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Abstract

Purpose — Project management cost and risk modelling is experiencing the challenge of identifying cost risks values
to maintain accurate modelling, estimating, and assessment. Latest research focused on cost and risk modelling and
estimation. The significance of cost risks numerical values come from its ability to be used in many different analysis
and approaches. This article aims to identify residential building projects’ whole life cycle cost risks numerical values
in UAE at the preconstruction stage and ensure its reliability and validity.

Methodology — The approach of this research is pure quantitative. The methodology of this research is to collect data
though conducting face-to-face interviews quantitatively (i.e., cost risks values). The survey is using PMBOK risk
matrix (i.e., probability vs. impact). Finally, data correlation and regression modelling ware done to ensure the
reliability and validity of each cost risk value.

Findings — This paper was able to deliver reliable and valid residential project’s whole life cycle cost risks values
(i.e., 117 cost risks) for direct use in future research or practical professional cost analysis.

Unique contribution to theory, practice and policy — This article contribution to the project management body of
knowledge is to collect all relevant cost risks (i.e., 117 cost risks) and obtain their values from UAE field experts for
the first time. The provided values are for residential project in UAE only. The perspective of how to look to cost
risks values in this article (i.e., contractors’ and clients’ views) should be considered at the time of using the data. The
consultancy services organizations will have different cost risks because they do not deal with delivering the final
product, but they provide supporting services (i.e., design and supervision) to facilitate delivering the project.

Keywords: Cost Risks, Correlation, Regression, Experts, Building, Reliability, Validity, Project’s WLC.

1. INTRODUCTION

This article introduces the first numerical values of residential project’s whole life cycle cost risks in the
United Arab Emirates. The implementation of data collection and validation procedures will be detailed
following the explained and justified research methodology design of this research. The literature review,
problem statement, and research methodology will be presented and detailed in the beginning. Then, in this
article, there are four main arguments related to data collection and analysis, including (1) data collection
strategy, (2) experts’ competencies, (3) data correlation analysis, and (4) data regression analysis. Finally,
the originality of this research is presented along with its theoretical implication, practice implication, and
limitations for future research.
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2. LITERATURE REVIEW

Financial management in the construction industry has many paths and ways, elements and factors, and
concerns and issues regarding the process designing and engineering (Yana et al., 2015; Rodrlgues &
Bowers, 1996; Khang & Myint, 1999). For example, high pressure of clients on contractors subcontractors
and even the consultant to achieve the required quality and time increases costs rise signiﬁcantly (Yana et
al., 2015; Rodrigues & Bowers, 1996; Khang & Myint, 1999). The design stage needs to identify
complexity in each of its parts to achieve a successful execution and deliver the designed product with the
lowest tolerance and using rare and/or expensive equipment, materials, and other resources optimally (Yana
et al., 2015; Rodrigues & Bowers, 1996; Khang & Myint, 1999). On the other hand, some researchers such
as James (2014) found that managing team members and their competencies contain most financial
management factors in the construction industry, including managing human resources as a primary core
subject (James, 2014). For instance, the subject assigned to employees’ wedges should be carefully designed
(James, 2014). Also, experience, capabilities, and competencies have to match each employee's offered
packages (James, 2014). Therefore, it is crucial to consider updated critical success factors and risks to
improve the final modelling outputs in this research study. The values of these risks can be obtained by
field experts (Mieg, 2009; Zimmermann & Eber, 2017; Flores-Colen et al., 2010). However, those experts
are not sustainable in the same company due to the challenges of having a large number of expatriate
workers in the United Arab Emirates (Naithani & Jha, 2009; AlMazrouei & Pech, 2015; Saheem, 2016).
The work force in UAE, specially in the construction and project base industries, are contributing to
organizations for a certain period (i.e. 1 year or more) (Naithani & Jha, 2009; AlMazrouei & Pech, 2015;
Saheem, 2016). Those professionals are representing a wide cultural dlvers1ty (Naithani & Jha, 2009;
AlMazrouei & Pech, 2015; Saheem, 2016). The experience they have is shaped based on projects, events,
and jobs inside and outside the United Arab Emirates (Naithani & Jha, 2009; AlMazrouei & Pech, 2015;
Saheem, 2016).

Besides, the economic structure of the United Arab Emirates has been changed. It is changing to reduce
construction cost for all executers in the private sector as a government financial initiative to minimize risk
and enhance economic performance (Radhi 2009). Furthermore, construction financial management had to
include risk assessment plans regarding value engineering of resulted products compared to the consumed
amount of money and resources (Ibn-Homaid & Tijani, 2015). This is a significant issue, especially when
the contractor fails the project execution stage and hand over the work to another contractor or holds it for
some time; hence, it can affect banks' capability to finance construction projects and bankrupt companies
(Ibn-Homaid & Tijani 2015). Thus, the value engineering assessment should consider that uncertainty, risks,
inflation, profit, and industry costs should be included (Ibn-Homaid & Tijani, 2015). Value engineering
assesses critical success factors of construction procurement effectiveness, project implementation,
economic conditions, and government guarantees for optimum results of invested money and resource
(Winter et al., 2006; Bari et al., 2012; Takim & Akintoye, 2002). Cost modelling became the most important
priority to assess money invested in projects at pre-construction stages for reaching more value of the
resulted executed project. Therefore, this research found that it is mandatory to provide cost risks values to
all researchers and professionals, who are working in cost modelling and estimating fields in the United
Arab Emirates. The provided values will be verified and validated for direct use in future analysis. The
added value to this research study because cost risks are the main driving engine of cost modelling and
estimation according to latest research studies. This can solve financial management, investment decisions,
and value engineering challenges.

2.1. Problem Statement

Researchers and professional experts face a difficulty in obtaining residential project’ whole life cycle
(PWLC) cost risks in the United Arab Emirates. It is challenging to collect the data and residential PWLC
cost risks values are not provided in previous research. And the process is taking a long time to end with
reliable and valid data. Future research and practical analysis require to have cost risks values to boost and
support the expected outputs.
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2.2. Research Aim and Significance

This article aims to provide the first reliable and validated cost risks values of residential project’ whole
life cycle (PWLC) in the United Arab Emirates. The significance of this research is to provide numerical
values, representing UAE project’s condition, of the collected cost risks from previous literatures.

3. RESEARCH METHODOLOGY

This research is pure quantitative. The methodology of this research is to collect data from experts via
55 face-to-face interviews. The responding rate is 27.5% of the 200 experts’ invitations. This is considered
acceptable according to previous similar research in construction and built environment projects. The
reliability and validity of the collected data followed, statistically, the correlation and regression modelling.

4. DATA COLLECTION, RELIABILITY AND VALIDITY DESIGN

This section of the research paper will detail how residential PWLC cost risks are collected and checked
against the reliability and validity tests. The following parts of this section includes: (1) Data Collection
Strategy, (2) Pilot Study, and (3) Experts’ Competencies.

4.1. Data Collection Strategy

This research will combine questioner surveys with interviews to extract the most accurate data from
experts in the field. In order to justify this choice, it is required to conduct a survey questioner in this
research to collect and record required data, including all details (Mason, 2010). However, the required data
values in the designed survey can vary based on experts' understanding.

It is also mandatory to ensure that contributors are experienced in the topic field (Tam et al., 2017).
Therefore, it was required to ensure that all experts understand each variable and use their experience and
knowledge to set a value for each risk. Researchers agreed that combining survey questioner with an
interview forming face-to-face surveys is significantly effective and supporting data reliability (Galesic &
Bosnjak, 2009; Burns et al., 2018; Fernandez et al., 2012). The following part will explain how the data
collection approach has been designed to end with accurate and valid data.

To collect the required data, it is mandatory to ensure appropriate design of how to complete this process
successfully (Krzywinski & Altman, 2013; Fanning, 2005; Wang, 2010; Testa & Simonson, 2009; Huang
et al., 2015). This will ensure proceeding with appropriate analysis and reach a valid logical conclusion.
This research paper will include in this part seven main stages to successfully design data collection. This
will include (1) interview type, (2) interview questioner design, and (3) sample size.

4.1.1. Interview Type

Face-to-face interviews are proved by researchers to be the most effective, accurate, and having higher
responding applicants; and it is considered as the first choice by most researchers using interviews for data
collection (Forza, 2002; Filippini, 1997; Dillman et al., 2009; Trier-Bieniek, 2012; Barratt, 2012; Fernandez
et al., 2012; Harmeyer, 2010). This method's data can be recorded by video, voice, or survey approaches as
desired (Forza, 2002; Filippini, 1997; Dillman et al., 2009; Trier-Bieniek, 2012; Barratt, 2012; Fernandez
et al., 2012; Harmeyer, 2010). Therefore, this research's data collection has been conducted using face-to-
face interviews before COVID-19 starts and because most interviewees preferred the traditional approach
such as paper questionnaires and physical face-to-face interviews.
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4.1.2. Interview Questionnaire Design

It is compulsory to justify using questionnaire surveys and optimising its design. Surveys are an
extremely useful and powerful tool to obtain information (Glasow, 2005). It is essential to design the survey
format to optimize information extraction from respondents (Glasow, 2005; Fanning, 2005). This targets a
smooth questionnaire with less confusion and an acceptable length (Herzog & Bachman, 1981). Paper
questionnaires have several advantages, such as (1) the ability to ensure that the desired audience fills the
questionnaire, (2) the ability to write notes on papers back, and (3) the ability to conduct the task in any
place without technologies constraints and requirements. The disadvantages of paper questionnaires are
including the additional costs to cover a wide geographical area and the sustainability impact (Yusof et al.,
2016). However, this research study uses recyclable papers to cover collecting information and data from
the United Arab Emirates, only with no additional costs. So, the disadvantages of paper questionnaires have
no negative impact on this research study.

The survey questioner design in this research study has followed the optimum design requirements and
format according to researchers’ recommendations to maximize the smoothness of data collection without
fail or difficulties as the following (Fanning, 2005; Glasow, 2005; Herzog & Bachman, 1981; Hoddinott &
Bass, 1986; Galesic & Bosnjak, 2009).

* The cover page includes the study intentions and questions answering directions.

* Figures and charts have been used to facilitate answering all questions within a short time. This research
study gives interviewees the ability to answer three questions by providing one answer (i.e., risk,
probability, and impact matrix).

* The factor-grouping method is used for better understanding to avoid respondents’ confusion and to
answer questions accurately.

* The questionnaire presented all risks in a table to facilitate shifting between questions without getting
lost.

» The respondents designed the questionnaire to answer each question with one number chosen from the
provided risk matrix. This will significantly reduce the required time for answering all questions (i.e.,
117 cost risks/variables).

Next, this research uses the Project Management Institute (PMI) to have the right weight for each risk
probability and its impact. PMI is involved in project management research and development. The original
PMI risk matrix 1s divided into two impacts (i.e., Threats and Opportunities). This can create confusion for
the data providers (i.e., experts).

Therefore, the PMI original risk matrix's required adjustment, as shown in Figure 1. The adjustment is
based on having threats and opportunities in one impact matrix instead of two. This will make it easier to
put the absolute risk value based on its impact and probability without thinking about its negative or positive
sign. The final modelling process will classify threats and opportunities based on mathematical modelling
outputs signs (i.e., positive and negative).

Finally, the used matrix in the face-to-face interview questionnaires needed experts to focus only on the
probability and impact numbers of each risk factor. Color can be a source of distraction and/or a second
approach to provide answers. Therefore, this research questionnaire decided to remove the colors from the
final used questionnaire, as shown in Figure 2.
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Project Management Institute (PMI) Risk Matrix: 90% 5% 9% 18% 36% 72%

Probability X Impact 2 - . - ’ - "

0% 5 o% % 70% 4% 1% 14% 28% 56%

g‘ 70% 4% 7% 14% B 0% 3% 5% 10% 20% 40%

g 90% 3% 5% 10% E 30% 2% 3% 6% 12% 24%

= 30% 2% 3% 6%

& 10% 1% 1% 2% 4% 8%
10% 1% 1% 2% 4% B%

5% 10% 20% 40% 80% 5% 10% 20% 40% 80%

Impact Impact

Figure 2. Final Adjusted Project Management Institute
(PM]I) Risk Matrix: Probability and Impact Matrix.

Figure 1. Adjusted colored Project Management
Institute (PMI) Risk Matrix.

4.1.3. Questions Type

In this research study, the structured interview is based on collecting specific data related to listed factors
and variables (Reja et al., 2003). It is optimum to control collected answers with close-ended questions
(Reja et al., 2003). In this research study, each question offers to select from a range of multiple choices
(Reja et al., 2003). This is to ensure extracting accurate information after utilizing experts’ experience to
serve this study. Table 1 shows how this research study satisfied researchers developed questionnaire
questions analysis guidelines (Makienko & Bernard, 2012, p.143).

Table 1. Adapted Questionnaire Questions Analysis Criteria against this research study Questions Design (Makienko & Bernard, 2012, p.143).

Questionnaire Questions Analysis Criteria

This research Study Questions Design

1. “Based on the survey questions, what is its main
goal?”

2. What main construct (dependent variable) this study is
trying to measure?

3. “What other constructs is the survey trying to
measure”?

4. “Do scales capture all domains of the main construct
(main dependent variable)?”

5. “How many open-ended vs close-ended questions are
in the survey? Are there too many open-ended
questions?”

6. “Are there any duplicate/unnecessary questions?”’

7. “Are questions clear and easy to understand?”

8. “Are there any sensitive questions?”
9. “Is the survey too long or too short?”

10.
11.

“Does the survey use the best format/layout?”

Does the survey use the appropriate letter size?

12. What research questions can be answered by

analysing this survey?

13. What types of statistical analyses can be run based on

available independent and dependent variables?

To collect the required data used to build projects’ whole
lifecycle final cost model.

This study is trying to measure the cost risk value in the
United Arab Emirates.

This study is trying to measure cost risks impact and
occurrence probability in the UAE.

Yes, the given scale is based on the Project Management
Institute PMBOK guideline

All questions are closed—no open questions.

No, it has been insured through multiple revisions.

Very Clear, and the researcher will be available as an
interviewer to clear any doubts.

No. All sensitive questions are considered optional after the

pilot study.

It is considered long (i.e., 45 min). However, after the pilot

study, it can be completed in more than one session.

Yes, following researchers’ optimum guidelines.

Yes, (Time New Roman) Font 12. No negative feedback was

found about font during the pilot study.

It will answer directly research question 1, and it is
mandatory to answer research questions 2 and 3.

Correlation and regression statistical analysis.
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4.1.4. Sample Size

Determining the sample size in the research data collection stage is mandatory and critical for statistical
analysis (Cai & Hames, 2011).

Although there is no clear specific justification of setting a fixed certain significance level (i.e., precision
level) other than what is followed in statistical traditions according to researchers and published articles
(Trafimow et al., 2018; Brunnstrom & Barkowsky, 2018; Pérez & Pericchi, 2014). The most common
significance levels in the quantitative statistical research approach are usually 95% (Trafimow et al., 2018;
Brunnstrom & Barkowsky, 2018; Pérez & Pericchi, 2014). This research study is going to set the
significance level as 95% (i.e., - o = 1- 0.05 = 0.95). This decision's validity will be clearer after knowing
that previous research and publications proved that changing o from 0.05 to 0.005 makes no difference in
the discussion and conclusion of any binary numerical system study (Trafimow et al., 2018; Brunnstrom &
Barkowsky, 2018; Pérez & Pericchi, 2014).

Previously published research studying construction factors and risks used 200 invitation sample size
(Vidogah & Ndekugri, 1998). The valid responding percentage from all invited 200 experts was 27%
(Vidogah & Ndekugri, 1998). Researchers also found that after inviting 218 listed cost experts Royal
Institute of Chartered Surveyors (RICS), the valid response rate increased to 31% (Elhag et al., 2005). On
the other hand, the valid response rate was found equal to 30.5% of 285 invited construction experts in
other similar studies of this research (Aziz & Abdel-Hakam, 2016). Moreover, in other construction factors
literature, the higher invited sample is not necessarily increasing the responding rate percentage; for
example, it was found that only 28.3 % responded after inviting 300 contractors’ top management (i.c.,
experts) to answer questionnaires related to construction factors (Shash, 1993). Published literature declared
that most construction research studies invited 200 experts from the industry to answer their questionnaire
and received back 20-30% of their 200 invitations (Akintoye & Fitzgerald 2000). These research considered
this percentage range a valid criterion to accept the collected data in similar research studies (Akintoye &
Fitzgerald, 2000). However, it is proved by previous research that increasing invitation-sample size, to
include more than 200, has no considerable impact on responding rate percentages (i.e., acceptance
criterion). The agreed acceptable responding rate percentage has been found between 20% to 31% of sent
invitation quantities. Therefore, this research study sent invitations to 200 experts randomly. So, the
acceptable sample size is expected to be between 40 (i.e., 20% of 200) to 62 (31% of 200) random samples.
It will be covering the minimum requirements of quantitative statistical analysis (i.e., at least 29). This
research has completed 55 face-to-face interview questionnaires with experts. The resulting responding
percentage has been found 27.5%, almost within the top 90% of other similar studies’ acceptable
percentages. Therefore, this research study is approved, and the valid sample size is 55 face-to-face experts’
interview questionnaires.

4.2. Pilot Study

A pilot study is essential in any research data collection to identify a good sample size; however, it is
also essential to identify possible challenges and improvements (Ruiz et al., 2017; Toor & Ogunlana, 2009;
Aziz & Abdel-Hakam, 2016; Viechtbauer et al., 2015). Determining the pilot study sample size can be using
the “role of thumb” or by calculating it mathematically (Cocks & Torgerson, 2013, p.199; Kraemer et al.,
2006). Nevertheless, based on the researchers’ recommendations of similar studies, the pilot study sample
size has been decided to equal 5% (i.e., 1 pilot sample of each desired 20 main samples) to optimize the
results (Viechtbauer et al., 2015). Therefore, the pilot study has been decided to be 3 (i.e., between 1.5=2
and 3.1=3 pilot samples) based on the chosen main sample size (i.e., 40 to 62). To ensure a valid pilot
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sample size, further literature has been reviewed to support the chosen pilot sample. For example, similar
research selected six samples for a pilot study representing 117 main sample sizes, including interviews
and questionnaires (Aziz & Abdel-Hakam, 2016). This is equal to about 5% (i.e., 6/117=5.1%); however,
the sample range was between 87 and 118 (i.e., 20% to 31% respond rate). Therefore, it is acceptable.
Another similar study selected 6 pilot samples to represent the expected 115 main sample size (Toor &
Ogunlana, 2009). However, the research ended with having six pilot samples representing 111 main sample
sizes, including interviews and questionnaires (Toor & Ogunlana, 2009). This pilot percentage has shifted
from 5.2% (i.e., 6/115) to 5.4% (i.e., 6/111), which is approximately 5%, and the actual main sample did
not exceed the range higher limit. Other quantitative research selected 12 pilot samples to represent 230
main validation samples (Ruiz et al., 2017). This result was found equal to 5.2% =~ 5%. Therefore, it is
acceptable to consider this research study piloting sample equal to 3 (i.e., 5%); however, the main sample
size did not exceed the higher limit (i.e., 55 < 62).

After improving the questionnaire and identifying all possible challenges, it is essential to consider this
study's face-to-face interview questionnaire's final duration. The final validated questionnaire requires 45
minutes to be completed. To validate this duration, it is mandatory to review previous research literature.
So, researchers declared an interview could take 30 minutes up to several hours (DiCicco-Bloom &
Crabtree, 2006). The United States Census Bureau concluded that each in-person interview questionnaire
takes between 25 and 75 minutes (Bogen, 1994). Nevertheless, other researchers proved that most
questionnaires have a duration of 10, 15, 20, and 30 minutes (Galesic & Bosnjak, 2009; Barnes, 2001). This
is significant in maintaining the quality of collected data and maintaining a higher responding rate (Galesic
& Bosnjak, 2009; Barnes, 2001). Therefore, this research study has an acceptable face-to-face interview
questionnaire duration (i.e., 45 minutes). It maintains the quality of data collection and responding rate by
offering an optional choice to complete the questionnaire in more than one session. This will ensure that all
collected data in one session is not rushed and by interviewees choice. Moreover, it will ensure that busy
interviewees' data collection quality (i.e., construction industry experts) is maintained as required.

4.3. Experts’ Competencies

Data collection in this research methodology design is based on 200 residential building project’s whole
life cycle experts’ invitations. From previous similar studies (i.e., real estate development and construction
project management), experts who have a related knowledge base and who have similar projects experience
were used to provide acceptable data for research studies, including cost and duration variables
(Zimmermann & Eber, 2017). Previous similar studies (i.e., buildings predictive maintenance criteria)
accepted experts’ evaluations to draw a valid scientific research conclusion (Zimmermann & Eber, 2017).
However, it is important to define experts and ensure that data providers for this research are valid and are
satisfying the designed research methodology. According to the literature, choosing data collection experts
is to “excellence” level of requested outputs (Mieg, 2009, p.92). Traditionally, researchers defined experts
as people who can evaluate something better than anyone else because they know more than others in their
specific knowledge (Zimmermann & Eber, 2017). Also, experts’ outputs are termed in literature as the “road
to excellence” (Mieg, 2009, p.92). Researchers stated that assessment excellence in scientific research is
the output of true expertise (Mieg, 2009). As a result, it is essential to understand the criteria of experts’
considerations for scientific studies (Mieg, 2009; Zimmermann & Eber, 2017; Flores-Colen et al., 2010).
This is significant to ensure experts' assessment excellence level (Mieg, 2009). Commonly, experts’
evaluation validity is justified by reputation (Zimmermann & Eber, 2017). This reputation is called
experience (Zimmermann & Eber, 2017). The experience is defined as the satisfactory number of successful

96


http://www.carijournals.org/

Journal of Entrepreneurship and Project Management
ISSN 2520-9116 (Online)
Vol. 6, Issue No.1, pp 90 -114, 2021 WWW.carijournals.org

similar systems investigations to reach the ability to predict complex systems’ behaviour and estimate
variables’ values within acceptable small margins (Zimmermann & Eber, 2017). In this research study, it is
required to be more specific in identifying experts. First, from reviewed literature, the “10-year rule”
requirement stated that experts need to study the area of knowledge for 10,000 to 50,000 hours before
considering their reputation (i.e., expertise) (Mieg 2009, p.93). This is equal between 3.5 to 17 years based
on 8 hours per day to reach maters level (Mieg, 2009). From another perspective, it is equal to 4.8 to 24
years of studying the knowledge based on 40 hours a week and 52 weeks a year. In similar studies (i.e.,
built environment), researchers conducted and accepted 30 expert survey questionnaires; however, the
experts' selection approach included two main criteria (Mieg, 2009). The first criterion is a higher education
qualification (Mieg, 2009). It required a minimum of 5-years of university degree qualification (Mieg,
2009). The second criterion is the number of years of specialized experience in addition to a university
degree qualification (Mieg, 2009). Researchers classified experts with 5-year degree qualification plus 2 to
7 years of related specialized experience as high experts (Mieg, 2009). On the other hand, they classified
experts who have only a 5-year degree qualification, with high sensitivity to the research topic, as medium
experts (Mieg, 2009). Therefore, this research study considers high experts as professionals with 5-year
degree qualification and at least two years of related specialized experience. Moreover, considering medium
experts as professionals with a 5-year degree qualification in engineering related to building environment
knowledge (i.e., construction and operation) such as civil engineering, mechanical engineering, electrical
engineering, construction engineering, and facilities engineering. Due to the large cultural and educational
diversity in the United Arab Emirates, this research targeted only experts registered in built environment
organizations (i.e., contractors, consultants, developers, and government). It is because the Ministry of
Human Resources and Emiratization (i.e., Ministry of Labor) in the United Arab Emirates ensure the
authenticity of degree certificates before issuing work permits and does not register engineers’ contracts
unless the licensing authorities approve them (i.e., Abu Dhabi Municipality and Society of Engineers). This
will ensure selecting valid experts who satisfy the minimum acceptable conditions, including authentic
equivalated 5-year engineering degree qualification and approved relevant specialized experience as shown
in figure 1. This research study invited 200 experts following the previous justified criteria and completed
55 face-to-face survey interviews within acceptable response rate (i.e., 27.5%).

Glialllg gija ol ke il 4 il MESRS
DEPARTMENT OF URBAN PLANNING ?ﬁ\}
AND MUNICIPALITIES &3

Engineer License

Number (ELN) oedidas, 8, (ELN)

Engineer’s
Photo Name i

Organization Jaall g

Engineering
Specialty

Engineering
Profession

Issue Date 2019-04-02 Lol & 00

Expiry Date 2021-04-02 Sl F

Figure 3. Abu Dhabi Municipality License Sample to show official provided information to validate experts.
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5. RELIABILITY AND VALIDITY RESULTS

Correlation and regression analysis results will be detailed in the following parts to end with validated
data (i.e., cost risks values). It is including (1) Data Correlation Analysis and (2) Data Regression Analysis.

5.1. Data Correlation Analysis

Correlation is defined as the measurement of a specific pattern of association (West et al., 2013). However,
the association occurs when a scatterplot takes a pattern between two numerical variables (West et al., 2013).
After validating data providers’ ability to contribute to this research study, three types of essential reliability
criteria need to be satisfied. First, the statistical significance test of quantitative results is deciding the
repeatability or replicability of these results during a particular period (Golafshani, 2003). This is the
indicator of data strength. In correlation analysis, P-Value is the significance of hypothesis consideration.
Second, measurement stability is an important type for testing quantitative results reliability (Golafshani,
2003).

This means that stable measurements over time are more reliable than unstable measurements
(Golafshani, 2003; Rungtusanatham et al., 2003; Sauro & Lewis, 2012; Mohd et al., 2015). Stability (i.e.,
strength) can be defined as the correlation between 2 separate readings of the same subject (Vanderwal et
al., 2021). Third, the similarity type of reliability can be defined as the average correlation of readings
within a given condition (Vanderwal et al., 2021;). Correlation R-values range between +1 and -1 (Ratner,
2009; DeSoto & Roediger, 2014). In correlation analysis, the r-value is the scatter strength and similarity
indicator. The considered hypotheses for this research correlation analysis are listed as the following:

Let, p represent the Correlation of Pearson Population, then

Ho: p=0, (i.e., No Correlation between variables),
Hi:  p#0, (i.e., Correlation is available between variables)

HO is true if the significance does not exist (i.e., P-value > 0.05). Hj is true if correlation analysis showed
significance P-value < 0.05. This research is conducting all statistical analysis using the SPSS software
program.

As shown in the appendix correlation table, Linear Relationship Strength columns showed color coding
representing correlation analysis p-value and the r-value. The p-value significance has been discussed
earlier. However, it is important to understand the r-value representation. Although there is no specific rule
for considering linear relationship classifications, this research has created the most appropriate based on
reviewed literature.

According to literature reviews, there is no linear relationship between data scatters if there is no
significance (Ratner, 2009; Schober et al., 2018). However, a linear relationship exists if hypothesis HI is
true (p # 0) based on p-value < 0.05 (Ratner, 2009; Schober et al., 2018). H; hypotheses will have a
correlation analysis r-value between 0 and 1 for positive relationships and if correlation analysis r-value is
between 0 and -1 for negative relationships (Ratner, 2009; Schober, Boer & Schwarte, 2018). It is weak if
the r-value is between 0 to 0.3 and within (0) to (-0.3) (Ratner, 2009). It is moderate if the r-value is within
0.3 to 0.7 and within (-0.3) to (-0.7) (Ratner 2009). Table 2 summarizes how Ratner (2009) classified linear
data relationships based on Pearson's correlation coefficient r-value. It is strong if the r-value is within 0.7
to 1 and within (-0.7) to (-1) (Ratner 2009).
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Table 2. summarize how Ratner (2009) classified data linear relationships based on “Pearson's correlation coefficient” r-value.

Pearson's correlation coefficient r-value Linear Relationship Classification

P-Value >0.05

.. No linear relationshi
No significance P

0to 0.3 and 0 to -0.3 Weak linear relationship

0.3 t0 0.7 and -0.3 to -0.7 Moderate linear relationship

07 to 1 and -0.7 to -1 Strong linear relationship

Other researchers have included more than 3 classifications, as shown in Table 3 (Schober, Boer &
Schwarte 2018). It is including 5 strength classifications of linear relationships (Schober, Boer & Schwarte
2018).

Table 3. summarize how Schober, Boer and Schwarte (2018) classified data linear relationships based on Pearson's correlation coefficient r-value.

Pearson's correlation coefficient r-value Linear Relationship Classification

P-Value >0.05

.. No linear relationshi
No significance P

0to 0.1 and 0 to -0.1 Negligible linear relationship
0.1 to 0.39 and -0.1 to -0.39 Weak linear relationship
0.4 t0 0.69 and -0.4 to -0.69 Moderate linear relationship
0.7 t0 0.89 and -0.7 to -0.89 Strong linear relationship

090 1 and -0.9 to -1 Very Strong linear relationship

Previous cash flow literatures divided correlation strength based on weak (i.e., 0% to 33%), average (i.e.,
34% to 66%,), strong (i.e., 67% to 90%), and very-strong (i.e., 91% to 100%) (Konior & Szdstak, 2020).

Therefore, this research study created its most suitable linear relationship strength classifications,
including color coding and justification remarks, based on the previously reviewed literature, as shown in
table 4.

The validity of quantitative research is based on the final useability and accuracy (Golafshani, 2003;
Almquist et al., 2014). According to positivists, validity can be quantified based on testing the mathematical
and measurement models to check if the research outputs can measure what it is intended to measure
(Golafshani, 2003).

This research ensured to include most of its data reliability stability as strong as possible. Therefore, this
stage is assumed valid for further analysis in regression modelling as per literature recommendation (i.e., a
correlation exists) (Ratner, 2009; Schober et al., 2018).
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Table 4. Color coding of data linear relationships based on Pearson's correlation coefficient r-value.

Linear Relationship

Pearson's correlation coefficient r-value . . q
Classification /Color coding

Remarks

P-Value >0.05
(No significance)
And within
(0) to (0.3 >) and
(0) to (-0.3 >)

No linear relationship

This is because researchers agreed that there is no relationship
if there is no significance and the relationship is neglectable or
very weak within (0) to (0.3 >) and (0) to (-0.3 >)

(0.3 =)to (0.5>) and

(03 Z)to(-05>) Weak linear relationship

There is a debate about considering moderate linear
relationships if r-value is between 0.3 to 0.4.

So, this research is considering r-values within

(0.3 =)to (0.5>)and

(-0.3 =)to (-0.5>)

as weak linear relationships

(0.5 =)to (0.7 >) and

05 =)to (-0.7>) Moderate linear relationship

(0.7 =)to (1) and

07 =)to (-1) Strong linear relationship

All reviewed literatures agreed on that r-values within

(0.7 =)to (1) and

(-0.7 =)to (-1)

is strong linear relationships. So, this research is considering
moderate linear relationship for r-values within

(0.5 =)to (0.7 >) and

(-0.5 =)to (-0.7>)

5.2. Data Regression Analysis

The final step in validating experts collected data is the regression analysis. The stability-similarity
relationship is conducted based on the significance P-Value between the dependent variable with each of
its independent variables (Vanderwal et al., 2021; Golafshani, 2003). This research is approaching stability-
similarity relationship by ensuring the significance between risks and their impacts/probabilities as shown
in the appendix regression table. Linear regression analysis will be conducted for each risk variable using
SPSS software to satisfy equation 1 and Table 5. This will include the risk’s value as a dependent variable,
while the independent variables will impact its probability values.

Y= ﬂ0+ ﬂprob Xprob + ﬂimp )(imp+ f )

Y = the Risk dependent Variable of each factor.

Xprob & Ximp = the probability and impact independent Variable of each factor.
Pprob & Bimp = the Linear Regression Coefficients for Xprob and Ximp, respectively of each factor.

& = the Error (Equal Zero because it is not time-based).

Table 5. Regression Mandatory Error Assumptions Validation Requirements (Kadiyala, 1970; Nazif et al., 2016, Jafarzadeh et al., 2015).

Regression Mandatory Error Assumptions Validation Requirements

1. The error’s probability distribution of the regression should be normally distributed (i.e., Bell-shaped).

2. The error’s population mean value (pe) must equal to zero.
3. The error’s variance (62) must be constant for all independent X values

4. The errors must be independent for all dependent Y values
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The appendix regression table has multiple color coding for two columns (i.e., R-Square and Number of
Outliers columns) as explained in Table 6. It is important to highlight outliers to track the minimum
acceptable data sample size. Therefore, there are four color codes under the (Number of Outliers) column.
The minimum acceptable sample response rate was concluded from literature is 40 response out of 200
invitations (Akintoye & Fitzgerald, 2000; Vidogah & Ndekugri, 1998; Elhag et al., 2005; Shash, 1993).
This research has completed 55 face-to-face survey interviews. So, the optimum scenario is to use all 55
samples in the final regression model.

It is then important to understand the meaning of the R-Square value in regression analysis and classify
its readings. According to researchers, R-Square should be analyzed using the goodness of fitness (i.e.,
GOF) approach (Petroutsatou & Lambropoulos, 2010). This approach states that a regression model’s R-
Square has an acceptable percentage if the goodness of fitness measure meets the required criteria
(Petroutsatou & Lambropoulos, 2010). R-Square's criterion is to have acceptable goodness of fitness index
(i.e., GFI) ratio (Petroutsatou & Lambropoulos, 2010). This ratio is based on considering R-Square values
from zero to one (Petroutsatou & Lambropoulos, 2010). The model is considered not fit and does not
represent the sampled population if the GFI ratio equal to zero (Petroutsatou & Lambropoulos, 2010). The
model is a perfect fit if the GFI ratio is equal to one (Petroutsatou & Lambropoulos, 2010). Researchers
consider the R-Square value is the goodness of fit index ratio (Petroutsatou & Lambropoulos, 2010). The
acceptable recommended criterion set by previous literature is to have R-Square (i.e., GFI) > 80% (0.80)
(Petroutsatou & Lambropoulos, 2010). Only one risk (i.e., concessionaire's inability) had an R-Square value
of less than 80% (i.e., 63.2%), as shown in the appendix regression table. According to researchers, this
issue required deeper investigation because it is an essential cost risk (Alzahrani, 2015; Trangkanont &
Charoenngam, 2013). It is also found that researchers in previous housing cost risks modelling literature
declared that the concessionaire's inability must be assigned to the private organization (Trangkanont &
Charoenngam, 2013). This cost risk shall be included in the final cost estimation model because this
research study includes all client types. It is recommended to conduct future research about this risk value
using the private sector’s experts in the UAE.

Table 6. Regression analysis color coding criteria used.

Column Color coding criteria Column
Number of Outliers No Color = Zero outliers Full collected sample is used
Number of Outliers 13 > Outliers # Zero AT 1010 £ bl STl EERipeine =<2
42 < Sample size
< ize <
Number of Outliers 13 < Outliers # Zero <25 =R SIS

(Color code criterion has not been met)

= .
Number of Outliers 25 < Outliers # Zero 30> Sample size
(Color code criterion has not been met)

R-Square R-Square < 80% Only 1 found
R-Square 80 < R-Square <90%
R-Square R-Square > 90%

Durbin-Watson's value is ranging from 0 to 4 (Nazif et al., 2016; Jafarzadeh et al., 2015). However,
according to researchers, it is important to keep the Durbin-Watson value as close as possible to 2 (i.e.,
complete avidness of autocorrelation) (Nazif et al., 2016; Jafarzadeh et al., 2015). It is impossible to have
data Durbin-Watson exactly equal to 2 (Nazif et al., 2016; Jafarzadeh et al., 2015). However, it can be as
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close as possible to be considered autocorrelation with no-impact or neglectable impact on data sets (Nazif
et al., 2016; Jafarzadeh et al., 2015). Mathematically, values above 1.5 can be approximated to 2 (i.e., X =
2,1f X >1.5). And values below 2.5 can be approximated to 2 (i.e., X = 2, if X <2.5). Therefore, the outliers
had to be removed to keep the Durbin-Watson value between 1.5 to 2.5 (i.e., 1.5 < Durbin-Watson < 2.5)
for avoiding any autocorrelation within the analysis results (Nazif et al., 2016; Jafarzadeh et al., 2015).

6. CONCLUSION AND RECOMMENDATION

To sum up, this article identified and validate 117 cost risks values for residential project’s whole life
cycle. The process of data collection, analysis, and validation has been discussed including (1) data
collection strategy, (2) experts’ competencies, (3) data correlation analysis, and (4) data regression analysis.

6.1. Originality

According to the best knowledge of the author, there is no previous research identified reliable and valid
residential project’s whole life cycle cost risks values in the United Arab Emirates.

6.2. Theoretical Implications

The outputs of this article can by used in a wide range of quantitative analytical project management
research which is related to residential projects’ cost and risk modelling. Also, the used approach can be
utilized to identify the values of cost risks of other projects types in many regions.

6.3. Practical Implications

Project management professionals can us the output of this research as an initial risk value for each
identified risk. Then, they can use the regression equation of each risk to update the risks over the project
time based on the changes happening in the risk’s impact/probability.

6.4. Limitations and Future Research Recommendations

The following limitations are highlighted for future research consideration:

1. The collected data was based on experts’ face-to-face survey interviews. It is recommended to
investigate the model response after using different sample size for data collection.

2. This research developed the final model for residential projects WLC including all private, public, and
public-private projects’ experts together to collect data risk values. This caused an argument, to the
inability-to-concessionaire risk. The risk proved essential for building construction projects except that
it is clearly mentioned in a PPP (i.e.,, public-private-projects) study to allocate inability to
concessionaire risk to private projects only. This research has justified its data because most of the
chosen experts are from the public sector. Therefore, future research is recommended to investigate
distinguishing between private, public, and public-private residential projects when collecting data
from experts.

3. These research outputs (i.e., system dynamics PWLC cost modelling) is restricted to residential
projects in the United Arab Emirates. This is because it is built, validated, and verified using the UAE
residential project industry's data solely. It is recommended to investigate cost risks values of other
different project’s types, including residential buildings (excluding in UAE), hotel buildings,
commercial buildings, industrial buildings, and infrastructure projects. Each project type study can be
done in many regions.
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Appendix

Correlation Analysis

Correlation: Correlation:
. Cost RISk D - . Standard Risk vs Probability Risk vs Impact
ost Risk Description ean Deviation . . Tinear N > Toinear
Relationship Relationship
value value value value
Strength Strength
A Construction Activities® Risks
1 Selection Method 31.93 22386 0.760 0.000 Strang 0.919 0.000 Strong
2 Type of Client: Sole Individual 24.55 23277 0.306 0.000 Strong 0927 0.000 Strong
3 e fclicutiBankgindiyidual 2258 17.649 0493 | 0.000 Weak 0.780 0.000 Strong
Partnership
4 Type of Client: Developer 21.22 15.645 0.451 0.000 Weak 0.341 0.001 Strong
5 Type of Client: Group of People 26.08 15.807 0.400 0.000 Weak 0.789 0.004 Strong
6 Location: City Area 22.67 19.730 0.648 0.000 Mboderate 0.943 0.000 Strong
7 Location: Regional Area 22.84 18.129 0.312 0.020 Weak 0914 0.000 Strong
3 Location: Beach Area 2355 16.722 0.737 0.000 Strong 0.8341 0.000 Strong
9 Location: Desert Area 31.65 23420 0.801 0.000 Strong 0919 0.000 Strong
10 | Building Services Complexity: 26.82 17.132 0.467 0.000 Weak 0.723 0.000 Strong
Operational Services
| B:xldivg Services Complexity: Fitness 24.15 15.401 0.343 0.000 Weak 0.936 0.000 Strong
Services
12 Number of Basement Levels 22.56 18.953 0.709 0.000 Strong 0.828 0.000 Strong
13 Procurement Method 29.20 17.190 0.426 0.000 Weak 0.346 0.000 Strong
14 Site Topography 26.93 17.920 0.522 0.000 Mboderate 035 0.000 Strong
15 Site Conditions 29.33 20.110 0.620 0.000 Mbderate 0908 0.000 Strong
16 Working Space 19.13 16.546 0.550 0.000 Mboderate 0.380 0.000 Strong
17 Site Access 1991 18.686 0.660 0.000 Mbderate 0925 0.000 Strong
18 Frame Structure 18.45 13.281 0.003 0.983 Nn A 0.384 0.000 Strong
relationship
3 No
19 Foundation Type 18.87 13951 0.092 0.514 el 0941 0.000 Strong
20 Ground Conditions 30.31 17.055 0.247 0.069 No A 0.932 0.000 Strong
relationship
21 Type of Soil 28.27 13.006 0.434 0.001 Weak 0.330 0.000 Strong
22 Mark-up Size 17.85 16.672 0.630 0.000 Mboderate 0.927 0.000 Strong
23 Need for Work 17.67 14.934 0.383 0.004 Weak 0.381 0.000 Strong
24 Deadline Requirements 36.71 20.623 0.659 0.000 Mboderate 0.703 0.000 Strong
23 Number of Stories 22.02 15.841 0.601 0.000 Mbderate 0.893 0.000 Strong
26 Project Duration 3335 21.961 0.749 0.000 Strong 0.349 0.000 Strong
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Cor]:elation: Correlation:
Standard HRo;s:bEty LT o Lipend
SN Cost Risk Description Mean Deavlila:i:;n Linear Tineor
v;l;le vaPll;e IRekrlomelivy v:];le vaPll;e IR Ty
Strength Strength

27 Gross Floor Area 2145 16.726 0.566 0.000 Moderate 0.769 0.000 Strong
28 Equipment Required 25.80 18,664 0.378 0.004 Weak 0.941 0.000 Strong
29 Construction Technology Availability 3067 21461 0.652 0.000 Moderate 0.891 0.000 Strong
B Political Risks
1 Change in Law 27.44 23599 0.744 0.000 Strong 0.802 0.000 Strong
2 Delayin Project Approvals and Permits 41.41 20.110 0.598 0.000 Moderate 0845 0.000 Strong
3 Poor Public Decision-Making Process 3l 17959 0.547 0.000 Moderate 0.837 0.000 Strong
4 Government Intervention 3057 19296 0.633 0.000 Moderate 0.866 0.000 Strong
s Unstable Government 36.65 25307 0.850 0.000 Strong 0.713 0.000 Strong
6 | Government Reliability 3836 23664 0698 0.000 Moderate 0.348 0.000 Strong
7 Inconsistencies in Government Policies 29.35 22 868 0.834 0.000 Strong 0.806 0.000 Strong
8 Strong Political Opposition / Hostility 27.07 23.768 0.812 0.000 Strong 0.736 0.000 Strong
9 Expropriation/ Nationalization of Assets 26.44 22576 0.775 0.000 Strong 0.687 0.000 Moderate
10 Inability of Concessionaire 2256 19908 0.160 0.247 ralat}:‘:lship 0.752 0.000 Strong
C Legal Risks
1 | Change in Tax Regulation 3047 22963 0915 0.000 Strang 0.920 0.000 Strong
2 Corruption and Lack of Respect for Law 30.96 22622 0.796 0.000 Strong 0.746 0.000 Strong
3 Legislation Change 2556 19411 0.727 0.000 Strong 0.333 0.000 Strong
4 Import/ Export Restrictions 2283 19872 0.731 0.000 Strong 0.865 0.000 Strong
5 Rate of Return Restrictions 18.61 19.755 0.779 0.000 Strong 0.898 0.000 Strong
6 | Industrial Regulatory Change 2498 20551 0318 0.000 Strang 0.389 0.000 Strong
D Economic Change Risks
1 Interest Rate Volatility 2267 20536 0.750 0.000 Strong 0,948 0.000 Strong
2 Inflation Rate V olatility 2622 21914 0.481 0.000 Weak 0.960 0.000 Strong
3 Foreign Ex change and Convert 20.63 17.709 0.707 0.000 Strong 0.807 0.000 Strong
4 Poor Financial Market 3045 19669 0.751 0.000 Strong 0.832 0.000 Strong
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Correlation: Correlation:
i . Standard Risk vs Probability Risk vs Impact
SN Cost Rigk Description Mean Deviation - "~ Lil:naar . - o Lirllear .
value value RESl;t;:ﬁlp value value RESI;‘;];:::P
E Natural Risks
1 Force Majeure 1835 18.789 0.660 0.000 Moderate 0.673 0.000 Mboderate
2 Enwironment 1807 17.122 0615 0.000 Moderate 0.874 0.000 Strong
3 “Weather 1744 16.317 0513 0.000 Moderate 0.919 0.000 Strong
4 Geotechnical Condition 2369 18.247 0.085 0.541 relaé::lship 0.923 0.000 Strong
F DMarket Risks
1 Market Supply 2511 20.860 0.737 0.000 Strong 0872 0.000 Strong
2 Market Demand 2707 23514 0.787 0.000 Strong 0.958 0.000 Strong
3 Fluctuation of Material Cost by Public/Private 2481 20.746 0.721 0.000 Strong 0.889 0.000 Strong
4 WValue of Production Effort 2230 20355 0675 0.000 Moderate 0.886 0.000 Strong
G Project Selection Risks
1 Public Opposition to Projects 1854 20.705 0.779 0.000 Strong 0.779 0.000 Strong
2 Uncompetitive Tender 2550 20.831 0689 0.000 Moderate 0.946 0.000 Strong
3 Level of Demand for the Project 2419 19.179 0.726 0.000 Strong 0.761 0.000 Strong
4 Land Acouisition 2500 18.473 0.706 0.000 Strong 0.826 0.000 Strong
5 Compettion Risk 1961 18296 0654 0.000 Moderate 0.930 0.000 Strong
H Project Finance Risks
1 Inaccurate Estim ates 3141 22.055 0.778 0.000 Strong 0.804 0.000 Strong
2 High Finance Cost 2626 21.016 0.713 0.000 Strong 0.830 0.000 Strong
3 High Bidding Costs 2685 20.754 0.733 0.000 Strong 0.814 0.000 Strong
4 Delay in Payment of Annuity 2798 20087 0.732 0.000 Strong 0.856 0.000 Strong
5 Financial Attraction of Project to Investors 2389 17372 0647 0.000 Moderate 0.863 0.000 Strong
6 Lack of Creditworthiness 2287 17.394 0661 0.000 Moderate 0.855 0.000 Strong
7 Delay in Financial Closure 2785 19.082 0558 0.000 Moderate 0.745 0.000 Strong
8 Inabality to Service Debt 2641 17.615 0509 0.000 Moderate 0.704 0.000 Strong
9 Lack of Government Guarantees 2347 20.526 0697 0.000 Moderate 0.911 0.000 Strong
10 Financer Unwilling to Take High Risk 2809 20.574 0559 0.000 Moderate 0.836 0.000 Strong
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Correlation: Correlation:
) . Seandard Risk ws Probability Risk ws Impact
SN Cost Risk Description Mean Deviation = ~ Li.l.mar . » ~ Lil.lear -
value value R‘;l::;r;:lp value value R‘;l;'ll:éts}lh »
I Building Functionality and Serviceability Risks
1 Construction Time Delay 3324 23.063 0.563 0.000 Moderate 0927 0.000 Strong
2 Material Availability 21.72 19.022 0.650 0.000 DMModerate 0962 0.000 Strong
3 Labour Availability 2448 21.043 0.701 0.000 Strong 0908 0.000 Strong
4 Poor Cuality of Workmanship 2772 22.443 0.805 0.000 Strong 0935 0.000 Strong
5 Default of Sub-Contractors or Suppliers 2726 22.192 0.690 0.000 Moderate 0923 0.000 Strong
6 Design & Construction Complexity 28386 20.276 0.702 0.000 Strong 0912 0.000 Strong
7 Design Deficiency 3437 21.935 0.331 0.000 Strong 0.803 0.000 Strong
8 Late Design Change 3324 20,054 0.760 0.000 Strong 0907 0.000 Strong
9 Construction Technelegy Complezity 2409 17.485 0.434 0.001 Weak 0877 0.000 Strong
10 Contractual Fisk 2461 16.973 0.588 0.000 DMModerate 0.399 0.000 Strong
11 Contractor Failure 3629 20.838 0.535 0.000 Moderate 0.748 0.000 Strong
12 Quality and Reliability 2517 18.248 0.642 0.000 Moderate 0367 0.000 Strong
J Stakeholders Relationship Risks
1 Different Working Method Between Partners 2267 16.968 0.582 0.000 Moderate 0916 0.000 Strong
2 Inadequate Ezpenence in Residential Projects 2585 18.700 0.501 0.000 Moderate 0.790 0.000 Strong
3 Lack of Commitment From Public/Fnvate Sector 2480 16.725 0.569 0.000 Moderate 0818 0.000 Strong
4 Organization and Coordination Risk 1783 15.720 0.536 0.000 Moderate 0.778 0.000 Strong
5 Inadequate Distnbution of Responsibility & Risk 2061 17.066 0.622 0.000 Moderate 0889 0.000 Strong
6 Inadecuate Negotiation Period Prior to Initiation 2026 13.902 0.584 0.000 Moderate 0.769 0.000 Strong
7 Conflict Between Project's Participants 23.19 17.059 0.675 0.000 Moderate 0.785 0.000 Strong
8 Worlcers Strike 1920 18.867 0.738 0.000 Strong 0870 0.000 Strong
9 Cultural Differences Between MMain Stakeholders 1506 14.330 0.689 0.000 Moderate 0835 0.000 Strong
K Enowledge Risks
1 Expertise 2626 18.559 0.550 0.000 Moderate 0827 0.000 Strong
2 Familianties 2117 15.358 0.534 0.000 Moderate 0871 0.000 Strong
3 Mumber of Bidders 2002 15.540 0378 0.005 Weak 0966 0.000 Strong
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Correlation: Correlation:
i . Standard Risk vs Prohability Risk vs Impact
SN Cost Risk Description Mean Deviation - o Li.t.lear ) - o Lillmear )
value value RBSI::;T;;“P value value RESl:rt;::;ts: g

4 Market Conditions 25.70 20870 0.728 0.000 Strong 0922 0.000 Strong
5 Size of the Project 1569 21.231 0.735 0.000 Strong 0384 0.000 Strong
6 Type of Building 2319 19.125 0.656 0.000 Mboderate 0931 0.000 Strong
7 Extent of Database 1711 15.633 0.633 0.000 Moderate 0339 0.000 Strong
g Hemeogeneity of Samples 1439 15298 0.585 0.000 Moderate 0958 0.000 Strong
9 Details of Information 21.74 19.511 0.662 0.000 Moderate 0932 0.000 Strong
Q OPEX Activities’ Risks

1 Energy Costs 1719 21.098 0673 0.000 Moderate 0329 0.000 Strong
2 Service Life of Building Components 2300 18.703 0.585 0.000 Moderate 0943 0.000 Strong
3 Building Components’ Eco-Costs 1731 15.076 0.605 0.000 Moderate 0386 0.000 Strong
4 Asset Operation Eco-Costs 1835 14.947 0.604 0.000 Moderate 09138 0.000 Strong
5 Disposa Eco-Costs 16.09 15.966 0.653 0.000 Moderate 0950 0.000 Strong
6 Compenents’ Detenorahon Rate 1754 17.103 0.747 0.000 Strong 0921 0.000 Strong
7 Fabric Mantenance 1602 13.216 0.402 0.003 Weak 0919 0.000 Strong
8 Services 2193 15.286 0.461 0.000 Weak 0930 0.000 Strong
9 Equipment’s Maintenance 2188 13.414 0.494 0.000 Weak 03935 0.000 Strong
10 Owerheads 2056 17.649 0.308 0.000 Weak 0918 0.000 Strong
11 Utilities 2281 14.523 0.209 0.129 relatlﬁn':lilip 0933 0.000 Strong
12 Cleaning 1509 12.363 0.408 0.002 Weak 0.302 0.000 Strong
13 Percentage of Current Eeplacement Value 17.76 14.762 0.396 0.000 Weak 0915 0.000 Strong
14 Eatio of Mantenance to Capital Cost 19.19 15.857 0.5347 0.000 Moderate 09038 0.000 Strong
15 Ratio of Operation to Capital Cost 2222 16.769 0.617 0.000 Moderate 0894 0.000 Strong
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Regression Modelling

Regression Analysis Valid
SN [ Cost Risk Description Sample Numhfer ar || o
al R- Durbin- Std. i Equation Size Iterations | of Outlier
e- Square Watson Residual a Reference
A | Construction Activities® Risks
1 Selection Method 0.000 0.956 2.071 0.000 Yearr =-27.785+ 0.461 Xprop + 0.649 Xy Eq.5- CAl 55 1 0
2 Type of Client: Solo Individual 0.000 0.945 1.605 0.000 Yeazi =-20.684+ 0.362 Xy + 0.663 Ximp Eq.5- CA2 55 1 0
Type of Client: Bank- Individual _ .
3 Partnership 0.000 0.840 2.178 0.000 Yeazr =-19.336+ 0.399 Xpuep + 0.481 Ximp Eq.5- CA3 55 1 0
4 Type of Client: Developer 0.000 0.943 2.107 0.000 Yeaar =-24.268+ 0.418 Xppop + 0.577 Ximp Fq.5- CA4 55 1 0
5 Type of Client: Group of People 0.000 0.955 1.536 0.000 Yeasae =-29.351+ 0.519 Xy + 0.558 Xy Eq.5- CAS 50 3 5
6 | Location: City Area 0.000 0.972 2.007 0.000 Yeaor = -24410+ 0.405 X, + 0.650 Xy Eq.5- CA6 55 1 0
7 | Location: Regional Area 0.000 0.943 1.898 0.000 Yearn =-21507+ 0.341 Xpran + 0,628 Xing Eq.5-CA7 55 1 0
8 Location: Beach Area 0.000 0.930 2.153 0.000 Yessn =-19.832+ 0.431 X, + 0.487 Xy Eq.5- CA8 55 1 0
9 Location: Desert Area 0.000 0.967 1.603 0.000 Yeaoaa = -41.191+ 0.723 X, + 0.5549X,,,, Eq.5- CA9 52 3 3
| e Gl 0.000 0.898 2212 0.000 Yeams = 28,441+ 0514 Xy + 0.529 %Kiy | Eq.5 CAL0 s5 1 0
Operational Services
Building Services Complexity: _ :
11 Fitness Services 0.000 0.958 1.903 0.000 Yeana =-10.250+ 0.234 X + 0.490 X, Eq.5- CAll 55 1 0
12 | Number of Basement Levels 0.000 0.920 1.636 0.000 Yearza =-22.454+ 0.497 Xppop + 0.481 Ximp Eq.5 CAI2 55 1 0
13 | Procurement Method 0.000 0.947 2.005 0.000 Yeans =-32.193+ 0.502 Xprop + 0,636 Xy Eq.5- CA13 55 1 0
14 Site Topography 0.000 0.924 2.433 0.000 Yearan =-24.830+ 0.397 X + 0.622 X5y Eq.5 CAl4 55 1 0
15 | Site Conditions 0.000 0.946 2.032 0.000 Yearsa =-26.255+ 0,400 Xppop + 0.668 Ximp Eq.5 CALS 55 1 0
16 | Working Space 0.000 0.921 1.841 0.000 Yeaen =-17.034+ 0.339 X + 0.531 Xiy Eq.5- CAlS 55 1 0
17 Site Access 0.000 0.945 1.979 0.000 Yearra =-17.168+ 0.285 X0 + 0.656 Xy Eq.5 CA17 55 1 0
18 | Frame Structure 0.000 0.940 1.503 0.000 Yeaisae = -18.767+ 0.272 Xpron + 0,616 Xingp Eq.5- CA18 s1 3 4
19 | Foundation Type 0.000 0.952 1.913 0.000 Ycaw.n = -15.876+ 0.597 Xy + 0257 Xing Eq.5- CA19 53 2 2
Regression Analysis Valid
SN | Cost Risk Description s || | B
R- Durbin- | Std. Equation Siz Iterations | of Outlier
Sig. . Equation €
Square ‘Watson Residual Reference
20 | Ground Conditions 0.951 1.708 Yeams =-19.644+ 0295 X, + 0.674 Ximp Eq.5- CA20 55 1 0
21 Type of Soil 0.000 0.920 1.693 0.000 Yeana =-30.697+ 0495 X, + 0.607 X, Eq.5 CA21 55 1 0
22 | Mark-up Size 0.000 0.951 1.737 0.000 Yeaz = -15.493+ 0.309 Xy + 0.556 Xy Eq.5 CA22 55 1 0
23 | Need for Work 0.000 0.937 1.996 0.000 Yeazmy = -18.179+ 0.322 X, + 0.560 Xy Eq.5- CA23 55 1 0
24 | Deadline Requirements 0.925 1.768 0.000 Yeaza =-36.991+ 0.646 X,ru + 0.572X; Eq.5 CA24 55 1 0
25 | Number of Stories 0.000 0.948 2124 0.000 Yeams = -19.151+ 0402 X,y + 0.502X,., | Eq.5 CA25 25 1 0
26 | Project Duration 0.000 0972 2.127 0.000 Yeama = -36.626+ 0.660 X, + 0.568 X, Eq.5 CA26 55 1 0
27 | Gross Floor Area 0.000 0.882 1.867 0.000 Years =-21.393+ 0,433 X, + 0.494 Xiwy Eq.5 CA27 55 1 0
28 | Equipment Required 0.000 0.955 2.148 0.000 Yeama =-17.916+ 0315 X, + 0.596 X, Eq.5- CA28 -] 1 0
Construction Technology . B - -
29 Availability 0.000 0.950 1.699 0.000 Yeamy =-30265+ 0.509 X, + 0.621 X, Eq.5- CA29 55 1 0
B | Political Risks
1 Change in Law 0.000 0.921 1.782 0.000 Yepia =-26.362+ 0.546 Xy + 0.517 Xy Eq.5 CB1 54 1 0
2 E:[":IL‘“ R 0962 | 1.79 0.000 Yemst = -39.873+ 0,622 Xyea + 0.644 Xony Eq.5 CB2 54 1 0
3 gf:::‘b'“ L 0946 | 1.965 0.000 Yew.t = -28.624+ 0.528 Xyou + 0.549 Xony Eq.5 CB3 54 1 0
4 Government Intervention 0.000 0942 2.008 0.000 Yepoa = -24.614+ 0451 X, + 0575 X, Eq.5- CB4 54 1 0
5 Unstable Government 0.000 0955 1.789 0.000 Yemsa = -31.328+ 0,699 X, + 0.466 X, Eq.5- CBsS 54 1 0
6 Government Reliability 0.000 0932 2.145 0.000 Yoo = -29.046+ 0.524 X + 0.592 X, Eq.5- CB6 54 1 0
7 [ Inconsistencies in Govemment 0.000 | 0938 1775 0.000 Yews = 28005+ 0622 Xya + 0,477 Ximy Eq.5 CB7 54 1 0
Strong Political Opposition - - _ - " . " .
8 Hostility PP 0.000 0.914 1.961 0.000 Yepea =-25.278+ 0.589 X, + 0.468 Xy, Eq.5 CB8 =4 1 0
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Regression Analysis Valid
SN | Cost Risk Deseription — T T ) Fomion Sl;l::le S| e
2 | Square | Watson | Residual Eamlisn Reference
Si| Eropristion’ Nationalization of 0.000 | 089 | 1.563 0.000 Yem = 25173+ 0577 Xy + 0.449Xy | Eq.5 CBY 54 1 0
10 | Inability of Concessionaire 0000 | 0632 | 2079 0.000 Yemas = -6.461+ 0.106 Xy + 0.520X,y | Eq.5CBIO | 54 1 0
C | Legal Risks
1 | Change in Tax Regulation 0000 | 097 | 1513 0.000 Yeerse = -26.870¢ 0.598 X, + 0506X,y | Eq.5-CCI 4 3 6
2 E“‘;’“"""" and Lack of Respectfor | 600 | gogg | 1925 0.000 Yeear = 254704 0.609 Xyoa + 0.445 Xy | Eq.5-CC2 5 1 0
3 | Legislation Change 0.000 | 0938 | 1888 0.000 Yecar = 23051+ 0481 Xy + 052Xy | Eq.5- CC3 5 1 0
4 | Import / Export Restrictions 0000 | 092 | 1927 0,000 Yecur = 231037 0511 Xy + 0493X,y | Eq.5 CC4 5 1 0
5 | Rate of Retum Restrictions 0000 | 0928 | 1937 0.000 Yecar = -15.100+ 0,424 X + 0.440X, | Eq.5- CCS 54 1 0
6 | Industrial Regulatory Change 0.000 | 093 | 1592 0.000 Yecar = 21128+ 0524 Xy + 045Xy | Eq.5 CC6 5 1 0
D | Economic Change Risks
1 | Interest Rate Volatility 0.000 | 0961 | 2.098 0.000 Yenia = -16.208+ 0,330 Xyra + 0571 Ximy | Eq.5-CDI & 1 0
2 | Inflation Rate Volatility 0.000 | 0968 | 1979 0.000 Yepar = -19.016+ 0311 Xy + 0.643 Xy | Eq.5 CD2 5 1 0
3 | Forcign Exchange and Convert 0.000 | 0916 | 2034 0,000 Vepa = 20731 0,803 X, + 0.439X,y | Eq.5 CD3 e 1 0
4 | Poor Financial Market 0.000 | 0936 | 1.543 0.000 Yeouse = 27743+ 0.545 Xy + 0536 Xy | Eq.5-CD4 51 3 3
E | Natural Risks
1 | Force Majeure 0000 | 0845 | 221 0.000 Yeris = -20450+ 0.487 Xy + 0.425Xy | Eq.5 CE1 5 1 0
2 | Environment 0000 | 0921 | 1754 0,000 Yerss = -17.785+ 0.366 Xy + 0.513X,, | Eq.5 CE2 & 1 0
3 | Weather 0000 | 095 | 2286 0.000 Yepss = 18315+ 0248 Xy + 0.649%,, | Eq.5 CE3 54 1 0
4 | Geotechnical Condition 0.000 | 0920 | 1.633 0.000 Yewos = -17.785+ 0254 Xy + 0.628Xmy | Eq.5 CE4 5 1 0
Regression Analysis Valid
|| s - R- Durbin- | Std. Equation S'ST;"" r:tl::,&? n?‘S.'L.'LT.
% | Square | Watson | Residusl | e Reference ©
F | Market Risks
1 | Market Supply o000 | 0917 | 1704 0.000 Yeris = 18239+ 0446 X, + 0473,y | Eq.S CF1 5 1 0
2 | Market Demand o000 | 0966 | 1772 0.000 Yeras = 21383+ 0379 Xy + 0.654X,y | Eq5 CF2 54 1 0
3 gﬁ?f;g:‘:f”“mal T 0.000 | 0.951 1.726 0.000 Yersa = 26299+ 0523 Xy + 0541 Ximg Eq.5 CF3 54 1 0
4 | Value of Production Effort 0000 | 0916 | 2236 0.000 Yeroy = 20887+ 0420 X, + 0.520X,, | Eq.5 CF4 s 1 0
G | Project Selection Risks
1 | Public Opposition to Projects 0000 | 087 | 2200 0.000 Yeers = 13799+ 0432 Xy + 0.401Xim, | Eq.5 CG1 54 1 0
2 Uncompetitive Tender 0.000 0,985 1.604 0.000 Yeczar = -30.589+ 0,446 X, o + 0.738 X, Eq.5- CG2 “ 6 10
3 | Level of Demand for the Project 0000 [ 0910 | 1.598 0.000 Yeess = 23854+ 0.532 Xy + 046X, | Eq.5 CG3 54 1 0
4 | Land Acquisition 0000 | 087 | 1857 0.000 Yegus = 17187+ 0377 Xy + 0.520Kimp | Eq.5- CG4 54 1 0
5 | Competition Risk 0000 | 0949 | 1836 0.000 Yegss = 17931+ 033 X, + 0.594X,, | Eq.5 CGS 54 1 0
H | Project Finance Risks
1 | Inaccurate Estimates 0.000 | 0954 | 2.089 0.000 Yous = -34293+ 0.598 X,u + 0.603Xim, | Eq.5 CHI 54 1 0
2 | High Finance Cost 0000 | 0927 | 2140 0.000 Yoo = 26010+ 0.528 X, + 0.521%,, | Eq5 CH2 54 1 0
3 | High Bidding Costs 0000 | 0938 | 2446 0,000 Yo = 26230+ 0.518 Xy + 0.543X,y | Eq.5 CH3 5 1 0
4 | Delay in Payment of Annuity o000 [ 0s01 | 1982 0.000 Yores = 20774+ 0449 Xy + 0.521Xpmy | Eq.5 CH4 5 1 0
sH| Financisl Alimction of Project o 0.000 | 0965 | 1.608 0.000 Yoy = -27.694+ 0.550 X, + 0.525X,,, | Fq.5 CHS 54 1 0
6 | Lack of Creditworthiness 0000 | 0sso | 2289 0.000 Yenar = 18204+ 0380 Xy + 0.532Xmy | Eq.5 CHS6 54 1 0
7 | Delay in Financial Closure o000 [ 0925 | 2150 0.000 Yeura = -30.516+ 0.567 Xy + 0.531Xiwp | Eq.5- CHT 54 1 0
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Regression Analysis Valid
SN | Cost Risk Deseription IR il [ e
R- Durbin- | Std. Equation Size Iterations | of Outlier
Sig. Equation
Square Watson | Residual Reference
8 | Inability to Service Debt 0.000 | 0.894 1.738 0.000 Yeuna = -28.090+ 0.536 Xyn + 0,504 Ximy Eq.5 CHS 54 1 0
9 Lack of Government Guarantees 0.000 0.947 1.822 0.000 Yenon = -19.149+ 0,329 X, + 0.635X,,, Eq.5- CH9 53 2 1
10 | pineer Unwilling to Take High o000 | 0922 | 23%0 0.000 Yeuns = 24299+ 0,453 Xym + 0,566 Xy | Eq.5 CHIO | 54 1 0
I Building Functionality and Serviceability Risks
1 Construction Time Delay 0,000 0.964 2.047 0.000 Yena = -31.763+ 0.483 Ny + 0.685 Xy Eq.5- CI1 54 1 0
2 | Material Availability 0.000 | 0.966 1.868 0.000 Yeram = -13.223+ 0.266 Xy + 0561 Xy Eq.5 CI2 50 2 4
3 | Labor Availability 0.000 | 0.959 1.729 0.000 Yo = -26.526+ 0.538 Xy + 0.524 Koy Eq.5 CI3 54 1 0
4 Poor Quality of Workmanship 0.000 0,956 1.67% 0.000 Yeua = -200011+ 0,433 X, + 0.542X,,, Eq.5 CI4 5 1 0
S s”:;:ﬁ'itérs“b'cmﬂm i o000 | 0982 | 1s20 0.000 Yewss = -27.842+ 0,493 X,y + 0605 Koy Eq.5 CIS 54 1 0
6 | Design & Construction Complexity | 0.000 | 0972 1.577 0.000 Yoioe = -32.106+ 0.570 Xyos + 0.584 Xy Eq.5 CI6 54 1 0
7 | Design Deficiency 0.000 | 0974 1.50% 0.000 Yern = -36.247+ 0.674 Xy + 0.556 Xy Eq.5 C17 54 1 0
8 | Late Design Change 0.000 | 0958 1.856 0.000 Yo = 27519+ 0474 Xyus + 0,624 Koy Eq.5 CI8 54 1 0
Construction Technolo; , - . . -
9 | Compleity = 0.000 | 0.945 2.061 0.000 Yewa = -23.389+ 0,408 Xys + 0.573 Koy Eq.5 CI19 54 1 0
10 | Contractual Risk 0.000 | 0957 2283 0.000 Yenon = 21148+ 0,410 X, + 0.539 X, Eq.5 CI10 54 1 0
11 | Contractor Failure 0.000 0.988 1.559 0.000 Yemaa = -50.875+ 0.760 X,yph + 0.669 Xy Eq.5 CII 48 4 6
12 | Quality and Reliability 0.000 | 0.960 2.061 0.000 Yenar = -32.094+ 0589 X, + 0.553 X, Eq.5 CI12 54 1 0
J | Stakeholders Relationship Risks
Different Working Method Betr , » .
1 Pa' m‘lm orking Method Betweenl | g.000 0.943 1.969 0.000 Yeny = -15.742+ 0319 Xy, + 0.542 X, Eq.5- CJ1 54 1 0
2 R:j‘.::“‘;“‘ Experience in Residential | 409 | .04 1.694 0.000 Yems = -26.927+ 0523 Xyt + 0.517 Xigp Eq.5 CR2 54 1 0
Regression Analysis
= Yalid | Number of | Number
SN | Cost Risk Description Sample
R- Durbin- | Std. Equation e Iterations | of Outlier
Sig. Equation e
Square Watson Residual Reference
Lack of Commitment From _ - . .
- e 0.000 | 0933 1.953 0.000 Yepa = -19.470+ 0395 Xyon + 0.508 Xony Eq.5 CJ3 54 1 0
4 | Organization and Coordination Risk | 0.000 | 0915 2318 0.000 Yesua = 27211+ 0547 Xyn + 0.490X,,,, Eq.5 CJ4 54 1 0
Inadequate Distribution of P
5 | Responsibility & Risk 0.000 | 0952 2.306 0.000 Yers = 21988+ 0371 Xy + 0,621 Xinp Eq.5 CJS 54 1 0
g | Inadequate Negotiation PeriodPrior | [N 2.389 0.000 Yexs = -20.968+ 0.457 Xy + 0.453 Xingy Eq.5 CJ6 54 1 0
to Initiation
Conflict Between Project's ~
G o ricip s } 0.000 | 0.944 2241 0.000 Yera = -24.109+ 0.497 Xy + 0.512 Xy Eq.5 CJ7 54 1 0
8 Workers Strike 0.000 0913 2.016 0.000 Yema =-16.370+ 0.390 X + 0.484 Xy Eq.5- CJ8 54 1 0
Cultural Differences Between Main e .
9 stakeholders 0.000 0.906 1.716 0.000 Yema =-14.387+ 0.373 Xyras + 0.415Ximy Eq.5- CJ9 4 1 0
K | Knowledge Risks
1 | Expertise 0.000 | 0932 1.954 0.000 Yeris = -28.386+ 0,475 Ky + 0.604 Xiy Eq.5 CK1 54 1 0
2 | Familiarities 0.000 | 0.947 1.989 0.000 Yexzs = 24,4785 0.479 Xy + 0,524 Ximy Eq.5 CK2 54 1 0
3 | Number of Bidders 0.000 | 0974 1.582 0.000 Yexsa = 13,106+ 0.224 Xy s + 0,598 Ximy Eq.5 CK3 54 1 0
4 | Market Conditions 0.000 | 0957 1.982 0.000 Yexes = -20.929+ 0.386 Xprus + 0.606 Xy Eq.5 CK4 54 1 0
5 | size of the Project 0,000 | 0920 1.806 0.000 Yexss = 18,089+ 0387 X, + 0534 Xipp Eq.5 CKS 54 1 0
6 | Type of Building 0.000 |  0.960 1.833 0.000 Yexes = -20.515+ 0.393 X, ., + 0.566 X, Eq.5 CK6 54 1 0
7 | Extent of Database 0.000 | 0852 1.535 0.000 Yegny = -13.046 + 0.333 X, + 0.456 Ximy Eq.5 CK7 54 1 0
8 | Homogeneity of Samples 0.000 |  0.966 1.982 0.000 Yexas = -9.893+ 0.212 Xy + 0.534 Xipp Eq.5 CKS 54 1 0
9 | Details of Information 0.000 | 0.963 1.956 0.000 Yexoa = -20.361= 0.374 Xy + 0.594 Xy Eq.5 CK9 54 1 0
0O | OPEX Activities” Risks
1 Energy Costs | 0.000 | 0.924 | 2.047 | 0.000 | You1 = -29.619+ 0.554 Xy + 0.554 Xy | Eq.5- 01 l 54 | 1 | 0
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Regression Analysis i
q A 8 Y ﬂvah'? Number of Number
SN | Cost Risk Description ]} = q
q R- Durbin- Std. et Equation Size Iterations of Outlier
1g- Square ‘Watson Residual qua Reference
PR Scrvice Lif of Building 0.000 | 0961 1.663 0.000 Yoz1 = -19.630+ 0.355 X, 1y + 0.593 Xy Eq.5-02 54 1 0
Components

3 | Building Components® Eco-Costs 0.000 0.885 1.858 0.000 You1 = -14.6204 0.312 X, 1y, + 0.499 X Eq.5-03 54 1 0

4 | Asset Operation Eco-Costs 0.000 0.939 1975 0.000 You1= -13.456+ 0.272 Xy + 0.544 Xony Eq.5-04 s4 1 0

5 | Disposal Eco-Costs 0.000 0.958 1.768 0.000 Yos1= -11.825+ 0.247 Xy + 0.549 Xy Eq.5-05 54 1 0

6 | Components® Deterioration Rate 0.000 0.940 2.305 0.000 Yos1 = -15.652+ 0.329 Xy + 0.553 Xony Eq.5-06 54 1 0

7 | Fabric Maintenance 0.000 0.922 2.388 0.000 Yor1 = -14.582+ 0.277 Xy + 0535 Xong Eq.5-07 54 1 0

8 | Services 0.000 0.934 1.639 0.000 Yos1 = -14.600+ 0.252 Xy + 0.596 Xong Eq.5-08 54 1 0

9 | Equipment’s Maintenance 0.000 0.977 1.914 0.000 Yoo =-16.28%+ 0.305 X,y + 0.558 K Eq.5-09 51 2 3

10 | Overheads 0.000 0.954 1.778 0.000 Yoi01 = 21.626+ 0.349 X, + 0.615 X, Eq.5 010 54 1 0

11 | Utilities 0.000 0.962 2.303 0.000 You11 = -16.552+ 0.294 Xppup, + 0.554 Xip Eq.5 O11 54 1 0

12 | Cleaning 0.000 0.836 1.901 0.000 Yo121 = -14.313+ 0.285 Xypep + 0.480 Xy Eq.5 012 s4 1 0

13 f/‘;rl;image offeureniReplacement 0.000 0.934 2.041 0.000 Yors1 = -15.053+ 0.287 Kypey + 0.539 Koy Eq.5 013 54 1 0

14 | Ratio of Maintenance to Capital Cost | 0.000 0.942 2123 0.000 Yora1 = -14.588+ 0.291 X,y + 0.538 Xy Eq.5 014 54 1 0

15 | Ratio of Operation to Capital Cost 0.000 0.949 2124 0.000 Yous1 = -17.726+ 0.363 Xpuop + 0.525 Xip Eq.5 015 54 1 0
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