7 4 0 0 425 085 216 7 4 0O O 444 089 1 .27 9 2 0 0 466 093 1
QUALITY 3 8 6 1 2 345 0.69 6 7 12 8 0O O 39 079 14 17 6 1 0 416 083 2
CON/ADMIN 10 7 2 1 0 430 0.86 1 11 9 5 2 0 407 081 2 6 9 18 ® 342 068 8
HR 3 7 8 2 0 355 071 5 3 8 10 6 0 330 066 7 4 11 21 P 345 069 7
RISK 5 8 6 1 0 38 0.77 3 5 12 8 2 0 374 075 6 49 7 40 382 076 3
H/S 2 2 8 5 3 275 055 8 0 2 9 15 1 244 049 |8 a2 14 6 0 347 069 6
Hypothesised CONSTRUCTION PHASE

£f3 major Number of scoring MS RII R Number of scoring MS RIL R Number of scoring MS RIL R

actors 5 4 3 2 1 5 4 3 2 1 5 4 3 2
SCOPE 5 6 9 0 0 380 0.76 7 9 10 8 0 O 404 081 # 13 12 20 387 077 7
TIME 10 9 1 0 0 445 089 3 13 13 1 0 O 444 089 (20 14 4 00 442 088 4
COST 13 6 1 0 0 460 0.92 1 18 6 2 1 0 452 09 2 26 8 4 0 0 458 092 2
QUALITY 15 3 1 1 0 460 092 2:21 5 0 1 0 470 094 1 29 6 3 0 0 468 094 1
CON/ADMIN 4 7 9 0 0 375 0.75 8 5 10 9 3 0 363 D77 4 12 18 31 339 068 8
HR 2 2 8 5 3 39 0.78 6 5 13 9 0O O 38 077 5 19 9 10 0 424 08 5
RISK 7 9 3 1 0 410 082 5 6 8 10 3 0 363 073 {85 117 5 10 421 084 6
H/S 10 6 3 1 0 425 0.85 4 7 9 8 3 0 374 075 6 28 4 00 458 092 2
Hypothesised POST-CONSTRUCTION PHASE

8 major Number of scoring MS RII R Number of scoring MS RIL R Number of scoring RIL R

factors 5 4 3 21 5 4 3 2 1 5 4 3 21
SCOPE 3 4 8 50 325 0.5 7 6 6 13 1 1 356 071 2 6 7 20 14334 067 4
TIME 0 3 12 50 290 058 8 1 6 12 7 1 296 059 6 3 9 19 16 318 064 6
COST 2 8 3 70 325 0.65 6 3 6 13 4 1 322 064 4 3 18 11 5 1 345 069 2
QUALITY 9 6 3 2 0 410 0.82 1 5 11 6 4 1 35 071 321 11 5 1 0 437 087 1
CON/ADMIN 3 3 12 20 335 067 4.9 8 5 4 1 374 075 1 5 6 19 53 313 063 7
HR 4 5 10 1 0 360 0.72 2 3 5 10 8 1 304 061 5 0 11 19 171 305 061 8
RISK 4 3 8 50 330 066 5 4 4 6 10 3 285 057 7 6 14 9 18342 068 3
H/S 4 7 5 40 355 071 3 2 3 9 10 3 267 053 8 4 12 13 4318 064 5

* RIl — Relative importance index: if individual faxs are equal, they are ranked according to thebruof respondents

scoring 4 or more, **R - Rank



Table 4 Relative importance index (RIl) and ranks R) of Top 10 critical common factors by scope, timecost and quality

. Scope Time Cost Quality
Hypothesised
tactors cL co SU CL ¢co SU cL co SU cL co SU

rRi‘TRTRITTRTRITTRTRITTRTRI R RII RTRITR RITTR RITRTRTR T RITTRTRITTR
Type of Project 080 1 079 1 076 1 075 1 081 1 069 3 082 2 079 2 075 1 068 4 073 3 074 1
Size of Project 0.73 4 075 3 074 3 073 3 0792 08 1 08 1 08 1 074 2 064 7 067 5 064
Type of Contract 0.73 3 073 4 066 6 067 7 0715 064 7. 071 5 076 3 067 066 6 063 8.600 7
Project Goals/ 0.77 2 070 6 068 5 071 4 076 070 2 0696 072 5 062 & 074 1 070 4 064 4
Milestones
Location of Project  0.63 9 062 10 063 8 058  90.65 7 065 6 065 7 070 6 067 063 9 0560 055 9
Type of Client 058 10 062 9 060 10 054 10 905 10 054 10 055 10 063 10 0.62 057 10 905 9 054 10
Project Organisation ~ 0.70 6 069 8 066 7 061 .64 8 063 8 059 9 067 8 060 063 8 0656 062 6
PMIS™ 0.71 5 070 7 075 2 071 5 072 068 5 0724 073 4 068 3 073 074 1 066 3
Project

0.68 8 070 5 073 4 075 2 070 069 14 0638 069 7 066 6 071 3 074 2 067
Plan/Procedures
Relevant 0.70 7 076 2 063 ) 069 6 063 057 9 0723 064 9 059 10 067 5 064 7 059

Law/Regulation

* RII - Relative importance index: if individual ¢eors are equal, they are ranked according to tingoer of respondents scoring 4 or
more, *R — Rank, *PMIS — Project Management Infzation System



Table 5 Relative importance index (RII) and ranks R) of Top 10 critical common factors by con/adminHR, risk and H/S

. Con/Admin HR Risk H/S
Hypothesised
tactors cL co SU ¢L ¢co SU ¢l ¢o SU CL co SU
RIl* FRIETRTRITTRTTRIETTTR TR R Rii RTRIRTRIECRTRIUTTRTRITTRTRICTTTRTRII
Type of Project 0.72 £ 08 1 069 2 078 1 081 1 077 1 076 1 08 1 073 1 063 2 072 0.69
Size of Project 0.72 6 074 5 067 i3 073 2 0723 074 2. 074 3078 3 069 2 065 4 068 2 064
Type of Contract 0.80 1 08 2 074 1 060 9 062 7 059 16 075 079 2 066 4 051 9 053 9 057
Project Goals/ 0.78 3 076 4 066 6 063 7 071 4 064 7 0706 065 7 065 6 055 8 056 8 059
Milestones
Location of Project 061 10 0.61 10 054 10 0.608 056 10 064 6 065 ;062 10 063 8 061 6 063 6 061
Type of Client 0.71 8 07. 8 062 7 056 10 056 9  0.60 8 063 9 063 9 058 10 048 10 053 10 0.56
Project Organisation ~ 0.66 9 067 9 060 |9 064 @.76 2 069 4, 061 10 064 8 059 9 056 7 061 7 0.60
PMIS™ 0.74 4 073 6 066 3 072 3 0.69 5 070 3 0697 067 6 067 3 065 3 067 4 066
Project 0.72 7 072 7 062 4 067 4 066 6 066 5 0724 068 4 063 7 068 1 067 0.65
Plan/Procedures ' ' ' ’ ) ' ' ’ ' ' ' '
Relevant .
Law/Regulation 0.79 2 079 3 066 5 064 5 059 8 060 9 0725 067 5 065 5 062 5 064 5 064

* RII - Relative importance index: if individual ¢tors are equal, they are ranked according to tingber of respondents scoring 4 or
more, **R — Rank, **PMIS — Project Management Infoation System
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Table 6 Top 10 critical individual factors by cate@ry — Clients (N=20)

Hypothesised factors

ok

8

SCOPE MS RIT R | TIME MS RI R
Clarity of Contract 4150 0.83 1 Fixed ConstructiReriod 4.150 0.83 1
Sustainable Project Design & Construction  4.050 10.8 2 Rapid Decision Making 4.000 0.80 2
Reliability Engineering Techniques 3.950 0.79 3 @we Duration 3.950 0.79 3
Effective Pre-Planning 3.750 0.75 4 Project Timex&€mints 3.950 0.79 4
Understanding of Project Requirements 3.650 0.73 HFAdequacy of Time 3.900 0.78 5
Construction Complexity 3.650 0.73 6 ConstrainGovernment Regulations 3.900 0.78 6
Project Levels of Decision-Making 3.650 0.73 7 Lac¢kime 3.850 0.77 7
Eﬁf’/ﬂgnmrfeﬁ;’;'gﬂs"f Socio- 3600 072 8 | Senvice Life Planning 3800 076
Integrated Functional Requirement 3.500 0.70 9 @aim$ by Ground Conditions 3.800 0.76 9
Design Completed Before Work On Site 3.450 0.69 1(Beverity of Variations 3.750 0.75 10
COST MS RII R : QUALITY MS RII R
Adequate Tender Sum 4300 0.86 1 Design Quality Pla 4.250 0.85 1
Precise Project Budget Estimate 4150 0.83 2 Mat€niiality 4.200 0.84 2
Cost Effectiveness 4.050 0.81 3 Construction Qu&lian 4.050 0.81 3
Competition On Price 4.000 0.80 4 Contracted Woulal®y 4.050 081 4
Long-term Profitability 3.950 0.79 5 Durability Biuilding Assemblies 4.000 0.80 5
Overbudget Possibility 3.950 0.79 6 Determining i@u#n Construction 3.950 0.79 6
Eliminating Waste 3.950 0.79 7 Durability of Buildi Components 3.900 0.78 7
Rapid Decision Making 3.950 0.79 8 Level of Teclugyl 3.900 0.78 8
Cash Flow Certainty 3.800 0.76 9 Conformance touiRement 3.800 0.76 9
Severity of Variations 3.800 0.76 1G InadequatedLatskills 3.700 0.74 10
CONTRACT/ADMIN MS RII R | HUMAN RESOURCE MS RII R
Disputes Resolution Procedure 3.950 0.79 1 LeagefSream Management 4.300 0.86 1
Mutual/trusting Relationships 3.850 0.77 Y. Team comication 4.250 0.85 2
Changes in Contact 3.850 0.77 3 Motivation for &bj 4.200 0.84 3
City Planning Regulations 3.800 0.76 4 Skilled Berel 4.150 0.83 4
Threat of Litigation 3.750 0.75 5 Monitoring andeléback 4.050 0.81 5
Inclusion of All Risks 3.700 0.74 6 Labour produwitty 3.950 0.79 6
Implement of Partnering 3,500 0.70 7 Capture ofaDisation's Mission/Vision 3.900 0.78 7
Procured Similar Projects Within 5 years 3400 0.688 Spirit of Cooperation 3.900 0.78 8
Long and Short Form 3.400 0.68 9 Centralised Dewcigshaking 3.900 0.78 9
Commercial Bid Evaluation 3.350 0.67 1 Need foll&mwration 3.850 0.77 10
RISK MS Rl R | HEALTH & SAFETY MS RII R
Risk Response 4300 0.86 1 Hazard Identification 35@. 0.87 1
Defective Materials 4100 0.82 2 Management of Waslkety on Site 4.250 0.85 2
Risk Management Techniques 4100 0.82 3 HealttSarfety Records 4.150 0.83 3
Defective Design 4.100 0.82 4 Personal Protectiyeifitnent 4.000 080 4
Ignorance of Risk 3.950 0.79 5 Management Respitihsib 4.000 0.80 5
Cash Flow Reliability of Project 3.900 0.78 6 Teaghof Accident Prevention 3.950 0.79 6
Risk Identification 3.900 0.78 7 Cleanliness andémon Site 3.950 0.79 7
Labour Disputes 3.900 0.78 8 Teaching of First Bkdls 3.900 0.78 8
Financial Stability of Client 3.850 0.77 9 SafetgrSideration (Operative ratings) 3.900 0.78
Coordination with Subcontractors 3850 077  io\Managementof EnvironmentalIssueson 5 55 78 19

Site

* MS — Mean score : if the individual factors &agual, they are ranked according to
the number of respondents scoring 4 or more.
** RIl — Relative importance index: if individuabh€tors are equal, they are ranked
according to the number of respondents scoringmae,

*** R — Rank.



Table 7 Top 10 critical individual factors by cate@ry — Contractors (N=27)

Hypothesised factors

ok

SCOPE MS RIT R” TIME MS RIl R
Effective Pre-Planning 4185 0.84 1 Rapid Deciditaking 4.148 0.83 1
Clarity of Contract 4.074 081 2 Fixed ConstructiReriod 4111 0.82 2
Understanding of Project Requirements 3.667 0.73 3Adequacy of Time 4.074 0.81 3
Reliability Engineering Techniques 3.667 0.73 1 @we Duration 4.074 0.81 4
Sustainable Project Design & Construction  3.593 20.7 5 Severity of Variations 3.963 0.79 5
Construction Complexity 3,519 0.70 6 Approval obftDrawings 3.926 0.79 6
Integrated Functional Requirement 3.481 0.70 7  eetdjime Constraints 3.889 0.78 7
Design Completed Before Work On Site 3.407 0.68 8 regéency of Variations 3.778 0.76 8
Understanding Contractor Difficulties 3.370 0.67 Slow Decision Making Process 3.741 0.75 9
Project Levels of Decision-Making 3.333 0.67 10 kafTime 3.741 0.75 10
COST MS RII R : QUALITY MS RII R
Precise Project Budget Estimate 4296 0.86 1 Mat€niiality 4.296 0.86 1
Competition On Price 4148 0.83 2 Level of Techgglo 4.259 0.85 2
Adequate Tender Sum 3.926 0.79 3 Design Quality Pla 4,185 0.84 3
Competitive Tendering Process 3.815 0.76 4 Comgdadtork Quality 4,148 0.83 4
Overbudget Possibility 3.741 0.75 5 ConstructioralipyiPlan 4.074 0.81 5
Application of Value Management 3.704 0.74 Detamg Quality in Construction 4.000 0.80 6
Frequency of Variations 3.667 0.73 7 Agreed Qualggurance Procedures 3.852 0.77 7
Cost Effectiveness 3.630 0.73 8 Inadequate Labkills S 3.815 0.76 8
Target Costing 3593 0.72 9 Conformance to Requargm 3.815 0.76 9
Cash Flow Certainty 3.556 0.71 1 Durability of Birig Assemblies 3.815 0.76 10
CONTRACT/ADMIN MS RII R  HUMAN RESOURCE MS RII R
Changes in Contact 3.963 0.79 1 Leadership / Teamalgement 4.370 0.87 1
Disputes Resolution Procedure 3.815 0.76 2 Skitlexsonnel 4.148 0.83 2
Inclusion of All Risks 3.815 0.76 3 Team communimat 4.074 0.81 3
Mutual/trusting Relationships 3.778 0.76 4 Cengegldi Decision-making 4.000 0.80 4
City Planning Regulations 3.741  0.75 5 Efficien€yooject Organisation 4.000 0.80 5
Procurement Arrangements 3.741 0.75 5 MotivatiorPioject 3.926 0.79 6
Procured Similar Projects Within 5 years 3.667 0.737 Labour productivity 3.926 0.79 7
Implement of Partnering 3,519 0.70 8 Pride in Theark 3.852 0.77 8
Threat of Litigation 3.407 0.68 9 Monitoring andeléback 3.778 0.76 9
Frequency of Negotiation 3.407 0.68 10 Integrity &lonesty 3.778 0.76 10
RISK MS RII R HEALTH & SAFETY MS RII R
Defective Design 4259 0.85 1 Management of Worfetgan Site 4.407 0.88 1
Defective Materials 4.222 0.84 2 Cleanliness ande®on Site 4.259 0.85 2
Risk Response 4222 0.84 3 Hazard Identification 25%. 0.85 3
Financial Stability of Client 4148 0.83 4 PersoRabtective Equipment 3.815 0.76 4
Risk Management Techniques 4.037 081 5 Skilleddrerel 3.815 0.76 5
Accuracy of Project Program 3.963 0.79 € Teachingooident Prevention 3.815 0.76 6
Differing Site Condition 3.963 0.79 7 Managemensrnsibility 3.741 0.75 7
Ignorance of Risk 3.926 0.79 8 Site Safety Resaurce 3.741 0.75 8
Risk Identification 3.889 0.78 9 Teaching of Fitsd Skills 3.704 0.74 9
Site Risk Access 3.852 0.77 1 Safety Considerd@perative ratings) 3.704 0.74 10

* MS - Mean score : if the individual factors agual, they are ranked according to
the number of respondents scoring 4 or more.
** RIl - Relative importance index: if individuabttors are equal, they are ranked
according to the number of respondents scoringmare,

** R - Rank.



Table 8 Top 10 critical individual factors by cate@ry — Sub-contractors (N=38)

Hypothesised factors

ok

SCOPE MS RIT R” TIME MS RIl R
Design Completed Before Work On Site 4.079 0.82 1 ixed~Construction Period 4.868 0.97 1
Effective Pre-Planning 3.921 0.78 2 Rapid Deciditaking 4.316 0.86 2
Reliability Engineering Techniques 3921 0.78 3 @we Duration 4,158 0.83 3
Clarity of Contract 3.895 0.78 4 Severity of Vaidats 4.026 0.81 4
Construction Complexity 3.868 0.77 5 Lack of Time .85 0.78 5
Sustainable Project Design & Construction  3.789 60.7 6 Project Time Constraints 3.842 0.77 6
Understanding of Project Requirements 3.605 0.72 7Approval of Shop Drawings 3.816 0.76 7
Understanding Contractor Difficulties 3579 0.72 Late Delivery of Materials/Equipment 3.816 0.76 8
Integrated Functional Requirement 3.421 0.68 9 Adey of Time 3.789 0.76 9
Design Complexity 3.395 0.68 10 Slow Decision Makirrocess 3.711 0.74 10
COST MS RII R : QUALITY MS RII R
Precise Project Budget Estimate 4368 0.87 1 DétammnQuiality in Construction 4.053 0.81 1
Adequate Tender Sum 4.368 0.87 2 Material Quality .00@ 0.80 2
Competition On Price 4158 0.83 3 Construction @ué&lan 3.974 0.79 3
Severity of Variation 4105 0.82 4 Level of Techom/t 3.974 0.79 4
Overbudget Possibility 4.026 0.81 5 Design Qudtign 3.921 0.78 5
Rapid Decision Making 4,000 0.80 6 Contracted WQtality 3.921 0.78 6
Long-term Profitability 3.921 0.78 7 ConformanceRequirement 3.895 0.78 7
Different Per Diem Rate 3.895 0.78 8 Agreed Quaiggurance Procedures 3.789 0.76 8
Cost Effectiveness 3.868 0.77 9 Significance oft@usr Satisfaction 3.737 0.75 9
Competitive Tendering Process 3.789 0.76 10 Dutgloif Building Assemblies 3.711 0.74 10
CONTRACT/ADMIN MS RII R | HUMAN RESOURCE MS RII R
Mutual/trusting Relationships 4.000 0.80 1 Skilkgtsonnel 4.316 0.86 1
Disputes Resolution Procedure 3.763 0.75 2 Labmduyztivity 4211 0.84 2
Conformity of Supplier's Subcontracting 5 765 575 3 Leadership / Team Management 4079 2 0.83

to Contract

Changes in Contact 3.711 0.74 4 Team communication 4,053 0.81 4
Implement of Partnering 3.632 0.73 5 Integrity &tahesty 4.000 0.80 5
Technical Bid Evaluation 3.605 0.72 6 Availabild Skill Training 3.974 0.79 6
Procured Similar Projects Within 5 years 3579 0727 Pride in Their Work 3.947 0.79 7
Greater Responsibility for the Contractor 3579 20.7 8 Need for Collaboration 3.947 0.79 8
Over-design and Oversized Equipment 3553 0.71 9 p-diawn Decision-Making 3.868 0.77 9
Inclusion of All Risks 3.526 0.71 10 Efficiency Bfoject Organisation 3.842 0.77 10
RISK MS RII R  HEALTH & SAFETY MS RII R
Defective Design 4,026 0.81 1 Hazard Identification 4.316 0.86 1
Accuracy of Project Program 3974 0.79 2 Manageroewfork Safety on Site 4.263 0.85 2
Contractor Competence 3.974 0.79 3 Teaching ofd&ctiPrevention 4.263 0.85 3
Change Order Negotiations 3921 0.78 1 Person&t@iee Equipment 4.158 0.83 4
Financial Stability of Client 3.895 0.78 5 Teachifg-irst Aid Skills 4.026 0.81 5
Defective Materials 3.868 0.77 6 Cleanliness ande®on Site 4.000 0.80 6
Risk Response 3.737 0.75 7 Health and Safety Record 4.000 0.80 7
Changes in Work 3.737 0.75 8 Skilled Personnel .84 0.77 8
Coordination with Subcontractors 3.658 0.73 2] Siéety Resources 3.842 0.77 9
Cash Flow Reliability of Project 3.658 0.73 10  Soricactor Safety Meeting 3.816 0.76 10

* MS - Mean score : if the individual factors agual, they are ranked according to
the number of respondents scoring 4 or more.
** R|l - Relative importance index: if individuabttors are equal, they are ranked
according to the number of respondents scoringmare,

** R - Rank.



Table 9 Correlations between participants on 80 ctical factors

Participants Spearman’s rank Correlation coefficien t Reject H? p-value

Client and Contractor 0.622 -.155 Yes Significan®,.05
Contractor and Sub-Contractor 0.498 -.819 Yes Bagmit, < 0.05
Client and Sub-Contractor 0.482 -.921 Yes Significa 0.05

t = t-statistics; Ig=null hypothesis; p= probability that rejects thél inypothesis wrongly.

Table 10 Correlations between participants on 8 majr categories by phase

Participants Spearman'’s rank Correlation coefficien t Reject H? p-value

Client and Contractor 0.646 -.741 Yes Significant, < 0.05
Contractor and Sub-Contractor 0.660 -1.614 Yes Significant, < 0.05
Client and Sub-Contractor 0.659 -1.169  Yes Significant, < 0.05

t = t-statistics; B=null hypothesis; p= probability that rejects thal inypothesis wrongly.



Table 11 Relative importance indices (RIl) of eaclgroup and Weighted average(Wa) for 8 major criticalcategory by phase

Critical Pre-Design Design Procurement Construction PosstDaction
Category CL CO SU Wa CL CO SU Wa CL CO SU Wa CL CO SU Wa CL CO SU Wa

SCOPE 0.3 087 073 077081 083 079 081075 081 073 076076 081 0.77 0.780.65 0.71 0.67 0.68
TIME 069 0.79 0.73 0.740.74 080 0.77 0.770.66 0.76 0.75 0.730.89 0.89 0.88 0.890.58 0.59 0.64 0.61
COST 0.77 0.78 0.83 _0.800.78 0.85 0.88 0.850.85 0.89 093 _0.90092 090 0.92 0910.65 0.64 0.69 0.66
QUALIT 0.66 0.67 0.79 0.720.74 079 087 _0.81069 0.79 083 0.78092 094 094 _0.94082 0.71 0.87 _0.81

CON/ADMIN 0.72 0.76 0.64 0.700.73 0.72 0.66 070086 0.81 0.68 0.760.75 0.73 0.68 0.710.67 0.75 0.63 0.68

HR 0.9 065 069 0.700.79 068 0.71 072071 066 0.69 069078 0.77/ 085 0.810.72 061 0.61 0.64
RISK 0.79 0.78 0.71 0.750.76 0.73 0.74 0.740.77 0.75 0.76 0.760.82 0.73 0.84 0.800.66 0.57 0.68 0.64

H&S 055 0.47 067 058055 049 065 058055 049 069 059085 0.75 092 0.850.71 0.53 064 0.62

The number of respondents (N=85) : n=20 for clgnoup (CLE), n=27 for contractor group (CO) and n$@8sub-contractor group
(SV)., Wa :“Weighted Average”



Table 12 Criteria Matrix of Critical Factors by phase for WLPA — SCOPE, TIME, COST and QUALITY

Critical Factor

Weighted Critical Factor for Whole Life Performankssessment

Pre-Design Design Procurement Construction Posstaction
R SCOPE Code RIl R** RII R** RIl R** RIl R** RIl R**
1 Clarity of Contract S-CCO 0.62 6 0.65 13 0.61 22 0.63 52 0.54 14
2 Effective Pre-Planning S-EPP 0.61 9 0.64 18 .600 24 0.62 57 0.54 16
3 Reliability Engineering Techniques S-RET 0.60 19 0.62 23 0.58 32 0.60 61 0.52 24
4 Sustainable Project Design & Construction S-SPC 590 26 0.61 26 0.58 39 0.59 64 0.51 31
5 Design Completed Before Work On Site S-DCB 0.58 33 0.60 33 0.57 46 0.58 65 0.50 37
6 Construction Complexity S-COoC 0.57 37 0.60 36 0.56 47 0.58 66 0.50 42
7 Understanding of Project Requirements S-UPR 0.56 42 0.59 41 0.55 52 0.57 67 0.49 49
8 Integrated Functional Requirement S-IFR 0.54 59 0.56 49 0.53 66 0.54 71 0.47 73
9 Understanding Contractor Difficulties S-Ucb 0.53 62 0.55 59 0.52 69 0.53 72 0.46 76
10  Project Levels of Decision-Making S-PLD 0.52 63 0.55 60 0.51 70 0.53 73 0.46 78
R TIME
1 Fixed Construction Period T-FCP 0.66 3 0.69 4 0.65 11 0.79 1 0.54 15
2 Rapid Decision Making T-RDM 0.62 7 0.65 15 61. 19 0.74 11 0.51 32
3 Overrun Duration T-ODU 0.60 16 0.63 20 0.60 27 0.72 14 0.50 44
4 Severity of Variations T-SOV 0.58 28 0.61 29 0.58 38 0.70 22 0.48 63
5 Adequacy of Time T-AOT 0.58 32 0.60 32 0.57 40 0.69 25 0.48 69
6 Project Time Constraints T-PTC 0.57 36 0.60 34 0.57 43 0.69 28 0.47 72
7 Lack of Time T-LOT 0.57 39 0.59 38 0.56 49 0.68 33 0.47 75
8 Late Delivery of Materials/Equipment T-LDM 0.56 45 0.58 44 0.55 53 0.66 36 0.46 7
9 Approval of Shop Drawings T-ASD 0.55 48 0.57 54 0.54 58 0.65 41 0.45 79
10  Slow Decision Making Process T-SDM 0.55 49 70.5 46 0.54 59 0.65 42 0.45 80
R COST
1 Precise Project Budget Estimate C-PPB 0.69 1 73 0. 1 0.77 1 0.78 2 0.57 11
2 Adequate Tender Sum C-ATS 0.67 2 0.71 2 0.76 2 0.77 4 0.56 12
3 Competition On Price C-COP 0.66 4 0.70 3 0.74 3 0.75 9 0.55 13
4 Overbudget Possibility C-OPO 0.63 5 0.66 7 700. 4 0.72 16 0.52 25
5 Cost Effectiveness C-CEF 0.61 10 0.65 12 0.69 5 0.70 20 0.51 33
6 Severity of Variations C-Sov 0.61 11 0.65 14 0.69 6 0.70 21 0.51 34
7 Long-term Profitability C-CTP 0.61 13 0.64 16 0.68 7 0.69 23 0.50 38
8 Rapid Decision Making C-RDM 0.61 14 0.64 17 .68 8 0.69 24 0.50 39
9 Competitive Tendering Process C-CTP 0.60 17 30.6 19 0.67 9 0.68 29 0.50 45
10  Cash Flow Certainty C-CFC 0.59 23 0.63 22 660. 10 0.68 34 0.49 50
R QUALITY
1 Material Quality Q-MQU 0.60 18 0.67 5 0.65 12 0.77 3 0.67 1
2 Design Quality Plan Q-DQP 0.59 25 0.66 6 0.64 13 0.76 5 0.66 2
3 Level of Technology Q-LOT 0.58 27 0.66 8 0.63 14 0.76 6 0.65 3
4 Construction Quality Plan Q-CQP 0.58 29 0.66 9 0.63 15 0.75 7 0.65 4
5 Contracted Work Quality Q-CWQ 0.58 30 0.66 10 0.63 16 0.75 8 0.65 5
6 Determining Quality in Construction Q-DQC 0.58 13 0.65 11 0.63 17 0.75 10 0.65 6
7 Conformance to Requirement Q-CTR 0.55 46 0.63 21 0.60 23 0.72 15 0.62 7
8 Durability of Building Assemblies Q-DBA 0.55 47 0.62 24 0.60 26 0.71 17 0.62 8
9 Durability of Building Components Q-DBC 0.54 52 0.61 25 0.59 30 0.70 18 0.61 9
10  Agreed Quality Assurance Procedures Q-AQA 0.54 54 0.61 27 0.59 31 0.70 19 0.61 10

* RIl - Relative importance index: if individual d¢ors are equal, they are ranked according to tineber of respondents scoring 4 or more, R** - Rafi80 critical factor in each category and phase



Table 13 Criteria Matrix of Critical Factors by phases for W.PA— CONTRACT/ADMIN, HUMAN RESOURCE, RISK and HEALT H&SAFETY

Critical Factor

Weighted Critical Factor for Whole Life Performankssessment

Pre-Design Design Procurement Construction Posstaction
R CONTRACT/ADMINISTRATION Code RIl R** RII R** RIl R** RIl R** RIl R**
1 Mutual/trusting Relationships CA-MTR 0.54 53 59. 61 0.59 29 0.55 68 0.53 21
2 Disputes Resolution Procedure CA-DRP 0.53 60 530. 62 0.58 33 0.54 69 0.52 26
3 Changes in Contact CA-CCO 0.53 61 0.53 63 80.5 34 0.54 70 0.52 27
4 Inclusion of All Risks CA-1AR 0.51 64 0.51 64 0.56 50 0.52 74 0.50 46
5 Implement of Partnering CA-IOP 0.50 67 0.50 65 0.54 54 0.51 75 0.48 58
6 City Planning Regulations CA-CPR 0.50 68 0.50 66 0.54 55 0.51 76 0.48 59
7 Procured Similar Projects Within 5 year CA-PSP 500. 69 0.50 67 0.54 56 0.51 77 0.48 60
8 Conformity of Supplier's Subcontracting to Cootra CA-CSS 0.49 70 0.49 70 0.54 57 0.50 78 480 64
9 Procurement Arrangements CA-PAR 0.49 71 0.49 1 7 0.54 60 0.50 79 0.48 68
10  Technical Bid Evaluation CA-TBE 0.48 72 0.48 72 0.53 63 0.49 80 0.47 74
R HUMAN RESOURCE
1 Leadership / Team Management HR-LTM 0.59 21 10.6 30 0.58 36 0.68 30 0.54 17
2 Skilled Personnel HR-SPE 0.59 22 0.61 31 0.58 37 0.68 31 0.54 18
3 Team communication HR-TCO 0.58 34 0.59 39 60.5 48 0.66 37 0.52 23
4 Labour productivity HR-LPR 0.57 38 0.58 42 5® 51 0.66 40 0.52 29
5 Efficiency of Project Organisation HR-EPO 0.55 05 0.56 48 0.53 61 0.63 49 0.50 47
6 Pride in Their Work HR-PRW 0.54 51 0.56 50 53 62 0.63 51 0.49 48
7 Need for Collaboration HR-NCO 0.54 55 0.55 54 0.53 64 0.62 53 0.49 52
8 Integrity and Honesty HR-IAH 0.54 56 0.55 55 0.53 65 0.62 54 0.49 53
9 Motivation for Project HR-MFP 0.54 57 0.55 57 0.53 67 0.62 55 0.49 55
10 Monitoring and Feedback HR-MAF 0.54 58 0.55 85 0.53 68 0.62 56 0.49 56
R RISK
1 Defective Design R-DDE 0.62 8 0.61 28 0.63 18 0.66 39 0.53 22
2 Defective Materials R-DMA 0.61 12 0.60 35 D.6 20 0.65 46 0.52 28
3 Risk Response R-RRE 0.60 15 0.60 37 0.61 21 0.64 47 0.52 30
4 Financial Stability of Client R-FSC 0.60 20 9.5 40 0.60 25 0.63 48 0.51 35
5 Accuracy of Project Program R-APP 0.59 24 0.58 43 0.60 28 0.63 50 0.50 40
6 Change Order Negotiations R-CON 0.57 35 0.57 7 4 0.58 35 0.61 58 0.49 51
7 Contractor Competence R-CCO 0.57 40 0.56 51 570 41 0.60 59 0.48 61
8 Cash Flow Reliability of Project R- CFR 0.57 41 0.56 52 0.57 42 0.60 60 0.48 62
9 Risk Management Techniques R-RMT 0.56 43 0.55 53 0.57 44 0.60 62 0.48 65
10  Risk Identification R-RID 0.56 44 0.55 56 0.57 45 0.60 63 0.48 66
R HEALTH&SAFETY
1 Management of Work Safety on Site HS-MWS 0.50 65 0.50 68 0.51 71 0.73 12 0.54 19
2 Hazard Identification HS-HID 0.50 66 0.50 69 0.51 72 0.73 13 0.54 20
3 Cleanliness and Order on Site HS-COS 0.47 73 47 0 73 0.48 73 0.69 26 0.51 36
4 Teaching of Accident Prevention HS-TAP 0.47 74 0.47 74 0.48 74 0.69 27 0.50 41
5 Personal Protective Equipment HS-PPE 0.46 75 46 0 75 0.48 75 0.68 32 0.50 43
6 Health and Safety Records HS-HSR 0.45 76 0.45 76 0.47 76 0.67 35 0.49 54
7 Teaching of First Aid Skills HS-TFA 0.45 7 6.4 77 0.46 7 0.66 38 0.48 57
8 Skilled Personnel HS-SPE 0.44 78 0.44 78 0.46 78 0.65 43 0.48 67
9 Management Responsibility HS-MRE 0.44 79 0.44 79 0.45 79 0.65 44 0.47 70
10  Site Safety Resources HS-SSR 0.44 80 0.44 80 0.45 80 0.65 45 0.47 71

* RIl - Relative importance index: if individual d¢ors are equal, they are ranked according to tineber of respondents scoring 4 or more, R** - Rafi0 critical factor in each category and phase






