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Abstract

SYSTEM DYNAMICS APPROACH FOR WHOLE LIFE CYCLE COST MODELLING OF
RESIDENTIAL BUILDING PROJECTS IN UNITED ARAB EMIRATES

Purpose i Project management fields experiencag many challengesto maintain its
performance and deliveryithin plannedime, budget and quality Latest research focused on
costmodelling and estimatiohere is a high demand tave many developmentwithin a

short periodand acceptable qualityThe significarce of cost modelling comes from the
forecasted information valu&his research study aims to model prdgaathole lifecycle costs

of residential buildings in UAE at the preconstruction stage, choosing VENSIM system
dynamics approacf.he objective is tgimulatedynamially cost over time for all outputs.

Design/methodologyapproach i The approach of this research is pure quantitative. It
requires mapping diagrams and mathematical computation syfkesearch questions were
answered as a gear unit to build the final cost model. Identifying cost risks values are the first
required answe These values aextracted from field experts. Data validity and reliability are
conducted using mechanistic (hypotheses) mathematical models (correlation and regression).
Adjusting cost risksre computed usinglonte Carlo stochastic mathematical modiehally,
VENSIM system dynamicéinal costmodel is developed approaching empirical, dynamic
(stock and flow) and deterministic mathematics.

Findings T The result of systerdynamics approacimvestigation revealed thate¢anmodel
projectstotal expenditure (TOTEXdJynamically over timgincluding cash flow and NPV.

Limitatons T The model 6s verification proacauss CcoOouU
due to the absence of OPEX real data in UAE. Thisisbeth@dsE age (& sihan year
the modeésk lifecycle 0years).The model is developed for residential buildings in UAE. This
requiresfurther investigation to chedke ability ofsystem dynamics approatdhmodel costs

for otherprojecttypes and/or inothergeographical regiondt is required to check the model
response against changing/adjusting the used mathematical system to ensure the maximum
accuracy of system dynamics approach for cost modelling. compulsory to investigate
system dynamicsostmodeling response against adapting deferent demolition scenarios.

Theoretical implications T The final system dynamics cost modelrisorporatingTOTEX
cash flow and net present value estimates for each time step across this prog@etlife cycle

at the preconstruction stag&his is achieved by applying adjusting risks on pré&jaaitial
cost at the preconstruction stage with respect to cost and risk behaviours at each time step. Cost
impact is following an increasing-Surve behaviourduring CAPE time and risk impact is
following a decreasing-Eurvebehaviourduring CAPEXIifetime.Both cost and risk impacts
are linearly increasing during OPHHKetime. And NPV is following a negative exponent
behaviouover TOTEXIifetime. The applied adjustingsks are comprising thraealuelevels.
Minimum, mean,and maximum cost riskSimulated costs under adjustingks levelscan be
presented ithe samexported data sheetll cash flow scenarios, under three cost risks levels,
can be trended in thame chartsimultaneouslyincluding allprojects lifecycle time steps.

Practical implicationsi TOTEX and NPV accurate estimationtputsare the most important
criteria for future investments decisiomis.addition, modelling projetstcash flow is the most
helpful approach to apply stochastic area method {eaapgply) analysis. Multiple scenarios
provide better understanding of futieeents.

Originality/value T This researclsignificant contribution tdhe project management body of
knowledgeis accomplished byroviding the first cost modghpproachingystem dynamigs
for residential buildingprojectswhole lifecycle.
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on desigrbuild-operate lifetime projectdang 2011)

Figure 220: How risk events cause delay and cost overrun in NPV SD r{izog 2011)
Figure2-21: The time behaviour patterns of the SD analysis in the NPV r(uzde 2011)

Figure 222: Final NPV model showing the main 6 sub models including: Construction
Cost, Operating Cost, Project Financing, Discount Rate, and Operating Revenue which are
uilized in Final RPlang P0dl9t 6 s Cash Fl ow mode
Figure 223: Risk Cost System Dynamics Constructs (Alzahrani 2015).

Figure 224: Risks cost system dynamics model for KSA PPP projects showing risks groups
and their interaction in each sutodel (Akzahrani 2015).

Figure 225: The use of structured system dynamics as shown in the right side of the figure
and causal loops shown in the lower left side of the figure to satisfy modelling fixable
pavement resilience measurement under climate impact indgABown in the left upper

side of the figure (AlAryani 2019).

Figure 31: Distribution of reviewed literature and governments/ RICS reports related to

cost ri sk identification and all ocation I
2020.
Figure 32 : Construction Activitiesd Risks Map

other in the proposed project whole life cycle cost estimation model.

Figure 33: Political Risks Mapping showing their interaction with each other in the
proposed projdavhole life cycle cost estimation model.

Figure 34: Legal Risks Mapping showing their interaction with each other in the proposed
project whole life cycle cost estimation model.

Figure 35: Economic Change Risks Mapping showing their interaction edtth other in

the proposed project whole life cycle cost estimation model.

Figure 36: Natural Risks Mapping showing their interaction with each other in the

proposed project whole life cycle cost estimation model.
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Figure 37: Market Risks Mapping showintheir interaction with each other in the
proposed project whole life cycle cost estimation model.

Figure 38: Project Selection Risks Mapping showing their interaction with each other in
the proposed project whole life cycle cost estimation model.

Figure 39: Finance Risks Mapping showing their interaction with each other in the
proposed project whole life cycle cost estimation model.

Figure 310: Building Functionality and Serviceability Risks Mapping showing their
interaction with each other in the proposed project whole life cycle cost estimation model.
Figure 311: Stakeholders Relationship Risks Mapping showing their interagtibreach

other in the proposed project whole life cycle cost estimation model.

Figure 312: Knowledge Risks Mapping showing their interaction with each other in the
proposed project whole life cycle cost estimation model.

Figure 313: Operational Actities Risks Mapping showing their interaction with each
other in the proposed project whole life cycle cost estimation model.

Figure 31 4 : projectbs whole | ife cycle NPV ov
will not impact the cost model based onddifespan (Han, Srebric & EnacliRommer
2014).

Figure 315: Final cost estimation model mapping including both CAPEX and OPEX Risks
from design to demolition, showing their interaction with each other in the proposed project
whole life cycle cost estimatin model.

Figure 41: Association clarifying examples (Wild 2014).

Figure 42: Correlation clarifying examples (Wild 2014).

Figure 43: Literature review conceptual diagram for choosing reviewing type (Pautasso
2013).

Figure 44 : LiteraturbeesgdewndSWwl agelCted Pyra
(Maier 2013, p.4).

Figure 45: Literature review structure in educational doctoral research from topic
identification to conclusion (Maier 2013; Steward 2004; Pautasso 2013; Kucan 2001,
Webster & Watson 200Bewhorn 2018; Asmussen & Moller 2019).

Figure 46: VENSIM system dynamics stodlow diagram (Kang et al. 2020).

Figure 47: VENSIM system dynamics causal loop diagram (Boateng 2014).
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Figure 48: Project Management Institute (PMI) Risk Matrix: Probabilidy
Threats/Opportunities impacts (PMBOK Guide 2004).

Figure 49: Adjusted coloured Project Management Institute (PMI) Risk Matrix:
Probability and Impact multiplication is showing risks values including low (green),
medium (yellow) and high (red) risks.

Figure 410: Final Adjusted Project Management Institute (PMI) Risk Matrix: Probability
and Impact Matrix.

Figure 411: Probability & NorProbability Sampling methods (Omair 2014; Bhardwaj
2019).

Figure 412: Probability and No#robability Sampling methedMcCombes 2019).

Figure 413: mixed method sample size approach (Onwuegbuzie 2007).

Figure 414: 95% confidence level chart (Szyk, Mah & Pal 2020).

Figure 415: the difference between accuracy and precision (Heijungs 2020).

Figure 416: Shifting datanean without discredit distribution reliability should be without
changing the standard deviation.

Figure 417: showing how shifting data mean while changing its standard deviation
discredit the full data distribution and withdraw its reliability and vslid

Figure 418: clarify the difference between survey risk mean and adjusted risk mean for the
same data distribution of each variable.

Figure 41 9 : Experts data and Monte Carl o mode
and precision.

Figure 420: The final SCurve used in this research construction system dynamics cost
modelling.

Figure 421: Tending the construction RiskGrve which will be used in final system
dynamics model.

Figure 42 2 . This figure is adaptetd dly. AR2Z0@YO
showing the percentage of MEP costs compared to the total building costs including
residential building projects (Riley et al., 2005).

Figure 423: This figure is adapted by Wu and Cleme@tsome (2007) for Schaufelberger

and Jacobson2000) and Fuller (2005) table showing the percentage of operations and
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maintenance costs compared to the total building costs including residential buildings
projects (Riley et al. 2005).

Figure 424: a screen shot of the official EIBOR rate value inUhéed Arab Emirates as

of 239 February 2020 which is used in calculating the net present value of the developed
system dynamics model and its mathematical equation system.

Figure 425: System Dynamics stock and flow diagram.

Figure 426: problem solvingpproach based on open flow system (Sterman 2003).

Figure 427: System Dynamics stock and flow conceptual framework (Sterman 2003).
Figure 428: System Dynamics mathematics relationships graphical representation in
VENSIM Software.

Figure 429: System Dyamics Lookup Table Graph conceptual framework from VENSIM
Software.

Figure 430: The best practices of handling construction and demolition (C & D) waste
management costs during design and construction stages based on data median (Me)
assessment (Won & Chg 2017).

Figure 431: Construction and demolition waste management approach (Saez et al. 2013).
Figure 51: Abu Dhabi Municipality License Sample to show official provided information

to validate experts.

Figure 52: Interviewees working sector.

Figure 5-3: summarize how Schober, Boer and Schwarte (2018) classified data linear
relationships based on Pearson's correlation coefficimitie.

Figure 54: weak, moderate, and strong relationship of each risk factor with its probability
frequency.

Figure 55: weak, moderate, and strong relationship of each risk factor with its impact
weight.

Figure 56: Show how much of the population is represented by the data analysis results in
table 510.

Figure 57: Show how many risks had outliers during validatimg ¢ollected survey data

in table 510.

Figure 58: Valid sample size resulted from data analysis in tatil@.5

Figure 61: Microsoft office official random equation used in excel (RAND function 2020).
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Figure 62 :  C 0 m pukinturi @M gvaxiéiin U S | Riegh andoequations-46 and 417 as
detailed in chapter 4.

Figure 63: Cost risks description and reference code (i.e., CAl) from table 6

Figure 64: CA1 Cost risks SPSS Mean and Standard Deviation from tehle 6

Figure 65: CA1 Cost risks Lower and @pr Limits from table €l.

Figure 66: CA1 10,000 iterations average and cost risks adjusted Mean from-+hble 6
Figure 67 : C Binfnum 0P meaR a Raghum Gom table 61. Calculations are using
equations 414 to 419 and figure .

Figure 68: CA1 and CA2 Cost risks deference between the survey and the adjusted Means
from table 61.

Figure 69: Balancing table -4 Cost risks deference between the survey and the adjusted
Means.

Figure #1. adapted figure-20 showing fitting parameters: The finalCairve used in this
research construction system dynamics cost modelling based on literature guidance
(Cristobal 2017; Kucharavy & Guio 2014). However, K value represent construction cost
of this research.

Figure #2: Trending construction Risk decreasin@@ve to be used in system dynamics
final model.

Figure 73: Developing the stock and flow system dynamics model of CAPEX
Construction Activitiesd Risks and final
Figure #4: Developing the stock and flow system dymesmodel of CAPEX Political
Risks and finalizing its mathematical equations system.

Figure 75: Developing the stock and flow system dynamics model of CAPEX Legal Risks
and finalizing its mathematical equations system.

Figure 76: Developing the stock arftbw system dynamics model of CAPEX Economic
Change Risks and finalizing its mathematical equations system.

Figure #7: Developing the stock and flow system dynamics model of CAPEX Natural
Forces Risks and finalizing its mathematical equations system.

Figure 78: Developing the stock and flow system dynamics model of CAPEX Market

Risks and finalizing its mathematical equations system.
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Figure 79: Developing the stock and flow system dynamics model of CAPEX Project
Selection Risks and finalizing its matheroal equations system.

Figure #10: Developing the stock and flow system dynamics model of CAPEX Project
Finance Risks and finalizing its mathematical equations system.

Figure 711: Developing the stock and flow system dynamics model of CAPEX Building
Furctionality and Serviceability Risks and finalizing its mathematical equations system.
Figure 7#12: Developing the stock and flow system dynamics model of CAPEX
Stakeholders Relationship Risks and finalizing its mathematical equations system.
Figure 713: Developing the stock and flow system dynamics model of CAPEX Knowledge
Risks and finalizing its mathematical equations system.

Figure 714: Developing the stock and flow system dynamics model of OPEX Risks and
finalizing its mathematical equations system.

Figure #15: Developing the system dynamics model of final cost estimation and its Net
Present Value including CAPEX and OPEX Total costs and finalizing its mathematical
eguations system.

Figure 716: Final developed system dynamics model of estimating pedicting
residential projects whole lifecycle cost from the client perspective at thepseruction
stage.

Figure 81: It is showing the Zero Risk CAPEX cost cash flovC&ve of the DEMO
project cost. DEMO cost is assigned equal to AED 400 milliar Bvyears of execution
time.

Figure 82: It is showing the minimum, mean and maximum CAPEX cost cash flow S
Curves using the validation demo project cost. DEMO cost is assigned equal to AED 400
million over 3 years of execution time.

Figure 83: It is srowing the adjusted CAPEX Cash FlowCarve including minimum,
mean, and maximum adjusting risks using the validation demo project. DEMO cost is
assigned equal to AED 400 million over 60 years projects whole lifecycle.

8-4: It is showing the Zero Risk CAREcost cash flow SCurve of the DEMO project cost.
DEMO cost is assigned equal to AED 400 million over 60 years projects whole lifecycle.
Figure 85: It is showing the Risk Cost-Gurve of theConst ructi on Acti v
using the validation DEMO projecost. DEMO cost is assigned equal to AED 400 million

over 3 years of execution time.
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Figure 86: It is showing the Risk CostGSurve of thePolitical Risks using the validation
DEMO project cost. DEMO cost is assigned equal to AED 400 million over 13 yéa
execution time.

Figure 87: It is showing the Risk Cost-Gurve of thelLegal Risksusing the validation
DEMO project cost. DEMO cost is assigned equal to AED 400 million over 3 years of
execution time.

Figure 88: It is showing the Risk CostSurve of theEconomic Change Riskaising the
validation DEMO project cost. DEMO cost is assigned equal to AED 400 million over 3
years of execution time.

Figure 89: It is showing the Risk Cost-Gurve of theNatural Forces Risksusing the
validation DEMO prgect cost. DEMO cost is assigned equal to AED 400 million over 3
years of execution time.

Figure 810: It is showing the Risk CostGurve of theMarket Risks using the validation
DEMO project cost. DEMO cost is assigned equal to AED 400 million overfs ya
execution time.

Figure 811: It is showing the Risk CostGurve of theProject Selection Riskausing the
validation DEMO project cost. DEMO cost is assigned equal to AED 400 million over 3
years of execution time.

Figure 812: It is showing the Rk Cost SCurve of theProject Finance Risksusing the
validation DEMO project cost. DEMO cost is assigned equal to AED 400 million over 3
years of execution time.

Figure 813: It is showing the Risk Cost-Gurve of theBuilding Functionality and
Serviceability Risks using the validation DEMO project cost. DEMO cost is assigned
equal to AED 400 million over 3 years of execution time.

Figure 814: It is showing the Risk CostGurve of theStakeholders Relationship Risks
using the validation DEMO projecbst. DEMO cost is assigned equal to AED 400 million
over 3 years of execution time.

Figure 815: It is showing the Risk Cost-Gurve of theKnowledge Risksusing the
validation DEMO project cost. DEMO cost is assigned equal to AED 400 million over 3

yeas of execution time.
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Figure 816: It is showing OPEX cost flow at minimum, mean, and maximum adjusting
risks using the validation DEMO project cost. DEMO cost is assigned equal to AED 400
million over 57 years operation time.

Figure 817: It is showing TOEX cost flow at minimum, mean, and maximum adjusting
risks using the validation DEMO project cost. DEMO cost is assigned equal to AED 400
million over 60 years projects whole lifecycle.

Figure 818: It is showing the comparison between adjusted OPEX djndtad CAPEX

Cash Flow SCurve including equipment replacement cost, minimum adjusting risks, mean
adjusting risks, and maximum adjusting risks using the validation DEMO project cost.
DEMO cost is assigned equal to AED 400 million over 60 years projdaitewfecycle.

Figure 819a: It is showing OPEX NPV cost curve at the minimum, mean, and maximum
adjusting risks using the validation DEMO project cost. DEMO cost is assigned equal to
AED 400 million over 57 years operation time.

Figure 819b: It is showng the adjusted OPEX and CAPEX NPV Flow Curves including
equipment replacement cost, minimum adjusting risks, mean adjusting risks, and maximum
adjusting risks using the validation DEMO project cost. DEMO cost is assigned equal to
AED 400 million over 6Q/ears projects whole lifecycle.

Figure 820: Final model validation simulation using the DEMO project cost. DEMO cost
is assigned equal to AED 400 million over a simulation period equal to 3 years.

Figure 821: It is showing a bigger snapshot of OPEX anal estimated cost besides their
impact on the NPV when assigning in the contract value as AED 400 million and change
the project period from 3 years to 60 years.

Figure 822: Final model validation simulation using the DEMO project cost. DEMO cost
is assigned equal to AED 400 million over 60 years projects whole lifecycle.

Figure 823: VENSIM System dynamics modelling results for Project 1 costs including
CAPEX, OPEX, Total Estimated Costs, OPEX NPV, and Projects Whole Life Cycle NPV.
Figure 824: comp@ring project 1 model vs. actual cost cash flow in percentage during
CAPEX stage.

Figure 824a: Example of analysing progress vs. cost cash flow in percentage during
construction stage (Wang, Wang et al. 2016).

Figure 824b: adapted chart for progress wsodelled and actual cost cash flow in
percentage during CAPEX stage for project 1 (Wang, Wang et al. 2016).
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Figure 825: VENSIM System dynamics modelling results for Project 2 costs including
CAPEX, OPEX, Total Estimated Costs, OPEX NPV, and Projects Wiifel€ycle NPV.
Figure 826: comparing project 2 model vs. actual cost cash flow in percentage during
CAPEX stage.

Figure 826a: adapted chart for progress vs. modelled and actual cost cash flow in
percentage during CAPEX stage for project 2 (Wang, Waag 2016).

Figure 827: VENSIM System dynamics modelling results for Project 3 costs including the
CAPEX, OPEX, Total Estimated Costs, OPEX NPV, and Projects Whole Life Cycle NPV.
Figure 828: comparing project 3 model vs. actual cost cash flow in pegerduring
CAPEX stage.

Figure 828a: adapted chart for progress vs. modelled and actual cost cash flow in

percentage during CAPEX stage for project 3 (Wang, Wang et al. 2016).

Figure82 9: Construction projectsod caestimation ow a

in each time step over projectos duration

Figure 830: Cash flow area method range of verification project 1 (i.e., within the
highlighted area).

Figure 831: Cash flow area method range of verification project 2, (Within the
highlighted area).

Figure 832 Cash flow area method range of verification project 3 (i.e., within the
highlighted area).

Figure 833: Cash flow area method range of all verification projects 1,2, & 3 (i.e., within
the highlighted area).

Figure 834: Cash flow area range of total verification projects 1, 2 and 3 including
maximum limits, minimum limits and estimated VENSIM cash flow mean risksiSe.
Figure 835: Cost Estimation Accuracy Achievement over the last 50 years (i.e., from 1970
i 2020).

Figure 836: Showing System dynamics (SD) Cost Estimation and Modelling Performance
in PM Field.

Figure 91: adapted figure-1 showing how research questions are answered to meet this

research aim and objective
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LIST OF TABLES

Table 31: Reviewed literatures and governments/ RICS reports for risk identification and
all ocation which impact <cost in construct
2020. This is an adapted table summary from literatures (Boussabaine & rKigde;

Jang 2011; Forbatok 2014; Asal 2014; Gsesu 2014; Andom 2015; Alzahrani 2015;

Zhao et al. 2017; ARryani, 2019).

Table 41: Collected good literature review attributes from published articles and how it is
adapted in this research study (Stew2004, p.496; Kucan 2011; Rewhorn 2018).

Table 42: Adapted Questionnaire Questions Analysis Criteria against this research study
Questions Design (Makienko & Bernard 2012, p.143).

Table 43: Regression Mandatory Error Assumptions ValidaRaguirements (Kadiyala
1970; Nazif et al. 2016; Jafarzadeh et al. 2015).

Table 51: General information about interviewees who provided the required risk values

based on its probability and impact weightage.

Table 52: Interviewees years of experiencehiitthe current organization.
Table 53: Interviewees total years of experience

Table 54: Interviewees experienced size of projects.

Table 55: experience size of projects criteria.

Table 56: Show the detailed correlation analysis conducted for eatdble including its
Risk vs. Probability & its Risk vs. Impact. This is indicating whether the regression analysis
will be successful or not. And will prove the linear relationship between each risk and its

probability and impact including each value yaded by survey interviewees.

Table 57: summarize how Ratner (2009) classified data linear relationships based on

fPearson's corrwlueati on coefficiento r
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Table 58: linear relationships classification with colour coding based on literatures
APealt socorr el at-valoenclassifications (Ratnee20d9;0Schober, Boer &
Schwarte 2018; Konior & Szoéstak 2020).

Table 59: Regression analysis colour coding criteria used in tab@ased on literatures.

Table 510: Show how the detailed suramy of each regression analysis conducted for
each of the 117 risk factors.

Table 61: MonteCar | o Model |l ing table for all v al

the Systems Dynamics Final Cost Estimation Model.

Table 71: Final system dynamics mddeombining algorithms to satisfy chapter 4

mathematical modelling.

Table 81: It is detailing the verification data percentages including the model adjusting
risks (i.e., minimum, mean, and maximum) by presenting all three verification projects and
highlight the differences in cash flow between the mean adjusting risks percentages and

each project cash flow percentage.

Table 82: it is showing model vs. actual cost summary including the percentages of costs

at completion compared with contract value. {cact value is considered 100%).

Table 83: It is detailing the verification data percentages including the model adjusting
risks (i.e., minimum, mean, and maximum) while presenting verification project 1 and
highlight the differences in cash flow betwettde mean adjusting risks percentages and
project 1 cash flow percentage. Colour legend is shown below.

Table 84: It is detailing the verification data percentages including the model adjusting
risks (i.e., minimum, mean, and maximum) while presentindgfigation project 2 and
highlight the differences in cash flow between the mean adjusting risks percentages and
project 2 cash flow percentage. Colour legend is shown below.

Table 85: It is detailing the verification data percentages including the mogledtand
risks (i.e., minimum, mean, and maximum) while presenting verification project 3 and
highlight the differences in cash flow between the mean adjusting risks percentages and

project 3 cash flow percentage. Colour legend is shown below.
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1 Table 86: It is showing verification projects used for this research model and how much
cost cash flow can fluctuate each time step including project 1, 2 and 3. The total possible
fluctuation in percentage for the model is included based on verificaiGru$® v e s 6

maxmum and minimum yield points.

1 Table 87: Error calculation table including the System dynamics VENSIM model and all
three verification projects 1, 2 and 3 to get the final estimation cost modelling accuracy
which is equal t®6.728%.
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LIST OF DEFINITIONS AND ABBREVIATIONS

2D Modelling: twedimension modelling.

3D Modelling: threedimension modelling.

6 D Modelling: sixdimension modelling.

ANP: AnalyticatNetwork-Process.

Auto CAD: Commercial Computekid Design for architect, project management, engineers, graphic
designs, etc.

Al: Artificial Intelligence.

ANOVA: Analysis of Variance.

BIM: Building Information Modelling.

CAPEX: Capital Expenditures.

CCI: Construction Costs indices.

CPM: Critical PathiMethod.

CBT: Cost Benefit Analysis.

CCRAM: Correlated Cost Risk Analysis Model.

CEAC: Cost Effectiveness Acceptability Curve.

EXPO: a large international exhibition.

GDP: Gross Domestic Product.

HDM: Hypothetic Deductive Model which is a mathematicapapach.
IRR: Internal Rate of Return.

KSA: Kingdom of Saudi Arabia.

Microsoft Access: Database management system from Microsoft.
MS project: Project Management software product by Microsoft.
MAD: Mean Absolute Deviation.

MSE: Mean Squared Error.

MAPE: Mean Absolute Percentage Error.

NPV: Net Present Value.

NDM: Neural Dynamics Model.

OPEX: Operational Expenditures.

CEIl Model: Cost Estimating Information Model.

PROMQACS: Project Management Quality Cost System.
Primavera: Project Management software product by ORACLE.
PBP: Pay Back Period.

PERT: Program Evaluation and Review Technique.

PPP: Public Private Partnership.

PWLC: Projects Whole Life Cycle.
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SPSS: Statistical Package for the Social Science.

VENSIM: Time, agent, discrete evebased simulation software for system dynamics modelling.
SD: System Dynamics.

STEEP: Social, Technical, Economic, Ecological, and Political.

UAE: United Arab Emirates.

VAE Model: Vector Auteregression Model.

WLC: Whole Life Cycle.

T = correlation coefficient

;i = values of the x-variable in a sample
I = mean of the values of the x-variable
Yi = values of the y-variable in a sample
Y = mean of the values of the y-variable
V¢ = nonzero eigenvalues

= Durbin-Watson statistic hypothesis
e = theresidualerror
e.1 = thepreviousresidualerror
d =Durbin-Watson statistic
t =Time
T =total number of observations
R?= ariance proportion idependent variables explained by independent variables
yi = actual Observation
R = predicted Observation

0 = mean of Actual value

Y; = dependent variable

f = function

X; = independent variable

,3 = unknown parameters

€i = error terms

Yr = the Risk dependent Variable of each factor.

Xprob andXimp = the probability and impact independent Variable of each factor.
Pprob andbimp, = the Linear Regression Coefficients fogesand Xmp, respectively of each factor.
3 7 the Error (Considered Zero because this regression is nebtisasl).

no= SampleSize

Z= Standard score

p = the (estimated) proportion of the population (variability)

q=1ip

e = Desired level of precision (i.e., 0.05 for 95% confidence level)
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Min = the Minimum Survey Risk Value
Max = the Maximum Survey Risk Value
MC = Monte Carlo average of 10,000 random values (between O to 1).
AEOEREOGAT AAOGEAOGEIT I
@ OERO O OA D BIARAE OE
Max Risk is the Normal Distribution Upper Limit
Min Risk is the Normal Distribution Lower Limit
d = Percenterror

VA = Believed actual value (i.e. Adjusted value)

VE

Experts estimated value

X = the time point on £urve chart
e = exponential constant
To = the maximum slop adjusting parameter. The maximum slop increases as it increase.

t = the time step of f(x) cash flow point.

o = is the stepness of the curve

|y = the probability of time danger

Te = the totalexecution time

Ts = the risk time step value

Cs=the cost S curve value at each time step (from 0 to 1).

t = the time step of f(x) cash flow point.

|} - = the probability of cost danger

Cromean= the mean cost risks of each CAPEX risk group.
Cremin = the minimum cost risks of each CAPEX risk group.

Cremax = the maximum cost risks of each CAPEX risk group.

t = system dynamics time steps (t = 0, 0.
i =the risk numberineachgroup (i=132, é, etc. ) .

# = initial construction contract cost at
$ = the initial construction contract cost at {m@nstruction design stage

Crcmean= CAPEX Risks Cost (mean risk).
Crcmin= CAPEX Risks Cost (min risk).
t (equipment) = system dynamics time of pulse impact (t = 28, 53). Every 25 years after CAPEX
$ =the initial construction contract cost at{m@nstruction design stage
% = equipment replacement cost as a ratio @i touilding cost% 1@ UL
Orcmean = the mean cost risks of OPEX risk group.
i = the risk number in OPEX group (i = 1,
Orcmin = the minimum cost risks of OPEX risk group.

Cremax = the maximum cost risks of OPEX risk group.
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Y1s =the number of time steps per year{¥ 8).

t = system dynamics time steps (t = 3, 3.1
l=JJ = the ratio of operation and maintenance to initial capital invest(ﬂanl: 0.09/25).

e = theequipmento initial capital investment ratiop(. = 0.15).

Orcmean = OPEX risks cost (mean risk).

Orcmin = OPEX risks cost (min risk).

Orcmax = OPEX risks cost (max risk).

TOTEXmean = Total expenditurender mea risk impact

TOTEXmin = Total expenditurender minimum risk impact

TOTEXmax = Total expenditurender maximum risk impact
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Chapter 1
INTRODUCTION

AThe introduction to the research is an essay
that introduces readers taoth the topic and
the purpose of the research while providing

an overview of the relevant literatuoce.

(Galvan2002, p. 14
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1.0 Inception

In this chapter, a brief introduction will be provided about cost modelling and estimating
residential proje&whole lifecycle industry, the United Arab Emirates needs and demands for
the development of cost models in residential projéattuding construction and operational
industries, the status and overview of projects construction and operational economy,
investments economy, artke planned economy of future developments in the United Arab
Emirates. Then, the research questions, aims, objectives, and significance will be stated and
identified clearly. After that, the research paper structure shall be inbddao summase the
thesis chapters and outcomes. Finally, the conclusion will be sum up the research introduction

to introduce the following chapters starting with the literature review.

1.1  Cost Modelling and Estimating in Residential Projects Whole Lifecycle Industry

In business investments fields, ieissentiato target having and making the maximum
profit of invested money while overcoming all challenges and obstacles which might face the
processes and operations of making and generating profits ¢Raduhan et al. 2013).
However, this is due to knowing thidile construction industry cost overrun becamentbst
significart problem globally and due to the sustainability of investmemtéch had to be
implemented in all kind of businessespecially in an uncertain market after the economic
crises in 2008 (WuOlson & Birge 2011; AbddRahman et al. 2013). However, most
developments in the developed and developing countries are focusithg oonstruction
industry to provide the appropriate infrastructure and liveable cities; also, residential projects
including, construction and operation, contribwiteproviding the required and necessary

facilities and living requirements of sustainable waive of life for humanity (Forza 2002;
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Nguyen, Ogunlana & Lan 2004; Cicmil et al. 2006; Winter et al. 2006; Leiring@8;20
Pantouvakis & Vandoros 2006; Santos & Ferreira 2011; Shi 2011; Memon &-Riadiuhan

2014; Wang et al. 2016). Thus, that can be the reason wiesgestiato have large, complex,
expensive, and significant built environment projects developmentsasubousing projects
(Price 2003; Oliver, Serovich & Mason 2005; Kazaz, Birgonul & Ulubeyli 2005; Yuan et al.
2011; Jin et al. 201Xuricheva & Popov 2016; Lindemann & Jahnke 2017; Cai et al. 2016;
Canesi & Marella 2017; AbdtRahman et al. 2013; Koo,ddg & Hyun 2011; San & Heng
2011; Wu, Olson & Birge 2011; Sayed & Sawant 2015; Wibowo 2015; Fogsgaard et al. 2016;
Yusof et al. 2016; Banihashemi et al. 2017). However, cost became the most critical issue due
to the increase of demanding more quality ofjém and more complex projects, like housing,

in a shorter period (Wang & Mei 1998; Lewis 1998; Park et al. 2012; Horta et al. 2012; Sharma,
Najafi & Qasim 2013; Shehu et al. 2014; Smith 2014; Hoffman et al. 2017). Thus, the
modelling approaches of the fué estimated costs of projects became essential for reaching
business targets and achieve investm@uoiposes from all stakeholdeperspectives (Tang,
Aoieong & Ahmed 2004; Kim, An & Kang 2004; Kim et al. 2004; Fleming & Bowden 2009;
Mawdesley & ARJibouri 2009; Lehtonen & Kiiras 2010; Zhiliang, Zhenhua & Zhe 2011; Kim

et al. 2012; Kim, Seo & Hyun 2012; Ma, Wei & Zhang 2013; Wang, Xia & Zhang 2014,
Jafarzadeh et al. 2015; OzeBeniz & Zhu 2016; Alshamrani 2016; Seo & Park 2017;
Ballarini et al. 2017lslam et al. 2015; Tam et al. 2017; Abanda, Kaiffiesguem & Tah 2017,
Zhao, Chen & Thomson 2017; Lee et al. 2013). Also, due to thetilmegconsumed in
executing and operating projects (iyears), and because of the large number of changing
project paameters while values of those variables can change several times during the
execution antbr operation processes of one project, the estimating costlimgdaethods

and approaches became researcluenscern to add more value and improve the industry
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outcomes throughout researching for more accurate and better cost estimatidinghatde
residential projects (Yu & Lo 2005; Agyapoikgpdua & Weston 2011; Torriti 2012; Hafez,

Aziz & Eldars 2015; Doan & Chinda 2016; Enezy et al. 2017; Hasancebi 2017).

Cod modelling researcimvestigated knowledge and information impacts and effects
on the quality of residential projects estimated to cost at thegorgruction stage kgnalysing
each criterion as per its significance (Hardcastle 19%2)ythermore,it is evaluated
mathematicallyto design and build the knowledge and information model conceitsiegst
on projects (Hardcastle 1992he research also covered project profitability stubdaesed on
moddling costs andheir changing variablesaffecting the actual final cost and deviatirity
from the estimated values (Cui 2008pwever, economic inflation and tax are considered the
most significant andrital factors that affect thénvestments' profitabilitywhich must be
considered in construction busgses (NikoliC 2003)Besides estimating and studying risks
impacting cost estimation values of residential projects was carried ougarth000s using
a systematiglly related mathematical model (Isaksson 20Q3jer, he risk analysis and its
impact on cost prediction started to gain more advanced analysis techrigdesechanisms
in 2014 throughout the construction stageluding mathematical equations implementation
such as system dynamics, analytical network process, and Monte Carlo appr@udieng
2014). The construction cost studies also investigated risk allocation identification and control
using system dynamics and Monte Carlo nilinig throughout the projestwhole life cycle.
These studies were carried out to have an approprmateaecurate cost estimation and
prediction at the preonstruction stage compared with the actual cost at the end of projects.
These studies were based on the relationships between priffeatycle and risk events
impact on costs (Alzahrani 2015). Sharticulated that the risk impact on estimating the

construction costs was a concern in most of the conducted studies during the last three decades.
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Thus, regarding the cost madlileg to estimate th@rojects' cost valuat the preconstruction
stage, articial intelligence was used as a mdldgg tool. It claimed that accuracy was above
90%. These studiesene based on building prediction value using the historical data of more
than 1600 projects. However, it showed a weakness in estimating the costentd
construction projects type other than historical data (Aki2agbui 2014).The researchers
also investigatethe whole cost life cycle's net present valto evaluate thproject's actual
valuebased on time, operation, and execution costs. MRS, calculation results provide
better selection of contractors at the-pomstruction stage (Jang 2011). However, the recent
work on cost modéng estimatedconstruction projects' duratidrased orv4 office and 113
residential buildings in the USA (Jarkas 2016). This study used Brommilbme cost
multifactor modeto accurately determine the forecast results (Jarkas 20163, in UAE, no
previous study included the required variables for #gearchand itis mandatory to collect

all common verified variables related to cost nibdg and estimation from previous empirical
studies and published literature. Then, verify its applicability on UAE projextesgrating a
new cost estimation modelhrough this research for residential projects to include its
construction and operations aitoscreate a simpler and more accurate model than all previous

models.

1.2  The Status of Buildings Projects and Investments Economy

In this part, an overview of whmore accurate cost models are required will be
summarsed. These models are now necessary to shebensitivity of construction casafter
the economic crisis. Therefore, projects cost oweand analysis can anag/the significant
impact oftheeconomy and determine the most accurate decision concenstsy Therefore,

understanding the impact af project's cost economy is essential to decide and find more
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accurate financing metho(@Betlejewska & Potkany 2015). Projects investments are lmased

the economicsstatus throughout the projéctvhole life cyclestarting from its execution and
ending with the last operational processes. This is necessary to achieve sustainable
developmentwhich is theprimaryconcernglobally for years (Betlejewsa & Potkany 2015).

This threato theeconomy is anabed financially including inflation, uncertainty, andarket
investment competitioto find out and predict project failure. Hence, it is mandatory to set an
appropriate strategic management majpp@economy duringustainable developmentin GCC
countries (IbAHomaid & Tijani 2015). However, the studies showed that the whole life cycle
of projectsis affecting economy from the initiation of projects until its demolition (Kaiser &
Snyder 2012; Han, 8bric & Enaché®Pommer 2014; Smith 2014; Delmastro, Mutani &
Corgnati 2016; Kirkwood, Shehab & Baguley 2016; Rodrigues & Freire, 2017; Mostavi, Asadi
& Boussaa 2017)Thus, project performance sustainability is assessed financiallytfrem
design stageyia execution and operation stage, until reachivgdemolishing stage (Shen et

al. 2007).First, cost control is considered effective at flrejects’ design stage because
variables and expected causes iimgact costs are not yet executed and can &egsd during
design stages or excluded to eliminaggmificant negativémpact (Friedler & Pisanty 2006).
Therefore, this research study shall include design costs based on UAE actual residential
projectsdesign engineering fees contractual percerdageverify it with published residential
buildings design fees percentages (Eckman, Cavaluzzi & Rabasca 2014; H{araeh &
El-Mashaleh 2016; Thompson 2020hen, projects @hedeconstruction stage have a salvage
value coming from wastes matesakcycling and reuse tite demolition stagewhich should

be considered in project whole life cycle cost estimation modelling deeonstruction: is
representing demolition cost after considering the salvage value of wastes) (Marzouk & Azab

2014; Zahi 2015). Therefore, this study shall includlee deconstruction stage in the
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established cost model based on the literature of demolishing construction percentages and
residential buildings depreciation percentage in th®E (MICHIGAN RESIDENTIAL
ASSESSORS MANUAL 2003; Zahir 2015; Bham 2016). Building depreciation percentage in
UAE will cover costs such as waste quantities, disposal syperecycling type (Zahir 2015;
Bham 2016)Howeverthose costs risks will require experiencing housing demolitiottsein
UAE through time and under deferent regulations and technolihgiedid not happen in any
UAE housing projects. This study l&ds research to consider deconstruction percentage only.
The final estimation model will include the costs of environtakemimpact, energy
consumption, quality of the end product, and the economic performance during the execution
stage andhe operation stage (Friedler & Pisanty 2006). Then, after interviewing 50 experts by
researchers for extracting information relateccémstruction funding, the main challenges
regarding design, build and operate projects are the conflict of interest, financing entities, and
alignment of interesfsvhich are based on cost estimation value compared with actual cost
(Levitt & Eriksson 2016)Furthermore, after motleng construction projectsnvestments in
the United Kingdom, the ratio of benefit to cost decreased when the constructiorseastdo
cause many uncertainties at the economic decrsi@king stage (Thijssen 2013esides
reearchproved that the appropriate estimation of the construction cost is a significant factor
of investment success; this is because of settingrbjects budget based on predicted cost
value which is usually at the preonstruction stage (i.edesignstage) (Hong, Hyun & Moon
2011). The authors developed algorithmic model for cost estimation showing errors and
accuracy deviation betweed.25 % and 5.25% after using it oAfaur different projects
(Hong, Hyun & Moon 2011). Tdimodel limitation is bhat it cannot be genersdid becaustur
projects are not good enough to capture challenges affected and affecting factors of projects

cost estimation models (Hong, Hyun & Moon 2011). Moreover, the impact of construction on
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the environment and its econanprofit is considered the most crucial factorconstruction

cost modHing (Zhang & Chen 2016). This is duettee uncertainties of environmental needs,
requirements, regulationgnd legislationchanging with time during the executing phase
(Zhang & Chen 2016). On the other hand, the project cost analysssestiafor studying
socioeconomics factors and predibeirimpact on projects net present value (Florio, Forte &
Sirtori 2016). This Wl help develop and modestrategic management for the entire life cycle

of sustainable economic development projects through a proper investment feasibility analysis
and decisiobrma ki ng ( Di ski ene, Gal i ni-Semante &ermMdadezl i n s
Sancho & SalaGarrido 2010). Thus, this research will solve these isfwyedeveloping
integrated projects’ whole life cycle cost estimation model to support residential buildings'

decisionmaking processeintheUnited Arab Emirates.

1.3  Future EconomicDevelopments inthe United Arab Emirates

UAE's direction is to increase the accuracy of estimated cost values to improve
investments and economic strength whilkecessfully achieving future plans such asfthe
Dhabi 2030 vision plan. This is from tkkeuntry's new directions concerning its five and ten
year plans, whictstarted in 2015 for EXPO 2020 and Dubai Vision 2021. Nevertheless,
achieving large size developments witkie required timeframe, quality, and optimum cost
will help in keeping up wh the UAE government directions and strategieslézzle the world
with our culture and our excellence, to be the first of its kind in the history of Expos in terms
of the preparation, orgasaition, management and hospitality and respect for its Jisastishy
His Highness Sheikh Mohammed bin Rashid Al Maktoum, the United Arab Emirates Vice
President, Prime Minister and Ruler of Dufi&inirates 24|7 2036'The UAE serves as a role

model for coexistence among different cultures that are represented by the millions who live
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in the UAE" said His Highness Sheikh Mohammed bin Zayed Al Nahyan, Crown Prince of
Abu Dhabi and Deputy Supreme Commander of the UAE ArFmacegMinistry of Culture
and Youth 2017)

So, countries in the Middle East region started building and constructing sustainable
developments. Furthermoreas a leading country in the region, UAlEepared for unique
developments to dazzle the warédpecially after EXPO 2020 in Dubai and established Abu
Dhabi and Al Ain 2030 visionMoreover,targeted developments started to demand more
complicated and luxury projects with optimum c@&ssad et al. 2007; Dub&overnment
2016; KSAGovernment 2016; AlbDhabiGovernment, 2016a, 2016b, 2016¢c, 2016d, 2016e,
2016f). Finally, it is published by UAE Fujairah local government that they need to increase
residential projectdesidesexpanding healthcare facilities and other projects due to the
growing emiratss population according to their plan of 2040 (Fujairah Government 2018).
Hence, tis research's outcomare expected to serve UAE building projects and developments

for a long timewhich will add value to existing cost mdtleg literature.

1.4  The Need pbr CostModelsDevelopment inthe UAE Projectsindustry

A country like the United Arab Emirates has been established since the seventies (i.e.
29 December 1971) and experienced challenges through years up to date related to cash flow.
For example, infrastructure had to be built and developed continuously besides buildings and
structural developments that experienced significant enhancements anovaments
countrywide Nevertheless, nowadayke country changed its visions and pladto provide
a sustainable country by having sustainable developments forming sustainable cities; these

changes happened due to the collapse of oil price and the dehhaving a top developed

Paged



country in the world while covering oil price collapse to mirsgnand eliminate its negative
impacts by national income diversification.

Due to GCC countries' economic growthesides the modesation demand and
burgeoning poplation, the building sectr sustainability increasing needs gained more
experience and growth (Asif 2016). Thus, since GCC countries are taking a very high position
globally and the United Arab Emirate reached to be from the top countries in constructio
industries, it is significantlgssentiato realse the demand of the new developments which are
changing continually in order to keep up with new innovations and future plans (Asif 2016).
The United Arab Emirates artie Kingdom of Saudi Arabia have ken around 80% of
construction market investments in GCC countries (Asif 2016). This made the factors of policy
and legislation roles regarding construction businesses increase antklbeaore critical for
achieving sustainable developments required fglementing future plans of the emirates
(Asif 2016). Thus, cost modtamng is essentiabecause of the demanded expensive technologies
and designs of modern buildings pushing development sustainability to reach higher than the
existing minimumrequirementgRadhi 2010). Also, studiethat are including residential
buildings showed that it is important to reduce construction and operations costs; however, the
Urban Planning Councili.e., UPC) in Abu Dhabi requires less impact on the environment
during operabnal constructiorstages residential buildings (Radhi 2010). These requirements
increased cost significantly while budgets are not increasede same pace due to the
economic issues (Radhi 2010). The new facade €é@ernal building cladding) desigand
execution inthe United Arab Emirates had a big jump toward sustainability achievement by
reducing the consumption of energy at operational stages; nevertheless, this is increasing costs

because it demands more expertgha design stage, moreesourceechnologies inthe
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execution stage, and more demand for manufacturing supplierpensive speciahaterials

(Radhi, Sharples & Fikiry 2013).

Then, UAE ha adopted the building information modelling (BIM) of construction in
Dubai Municipalityto reduceconflicts between stakeholders, reduce conflicts of coordinating
between parties and activities, and increase the accuracy of cost estimating alohgnode
(Mehran 2016). Therefordhe 3D modelling approach helps sat appropriate plan and
schedule while allocating appropriate resources at thecpnstruction stage (Mehran 2016).
This is the future direction in theonstruction industry's academic and professional fields,
proving how cost modelling improvement demands in the United Arab Esmagsignificant
(Mehran 2016). Thus, it is important to follow up with countrggsvernance policies for
complex construction projecténcluding risk emergentesulting from conflicts, extreme

adjustments/ modification, and renegotiations (Naderpafotilastak 2014).

In the United Arab Emirateshe construction industry started to be the main business
asa series of activitieshat generate money. However, the price of residential units reached
over 2200 AED/SQF in 2008, and it dropped down to bel6@0 AED/SQF in 2012 due to
the recession, which resulted frahe economic crises (Asteco Property Management 2015).
Nevertheless, it was expected to have prices increasing again, but it reattieeholyof 2016
to about 1300 AED/SQFRwhich is approximaely 60% of 2008 residential buildings prices
(Deloitte 2018). On the other hanthflation affects everything related to construction
execution materials costs (Frimpong, Oluwoye & Crawford 2003). This made the contingency
margin and weightage of havingrestruction costs underestimating very high in a ey
might break down and fail orgaations and projects. However, due to reducing bidding prices
to get the project dhetender stage, the magitical decisions and changestireconstruction

industry and investments are basedoosinesses' capital and céte, projects) (Donovan &
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Corbishley 2016). Also, after the drop in the oil price and the new directions of shifting the
countrys income from being based on oil to be based on severatnmyats like healthcare,
education, transportation, tourism, and construction; on the other hand, United Arab Emirate
GDP growth experienced a drop of 14.9% from 2014 to 2015 (Annual Economic Report 2016).
As a result, this research significance comes fitbe needfor residential project cost

optimisation.

Finally, the cost of quality (i.ecost of rectifyng and reworkng) in Dubai ha reached
1.3% of total civil works in construction projectghile the failure cost tereached 0.7 % of
the total project cost (Abdelsalam & Gad 2008). This is demanding cost estimates to predict an
accurate value based tme project's complexity and size; however, cost estimation includes
expected processes of reworks and quality costiseinonstruction industry (Abdelsalam &
Gad 2008). In this industry, it is impossible to prevent defects and reworking comments at a
certainexecution stageNevertheless, including these considerations in cost iiraglevill
significantly enhanceost eimates' accuracto assign an appropriate budget for the project
(Abdelsalam & Gad 2008). To sum up, this research will add value in understanding residential
building development casby using system dynamics, which considesk and economic

parametes.

15 Research Problem Statement

This research cost modalill investigate the ability to utilise system dynamics
approach to develop a whole life cycle of the residential project cost estimation at-the pre
construction stagdt is alsoinvestigating lbw mathematically cost risk change impacts the

final cost estimation accuracy the United Arab Emirates. Finally, the researolidstigates
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how the delivered model can adjust cost change dynamically to generate sensitive analysis

scenarios for decisiemakers.

1.6  The Research Aim, Objective, and Questions

This research study asnto provide more accurate projecihole life cycle cost
estimation model. This model will supptinedecisionmaking process of residential buildings
in the United AratEmirates. This model is developed from the client and developer point of
view at projects' preconstruction stage to suppstistainable developmentstheUnited Arab
Emirates.

This study aims toapproach system dynamics to mottes project whole lifecycle
costs dynamicallyover time This purpose is accomplished batisfying6 sub objectives.
These sub objectives are used to ensure that all research questions have been answered
successfully to meet the research aim and main objective. First, duise@to developthe
model toidentify all impacting risks Second, it is required to simulate cash flow behaviour
over time.The third and fourth sub objectives, respectively, are providing numerical values
and graphical presentation fmodel's outputsvertime. The fifth and sixth sub objectives are
providing the net present valuend the final cost valuéfhe modeis implemented through
system dynamics VENSIM softwarehich can be flexible to adjust any possible necessary
changes. Following researduestions are set as guidance to satisfy thisasiexplainedin
figure 1-1:

1- What are the riskvaluesof the UAE residential projet® whole life cycle cost estimation?
2- How to model mathematically and graphically map all identified and verified risks?
3- How to approach modleng cost estimation dynamics through time, including cash flow,

for UAE residential building projecta/hole life cycle?
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Research Aim
Develop aCostModel

Sub Objective 1
Present Impacting Cost Risks

Sub Objective 2
Cost Behaviour Simulation R

Question 1

Sub Objective 3 o~

Numerical Values Rzl

Question 3

Sub Objective 4
- Graphical P tat Research
raphical Presentation oy

Sub Objective S
Net Present Value

Objective
System Dynamics Cost Model
]

Sub Objective 6
Fmal Cost Value

Figurel-1: Research Aim, Objective, and Questiofike aim is to develop cost model. The objective is t
achieve a dynamical cost model. The sub objectives are to ensure that answered research questions:
this research aim and objective.

1.7 The Research Significance

The research significance of this study is to contridotachieving United Arab
Emirates vision, plans, and pace regarding the targeted new sustainable developngents for
better future (Cassell & Symon 2004; Schieg 2010; Turskis, 2008; Johnsen, Howard &
Miemczyk 2009; Nasirzadeh, Khanzadi & Rezaie 2014; Lovering, Nordhaus & Yip 2016; Asif
2016; Akter, Mahmud & Oo 2017; Liu & Lin 2017). This is by developing a new cost
estimation model using system dynamics for residential projettslie life cycle while
utilising probability andquantitative mathematicapproaches to enhance model accuracy.
This model will introduce the results of investigating system dynamitsutilising

mathematical equations, Mon@arlo simulation, risk, and historical data in estiing project
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costsat the preconstruction stag&.herefore clienswill havethe followingadvantages at the

pre-construction stage if they choose to tisis researclsystem dynamics cost estinuti

model:

1- Full cash flow estimation from start to endresidential proje¢s WLC in UAE.

2- Present three curves of residential progaatLC coss cash flow at any selected time
step.

3- Comparethree curves ofthe adjustedprojects WLC contract valuecash flows
including minimum risks, mean risksand maximum risks in the same model
simulationsimultaneously

4- Adapt the change of risks whenever required to simulate casls tfier any
adjustment using the same model.

5- Present the net present value of residential prsjadiole lifecycle cash flows from
start b end including each time step value in each simulation.

6- Provide separate curves of CAPEX cash flows individyalheluding its risk
implementation curves and its net present value (NPV)

7- Provide separate curves of OPEX cash flows individyaihgluding its risk

implementation curves and net present value (NPV).
8- Provide estimation curves of TOTEX (i.e., CAPEX, OPEX, and Equipment
Replacementjncluding its risk implementation curves and net present value (NPV).
9- Compare CAPEX and OPEX actwgjainstestimatedtash flow curves.

10-  Provide modHing and simulating outputs witlinaccuracy 096.728%.
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1.8 Research Methodology

The approach of this research methodology is going @ dueantitative approach to
enhance the results tife mathematical searchmodel and outputs through System dynamics
VENSIM, SPSS, and Mont€arlo Analysis based on the following steps:

1- First, conduct a detailed literature review and validate the topic,

2- ldentify and verify the modal variables and map themdlassification groups.

3- Define the required data for satisfying the research goals and objectives.

4- Design data collection technique and mechanism, (&&. completed face to face
guantitative structured experssirveys for each variable).

5- Design the queginer and make a pilot sample to optenit.

6- Invite experts for interviews and await their response to conduct the interview.

7- Collect the data and validate it using SPSS, (iiled out the relationship, outliers, and
descriptive statistics).

8- Conduct a regession analysis to find out the limiteinimum, and maximum values of
influencing strengths.

9- Conduct a MonteCarlo Simulation for each variable to increase the accuracy of random
points picked up between the defined minimum and maximum pointdedadnne the
final influence coefficient of each variable.

10- Find out the time relationship between variables related to CAPEX and OPH of
project whole life cycle.

11- Build the final system dynamics model and validate it.

12- Discuss the results and draw a conclagifarifying the limitations and challenges of this

research besides further research.
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1.9 Research Structure

In this part, a summary of the research thesis will be provided for each c¢hapter
including its aim, conteptind outputs; however, this is to facilitate readers and researchers to
understand this empirical study and its contributionthte project management body of
knowledge. Therefore, the following summary of each chapter included in this research thesis

will make it easier and simpler to navigate through this research from its start to end.

1.9.1 Chapter1

Chapter 1 ntroducesthis empirical research study to familsithe reader with the
conducted researchcluding its aims, objectives, significan@nd corribution to the body
of project management knowledge. Howeveralgo includesthe thesis structureand a

summaryof each of its 9 chapters.

1.9.2 Chapter 2

Chapter 2 is the literature review of this researokering all conducted empirical and
published research related to the chosen topic. However, in this study, the research area is
including several field«keywords such as cost estimation, nibdg, construction, residential
projects, United Arab Emiras projects, risks, and system dynamics. Therefore, each field key
world includes a magnificent amount of existing research contributions over tens of years
before this study take place in the body of knowledegeh field key wordalso includes
deferent eeas such as cost estimatiorgluding deferent areas like construction, information
technology, deferent engineering disciplinesd eva medi@l studies.In chapter 2, the

researcher considerdl contribution of areas related to the proposed studiopg when
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literature review covers each keyword. kmstance cost estimation research started to take
researchetattention and concentration from the early 90s who covered the research done since
the 70s onward. However, the cost estimation consider@dledge modelling, mathematical
modelling, artificial intelligence, and many other approaalssg system dynamics for cost
estimation. The construction project management research included risk modelling,
infrastructure net present value, infrastruetproject whole lifecycle modellingnd historical
data modelling of infrastructure modelling; however, they ‘ticdomplete residential project
whole lifecycle stages cost modelling. Finally, system dynamics included modelling many
systems like infrasticture PPP projects risks, technical lifetime expected due to roads usage,
and infrastructure net present value modelling; however, no one up to date used system
dynamics VENSIM modelling to estimate costs and provide predicted cash flows over time
steps tirough the whole lifecycle.

Finally, chapter 2, will end with what &deen accomplished concernitngs study
research field; and what is missed and will be covered to form this research cestalbioe

project management body of knowledge.

1.9.3 Chapter 3

In chapter 3, the literature review journey is not finished Adter identifying research
gaps and justify the research topic, it is mandatory to dive in the published research and
empirical studies to identify risks that impa&cist modelling andr edimation. However, it is
important to group all identified risks and map their relationship conndatifameany further
analysis.Nevertheless, the identified risk gromwgse 11 groups impacting CAPEX cost
estimation modelling and one group for OPEXtcestimation modelling. Thereforeach

group's figurewill be presented to show graphically how each risk is interacting with other
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risks and with CAPEX / OPEX final outputsinally, theconceptual mappingrodel will show
how all the 117 risks interact with each other from start to end of cost estimation time steps

values.

1.9.4 Chapter 4

Chapter 4 presents the detailed research methodfstmgystart to enddescribing how
this empirical study stastand systematically progrees to providealidly and verified outputs;
however, tlis research’s primary appadais modding using system dynamics software. This
modelling process requs@re-arrangements and research approaches such as collecting data
from experts through a wellesigned survey questioner. Then, validate the collected data
statistically using SPSS software through correlation and regression modelling. Then,
simulating the validated data resulting from SPSS for each risk factor in {danke
Simulations taadjug risk valuesUse the resulted adjusting risks from Moeftarlo modelling
in a mathematical relationship system to prepare the inputs ¥BN&IM system dynamics
model. After that, simulate the completed built system dynamics model and validate its
functionality. Finally, verify its accuracy using actual cost flow data from residential projects
in the United Arab Emirates. However, the designed survey used in collecting the data from

experts will be attached as Appendix A.

1.9.5 Chapter5

Chapter 5 is the age of analysing collected data from experts from 55 experts through
faceto-face surveys to ensure that the interviewee understaadsm and required answer.

However, this will optimse the accuracy of collected data and ensure thatrélated to ta
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research objectives. Then, general information about experts such as how many years of
experience they have, what sector they are working in currentlypfivate or public), what

position they are rolling giresentand the size of projects (i.eost), which they are handling

at presenduring their job activities. Thdetailed correlation analysis will then take place for

each risk factor and summarise the main outputs in a table to discuss its results and ensure that
linear relationship existsgween data sets (i,eRisk vs Probability and Risk vs Impact) for

each risk factor. However, after ensurlmgar relationships between each risk data set, linear
regression modelling will be conducted to create a linear equation for each risk using its
probability and impact and their beta coefficients that shegative or positive relationships

as applicable. Finally, the detailed SPSS outputs and Hlrantes will be attached to this

research thesis as Appendix B.

1.9.6 Chapter 6

In chapter 6, aftevalidating the data collected from experts throughadindj SPSS
analysis and modelling, a Mor@arlo model is created to conduct 10,000 random values
between the minimum and maximum values of each risk. In other wbelsjonte-Carlo
simulation is madéor each of the 117 risks to fill the random samples gap with 10,000 random
values between the minimum and the maximum values. However, this is done by adding the
average of 10,000 random values to the minimum value for each risk to get adjusted essk valu
Thus the error between mean risk values provided by experts and adjusted riskiyalues
adjusting risks; nevertheless, these adjusting risks will be the inputs din#hesystem
dynamicamodel. This ivecausexperts already considered the riskteéogontracts value and
have their management plan to minsenior avoid the risk while the actual risks can vary

accordingly. Thereforghe unknown variation of risks will require adjustmenttire clients
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cost prediction model. Finally, the calculatetjusting risks will be applieto the project's
construction contract value through theathematical relationship in VENSIM system
dynamics model as shown in chapter 7 to end up with estimated actual costs of th& project

whole life cycle.

1.9.7 Chapter 7

In chapter 7thesystem dynamics stock and flow model of eachgrskip is developed
systematically; however, those groups will be connetatevelop CAPEX and OPEX stock
and flow system dynamics models. Then, CAPEX and OPEX models are connected
mathenatically to provide the final project estimated cost for the whole life cycle from design
to demolition. After thatthe stock and flow of equipment changetive OPEX stagerebuilt
and connected to the final model. Finalggch OPEX and CAPEX's netegent valuas
developed and connected to the model based on the estimated costs cash flow and considering

each time step in the simulation.

1.9.8 Chapter 8

In chapter 8, model validation using assumed contract valuddi.g.be 400,000,000
AED) to checkthe fnal developed model's functionalifpr each element is completed.
However, this process will ensure that the magoelvidesappropriate and accurate cost
estimation and cash flow predict®beforeapplyingreal data verificatiom the system.

Three completed CAPEX real project values are usederify the final developed
projects whole lifecycle cost estimation system dynamics model. The verified outputs will be
including final estimated costs and predicted cash floaGu&e during constructio

execution. Finally, OPEX is validated through assumed yalo@ it cannot be verified with
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real data because the model is over 60 years Wialdnited Arab Emirates is 49 years old as

of 2020; therefore, the required OPEX verification data is absenesent

1.9.9 Chapter 9

Chapter 9 is the conclusion of this research study. It is taking place to ssmwaat
the latest related researdtas accomlished, the contribution of this research thesis to the
project management body of knowledge, the approach to complete this research study, and its
outputs However this study's limitations have been summarized, including the most critical
limitations. Althoughthe final modehas been validated, opportunities conducting further

researches start from these research outcomes.

1.10 Summary

From chapter 1, this research study has been introduced for further investigation into
cost estimation modelling at the preconstruction stage. The inception has briefed this chapter
components. Thera comprehensibleritique from subject's relevant liteuses (i.e., cost
estimation andnodelling) isdevelopedo explainthe need for additional research works under
the chosen topic. This includedraview for the residential project's cost modelling and
estimationliterature the status of investments eoomy and buildings projects, the future
economics of the United Arab Emirates, and the need for cost estimation models in the United
Arab EmiratesThus the identified research problem has been clearly stated. And the research
aim, objective, and questiomse set to contribute in solving the identified problem. Finally,
the research significance, methodology, and structure have been introduced to articulate a

rational justification for the chosen topic.
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Chapter 2
LITERATURE REVIEW

AWhere should | begio

(Galvan2002, p. 17
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2.0 Introduction

Financial management theconstruction industry has many paths and ways, elements
and factors, and concerns and issues regarding the processndesighengineering (Yana,
Rusdhi & Wibowo 2015; Rodrigues & Bowers 1996; Khang & Myint 1999). For example,
high pressure of clients on contractors, subcontractors, and even the consultant to achieve the
required quality and timencreases costsse signifiantly (Yana, Rusdhi & Wibowo 2015;
Rodrigues & Bowers 1996; Khang & Myint 1999). The design stage sneedentify
complexity in each of its parts to achieve a successful execution and deliver the designed
product with the lowest tolerance and using i@nd/or expensive equipment, materials, and
other resources optimally (Yana, Rusdhi & Wibowo 2015; Rodrigues & Bowers 1996; Khang
& Myint 1999). On the other hand, some researchers such as James (2014) found that managing
team members and their competenaestain mostfinancial management factors in the
construction industry, including managihgman resources agpamary core subject (James
2014) . For instance, the subject assigned |
(James 2014). Also, eggence, capabilitie@nd competencies have to match each employee's
offered package€lames 2014). Therefore, it ¢sucial to consider updated critical success

factors and risks to improve the final modelling outputs in this research study.

Besides the economic structure of the United Arab Emirates has been chahged
changing to reduce construction cost for all executetbarprivate sector as a government
financial initiative to minimize risk and enhance economic performance (Radhi 2009).
Furthemore,construction financial management had to include risk assessment plans regarding
value engineering of resulted products compared to the consumed amount of money and

resources (IbiHomaid & Tijani 2015). This is a significant iss@specially wherhie contractor
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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 (IbrHomaid & Tijani 2015). Thus, the wa engineering assessmesitould
considerthat uncertainty, risks, inflation, profit, and industry costs should be included (Ibn
Homaid & Tijani 2015). Value engineering assesses critical success factors of construction
procurement effectiveness, projechplementation, economic conditions, and government
guarantees for optimum results of invested money and resource (Winter et al. 2006; Bari et al.
2011; Takim & Akintoye 2002)Cost modelling became the most important priority to assess
money invested in pjects at preconstruction stages for reaching more value of the resulted
executed projectThis is an added value to this research study because cost modelling and

estimation casolvefinancial management and value engineering challenges.

Cost modeling issues have been raised in dmnstruction industry fronthe early
eighties because of the demafat complicated fast largscale developments in cities
(Hardcastle 1992).This researchreviewed Hardcastle's (1992) information modelling
approaches foestimating construction industry costs to cover #980s and early 1990s
(Isaksson 2002). & research reviewed time and cost modelling in the 1990s and early 2000s
in more detailto identify significant gaps in construction industry cost modellingarese
(Isaksson 2002). Finallgince 2002, system dynamics and cost modelling resesamreviewed
to conclude this chapter with research contributions and existing gaps (Nikolic 2003; Cui 2005;

Jang 2011; Boateng 2014; AhiaDaghut2014; Alzahran2015).
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2.1  Project Cost Information Modelling Literature Review

In this part, knowledge and information importance and interactions within cost
estimating and modelling will be reviewed and asadytodetermineghe gap of its contribution
to the construction industry. However, thidl be through having a detailed literature review
of previous researcind related publication&nowledge and information have several means
and methodologies to be identified and managed using different adiwstrindustry software
programsHowever, it is contributingp mathematical and cost mdteg significantly because
it is impacting data accuracy and validity used in models with different weights (Schell, Claro
& Guikema 2017; Zhang, Gonet al, 2017 Pérez & Pericchi 2014; Cho, Hong & Hyun 2010;
Zeng, An & Smith 2007; Chapman 19%8ardcastle 1992 As a result, it iessentiato include
knowledge management and information source as a part of this research model to ensure more
accurate results frogenerated simulations (Teerajetgul, Chareonngam & Wethyavivorn 2009;
Seijts & Latham 2005; Bertrand & Fransoo Department 2G29wing how it is possible to
estimate error based on accuracy weightage of informigtiesed to prediatonstruction costs
(Zhang, Gonget al. 2017; Abanda, Kamgtoguem & Tah 2017; Seijts & Latham 2005his
knowledge also includegata and information supportitige cost decisiormaking process in
theconstruction engineering industry and project management (Toor & Ogtl@iaSeijts
& Latham 2005). Knowledge can be used as quantitative and qualitative models to deal with
unknowns and uncertainties (Seijts & Latham 2@gybjerg 2004; Koul & Falebita et al.
2016). Thus, it i€rucialto consider its impact weightageanst modelling and estimate

After reviewing researches and literature, it is found that the omistal sources of
collecting cost information ithe building projects industrgre historical data from previous
similar projects activities and informan provided by experts who experienced similar

projects, problems, risks, and lessons learned (WEICK 1989; Jack & Raturi 2006; Klein &
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Myers 1999; Cho, Hong & Hyun 2010). However, tisreaseshe accuracy of cost models

and estimated results (Cho, HoRgHyun 2010). Because of this importance of information
regardingthe cost estimation process, researchers have developed the Building Information
Modelling-BIM system to provide accurate and précigeajects before project8D
visualization ability (Abada, KamstFoguem & Tah 2017; Cheung et al. 2012). Howether,

BIM system provides calculation and specification analysiacturately manage costs and
allocate resources to execyject activity (Abanda, Kamskioguem & Tah 2017; Cheung

et al. 2012)Also, to have proper project management cost control during the execution stage,
it must havea historical database of costs, economics, and estimation results to benchmark
actual progress and performance for taking appropriate decisions financially and no
financially (Abudayyeh et al. 2001). Thus, the control of information databassestiato
success in taking or making castated decisions (Abudayyeh et al. 2001). Then, ontological
approaches have been used to enhance BIM systems in an autproagss by establishing
ontology of work conditions and its determinants; and, establishing ontology of the works items
and its factors; and, establishing the rules of semantic and logical reasoning of work activities
(Poole & Ven 1989; Lee, Kim & Yu 201#iknam & Karshenas 2015). Nevertheless, dealing
and working with unknown variables are considered big rikks require elimination or
minimization especially in a complex industry. For examplethaconstruction field and a
sensitive topic such ast prediction and estimation, it éssentiako eliminate unknown
variables (Kubba 2017; Odeyinka, Lowe & Kaka 2013; Ramasesh & Browning, 2014).
Moreover, researchers showed that information and knowledge about the risk and uncertainty
could be classifid as known unknowns and unknown unknowns proving the importance of the
utilised accurate information to deal with risks and essimation(Ramasesh & Browning,

2014). Therefore, the process of getting the required valuable information for modelling
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constuction costs has to be through modelling data using intensive experienced human
resources with the respect of each spesaiatin (Niknam & Karshenas 2013)ence the
expertssignificantly impactedyathering proper information and knowledge collectionasit
estimation models (lyer & Jha 2005). This can affect factors and variables used in this research
model ; and, it will have a big role in cost
Jha 2005). The approaches of analysing and calculaangbles input are affected by
information and knowledge of how to deal with each variableh as socieconomics
variables (Todorov 2014). On the other hand, it is proved that critical success factors are
connected mainly with appropriate knowledge nagement inthe buildings project
management field (Toor & Ogunlana, 2009). Hence, cost estimationlimgdean be
successfully launched when knowledge and information factors and criteria are respected and
handled accurately to contribute stronglyroject cost decisions. However, cost opsation

and research are done enhance socioeconomics, develop public benefits, and improve
countries' economies; they are also usethdtier decisions in projects to maxsaiprofit

(Florio & Sirtori, 2016).

First, cost estimating and predicting researclthe 1980s and 1990s was based on
hypotheses and paradigm approaches to impparéormance results in design and -pre
construction stages (Ray, Muhanna & Barney 2005; Hardcastle 1992). The approaches were
similar to each other, buesearchers have adopted theverthe years for achieving the best
cost modelling of construction projects (Meredith et al. 1989; Hardcastle 1992; Malhotra et al.
2014). However, three approaches' primary adoptisressentiato build the cost information
modelbeforecost estimation processes at design anetpnstruction stages (ElSawy, Hosny
& Abdel-Razek 2011; Dowlatshahi 2010; Hardcastle 1992). Thus, in the design stage, it is

easier to identify and extract the required infation of what is needed to be done in projects
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execution and how these activities can be done, (esources and other requirements)
(ElSawy, Hosny & AbdeRazek 2011; Dowlatshahi 2010; Hardcastle 1992). This is why
information modelling iwital for creating a new cost estimation model. For example siteha
premodel for cost called Cost Estimating Information Model which is a major output of
researchdone duringthe 1990s in the field of building construction economy and financial
management due ttsiimpact on the accuracy of predicted cost (Hardcastle 1992). In the first
adapted approachiParadigmatic Model i is based on that theory is made to solve a puzzle
before being able to take a proper decision through reaching a true or false anpuezltr
statement using anapng successful examples and conclude the required results (Dyer &
Wilkins 1991; Hardcastle 1999. 11 Filippini 1997; Barnes 2001; Benjaoran 20(®¢@sides
thecost i nf or ma thypotheticededdcavi® maded ® dproach mathematically
several hypotheses of the several assumptions made regarding the cost factors, decisions, and
management analysis. Then, verify which hypothesis is correct and which one is wrong

mathematically using numbers (Hardcastle 19924 Kvale 1992; Ketokivi & Choi 2014).

The equations in Figure -2 are based or :
a g Eoo = f(I+F) (a2
information provided forconstruction cost estimating

process in thedesign stage and used by previgl acc q) (Eq. 22)
researchers (Hardcastle 1992). However, in E4, {1 = §(Q/X) - S(Q/X1) (Eq. 23

ARO IS representing the _oerl
Eacc’l Each - i:(11

Figure 21: Cost Estimation Mathematice

) _ _ equation used in cost information mode
the povided information (Hardcastle 199@p. 2637).  (Hardcastle 1992).

) (Eq.24)| YT @cC!

i's the f uncfatuiregaana ffilid ol

Then, in Eq. 2 , feprep@éntshe quality of provided informationvhile in Eq. 23
ASO I s t he f utmeacturacymfaskéd qieQsio gather idormationand A X0

is knowledge in providing the requdénformation (Hardcastle 199pp. 2637). Finally, in
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Eq. 24 , adDE ang@do firEepr esent the estimation accur

the square of first observer and provider information igu@Hardcastle 1992pp. 2637).

Thus by having differences between the sides of an equation, it will be easy to catch low
quality information of each st&gcost estimation process (Hardcastle 1992; Maiwenn 2013;
Sturges & Hanrahan 2004; TriBieniek 2012; Boyer et al. 2002). Alsordm this set of
equations, it is clear th#terisk and uncertainty of having accurate informatwe high and
need appropriate models for further improvement and develogmeshieve the demanded

efficiency as proposed Figures 2-2 and 23 (Hardcastle 1992).

{__ Details of Information

............................

¢ Number of Bidders ﬁ Homogeneity of Sample

stimating Activity
(Design Team)

Ei:‘jl‘-"la\rket Conditions e s

Figure 22: Cost Estimating Criteria which are affecting information quality of
accurate estimated cost (Hardcastle 1992).

In Figure 22, the criteria of activity estimaticare made of severtdctors:project size,
expertise, building type, familiarity, market conditions, details of information, number of
bidders, sample homogeneity, and extenthefvailable database (Hardcastle 1992). This can
be done athe design stage to optimize themstted cost subject ecuracy (Hardcastle 1992).
On the other hand, Figure®shows the process of designing a cost information model for
accurate cost estimation of the construction project at thegomrtruction stage; however, as
much the demand fomformation increasesthe feedback of information will increase

(Hardcastle 1992). So, this can be done and conducted in the following stagestehppre
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planning, 2) master program, 3) stage program, 4) short term program, 5) allocation of labours
ard plants, 6) material pricing and ordering stage, 7) bonus progress, 8) and progress

monitoring (Hardcastle 1992).

Intheendthec o st esti mati on informati orruaabdel 6
to have appropriate knowledge through studying information rather than directly studying cost
itself to get accurate and effective values (Shen, Ng&y@ijiako 2013; Xu & Moon 2013;
Tummala & Schoenherr 2011; Hardcastle 1992). Hgmragects' budgets and pricean be
set accurately to provide more profit and efficiency of investment financial decisions
(Hardcastle 1992). This will vary based on gepgreal location, time and extracted
information sourcdJu, Li et al. 2017Binder & Edwards 2009; Venkatesh, Brown & Bala
2013; Hardcastle 1992). Nevertheless, the variation of costs after gathering informaaton
significant impact orestimated costesults so, it has to be covered according to information
flow and criteria of construction project development (Abanda, Tah & Cheung 2013; Baloi &

Price 2003; Hardcastle 1992).

)

INFORMATION FEEDBACK

INFORMATION. FLOW IN
DESIGN AND:  CONSTRUCTION

INCREASING INFORMATION REQUIREMENT

Figure 23: How information model is designed for modelling and estimai
cost at the design stage (ijere-construction stage) (Hardstte 1992).

On the other handhe latest research and journal articles explaitied relationship
between constructions cost prediction, knowledge, and information modelling from 1992 until

the present time Hardcastle 1992)These researches have been proving and showing new
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important fators and pointsthat impact modellingcosts (Kambanou & Lindahl 2016;
Stockton, Khalil & Mukhongo 2013Hardcastle 1992)First, information modelling could

check the adequacy of factors using Building Information Modeliig, which is the
primarytool of modelling construction informatiomeforeany estimation related to quantities,
resources, or costs (Wang, Wargal. 2016; James 2014; Belay, Togpal. 2016; Jrade &
Lessard 2015). However, it essentiato update factors and information used riawdéling
construction at the preonstruction stage (Ibandopez, MartinezVal & Moratilla-Soria

2017; Yasin, Czuchryet al. 1999). For example, developing and shaping manufacturing
information, criteria, and factors is done to integrate more accomatstruction models
(Zhiliang et al. 2011). Alsothe| at e st research showed that
compliance ouldbe only achieved by translating it successfully into an estimating information
model; so, at tendering stage of constructions necessary to get appropriate budget approval

to satisfythec | i ent 6s engineering, architectur al a
Zhang 2013)Besidesinformation modelling characteristics had to be enhanced to cover time
change and its impaoh each factor included in cost estimation information; nevertheless, this

is going to improve the planning and execution processes to be thigapproved budget as

much as possible while making overrun and underestimating processes as low as qiossible
the design and preonstruction stages (Jrade & Lessard 2015). Moreover, it is proved that
applying building information management systems (3D) for scheduling and predicting budget
has a strong impact otheresults of execution pricing. However, 3DNBis being developed

to include more di mensions and is more eff
Quality Cost Sy,staledl6; Lqva\kalnarg 200PNe0R Binally,thelatest
essentialand significant dimensions of building inforn@at modelling (BIM) in the

construction industry added time, comthd asbuilt operations to end up with a 6D model in
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thepre-construction stage. 6D BIM model estimate accurately costs and rigleseodecution
stage; however, in the labireeyears, researchers have tried to estimate construction cost using
information modelling instead of modelling cost information at thecprestruction stagé-or
example,several software programs help estimate and moas#, such as BIM, Microsoft
Acces, Primavera, and MS project (Hafez, AziZfdars 2015; Smith 2014; Wu, Olson &
Birge 2011; Perera & Imriyas, 2004).

In summary, it was discussed how the knowledge and information management systems
could affect and impact cost estimation modelling atsdrésults. Therefore, the first part of
this chapter took into consideration informatiamcluding its types and approaches. First,
knowledge collection methods and systems are concerned with gathering required data for
pricing and budgeting projectBata collection had several criteria, such as the details, size,
complexity, and other mentioned points included in reviewed resedsd) cost information
mathematical modelling determines its adequacy, accuaadyglass weighting based on cost
results Second, information management results can impact the validity and quatlity of
cost prediction model. After that, this chapter discussed the types of information presentation
and modelling including charts and figures such as Primavera and MS prapéotare
programs; and statistical tables and mathematical analysis such as the MS Access; and data
visualization, including Auto CADRevit programs. However, information models are
developed to include 3, 4, 5, andlBnensional models. Finally, this paf chapter 2 is going
to be used in collecting factors of cost prediction modelling and how they should be connected
in order to have more accurate and efficient results from this study; nevertheless, this will
develop an approach to connect variablas set out their equations and weights as per their

significance for this thesis integrated model.
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2.2  Project Cost, Economics, & Profitability Modelling Literature Review

In many countries around the world, projects have played a bignrthe countried
economy overthe years; however, this economy has been changed according to people
interactions for reducing uncertainties of upcoming events and projects to ensure sustainability
through developments and time (Gagliardi 2016; Nguyen, Ogunlana & Lan 2004l-

Razek, Bassioni & Mobarak 2009; Boyer & Pagell 2000; Ashrafia et al. 2016; Ali &
Kamaruzzaman 2010; Chou 2011; Handfield & Melnyk 1998). Neverthéess;onomy and

policies have impacted and shaped industrial busingsduding construction and
manufacturing business; so, it éssentialto estimate profitability and loss based on cost
prediction to realize the neronformity of production (Pasandideh et al. 2015). Therefore,
wasteof resources or materials that migiftect thepr of i t abi |l ity of con
execution should be added to this research study (Pasandideh et al. 2015). The economic factors
and variables arerucialto set project profitability criteria at the peenstruction stage (Tang,
Aoieong& Ahmed 2004). For example, the quality costs and variables are not included in the
information modelling systems such as Primavera and BIM software; however, the cost
modelling of processds important because it tedtse project's feasibility and apkability

(Tang, Aoieong & Ahmed 2004). As a result, it is concluded from previous researches that cost
modelling improvement is still required for more accurate estimations.dépisnds on how
variables and factors are connectedorm an estimating netwk of project cost(Lehtonen

& Kiiras 2010). In other words, variables and factors had to be customized and integrated to
fulfil project criteria and requirements achieve profitability and avoid any delay or non
compliance (Lehtonen & Kiiras 2010}. is also necessary to optimize the allocation of the
calculated budgetyhich is done by having appropriate cost identification for each process

(GolenkeGinzburg et al. 2006). This will help in monitoring and controllthgp r oj ect 6 ¢
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activities accuratgl (GolenkeGinzburg et al. 2006). Finally, it isssentialto determine
contracting feasibility solutions to optimize costs while choosing the best contractor for the

assigned job and minimize risks (Turskis 2008).

The following review will detail reseance r s 6 out comes regard
estimation feasibility, profitability, and economids will then detail cost and profitability
updates from scientific journalequired to determine this research modellimgorder to
develop the economy in cities other geographical areas, it is important to have optimum
buildings and infrastructures asdt appropriate economic development pl@igsten 2016).

This can be done by improving processes resulting from project management cost modelling
optimizatian research and practicebgsides this will achieve higher profitability from
delivering enduser products (Agyaporgodua et al. 2012; Wudhikarn 2011; Bigsten 2016;
Love et al. 2002). On the other hand, cities are baséldeona r k et | nv e sneme nt s ¢
besides individuals and organizations involved in the economic circulation of investment loops
(Enezy et al. 2017; Doloi 2012). However, the United Arab Emirate economy is changing to
adapt sustainable building projects to enhance and benefit imalagiconomy (Asif 2016;
Clifton 2016) These opportunities are demanding huge construction developments in the
building and infrastructureswhich require to have sustainable materials and energy
consumption to the EXPO 2020 and 2030 development plaobailand Abu Dhabi emirates

(Asif 2016; Clifton 2016;DubatGovernment 2016; KSAovernment 2016; Abu Dhabi
Government, 2016a, 2016b, 2016c, 2016d, 2016e, 2018bu Dhabi and Dubai required
having negative inflation for construction after 2008 econaries due tdhe high need for

more developments (Clifton 2016). Thereforerequiresmore cost optimization due to the
change in available budgets of megaprojects and other complex construction (Clifton 2016;

Asif 2016). This represents the main chajjemtpresentind for 20 years because of economic

Page35



GDP drop inthe United Arab Emirates from 399 US$ BN to 385 US$ BN from 2014 to 2016
and the because of UAE economiestaucture to replace oil income (Clifton 2016; Asif 2016).
Researchers found that $ss dynamics is the most effective method and approach to
analysing changeable varialdeshowing results before and after changes. This made system
dynamics more realistic and accurate in critical cost and risk forecasticly as engineering
processes a@hconstruction activities (Chapman 1998). Then, because this research study
focuses orthe critical variable of cost, using system dynamics can be considered the most
effective and accurate approach (Cassettari & et al. 2016; LeesM@aa& Park 2006;
Rechelt & Lyneis 1999; Williams 2001; Chapman 1998fter researching large projects and
construction of building and infrastructure industry, it is also proved that dynamicallimgdel

is the most efficient method to solve disputes and conflicts betwatiesp(Bates & Holt,
2011) However, researcproved that cost is the most critical reasoncfamflicts and dispute
resolution generation within projects (Bates & Holt, 2011). These conflildst ahe cost,
guality, and time of projects and can evewelto failure of complex and large projects in the
construction industry (Bates & Holt, 2011). As a resuig required to all the conflict by using
appropriate tools and approaches such as system dynamics techniques (Bates & Holt, 2011).
Researchershowed that to have the best efficiency of costs and bersfizgresoptimizing
economics and managerial processes of scieidifionical developments #te design stage

to handle the building constructions' costs and performander challenges and changes
(Abdallah 2007) Project challenges can result frahe political, economic, and working
environment at ififerent construction stagéabdallah 2007)Also, modelling other variables
than costs, such as 3D modelling of congtam buildings, can be very useful in estimating
costs(Abdallah 2007). After that, cost of quality iscatical issue in United Arab Emirates

cities such as Dubai ; however, it i s due t
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reaches the rewk level (Abdelsalam & Gad 2009). This cost of qualgyaround 7% of the
project construction costs while usuatigt budgeted or estimated in cost models (Abdelsalam

& Gad 2009).Thus controlling cash flow overrun ithe construction industry in the Ued

Arab Emirates will help in faster economic growth since it is the maintrydi@#sbdelsalam &

Gad 2009). Moreovethe profitability of construction projects generally calculated at pre
construction stages (Alibouri 2003). On the other hand, ptability is reduced when
budgeted coststart to be brokerandthepr oj ect 6 s per formance, t ake:
according to estimated costs {2ibouri 2003). So, appropriate monitoring of performance will
enhance cost control effectivenesgamstruction projects (Alibouri 2003). Nevertheless, to

have appropriate monitoring tiepr oj ect 6 s acti viti es, it is
dynamical planning to keep up with dynamicainstruction variables thaeep changing
(Alzraiee, Zaye& Moselhi 2015) After that, it is important to know that costnoddling has

many controllersaffecting its accuracy and efficiency; however, one of these significant
factors is price inflationespecially in a country likhe United Arab EmiratesAbdallah 2007;

Clifton 2016; Asif 2016). For example, the main reafwrihe significant problems business
economy and costs; therefore, it is important to review economic research that includes
inflation and money supply relationships (NikoliC 20@&ddlah 2007;Clifton 2016; Asif

2016). This is resulig in either changing interest rates or changing tax rates (NikoliC 2003).
The research studies showed that inflation based on tax changes is causing inflation of the
interest rates (NikoliC 2003). This very important to model cost after knowing that United
Arab Emirate will apply taxes starting dJanuary 2018eading to inflation (AlHamadi2020).

Also, researchers studied profitability in construction industry firms to understand arzkanaly
its uncertainty and complexity using the dynamical model (Cui 2005; Salling & Leleur 2015;

Cheng 2014; Kujawski 2007). This will show the best possible way of managing profitability
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in construction industry firms (Cui 2005; Shahandashti & Ashuri 2013liawds 2003;
Ayangade, Wahab & Alake 2009). This uncertainty and compled@resulting because
contractor have to underestimate costs to bid and award projects then deal with inflation,
government regulations, fluctuation of interest rates, and chaogiegsat a later stage (Cui

2005; Mizell & Malone 2007; Doloi 2011; Elhag, Boussabaine & Ballal 2005). Therefore,
profitability system dynamics wil |l sthpport
planned budget and time frame (Cui 2005; Boesskaya 2016; Atkinson 1999; Poucke,
Matthyssens & Weeren 2016). In other words, competition on construction project bids
requires ameagrebudget while actual costcreaseslue to deferent variables changeking
profitability almost impossible to be lsieved or be satisfactory (Cui 2005; Siciliano et al.
2016; Koomey, Hultman & Grubler 2017; Willis & Willis 1995). However, this is not the first
time that contractors suffer from profitability issues since more than 11% of business failure
in 1987 and aaverage of 60 construction business fadyer year until 1998 (Kamaruzzaman
2010; PeftidMora et al. 2008; Cui 2005)t was then found that the profitability issue
contributed to about 26.72% to construction failuvbjch has been increasedearly 2@0

(Cui 2005). Researchers studied cost from the perspective of profitability because it is the way
to maintain project base businesses and medbkaneperformance since 1972 (Cui 2005).
Thus, profitability wasconsidereda research topic based on conmpgurprojects cost with
bidding budget over timancluding changing variables in dynamic systems and influence
networks (Poh & Tah 2006; Cui 2005). However, profitability research created a dynamical
management model systeémanalye profit quality, profi sustainability, profit possibility, and

profit potentialsas shown in Figure-2 (Cui 2005).
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Figure 24: Proposed Profitability System (Cui 2005).

The proposed system of modelling profitability as in Figudeshove multiple players
like equipment leaser, subcontractors, suppliers, banks, competitors, and owners; however,
these layers contribute to several management systems that interact directly with the
construction project management figltlustry (Cui 2005). For instancéhe equipmet
management system, human resources management system, bidding managemeansystem
financial management system are directly interacting will construction project
management field (Cui 2005). In other words, profitability research from 2000 tot@6K5
the intersection point between project management, financial management, and bidding
management system as firanaryresearch gap to build profitability management model using
system dynamict contribute tahe body of knowledge (Cui 2005). Theyed, profitability
modelling outputs did not include cost estimation cash flow for residential buildings whole life
cycle covered in this research thesis (Modell 2005; Cui 2005; Dikmen, Birgonul & Han 2007,

Resende et al. 2017; Moghaddam & Michelot 20@®). the other hand, researcheised
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system dynamics modelling and other mitidg approaches to support building this final
thesis model; nevertheless, the following part will inclbde researchersontribute tothis

study.

For instance the developmentf profitability modelling system started from the four
main bases of profitability management; first, profitability quality, this is the part where
stakeholders need to be satisfigth profit margin, rate of returrand quantity after investing
their noney (Cui 2005; Hurt & Schrock 2016). Second, profitability management includes
affording cost and takintiperisk of losing what is invested (Cui 2005; Lowe 2015; Mils 2001).
Third, profit potentialityis where the contractor neetdscheck all possible ays to optimize
and maximize project profit while satisfying surrounded constramkiding all contributing
variables (Cui 2005). Finally, profit sustainabilityaintainsthe sustainable value of profit for
stakeholdersincluding value to economic chges and inflation such as interest rates and
inflation (Cui 2005; MurilleHoyos, Volovski & Labi 2016; Feuillette et al. 2016; Moore &
Loredo 2013). And, value to the legislation governmental roles and regulation costs like taxis
and fees (Cui 2005; Matt Sippola 2016). Also, it includethevalue of the profit percentage
to net income quantity such as money and assets (Cui\2@0®lson & Birge 20}1As a result,
the model has reachedmore complex level based on adding other related variables to th
bidding and profitability dynamical modelling systeas shown in Figure-3 (Cui 2005).
Therefore, this research should include profitability management varifdvldoetter cost

estimation modelling.
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Figure 25: Profitability System Dynamical Model (Cui 2005).

Next, to study profitability using the dynamical model in Figur&,2researchers
involved uncertainties and agents in representing individuals, organisations, or teams
interacting andyetting involved inthe explained game theory structure (Cui 2005; Walker et
al. 2014; Cohen & Kunreuther 2007). First, uncertainty appears in decisions of a contractor
which is translated to money on a later stage to cover different bad scenariogli&iappen;
also, the proposed agent supposed to be able to predict the consequences of its actions (Cui
2005; Walker et al. 2014; Cohen & Kunreuther 20@ther agents themave actions and can
predict their consequences (Cui 2005; Walker et al. 2014eilC& Kunreuther 2007).
However, they are used to direct model behaviour when employed (Cui 2005; Walker et al.
2014; Cohen & Kunreuther 2007). In this wayne model will representthe required

information for proper analysis atetter understankdow coss and budgets can interact with
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other influencing and influenced variahlasshown inFigure 26 (Cui 2005). Therefore, this
research should test variables against several scenarios in its validation stage to ensure accurate

project cost prediction.
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Figure 26: Complex Adaptive Bidding System with One Agent (Cui 2005)

As a result of this developed modelling analysis, ghenary and most significant
problem of profitability issue is the cash flow balancing process; so, cash flosviomgel has
been developed to study its efficiency within the bidding system model as shown in Figure 2
7 (Cui 2005; Hwang 2011; Hwang 2005; Chang & Ko 2016; Spickova & Myskova 2015). This
is describing and involving related variables of in and out cash frocesses of projects at
construction stages (Cui 2005; Hwang 2011; Hwang 2005; Chang & Ko 2016; Spickova &
Myskova 2015). Thereforeuring the construction stage, cash fiswignificant and requires

including it in this research study.
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Besides costsharing withinthe project can generate more and different -tesed
cash farming concepts through building operation when having multiple gr¢{@ct 2005;
Aziz & Abdel-Hakam 2016; Marzouk & Azab 2014). For examyles cost of equipment
leasing 6r a project can be lessthie leasing period is longer to cover two or more projects
instead of leasing it separately for each project; in this case, each project will cost less for using
the same equipmentwhich will increase the profitability signifently (Cui 2005; Aziz &
AbdelHakam 2016; Marzouk & Azab 2014). It also appt@ssed equipment instead of new

ones (Marzouk & Azab 2014).
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Figure 27: Feedback Loops in Construction Projects Cash Flow (Cui 20

In the cash flow feedbadkop of Figure 27, costs, and cash outflow liabilities interact
with income to reaclprofitability cash balance in the construction projects in the used

dynamical model (Cui 2005).
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However, studies from 1989 showed that construction management uneertantd
problems appeared from low précised estimation and costs budgeting (WinchRi&s3rch
proved that most risk factofall underthe cost uncertainty umbrella (Okmen & Oztas 2010).
Besides AnCorrel ated Cost R € € R AANEe)leatasl iafter tihvdo d e |
economic crises using a hypotheses approach to simulate the risks and costs of construction
projects besides the Monte Carlo Modelling and analysis to pravidecurate prediction of
costs and profitability in related with known risg@kmen & Oztas 201,0p. 203. Finally,
profitability maximization demands cost modelling innovation in processes and activities based
on available opportunities to improve the performance and results dutcomes and
products) Therefore, researchestarted to check construction costs based on time and internal
dimensions of construction cost models to contribute in project management improvement

(Xiong, Xiong & Xia 2015; Leiringer 2006; Yu & Lo 2005).

In summary, factors analysis and integrating essimating models in economics and
profitability disciplines are significantly important. Its importance comes from the required and
desired results maximizing thepr oj ect 0's profit from contr
integrating cost estimating modalse duces cost overrun and | o
perspectives bgtaying withinan acceptable tolerance of planned budgets. For example, the
analysis of multiple projectsostbenefit discount rate is an essential t@olminimizing risk
cost (Torrit 2012). An artificial cost flow network is another exammémodelling risks and
costs within construction businesses (Odeyinka, Lowe & Kaka 2013). However, capital
analysis in most of published reviewed articles included cash cycle, current assighisy liqu
ratio, and short term liabilitieswhich are required to maximize profit while optimizing
operational costs of complex processes (Meszek & Polewski 2006; Winter 2016; Chowdhury,

Sharma & Platz 2016; Geissmann 2017; Cople & Brick 2010; Yusoff edHb,; 2onHomaid
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& Tijani 2015; Sydor et al. 2014; McLean & McGovern 2017;). On the other hand, forecasting
models of cost in Taiwan showed that errors, mean values, wgghnd indices of cospday
asignificantrole in determining whether projects gmefitable or not (Wang & Mei, 1998). In

other words, it will ensure cost variation (j.@st overrun tolerance) to be witlihreexpected
tolerance of the planned budgets (Wang & Mei, 1998). According to more than a hundred
construction experts, consttion profitability is based on its critical success factors;
nevertheless, it affects and affectsec onomi cs o situation, C
communication, and competence categories (Nguyen, Ogunlana & Lan RO84jnmary

previous researcheviews shwed how profitability analysis, factors, and variables are
essential concernintipe economy, projects costand risks which can be done using several

tools and approachddowever, the best and most accurate approach up to date as per reviewed
literatureis to use system dynamics tools and techniques to snallypossible dimensions

that can impact final estimated cost results. Atbe,analysis of profitability factors and
variables fronthec ont r act or 6 s paanors gppraptiaie wreld¢asnding df hog | v e
to cover whatthey missasaclidm. ot her words, studying contr
and dealing with cash flows considering risks variables and factors while connecting them with
economi ¢ f ac tthecossiuctioneptieet atrtHe prednstruction stage will give

more accurate cost prediction model and value.

2.3  Project Cost and Risk Interaction Modelling Literature Review

Although risk quantitative management and analysis are ignored, thegsametiato
predict its costs and impact on planned time, performamzkebudget of construction projects
(Poh & Tah 2006). So, it isnperativeand valuable to identify and assess possible known risks

and predict the unknown risks in projects at theqamestrution stage (Schieg 2010). This will
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avoid cost overrun due to waste of time or resources; however, researches proved that risk
factors and variables are major and required to be considered while integrating amth@naly
construction cost models (Schiegl®). For more than 40 years, these factors and variables of
industrial businesses'rsk ar e projectso6 concerns for pr o]
(Seshadri & Subrahmanyam 2005). However, the risks and cost statistical and mathematical
equationsare the best way to measure and evaluate the financial affdinama nc i a | ass
impact on predicting costs (Hernane®ancho, MolinosSenante & Sal&arrido 2011). In

other words, the relationship between costs and risks has been proved by restdaatdusts

and time impactrisks however, Vvice ver s addresearcteic toston
estimating and modléng take into consideration risks from identification stage to assessment
stage using integrated models (Doloi 20112010, researchers started to develop and compare
cost modelling of constructions to reach more accurate solutions using mathematical equations
for a précised value befoexecuting projects (Petroutsatou & Lambropoulos 2010). It is done

on infrastructure roadsnd tunnels projects whileot including residential project®vered in

this research (Petroutsatou & Lambropoulos 2010). Resedrchedels covered fuzzy
techniques for reasoning and analysing construction risks to take and implement appropriate
decisiors (Zeng, An & Smith 2007). These fuzzy modelling of risks opened the door for more
appropriate methods and approaches to analyse risks with the other factors and categories suck

as system dynamics (Nasirzadé&thanzadi & Rezai2013). Therefore, in chapt@rof this

thesis, cost modelling and its interaction with risks using system dynamics will be reviewed and
considered based dime latest empirical researchhe latest tools and results of modelling costs
and risks inthe construction industryaccordingto scientific journal publications will be

reviewed to reacthehighest possible inputs accuracyttoé proposed cost model.
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After that, risks lead to extra costs the construction industry due to improper
assessment processes or misidentifying sont@eofritical risks; so, variables of risks are
impacting estimated budget accuracy significantly when they cause changes in costs of
construction execution (Ali & Kamaruaman 2010). Also, most of the timesks are
identified and assessed to provide the proper performance of the project delivery process; thus
performance variables are considered critical projects costihmgd@Ali & Kamaruzzaman
2010). However, accomdg to someresearchers, costs mathematical modelling in building
construction projects, optimises estimated results when related to risky components such as
time, wasteand energy (Abanda, Tah & Cheung 201B)vas alsgproposed to model costs
against anmportant criterion such ake cost impact of risky variables over time (Abanda,

Tah & Cheung 2013). This was done by integrating and designing a set of equations required
to get better results (Abanda, Tah & Cheung 201R)st modelling in publigrivate
partnership construction projedssconsidered a big challenge that has to be eliminated or
minimized for more accurate financing and funding without facing challengeable obstacles.
However these obstacles may lead to delay or fail projediisesgxeaition staggAkinyemi

et al., 2009).In order to solve risky cost decisions, it was found in research that most
construction practitioners and piEfbettieesess on al
Acceptability Curvé (CEAC) for appropriate and tipum decisions For instance the
percentage of using the (CEAC) has increased from 2.1% to 32.6% between 2001 and 2006
proving its efficiency andleep connection between risk and cost in proj@ddeswenn 2013

p. 93. Moreover, regarding constructioisks and cost overrun, it is popular that structural
elements and other components make people-adesgn the engineering component for
reducing risk while increasing cost significantly; however, -cesign optimization methods

have been developed by rearchers to solve riskost conflicts between management and
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technical professionals (Aldwaik & Adeli 2016). Therefore, it can be considered one
construction project management cost modelling factors and variable (Aldwaik & Adeli 2016).
Next, researchersleveloped controlling charts of checking, monitoring, and controlling
quality; howeverthequality will be consideredfactor of costrisk variables due to the conflict
between management and technical requirerfentndusers (Aliverdi, Naeni & Salepour
2013). Form investigation conducted by researchers in the private and the public sectors, it was
found that estimating and predicting cost modelling must cover construction industry risks
whenit comes to the financial decision starting from choosmgfractors until delivering the
project to the endisers by the client; however, this is because of the following: 1) the
underestimate at projects prenstruction stage (i.aendering stage), 2) the overrun of costs
during project sinancial are dunding constraintd pf agpdaeng risks and
claims made by projects parties (Ayangade, Wahab, & Alake 2009)m8akiss cost modelling
accuracy extremely significant in the construction industry from the clipaifg of view
(Ayangade, Wahab, & Alake 2009). Therefore, gsentiato cover construction risks in this
research modkng study.

One of the effective methods of analysing construction costs undeiskseand
uncertainty in developing fuzzy appsach and framework (Dikmen, Birgonul & Han 2007,
Baloi & Price, 2003). This will helpnakean appropriate financial decision and estimation
(Dikmen, Birgonul & Han 2007; Baloi & Price, 2003)he fuzzy framework has been
discussed in several cost resegvapers and thesis as per the following parts of this chapter.
It can also be based on cdsesed approaches for cost estimate modelling scenarios through
experience and hierarchy process combination methodology (An, Kim & Kaug 2007). It can
be achieved bgeveloping project costs predicting reasoning efficiency analysis (An, Kim &

Kaug 2007). So, the dynamical modelling of risks in construction projects using fuzzy logic
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showed that system dynamiasudd identify and allocate risks #teearly stages of ecutions

while it can also help in eliminating unnecessary risi®reexperiencing its impact on costs,

time, or performance (Wang, Dinet al. 2016; Nasirzadeh, Khanzadi & Rezaie 2014). After

that, risk modelling identified different reasons behinded#ént pricing results for the same
construction project processes and activities in different times and positions; for example,
political, law; and international procedures risks as significant in modelling costs accurately
(Cohen & Kunreuther 2007). Hower, it is essentiato consider it in this research system
dynamics modelling as the best approach to idethigynost accurate costs of resources and
activities duringhepr oj ect 6 s stages (Eden, Williams &
For exanple,thei Ve ct or A uctModeldi.g, VAR mrdved that budgeting processes
forlongandshost er m pr oj ect operations have signif
Il ndexo stochastic f o,p.&Q Sostheiisksef chaXgingh&prodat o n 2
schedule wilkignificantly changés pricing and the estimated costs and budget accuracy will
change accordingly (Pajares & Lopearedes 2011; Mizell & Malone 2007). This is because

of economics and policy conditisnwhich may change res@e prices variations (Pajares &
LopezPar edes 2011, Mi zel | & Mal one 20079 . Th
besides monitoring and controlling techniquesed to be considered whescheduling
processes to fix estimated budget as much as pe¢Biajares & LopeParedes 201%.615

Mizell & Malone 2007).

Besides researchers found out that it ¢sucial to model cost and time imega
constructiorprojects such as tunnels (Isaksson 2002). Howevergimendouadverg effects
of high risksand uncertainty of construction projects, such as infrastructure andlilngne
projects, are causdmy over costs and delays resulting framimproper assessment of cost

and time risks at preonstruction stages (Torp et al. 2016; Memon et al. 2010sSHEmij2015;
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Isaksson 2002). These researches declared that cost estimation modedasgnsalfor
megaprojects and investigated this importance validity using infrastructure projects without
covering residential buildings; therefore, this research swiilyontinue after investigating

cost estimation modelling for residential projects using system dynamics. Also, it is agreed that
over costs in construction projects are happening because of severa) fiachoighg unfixed

costs after fixing the buegt s , finalizing tender document s
inflation, which are changing actual costs frdine expected budget (Isaksson 2002; Ong &
Ong 1986; Toh, Aliet al. 2012; Peng & Lai 2012; Zakis, ZakisAgfridsson 2017). So, time

and cost modelling of projectss significant because of its power to shape clients and
contr act omakeswhdare thes mostpowerful amssentiaktakeholders in mega
projects such as infrastructure and tunnels (Isaksson 2002; Acebes et al. gatBeSal.

2016; Karim & Adeli 1999). As a result, this research study will investigate cost estimation
accuracy in housing mega residential projecth@UAE. Besidesresearchers concluded that
research mathematical modelling and approacimetuding probability and Monte Carlo
simulating techniques to maximize faecsting decisions accuracy (Isaksson 2002; Meyer et
al. 2013; Matto & Sippola 2016; Kleyner & Sandborn 2008; Hamak€&o&ponation 2005;

Sher & Punglia 2014; Shah & Goldstein 2006; Less, et al. 2011).

In other words, the advantage of including cost overrun estimate calculations and time
modelling mathematically from client and contractor perspectives is to help in making better
decisions regarding tender budget and pricing; howsteadjes found thahefi c on s t-r uct i
contractingo method can consume and waste
execution stage (Isaksson 2002, Hu & He 2014; Jrade & Lessard University 2015; Wilke
2005).Overrun and over budget uncertainties ligh costs risks on contractors and clients;

however, it will be included in this research variables and factors (Isaksson 2002}imeost
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moddl i ng has been proposed based on esti mat.
dynamics (Isaksson0B2; Zhu et al. 2007; Adey et al. 2012; Howell & Koskela 20a0%
alsoimperativeto determine the condition of geological and hydrological aspects@ikeand

ground conditions) of the megmoject execution (Isaksson 2002; Ong & Ong 2016;
Jafarzaeh et al. 2015). Secondjstnecessary to select the executing method for each project
part of the tunndby dividing it into zones or segments based orgew@ogical classification's
characteristicand then grouping the similar zones based on theogeneity characteristic
However, this will helpchoosethe method of executinthe project which is critical and
necessary to determine the time and cost estimation and modelling (Isaksson 2002; Koo et al.
2010;Battistoni et al. 2016 That is whytheexecution method, geographical location and soil

type musbe included in this research study.

Third, the following stepestimatesthe needed normal cost to execute each zone
(Isaksson 2002). In other words, it aims to estimate and expect coststdaemgcution time
required to finish the project under normal circumstances and conditions (Isaksson 2002;
Battistoni et al. 2016). This will be done by having several formulas as shown in equation 2
for measuringhenormal cost of tunnel constructionwhe n@ G t he nor thal ¢ o0 ¢
cost variable, and #Ag(x (!l ) hdmal psoductiorei mé f 0 Qb
can be calculated from efforts -gependatcast i on
(Isaksson 2002). After estimagj and calculatingall zones' normal cost and timé is
mandatory to measure and estimate the probabilitigexiormal time frame and normal cost
budget for each executed and constructed production class (Isaksspp.20@2This can be
donebyhavig Mont e Carl o modelling to measure pr (

by using the following steps (Isaksson 20p2.07:
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1- Using equation-5and 27, wher ® #fi®m t he mean value for
is the lowest expected value of groct i on ef fort. Abo i s
probability value, and Aco is the highes

2- Calculate the standard deviation can be done by equair?-2, and 210 where
AE(Y)O is producsi amityeffebct greayrctioi effort class
required tooachi pveduandofleffort standse

3- Suppose there is strong correlation between all classes and zones' geotechnical
specifications. In that caste standard deviation will be calcuddtusing equations 2
l1land21 2 where fALO i sandpotfads ttuhnen edi slteanngcteh
segments group with the same geotechnical characteristics.

4- Then, for calculating normal cost, it is decided to use equatlol832 wher estofij 0 r

the type of cost in Issaksse(R002) cost estimation model.

5- Also, to calculate tim&el e pendent cost AZO, i-14whese deci
A Q 0 noimal

6- To calculate and find out the quantity dependent costs, it is decided to use efiation
15 and 216.

7- Finally, to estimate and calculate fixed costs, it is decided to use equdtirad it

is decided to use equatiorl8 to calculate the total estimated normal costs.

Nevertheless, a set of modelling equations has to be taken into catisidar case of
having a nordesirable situation which can cause time and cost moréttbaormal estimated
time and cost And, it is used for estimating and calculdtiajme and cost of each situation

as the followinglsaksson 20020.159:
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1. Calcdatingpr obabi | i ty ifigho cv al u «taéwxsviant gh ed9giuXa t i

and 220.
2. Calculating geotechnical random situation probability in projects using equa&bn 2
3. Calculating mechanical random situation probability in projects wegu@tion 222.
4. Cal cul ating accordance probability of A
5. Calculating time or cost special situations by using equati?®& 224, and 225.
6. Finally, cost and time modelling calculation was basetheMonte Carb technique

and using equations26 and 227.
Therefore, in this research study, cost modelling will be covered through probability analysis,
mathematical modelling, and error calculation to end with more accurate outputs.

After that,researchers founithat mostrisk identification, assessment, and control are
based on cost overrun and time delay (Boateng 2014; Heralova 2014; Flynn et &hilt@90;
et al. 2016; Guo & Sultan 2017). Thus, it is important to get accurate decisions regarding
available wmcertainties inmega constructiomprojects by studying th@roject's feasibility

(Boateng 2014; Heralova 2014; Flynn et al. 1990bert et al. 2016; Guo & Sultan 2017).

l{®)

Thiscan be baseddmec o mpany s r es our acewately estmaeoatpaad i | i t

time (Boateng 2014; Heralova 2014; Flynn et al. 199(hert et al. 2016; Guo & Sultan 2017).
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(Eq. 25)
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(Eq. 27)
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| (Eq.2-13)
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(Eq. 214)
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(Eq. 215)
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(Eq. 216)
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(Eq. 217)
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(Eq. 218)

P(X>x,)= Tf(x)dx

(Eq. 219)

P (x)= ( )p (1-p)™

(Eq.2-20)

x —AL
p(x)= @Lye” :'
x!

(Eq. 221)

P (failure)=1- exp(—z At)
i=1
(Eq.2-22)

S _ {l event k occurs with probability p
ik = 0 event k does not occur with probability (1-p)

(Eq.2-23)

C

S

. Su *Cm

(Eq.2-24)

C{’ = i C'E’k
k=1

(Eq. 225)

C,=Cy+C=Y ¥ [z, *g, I+ Y.C,

one |

(Eq. 226)

E(C,)= Y (L*g[E(x)]*E(z)+ Y PC,)

Zone

(Eq. 227)

Figure 28: Cost Modelling Equations from Eg®
to Eq.218 (Isaksson 2002).

Figure 29: Cost Modelling Equations from Eq1®
to Eq.227 (Isaksson 2002).
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However, feasibility studies aressentialto cover uncertainties and risks for
construction client and contracting compani
estimated to cost 2.6 billion dollars and to finist2002 while it was completed with a cost of
14.6 billion and finished o 2005 (Boateng 2014.20. According to Boateng (2014), it is
required to have a very well structured risk management system plan to achieve a successful
risk management practice; however, it is based on accurate cost and time feasibility studies to
achieve eneusers'desired requirements (i,eQuality of work). Risk management studies
startedn the 1950s deriving too many methodologies to estimate uncertainties and assess and
control them based on probability science (Kim & Reinschmidt 2011; Boatehd).20
However,these methodologies could not provide a way to measure them exteptatest
studies when researchers started identifying, aimayassessing, controllingnd eliminating
risks based on time and cost (Boateng 2014). So, Boateng (@&B&rch measured mega
projects risksincluding cost and timeas critical factors using system dynamics modelling
tools and techniques. However, the budgeted cost and delivery time opnogegeis changes
and vares over time anddther changing variabte(Boateng 2014; Abdallah 2007lis
research aimto develop and build a risk assessment model to improve and enhance the process
of making decisions in large construction projects; also, its purpose is to help the public and
clients ofa mega constructio project to avoid delay and over cost by assessing risks which
are leading to consung more time and money (Boateng 2014). His model has been built
through a combination of three models (iANP A An d&NétwotkPc akt es s 0, Mo
Carlo, and System Dwmics models) to cover several points such as the following (Boateng

2014 p. 7:
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1. l denti fyingSaSIT&EIEP Teclnical, Economi c,
problems of the largecale construction projects to study the most significant risks on
development processes.

2. Analysing, modelling, and simulating all STEEP factors relationships and understand

how they interact with each other.

3. Check all available and possible solutidos assessing possible risks in such public
megaprojects.
4. Develop an approado solving conflicts resulted from risks; or build methodologies

to assess and minisa risks byappropriately controlling thent it is not possible to

eliminate them.

The methodology usedh Boaten¢s (2014) research is to have a pieal approach
framework of checking the applicability of research outcomes; so, the developed model was
based oranextensive literature review. Timodel has thebheen shaped and built using ANP,
ANOVA, Monte Carlo, and SD tools (Boateng 2014). Thenntbeel was tested and validated
beforeusing it in the research applicatiorBBnally, a case study was chosen carefully to
represent the infrastructure megaprojects while providing valid and valuable data used by the
developed model to finalize the resuind conclusion (Boateng, 2014). Howewen main
conditionshad to be applietb the model. First, the STEEP characteristics and factors are not
discrete or carrying discrete properties (Boateng 2014). Second, the variables and risk factors
are not aféctedby anypr oj ect 6s i nternal conditions anc
will open the door for other researchers to use generated models and approaches on many other
projects; neverthelessBoateng (2014) contributes to theonstruction industry isk

management body of knowledge (Boateng 2014). Therefore, poojgtst riskextracted from
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literature and verified in systems dynamics modelling will be used in this research study cost

estimation modelling.

Next, Boatenty (2014) research methodology was based on several steps starting with
mixing the Meta Theory methodological approagiséswn in Figure 2.0. The methodology
will mainly be based on mixing Positivism, Post Positivism, and Interpretivism using
gualitative methods with some quantitative methtudgeneralize outcomes resulting from
researching a case study. However, in adsstudies, results calpe confirmed on a single
count ryo6s afew coungiesprgjects, orrmany countriegrojects (Boateng 2014;
Westbrook 1995; Yasin et al. 2015; Venkatesh, Brown & Bala 20IBgn, research
methodologywasused (i.e.ANP and SD) to model constimn risks, interpret relationships
and apply the modeb real data of infrastructure mega construction prsjectonclude with
new original outputs to the body of knowledgbown inFigure 211 (Boateng 2014).
Nevertheless, the framework resulting fréfNlP & SD approaches is based on having risk
identification and assessment as risk study research core (Boateng 2014D@aizaf Zhu

2016; Wang, Dinget al. 2016).

Comparative : Many-country Few-country Single-country
research design | comparison comparison study
S I \ T

B i Variable-oriented Case-oriented

Strategy
A v\ A
General Quantitative Mixed Qualitative
Methodology methods
A A
Metatheory Positivism Postpositivsm Interpretivism

Figure 210: The relationship betweéme Meta Theory choices with th
other methodology, strategy, and research design (Boateng 2014)
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All other factors are considered variahle@xluding cost and time (Boateng 2014,
Chapman 1998). So, research questions focused on how risk events rafigspbitation
projects' deliveryhow risk factors affect cost and time, and how risk can be modelled using

SD and ANP approaches to set appropriate assessment (Boateng 2014).

Next, the researcher introducttte ANP model and SD model building processes by

identifying each STEEP element and risk factor through a dethitgdture reviewand

empirical studies (Boateng 2014). Trdemtifies the best situation case study by mgexpert

opinions and verifying available data of relevant available case studies; it also identifies
model 6s feedback through survey questioner :
study their assessmesthown in Figure 21 (Boateng 2014owever, Figure 22 shows

how researchers set the bases of identifying possible and potential risks by studying
environmental and technical risks, social and economic risks, and politicatosksrning

infrastructure mega construction projects (Boat2dit4).

Integrated Framework
(New Methodology)

A

Analytical Network
Process

\/

KBS (STEEP risks
information)

_— -

System Dynamic Method |- -

Literature on STEEP Case study/Expert opinion Questionnaire survey

| Qualitative Phase | | Qruantitative Phase |

Figure 211: The Proposed research Qualitative Framework for Building
developing the Risk Assessing Model (Boateng 2014).
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Goal: Risk Proritization

List of high nsks

L]

Criterion: Potential Conseguences on:

( con Y rme ) Comin )
g wor
N

S comomic risks

Lnmeer
dependencies

Figure 212: The ANP Model building and integratin
process (Boateng 2014).

Then, investigatingpossible impacts falling on time, cost, and quality are considered
risks classification criteria of classifying risk into high and low levels (Boateng 2014; Hess et
al. 2001; Herndnde3ancho & Saldarrido 2009; Hunter, Fitzgerald & Barlow 2014). Also,
investigating possible impacts on time, ¢@std quality helps seissessing priorities of each
identified risk (Boateng 2014; Hess et al. 2001; Hern&S8exho & SalGarrido 2009;
Hunter, Fitzgerald & Barlow 2014). As a result, it was found that alltitieh risks related to
time delay, cost overrun, of polmWw-quality drive tounnecessary extraosts whichare
considered significarfor integrated systems dynamics risks model in the infrastructure mega
construction projects (Boateng 2014; Hess e2@01; Hernandesancho & Sal&arrido
2009; Hunter, Fitzgerald & Barlow 2014). Therefore, investigating cost, @ame& quality

factors and risks in residential projeigsmandatory for this research stuyend with more

Pageb9



accurate valid, and significant outputsThis research study will alsawork on group and
classify risks and factors based on valid criteria to have a more accurate cost estimation systems

dynamics model.

Next, the ANP model is aimed to be feed inthe SD model at tt model and
development integrating stage; however, both ANP and SD models are using separate data sets
from the chosen case study and then merged to gather to form Risk Assessment Model for
Mega Infrastructure Construction Projects (Boateng 2014). Tdretehis research study will
conduct a cleadetailed mapping using separate cost risks to create accurate system dynamics
submodels to end witha valid Systems Dynamics Approach for Whole Life Cycle Cost

Modelling of Residential Buildings Projects inAE.

After that, researchers have introdudedr i sks system dynami cs
focusing on three main componerdas shown irFigure 213. First, reinforcing loops are the
relationships between variables and each other in a dynamical behavaaier(@ 2014).
Second, balancing loop error actions (tleedesired value for each variable to satisfy criteria)

included integratingnaccuraterealidic risk assessment process mad@sateng 2014).

Desired Vale of Desired Vahie of
Variable. Variable
+
/—\‘ K‘ /\\+ k
+ Error Action
Error. Action.
Variablel @ Variable 2 A\ dely
> 7 J/
Variable. Va.nabk.
(a) A Reinforcing Loop (b) A Balancing Loop (c) A Balancing Loop with a Delay

,—» A causal relationship

+ (-) Signs at the arrowheads indicate that the effects is positively (negatively) related to the cause

/I Sign on the arrow indicates material and /or information delay

R denotes Reinforcing loop and B, the Balancing loop

Figure 213: Elements and components of how tildsystem dynamics modéBoateng 2014).
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Third, balancing loop delay elements resulted from actions maintaining project
progress withina time framework, desired quality, and budgeted cost (Boateng 2014).
However, this will be translated intmst overrun (let he main factor of
(Boateng 2014). As a result, itimperativeto conduct cost estimation mdtieg research to
enhancecosts' prediction accuracgnd avoid overrun. Simultaneously, researchers have
considered thathe real case study model will be very complex and incliede many
components, having very high dynamical variables in each model component (Boateng 2014;
Barratt, Choi & Li 2011; Easton 2010; Voss, Tsikriktsis & Frohlich 2002). This is including
severalprocesses of feedbacks that can be multiple or single at each stage and including
nonlinear characteristics of soft and hard data in the utilized case study (Boateng 2014).
However it provesthat the dynamical mathematical relationship can be nonlineasts and
risk modelling which will be considered in this research study. As a result, in Figlide the
final SD modelshowsall dynamical componestith their interaction with each other after

feeding results of ANP and verifying itasimulatednodel of risk assessment (Boateng 2014).

Figure 214: The final simulated system dynamics model used for asse:
risks in mega infrastructure construction projects (Boateng 2014).
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Int he end, the devel oped heoidks, leveli pvieritiea, D S 0
and assessment propositions of the entire project life cycle; however, it reached results and
concluded that risks and their factors are required to be handled carefully and equally (Boateng
2014 p.339. All risks are conneetd and the effect of any failure in dealimgth risk will
generate other riskBoateng 2014).This may lead toa failure to handle quality, cost, and
time propery (Boateng 2014). Therefore, this research study will be carefully édhradid
mapping collected costs risks ending with accurate estimated cost using systems dynamics.
Also, the developer and clients of mega construction projects are required to enhance their
capability tounderstandhec ont r act or 6 s act ihieis snainly Basedtoe n g
reducing costs and maximizing profitability by assessing risk factossdoessfully deliver
public products (Boateng 2014)ne of theadvantages of the integrated model is that it can
predict a construction project's performarzsed on its risk availability and assessment,
which will be included in this research study via cestisre performance (Boateng 2014).
Hence it give the ability to see project projection tine next stages to make a good decision

usingthedeveloped syem dynamics model (Boateng 2014).

As a result, the latest research regarding risk events for optinmzamgy valuen
projects has been conductetated tahe largescale projects ithe Kingdom of Saudi Arabia
construction industry (Alzahrani 2019).is based on havintihe optimum value of money in
construction projects by modiely risk events, factors, and variables with their construction
risk cost interrelation to study risk estimation effectiveness and cost resulting from construction

pr o] ldecycls sk events.

On the other hand, it was proved that performance riskghairihdicators have strong
relationships with stakeholders and activitiegted tocosts and budget (Takim & Akintoye

2002). Itis changing for eachi them througlp r o0j ect operati onsd ti m
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require beingnodelled and analysed in a dynamical approach to delgyarisuccessful project
(Takim & Akintoye 2002). Also, even wheiystem dynamics can improve cost analysis related
to risks, it is necessgrto consider Monte Carlo techniques to reach more reliable and précised
values and results (Koul et al. 2016; Vanbrabant, Schoot & Rosseel 2015; loannou, Angus &
Brennan 2017; Bagnara et al. 2018). HowebesidedMonte Carlo techniques for analysing
risks, the costbenefit method is considered valuable for some researchers to analyse costs and
budgets related to risks (Feuillette et al. 2016). Therefioeezausal relationship in the system
dynamics model is the main criteridor gettingrelevantresuts based on logical and valid
assumptions and input (Park et al. 2012). This is very important to makea&ea decision
because idepends solely on the relationships between estimated costs and identified risks
covered by coseffectiveness investigaitn at the preonstruction stage; however, thgstem
dynamics approach can optimize these vari a
2014). Therefore, systems dynamics will be used in this research study to model cost estimation
based on changingsks. Nevertheless, mostthieconcerned risks causing over costs are based
on expected performance issues (Shen, Nguyen & Ojiako 2013). This is due to the
characteristics of performance and progress in the construction industry that include cost
running during on hold progress and zero performance; however, researchers tried to control
this issue by modelling the expected performance based on expected inputs in each stage of
construction execution (Shen, Nguyen & Ojiako 2013). Thakes performance vables
extremely valuable to dynamical cost modelling of this study to deliver the actual view of the
real costs to make appropriate decisions

In summary, risk analysis and investigatioelated to cost and budget modelling have
shown that the best wayp get reliable results is to use tegstem dynamics approach.

However, it is proved by evidence that construction risks at the tendering stage from
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procurement perspective due to ineffective identification of costs sources making it varying
after settingestimated budgets (Elhag, Boussabaine & Ballal 2005). Thus, previous research
evident that costs contingencyust be handled and managed effectively to increase the
probability of projectsod success (Kujawski
forecasting was used to predict CClI nAConstr
and costs as a method substituting system dynamics (Shahandashti & Ashup.2043.
Nevertheless, it did not achieve the desired results level becadigcaofties in choosingan
appropriate Amultivari athepr bj met 6er capi madtel
Ashuri 2013 p.124). Therefore, CCI risk will be included in this research study. After that,

BIM helped in a wide range to identifgany risks and clashes at the-pomstruction stage

(Jrade & Lessard 2015). The disadvantsgiat it does not cover all dimensions @agnot
customize the required dimensions as required (Jrade & Lessard 2015). This can béh@one in
system dynamicmodelling of this research study. Also, risk identification and assessment is
based on time frames and vary between peric
Mills 2001). This makes it difficult to track and understand riblaschange cost@oloi 2011;

Mills 2001). These factors aessentiato analyze and classifyith weightage according to its

impact qualitatively and quantitatively &@curately describe financial modelsd get accurate
estimated outputs (James 2014; Vanhoucke 2012). However, system dynamics approaches are
required tomonitor costs based on updating changesttaintegrated cost model of most
construction firms. These updates happened or will happgle shortterm future using tools

such as primavera to find out the earned value through mathematical equations (Salling &
Leleur 2015; Hunter, Fitzgerald & Barlow 2014). Finally, risk factors will be modelled in this
research study using system dynamscapproach to overcome all challenges mentioned in

previous researcdfelated to cost estimation and modelling.
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2.4  Projects Cost Estimation Modelling Literature Review

More than 90% of finished and completed projects ended with a tolerance between
+10%, whik less than 80% have tolerance of £5% of estimated costs after studying more than
1500 projects in the United Kingdom (AhiaBagbui & Smith 2014). However, ithe early
nineties, research has proved that the using system dynamics role gained moreaxang th
other approach or technique in the project management field due to its efficiency in obtaining
accurate decisiemaking resultgBowers 1996). This is because of system dynamics accuracy
in allocating each model part and its cost (Lindemann & JaPdk@é). Also, system dynamics
showscosts position in the industrial chain to understand its impact on projects profitability
and processes (Lindemann & Jahnke 2017). After dwahponents parts choice of required
products or it s Ifercyrleigassgnifidanticriteriop fopdecaingemetherd
costefficiency meets the required lev8lo, estimated costs are necessary for deemgking
based on system dynamics modelling and simulation (Rahman et al. 2012; Cople & Brick
2010).Nowadaysthe demandor developing cost estimation models became higher to reach
better and effective results because projects are more expensive, complicated, and urgent to
endusers than beforgAhiagaDagbui & Smith 2013).However, due to optimizing project
costs, the performance and quality will be improveahsidering cost as one of the most core
factors of deciding projeduccess and failure aftdre construction stagbAhiagaDagbui &

Smith 2012).0One of thecritical and significant approaches is conliral costs through
managing t he pr(Acebesetab 2013¢hesis domalby draavingiaed initiating

a framework of managing schedules, risks, and integrated costs during buildings construction
using Monte Carlo Simulation techniqu@scebeset al. 2013). For exampléhe cost control

index will monitorcosts and schedweluring execution stages and keep them under control

(Acebes et al. 2013). This will avoid being out of contethted tgorojects cash flow (Acebes

Page65



et al. 2013)lt is thenproposedo control and optimiseost predictiorby optimizing the work

and activities scheduled from initiation until the end of projects usindNdwral approach
dynamically approach in an integrated general mathematical equations and calcodatiehs

(Adeli & Karim 1997). However, this can be through using linear planning and scheduling
methods while connecting them with césimonitor and contrat after setting and approving
budgets (Adeli & Karim 1997). Therefore, works and activities chrghgsks will be included

in this research stuthfinal model. On the other hand, it was suggestedrbyher researcher

to optimize construction costs by applyitigei Ne u r a | Dynamics Model o
to minimizing construction costseforestating its execution (Adeli & Karim 19970.45Q.

The cost will be mininal by calculating construction materials and components' costs at the
design stage (Adeli & Karim 1997)his does not coverost variables and cannot give the best
estimation to avoidoverrun (Adeli & Karim 1997). Next, cost analysis and control in
infrastructure projects such as road projects require costimoda g f or det er mi n
benefits to clients, contractors, and other stakeholders (Adey et al. 2012). This can be done
accordingly by integratinghe project cost model at the prenstruction stage, including its
operational cosf(Adey et al. 2012). After that, the construction industry is treated as the
manufacturing industry, some researchers proposed that the lyetst madel value streams

and predict cost is by developing a cost estimation model by utilizing-pratfuctapproaches

and methodologies (Agyapo+pdua et al. 2012). However, construction activipesduce

several products to act and work as one @pitesentingheprojectsfinal product (Agyapong

Kodua et al. 2012)n 2013, conducted reseatel to fuzzy modelling using a neural approach

for optimizing final estimated results of infrastructure cost at gheeconstruction stage
(AhiagaDagbui et & 2013 Adeli & Kim 2001). This will help significantlynanage financial

flows during the execution stage at the project managers' level frommlthe e nt 6 s per s
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(AhiagaDa gb ui et al . 2013) . This #AArti ftheci al
historical database of 1600 previous projects showing 92% validity and +5 % final predicted
cost accuracy (AhiagBagbui & Smith 2014p.39. So, by proving its efficiency in forecasting

the water infrastructural construction costs at thecprestructionstage (Ahiagdagbui &

Smith 2014). It is also proved in published literature reviews that the main cotssaféscting
guality and progress speed are costs and time (Atbag#ui & Smith 2014). This is deciding

the ability and probability of havingtraghly effective final functional project (Ahiag@agbui

& Smith 2014).From a project management perspective, cost modelling can be improved by
optimizing other engineering components with minimum cost thedhighest efficiency
(Ahmed & Avetisyan 2016 owever,it is not a method of modelling construction ¢@std

it can be considered one of its factawhich is how this research will deal with it (Ahmed &
Avetisyan 2016). Fronthe early nineties, the integration of accurate systems to provide the
best cost models in the construction industry became one of the most important project
management prioritie¢Burns et al. 1993). This is deciding te#iciency of managing
construction projects effectively (Burns et al. 1993). So, the inventiadhedi C otnucsion
Cost Management and AnalUnitedStateS of Amegcaidmilitary s ma
to optimizethe consumed amount of money in its construction projects (Burns et al, 1993
p.33. Therefore, this research study will investigate building a more accurate modeausing
system dynamics approach to includeconstruction stage as a partloé projectswhole life

cycle estimated costs. However, according to other researcheity; iguatost phenomenon,
reflecting timeeffective management in projects (Atkinson 1999). In other wohdgime

delay can cause more cost and funding problems can cause time delay to proves that the project
management golden triangle elements areeciing each other significantlgnd optimizing

cost models will enhance project management efficiency and success (Atkinson 1999).
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Researchers concluded that cost estimation plays a significant role in any investment-decision
making, especially whenis related to longerm investments (Donovan & Corbishley 2016).

It is based orthe cost of capital prediction and estimation through detailed calculations of
invested projectsd capital I RR Al nternal R
APagcliB P beforemakiag and taking decisions (Donovan & Corbishley 2q1.8.

This is important in Publi®rivate Partnership such as infrastructure and other public projects
which put into consideration time and value of money in both private ané: @aators to

reach targeted 2030sustainable developments and agenda (Assad et al. 2007; Dubai
Government 2016; KSAovernment 2016; Abu Dhaldovernment, 2016a, 2016b, 2016c,
2016d, 2016e, 2016f). Moreover, green building direction from design to exestdiges has

been mandatory in many countries in the Middle East and Arabian countries such as Egypt,
Kingdom of Saudi Arabia, and the United Arab Emirates (Assad et al. 2007;-Dubai
Government 2016; KSA&Aovernment 2016; Abu Dhaldovernment, 2016a, 20162016c,

2016d, 2016e, 2016f). After that, sustainability castseasedsignificantly due tahe huge
demandor applying it on all future development projects (Anderson et al. 2015; Becchio et al.
2016; Battistoni et al. 2016). It had to be analysed awnektigatedising several methods and
approacheto prove that codbenefit analysis is incompatible and require different methods to
replace it (Anderson et al. 2015; Becchio et al. 2016; Battistoni et al. 2016). @b tethe
greatnumber of debatethat showopposite results proved by evidence; however, it is useful
and efficient in analysing and estimating infrastructure projects'(éosterson et al. 2015;
Becchio et al. 2016; Battistoni et al. 2016). Construction sustainability proved pregeants

a large cost percentage making researchers focus on dividing it into several components
(Ashrafian et al. 2016). This concluded that energy iditjees costinapr oj ect 6 s who

cycle, starting with execution and continue through its openadfter delivering it to the erd
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users (Ashrafian et al. 2016). Therefore, in this research, energy risks will be inclubed in

cost estimation system dynamics moéRekvious research proved that cost liner programming
interrelates with project timend quality andcan optimize resource allocation to avoid cost
overrun by satisfying budget, targeted quality, and planned time frame (Babu & Suresh 1996).
It can be done using Monte Carlo Simulation wand add more processes such as probabilistic
hypothesis(i.e., based onthe likelihood of uncertain events or risks regarding estimated
elements) and deterministic (i.based on certain valid information about estimated elements)
(Chou 2011, Cassettari et al. 2016). Cost estimation modelling processes bedzased on

past deterministic information and present facts etimater i s k s and unce
probabilistic predictable facts (Chou 2011). On the other hand, uncertainties should take into
consideration the dynamical shape of cost varjalilech canbe handled by CPMCritical

Path Method, CBICostBenefit Analysis and PERProgram Evaluation and Review
Technique analysing tool (Alzraiee et al. 2015; At@kine 2002; Cheng 2014; Belay et al.
2016). This will build an accurateffective system dynamics model of future prediction
(Alzraiee et al. 2015; Attolokine 2002; Cheng 2014; Belay et al. 2016). However, factors
related to contracts, design, external, economic, market congiaodsgovernments are
studied and ranked bakeon relative importance index (RIigoncerning construction
perfor mance, ri sks, and cost management ( Be
et al. 2017). Then, common factors are analysed to study the relationship between cost and
other project ranagement areas, while containing the impacts of construction project
management areas on cost estimation resul't
Broeke et al. 2017). Therefore, those verified factors will be included in this research study
mode| and further investigation shall be done coveamngder literature review in chapter 3

beforefinalizing the model risks and factors.
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In order to analse factors and their impact on cost, researchers reached to several
effective techniques for monitogrand controlling construction costs at execution stages such
as AVariances Methodo, fHALBaseédgR&bouaz0a3t €Als o
p.149. This is providing accurate checks and analyses thrthegghr oj ect 6 s I mpl e
data (Vanhacke 2012)lt can alscanalyse and check applications of factors impacting costs
for amore accurate conclusion about each facimpact weightage on construction cost using
actual, empirical, and assumed data (Vanhoucke 2012). Therefore, this ressdydnall use
actual, empirical, and justified assumptions to end aitiore accurate cost estimation model.
Most ofthe cost control and monitoring studiesviedbeen conducted on construction projects
from a contractols perspective This is becausthe contractosigned and agreed on planned
budgets from tendering stage (Benjaoran 2009). Also, the reasioat ontractors carrg
larger amount of financial and success risks thanlient (Benjaoran 2009). Neverthelettse
client is also carrying duge risk because if contractors did not manage costs and risks
appropriately, the project would have more possibility of failing and lagingvested money
(Benjaoran 2009). Also, as a result of cost monitoring and control f&ooontractor
perspectie, the concept of value engineering started to be an interesting research point for
contractors to save money and to compensate loss or maximizing profit (Berg et al. 2006). This
methodfocuses on redesigning expensive elements after studying the desigrfed elements
and their requirements for execution to optimize functionality results and mircosie(Berg
et al. 2006). However, in 1986pnstruction costs we optimized usinghefid ecomposi t |
techniqueo ( Q. Tais vias dpnedpéstirting function constants used in
construction and build cost estimating models usihg algorithm and computational
techniques (Ong & Ong 1986). Then, with time passing from 1989 to 2016, mathematical

approaches were developed through researchptoniae project cost estimation using
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probability techniques and methods (Signor et al. 2016). Therefore, mathematickingade
this research study is mandatory for accurate estimated results.

Researchers have also covered cost modellicgmstruction industries using artificial
approaches (AhiagBagbui 2014; Petroutsatou & Lambropoulos 2010; Alshamrani 2017;
StasiakBetlejewska & Potkany 2015; Jin et al. 2012). This approach showed thaltiteach
about 92% accuracy of estimated castd validity reached to £10% of tfieal construction
projectos a ¢ tDagbli 20440 #lsham(aA R01&;gJan et al. 2012; Elhag,
Boussabaine & Ballal 2005). Using AArtifici
construction cost showeddh estimation accuracy &he pre-construction stage; however,
using artificial models made a significant contribution in construction project management
body of knowl edge by proposing to change
(AhiagaDagbui 204, pp.36105). This is due to the truth discovered from cost nhatgand
facts interpretations ithe construction industry during its execution (Ahiag@agbui 2014).

That truth is based on predicting costs basedemeralvariablesthatwill behave ina certain

way as expected (Ahiagaagbui 2014). However, the reality analysis can exclude or add more
variables behavindifferently from the modelled expected behaviour (Ahi&egbui 2014).

The second significant contribution is adding artificial modesa new approach for cost
estimation processes and practices (AhiBggbui 2014). Neverthelesthe 2014 research

found that one of ten projects are executed withéestimated budget; on the other hamde

of ten projects are overrunning costs balptanned budgets (Ahiagaagbui 2014; Gardiner

& Stewart 2000; Bauer et al. 2017). For example, infrastructure projects showed about 86% of
costs overrun at execution stages of projects (Ahizagbui 2014). However, these overruns

in projects include tlae categories. First, rail projects cost exceeding buyggiproximately

45%; second, tunnels and bridges projects costs exceeding lydapproximately34%;
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third, roads projects costs exceeding budnetbout 20% (Ahiagdagbui 2014)Besides
reseachers studied 258 transportation projects and concluded that most inaccurate estimates
ar e because of contractorso underesti mat.
underestimation has been investigated and fotrnid be based omolitical, economic,
technical, and psychological challenges (Flyvbjerg, Holm & Buhl 2002; Flyvbjerg 2005).
Researchers proved that underestimates are not errors and preferred justifying it because of
Astrategic misrepresent at,pary BesdarElhag fivdomapr g, F
facts thatcost estimators should know abdke cost overrun (Flyvbjerg et al. 2018). First, it

is important to measure accurately project cost oveferond, data collection should be valid

and reliableThird, understand that cost ouanris not normally distributed, butig fattailed;

finally, the fourth and fifth facts are overrun bias behaviour and cost estimatibgsiag
respectively (Flyvbjerg et al. 2018Researchers concluded that the actual cost could fall
between 170% td83% of project estimated costs at the-goastruction stage, while cost
forecast can be inaccurate to represent 20% to 60% of actual costs (Bagiya 2014;
Skamris & Flyvbjerg 1996). Therefore, researchers agreed on that projects large projects have
few studies and still have a problem in cost estimation results, but they disagree on how much
percentage is costs overrun budget (AhiBggbui 2014; Gardiner & Stewart 2000; Bauer et

al. 2017; Skamris & Flyvbjerg 1996; AbdRlahman et al. 2012; Aljohgrm\hiagaDagbui &

Moore 2017; Flyvbjerg 2005; Flyvbjerg et al. 2018; Flyvbjerg, Holm & Buhl 2002). Hence,
this research study will consider all mentioned cost risks and investigetiems dynamics
modelling to check its ability to estimate projects’ fild cycle coss. Asaresult, it has been
concluded over years that the chance of having more valid and accurate cost models is always
available (AhiageéDagbui 2014; Gardiner & Stewart 2000; Bauer et al. 2017; Skamris &

Flyvbjerg 1996; AbduRahman et al2012; Aljohani, Ahiagedbagbui & Moore 2017;
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Flyvbjerg 2005; Flyvbjerg et al. 2018; Flyvbjerg, Holm & Buhl 2002). This continuous
development and improvement of the existing cost models to achieve significant pnogress
different fields serve operation magement and cost estimation purpodesr example,
engineering software programs such as CAD and BIM can \ssuailid simulate construction
elements componentsand requiremeniroviding better cost prediction ability (Ahiaga
Dagbui 2014; Klassen & Jacobs 2001; Wacker 1998; Mallasi & Dawood 2000). IT software
developers focused on having more accurate costs estimation systems compared to final
projects actual cost after executi@hiagaDagbui 2014; Reina et al. 2016; Maylor et al. 2006;
Nematchoua & Orosa 2016; Forza 1995; Lundesgaard et al. 2007; Woodward et al. 2017; Eid,
Moghrabi & Eldin 1997). Therefore, this research wiinsidersoftware programs such as
SPSS and VENSIMo deliver more accurate cost estimates. Neverthelesgarchers'
developed cost models in the construction industry field included fuzzy logic, Manke
simulation, featurdased simulation, and generic algorithms (AhiBgabui 2014). It was a
chane in 2014 to release the artificial cost model based on infrastructmmsguction

stages networks fromhec | i ent 6 s p e r-Bagmic20li4)v €he &rthidial eost a

estimating model is developed through the following stages:

1- Identify the needsrad demands of havingnaccurate predicted total cost for different
project stakeholders such as designers, financiers, project operators, project contractors,
clients, and developers (Ahiafpmgbui 2014).

2- Building a cost estimation model based on histaliprices, budgets, and costs of
previousy executed projectancluding details required for executing construction
projectswill provide areliable model and results at thejoenstruction stage (Ahiaga

Dagbui 2014).
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3- Finally, initiate the model concéymlization using some dhe qualitative approaches

and then complete designing, establishing, implementing, and validating the model

using the quantitative methods. However, quantitative techniques are the main

approaches to reacihfiacisauc cheeuwrfaull Natnvadr

(AhiagaDagbui 2014 p.36.

Thereforeall identified and validated needs and requirements will be included in the
final cost model after obtaining their risk of changing this research. cdstsresearch will
thenconmplete modellingheresidential projett whole life cycle cost using system dynamics
mappingdiagram and pure mathematical equation modelling system. Cashflow estimation of
projectswhole life cycle will be modelled along with the final estimated cokteva

Howeverthed Ar t i f i ci al Neur al Net wor kso ( ANN)
over cost reasons in construction projects; for example, Alidagdui (2014p.39 found that
projects execution cost overrun is due to its time frame (org or slort), complexity
dynamics (i.e. simple or complex), risk management, optimism bias, corruption,
rework/wastes (i.e.quality issues), and scope of work. This is causing over cost in both
building and infrastructure projects (AhiaBagbui 2014). Also, ivas found that cost overrun
in construction projects are systematically due to uwedamates othepu bl i ¢ s ect
requirements intentionally to get the best contract of each project; so, it leaded researchers to
set the equation of successful costrestit i ng process i n public sec

in Eq. 228 (AhiagaDagbui 2014).

“Underestimated costs + overestimated benefits = funding”

Eq. 228: is extracted from the conducted research in the field of construction
modelling and represent a successful cost estimation equation to piuvititeg for
public infrastructure projects (Ahiagaagbui 2014).

Pager4



This equationi(e.,Eq. 228) is concluded because of the strategic misrepresentation of

possible challenges that may occuringhne o j ect 6 s execut

i on

g age

costs (AhiageDagbui 2014; Flyvbjerg et al. 2018). The optimism bias leads to over benefits

estimati on and

overl ooki

ng projectos

conducted by nowonstruction practitioners (Ahiagaagbui 2014; Flyvbjerg eal. 2018).

unce

Consequentlythe surprigig unplanned and unbudgeted costs will most probably lead to a

significantconstruction infrastructure project failugghiagaDagbui 2014).
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Figure 215: The conceptual model of how to understand construction @eables
and phases prior modelling its costs (Ahidgggbui 2014).
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Figure 215 showghree main phases of project cost modelling evolution, its financial

position, and status (Ahiagaagbui 2014). The first phase is keeping costs as low as possible

by not including too many construction details, avoid scope changing, avoid theory prospect

avoid strategic misrepresentation, avoid risks, and avoid optimism bias for getting financial

and funding approval for the project (AhiaDagbui 2014; Ahiag®agbui & Smith 2014;

Tokede et al. 2014). The second phase is about making more detailppadsikems in phase

one to define and sateasonable budget for the project (Ahiddagbui 2014; Ahiag@agbui
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& Smith 2014; Tokede et al. 2014). If detailed factors were not covered efficiently, then the
project will be underestimated and experience coerrun (AhiageDagbui 2014; Ahiaga
Dagbui & Smith 2014; Tokede et al. 2014). The last phatieed¥NN conceptual cost model

is considering appeared changesh@aground, technical, managerial, material prices, errors,
and other factors ithe constrution stage to show the variation between planned budget and
required amount of money to cover costs (AhiBgabui 2014; Ahiagdagbui & Smith 2014;
Tokede et al. 2014). Hence, cost overrun starappear significantly when actual total costs
exceedheplanned budget, while total pliaed progress is higher than actual progress (Ahiaga
Dagbui 2014; Ahiag®agbui & Smith 2014; Tokede et al. 2014). Thus, system dynamics cost
modelling in this research will be dividedto several phases as required to enith Wwore

accurate results.

Input Layer Hidden Layer Output Layer

Figure 216: showing the basic structure of Neur
Network Architecture used for modelling cost in AN
final model (AhiagaDagbui 2014).

In Figure 216, the structure othe Neural Network is based on having three
components. First, the input layer( X wher e An=1, 2, 3¢é et . 0) ;
Y,and M\wher e An=1, 2, 3é etcanO0)whetrhei ridn =1t,h e2 ,
(AhiagaDagbui 2014 pp.4688). However the input layer is the quatdtive data that feeds
the numerical model requirements; then, hidden data is the computational and mathematical

equations set to analyse data for producing accurate outputs in the last layer using cost
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weightage and sensitivity (Ahiadaagbui 2014). Nevéhneless, if the model performance
requires improvement, therthe hidden layer shall be increased and developed to meet
estimation results requirements (Ahig@agbui 2014). Finally, the third layealculatesnput
results using weighted functions to geater accurate outputs (Ahia@agbui 2014).
Therefore, this research first layer will be the graphicalapped stock and flow dynamical
relationship.Furthermore this research hidden layer will be cost modelling mathematical
equations to build accuratestgm dynamics cost model for residential projects whole life

cycle.

Threshold Target (t)

l+

Output (o) _ | Compareoand ¢ § ¢ ¥ srisfactory
Ip: [ sfacion,

 —Y F1d training

Compute X
L

1
VifE not

¥ satisfactory
| Salisfactor

Adjust weights and :

threshold

Figure 217: Showing how to reach the satisfactory targeted performance c
predicted construction project cost in ANN model (Ahidggbui 2014).

Next, in Figure 217, itis clear that applying estimation analysis in the model to reach
satisfactory targets and results is shown using the inputs laygrwightage hidden layer
(Wh), modelling functions, simulated results, and testing / validating results (ADagfaui
2014). However, firesults are not satisfactory, then the process must be repeated starting from
the hidden layer stage to adjust each variable input number and weightage as per its impact and

sensitivityonthegr oj ect 6 s cost f or-Dagmicelg)t abl e resul t

Pager7



Actual Final Cost=FPredicted Final Cost

Model Performance(%) = + 100%

Actual Final Cost

Equation2-29: ANN model performance equation in percentage (Ahagbui 2014).

The required performanae theANN model| as shown in Figure-26, can be calculated
in percentage using EHqtion2-29 based on comparing actual and predicted final cost (Ahiaga
Dagbui 2014). Therefore, this research will measure system dynamics cost modelling

performance for improving the final model and obtain more accurate results.

In privatepublic partnership stlies, risks during he proj ect o6s || i f e
investigatedt o achi eve higher infrastructure NPV
agreement that risk and uncertainty are higherlarge complex projects causing
underestimation (Jang 2011; FlpriForte & Sirtori 2016; Chapman 1998; Flyvbjerg 2005;
Nguyen, Ogunl ana & Lan 2004) . For exampl e,
causes high and independent risks in large construction projects (Jang 201; Tsang 2014;
AlvarezGarcia et al. 201 T,ambert, Emmelhainz & Gardner 1996; Yoon, Kim & Sohn 2008).
Researchers also agreed that large infrastructure projects, including building, operating, and
transfer stagedhave risks interacwvith each other (Jang 2011; Tareghian & Taheri 2006;
Garcia etal. 2016). This is based on the nonlinear relationship of those risks and cost change
(Jang 2011; Tareghian & Taher.i 2006 ; Gar c?
cycle and researchers proposed system dynamics analysis approaches andtmetbhdys
analyse, and understand how to optimize the project benefits, outcomes, profit, and cost (Jang
2011; Tareghian & Taheri 2006; Garcia et al. 2016; Easton 2010; Carlile & Christensen 2005).
The decision was made tmnsiderthe system dynamics ammach to study more accurate

approaches for uncertainties and risks (Jang 2011; Shen et al. 2007). As theamdgarch
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found that time and net present value are the wcrdstal research interest itne project life
cycle to investigate change obepr oj ect 6 s execution ti me. TI

costs based on time and risk change for residential psoyeatle life cycle.

Previous research presented that around oneguerof world GDP is required to be
invested in infrastructurprojects while mairgining these projectwill consume around 1.2
percent of world GDP (Jang 2011; Todorov 2014:Hdmadi 2020; StasiaRetlejewska &
Potkany 2015). This will require a total of 2.2 % of world GDP to build and operate
infrastructure projets worldwide from 2005 t02010 (Jang 2011; Todorov 2014;-Aamadi
2020; StasiaiBetlejewska & Potkany 2015). This provided significance and importance of
risks and time research argaspecially after releasing the world bank reports identifying risks
and time asecessary in th#994- 2002 road map conclusion (Jang 2011). However, studies
in this ocean size field proved that longer project executing period would cause an
exceptionally low net present value and a considerable loss s 0 ¢ i ednd neesld(Jaags s e t
2011). FinallytheNPV system dynamics model has five main characteristics controlling risks
and uncertainties in choosing contractors for large construction projects based on time and cost

modelling according to Steve Jang (2011) asftilwing:

1- First, projects lifetime: Project long life @ infrastructure project will have big
impacton build operate and transfer projects based on PPP criteria.tB®pibject
lifetime is largerthebenefit delivered to society will be highe

2- Second, risk and supply chain heterogeneity: The combination of contributing fields in
any large infrastructure projesttotally different from each other amdsential This is
because it is critically defining the last product outcome; howevere timbsracting
fields include systems, civil, electrical, and mechanical engineering. It is required to

add tracking and mai nt enance Ssystems l
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construction. Risk heterogeneity in design to construction and operati@s stéd
include economic, financial, organizational, technological, contractual management,
environmental, and political agents to have a heterogeneity nonlinearly connected risk
system impactinghepr oj ect 6 s NPV.

Private financing: to have successfurastructure developments, it is critical to ensure
enough project WLC starting from design, construction, and operation stages.

Risk allocation and sharing prior assessing: from agreements and contracts between
private and public sectors, risk start tgpapr and be more critical duririge project
lifecycle. This is due to more cost and time caused by conflicts between stakeholders
as shown in figure-28.

SPV (Special Purpose Vehicle): the mechanism of finanbefgre designing and
constructing a builebperatetransfer project must provide the best result of investing
quality, time, and money ithe product of built environment projects. On the other

hand, it iIis handled aggressively by ot he

Offtake
Supply Concession Contract Users of
Suppliers Contract Agreement product
Loan Operation
4— Agreement /Maintenance —»| Operator
Contract
Shareholders Design-
Agreement Independent Construction Subcontractors
Checkers Contract
Figure218: The summari zing chart of researche

researching gafJang 2011)
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Therefore, this research study will investigahe heterogeneity of cost risks and their
interaction with residential projects' whole life cycle time; besides,syfs¢em dynamics
approach will be used for more accurate results.

After that, researchin the construction system dynamics field did notveo all
perceptions and answers to possible questions (Jang 2011; Mawdesleyildouxi 2009;
Reichelt & Lyneis 1999; Schell, Claro & Guikema 2017; Bertrand & Fransoo 2002; Doan &
Chinda 2016; Lindemann & Jahnke 2017; Ibahepez, MartinezVal & Moratilla-Soria
2017). Jang (2011) research purpose is based on developing a theoretical approach¢p solv
public sector projects contractor selectio
money.Model I ing projectoos n e t based enstim@ and rsksl u e
influencing final NPV (Jang 2011). Public sector projects time overegatively impacts the
net present value and considered unnecessary over cost (Jang 2011). However, NPV
modelling required the following stages to achieverenaccurate PPP projects contractor

selection (Jang 2011):

1- First, build operatet r ansf er project require to | in
risk analysis. This will have the feature of increashrayisk level for all related project
parties. Tlese commitments and assumptions need a new approaichk analysis

such as system dynamics modelling.

2- Second, system dynamics is enhancing the capahilityandle realife structured,
unstructured, or serstructured problems. Fanstance mega infratructure projects
have many critical uncertainties because of finance, economy, technology, contract
management, politics, organization, regulation, and many other variables. These
variables exist in realorld problens and represent structured and unstineed

problems. NPV modelling includatiep r o j e cfinahdal risks, mualitative risks,
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and unstructured risks. For instantlee contractual negotiation automated model
ignored norfinancial risks andheirimpact on large projectsThep r o j e@shflows ¢
and funding investigation management system did not includdimamcial risks to
analyse cost and NPV. Finally, existing cost analysis masets found not able to
guantify noncash terms

3- Third, NPV modelling required addressing dynamics ateractions independently of
nonlinear risks. For instance, risks are nonlinearinl ar ge scal e projec
and their relationshipare independent. The United Statieg United Kingdom, and
Australian governmentsonsidered decisiemaking based on independent factors.
This is ignoringthe correlation and relationship between contributing variables and

impact negatively on risk estimates.

4- Fourt h, NPV risk modelling considered ol
variation betweeproject planned and actual results. iniperativeto make estimates
based onheestimation range rather than having a single estimate

5 Fifth, the NPV risk model includes all project life cycle elements. EXxisting
methodologies used in selecting contoastto execute projects are based on cost,
guality, and time risks. kxcludes operational and design risks, which is not enough to
make a final decision regarding project lifetime performance

Therefore, adding all excluded riskrom existing cost andigk models will increase this

research accuracy after using cost nhlia nonlinear system dynamics relationships of

residenti al building projectsdé whole |ife <c
After that,the NPV contractor selection model analysed risk relation interaction using

system dynamics VENSIM softwafdang 2011) This software can be used for modelling

expectations, desires, goals, and percepiidaisg 2011; OzcabBeniz & Zhu 2016; Marzouk
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& Azab 2Q14; Lee, PendMora & Park 2006).The NPV contractor selection model then
analysed the bidding proposal using tkente Carlo approach for accurate probability
simulation(Jang 2011; Maiwenn 2013; Xu & Moon 2018)PV contractor selection model

also used SPS to making accurate statistical analysis for bidding proposal and net present
value (Jang 2011, Ariffin, Omar & Sharif 2010; Fan & Yan 2010; Ruiz et al. 2017; Khalilzadeh

& Tasci 2017; Coluci, Alexandre & Rosecrance 2009). Figui® 2hovs how all software
programs are used to builde NPV final model. Therefore, this research study decided to use
Monte Carlo Simulation approaches and VENSIM and SPSS software to maximize cost
model |l ing accuracy for residenti al buil di ng

1. SD modeling for NPV Model
and Risk Cost Networks

2. Multiple-Regression techniques for
estimating risk interrelationships in a risk
cost network

3. Group expert judgment & Probability

Fitting for estimating the probability

distribution of input risk variables in a risk
cost network.

Figure 219: The techniques of building NPV model to identify over costs or profits bas
designbuild-operate lifetime projectglang 2011)

NPV model is based on identifying risks and variables cost network to start checking
and calculating estimation probability distribution. This is plain inpuheNPV SD model
(Jang 2011)As shown in Figure2 0 (i . e . , RC1, R C 2 ére an&tySed ) , t
using SPSS multiple regression to check variables correlation and interrelatiofdsimgs
2011) Risksc o st 6 s sy st em lhsed @artimecnsodeling toeshd up with the

NPV model(Jang 2011)
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It can estimate co$ty calculating
therisk probability of having imbalanceg
time behaviour between builmperate
transfer infrastructure projects stagas

shown in Figure 20 (Jang 2011)

Systemdynamics model can bg
built successfully after confirming the
relationship between the variables shov
in each event of Figure-20 using
multiple regression analys{dang 2011)
researchers found that del

However,

risk events cause unnecessary ovet G

including Land availability, Resourcg

availability, Performance availability
Design changes, Construction over co
Construction delay, and Constructio

defectsas shown in Figure-20.

Thus, the system dynamics
model can b shaped and achieved fq
each event separately by studying the

variables and dynamical relationshgs

shown in Figure 21 (Jang 2011)
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Figure 220: How risk events causeldy and cost overrur
in NPV SD model(Jang 2011)
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Goal

Performance
Performance

Performance
Performance

Time Time

c. S-shaped <. Oscillation

Figure2-21: The time behaviour patterns of the SD analy
in the NPV mode(Jang 2011)

It is proven that unavailable landnd resources to proceed with activities cause
significant delayscost, and poor performang¢dang 2011) This proof is shown in system
dynamics causal loops of the first event (Land availability), the second event (jxesource
availability), thefourth event (i.e.Design changesand the seventh event (j.€onstruction

defects)Jang 2011)

On the other hand, poor performance will cause losses through contract disputes and
penalties. It will lose operation revenue and gegdeofit (Jang 2011; Coughlan & Coghlan
2002; Karwan & Markland 2006; Boyer & Swink 200&onstruction over cost impact
financing availability and can be consideedariable causing delgyang 2011)Hence,a
significant loss in planned revenue o Delay is a net present value model variable affecting
performance, cost, revenue, and many other variables in a significant undesiréthmgy
2011; Poh & Tah 2006; Frimpong, Oluwoye & Crawford 2003; Aziz & Alddakam 2016)
Therefore, time and costsilive connected accordingly in this research to end with more

accurate and reliable results.
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Figure 222: Final NPV model showing the main 6 sub models including: Construction Cost, Operating
Project Financi ng, Di scount Rat e, and Operat
model(Jang 2011)

Figure 222 showsthat the final net present value (NPV) model is completed after
compiling and using the outcomes of probability analysis, regression analysis, system
dynamics, and time behaviour analyGiang 2011)However, itgivesatime-based cash flow
model fromthepr oj ect 0 s (dsgl20lhidusghd dataiusedkin this model is divided
into budgeted data frorie analysed case study and risk varialdesnts from SD analysis
and modellingJang 2011)In Figure 222, these twalata analysis costhave bee compared
and modelled together the infrastructure project's cash flow mo@es., NPV model)(Jang
2011) Then, after simulating data in NPV final model and find each variable interaction and

i mpact on BOT mega const rowsyitemasing estinmjecerisks,0 s
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it is found that cost is the most critical factor of construction industry delivera&sjescially
in the big or complex projec{dang 2011)Therefore, this study will include cost cash flow
and NPV intheresidentialpp ] ect 6 s whol e | ife cycle final

model.

After that, researchers concluded that multivariate and univariate approaches are not
appropriate when regression is used on a single observed data (Jang 2011; Lee 1989; Malhotra
& Grover 1998; Lu & Qiao Department 2018; Meredith 1998; Currall 1999; Kushner, Choi &
Burns 2016; Tongco 2007). That is because numerical scales can be changed and impact risk
factors relationship ratio scales (Jang 20The value of money must albe® examind for
getting appropriate risk assessment and expectations in large projects (Jang 2011; Myskova &
Myskova 2015; Akter, Mahmud & Oo 201730, researchers will need to investigate more
about risk factors to examine their impact on projects and operagdiosrpance (Jang 2011;
lyer & Jha 2005; Doloi 2011). Nevertheless, this research study will investigate costs risk

impact on residential projects cost estimation.

The univariate approach has reliable statistical data analysis, while it is not supported
enaugh by literature reviews and$ienany limitations such as sensitive impacts of probability
on expected risk values for eaafeasure (Jang 2011)However, it can be reduced by
increasing the sample siaghich will change the estimated risk value (Jan@12Bingh &
Masuku 2014; Brunnstrom & Barkowsky 2018; Viechtbauer et al. 2015). Examining the value
of money to evaluate net present valias not possible by researchers forghe 0 j ect 6 s w
life cycle (Jang 2011). Therefore, tHisal researchmodel will examine money value by
calculating NPV for each time stepar esi dent i al projectds whol

be a major research contributionthe project management body of knowledge.
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On the other handhe multivariate approacldoes not have consistent resultsaat
confidence levelof 95% because probability impacted by technical problems does not
correspond in portion size degrees/dimensions (Jang 2011; Trafimo et al. 2Qighherisk
estimate will be wrong if researchagsored correlation relationships between risk factors
(Jang 2011, Cabitza, Ciucci & Locoro 201Fuirthermoremaking changes while determining
assumptions will cause a significant difference in estimated results; this will make them far
from reality andrue values (Jang 201Iherefore, this research studill ensure collecting

sufficient data sets of each fachwforeany analysis.

Besidesresearchackeddata even after taking approvals to discuss real infrastructure
projects because of confideditipissues(Jang 2011)As a result, several assumptions have to
be madebefore analysis stages, although these assumptions should be structured and
minimized as much as possilfiang 2011; McCutcheon & Meredith 1993; West, Kreuter &
Jaenichen 2013; Beabat, Goldstein & Mead 1987; Kaplan & Duchon 20Hgwever, this
i s opening the door for further research ir
accuracy and end up withpmwerfulimpacting method for modelling risks and NR3ang
2011) Therefore, this research study wilirther investigate modelling costs using its
impacting risks and consider all possible accurate solutions bpfooeeding with valid

assumptions.

In 2015, researchers found that system dynamics is the most accurate approach for
modelling risk cost (Alzahrani 2015; Rodrigues & Bowers 1996; Park et al. 2012; Liu et al.
2012; Nasirzadeh, Khanzadi & Rezaie 2014). Conducted resaeahetied several risgroups
related tothe construction of PPP projects the Kingdom of Saudi ArabiKSA (Alzahrani
2015). The research investigated how to use system dynamics to find out maximum and

minimum possible costs that a project can reach in KSA PPP projects rgkiz&015;
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Nasirzadeh, Khanzadi & Rezai e 2014; ¥kmen
Salling & Leleur 2015). The contribution was based on changing the perspectives of how to
look at risks; however, instead of looking at them frma managerant viewpoint, it is
optimum to change the perspective to have risks studied and evédlefissmaking decisions
based on risks cost (Alzahrani 2015). Téecond contribution is about connecting all
independent risks causal loops diagram in one modedjipgoach and provindpat they can

be gathered while investigating their impact on construction cost outturn (Alzahrani 2015;

Chapman 1998; Park et al. 2012; Liu et al. 2012).

After that, project risks impactonstruction cost outturn interactiormmsed on
integrating regression analysis with system dynamics modeling to simulate independent risks
functional interrelationships quantification (Alzahrani 2015; Nasirzadeh, Khanzadi & Rezaie
2014; Williams 2003). Therefore, correlation and regression anakgi®e made for all

variables to maximize thienal cost model's accurady this research study.

On the other handgsearchedisks cost impact using system dynamics had several
limitations (Alzahrani 2015). This gave thehe strength and significanaa proceedingvith
further research studies. First, the extracted data are not individually separated based on the
type of projectsuch as infrastructures, buildings, or dams (Alzahrani 2015). Second, the model
does not allow users the possibility toestlrisk events (Alzahrani 201%)owever identified
risks are extracted from literature and can be useful andvald@ to other researchers
interested in constructigorojects risk and its cost (Alzahrani 2015). Therefore, this research
study willuse pevious literature risk® build the final system dynamics model. However, this
is a good reason to consider empirical research in collecting related adjusting risk for this

research study.
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The devel oped risks cost f oleonlKiGéspeifcP Pr o
region and applicable only in Saudi Arabia (Alzahrani 2015). &latvs developingystem
dynamics moddéing, and simulation approach rielatedto projects located ithe United Arab
Emirates. Nevertheless, Figures 223 and 224, mapping contrasts, subodels, and causal
loop diagram have been created to forthe final risks System dynamics model (Alzahrani
2015).A similar approach in diagramming residential prageathole life cycle cost variables

will be followed to enhance the final model accuracy.

Previous research recommends condudtiniper researchincluding and considering
any new risks uncertainti¢isat impact future research risdzahrani, 2015). Thefore, this
research study will be reviewing all possibly found related literature to end with more accurate

results.
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Then, in 2019, researcherstire project management field concluded and proved that

system dynamics VENSIM can model and aealiechnical resilienc@.e., fixable pavement

resilience)of projects based on the impact of other technical factorsdlimate risks) while

incl udi

ng

projectos

construct

i o

n andowmai nt

simulation as shown ifrigure 2-25 (Al-Aryani 2019).Finally, in this research studyhe

projectods whol

e

l i fecycl e

system

dynami cs

construction, maintenance, and equipment replacement; however, the chosen accurate software

program which has been provdtketive in similar scenarios will be VENSIM softwarks a

result, this suppostthe aim of modelling technical aspeice.( cost) based on the impact of

risks found in residential projects' whole Idgcle (i.e, CAPEX and OPEX).
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Figure 225: Theuse of structured system dynamics as shown in the right side of the figure and caus:
shown in the lower left side of the figure to satisfy modelling fixable pavement resilience measuremer
climate impact in UAE as shown in the left upper siflehe figure (AtAryani 2019).
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2.5

Summary

After reviewing published literature and other empirical studies about modelling and

optimizing cost estimation in project management, this research study concluded that previous

achievementsovered the following:

1.

Researchers modelled construction projects cost information to optimize cost
prediction at the preonstruction stage frothe client perspectivehowever, they used
guantitative mathematical systems in the United Kingdom (Hardd29(2).

Then, previous research modelldte pr oj ect 6 s profi tabil ity
warehouse projectso6 c osendepreconstucieontstagesy a't
however, they used system dynamics approach frantontractorspoint of viewin

the United StateAmerica (Cui 2005).

After that, researchers Modelled risk management and assessment to optimize costs and
time forecasting processes in infrastructure tunnel projects; however, they used
mathematical approachascalculate risks prability to estimate construction project

costs in Sweden fromtlel i ent 6 s point of view (Il saks
Next, previous research modelled risk assessment to optimize cost and time prediction
of infrastructure tram network projects; however, they udedsystem dynamics
approach from client perspectives in the United Kingdom (Boateng 2014).

Finally, researchers Modelled cost estimation of infrastructure water projects based on
more than 1600 projectsod hi storical da
Net worko modelling and mat hemati ca+ equ
Dagbui 2014p.36.

Most previous research wasnducted to study (Publierivate Partnership) projects

(Cui 2005; Isaksson 2002; Boateng 2014; AhiBgabui 2014).
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Thus, the reearch field has been left with certain gaps. These gaps require to be filled,

investigated about, and demand further research; nevertheless, this research study found cost

estimation modelling gapes in previous relevant works as the following:

10.

They missedusing system dynamics and probability aoalyse and model cost
estimationinthgr oj ect sd6 whol e | ife cycl e.

They did not include costs underestimate and cost overrun issues in their proposed
solutions.

They did not study residential building projectdthaugh they validated and
implemented theiinfrastructure projects' cost model

They did not include any cost modelling stutdy predict and estimate residential
buildings'actual costs cash flow at the grenstruction stage.

They did not include anyost modelling otheb ui | di ng projectds w
the United Arab Emirates.

They did not include any data related to cost variables and constrathesUmnited

Arab Emirates residential built environment.

They did not generalize theirworkamb d el s on al |l geographi c:
types.

They recommended further reseaochtheir models or initiatingew models to open

better opportunities. This is to know abolé best and most effective cost models in
providing accurate and optim forecast results in construction and project
management fields.

They did not include modelling residential project costs from c¢searid developers

points of view.

They did not include residential building projects in the United Arab Emirates.
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Therdore, ths researchvalidated topic isSystem Dynamics Approach for Whole Life
Cycle Cost Modelling of Residential Building Projectstime United Arab EmiratesThis will
be done using system dynamics, mathematical modelling, and probability simulation.

However, this research approach will be pure quantitative.
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Chapter 3

MAPPING PROJECTS WHOLE LIFE
CYCLE COST RISKS

fiMapping makes people feel likeh ey 6 r e doi ng
Lean, but |t i's simply dr a
hand you a blueprint, it does not mean you can

build a house.

(King & King 2006, p. 45
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3.0 Introduction

After reviewing researcherso |iterature
for this research studyt is necessary to justify all collected cost risks and factors in this
research cost estimation final model. First, CAPEX risk collection and identificatdased
on the Royal Institution of Chartered Surveyors (RICS) cost amalgnd benchmarking
officially published guidance note (RICS 2011)tHeaRICS guidance note, major factors were
introduced, while it was stated several times that future cost estimates should include additional
cost factors to maintain accuratenstruction cost prediction (RICS 2011). Otherwise, the
difference between estimated and actual values will increase due to ignoring necessary
additional factors (RICS 2011). Therefore, this research has included RICS identified risks and
added all verited additional cost risks from previduspublished literature and empirical
studies based on trusted guidelines, frameworks, methodologies, and regulations. This research
study usedhe Australian Governmetst Capital Expenditure Forecasting Methodologyl an
Capital v Revenue Expenditure Toolkit (Adams & Bentley 2012; Aust@timernment 2020).
Then, this research collected and identified OPEX risks from literature guided by the
requirements of Australia Government Operating Expenditure Forecasting Meiindible
United Kingdom Northern Ireland Utility Regulator guidelines, and Queensland Regulatory
Proposals 202Q025 Expenditure Forecast (Gniel 2012; A@®$vernment 2017; Australia
Government 2019). However, it is proved in government technical reportpudniidhed
research that operational expenditure and capital expenditmessonnected based on
regulations and operation behaviours (Cambini, Congiu & Soroush 2020; Australia
Government 2017). This result is based on studying the Australian OPEX belsnddaased
on the European Union regulations related to CAPEX & OPEX investments in energy sectors

(Cambini, Congiu & Soroush 2020; AustralBovernment 2017). Therefore, this research used
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the Australian Government Total expenditure frameworks and theedJrKingdom
Government technical report guidelines C ¢
requirements to 2041 and the funding gap (Aust@baernment 2017; U¥Government

2019). Finally, this research followed a systemdtigsted approach to ensuthat the final

model is including the most possible updated cost risks/factors collection. Nevertheless, it is
recommended to update the identified cost risks/factors in future estimates to obtain accurate
prediction values. T haey for publishedviterdturer aad eenpirecal c e s
studies, which is wused t o e xreseaach studys shewnf i n a l

as inFigure3-1 and Table &.:

Project's Whole Life Cycle Cost Risks
Number of Literatures and Government / RICS Reports

2020
2019
2018
2017
2016
2015
2014
2013
2012
2011
2010 |
2009
2008
2007
2006
2005
2004
2003
2002
2001
2000 |
1999

1998 |
1997
1996
1994
1990
1988
1987
1085
1982
1981
1980
1979
1978
1977
1976

!

0

Figure 31: Distribution of reviewed literature and governmeRIZ Sreports related to cost risk identificatio
and allocationinbuildigs projectés whole Iife cycle from

[

5 10 15 20 25 30 35 40
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SN Literature/Report Author SN Literature/Report Author SN Literature/Report Author
1 McCaffer 1976 77 Wu & ClementsCroome 2007 | 153 Yana, Yana& Rusdhi 2015
2 Walace 1977 78 Abdallah 2007 154 Ibn-Homaid & Tijani 2015
3 Taylor 1977 79 Assad, et al. 2007 155 Wibowo 2015
4 Neufville et al. 1977 80 | Dikmen, Birgonul & Han 2007| 156 Flyvbjerg 2015

StasiakBetlejewska &
5 Strandell 1978 81 Kleyner & Sandborn 2008 | 157
Potkany 2015
6 Harvey 1979 82 Nelson 2008 158 Xu et al. 2015
7 Morrison & Stevens 1980 83 Turskis 2008 159 Kosla 2015
) Di skiena, Ga ]
8 Jupp & McMillan 1981 84 ) 160 Alzahrani 2015
Mar | inskas
9 Adrain 1982 85 Toor & Ogunlana 2009 161 Andom 2015
) Johnsen, Howard & )
10 Smith & Jolly 1985 86 ] 162 Qureshi & Kang 2015
Miemczyk 2009

11 Skitemore 1985 87 Dillman et al. 2009 163 | Chowdhury, Sharma & Platz 201]
12 Koehn 1985 88 Ayangade, Wahab & Alake 2009 164 Méttd & Sippola2016
13 Collier 1987 89 Akinyemi et al. 2009 165 | Aziz & Abdel-Hakam 2016

] Abd-EIRazek, Bassioni & )
14 Wilson et al. 1987 90 166 Charles & Corbishley 2016
Mobarak 2009
Azzaro, Hubbard & ) )
15 91 Shane et al. 2009 167 Levitt & Eriksson 2016
Robertson 1987

16 Loannov 1988 92 Liu & Wang 2010 168 Kirkwooda et al. 2016
17 Lyons, 1990 93 Vincent & Monkkonen 2010 | 169 Asif 2016
18 Skitmore & Wilcock 1994 94 Aftab et al. 2010 170 | Charles & Corbishley 2016
19 skamris & Flyvbjerg 1996 95 Kimand & Reinshmidit 2010 | 171 Bigsten 2016
20 Wright 1997 96 Schieg 2010 172 Kuricheva & Popov 2016
21 Watson, Pitt & Kavan 1998 | 97 Fan & Yan 2010 173 Torp et al. 2016
22 Chapman 1998 98 Memon et al. 2010 174 Jarkas 2016
23 Akintoye 1998 99 Koo et al. 2010 175 Wang et al. 2016
24 Yasin et al. 1999 100 Ali & Kamaruzzaman 2010 | 176 Flyvbjerg 2016
25 Wier 2000 101 | Linderman & Chandrasekaran 20] 177 | Lovering, Nordhaus & Yip 2016

First Gulf Bank Design ) )
26 Ng et al. 2000 102 178 Levitt & Eriksson 2016
Standard Contracts 2010

27 Akintoye 2000 103 Wu, Olson & Birge 2011 179 Becchio et al. 2016
28 Mayer & Somerville 2000 | 104 Jang 2011 180 Battistoni et al. 2016
29 Wang 2000 105 Laryea & Hughes 2011 181 Signor et al. 2016
30 Gardiner & Stewart 2000 | 106 Mumford 2011 182 Florio & Sirtori 2016
31 Howell & Koskela 2000 107 Gundes 2011 183 Yusof et al. 2016
32 Chimwaso 2001 108 Kaklauskas 2011 184 Matto & Sippola 2016

] Poucke, Matthyssens &

33 Akintoye et al. 2001 109 RICS 2011 185

Weeren 2016
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34 Shen et al. 2001 110 Gniel 2012 186 Mehran 2016

35 Partnership Victoria 2001 | 111 Adams & Bentley 2012 187 Garcia et al. 2016

36 Mills 2001 112 Abd Karim 2012 188 | Florio, Forte & Sirtori 2016

37 South Africa 2001 113 Chang & Ko 2012 189 Babashamsi et al. 2016

38 Mills 2001 114 Kaiser & Snyder 2012 190 | Donovan & Corbishley 2016

39 | Flyvbjerg, Holm & Buhl 2002 | 115 Doloi 2012 191 Cassettari et al. 2016

40 Love et al. 2002 116 Rahman et al. 2012 192 Cai et al. 2016

41 Dey 2002 117 Liu et al. 2012 193 Hurt & Schrock 2016

42 Mott-MacDonald2002 118 Bari et al. 2012 194 Doan & Chinda 2016

43 Chang 2002 119 Torriti 2012 195 Alagidede, 2016

44 Thomas 2003 120 Cheung et al. 2012 196 Donaubauer et al 2016

45 European Commission 2003/ 121 Abanda & Cheung 2013 197 Titaya 2016

46 Treasury 2003 122 | Sharma, Najafi & Qasim 2013 198 Stephan & Crawford 2016

47 Naoum 2003 123 | Odeyinka, Lowe & Kaka 2013 199 Ball6 2016

48 Baloi & Price 2003 124 | West, Kreuter & Jaenichen 2013 200 | McLean & McGovern 2017

Q Frimpong, Oluwoye & 15 Acebeszt al. 2013 ol Abanda, Kamst#Foguem &

Crawford 2003 Tah 2017

50 Williams 2003 126 Abdul Rahman et al. 2013 | 202 First Abu Dhabi Bank Design
Standard Contracts 2017

51 Love & Irani 2003 127 | Abanda, Tah & Cheung 2013 203 Akter, Mahmud & Oo 2017

52 | Boussabaine & Kirkhara004 | 128 CesaBianchi 2013 204 Rodrigues & Freire 2017

53 Hodge 2004 129 Griffis & Choi 2013 205 Geissmann 2017

54 Harbuck 2004 130 Grimes & Hyland 2013 206 Seo & Park 2017

55 | Ghosh & Jintanapakanont 20 131 Myers 2013 207 Ballarini et al. 2017

56 lyer & Jha 2004 132 Crompton & Howard 2013 | 208 | Zakis, Zakis & Arfridsson 2017

57 Cassell & Symon 2004 133 Forbatok 2014 209 | Zhao, Chen & Thomson 201

58 Riley et al. 2005 134 Asal 2014 210 Santos et al. 2017

59 Wilke 2005 135 OsetFosu 2014 211 Guo & Sultan 2017

60 | Hamaker & Componation 200| 136 Naderpajouh & Hastak 2014| 212 Hasancgebi 2017

61 | Elhag, Boussabaine & Ballal 200] 137 James 2014 213 Kubba 2017

62 Modell 2005 138 | Hunter, Fitzgerald & Barlow 2014 214 Enezy et al. 2017

63 | Williams & Ackermann 2005 | 139 Ramasesh & Browning 2014| 215 Shabniya 2017

64 | Kazaz, Birgonul & Ulubeyli 2005| 140 Tsang 2014 216 | Australia Government 2017

65 Flyvbjerg 2005 141 Asal 2014 217 UK-Government 2017

66 lyer & Jha 2005 142 Cheng 2014 218 Zhao et al. 2017

67 Seshadr & Subrahmanyam 143 Shehu et al. 2014 219 Flyvbjerg et al. 2018

2005

68 Li 2005 144 Sydor et al. 2014 220 TerracorConsultant 2019

69 Cooper et al. 2005 145 Wang, Xia & Zhang 2014 | 221 Al-Aryani 2019

70 Nguyen & Ogunlana 2005 | 146 Macek &Dobias 2014 222 | Australia Government 2019
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Han, Srebric & Enache
71 Garcia 2005 147 223 UK-Government 2019
Pommer 2014
72 Love et al. 2005 148 | Abu DhabiGovernment 2015| 224 | Australia Government 2020
) Cambini, Congiu &Soroush
73 Moody 2006 149 Zahir 2015 225
2020
74 Poh & Tah 2006 150 Spickova & Myskova 2015 | 226 Al-Hamadi 2020
75 Friedler & Pisanty 2006 151 Sayed & Sawant 2015 227 DubairMunicipality 2020
National Research ) Abu Dhabi Ministry of Health
76 ] 152 Salling & Leleur 2015 228 )
Council 2006 and Population 2020

Table 31: Reviewed literatures and governmeR8LS reports for risk identification and allocation whic

i mpact

cost

i n

construction

and

projectds

wh o

from literatures(Boussabaine & Kirkhan2004 Jang 2011 Forbatok2014 Asal 2014; Osefoxu 2014;
Andom2015 Alzahrani 2015 Zhaoet al. 2017 Al-Aryani, 2019)

Therefore, it is clear frorRigure3-1 that researchers started to focus on projetisle

life cycle cost risks fronthe year 2000 up to date. In other wor@84 out of 228 reviewed
literature found inthe 2000s weighingnearly 996. Furthermore, 81 out of 228 reviewed
literature found irthe last five yearsyeighingmore than 3%. However, those identified risks
shall beconsideredor this research while allocating residiah buildings whole life cycle
risks. Then, these risks will be grouped into clusters through this mapping chafuss

proceeding with any modellinghe following parts of this chapter will discuss each cost risk/

factor and how it affectsosts thragh the final model.

3.1

CAPEX Risks

First, capital expenditure clusters and factors will be discussed and detailed to explain

how theyimpactthis research cost estimation model durihg construction stages dhe

resi

described in a mappirfggurerepresenting their interaction in the final cost model. However,

the eleven groups and clusters under CAPEX are (1) Constructibn Aci t i es 6

denti al

projectos

wh ol

e

i fe

cycl e.

T h €

Ri

Political Risks, (3) Legal Risks, (4) Economic Change Risks, (5) Natural Forces Risks, (6)

PagelOl

«
p



Market Risks, (7) Project Selection Risks, (8) Project Finance Risks, (9) Building
Functionality and Serviceability Risks, (10) Stakeholdersla®enship Risks, and (11)

Knowledge Risks.

A- Construction Activitiesod Risks

Construction activities risks are those risks taking place dthiggyoject construction
stage. It will group all related risks to represent them with one mathematical ecas{ber
t heir graphical relationship. This wil/l
calculations and results. Al to A29 risks will be detailed to clarify how they will impact the

final cost model while interacting with each otb@understad better

Al- Selection Method

The selection method has an impactt@CAPEX phase during construction activities.
This is due to the ignorance of risk importance included in the project (Jang 2011).
Furthermorehow does it applyo each investment project selection and supplier/contractor
selection (Jang 2012)Thus the required weight for this factor is the one impacting

construction activities only.

A2-  Type of Client: Solo Individual

Thesolo individualtype of client risk is maily about the extreme frequency of changes
happening through the project. The impact is directly and indirectly on costs because of the
deference appearing the projects agreed estimated elements (Zhao, Mbachu & Domingo
2017). Therefore, when ignoranacereass, knowledge will decrease relatedvitat will

happen aftemaking decisions (Zhao, Mbachu & Domingo 2017).
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A3-  Type of Client: Bank- Individual Partnership

A bankindividual partnership client type impacts cost when failure to agree on
mandatory cangeqZhao, Mbachu & Domingo 2017). These changes are required for project
success, and many other activittependon it (Zhao, Mbachu & Domingo 2017). However,
agreeing on making changes will significantly impact ciistswvorks and/or resupply will be
needed (Zhao, Mbachu & Domingo 2017). The required weight for this factor is the one

impacting construction activities only

A4-  Type of Client: Developer

Developers as clients usually create challenges in the construction stage because they
are not the ahusers (Boussabaine & Kirkham 2004; Zhao, Mbachu & Domingo 2017).
Nevertheless, the requirements of having maximum profit, in some cases, push them to make
wrongdecisions due to lower cost (Boussabaine & Kirkham 2004; Zhao, Mbachu & Domingo
2017). As aesult, developers increase the cost significamtigntakingwrongdecisions and
risks are maximized, instead of minimizing the risks (Boussabaine & Kirkham 2004; Zhao,
Mbachu & Domingo 2017). Finally, th factor's probability and impaetre required to get
more accurate cost prediction whenever this type of client is involved (Boussabaine & Kirkham

2004; Zhao, Mbachu & Domingo 2017).

A5-  Type of Client: Group of People

The group of people risk is created when deferent perspeoticaghetween decision
makers such as clients of the same project (Boussabaine & Kirkham 2004; Zhao, Mbachu &

Domingo 2017). However, stakehol dersd ri sk
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group. On the other hand, the required weight for thisriskes] at ed t o <cl i ent s
on the probability and impact of its occurrence (Boussabaine & Kirkham 2004; Zhao, Mbachu

& Domingo 2017).

A6-  Location: City Area

Projectds <city area risk may have sever
access raffic, supply chain, material price changes, precautions required to be taken, and other
criteria; on the other hand, cost estimation is considering all these possibilities prior its
occurrence (Harvey 1979; Azzaro, Hubbard & Robertson 1987; Boussabaktieki&am,

2004; Jang 2011; Forbatok 2014; Asal 2014; Gssiu 2014; Andom 2015; Alzahrani 2015;
Zhao, Mbachu & Domingo 2017; Aryani 2019). Thus, city location cost change risks will
impactthep r o ] e econstrsctiqn stagge and will take place infinal model (Harvey 1979;
Azzaro, Hubbard & Robertson 1987; Boussabaine & Kirkham, 2004; Jang 2011; Forbatok
2014; Asal 2014; Osdtosu 2014; Andom 2015; Alzahrani 2015; Zhao, Mbachu & Domingo

2017; AFAryani 2019).

A7- Location: Regional Area

Regional ara risk is giving the first impression of being away from facilities, supplies
and stable processes in working and living location (Harvey 1979; Azzaro, Hubbard &
Robertson 1987; Boussabaine & Kirkham, 2004; Jang 2011; Forbatok 2014; Asal 2014; Osei
Fosu D14; Andom 2015; Alzahrani 2015; Zhao, Mbachu & Domingo 201-/Ah&ni 2019).
However, this will increase the cost of labour, equipment supply, operations, fuel, and frequent

visits due to far cities and accommodated areas (Harvey 1979; Azzaro, HubRalzk&son
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1987; Boussabaine & Kirkham, 2004; Jang 2011; Forbatok 2014; Asal 2014@3se2014;
Andom 2015; Alzahrani 2015; Zhao, Mbachu & Domingo 2017AAtani 2019). Therefore,

this study model found that it éssentiato take this risk weightage adjusting predicted costs
based on its occurrence probability and impact (Harvey 1979; Azzaro, Hubbard & Robertson
1987; Boussabaine & Kirkham, 2004; Jang 2011; Forbatok 2014; Asal 2014@3se2014;

Andom 2015; Alzahrani 2015; Zhao, Mbachu & Domir&fii 7; AFAryani 2019).

A8- Location: Beach Area

The beach area cost is increasing due to the extreme environmental and dewatering
requirements; also, projects infrastructure and complexity require activities due to its luxury
(Harvey 1979; Azzaro, Hubbard &obertson 1987; Boussabaine & Kirkham, 2004; Jang
2011; Forbatok 2014; Asal 2014; O$@msu 2014; Andom 2015; Alzahrani 2015; Zhao,
Mbachu & Domingo 2017; AAryani 2019). Nevertheless, the required risk weight to be

consideredvill be added to the predion cost model to improve its accuracy.

A9- Location: Desert Area

Desert area cost risk ggnificant because of the danger coming from transportation,
supply chain, environment condition, labour cost, equipnaamt other challenging criteria;
therefore, usuallyresidential projects areurhp-sum contractsand the desert location is
increasing contractual value withe high possibility of an increase during execution (Harvey
1979; Azzaro, Hubbard & Robertson 8@ Boussabaine & Kirkham, 2004; Jang 2011;
Forbatok 2014; Asal 2014, Oskeosu 2014; Andom 2015; Alzahrani 2015; Zhao, Mbachu &
Domingo 2017; AlAryani 2019). Therefore, this should be included in this resedical cost

estimation modelling.
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A10- Building Services Complexity: Operational Services

Project complexity will require extreme technical expertise, equipmand
technologies (Boussabaine & Kirkham 2004; Jang 2011; Forbatok 2014; Andom 2015;
Alzahrani 2015; Zhao, Mbachu & Domingo 2017-Adyani 2019). Tre complexity of this
servicewill cause more building requirements and will demand more complex processes;
therefore, this study is considering its risk adjustment factor to implement it in the final model.
(Boussabaine & Kirkham 2004; Jang 201brifatok 2014; Andom 2015; Alzahrani 2015;
Zhao, Mbachu & Domingo 2017; Adryani 2019). The type of operational services
complexity became a mandatory luxury requirement for environmental purposes as well;
therefore, it is having lower risk than in fitnessrvices complexity, but the risk remsin
impacting the projects whole lifecycle final cost and shall be included ifirtalsstudymodel
(Boussabaine & Kirkham 2004; Jang 2011; Forbatok 2014; Andom 2015; Alzahrani 2015;

Zhao, Mbachu & Domingo 2017; Aryani 2019).

All- Building Services Complexity: Fitness Services

In a different way from operational service complexity, fithess services complexity is
changing significantly from a residential project to another; however, this is making risks be
higher anl should be covered in the prediction model (Boussabaine & Kirkham 2004; Jang
2011; Forbatok 2014; Andom 2015; Alzahrani 2015; Zhao, Mbachu & Domingo 2017; Al
Aryani 2019). So, risk value will depend on its occurrence probability and impact in the United

Arab Emirates.
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Al12- Number of Basement Levels

The number of basement |l evel s ilsadingausi I
stakeholder participant, but results fromhaving hidden facts such as soil, ground, and
geotechnical conditions (Boussabaine & Kirkham 2004; Jang, 2011; Forbatok 2014; Alzahrani
2015;Shabniya 2017). Thui cover all those uncertainties impacting the number of basement
levels risk, the probabiy of its change ands impact will be considered in the final model to

create the adjusted estimated cost accurately.

Al13- Procurement Method

The procurement approach chosen to be followed during construction is impacting cost;
however, it is affectingmj ect 6 s qual ity and price range
Robertson 1987; Boussabaine & Kirkham 2004; Jang 2011:Kosei 2014; Andom 2015;
Alzahrani 2015; Zhao, Mbachu & Domingo 2017:Ayani 2019). So, it has been decided to

include it in thisstudy to increase tHenal project cost estimation model's accuracy

Al4- Site Topography

Site topographygontrols several required peetivities and activities thare changing
costs from project to project; this riskdaucialbecause it is consideréal adjustother factors
such as site access andrk needgElhag & Boussabaine 2005). Therefore, since the United
Arab Emirates include a wide range of topography, then the impact measure should be included

in the model.
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Al15- Site Conditions

Site condition at the time of executing projects is varying based on the built area, and
if it included previous building, activities, or dumping wastes (Boussabaine & Kirkham 2004;
Jang 2011; Forbatok 2014; Asal 2014; Gsesu 2014; Andom 2015; Alzahra2015; Zhao,
Mbachu & Domingo 2017; AAryani 2019). Therefore, it isssentiato include the impact of
site actual conditions at the time of execution to increase this research model accuracy
(Boussabaine & Kirkham 2004; Jang 2011; Forbatok 2014; Ashd;20seiFosu 2014;

Andom 2015; Alzahrani 2015; Zhao, Mbachu & Domingo 2017AAtani 2019).

Al6- Working Space

Compared with workers and equipment to complete required tasks, the working space
will increase the cost if it is not adequate; for example, fevoekers to achieve theame total
productivity will demand higher skills and technologies (Boussabaine & Kirkham 2004).

Therefore, this risk should be included in the final cost prediction model.

Al7- Site Access

Site accesslependsn location and surrounalj environments; in other words, some
locations requirea permit for all working personals to access, while other locations require
permits for equipment only (Boussabaine & Kirkham 2004; Jang 20h&)requirements and
precautions required to preparesitcess changes from site to site and cost more (Boussabaine
& Kirkham 2004; Jang 2011). Therefore, this adjustment requires to be included in the final

cost model.
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Al18- Frame Structure

The building structure frame will decide how much working space isnestamnd the
required structural execution and procurement meth&tsnetimes, structuserequire
manufactured elements and parts such as precast, steel trusses, and other elements based on tt
frame design (Boussabaine & Kirkham 2004). Therefore, this risk change costs and require to

be included in the final cost model.

A19- Foundation Type

Foundation type will impact the methods of procurement, execution, and time of
construction (Forbatok 2014). Foundation is critical for any further activity of the building
(Forbatok 2014). In the United Arab Emirates, the type of footing may vary sagrtlffavithin
one project based on the covered area. It camdballow or deep foundation based on their

location in the same projeduch as housing projects.

A20- Ground Conditions

The ground condition in the United Arab Emirates has a wide range ofaygestatus;
therefore, it will impact the foundaticend works' neesi(Alzahrani 2015). Other factoras
applicable make it important for the final model (Alzahrani 2015). The water content, type of
existing infrastructure, and maximum depth limits m#ks risk critical (Alzahrani 2015). It

will be included in the final cost model.
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A21- Type of Sail

The type of soil mpactsthe construction cost because of excavation and backfilling
activitiesin theproject location (Boussabaine & Kirkham 2004; Alzati2015). However fi
the soil is demanded in the region for other business activities, this will save transportation and
disposal costslf the excavation removed soil is required for backfilling in the same
development projecit, will save the cost ofigplyingthesoil with therequired specifications.

Hence, cost estimation will changad this cost risk requis¢o be considered in the model.

A22- Mark -up Size

Researchers provihat thecash flow and material prices impact the mapksize
however, researchers also agreed that the construction -o@mnwould impact the cost
estimationand how it will be changed over time. (Asal 2014; EISawy, Hosny & ABdelek
2017). Therefore, this should be taken into consideratf@nestimating the construction cost

at the preconstruction stage.

A23- Need for Work

The unexpected extra hidden tasks needed to complete construction activities may vary
in cost, timeand complexity frononeproject to another (Jang 2011L)is crucial to dentify
this risk value in cost est i maredorstructiontstagee pr

(Jang 2011).
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A24- Deadline Requirements

According to most cost estimation empirical research, it is agreed over 45 years that the
deadline requirenmgs is one of the main factors impacting projects duration and cash bleeding;
therefore, this adjusting risk is significant and will be included in the final model for better

accuracy (Jang 2011; Odebsu 2014; Alzahrani 2015; Andom 2015).

A25- Number of Stories

The number of stories has been proved through researchpactbuilding costs;
however, this impact is not per floor. The change in cost4systematically and nelnear
based on completed works and consumed time (Boussabaine & Kirkham 2002034ang
Forbatok 2014; Alzahrani 201Shabniya 2017). The probability of this change and its impact
percentages will decide how much this risk will be significant in residential projects. Therefore,

it will be included in the final cost model.

A26- Project Duration

Project duration changariesin weightage based on ratiostb&total cost to time, or
the ratio of variations cost to time (Boussabaine & Kirkham 2004; Jang 2011; Asal 2014; Osei
Fosu 2014; Andom 2015; Alzahrani 2015-MAyani 2019). Therefe, residential projects’
risk is essentiafor the final cost prediction model resulting from this study (Boussabaine &
Kirkham 2004; Jang 2011; Asal 2014; Obkeisu 2014; Andom 2015; Alzahrani 2015;- Al

Aryani 2019).
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A27- Gross Floor Area

The gross areghanges of designed floors are rarely changing after tendering cost issue
(i.e., contract value) (Boussabaine & Kirkham 2004; Jang 2011; Forbatok 2014; Alzahrani
2015;Shabniya 2017)Xowever,research and literatumorldwide decided that its important;
however, the possibility of this change exestsl cannot be neglected (Boussabaine & Kirkham
2004; Jang 2011; Forbatok 2014; Alzahrani 2@/®abniya 2017). Therefore, this research
study will include this factor based on its probability and impad¢het/nited Arab Emirates’

residential buildings project

A28- Equipment Required

Equipment requirements change with quality and accuracy levels demanded the project
based on legal, endser, and serviceability requirements (Boussabaine & Kirkham 2004; Jang
2011; Asal 2014; Forbatok 2014; Andom 2015; Alzahrani 2015;AAlani 2019). So,
equipment requirements change during projects risk is signifeaahits weightage is required

to be aded in the final cost model.

A29- Construction Technology

Construction technology is not only equipment related to executing works, but its
information technology and software tools required to improve performance of works,
analyses, and forecasts of construction activities (Boussabaine & Kirkham 2004; Jang 2011
Forbatok 2014; Andom 2015; Alzahrani 2015-Adyani 2019). Therefore, this weightage

cannot be added with equipment requirements bectngse havea different occurrence
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probability and impact on project cost. However, this research decided to irtdlutieei final

cost model due to its significance.

1 Construction Activities Risks Mapping

After covering each risk factor of Construction Activities Risks, the relationship
mapping inFigure3-2 show how the flow of risk is connected and wiite CAPEX vaiable
in the proposed project whole life cycle cost estimation model. Therefore, based on this
concept, data collection shalbnsider these connections to understand how accurate risk

weightage should be set clearly

Sobo Indwvidual  Group of People Type of Soil Need for Work

Developer\‘ " / Riﬁgmints Merlcup See Ground Conditions
Type of Clen Number of Stories
Bank- Individual/' Selection MN Project Duration
Partnership Frame Structured—\« ‘%_ Gross Floor Are

I a
CityArea'—\ Foundation Type ™ Construction -«

Locatiom———" nl/‘_" Activities Risks Construction
Regional Area/y Equipme Technology
/ Requireo/'
&

Beach Area Procurement
Desert Area 3 CAPEX
Method Working Space
Building Services Site Access |  site Conditions
Operational/' SOmplexrty ST i
Services Number of € Topography
Basement Levels

Fitness Services

Figure 32: Construction Actii i e s & Ri sdhavingvthep mteractjon with each other in tl
proposed project whole life cycle cost estimation model.
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B- Political Risks

Political Risks are those risks which are taking place through the project execution
stage. This will group all related risks to include them with one mathematical equation and a
graphical rel ationship. These nalcopdtestimationes
calculations and results. So, the following risks from B1 to B10 will be detailed to clarify their

impact on the final modéb better understand this group's variables

B1- Change in Law

The government's change in the lawthe regulation or requirements will affect
projects whole life cycle cost; however, researchers consider it a significant risk (@ser
Fosu 2014,Chang & Ko 2012; Ab¢EIRazek, Bassioni & Mobarak 2009; Schieg 2010;
Seshadri & Subrahmanyam 2005ha@ge in law risk in the United Arab Emirates is happening
periodically due to challenges or improvement visiortt@strategic government leadership

level. Therefore, this study will include it to adjust the final estimated cost value.

B2-  Delay in Projed Approvals and Permits

Approvals and permits delayere found significant by cost estimation researchers
(Jang 2011; Kaiser & Snyder 2012; Staditlejewska & Potkany 2015). It was frequently
found in various construction projeciscluding buildinggJang 2011; Kaiser & Snyder 2012;
StasiakBetlejewska & Potkany 2015). However, it is proved that approvals and permits delay
issues cause significant cash bleeding without control until the issue is solved. This significant

risk must be included in thist estimation model to enhance its accuracy.
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B3-  Poor Public DecisionMaking Process

The public decisiommaking process is one of the highest risk weights of political risks
(Jang 2011; Alzahrani 2015; Chowdhury, Sharma & Platz 2016; Flyvbjerg 2015; &att6
Sippola 2016; Aziz & AbdeHakam 2016). This research study is considering it to improve
the accuracy of cost estimation. On the other hand, poor public degiaking in residential
buildings housing projects appears when it is not appropriate togehthre endi s er s 0
requirements while violating their cultural needs, such as changing the number of floors, the

number of rooms, and building siaeea, and utilities.

B4- Government Intervention

Government interventions are tgevernment's action®ward completinga project
(Alzahrani 2015; Wu, Olson & Birge 2011; Charles & Corbishley 2016; Aziz & Abtdddam
2016). Those actions can be safety requirements such as supplying and installing a certain level
of firefighting system in all villas in theountry or any other regulating requirement. It is

mandatory to include it in this research cost estimation model.

B5- Unstable Government

The gvernment in the United Arab Emirates is stable, and this factor is rare in this
country. However, researchangdifferent places in the worlehcludingtheKingdom of Saudi
Arabia proved that it isessentiato have it in all risks and costs studies evenii iveak or
rare (Alzahrani 2015; Aziz & Abddilakam 2016). Then, let experts and data collectiorddeci

how much this weight might be critical (Alzahrani 2015). Therefore, scientificai$yfabtor's
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real impactcan be too small or significantly high, which will be reflected in this research cost

model analyses and results accordingly.

B6- Government Relability

This is where government reliability should cover several perspecthueh as
financial, security, political, economic, and social; however, as high this risk will be, the project
cost will be high to cover unexpected significant cost unceytdidzahrani 2015; Aziz &
AbdelHakam 2016). Therefore, this research cost model should include it to improve its

accuracy.

B7- Inconsistencies in Government Policies

In this risk, inconsistencies appear from deferent governmental departments and affairs
due to the lack of communication and improper requirements and rule organization (Alzahrani
2015;Aziz & Abdel-Hakam 2016; Naderpajouh & Hastak 2014). However, it is being solved
by building a united automated system of governnnelated projects or seoas; therefore,

the risk still exists and mube considered in this studygost estimation model.

B8-  Strong Political Opposition / Hostility

Although researchers showed that this risk exist all countries, including gulf
countries, politicabpposition and hostility are not significant in the United Arab Emirates due
to its culture. Nevertheless, its weightage might vary significantly from place to place
(Alzahrani 2015; Wu, Olson & Birge 201Bkinyemi et al. 2009 Therefore, it will be

included in this research system dynamics model.
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B9-  Expropriation/ Nationalization of Assets

Expropriation and nationalization of project asse®s normal actionffom countries
toward its developments to satisfy targeted-sefficiency (Alzahrani 2015; WuQlson &
Birge 2011). Therefore, thest calculatioralready included, but the targeted level of self
sufficiency may chang@npacting final costs. The cost prediction model of this research study

will include it.

B10- Inability of Concessionaire

All projects concessionaire is finalized befohe United Arab Emirates' execution
stage although researchers showed its existence in GCC countries (Alzahrani 2015;
Chowdhury, Sharma & Platz 2016; Chang & Ko 2012; Doloi 2012; Levitt & Eriksson 2016).
However,it is granted by lawand processésrocedures are systematic and clear. Therefore,

this research will include it to adapt any possible change impacting cost estimation.

1 Political Risks Mapping

After explaining, in details, each risk factor of Political Risks, the relationship mapping
in Figure3-3 show how risks are connected and with CAPEX variable in the proposed project
whole life cycle cost estimation model. Therefore, based on this code¢pt;ollection shall
consider these connections to understand risk weightage cleaviy be reflected irthe cost

estimation final model.
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Figure 33: PoliticalRisks Mappingshowing their interaction with each
other in the proposed project wle life cycle cost estimation model.

C- Legal Risks

The Legal Risks are those risks which are taking place through the project execution
stage. Thiswill group all related risks to include them with one mathematical and graphical
relationshipwhi ch wi | | be reflected in the model
resuts. The following risks will be detailed to clarify how they will impact the model and for
better clarification and understanding of how the model interatisity varialdes related to

this group.

Cl- Change in Tax Regulation

According to researchers' outputs, this risk did not exist before 2018 in GCC cuntrie
although it is mandatory in all construction risk and cost studies (Jang 2011; Alzahrani 2015;
Al-Hamadi 2020; W, Olson & Birge 2011). However, in 2018, the United Arab Emirates

launchedVAT (i.e., Value Added Tax) on all tradgscluding goods and services. Therefore,
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this research study must include itgmvide accurate cost estimation outputs from its final

created model.

C2-  Corruption and Lack of Respect for Law

The consideration of this risk is included because of halage layer of international
employees who have deferent religions, ethics, and cuylzehrani 2015; Abanda, Tah &
Cheung 2013; Kirkwooda et al. 2016; Love et al. 2002; Ayangade, Wahab & Alake 2009; Asif
2016). So, it is mandatory to cover the risk of any corruption or igndtaokef respect for

United Arab Emirates Law to provide sessful model outputs.

C3- Legislation Change

This risk relates to the improvement and development of legal processes finalizing and
for mal projectsd requirements; as a result,
should adopt every legislatiamange which impastcost throughout project execution (Jang
2011; Alzahrani 2015; Abanda, Tah & Cheung 2013; Kirkwooda et al. 2016; Love et al. 2002;
Ayangade, Wahab & Alake 2009; Asif 2016). Therefore, it will be included in the final cost

model.

C4- Import/ Export Restrictions

| mport and export restrictions ar ghebasedc
United Arab Emirates) with other countries and based on sudden barriers blocking
import/export activities (Alzahrani 2015). For example, December 2019coronavirus

disease (COVIBEL9) appeared in China and suddenly reached all countries globally (World
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Health Organization 2019; UAE Ministry of Health 2020). This made the United Arab
Emirates Ministry of Health recommend, ashyi and directo stop certain imports/exports
(World Health Organization 2019; UAE Ministry of Health 2020). In Mach 2020, UAE
prevented people from traiag from the country due to the higlsk and refused travellers
from highrisk countries to enteghe UAE (World Health Organization 2019; UAE Ministry of

Health 2020)Thus it is mandatory to cover these risks in an accurate cost prediction model.

C5- Rate of Return Restrictions

The eturn rate is not usually restricted unless it is misused by investors and started t
impact societies and economics negativedyexampleiLaw No. 26 of 20077
62 of 2009 and Dendif 2ec rNeoe No .@afd2riotbiisdd thd 3 0
rate of return in the last 15 years in UA&HKibai Emirate Dubailand2013, p.18 Alzahrani
2015). However, recentlyhe UAE government removed these restrictions and allowed a free
return ratgDubailand2013). This risk is significant and will be included in the final cost model
(Dubailand2013; Alzahrani 2015; Wibowo 2015Charles & Corbishley 2016; Fan & Yan

2010).

C6- Industrial Regulatory Change

The change of industrial regulatory is happening between projects and usually not
during projectsd executions; howevessential t ha
to consider this risk in costs and risks modelling (Jang 2011; Alzahrani 2015; Bigsten 2016;

Kuricheva & Popov 2016). Therefore, it will be included to enhance accuracy.
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1 Legal Risks Mapping

After explaining in detail each risk factor of Legal Riske telationship mapping in

Figure 3-4 show how risks are connected and with CAPEX variable in the proposed project

whole life cycle cost estimation model. Therefore, based on this concept, data collection shall

consider these connections to understand &bedirate risk weightage should be set clearly

Finally, it will be reflected irthevalidation process of colldog data andhefinal cost model.

Industrial
Regulatory
Change

Legislation
Change

Respect for Law

Corruption and Lack of

CAPEX

Rate of Retur

T~ legal 4— Restrictions
/ Risks

Import / Export
Restrictions

Change in Tax
Regulation

Figure 34: LegalRisks Mappingshowing their interaction with eact
other in the proposed project whole life cycle cost estimation moc

D- Economic Change Risks

Economic Change Risks are these risks taking place thrieghroject execution

stage. This is going to group all related risks to include them with one mathematical and

graphical rel ati

results. So, the following risks will be detailexclarify how they will impact the model and

better understand how the model interaat its variables related to this group.

onship. It wi ||

be

refl
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D1- Interest Rate Volatility

Interest rate fluctuation is a significant risk in cost modellasyproved by previous
empirical and published research (Jang 2011; Alzahrani 2015; Gardiner & Stewart 2000;
StasiakBetlejewska & Potkany 2015). This is fixed once the financial contract is signed;
however, some economic changes may change the amounawtial support needed and
require additional financef the investment market is active and hagh demand by investors
to finance investments, the interest rate willtbe high compared with the initial project
finance rate. On the other hanfifhie investment market is dowand there are no demands
for investments, the interest rate will be lower. Therefore, this risk will be included in the final

cost model.

D2- Inflation Rate Volatility

The inflation rate is usually stable and measured and modityreéhe United Arab
Emirates central bank; howeverflitctuatessignificantly in an unexpected trend based on oil
or regional politicdleconomic directions (Jang 2011; Alzahrani 2015; Kaiser & Snyder 2012;

Chang & Ko 2012). Therefore, it should be included in the final research cost estimation model.

D3- Foreign Exchange and Convertibility

This risk is usually considered based on supplgimgjimporting (Jang 2011; Alzahrani
2015; Bigsten 2016; Baloi & Price 2003). However, there will be no risk of total cost change
if supplying and importing are done using deferent currencies with fixed relatiorjs@ips

UAE Dirham is fixed with the Unéd States Dollars)On the other hand, the threats and
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opportunities will be created based on risk occurrence situationy/ihttwea free exchange

ratio.

D4- Poor Financial Market

Thef i nanci al mar ket

'S pri mar y amdoMeaknessesf er s

(Jang 2011; Alzahrani 2015; #omaid & Tijani 2015; Memon et al. 2010; James 2014). In

other words, if investments in a city are low risk, all investors will take the opportunity to

conduct business activitieand the demarslupply will stat growing with the price growth.

Therefore, this significant risk will be included in the final cost estimation model.

1 Economic Change Risks Mapping

After explainingeach risk factor of Economic Change Risks, the relationship mapping

in Figures 3-5 showshow risks are connected and with CAPEX variable in the proposed project

whole life cycle cost estimation model. Therefore, based on this concept, data collection shall

consider these connections to understand what accurate risk weightage shotulddzzlge

Therefore, it will be reflected ithe collected data's validation procasslithefinal cost model.

Interest Rate
Volatility

Inflation Rate

v

Foreign Exchange and
Convertibility

volatiity  ——p Economic
Change Risks

CAPEX

<

Poor Financial
Market

Figure 35: Economic ChangRisks Mappingshowing their interaction
with each other in the proposed project whole life cycle cost estimation

model.
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E- Natural Forces Risks

Natural Forces Risks are those risks taking place dtimggroject construction stage.
This group is including all related risks together to connected with mathematical and graphical
relationships. 't wi || be reflected in the
The following risks will be detéed to clarify their impact on the final model abétter

understand he model 6s i nteraction with its wvari a

E1l- Force Majeure

All unavoidable and negatively impacting events related to the project are considered
under this risk (Jag 2011; Alzahrani 2015; Torp et al. 2016; Chang & Ko 2012; Love et al.
2002; Doloi 2012). For example, tornados, floods, and earthquakes are above and beyond the
project intent and capabilities; however, they will be considered under this risk calidyEsg.
considerations are anabd duringthe project selection, design, and execution stages.
However,risk changing possibilities during construction still exist and should be included in

the final system dynamics cost estimation model.

E2- Environment

The ewvironmental risks are those risks related to environmental required
statugcondition after impacting or being impacted by the development projects from its start
to the end of its lifecycle (Jang 2011; Alzahrani 2015; Jarkas 2016; Yana, Yana & Rusdhi
2015. For example, the precaution of protecting living beings around the project is a risk that

should be considered. Also, noise and water pollution have many constraints falling under this
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risk. Other examples exist; however, researchers proved that ahsggisificant risk andnust

be added to cost models (Jang 2011; Alzahrani 2015; Jarkas 2016; Yana, Yana & Rusdhi 2015).

E3- Weather

Over the last decade, the weather changade this risk critical on projetteong
lifecycle (Jang 2011; Alzahrani 2015; Jarkas 2016; Yana, Yana & Rusdhi 2015). This change
should be compared with other development projects (Jang 2011; Alzahrani 2015; Jarkas 2016;
Yana, Yana & Rusdhi 2015). For example, the need fardden heatyicooling system after
starting construction is consideritige available design capabilities and the electrical supply
in great challenge. Adding equipment withou
incidens or other fatalities situatiormherefore, this risk should be considered by the final cost

estimation model.

E4- Geotechnical Condition

The geotechnical condition is deciding the type of foundation, required equipment, and
processes needed foonstruction projects' activities and fol@dang 2011; Alzahrani 2015;
Doloi 2011; Aziz & AbdelHakam 2016; Wang et al. 2016). Therefore, any mistake in this
condition conclusion will change the estimated cost significantly. This risk requires to be added

to the final cost model.

1 Natural Risks Mapping

After explainingeach risk factor of Natural Risks, the relationship mappirtggaores

3-6 showshow risks are connected and with CAPEX variable in the proposed project whole
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life cycle cost estimation model. Therefore, based on this conceptptlatdion shalkconsider
these connections to understand what accurate risk weightage should be sefltiesefgre,

it will be reflected inthevalidation process of colléog data andhefinal cost model.

Force Majeure

) Weather

Environment—a 4
Natural -

Risks Geotechnice

-~ -
/ Condition

CAPEX

Figure 36: Natural Risks Mappingshowing their
interaction with each other in the proposed proj
whole life cycle cost estimation model.

F- Market Risks

The Market Risks are those risks which are taking place through the project execution
stage. Thiswill group all related risks to include them with one mathematical and graphical
relationshipr ef | ect ed in the model s finalThecost
following risks will be detailed to clarify how they will impact the model and betgeifgland

understand how the model interawgigh its variables related to this group.

F1-  Market Supply

The mar ket suppl y [famatmeptundijlacucit)y ahdstheonarkep ut s
supply for materials used the construction stageignificantly impact cost estimatio@Jang
2011; Alzahrani 2015; Doloi 2011; Kaiser & Snyder 20R)rthermoreijt is required to be

considered in the final cost estimation model.
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F2- Market Demand

The demands on materials throughth construction lifecycle have a risk of change
and impact the calculated costs (Jang 2011; Alzahrani 2015; Doloi 2011; Kaiser & Snyder
2012). For example, if a material type haspacificprice at the time of project construction
start, while its demand ineased, then the price will increase accordingly. From another
perspective, if projedype demand by endsers changed during its execution, then the
project's final caswill vary based on the actual changes. However, these changes can be
pressure cardsith suppliers because you are a client who provides highly demanded product
and hence prices may significantly increase. Therefore, this risk will be adihedit@l cost

estimation model.

F3-  Fluctuation of Material Cost by Public/Private

The materiprice fluctuations risk is based on whether the supplyderdand are
between suppliers and the public sectdbetiwveen the supplier and private sector (Jang 2011;
Alzahrani 2015; Koo et al. 2010; Ayangade, Wahab & Alake 2009). However, it is also
impadedbythe quality and quantities of materials and its price category offered for consumers;
for example, ifa public manufacturer or supplier offers the same material, then the price will
be different from private manufacturers' gsand suppliers. Trefore, the project cost should

consider those risks to increasesttesearch output cost estimation model's accuracy
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F4-  Value of Production Effort

The pected value cApr oj ect 6s outcomes can change
time based on theasons (Jang 2011; Howell & Koskela 2000). For example, the taxes change,
materials costand construction needs will create a production value and change it every time
they changeovdhepr oj ect 6 s durati on. Ther efstmagon it

model.

1 Market Risks Mapping

After explaining in detail each risk factor of Market Risks, the relationship mapping in
Figure 3-7 show how risks are connected and with CAPEX variable in the proposed project
whole life cycle cost estimation mddé&herefore, based on this concept, data collection shall
consider these connections to clearly understand what accurate risk weightage should be set
Therefore, it will be reflected ithe validation process of colldog data andhe final cost

model.

Fluctuation of Material Value of
Cost by Publc/Private ~ Production Effort

—w»CAPEX
—" Risks
Market Demand K
Market Supply

Figure 37: MarketRisks Mappingshowing their
interaction with each other in the proposed project whole
life cycle cost estimation model.
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G- Project Selection Risks

Project Selection Risks are those risks taking place duhi@groject construction
stage. This group colleztll related risk#o include them with one mathematical and graphical
relationship and reflect it i n the nrbedel 6s
following risks will be detailed to clarify how tlgevill impact the model and better understand

how the model interactsith variables related to this group.

G1- Public Opposition to Projects

The public opposition at the preconstruction stage is rare after project selection
(Alzahrani 2015; Wu, Olson & Birge 2011; Chowdhury, Sharma & Platz 2016). If the project
is executed to follow specific requirements resgitfrom solving the challenge gqfublic
opposition to the desired project, then the construction stage should consider public impact
regarding these requirementglaronsider the change of this impact. So, this risk should be in

the final cost estimation model.

G2- Uncompetitive Tender

Having uncompetitive tenders risky at the project selection stage is critical and can
increasecosts(Alzahrani 2015; Wu, Olson & Birge 2011). However, this risk can appear at the
time of requirements misunderstanding by suppliers. It will cause a decresse mp | | er s
adequacy and show uncompetitive characteristics after starting construction stages. Therefore,

the risk should be included in the final cost model.
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G3- Level of Demand for the Project

The cemand level of projects in developing regiongssentl. This importanis to
check ifits completion will still need the projeor not (Alzahrani 2015; Enezy et al. 2017).
Nevertheless, the cost will vary basedtbe demand level over time. For example, if the
demand level fothepr oj e ct 6 s stdl fherecat theitimeaof doropietion, then the cost
will not be impacted (i.ewill not increase). On the other hand, if the demand changed to
include other specifications or requirements (duxury-level), the process will change, and

cost will increase. So, this risk should be included to lsaaxcurate cost estimation model.

G4- Land Acquisition

According to researchers in cost and risk models of construction, land acquisition is
vital to optimizng accuracy (Alzahrani 2015; Mills 2001; Kubba 2017). For example, if new
developments are located iother people's placedue to government carelessness in
development and control, it is mandatory to compensate these ownerspoetaeding with
the pioject. However, this process can be risky because it can delay, stop, or change activities
during the construction stage. It is due to the conflicts and challenges between owners, legal

requirements, and permissions. Thus, the risk should be includeglagoghestimation model.

G5 Competition Risk

The competitionort he projectodés type between clie
final cost(Alzahrani 2015; lyer & Jha 2005; Hunter, Fitzgerald & Barlow 2014). For instance,

more available clients competing on having the same project type will push contractors and
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suppliers to increase costs to maximize their profit. Thereforegsssntiato include this risk

in the final cost model.

1 Project Selection Risks Mapping

After explainingeach risk factor of Project Selection Risks, the relationship mapping

in Figures 3-8 showshow risks are connectedth the CAPEX variable in the proposedgpect

whole life cycle cost estimation model. Therefore, based on this concept, data collection shall

consider these connections to clearly understvamat accurate risk weightage should be set.

Therefore, it will be reflected ithe collected data's valition procesandthefinal cost model.

Tender

Level of Demand fori
the Project

Land Acquisition

Uncompetitive

Project
Selection
Risks

Competition Risk

to Projects

T ®™CAPEX

Public Opposition

Figure 38: Project SelectionRisks Mapping
showing their interaction with each other in ti
proposed project whole life cycle cost estimati

model.

H- Project Finance Risks

Project Finance Risks are those risks taking place dtireygoject construction stage.

This group colled all related riskgo include them with one mathematical and graphical

relationship and ref/l

ect i

t

ns arid mesultsmTthdse |

the following risks will be detailed to clarify how they will impact the modet better

understandhow the modelnteractswith variables related to this group.
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H1- Inaccurate Estimates

The possibility of having inaccurate estimatésantract value by contractors is high
and may change the actual costs at the enbdegiroject (Alzahrani 2015; Salling & Leleur
2015; Ali & Kamaruzzaman 2010; Flyvbjerg 2016; Flyvbjerg, Holm & Buhl 2002; Flyvbjerg

2005;Skamris & Flyvbjerg 1996; Flyvigrg et al. 2018).

H2-  High Finance Cost

Sometimes the construction finance cost is tiaghseveral reasons (Alzahrani 2015;
Lovering, Nordhaus & Yip 2016; Levitt & Eriksson 2016). For example, if the finance rates
changebased on conditiomaade accordingp the project's specific progress or time fraand
that progress and time have been changed because of other riskisatite costwill be

changed to include a higher rate client.

H3- High Bidding Costs

The high bidding costisnpactthe actual cost estiates because of the inaccurate costs
from the beginning of the project (Alzahrani 2015; Dikmen, Birgonul & Han 2007; Turskis
2008). For example, risks of costs and financing will be higher, and the actual project value
will be less than the paid amount agase of requiring more financial support to cover
unnecessary costs. So, this will impact the net present value and the ability leteohnep

project investments.
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H4- Delay in Payment of Annuity

The delay of paying t he tmenbighawng sgdificanh nu i t
risk on the project lifecycle (Alzahrani 2015-Ehzek, Bassioni & Mobarak 2009; Frimpong,
Oluwoye & Crawford 2003). However, it should be included in the final cost estimation model

for more accurate results

H5- Financial Attraction of Project to Investors

This risk is availablefithe competition starts between investors to hawglaer profit
margin (Alzahrani 2015; Ibilomaid & Tijani 2015; Sayed & Sawant 2015; Assad et al. 2007;
Becchio et al. 2016). However, other riskdl wiart to be adjusted and may be increasing due
tothisriskimpactT he compl eti on time frame iIis the ma
tracking to maximize projectsivestment outcomes, which will change the final actual costs.

Therefore, itwill be included in this researdfinal cost model.

H6- Lack of Creditworthiness

This risk varies in investments over time. It is basedheeconomy and the investsr
economic status (Alzahrani 2015; Wu, Olson & Birge 2011; Akinyemi et al. 2009). iTfaus,
high in some periods and low in other periods during the project execution, and it is not fully
guaranteed that the high rates can be avoided at lack of creditworthiness time. Thus, this risk

should be considered in the model.
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H7- Delay in Financial Closure

Thep oject 6s financi al cost wi | | dsoplacei ncr ¢
successfully on time without delay (Alzahrani 2015; Abdul Rahman et al. 2013; Chowdhury,
Sharma & Platz 2016). However, this riépends on other factors sudhtlae delay in closing
the construction project during the final taking over, and the delay in closing struggling claims
requiredo be finalized at the end of the project. Therefore, this risk will be included in the final

cost model.

H8- Inability to Service Debt

The inability to service debts will increase the interest rates and inéneaseors' lack
of creditworthines (Alzahrani 2015; Akinyemi et al. 2009; Hhiomaid & Tijani 2015).

Therefore, this risk should be considered in the final cost estimamalel.

H9- Lack of Government Guarantees

Sometimes the lack of government guarantees related to financial decisions such as tax
regulations/change can add more rigkthe project (Alzahrani 2015). This walppeain the

final projects actual costsard it will be included in this researstiinal cost model.

H10- Financer Unwilling to Take High Risk

Sometimes financierunwilling to take high risks in critical situations such as the
economic crises in 2008 (Alzahrani 2015). This will cafisance to useanore expensive
sources than the regular financing entities, (p@nks, financial companies, etc.). However, this
will increase actual costs and have more interest rates. This risk will be included in the final

cost modefor this research study.
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1 FinanceRisks Mapping

After explaining in detail each risk factor of Finance Risks, the relationship mapping in
Figure3-9 show how risks are connected with CAPEX variable in the proposed project whole
life cycle cost estimation model. Therefore, based on timeept, data collection shathnsider
these connections to clearly understaugt accurate risk weightage should be set. Therefore,

it will be reflected inthevalidation process of colléog data andhefinal cost model.

High Bidding High
Costs Finance

Delay in Payment Cost

of Annuity Inaccurate

Financial Attraction of Estimates

Project to InvestorS\
a A\

Lack of
Creditworthiness Finance Risks—®CAPEX

Delay in Financia/
Closure

Inability to Financer Unwiling tq
Service Debt Take High Risk

Lack of Government
Guarantees
Figure 39: FinanceRisks Mappingshowing their interaction with eacl
other in the proposed project whole life cycle cost estimation model.

- Building Functionality and Serviceability Risks

Building Functionality and Serviceability Risks are those risks taking place dteng
project construction stage. This group coleell related riskdo include them with one
mat hemati cal and graphical r el atostegstimationp an
calculations and results. Thus, the following risks will be detailed to clarify how they will

impact the modeand better understaribw the modelnteractswith variables related to this

group.
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I1-  Construction Time Delay

Researchers have pexy that construction delag connected significantly with the
actual cost and cost estimation (Alzahrani 2015; James 2014; Aziz &-Na#eim 2016;
Williams 2003; Dikmen, Birgonul & Han 2007; Doloi 2012; Poh & Tah 2006; Acebesa et al.
2013; KamaruzzamarD20). However, this is going to impact the building functionality and
serviceability due to the plaed time compensation to finish the project on time over the aim
of the project functiorfAlzahrani 2015; James 2014; Aziz & Abdghkam 2016; Williams
2003; Dikmen, Birgonul & Han 2007; Doloi 2012; Poh & Tah 2006; Acebesa et al. 2013;
Kamaruzzaman 2010). Therefore, this risk should be considered in the estimation model to

avoid cash flow bleeding.

12- Material Availability

Researchers have proved that mateavailability riskis significant (Alzahrani 2015;
Rahman et al. 2012; Hasangebi 2017; Love & Irani 2003; Guo & Sultan 2017). It because of
the ability to supply the full quantity of materials to the Sitas risk might als@appear because
of the absence of required material specifications (Alzahrani 2015; Rahman et al. 2012;
Hasancgebi 2017; Love & Irani 2003; Guo & Sultan 2017). Finally, materials availability over
time will be based onifferentmarket costgAlzahrani 2015Rahman et al. 2012; Hasancebi
2017; Love & Irani 2003; Guo & Sultan 2017). Therefore, this risk is not avoidable and must

be included in the final cost estimation model.
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13- Labour Availability

Researchaproved that labour availability risk is significant on cost change (Alzahrani
2015; Santos et al. 201Fayed & Sawant 2015; Battistoni et al. 2016; Signor et al. 2016; Doloi
2012; Florio & Sirtori 2016; West, Kreuter & Jaenichen 2013). It is becausevifchspecific
skilled labour specidly that should come from certain regions and require special recruitment
at the time of construction; however, it may happen because of wadge changes and job security
requirements (Alzahrani 2015; Santos et al. 284yed & Sawant 2015; Battistoni et al. 2016;
Signor et al. 2016; Doloi 2012; Florio & Sirtori 2016; West, Kreuter & Jaenichen 2013). The
unravailability of labours in the United Arab Emirates is rare due to extreme facilitation to have

labouedfrom dfferent places in the world without limits.

14- Poor Quality of Workmanship

The quality of workmanshipmpact acceptable progress and time of successfully
completing the project; thusesearchers agreed that it is significant (Alzahrani 2015; Watson,
Pitt & Kavan 1998; Kazaz, Birgonul & Ulubeyli 2005; Yasin et al. 1999; Love & Irani 2003).

So, it is mandatory to include this risk in the final cost model of this study.

15- Default of Sub-Contractors or Suppliers

The defaults of subcontractors create conflicts betvithe client and other stakeholders
without being able to load the risk and its impact on specific stakeholder; however, this is due
to the claims or arbitration between contractors andcsulractors; therefore, this risk is
significant, and it is maradory to choose wisely the contractor who appropriately chooses his
sub-contractors (Alzahrani 2015; Doloi 2011; Ramasesh & Browning 2014; Memon et al.

2010; lyer & Jha 2005). This risk will be included in the final cost estimation model.
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16- Design & Construction Complexity

Understanding how to execute completed designs that require complex construction
must have a high risk (Alzahrani 2015; Assad et al. 2007; Ramasesh & Browning 2014;
Kamaruzzaman 2010; Doloi 2012; Chapman 1998). This is because charaptegvaeo work
in the project will take time and increase the probability of executing works with mistakes if it
is notappropriately managgélzahrani 2015; Assad et al. 2007; Ramasesh & Browning 2014;
Kamaruzzaman 2010; Doloi 2012; Chapman 1998). Thexgefois significant riskrequently

happensn projects and will be included in the final estimating model.

17- Design Deficiency

Design can be approved tepr oj ect 6s i ni ti al stages
deficiencies; however, this is a significant cost risk (Alzahrani 2015; Assad et al. 2007;
Ramasesh & Browning 2014; Kamaruzzaman 2010; Doloi 2012; Chapman 1998). It can
happen because of havingthedesigi n a f orei gn country that i
or cultural requirements. Therefore, this risk is requiring attention and will be tulthedinal

cost model.

18- Late Design Change

The design changes can be mitigated withirpttogect's &ecutionunless it is late and
delaying the project end date (Alzahrani 2015; Assad et al. 2007; Kamaruzzaman 2010; Doloi
2012). However, the compensation of design change can be covered by the profit resulted from
its value engineering. Therefore, moshttactos approach design change at earlier stages of

construction and face late design change. This risk will be added to the final cost model.
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[9-  Construction Technology Risk

Construction technology contributes significantty completing complex projects
accurately within the acceptable time frame (Alzahrani 2015; Doloi 2012; James 2014; Schieg
2010). However, this can be riskiythe technology is very new and faced several negative
sideeffects; thus, it can reflect lower progress and qualityle increasing costs. The
complexity of used technologies can be a challenge as well. Therefore, this risk should be

included in the cost mod#ir this research study.

[10- Contractual Risk

In the conractual constructionsk,s t a k e h o | d e r srisks¢oatmeparties a n s f
rather than taking it by themselves (Alzahrani 2015; Xu & Moon 2013; Wu, Olson & Birge
2011). However, the variationa the middle of the construction can return some risks to
stakeholders, and this study is concerned about the risks ¢éhali¢ht takes in developing

residential buildings

[11- Contractor Failure

Contractorso failure i1s wusually Dbecause
researchers decided that this risk is significant and shouldobgideredto measure the
remaining risks accurately (Alzahrani 2015; Williams 2003). It will be adddakttnal cost

estimation model.
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[12- Quality Risk

The quality of material used ithhe construction stage is a client concern more than
contr act o rAgdhranc 2005¢ Watson, Ritt & Kavan 1998; Kazaz, Birgonul &
Ulubeyli 2005; Yasin et al. 1999; Willis & Willis 1995). This is due to the risk of shifting the
project from contractors to clients after

medingt he pr o) e ct @hch wilebg added ® the fimdl cost estimation model.

1 Building Functionality and Serviceability Risks Mapping

After explaining in detail each risk factor of Building Functionality and Serviceability
Risks, the relatiogp mapping inFigure 3-10 show how risks are connected with CAPEX
variable in the proposed project whole life cycle cost estimation model. Therefore, based on
this concept, data collection shabnsider these connections to clearly understahdt
accurde risk weightage should be set. Therefore, it will be reflectédeimalidation process

of collecing data andhefinal cost model.

Poor Quality of | gpor
Workmanship - avaijiabiity ~ Material

Availability
Default of
Sub-Contr_actors or Construction Time
Suppliers

Delay
Design & Construction

Complexity T A

. . Building Functionality
Design Deficiency and Serviceabiity ———#cAPEX

Late Design/ >
Change \
Quality Risk

Construction
Technology Risk COI‘Flzt_raIl(ctual Contractor
I5 Failure

Figure 310: Building Functionality and Serviceabilitgisks Mapping
showing their interaction with each other in the proposed project w
life cycle cost estimation model.
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J- Stakeholders Relationship Risks

The Stakeholders Relationship Risks are those risks taking place theipgoject
constructiorstage. This group collectll related risk$o include them with one mathematical
and graphical relationship and reflect it
results. Thus, the following risks will be detailed to clarify how theyiwipact the modednd

better understanidow the modelnteractswith variables related to this group.

J1-  Different Working Method Between Partners

Managing stakeholdersodo requirements 1is
to control anddelivertheir outputs. Thus, the risk management approach/method will require

to be included in the final cost estimation model (Alzahrani 2015).

J2-  Inadequate Experience in Residential Projects

Each stakeholder's experienicea similar projectmust be adequateral meet the
satisfadion level based on approved specifications and execution criteria (Alzahrani 2015;
Yusof et al. 2016; AbdduRahman et al. 2013; Aziz & Abdélakam 2016). However, hidden
stakeholders dealing with contractors (i.suppliers, suontactors) may not have the
required experiencémpactingthe progress, quality, amoject execution timeThus, this risk

will be addedo the final cost estimation model.
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J3- Lack of Commitment from Public/Private Sector

The improper commitment betweédhe public and private sectors regarding their
obligations toward the development project may create a failure or significant damage to the
expected deliverables (Alzahrani 2015; Nelson 2008; Chowdhury, Sharma & Platz 2016).
However,all concerned stakehi#rs usually consider this riskxcept that the risk deviation

from accurate measures is available and should be included in the final cost model.

J4-  Organization and Coordination Risk

As a client, the organization, coordination, and management of stdkehble been
identified by researchers as a significant risk (Alzahrani 2015). It will be included in this

research studyfinal cost estimation model.

J5-  Inadequate Distribution of Responsibility & Risk

At the preconstruction stage, all stakeholdewsork hard on distributing the
responsibility and risks to satisfy their good during project completion (Alzahrani 2015;
Dillman et al. 2009; Friedler & Pisanty 2006; Matto & Sippola 2016; Naderpajouh & Hastak
2014; Chowdhury, Sharma & Platz 2016; Ab&elzk, Bassioni & Mobarak 2009).
Nevertheless, the inadequate risk allocations between stakeholders make a significant change
in thecost if the risk is allocated to other pesthan the responsible one of making decisions;
thereforethis will create conftt andatendency for variations to+alocate these risks. Thus,

this risk will be included in the final cost estimation model.

Pagel4?2



J6-  Inadequate Negotiation PeriodBefore Initiation

The period of negotiation should be adequate to avoid misssentiatonsiderations
while allocating the risks and finalize the construction cost estimation (Alzahrani 2015; Eden,
Williams & Ackermann 2005; Zhao, Chen & Thomson 2017; Johnsen, Howard & Miemczyk
2009; Poucke, Matthyssens & Weeren 2016; Levitt & Eriksson 20dd; & Ogunlana 2009).

It is significantly essentialto enhancethe control cost bleeding and variations during
construction (Alzahrani 2015). Hence, this risk will be included in the final cost estimation

model.

J7-  Conflict Between Project's Participants

The appropriate management of conflict between project parm@®vesthe flow of
planned progress over time within estimated cash flows (Alzahrani 2015). Also, it will help in
satisfying the approved requirements and specifications (Alzahrani 2015¢fdreethis risk

will be included in the final cost estimation model.

J8- Workers Strike

Workers strikearerare in the United Arab Emirates; however, since UAE is one of the
most capable countries in adapting to change,@ssentiato include this riskactor because
of the quantity of international labour in the United Arab Emirates from deferent cultures and
religions. Researchers proved that this risk is significant (Alzahrani 2015; lyer & Jha 2005;
Odeyinka, Lowe & Kaka 2013; Abd&azek, Bassioni & obarak 2009). Thus, this research

study will include it in the final cost estimation model.
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JO- Cultural Differences Between Main Stakeholders

This risk factor stagtin any projectincluding forming, storming, norming, performing
(Alzahrani 2015; PMBOK ® Ed. 2017). The appropriate managmt of stakeholders
minimizesthis risk; however, some challenges appear when stakeholder personals are replaced
during the project period (Liu et al. 2012; Ramasesh & Browning 2014; Modell 2005; Cassell
& Symon 2004; §ang 2014). Thus, this may change the cost and should be in the final cost

model.

1 Stakeholders Relationship Risks Mapping

After explaining in detail each risk factor of Stakeholders Relationship Risks, the
relationship mapping ifigure3-11 show how risks are connected and with CAPEX variable
in the proposed project whole life cycle cost estimation model. Therefore, based on this
concept, data collection shalbnsider these connections to clearly undersveimat accurate
risk weightageshould be set. Therefore, it will be reflectedtire validation process of

collecing data andhefinal cost model.

Lack of Commitment
From Public/Private
Sector

Inadequate Experience
in Residential Projects

Organization and Different Working

Coordination Ris Method Between
Partners
Inadequate Distribution o
Responsibility and Risk\ Q

f
//>Stakeholders »CAPEX

Inadequate Negotiation Relationship
Period Prior to Initiation

Conflict Between

Project's Participants Cultural Differences
Between Main

Workers Strike Stakeholders
Figure 311: Stakeholders Relationstgisks Mappingshowing their

interaction with each other in the proposed project whole lifeecycl
cost estimation model.
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K- Knowledge Risks

Knowledge Risks are those risks taking place duhegroject construction stage. This
group collecs all related risksto include them with one mathematical and graphical
relationship and reflect 1t in the model 0s
the following risks will be detailed to clarify how they will impact the modet better

understandhow the modelmteractswith this group's variables

K1- Expertise

Expertise within thdechnical and managerial disciplinesessentiathroughout the
project 6s | iDagbkui20i,dinderman&iChaadgaaekaran 2010; Liu et al. 2012).
The risk of chanigpg them willimpactexpertise experience implementationtbep r oj ect 0 ¢
challenges. Thus, it is impacting the cost and should be included in the final cost estimation

model.

K2- Familiarities

Being familiar witha similar projectbeforestarting newdevelopmentricreases cost
estimation optimisation, but the risk of finding cost familiarities to estimate the final actual cost
exists(OseiFosu 2014; Bari et al. 2012; Mehran 2016). Therefore, this risk is significant and

should be included in the finabst estimation model.

K3- Number of Bidders

Knowing the expected number of Dbidders
therefore, this risk will be added in the final cost estimation model (Asal 2014; Baloi & Price

2003; Levitt & Eriksson 2016; WQlson & Birge 2011; Elhag, Boussabaine & Ballal 2005).
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K4- Market Conditions

Knowing the market condition based on historical data and forecast the future
conditions are being done tyeclient to study the investments return and costs (Boussabaine
& Kirkham 2004; Cheng 2014; Torp et al. 2016; Torriti 2012). However, the risk occurrence

probability and impact exist and should be covered by the final cost estimation model.

K5-  Size of the Project

Knowing the projectoés ssuchagha complatys leudk o n
area, facilities, and technology (Boussabaine & Kirkham 2004). Hence, the risk of changing
the knowing criteria can impact the decisions made based on expected costs (Boussabaine &
Kirkham 2004; Garcia et al. 2016; Bari et al. 200@pr & Ogunlana 2009; Shehu et al. 2014).

So, this risk should be added in the final system dynamics cost estimation model.

K6-  Type of Building

The type of building in this research study is residential; however, this type has sub
types such as low ridauildings, mediunrise building, high rise buildings, individual villas
and compound housing mepeojects (Boussabaine & Kirkham 2004; Zakis, Zakis &
Arfridsson 2017; Wibowo 2015; Odeyinka, Lowe & Kaka 2013). However, each type and sub
type is having itsmpacting criteria on risks and costs. Therefore, this risk will be added to the

final cost estimation model.
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K7- Extent of Database

The error of having cost deviation will bess tolerant if clients have a more extensive
database related totiper oj ect 6 s di fferent knowledge (Bo
Forte & Sirtori 2016; Florio & Sirtori 2016; Hamaker & Componation 2005). However, this

risk factor mpactsforecasted costs and should be added to the final cost estimation model.

K8- Homogeneity of Samples

The homogeneity of samples is decreasing the standard deviatibe fofecasting
expected trend (AhiagBagbui 2014). Thus, it isssentiato adopt this risk factor in the final

system dynamics cost model to end with more accurapaitsut

K9- Details of Information

The received detailed infor mat iogiimzesabout
customized cost estimation modelling based on the desired changes in the future (Alzahrani
2015; Love et al. 2002; Cheung et al. 2012). Tfsyination details accuracy risk should be

included in this research cost estimation model.

1 Knowledge Risks Mapping

After explaining in detail each risk factor of Knowledge Risks, the relationship mapping
in Figure3-12 show how risks are connected with CAPEX variable in the proposed project
whole life cycle cost estimation model. Therefore, based on this concept, data collection shall
consider these connections to understand what accurate risk weightage shetildidealy

Thus, it will be reflected ithevalidation process of colléag data andhefinal cost model.
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Figure 312: KnowledgeRisks Mappingshowing their
interaction with each other in the proposed project wt
life cycle cost estimation model.

3.2 OPEX Risks

Operational expenditure clusters and factors will be discussed and deiagbgalain
how they impacthis research system dynamics final cost estimation model. The connection
between these factors will be mapped and described wathe form they will interact with
each other in the expected cost estimation and cash flow model. Therefore, there are 15 risks
in one group (i.e.OPEX Activities Risks) including Energy Costs, Service Life of Building
Component s, Bui | diCosty, AsSet Opecatioe BE@osts) Didgpasal Eco
Cost s, Component s p Fabbce M&ntenange & ¢ r oinc eRBat eEqui
Maintenance, Overheads, Utilities, Cleaning, Percentage of Current Replacement Value, Ratio
of Maintenance to Capital Cost, aRdtio of Operation to Capital Cost.

OPEX Activities Risks are those riskisat are taking place through theperational
projectstage. This group collextll related risk$o include them with one mathematical and

graphical relationship and reflectitinh e model 6s final cost estin
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The following risks will be detailed to clarify how they will impact the model and better

understand how the model interaai¢h variables related to this group.

O1l- Energy Costs

Energy cost change risk is critical in estimating projédtslifecycle costs. However,
energy cost is weighted in operational expenditures more than capital expenditures (Jang 2011,
Alzahrani 2015). However, this will change according to several ailbtars such as inflation,
delay, time frame, technology, and environmental requirements (Jang 2011; Alzahrani 2015;
Kleyner & Sandborn 2008; Sharma, Najafi & Qasim 2013). Energy cost is not necessary to
change in the same expected pattern. Therefore rihisnust be added to the final cost
estimation model (Jang 2011; Alzahrani 2015; Kleyner & Sandborn 2008; Sharma, Najafi &

Qasim 2013).

02- Service Life of Building Components

The service life of building components is impacted by the quality of used aisteri
and workmanship; howevethe risk of not having aBuilt calculated and expected cost is
significant according to researchers and should be included in this research cost estimation

model (Boussabaine & Kirkham 2004; Spickova & Myskova 2015).
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O3- Bulldi ng ComponrGwmsist s6 Eco

Eco-costs of each component are the mandatory costs to reduce a negative impact on
the environment (Boussabaine & Kirkham 2004). For example, theastowill increase
during operating the facility if the building componentsssaimore negative impaain the

environment. Thus, it isssentiato consider this risk due to the unexpected actuatests.

O4- Asset Operation EceCosts

Assets operational eamsts in buildings requiradjusting risk factors to consider any
unexpeted ececosts; however, smart building systems help optiragsets operations costs
(Boussabaine & Kirkham 2004; Asif 2016). Thus, it is going to be atddbds research system

dynamics cost estimation model.

O5- Disposal EceCosts

The operational disgals ececost is changing over time unsystematically because of
the changes in environmental regulations required for buildings operations (Boussabaine &
Kirkham 2004; Sydor et al. 2014; Zakis, Zakis & Arfridsson 2017; Ballarini et al. 2017). Thus,

it mustinclude the risk of cost changing in this factor to optimize the cost estimation model.

0O6- Componentsd Deterioration Rate

This risk reflects how the building execution was completed by forecasting
deterioration and checkiritp accuracy against actual deterioration cost rate (Boussabaine &

Kirkham 2004; Abanda & Cheung 2013; Babashamsi et al. 2016; Wang, Xia & Zhang 2014).
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However, this significant risk relates to the lifecycle tjisrad it should be included in the final

cost estimation model.

O7- Fabric Maintenance

Fabric maintenance cost is based on consumption and replacement of those fabrics;
however, researchers agrekdt Fabric Maintenance risk impactsst modHing (Boussabaine

& Kirkham 2004). Thus, it will be addeto the final cost estimation model.

0O8- Services

Services cost is happening because of the deviation between expected cost and
unexpected actual costhenrenewing or changing the service contracts (Boussabaine &
Kirkham 2004). Therefore, since the modelersthe operation expenditure dhe projects

whole life cycle for tens of years, itéssentiato include this risk in the cost estimation model.

09- Equi pment ds Maintenance

Following the same concept of services risks, equipment maintenancehaoges
over time and requiseadditional cost estimatigfBoussabaine & Kirkham 2004; Abdallah
2007; Willis & Willis 1995; Wu, Olson & Birge 2011). However, it cannot be added with the
service risksbecause the criteria and contract duration change awer with dfferent

percentages.
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010- Overheads

Managing facilities and buildings operatidmsvemandatory overheads; however, the
overhead costs are based on many other risk factors mentioned above (Boussabaine & Kirkham
2004; Seo & Park 2017; Wilke 2009)he overhead risks are including the human resources
wages, fixed rents, and other indirect operational costs (Boussabaine & Kirkham 2004; Seo &
Park 2017; Wilke 2005). Thus, overhead can change the cost with different weightage from
what is mentioned inther risks. It should be included separately in the cost model to improve

the cost prediction accuracy (Boussabaine & Kirkham 2004; Seo & Park 2017; Wilke 2005).

0O11- \Utilities

The utilities of residential buildings can be adjusted over, @speciallyafter changing
the equipment during the operational stage; however, this cost change rate is not fixed and
require to be included in the final cost estimation model (Boussabaine & Kirkham 2004;

Donovan & Corbishley 2016; McLean & McGovern 2017; Asif 2016).

012- Cleaning

The cleaning risk is based can have deferent requirements for the same residential
project through time and situations; for example, after having Coronavirus 2019 (i.e.
COVID19), cases started to appear in the United Arab Emjrates cleanig/sterilization
started to followtoo high requirements and criteria as minimum legal health requirements. This
changed the cost of all cleaning materials, equipnaet labour skills required for operations

(Boussabaine & Kirkham 2004; Abu Dhabi Ministif/Health and Population 2020; Rahman
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et al. 2012; Cai et al. 2016; Cassettari et al. 2016; Spickova & Myskova 2015). However, this

risk will be included in the final cost estimation system dynamics model.

013 Percentage of Current Replacement Value

The usal percentage of current replacement values (CRV) to the present aggregate
replacement value for all concerned facilities excluding its infrastructure is between 2% to 4%
(National Research Council 2006; Terragoonsultant 2019). However, this percentage
determineghe budget of optimum maintenance and repair costs during the operation stage
(Boussabaine & Kirkham 2004; Becchio et al. 2016; Rodrigues & Freire 2017; Akter, Mahmud
& Oo 2017). It is controlling additional investments (i.EAPEX) implementedf the
percentage increased. The additional investmezggsntiato bring increased CRV withian
acceptable percentage. Thus, this risk is required to be included in the final cost estimation

model.

0O14- Ratio of Maintenance to Capital Cost

The ratio ofmaintenance to capital costsgynificant because itmpactsinvestment
return decisions (Boussabaine & Kirkham 200
maintenance is more than 5%, then it means that there is a big issue in CAPEX intg&stme
including quality of workmanship, reliabilifyand the specifications of ahequipment (Wu,

Olson & Birge 2011). Therefore, the risk of not having this ratio as required at the time of
estimatingthep r o j fellclite @ysle cost at the preonstrution stage has to be included in

the final cost estimation model.
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015 Ratio of Operation to Capital Cost

Finally, it is essentiato include the Ratio of Operation to Capital Cost because the
estimation will be at the preonstruction stage (Boussabaine & Kirkham 2004). However, the
project can finance its costs (j.&nance debts)and it can afford financing other projects if
the ratio is equal to 1 or more; on the other hand, the operation is requiring extra funds to
mai ntain during the projectbés whole | ife cy

2011). Thus, this risk is required to be included in the final&stghation model.

1 OPEX Activities Risks Mapping

After explaining in detajleach risk factor of OPEX Activities Risks, the relationship
mapping inFigure3-13 shove how risks are connected and witle OPEX Activates variable
in the proposed project wielife cycle cost estimation model. Therefore, based on this
concept, data collection shalbnsider these connections to understand what accurate risk
weightage should be set clearljherefore, it will be reflected ithe validation process of

collecing data andhefinal cost model.

Equi p mevertiedds

Fabric Maintenance
Maintenance Percentage of Current
Services Replacement Value
Compone S
Deterioration Rate Ratio of Operation i
Energy Costs Capital Cost
Service Life of

Building Components OPEX ACtNmes\>OPEX

,_,,
O>

Building Com n

Eco-Costs
Asset O peratlon
Eco-Costs
Disposal
Eco-Costs

I .
Utllmes Cleaning

Ratio of Maintenance

to Capital Cost
Figure 313: Operational ActivitieRRisks Mappingshowing
their interaction with each other in the proposed project wr
life cycle cost estimation model.
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3.3 Design, Equipment Replacementand Demolition Variables

This model's design variable represents the first value entering the COIPEX
system dynamics model; nevertheless, this value is equal to the construction contract total value
and will go t hr ough reathesherfinakestisaed eodt yalusas shenmt s
in Figure3-14.

The design value in the United Arab Emirates is equal to 2% of the construction contract
total value in case of designing one residential villa/building, and equal to 2% of the
constructioncontract unit value plus 1% of the construction contract unit value for each
additional unit (i.e.villa/building). This value has been extracted from the standard consultant
design contracts provided by home banking and financier institutes such asuirBank
(2010) and First Abu Dhabi Bank (2017). In this research study, housing progeetsised
for model validation; however, in UAE, housing projects are given to contractors based on
DesignBuild contracts. Thus, in this researtie design cosis included in the construction
contrac's total value athetender stageConstruction supervision consultant cost is included
with the construction contract total value; however, its related risks are embedded in the
CAPEX system dynamics model. i§tpat's limitationis thatthedesign stage has many risks
and variables impacting the final design cost on design consultants; however, these design risks
fall on consultants onl yTheraiode, theadsignfisassomed | i e n
smoothand compl eted on time, while its possib
and OPEXas mentioned ithe previous section of this study. Finalljye design variable is
significant to be included in the final cost estimation mgalad its valuean be adjusted based
on the project and contract types (Assad et al. 2007; Ramasesh & Browning 2014;

Kamaruzzaman 2010; Doloi 2012; Chapman 1998).
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Equipment replacement value is a mandatory step to have an accurate final estimated
cost value. Researchepsoved that this variable is important because it will cost additional
CAPEX pulses every 25 years (Riley et al. 2005; Macek & Dobias 2014; Wu & Clements
Croome 2007). These pulses are equal to the cost of new equipment sets, considering inflation
and newtechnologies aeach replacement's tinfRiley et al. 2005; Macek & Dobias 2014,

Wu & ClementsCroome 2007). More calculation details will be providedha following
chapters. Therefore, Equipment replacement cdsgisand will be included in the final cost
estimation model.

Demolition is the last step dhe residential project whole life cycle cost estimation
modelling. Fronthe literature, researchers proved thia demolition variable is essential for
any projecs whole life cycle assessment, analysis, or nlodg (Han, Srebric & Enache
Pommer 2014; Yuan et al. 2011; Zahir 2015; Doan & Chinda 2016). In this research, residential
projectdos whole | ife cycle timespancycls equ
studies included the timespan to be between 14 to 60 years (Hurt & Schrock 2016; Geissmann
2017; Han, Srebric & Enacgommer 2014; Yuan et al. 2011). Therefore, this study will set
the final cost estimation modelling timespan to 60 years from élsegil until demolition,
including CAPEX and OPEX modelling. It will divide each year iBtome-steps instead of
12. This is to keep the confidentiality of eationthly projectpayment used in this study.
Previous research, focusing on project criticat suess f act or sdé mathen
decided to set the construction period equal to 3 years (Garcia et al. 2016). However, the used
housing projects inearifying the final cost estimation model have a construction period of 36
months fixed by Abu Dhalovernment executive council circular (Abu Dh&nvernment
2015). Therefore, th study model's construction periadl be set aghreeyears witheight

timesteps each year as justified previously. Finally, previous research proved that demolition
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NPV istoo low and can be neglected if the progethole life cycle equal to or more than 60
years as shown irFigure3-14 (Han, Srebric & EnacHeommer 2014). Therefore, demolition
in this research study will not have calculation¥ ENSIM model analysisbut its cost impact
debates will be discussed separatelgwever, it is not likely to see any total value difference
between adding and removing it from the motiekthe United Arab Emirates, municipalities
set the minimum requirements of the reinforcedarete structure to have 50 years lifespan for
normal buildings and 100 years for mggajects (i.e., more than 1 Billion) such as Burj
Khalifa in Dubai DubairMunicipality 202Q. The Dubai municipality is also researching with
UAE University about raisig the lifespan of normal building from 50 years to between 75
and100 yearsQubarMunicipality 202Q. In this research studydemolition calculation
modellingis not expected tionpact negativelyi.e., error) on the final cost estimation accuracy
This gatement iased on the fagextracted fronthe literature regardinglemolition's low
NPV wi t h Ibnglifespanand geSesrchers trying to profit from demolition activities
instead of affording cost$léin, Srebric & EnachPommer 2014Abanda KamsuFoguem&

Tah 2017PDoan& Chinda2016) Besides, most housing projects are considered {pegects
due to its high cost and the UAE government

(DubarMunicipality 2020Q.
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3.4 CAPEX-OPEX Risks Mapping

Finally, CAPEXOPEX Risks Mapping can be sketched and conngatedhown in
Figure 3-15 based on the previdysexplained relationships in this chapter. However, this
sketch is conceptual will be used in building the System dynamics model. Therefore, the
mathematical model (i.eEquations) and the validated data.(iadjusted SPSS results by
Monte-Carlo simulation) will be inputs of the final system dynamics cost estimation model
(i.,e, VENSIM Model). This model will cover each variable asonulate all variables'
interactions to producénal accurate outputs. It is including detailed cdishvs overthe
projects whole life cycle, detailed CAPEX and OPEX Cost estimation for each time step, and

thefinal total cost of the project in cash spent and net present value (NPV).

3.5 Summary

To sum up, this chapter included the process of identifying and mapping each variable
existing in the final systelm dynamics cost estimation model. These variables included
CAPEX and OPEX required risks for adjusting the project construction contract ealitd
from the design stage. Chapter 3 presented how other variables have been included in the final
system dynamics modeauch as NPV, design, EquipméRéplacement, and demolitiohhe
completed model skeleton is based on time andseesgecific tinespan beforeunning any
analysis. This chapter defined theriodof CAPEX (3 years), OPEX (57 yearand TOTEX
(60 years). Therefore, the full model mapping graph is viewddgare 3-15, and it will be
used based on the defined timespans. The methggahnalysis, discussion, and conclusion

will be presented in the following chapters of this research study.
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Chapter 4
RESEARCH METHODOLOGY

fResearch is formaded curiosity. It is

poking and prying with a purpose

(Bonczet al.2017, p.§
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4.0 Introduction

In the researcimethodology chapter, the research method will conslesispects,
factors, and procedurés conductinghis research from start to end. This is dbyererifying
and explaining why the selected approach, @@antitativg is the most optimurto satigy this
research requirement. Tieéore, each approach will be presented in this chapter. It will include
using each approach in research and selecting/discarding each of them concerning this research
study. distificationand references will clarify doubasid provide a solid understanding of these
research process and outcomidswever the selected approach (i.e., quantitative) will be
detailed to include each research stagpplicatio® snethodology. [@ta collectionand
validation methodology will be dailed. Then, cost estimating system dynamics modelling,
and simulation methodology will be detailed. Finally, the system dynamics model validation
and discussion methodology will be detail@tie summary of this chapter will explain how

this research studgnswers its research questions. The research questions are:

1- What are therislés v aof UAEE residential projeé whole life cycle cost estimation?
2- How to model mathematically and graphically map all identified and verified risks?
3- How to approachmodelling cost estimation dynamics through time, including cash

flow, for UAE residenti al buil ding proje

4.1  Quantitative ResearchApproach

Researchguantitative approachims to extracthe values in a statistical numerical
shape rather than informational and descriptive dataolafshani2003; Meredith 1998;
Hancock1998; Whetten1989; Eisenhardtl99)). It is valuable for researchers interested in

testing hypothetical generalizatiofGolafshani 2003; Jick 1979). Logical positivism
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researchers use quantitative approaches to optimize their out¢Gokedshani2003). A
guantitative research approach is desirable if the conducted research requires variable causal
relationship analysi¢Golafshani2003). It is used to develomathematial mode$ and/or
develop measurement analysis moslgMeredith 1998; Hancock 1998; Whetten 1989;
Eisenhardii991). However, it can be used fanyproposeselated texperiments testing, pure
mathematical/statistical testisgmpling, obtaining the yielgoint, and otherhypothetical
objectivesdealing with variablegMeredith 1998 Hancock1998; Whetten1989; Eisenhardt
1991;Mindrila & Balentyne2014;Ruppertet al. 2018.

Quantitative research results reliability is based on three main types. Eishtiktical
significance test of quantitative results is deciding the repeatability or replicability of these
results during a particular period; second, measurement stability is an important type for testing
guantitative results reliabilitgGolafshani2003). This means that stable measurements over
time are more reliable than unstable measuren{@umfshani2003; Rungtusanatharat al.
2003;Sauro& Lewis 2012;Mohd et al. 2015) Stability (i.e., strength) can be defined as the
correlation between 2eparate readings of the same subjean(lerwalet al. 2021;Francis
1991). Third, the similarity type of reliability can be defined as the average correlation of
readings within a given condition/@nderwalet al., 2021;Francis 1991). Correlation is
defined as the measurement of a specific pattern of association (Wild 2014). However, the
association occurs when a scatterplot takes a pattern between two numerical variables (Wild
2014).Figure 4-1 shows that association examples are represented to &dhg, weak,
positive, and negativeatterns (Wild 2014). Also, iRigures 41 and 42, correlation measures
examples provide a better understanding of this research data reliability approach (Wild 2014).
Correlation values range between +1 ahdRatne 2009; Wild 2014;DeSoto& Roediger

2014).
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The validity of quantitative research is based on the final useahititly accuracy
(Golafshani2003;Almquist, Ashir & Brannstrén2014). 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 me@laéshani2003). Moreover, to
check if the research results accuracy is truthful and able to provide close results to actual true

values Golafshan2003).
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Therefore thisresearch methodology is designed to be based solely on a quantitative
approachThere are several reasons for this choice, which will be presented and detailed for
better understanding. First, this stfnody air
the design to demolish, including its cash flow and its estimated valueshdtrea step. This
requires having exact numbers and values. Second, this research objective is to develop the
first system dynamics cost estimation model using VENSIM software. This model is based on
simulating linear and nonlinear mathematical modeltingicerning the researcher's time steps.
The simulation will provide accurate numer.i
step across its whole life cycle. Third, the research questions require pure numerical answers

to delivertheobjectw 6 s out put s.

4.2  Qualitative ResearchApproach

Thequalitative research approaishbased on nenumerical hformation systems that
usually developa theory with practices osystematically describe observations Hmtter
understanding&olafshank003;Eisenhard2002; Qu &Dumay2011;Cassel& Symon2004;
Nastasi& SchensuR005;Binder& Edwards2010;Santos et al. 201 Kvale 2005;Avison et
al. 1999;Eisenhardil989. It is used testudy behaviour observation, descriptive information,
case studies,phenomenon, and nearumerical realvorld setting (Golafshani 2003;
Eisenhard2002; Qu &Dumay2011;Cassellk Symon2004;Nastas& SchensuR005;Binder
& Edwards2010;Santos et al. 20% Kvale 2005; Stuart2002; Avison et al. 1999EFisenhardt
1989. The qualitative approach aims to provide thaturalist interpretive paradigm
(Golafshani2003; Walsham1995; Nastasi& SchensuR005; Ostlundet al. 2011;0sigweh
1989;Bacharachl989). The qualitative most effective techniques used in gathering data and

collecing valid information from the audience are questionnaares interviewgDiCicco-
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Bloom & Crabtree2006; Dillman, Sinclair & Clark 1993; Ireland Clough & Day 2017;
Hammersley2003). Thus, thosecollecting data toolsre necessary for getting information
about a specific topic or subject (Banihashemi et al. 2Q€¢ale 1983. It can be classified or
grouped based on homogeneity or heterogeneitglatd nature, objectives aim®r other
classification criteria such ahange/success factors (Banihashemi et al.;20431e 1983. In

this researchthe qualitative approactf data collectiorshall be adoptedrhis is due to the
requirement of having mathematieshtistical modelling based on information classifications

and understanding tdouild the final system dynamics cost estimation model successfully
However, many researchers found that qualitative research's reliability and validity are
essential Golafshani2003). There is no difference between reliability anddvgl testing in
gualitative researchJolafshani2003). It is not like quantitative research in this regards. The
reliability and validity testing in qualit
ability to defend the qualitative outputsdlafshani2003). It has been agreed that qualitative
research outputs are reliable and valid if it is defendable against opposite débtdéshani

2003). In qualitative research, there is no validity without reliabif@gléfshani2003). The
researchér s successful defence t o val i dat e a
trustworthiness, and creditable results toward the specific subject area def@ntddh@ni

2003). If more generalization is required, the researcher should provide more de&lding

and effort against all required validation subject ardaslafshani2003). Nevertheless,
previous research declared and proved that the research would be no more qualitative if any
measurement is used for testing qualitative research reliahilitglinlity (Golafshani2003).
Therefore, this research study is purely quantitative and cannot be a mixed research method,
even after using questionnaires and interviews to collect the required data. This is due to the

measurable numerical approach of testing data reliabiiyvalidity in this research study.
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4.3 Research Method

Modelling is the research methodology in this study. It is designed and detailed based
on a quantitative research approach as justified previously. Several required design stages in
this research methotbgy will deliver reliable and valid modelling outputScandura&
Williams 2000). The research strategy, data collection, analysis, and validation methods will
be detailed to clarify this research procedure and expected outputs.

There are two strategi¢o answer these research question numerically. First, collecting
and analysing numerical data quantitatively. Second, converting all qualitative (i.e.,
informative and descriptive) data to numerical values representing its meaning and weightage
to use gantitative analysis approaches. Therefore, the following details will explain how these
research questions have been answered quantitively:

1- The answer for the first research questiiVhat are the risks v adf WAES
residential projeé whole life cyok cost estimation?is accomplished following the
second strategy. The first part in answering this research first question is based on
identifying risks and gather informative and descriptive data from published literature
and government reports as pra®el in chapter 3. It is essential to start with this step to
shaping a clear understanding of each identified risk before any graphical relationship
mappi ng. Ri sks descriptive information |
understanding whenotlecting their values from professional experts. Hence, it is
ensured that all experts provided their suggested values for each risk have the same
understanding. Finally, accurately collected risk values are validated statistically using
the SPSS softwam@ogramme.

2- The answer for the second research quesfidow to model mathematically and

graphically map all identified and verified riggss accomplished following the first
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strategy. The numerical data collection stage will be ready after answeeirigsth
guestion. The values for each identified risk are expected to be within a specific range
because experts providing these data will have a common understanding of each
identified risk. Therefore, extreme values (i.e., outliers) can be identifiegliamidated
accordingly to avoid a negative impact on data accuracy. However, a graphical mapping
relationship is representing the mathematical relationships between risks/factors within
the model. It will be found that variables and arrows represenhphgsi and outputs

of system dynamics mathematical interactions. Using mathematical equations
modelling for each risk group and utilize the verified risks as inputs of each equation
will deliver an output value from each mapped group. Calculated outp@svedun be

used as inputs of another equation concerning arrows connections sequentially until it
reaches the final model 6s aim and provid
of the projectds whole Iife cycle.

The answer for the third reseaiginestion(How to approach modelling cost estimation
dynamics through ti me, including cash f
whole life cycle?, is accomplished following the first strategy. The mathematical
relationships change over tme beeve t he model 6s variabl es
inactive relationships will trigger the equation change demand at certain timesteps
through the projectds model |l i fespan. T
dynamics VENSIM Software programme. VEN software's ability to present
modelling inputs and outputs graphically and control tbased equations
implementation made it the most optimum modelling tool for this research study. For
example, CAPEX risk impact is active only during the constrocttage. Also, OPEX

risk impact is active starting from the construction stage until demolition. Each CAPEX
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accumul ative ri skos i-oupraovdrtime Fomd@% engacto n a
at the start of construction until 0% impact at the secormws$truction completion.

CAPEX cost will follow an increasing-8urve pattern during the construction stage

from 0% impact at the beginning of construction until 100% after construction. On the

ot her hand, each OPEX accumuwleasihg Imear r i s
relationship over time starting from 0% at the end of construction until the last day of
the projectds whole | ife cycle (i.e., d
follow a linear relationship from the end of construction uhtiet pr oj ect 6 s de
During the projectdéds operational stage,
repl acement at specific time steps. Thel
risks calculation need a mathematical mechanism to éetwval deactivate their impact
concerning time to end with accurate cost estimation results. The third research question
will be satisfactorily answered by utilising tir@sed mathematical modelling using
VENSIM software. This will consider all cost rigkputs over time to provide accurate
values and graphical chart outputs for n
following parts will detail the methods used in this research, including data collection,

data analysis, and model validation.

Writing a L iterature Review

A literature review is an essential practice of providing a coherent and comprehensive

introduction in qualitative and quantitative researSteyvard2004) Literature review for

research contribution and publication is the review made to criticise what has been completed

and achieved by other research&ge{vard2004) It is including the review of information,

analysis, and conclusions of previous rese&Btbward2004) Literature reviews have three
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types if used for journals publications and knowledge contribution empirical resSteafald

2004) First, the systematic literature review type aims to create a new database for analysis
and provide proof é&fore drawing any conclusiosieward2004) Quantitative research uses

it to collect evidence and summarize them using statistical approaches before &biaysisd

2004) Researchers argued many literature reviews approagbear(2011; Steward2004).
However, they agreed that it creates research justification, describes research methodology,
and explains research contributittu¢an2011;Steward2004). This research study conducted

a systematic literature review to collect evidence related to suppdrprove the research
topic's validity, collected variables, and modelling approach. In chapter 2 of this thesis, a
systematic literature review is done to criticise all collected evidence from previous research
to validate the missing gaps and suppbeé ¢hosen research topic. The systematic literature
review is also done to create a database of cost modelling approaches and cost modelling
variables used in previously published research. The second tyfersture reviews as
secondary data analysesearch projectd his type is used to review secondary data other than
the published literatureéSeward2004) For example, the second type is including reviewing
thesis, dissertations, internal reports, conference papers, and formal unpublished document
(Steward2004) It may include formal trusted documents/reports such as government and
authorized licensed organizations repofisegvard2004) This type of review is called an
extended literature revie{eward2004) This research study used this type of review to draw
valid guidelines for collecting cost estimation modelling variables. For example, the trusted
government published reports and trusted licensed research organizations documents are used
to extract the mmimum risks required to estimate project costs. The third typéasature

reviews as part of primary research projésSteward2004) It is used to map the study's broad

context and explain the reasons for selecting the research queStiensrgd2004). From
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previous research, it is mandatory to use this type of literature as a study introduction and as a
base before results and dissectiddeard2004)

Empirical research (i.e., PhD research) overall literature review should be selective
insteadof exhaustivel{ucan2011). Furthermore, it should be conceptual, not pure systematic
(Kucan2011). A conceptual literature review is an approach used to collect implications to
design, analyse, and interpret successful concluskunsa(2011). The systeatic literature
review should evolve conceptual literature reviews to conduct a successful study interpretation
and generate new contributionéucan2011). Therefore, this research conceptually reviewed
the literature to end with an accurate adding vaarelusion.

A good literature review aims to provide the reader with a clear overview of evidence,
debates, and themes used to justify the research questions and support interfBetatand (
2004) According to previous research, this research follofiezisteps to write a successful
literature review Rewhorn2017). First, a researcher should survey literature by checking the
introduction and conclusion to ensure its relevance to the chosen researciRepor
2017). Second, researchers should thsnselves questions about their initially collected
literature Rewhorn2017). Those questions are intended to clarify what knowledge has been
collected and must be collected to proceed with the reRewliorn2017). Third, researchers
should read the teted literature to identify their arguments and introduce the next readings
(Rewhorn2017). Fourth, it is essential to recall articles more than once to ensure accurate
understanding and evaluate the differences, similarities, and relevance of calféctesl and
the research topidRewhorn2017). Finally, researchers should review selected literature in
their own words to highlight how these articles support the research topic and questions

(Rewhorn2017).
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(Steward2004; Kucan2011; Rewhorn2018) Table 41 is summarizing how this research

However, eight attributes should be in gdiberature reviews, as shown in tablel 4

study adapted these attributes.

SN Gqu Ilter_ature Adaptation and implementation approach in this researctstudy
review attributes
i Compr ehens|Inchapter 2, relevant literatuie covered to collect evidenspporting
1 | collating evidence from | ideas andustify the research questignelevant literature support gaj
al | r el e v an| and knowledge contribution
AFul Iy r ef e| Al used references are provided at the end of this research and inc
2 | offering reliable access | through the thesis as-taxt citations. The referencing in this researct
routes t o t]followingHarvard Style.
The selection of the literature review in this research study is based o
main areas to answer all research questions:
fi S etives using 1- ProjectCost and Information Modelling
3 appropriate inclusion an{ 2- Project Cost, Economics & Profitability Modelling
exclusion criteria to 3- Project Cost and Risk Interaction Modelling
i denti fy Kk e|4- ProjectCost Estimation and Modelling.
5- Research Methodologies.
6- Quantitative Research.
This study conducts a relevant and focussing literature review, inclt
all its types, based on the chosen area field of research. Therefore, lit¢
should be related to the following focuses on satisfying this research
requirement:
1- Cost Estimation.
2- Buildings and Construction Modelling.
~ 3- Projects Whole life cycle Modelling.
fiRel evant , . .
4 | data pertinent to the 4- ConstrL_Jctlon Risks e_md Costs. _
researchq u e s t i 0 | 5- Operanongl Expendlt_ure Cost and Risks.
6- Mathematical Modelling.
7- System Dynamics.
8- VENSIM and SPSS Software Programmes.
9- Research Methaplogy.
10- Quantitative Analysis.
Chosen literature will support this research interpretation, data colle:
analysis, and discussion to successfully answer all research questiol
The ideas handled in thisesearch are based on providing a s
supporting background of the research area. Provide the latest re
5 iA synt hesi|outputs and contributions to the body of knowledge. Identify all cri
key t hemes 0| contribution and optimum solutions which can be used in this rest
study. Finally, generate more specific ideas and key themes t(
significance and value to this research output and contributions.
iBal anced, This research conducted a literature mparison of all relevan
6 comparative account of | contributions. However, the selection of a method or an approach is
differing theories and after providing supported justification. Drawing conclusions are base
pract i ces 0.]|accurate literature review evaluation.
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All selected cost risks are chosen based on a critical evaluation of liter|
as shown in chapter 3. This is before collecting numerical data from e»
and before conducting any analysis. Arguments of mapping tlislse
have been critically evaluated prior final decision.

ACritical,
7 | rigour ofevidence or
argument in

After analysing selective literature and understand all evidence accul
this research concluded the research toftiés based on interpretin
evidence with future research demand. So, approaching system dyr
utilizing statistical, mathematical, and graphical modelling will develd
new topic worth further investigation to contribute to the pro
management bgdof knowledge.

AAnal ytical
8 | new understandings fror
the availab

Table 41: Collected good literature review attributes from published articles and how it is adapted
research stud¢Steward 2004p.496 Kucan 2A1; Rewhorn 2018

Nevertheless, writing an educational research literatevéew, such as doctoral
studentso6é research, requi rkKucag20ELp This s betanset s &
of the need for original contribution to bodies of knowled¢ecen2011). Unlike professional
writing, it requires significant evaluatioduring writing an educational research dissertation
(Kucan2011). Therefore, researchers agreed on several steps to ensure good, supportive, and
significant literature review in educational research paptastass@013;Maier 2013). This
study followsthese steps to ensure accurate research processes and outputs. However, the first
step is to define the topic area and targeted audi®addss@013). Second, keep searching
for relevant literature from deferent valid sourcBautass@013). This is important to cover
several angles, justify previous contributions and verify available §apggss@013). Third,
reading and take notes to open the chances of interpreting and comparing articles with the
targeted research topi®dutass®013). Fourth, choosing the type of review and create a
reviewing strategy Hautass@®013). There are several types of reviews discussed earlier.
Researchers propose a conceptual diagraangure4-3 to balance between reviewing types.

The topright quater of Figure 4-3 is required to consider the literature review good and

successfulfPautass@013).
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need for a
literature review

need for the
identification of
research questions

amount of published research

need for a
review of reviews

need for a
review pointing out
the need for more
research

amount of literature reviews

Figure 43: Literature review onceptual diagranfor
choosing reviewing typéPautasso 2013).

Fifth, ensure keeping all selected literatureued and related to the comprehensive

interest Pautass@013). The sixth and the seventh steps are significantly essential to ensure

that conducted reviews must be critical and follow a consistent logical struBaueagso

2013). Steps 5 to 7 will heip identifying knowledge gaps in the problem domain following

ifSwi ss

Figure4-4 (Maier 2013 p.4 Pautass@013).

Ch énecgegl Pyraanid d | it er at ur e

review concenqp

-

Knowledge
gap

,\

|dentification of problem domain f

N\ Critical discussion of what has
\ been done

/
4
4

Problem
domain

-\\Identiﬂcation of knowledge
gaps y
\ Objectives /

Figure 44: Literature reviewiSwissCh e e s e 0

and Al nverted (Raer2018p.4.o
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The eighth and ninth steps in conducting doctoral educational research are using
feedback and researching the researcher objectialytiss@013). Finally, the tenth step is
to ensure that the dissertation research literature review is up to date without forgetting old
literature Pautass@013). It is required to describe how research evolved through time up to
date and how the resear cher 0sdewelopedcanclssionsi | |
in the body of knowledgeP@autass®013). Steps 8 to 10 are significantly essential to drive
doctoral educational research to have its original contribution to the body of knowledge, as
shown inFigure 4-5 (Steward2004; Pautass®013; Maier 2013 Kucan 2001; Webster&
Watson2002; Rewhorn2018; Asmussen& Moller 2019). ThisFigureis clarifying of this

research study implemented a literature review to answer its research questions successfully.

Literature Review
Critical review of what others have done — Identification of knowledge gaps

! v ! !

Research Methodology Results Conclusions
Objectives What are you going What didyou find =31 What do the results
What are you trying L todo (methods, |~ outin relationto mean?
to find out that will tests, analyses etc.) your objectives?
fillin one or more of in order to meet
the knowledge your abjectives?
gaps?

Figure 45: Literature review sucture in educational doctoral research from topic identificatior
conclusionMaier 2013 Steward 2004; Pautasso 2013; Kucan 2001; Webster & Watson 2002; Re'
2018; Asmussen & Moller 2019).

432 Mapping Costodos Risks

Mapping in quantitativéVlodelling research methodology is an essential requirement
for all causeeffect dynamical research studidokedeet al. 2014 Sydoret al. 2014 Williams

2003;AgyapongKoduaet al. 2012Chapmari998;Yuanet al. 2011Naderpajoul& Hastak
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2014;Hoffmaet al. 2017AgyapongKodua& 2011; Boateng2014 Alzahrani2015 Ahiaga

Daghui 2014 Jang201]). It is required to decide the reasons behind mapping variables
(Boateng2014 Alzahrani2015 AhiagaDaghui2014 Jang2011). Mapping should be based

on justified reasons supporting the validity of modelling proced8eaténg2014 Alzahrani

2015 AhiagaDaghui 2014 Jang201]). In this research study, mapping is done based on
proved cause and effect relationships in literature and empirical studies, as shown in chapter 3.
Mapping in dynamical systems represents mathematical relationships numerically or
graphically Boateng2014 Alzahrani2015 AhiagaDaghui2014 Jang2011). In this research

study, mapping is controlled by the intended mathematical modelling equations to satisfy its
inputs and outputs criteria.

Previous research proved that systems dynamics is the most acodateseful
approach to model variables and change across Tioleefeet al. 2014;Sydoret al. 2014;
Williams 2003; AgyapongKoduaet al. 2012Chapmaril998;Yuanet al. 2011Naderpajouh
& Hastak?014;Hoffmaet al. 2017AgyapongKodua& 2011;Boateng2014 Alzahrani2015
Jang2011). Therefore, system dynamics is the most optimum approach in this research study.
The aim is to model the projectods full I
that there are two types of system dynamiegyms; besides, they agreed on VENSIM
Software to be the most accurate program for modelling and studying variables over time
(Tokedeet al. 2014 Sydoret al. 2014 Williams 2003;AgyapongKoduaet al. 2012Chapman
1998;Yuanet al. 2011 Naderpajoul& Hastak2014;Hoffmaet al. 2017AgyapongKodua&
2011;Boateng2014 Alzahrani2015 Jang2011). There are two main analysis diagrams in
VENSIM system dynamics software reflecting variables relationships and interactions
overtime Tokedeet al. 2014 Sydor et al. 2014Williams 2003;AgyapongKoduaet al. 2012;

Chapmari998;Yuanet al. 2011 Naderpajoul& Hastak?014;Hoffmaet al. 2017Agyapong
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Kodua & 2011; Boateng2014 Alzahrani 2015 Jang2011). First, the stocklow diagram

represents the forwarstock variables relationships without having variables clossol

i mpacting/ changing the r aKamgetal 020)sIiFiguréq s

the VENSIM system dynamics steflbw diagram is explained, showing its components

(Kanget al. 2020).

(a) Component of stock and flow diagram

—=s X O

Stock Flow Valve Cloud

(b) stock and flow diagram

Cr——9P| Stock —X—Pp< )

Inflow Outflow

Figure 4-6: VENSIM system dynamics stoek
flow diagram(Kang et al. 2020).

n f

Second, the causal loops diagram represents a close loop between variables impacting

each

ot her 6(Boateng A0L4)ltrmeansi thak wariable 1 is an ingat variable 2

and variable 2 is input for variable 1 simultaneoyBlgateng 2014)in Figure4-7, VENSIM

causal loops diagram is explained, showing its compoiiBotteng 2014).

Desired Value of

Variable.
m+
/\_’_ Error Acti
: ction,
- +
Variablel @ Variable 2 - @
+‘\/
Variable. © +
(a) A Reinforcing Loop (b) A Balancing Loop

,—», A causal relationship

+ (-) Signs at the arrowheads indicate that the effects is positively (negatively) related to the cause
//'Sign on the arrow mndicates material and /or nformation delay

R denotes Remnforemng loop and B, the Balancing loop

Figure 47: VENSIM system dynamicsausal loogliagram(Boateng 2014).
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In this research study, risk data values (i.e., risks, impacts, and probability) will be
collected quantitatively to represent i ts
Mathematical relationship equations will control the distribubwar time. The aimed model
IS not targeting automated updates of risk variables and rates througstepsesimulation.
Adjustments should be made manually in case if any change is required for a variable or rate.
Therefore, using the stock and flowdiagn t o map t he fi nal projec
dynamics cost model. All mathematical inputs and expected outputs are representing by the
conducted mapping in chapter 3. This research used many literature, reports, and empirical

studies to justify anglalidate variables mapping before any simulation analysis.

4.3.3 Data Collection Strategy

This research data collection strategy is based on the identified and mapped risks done
in chapter 3Required data is including the value risks, impact, and probabilis chapter
explains that it is crucial to approach data collection using accurate approaches before
conducting any measurement or analysis. Researchers agree that data collection strategy is a
significant research output reliability and validitfpiCicco-Bloom & Crabtree 2006;
SoltanianBorzouei& Afkhami-Ardekan2016;Eisenhard2002;Onwuegbuzi€007;Crouch
& McKenzie2006;LeonardBarton1990; Scudder& Hill 1998). It is essential to justify this
research choice because four ways can provideetiigired data. First, collecting data from
case studies provides a large amount of data about its MpEuicheon& Meredith1993;

Ende & Marrewijk 2014; Stuartet al. 2002). However, it is related to the case type and
condition, so it cannot be used inyacase scenaricMicCutcheon& Meredith1993;Ende&
Marrewijk 2014;Stuartet al. 2002). Therefore, this research does not use case studies to collect

data because the final aimed model will represent all residential buildings' whole lifecycle in
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UAE. This research data collection willneed asangpiez e equal to at | eas
consider normality assumptions in quantitative data validity and relialBlitijagg& Baharum

2016 Delice 2010;Shen Nguyen& Ojiako 2013;Aliverdi, Naeni& Sakhipour2013). Case
studies will require to cover at least 29 samples for each risk (i.e., a total of 117) to consider
data normality. The second data collection approach extracts data from historical projects
(Doloi 2011; Reichelt& Lyneis 1999). It is haing a magnificent amount of information.
During this research study, it has been found that it is impossible to collect data using case
studies or historical data for several reasons. Reason 1, it is impossible to collect 29 cases
covering 29 sampieizef or each of the 117 costods risks
be within a narrow timeframe, or the validity of data will be lost. Risks are changing over time,
as proved by researchers earlier in this research paper. Therefore, case studidstadcumu
data cannot have a sample size equal to at least 29 for each risk covering different big windows
of time (i.e., years) because the validity of collected data will be questioned, and the model
accuracy will not be considered. Reason 3, covering anmggunts of cases within a defined

small window of time to include the minimum sample size for each identified risk, is impossible
for the projectdos whole | ife cycle in UAE
third way of collecting data isylusing interview technique8lair & Conrad2011). The good
advantage in interviews is extracting the required data as demanded by the redeéipgher (

& V0ss1997;Sondiket al. 2004). It can be done by researchers or by approved professional
interviewers on behalf of researchefdippini & Voss1997;Sondiket al. 2004). However,

the interview design must be made, audited, and reviewed by the reseailgh@ni( & Voss
1997;Sondiket al. 2004). The fourth approach of collecting data is by conducting questioners
and surveys; however, researchers intensively use surveys to collect their research data because

of its significant positive impact on statistical analysisuaacy and because of its ability to
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extract the required information from the targeted populatidytykowska et al. 2017;
Linderman& ChandrasekaraR010;Aiyetan, Smallwood &Shakantu2012; Jafary Mele &
Fiondella2020;Harms Jackel& Montag2017;Carer, Sanders& Dong2008;Makienko &
Bernard2012;Metzler& Davis 1998).

After that, previous research proved that it is possible to combine more than one
collecting data approacii$ang2014;LeonardBarton1990). It is crucial to justify the reason
for merging more than one methodistng2014; LeonardBarton 1990). Therefore, 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 coralaatvey questioner
in this research to collect and record required data, including all deftéaglsof 2010).
However, the required data values in the designed survey can vary based on experts'
understanding. It is also mandatory to ensurediatributors are experienced in the topic field
(Tamet 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 surveyuestioner with an interview forming fateface surveys is significantly
effective and supporting data reliabilit€dttrel et al. 2015Galesic& Bosnjak2009;Burns
et al. 2018Szolnokin& Hoffmann2013;Leeuw Mellenbergh & Hox 1996; Chest al. 205;
Fernandezt al. 2012). The following part will explain how the data collection approach has

been designed to end with accurate and valid data.

4.3.4 DesignData Collection

To collectthe required datait is mandatory to ensure appropriate design of low t
complete this process successfulyyzywinski & Altman 2013;Fanning2005;Wang2010;

Testa& Simonson2009; Huanget al. 2015). This will ensure proceeding wéppropriate
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analysis andeach avalid logical conclusionThis 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, (3) sample size, (4) pilot study, (5) interview invitation and

response, and (®)ata Statistical Significance, Reliabilitgnd Validity.

4.3.4.1 Interview Type

There are two approaches to eaaterview typefor collecting research data. The five
types of interviews include fade-face interviews, telephone interviewsmail interviews,
video-stimulatedrecall interviews, and onlirehat interview Barratt2012; Fernandezt al.
2012;HarmeyerR010; Lee et al. 2011). First, fateface interviews are proved by researchers
to be the most effective, accurate, and having higher respomiigaats; and it is considered
as the first choice by most researchers using interviews for data colleebara 2002;
Filippini 1997;Dillman et al. 2009 Trier-Bieniek 2012;Barratt2012;Fernandezt al. 2012;
Harmeyer2010; Chenet al. 2015). This method's data can be recorded by video, voice, or
survey approaches as desirédrga2002;Filippini 1997;Dillman et al. 2009:Trier-Bieniek
2012; Barratt 2012; Fernandezt al. 2012;Harmeyer2010; Chenet al. 2015). In recently
published research, it is also found that video interviews are considered a technology to conduct
faceto-face interviews Rowe 2009; Henry & Fetters2012; Cottereau2014; Nguyenet al.
2013). It is a recommended tool and common during foragureevents preenting faceto-
face meetings such as the COVID pandemic. Therefore, this research's data collection has
been conducted using fateface interviews before COVH29 starts and because most
interviewees preferred the traditional approach such as papsti@annaires and physical face
to-face interviews. Second, phoenall interviews are often used as faodace alternative

ways to complete interviews because challenges appeared in conductitggfiememeetings
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(Forza2002;Filippini 1997;Dillman etal. 2009;Trier-Bieniek2012;Barratt2012;Fernandez
et al. 2012Maheshl995; Lee et al. 2011). This research would consider this interview method
if the study covers a large geographical area such as several countries. However, this research
is done oty in the UAE, and it was facilitated to conduct physical meetings with all
interviewees. Third, -enail interviews are usually done whenever the researcher has a big
window of time to collect data or extend a conducted interview with more questions dlee et
2011). This scenario was not experienced during this research study, anthdnn¢éerview
method was not recommended. Fourth, theeo-stimulatedrecall interview type is an
artificial intelligence approach used in qualitative research to studywiewees' deferent
responses against the same set of questRowd2009; Nguyen2013). This type includes
certain responses that the system can recall against interviewees' behaviours or responses
(Rowe 2009; Nguyen2013). Although found thatideo-stimulatedrecall interview type is
growing, it is not recommended in this research study because data collection in this paper is
purely quantitative and is based on ensuring that all experts (i.e., interviewees) have the same
understandingRowe 2009; Nguyen2013). Finally, the fifth interview type is onlirghat
interviews. This type is based on having all questions asked using a live dmdingortal and
receive the answers in the same wdgr(neyer2009;Barratt2012). This type of interview is
used with audiences who have speaking issues sudbaésutismor used with audiences
with the issue in their confi ddarmeyer200®havi o
Barratt 2012 p.57). Therefore, this research study does not face such dapedewhile
collecting the required data, and onkcieat interviews have been avoided.

However, researchers found that interviews can be approached willingly without cost
because interviewees choosedwo it (Chenet al. 2015). Furthermore, interviews che

approached by offering a benefit or profit to contributing applicants (i.e., intervievides) (
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et al. 2015). The approach of using incentive cash to increase the responding sample size was
made in other research with retired old interview€dseetal. 2015). The targeted audience

in this research study is considered highly skilled professionals with high pay rates. Offering
cashintensive will push them to abort the interview because they feel humiliated or push them
to ask for a significantly higamount of cash to consider it intensiVe@erefore, all interviews

in this research study are following the rmash willingly approach faem-face survey

interviews.

4.3.4.2 Interview Questionnaire Design

After proofing that this research requiresa@eto-face interview questionnaire and
justifying the reason behind choosing fdodaceinterviews, it is compulsory to justify using
guestionnaire surveys and optimising its design. Surveys are an extremely useful and powerful
tool to obtain informatin (Glasow2005). It is essential to design the survey format to optimize
information extraction from responden@Glédsow2005;Fanning 200% This targets a smooth
guestionnaire with less confusion and an acceptable leHgtlzdg& Bachmanl981). First,
it is essential to know the required type of surveys. There are two types of surveys, including
paper questionnaires and web questionnakaar{ing 2005Fan & Yan 2010Huang2006;

Herzog & Bachman 1981). This research study chooses to use Hazgmsd sivey
guestionnaires due to the importance of completing the questionnaire in -to-face
interview. Paper questionnaires have several advantages, such as (1) the ability to ensure that
the desired audience fills the questionnaire, (2) the ability tie wotes 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 sudidityampact (Yusofet al. 2016). However, this
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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 inggt on this research study. The second type of survey questionnaires is
web-based questionnaires (Fan & Yan 20H0ang2006). There are many free and subscribed
onlinesurvey tools such asSurveyMonkey HubSpoi Survey Anyplace Nicereply
Advocately MySurveylLah Centiment Delighted YesInsights StartquestionGoogle Forms

Birdeye HotJar Arbit, Typeform Qualarog and $nart SurveyThe advantages of this survey

type are (1) the ability to reach anywhere in the world without distance limits, (@ithg to

collect data without negative environmental impact (i.e., paper waste), and (3) the ability to
collect data without social bias impacku@ng2006;Yusof et al. 2016Fanning 200k The
disadvantages of wetased surveys are including (1) thability to ensure that respondents
are meeting the required criteria, (2) the
hacks), and (3) the inability to ensure pc
intentions which can impactath accuracy. However, this research study avoids the online
guestionnaires type of surveys, although it is a glolgatiyving data collection metho#igang

2006).

The survey questioner designthis research studyas followed the optimum design
requiements andformataccor di ng t o researtec maximgedthe r e c o
smootmessof data collection without fail or difficulties as the following (Fanning 2005;
Glasow 2005; Herzog & Bachman1981; Hoddinott & Bass 1986 Bosnjak 2009; Reza
Borzouei& Afkhami-Ardekan2016;Fogsgaardat al. 2016Huangeet al. 2015Huang2006).

1 The cover page incladthe study intentioand questions answeg directiors.
i The questionnairas providedwith aninvitation tothe interviewee giving sufficient

time before the interview
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1 Figures andcharts have been used to facilitate angvgeall questions within a short
time. This research study gives interviewees the ability to answer three questions by
providingone answer (i.erisk, probability, and impact nat).

1 The factor grouping methots used forbetterunderstanding t@void responderst 6
confusionand toanswerquestionsaccurately.

1 The questionnaire presented all risks tale tofacilitate shiftingbetween questions
without getting lost.

1 The respondents designed the questionnaiemsover each questiavith 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 researclisesthe Project Management Institute (PMI) to have the right
weight for each risk probability and its impaeiMl is involved in project management research

anddevelopmentin Figure4-8, the original PMI risk matrix is divided o two impacts (i.e.

Threatsand Opportunitigs This cancreateconfusion for the data providefi.e., experts).

Probability and Impact Matrix

Probabllity Threats Opportunitles
0.90 0.05 0.09 0.09 0.05
0.70 0.04 0.07 0.07 0.04
0.50 0.03 0.05 0.05 0.03
0.30 0.02 0.03 0.06 L 0.12 0.06 0.03 0.02
0.10 0.01 0.01 0.02 0.04 0.08 0.08 0.04 0.02 0.01 0.01
0.05 0.10 0.20 0.40 0.80 0.80 0.40 0.20 0.10 0.05

Impact (numerical scale) on an objective (e.g., cost, time, scope or guality)

Each risk is rated on its probability of occurring and impact on an objective if it does occur. The organization's
thresholds for low, moderate or high risks are shown in the matrix and determine whether the risk is scored
as high, moderate or low for that objective.

Figure 48: Project Management Institute (PMI) Risk Matrix: ProbabifhreatéOpportunities
impacts PMBOK Guide 2004).
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Therefore, the require®MI original risk matrix's required adjustmerg mace, as
shown inFigure4-9. 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 probabilityvithout thinking about its negative or positive sigihe final modelling process
will classify threas and opportunities based onathematical modelling outputsgns(i.e.,

positive and negatiye

Project Management Institute (PMI) Risk Matrix:
Probability XImpact
90% 5% 9%
2| 70% 4% 7% 14%
S | 50% 3% 5% 10%
S| 30% 2% 3% 6% 12%
10% 1% 1% 2% 4% 8%
5% 10% 20% 40% 80%
Impact

Figure 49: Adjusted coloured Project Management Institt
(PMI) Risk Matrix: Probability and Impact multiplication i
showing risks values including low (green), medium (yellow) &
high (red) risks.

Finally, the used matrix in thaceto-faceinterview questionnaires needeapertsto
focusonly on theprobability and impact numbgof each risk factorColour canbe a source
of distraction and/or a second approach to provide answérsrefbre this research

guestionnairadecided to remove the colouirom the final used questionnairas shown in

Figure4-10.

- 90% 5% 9% 18% 36% 72%

= | 70% 4% 7% 14% 28% 56%

§ 50% 3% 5% 10% 20% 40%

09_ 30% 2% 3% 6% 12% 24%

10% 1% 1% 2% 4% 8%

5% 10% 20% 40% 80%

Impact

Figure 410: Final AdjustedProject Management Institute (PMI
Risk Matrix: Probability and Impact Matrix.

Pagel85



43.4.3

Questions Type

There are two types of questionnaire questions mentioned in literature and empirical

studies; however, the first type is opemded questions, and the second type is cleaddd

guestions(Reja et al. 2003Qu & Dumay 2011; Soltanian Borzouei& Afkhami-Ardekan

2016;Makienko& Bernard2012;Nastasi& SchensuR005;Trier-Bieniek2012;Jarkas2016;

Modell 2009. Openended questions are usually used for collecting suggestions and possible
solutions (Reja et al. 2003}.can be used to study individualesponse behaviour against a
specific eventReja et al. 2003Modell 2005). Operended questions are often used in mixed
research methodologies (i.e., mixed qualitatjuantitative method) to develop the framework

used for close@nd questiondakienko& Bernard2012). Table € shows how this research

study satisfied researchers developed questionnaire questions analysis guillieliesko

& Bernard2012 p.143.

SN | Questionnaire Questions Analysis Criteria This research StudyQuestions Design
1 fiBased on the survey questions, whatisitsnm To col | ect the requireé
goald whole lifecycle final system dynamics cost model
5 What main construct (dependent varialtlels | This study is tryingo measure the cost risk value
studyis trying to measure the United Arab Emirates.
3 fiwhat other constructs is the survey trying| This study is trying to measure cost risks impact
measure ? occurrence probability in the UAE.
4 fiDo scales capture all domains of the m| Yes, the given scale is based on the Pro
construct (main dependent variable)? Management Institute PMBOK guideline
fiHow many operended vs closended
5 | questions are in the survey? Are there too mg All questions are closédno open questions.
openended questions?
fiAre there any duplicate/unnecessary
6 . No.
guestions®
7 | fAre questions clear and easy to understand’ yery (_:Iear, and the researcher will be available a
interviewer to clear any doubts.
8 | fAre there any sensitive questions? No. All sensitive questions are considered optio
after the pilot study.
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Itis considered long (i.e., 45 min). However, after

9 | fils the survey too long or too shait? pilot study, it can be completed in more than (¢
session.
10 | fiDoes the survey ugbe best format/layout? |Yes, f ol l owing researc

Yes, (Time New Romah Font 12. No negative
feedback was found about font during the pilot sty
What research questions chie answered by It will answer directly research question 1, and i
analysing this survey? mandatory to answer research questions 2 and 3|
What types of statistical analyses can be
13 | based on available independent and depen| Correlaton and regression statistical analysis.
variables?

11 | Does the survey use the appropriate letter siz

12

Table 42: AdaptedQuestionnaire Questions Analysis Criteaigainst this research study Questions Des
(Makienko & Bernard 201,2.143.

Therefore,in this research study, tls¢ructured interview is baseah collecting specific
data related to listed factors and varialjRsja et al. 2003}t is optimum to controtollected
answers with closended questiongReja et al. 2003)In this research study, each question
offersto select froma range omultiple choices (Reja et al. 2003). This is to ensure extact

accurate information after utilizing x p eexperiericdo serve this study.

4.3.4.4 Sample Size

Determining the ample sizein the research data collection stagemandatoryand
critical for statisttal analysis Cai & Hames2011). Having an adequate sample size is based
on many factorsGai & Hames2011). For instance, the required data size will differ based on
probability models and the type of applied statistical analysis (i.e-tailed or twetailed)
(Cai& Hames2011). The ondailed statistical analysis will require a smaller sample €iag (

& Hames2011). Researchers found that the significance criterion is strongly impacting the
required sample sizéfay & Micah2014). As the significance-Yalue decreases, the sample
size will increaseAjay & Micah 2014). Therefore, it is crucial tesa known significance-P
Value; however, the significance value is ttatded 5% in this research. This chapter's reason

for choosing this value is detailed in data significance, reliability, and validity section. There
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are severabamping methoa found in previous research, as shownHFigure 4-11 (Omair

2014; Bhardwaj2019;McCombes 2019)

Probability sampling methods

Nonprobability sampling methods

Simple random sampling
Systematic random sampling
Stratified random sampling
Cluster sampling

Multistage sampling

Convenience sampling
Consecutive sampling

Quota sampling
Judgmental/purposive sampling
Snowball sampling

Figure 411: Probability& Non-Probability Sampling methods (Omair 20 Bhardwaj 201%.
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Figure 412: Probability and No#Probability Sampling methods (McCombes 2019).

Probability sampling is usually used for quantitative rese&@mair 2014). It is

including four main sampling methods, as explainedrigure 4-12 (McCombes 2019).

Researchers agreed on simmedomsampling, systematisampling, stratifieesampling,

and clustessampling{Omair2014; Bhardwaj2019. First, the simple random sampling method

is the type that all population units have the same probability of seléBivagdwaj2019.

This research study defined its population to be construction and facilities management
engineering professional experts. Then, siatpledom sampling was conducted based on

sending invitations to randomly selected engineers to colleet8acond, systematic sampling

is the type that uses a systematic selection rule (Bhardwaj.Z8dr9pstance, the rule can be
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skipping two units after each selected sanfpleCombes 2019]jThis research study did not

assign any selection rules during tsampling process. Third, stratified sampling is the type

t hat puts the population into groups <calle
(Bhardwaj 2019, p.159This research did not create any strata for its data sampling. Fourth,
cluster samiing is the type that creates sghboups from the population and selects randomly
between group@Bhardwaj 2019 All members of selected clusters are included in the sample
(Bhardwaj 2019 However, some researchers divide cluster sampling into the rchuste
multistage sampling, as showrFigure4-11(Omair2014; Bhardwaj2019;McCombes 2010

This research study did not create clusters or apply any multistage (i.e., complex cluster)
sampling.

Non-probability sampling is usually used for qualitativesearch (Omair 2014,
Bhardwaj2019). It includes four main sampling methods showfigure 4-12 (Bhardwaj
2019;McCombes 2019)Researchers agreed on conveniesempling, voluntansampling,
snowball sampling, and purposigampling (Omair 2014; Bhardwaj 2019. Convenience
sampling is based on using the most accessible samples to resg@ofeEr2014; Bhardwaj
2019. Voluntary sampling is based on sample individuals willing to accept being in the sample
(i.e., volunteerOmair 2014; Bhardwaj2019. Snowball sampling is based on respondents

included in the sample who identify and recommend other respor{@sngsr2014; Bhardwaj

2019. The purposive sampling type is based ¢
perspectivesRhardwaj2019). ltiscdl ed by sever al names based
S U ¢ hdelibegatefia mp | i ng o, -siajmpd g enmgedn tsad@lonph s @egot i ae d

s amp | (ODmag 2014, p.145 Bhardwaj 2019 pp.158162). Finally, the nixed method

sample size approach comémboth probability and neprobability methods; however, it is
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not used in this research study and the followgchgrt samplingas shown inFigure 4-13

(Onwuegbuzie 2007).

Qualitative Component(s)
Non-Random
Random Sampling Sampling
Random Sampling Rare Occasional
Combination Combination
Quantitative
Component(s) (Type 1) (Type 2)
Non-Random Sampling Very Rare Frequent
Combination Combination
(Type 3) (Type 4)

Figure 413: mixed method sample size approg€mwuegbuzie 2007

However, this research study did not include anymaability sampling method. It
is recommended for future research, based on updating cost risks of this research study, to use
purposive sampling for better results. To sum up, this research studselaies simple random
sampling probability method considering its population as construction and facilities
management engineering professional experts.

Next, it is essential to ensure having an adegsetgple size (Singh & Masuku 2014).
Three criteria poits need to be satisfied in a collected sample to consider its size good and
appropriatgSingh & Masuku 2014)-irst, Data Level of Precision (i.e., sampling error) is a
significant criterion and should be satisfi€dingh & Masuku 2014). Previous resealnc
considered:5%, and researchers will consider their data precision fall within a range of 5 per
cent up and down from their actual data representation {@ingh & Masuku 2014Ahiaga
Dagbui2014;Jang2011;Seo& Park2017). In this research study,dlhdata precision level is
consideredt5%; however, its calculation is done using equatieh @hiagaDagbui2014;

Jang2011).
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Actual — Estimated ) 0

Data Level of Precision =100 x ( % Equation 41
Estimated

Second, data confidence level value determination is essential before assuming that
collected data have the right sample ¢gmgh & Masuku 2014)l t i s b aCemrdl on t
Limit Theoreno (Singh & Masuku 2014p.9. This theory considers that a defingopulation's
true value is equal to the meansd average
population(Singh & Masuku 2014)The data confidence is assumed 95% if all collected
samples from the same population have a distributionriskemoadq t o 5% f or me a

value as shown in-24 (Singh & Masuku 2014Szyk, Mah & Pal 2020

Distribution of sample means (X)
around population mean (p)

95%
confidence

m

confidence interval

Figure 414: 95% confidence level chart (Szyk, Mah & Pal 202!

Although theres no clear specific justification of setting a fixed certain significance
level (i.e., precision levelpther than what is followed in statistical traditions according to
researcherand published articles (Trafimow et al. 20Bunnstromé& Barkowsky 2018;
Pérez& Pericchi 20#). The most common significance levels in the quantitative statistical
research approach amsually 95%(Trafimow et al. 2018Brunnstromé& Barkowsky 2018;
Pérez& Pericchi 20%). This researcistudyis going to set the significantevel as 95%i(e.,

1-U =0.06 = 0.95) This decision's validity will be clear@fter knowing that previous

researchandpublicationsproved that changingg f r o m 0 . rakesnb differ@ncei® 5

the discussion and conclusion of any binary nuraésgstem studyTrafimow et al. 2018
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Brunnstrom& Barkowsky 2018; Pére& Pericchi 204). The conclusion may change with
increasing the significance level change up to 98%fimow et al. 2018 Brunnstromé&
Barkowsky 2018; Pére& Pericchi 204). It does not reflect conclusion decisions if it increased
more than 95%Trafimow et al. 2018Brunnstrémé& Barkowsky 2018; Pére& Pericchi
2014). However, the sample size increasesUagecreases, and it may create unnecessary
challenges during conductstudies(Trafimow et al. 2018Brunnstrom& Barkowsky 2018;
Pérez & Pericchi 204). The research design, assumptions auxiliary, artependent
application studies' implication must be carefully considerecerid up with acceptable
conclusiors (Trafimow d al. 2018 Brunnstrém& Barkowsky 2018; Pére& Pericchi 20%).
Therefore, this study is cautiously designed thsearch, justified all assumptions, and
thoughtfully consider other independent application studies. Each cost risk data set in this
researclhwill have an Rvalue to measure how much it represents from the defined population,
as shown in Equation-4 (i.e., included in mathematical modelling).

The actual representation of dependent D#)abased on collected independent data
(X) is calculated in this research study using statistical approa¢AlBhrani2015;Jang
2011;Boateng2014; Cui 2005).

Finally, the third mandatory criterion of the right sample size is the degree of variability
(Singh & Masuku 2014 The sample degres# variability is based on populatioattributes
distribution; in other words, the sample size will increase witatarogeneous populatiand
decrease with d@omogeneous populatiofbingh & Masuku 2014 Having a degree of
variability above or belovb0% means a larger majority toward aside; therefore, the highest
degree of variability is 50945ingh & Masuku 2014; Omair 2@} This research considers the

worst scenario recommended by researchers in published literature and will assign the degree
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of variahlity to 50% (Singh & Masuku 2014; Omair 2@L This will guarantee a good sample
size if the assumed degree of variability found not accurate.

After that, there are three approaches to determine good sample size in research studies
(Singh & Masuku 2014 First, using the entire small population's survey is a good approach
to ensure an appropriate sample $&iagh & Masuku 2014 However, the population should
be small, and researchers recommended this method to sample the entire population if it is
between 50 to 20(qSingh & Masuku 201§ Although it has several advantages, such as
eliminating samples error, it is impossible to use this research paper approach due to the larger
population size. Second, using published tables that include the samlassdeon precision
levels, confidence levels, and population size is recommended by researchers as an excellent
approach to select an acceptable sample(Singh & Masuku 2014Darby 2010. The issue
of this research paper, being in the United Arab Bewsrais that construction/engineering
professional sé6 popul ations change over tim
this approach (using published tables) is not appropriate in this research study. Finally, the third
approach utilizes a sarepsize of a similar research stu@ingh & Masuku 2014 This is the
most optimum approach to select the right sample size for this research study. There are three
criteria bases for finding relevant research studies to determine the appropriate ssmnple s
The first criterion is having at least 29 samples to satisfy the statistical normality requirements
and consider a high correlation test between 2 variables; however, some researchers
recommended at least 30 to ensure avoiding any statistical ansgyggBujang& Baharum
2016 Delice 2010; Shen Nguyen & Ojiako 2013; Ruiz et al. 2017;Aliverdi, Naeni &
Salehipour2013. The second criterion is the required sample size of the data collection
approach (i.e., interview questionnaires). After reviewing the literature, it has been found that

29 previous researdmcludedsample sizerangingfrom 2 to 132 interviewgBlair & Conrad
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2011; Mason 2010; Onwuegbuzi907; Tongco 2007).Their analysis used qualitative
approachegTongco 2007).Also, nine previous research approaclggsntitative survey
guestionnairesncluded samples size rangirffgppm 32 to 223 and analyseitiem usng
percentages (Tongco 2007Mherefore, it isacceptable to determine an acceptable research
sample size using percentage techniques. From reviewing litetstuirey smilar research
methodologes (i.e., interview questionnairgsit is found that the used data sample has a size
equal tol4, 40,and83; however, samples were dywed by percentages and other statistical
calculationsto determine its acceptabilitfongco 2007)The last criterion is to find out the
acceptable peentage to consider a good sample for this research study. The required
percentage can be extracted from published literature similar to this research study in the data
type (.e., risks and factors) and population type (i.e., construction cost and emginee
professionals). Previously published research studying construction factors and risks used 200
invitation sample sizé¢vidogah & Ndekugri 1998)The valid responding percentage from all
invited 200 experts waa7% (Vidogah & Ndekugri 1998)Researchs also found that after
inviting 218 listed cost experts Royal Institute of Chartered Surveyors (RICS), the valid
response rate increased3b% (Elhag, Boussabaine & Ballal 200®)n the other hand, the

valid response rate was found equal to 30.5% of i@8Bed construction experts in other
similar studies of this researcAzjz & AbdelHakam2016). Moreover, in other construction
factors literature, the higher invited sample is not necessarily increasing the responding rate
percentage; for example, itas found that only28.3 % responded after inviting 300
contractorso6 top management (i .e.., experts
factors (Shash 1993)Published literature declared that most construction research studies
invited 200 expes from the industry to answer their questionnaire and received2Be30o

of their 200 invitations (Akintoye & Fitzgerald 2000).These researches considered this
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percentage range a valid criterion to accept the collected data in similar research studies
(Akintoye & Fitzgerald 2000).

This research study concludes after reviewing literature that similar studies used experts
to collect their valid data. Also, similar researches have agreed to consider responding rate
percentages as the measuring critefismaepting sample size. According to a researcher
working in the same fieldi.., construction), the agreed acceptable invitaBample size
found between 200 to 300 invitations sent to experts. However, it is proved by previous
research that increasimgvitation-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 statiséinalysis (i.e., at least
29). This research has completed 55 f@metace interview questionnaires with experts. The
resulting responding percentage has been found 27.5%, almost within the top 90% of other
similar studi esd acce thisebehreh stpdy is epprovied gnd the T

valid sample sizeisb5fade-f ace expertsod interview quest.

4.3.45 Pilot Study

A pilot study is essential in any research data collection to identify a good sample size
(Ruiz et al. 2017Toor & Ogunlana2009; Aziz & AbdelHakam2016; Viechtbaueret al.
2015).1t is also essential to identify possible challenges and improvements (Ruiz et al. 2017,
Toor & Ogunlana&009;Aziz & AbdelHakam2016;Viechtbaueeet al. 2015)There are three

approaches to detemne research pilot study sample siz&gemeret al. 2006;Cocks &
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Torgerson2013; Ruiz et al. 2017Toor & Ogunlana2009; Aziz & AbdelHakam 2016;
Viechtbaueret al. 2015). The first approach is determining the pilot study sample size without
having anydea about the main sample size; however, it has two metkangeret al. 2006;

Cocks& Torgerso2 01 3) . The first met hoQbcks&slorgessonng t |
2013 p.199. It can be followed to initially start with 30 pilot sampl€&o¢ks& Torgerson

2013). The main sample size will be identified later based on initial analysis o@puois&
Torgersor2013). The second method calculates the pilot sample using mathematical equations
based on statistical properties and assumptibreeMmeretal. 2006). This research study does

not follow the first approach because the main sample range has been identified as justified
earlier. The second approach of identifying pilot study sample size based on knowing the main
sample size rang&/{echtbauert al. 2015;Kraemeret al. 2006). These range boundaries can

be extracted from similar studies or mathematical calculation liMiecktbaueret al. 2015;
Kraemeret al. 2006). However, this research study is not following this approach. It is because
tha the largest main sample size is equal to 62 samples, as justified earlier. Therefore, this
highest expected value is considered the base of calculating this research pilot study sample
size. The third approach determines the pilot study sample sizedrapegtisely the primary
sample size using two methods. The first method of knowing the primary sample size is by
extracting it from published tables based on the estimated population, as explained earlier. The
second method is by considering the higihaitlof the main sample range to guarantees that

the pilot study sample is valid in covering the targeted main sample size. However, unidentified
challenges may appear during data collection processes, and pilot study may be questioned if
the primary sampgl exceeded the higher limit using the second metkcae(Mmeret al. 2006;
Cocks& Torgerson2013; Ruiz et al. 2017foor & Ogunlana2009; Aziz & AbdelHakam

2016; Viechtbaueret al. 2015). Bsed orther e sear cher s 6 theepdobstudye nd at
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sample size has bedacided teequals% (i.e, 1 pilot sampleof each desired 2fain samples
to optimize the results (Viechtbauer et al. 2015). Therefore, the pilot study has been decided to
be 3 (i.e, betweenl.5F2 and3.1F3 pilot samples) based oretthosemmainsample sizéi.e.,
40 to &). To ensure a valid pilot 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 sizecluding interviews and questionnairézi¢ & 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 select® 6 pilot samples to represent the expected 115 main sampleTsiae &
Ogunlana2009). However, the research ended with having six pilot samples representing 111
main sample sizes, including interviews and questionndices & Ogunlang009). This pild
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 validatideséryz et al., 2017).
This result was found equal to 5.ZB6%. 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), and th@lot study resultedh the following commento optimize
this research questionnaireds design:
1 Questions gquantitie@.e., 117 cost risksyere too long and requil@mpletimeto think

about the information amgquirednumerical datéi.e., 2 hrs.) This is solved by putting

the key words only instead of the full question. The interviewer will provide any

required clarification.
1 Questiors descriptiors were causinglifferent understandin@nd the interviewehad

to explain it anyiow. This has beesolval by having the interviewer introducing each
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group, as explained in chapter 3 of this research sttamlysideringi nt er vi ewe «

background, profession, and previous experience
1 Interviewees found a challenge in using risk, impact, and probability ma&tng is

solved by introducing the PMBOK risk matrix and how it is used to answer each

guestion.

After improving the questionnaire and identifying all possible challenges, it is essential
to consider this study's fate-face interview questionnaire'siéil duration. The final validated
guestionnaire 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 hourBiCicco-Bloom & Crabtree2006). The United States Census
Bureauconcluded that each-jperson interview questionnaire takes between 25 and 75 minutes
(Bogen 1994). Nevertheless, other researchers proved that most questionnaires have a duration
of 10, 15, 20, an@0 minutes Galesic& Bosnjak2009;Barnes2001). This is significant in
maintaining the quality of collected data and maintaining a higher respondin edesi¢&
Bosnjak2009; Barnes2001). Therefore, this research study has an acceptabkoffame
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 orgosess 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.
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4.3.5 Mathematical Modelling

Previous research proved that quantitagingirical studies require justified and logical
application mathematical modellingiddorov2014;Reinaet al. 2016 Winter 2016;Blair &
Conrad2011; Meyer et al. 2013). Realorld problems should be simplified and translated into
mathematical inputs; haver, these inputs are used in equations system to form a
mathematical modelTodorov2014;Reinaet al. 2016 Winter 2016; Blair & Conrad2011;

Meyer et al. 2013). There are six main classification frameworks of mathematical modelling
(Abanda Tah & Chemg 2013). First, mathematical models are dynamic if they are based on
time, including deferential or partial differential equatioAdgnda Tah & Cheung 2013).
However, it is considered static if the mathematical process is based on algebra and it is made
and solved for certain conditions at a given tilAbgnda Tah & Cheung 2013). Therefore,

this research study is dynamic because it is based on time, and the VENSIM simulation is based
on differential equations. Second, mathematical modelling is detstriifiit has an exact
solution @Abanda Tah & Cheung 2013). This research study includes a deterministic equation
system because it is based on modelling the
Third, mathematical modelling is mecharusi its equations are created and derived from
hypotheses or theoretical fundamentals of a systspar(da Tah & Cheung 2013). This
research study includes a mechanistic mathematical equations system because it derives
CAPEX and OPEX costs equations frahe system theoretical framework. Furthermore,
because it is deriving equipment replacement costs equations and from previous research
hypothesis results. Fourth, mathematical modellirsgashastidaf its equations system is based

on probability Abanda Tah & Cheung 2013 etokivi & Choi 2014;Sher& Punglia2014).

This research is including stochastic mathematicalsysbems such as Monte Carlo and data

analysis approaches. Fifth, mathematical modelling is empirical if it uses real data (i.e., existing
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data) to describe the comparison and relationship between two variAbkesdg Tah &

Cheung 2013). Real projects existing data will be used at the validation stage of this research
study to compare the estimated value with the actual value. Theréifisregdearch study is
including an empirical mathematical sspstem. However, researchers proved that
mathematical systems are complex if they include internasgstems $cheufelest al. 2018).
Therefore, this mathematical research modelling is considered complex because it comprises
several sulsystems, including more than one classification. Sixth, mathematical models can

be continuous or discretdljanda Tah & Cheung 2013). Téiresearch study will deal with

this type of subjectively. For example, it will consider cost continuous whenever its analysis is
based on curve equations. However, the mode

is based on discretéme intavals.

4.3.5.1 Data Statistical Significance, Reliability and Validity

Data significance, reliability, and validity are mechanistic mathematical modelling.
There are two reliability types require to be included in this research as justified earlier. First,
thereliability stability (i.e., strength) of collected data in this research will be the correlations
between values of risks against their impacts and values of risks against their occurrence

probabilities However, the following hypotheses are useddmpkte stability analysias the

following:
Let, } represent the Correlation of Pear
HO: j.e.,No Correlation between variables),
H1: } , Gorretation ié available between variables)
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This research is using the SPS&tware program to conduct statistical analysis.
Therefore, it is crucial to represent the mathematical equations used in this study to understand
data verification mathematical modelling better. The following equations fr@no445 are

used in this stsstical, mathematical modelling.

2@ —=)(y —y)
"= Equation 42
—\2 —\2
V(@ -2 S (4 - 9)
T = correlation coefficient
i = values of the x-variable in a sample
I = mean of the values of the x-variable
Yi = values of the y-variable in a sample
Y = mean of the values of the y-variable
e = pe—1 + 1 Equation 43
Vt  =nonzero eigenvalues
= Durbin-Watson statistic hypothesis
& =theresidualerror
€&-1 =thepreviousresidualerror
T
dialer —er1)? .
d= Equation 44
T2
D16
d = Durbin-Watson statistic
t =Time
T =total number of observations
sum squared regression (SSR .
R*=1-— d & ( ), Equation 45
total sum of squares (SST)
—1_ Sy — )’
>y —9)?
R? = ariance proportion in dependent variables explained by
independent variables
yi = actualObservation
R =predicted Observation
0 =mean of Actual value
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https://en.wikipedia.org/wiki/Errors_and_residuals_in_statistics
https://en.wikipedia.org/wiki/Errors_and_residuals_in_statistics

This research study's reliability similarity correlation is to ensure that all outliers are

el i minated and ensure no autocorrelation. A
exists between each riskos value against it
DurbinnfWat son analysis will be conducted to en:

the acceptable range of values. The acceptable range of imt@ssider reliability similarity

is the range that excludes the impact of outliers and autocorreldaoiyéla1970;Nazif et

al. 2016;Jafarzadelet al. 2015). This means that regression analysis assumptions are satisfied
(Kadiyalg 1970;Nazif et al 2016;Jafarzadelet al. 2015). In other words, lineeglationship,
normality, independence, arftbmoscedasticityassumptions are satisfie&gdiyala 1970;

Nazif et al. 2016;Jafarzadelet al. 2015). After ensuring that data stability correlation exists,
these assumptions can be satisfied by having normally distributed indepstastetardized
residualsscattered along the zehwrizontal line without identifying or detecting any pattern
(Kadiyala1970;Nazif et al. 2016;)afarzadetet al. 2015). Table-8 summarizeskegression

Mandatory Error Assumptions

SN | Regression Mandatory Error Assumptions Validation Requirements

The errords probability distrib
distributed (i.e.Bell-shaped).

2 |The err or dneanpaue(grhusttequa to zero.

1

3 |The err or 6swsvba constam foreall ifdépendent X values.

4 | The errors must be independent for all dependent Y values.

Table 43: Regression Mandatory Error Assumptions Validation Requirenfgattiyala 1970;
Nazif et al. 2016; Jafarzadeh et al. 2015).

Next, the gability-similarity relationship is conducted based oW&ue's significance

between the dependent variable with each of its independent varialete(walet al. 2021,

Golafshan003). This research is approachitaodity-similarity relationship by ensuring the
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significance between risks and their impacts/probabilities. Linear regression analysis will be
conducted for each ri sk var i aldépendentivlriabe, wi |
while the independent variables will impact its probability values. Linear regression will model
each cost risk's mathematical equation to adapt any change happening in the future related to

ri sksoé i mpact or ptiood4é and47iNazfetals20l§hown i n ec

Y = f(Xi,B) + e Equation 46

Y, = dependent variable
f = function

X = independent variable
B = unknown parameters

€; =errorterms

Y ot pf Xpob+ impXimpt+ 3 Equation 47

Y =the Risk dependent Variabdé each factor.
Xprob @andXimp = the probability and impact independent Variabl@ach factor.
bprob andbimp, = the Linear Regression Coefficients foge§ and Xmp, respectivelyof each factar

3, = the Error(Considered Zero because this regression is nottiesed).

However, the degree of measurementsod r ey
high significance value proves that the results are reliable for analysis and discussion
(Golafshani2003). This research ensures data reliability by satisfying all reliability criteria
types after collecting it quantitively before any analysis or discussion. This will provide the

possible accurate cost estimation and cash flow modelling results.
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4.35.2 CostRisks Minimum -Maximum Limits

Cost risk range identification, including minimum and maximum limits, is an essential
mathematical process before moving to Monte Carlo simulation. It is done after validating all
collected data (i.e., risks, impact, and @bitity). Each validated cost risk has a mean and
standard deviation value. This research 1is
future. It will require a minimum sample size equal to 385 for unknown populations using
Equation 48 (Sathianet al. 2010). Alternatively, a sample size equal to 400 from published

guantitative sampisize tablesSingh& Masuku2014).

ZZ
= {} q Equation 48
el
No= Sample Size
Z= Standard score
p = the (estimated) proportion of the populat{@ariability)

q=1ip
€= Desired level of precisiofi.e.,0.05 for 95% confidence level)

Therefore, the following quantitative minimum required sample calculation of
unknown population, using equatior84 is including Z= 1.96 Sathianet al. 2010). It is
assuming the population error of confidence level 95% @®. 1 - 0.95 = 0.05) and it is

assuming maximum variability as justified earliee.(P =0.5).

B0z T2 T
“Yd')é(r‘]“\&'@‘ﬁ (pn8ru oy @ oyYu

Alternatively, it is possible to use the Monte Carlo simulation to cover the smaller
sample size gaps. This research study is justified in how the acceptable sample size is equal to
55 faceto-face survey interviews. Therefore, this research study dodslioot the published

table or sample size mathematical calculations, as mentioned in Equ&tidtodvever, it is
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still required to include accurate mathematical modelling to deliver an accurate final cost
estimation model. Monte Carlo simulation can gudy the high precision of each modelled
variable Heijungs 2020). It requires upper and lower limits to ensure precise accuracy
(Heijungs2020). These limits need to be around the actual population's mean using standard
deviation Heijungs2020). Therefaz, valid sample size and data collection methods ensure
accurate means and standard deviations as justified earlier. These data will successfully
represent the population's mean and standard deviation, as proved earlier. Therefore, in this
research studyMont e Carl o variablesd modelling |
e X p e r ttesfdce durrey mterviews to ensure accurdtgure4-15 clarifies the difference
between accuracy and precisidte(jungs2020). Valid data will ensure accuracy, andrive

Carlo simulation will ensure the precision of each variable.

Reference value Accuracy Precision
A
Probability Accuracy
density \
t—— Val
Precision e

Figure 415: the difference between accuracy and preci@itaijungs 2020).

Finally, equation 4@ is used to define the Monte Carlo upper and lower linitig. following

part will detail how Monte Carlo simulation is accomplished in this research study.

Fo 4« VRaT- i «+- "ra® + <

Equation 49
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4.3.5.3 Monte Carlo Simulation

This part will explain how Monte Carlo modelling is validated in this research study.
Monte Carlo modelling is the stochastic mathematical estimation modelling of this research
study Bukaci et al. 2016) This method is used to maximizket likelihood of functions
representing actual results at absent data incid€aféo( Jank& Jones2005). It is also used
in previous research to maximize linear equations' likelihood to represent actual data (Lai &
Lin 2011). Also, researchers provedttht is valuable for conducting unbiased simulations
(Thompson& McLeod 2009).However, it is found in previous research that Monte Carlo
simulation requires a minimum number of ite
likelihood of actuakepresentatioffHeijungs2020; Bukaci 2016; Caffo, Jank& Jones2005;
Nowaket al. 2016 Thompsor& McLeod2009). It is found that previous research used a wide
range of valid Monte Carlo iterations, including 100, 1,000, 10,000, °Lxdtd 1x10
(Heijungs2020;Nowaket al. 2016;Thompson& McLeod2009). It is also extracted from the
literature that Monte Carlo required the number of iterations based on the research type
(Heijungs2020; Bukaci 2016; Caffo, Jank& Jones2005;Nowak et al. 2016;Thompson&
McLeod 2009). It is unnecessary to have more accurate outputs by adding more iterations; in
other words, previous research proved that usinglixdi@tions is more accurate than using
1x10 iterations for the same studyi{ompson& McLeod2009). t is essential to identify the
minimum required valid iteration number in this research. Moreover, in literature, similar life
cycle assessment studies declared that i1t i
modelling and recommended this mmmim valid number (i.e.10,00Q for life cycle
assessment studieddijungs2020). Therefore, this research study uses 10,000 iterations for

each cost risk Monte Carlo simulation without increasing iterations to prove its validity.
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The mathematical modeig equations of this research Monte Carlo simulation require
several assumptions to validate it from a client perspective at Huopsé&uction stage. These
assumptions are listed based on what is explained earlier as the following:

1 Constructions angrojects industry experts provide all survey sisk

1 All weighted risks havanappropriate risk management systashby contractors with
valuesequal to what is provided bgdustry expertsThese risk values ardentified
andassessed successfully cantractorsthroughouthep r o j wholelife dycle.

1 All risks identified by industry experts have been considdrgdcontractors and
includedin the contract value castherefore, the contradill of quantity pricingis

doneby contractorand is inclding all identified risks by industry experts
1 The MonteCar |l o si mul ation will be used to c

management system afidd the adjustment value for each risk factbis required

because the project's actual costsnateratching pre&onstruction estimated costs as

justified earlier. Therefore, this is evidence of having errors in experts identified risk

values. Moreover, it will be corrected through this research Monte Carlo method.
i The adjustment valgeare error®f meanrisks, minimum risks, andmaximum Risls.

It will be used in thdinal system dynam&model to ensure that the estimated cost

includesall its possible impacting risksTh i s wi | | be including

weightageidentified by experts(i.e., knownknown and knowsunknown risks)

Moreover,it will include the unknown rislerror (i.e., unknowrunknown risks) by

conducting MonteCarlo Simulation for eacbostrisk variable
i Based on the justified r easonuslgmenwhemn d cc

estimating costs at the peenstruction stage from a client perspective, the final
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model 6s mini mum, me an, and maxi mum ri sk

maximum risks.

The adjusted mean is the sample mean after implementing Monteddgputs. This
research assumes that the population mean equal to the adjusted mean after finding out each
risk variable's error and embracing it in the variable's sample mean. This declaration is to
recommend further research periodically to measures estor and update it continuously.
However, as of this research time, all risks are considered accurate and reflect the population's
actual data.

FromFigure4-15, it is clear why using Monte Carlo simulation is essential. However,
shifting data means should be done based on moving the full distribution to avoid discrediting
experts' data. The mean only shall be moved toward the believed actual populatisumean
without changing each risk's standard deviatiogure4-16 clarifies how this research intends

to conduct the required shift successfully.

shift

Figure 416: Shifting data mean without discredit distributic
reliability should be without changing thiasdard deviation.

The reason behind fixing each variabl eds
reliability and validity. Figure 4-17 shows how standard deviation change impacts data

distribution significantly and withdraws data cretithi However, the normal back
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distribution has the largest standard deviation. Thenogthal distribution has a smaller
standard deviation than the black one, but it is larger than the normal green distribution

standard deviation. Finally, the greearmal distribution has the smallest standard deviation.

Figure 417: showing how shifting data mean while changing its standard deviz
discredit the full data distribution and withdraw its reliability and validity.

Therefore, the adjusted mean value can be calculated for each risk variable using

equations 410. Then, the adjustment mean value (i.e., error) can be calculated for each risk

variable using Equation-21. This process is clarified Figure4-18 for bette understanding.

]
—

DataDistribution

uea\ ysigpaisnipy

SurveyRisk Mean

Figure 418: clarify the difference between survey risk mean and adjusted
mean for the same data distribution of each variable.
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AdjustedMeanValue = Min + [MC * (Max i Min)] Equation 410

Min =the Minimum Survey Risk Value
Max = theMaximum Survey Risk Value

MC = Monte Carlo gerageof 10,000 random valudbetween 0 to J1

Uy —V .
Adjustment Mean Valug § = ‘%} - 100% Equation 411
E

0 = Percenterror
VA = Believed actual value (i.e. Adjusted value)

VE = Experts estimated value

After implementing the Monte Carlo simulation method, final system dynamics data
inputs can achieve the required accuracy and precision, as shéwguie 4-19. This will

improve the final cost estimation using the system dynamics approach.

Accuracy Precision Accurate Precision

Expert Data Monte Carlo Adjusted Expert Data with
Monte Carlo Simulation

Figure 419 Experts data and Monte Carlo
accuracy and precision.

However, it is found that Adjustédean Risk AdjustedViaximum Risk andAdjusted
Minimum Risk have the same mathematicelationship between Survey Mean RiSkirvey
Maximum Risk and SurveyMinimum Risk. This is justified and proved in equationd2to
4-19. These equations clarify hotke adjusted minimum and adjusted maximum values are

mathematically calculated.
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Based on 95% Confidence:

- AEO® , Equation 412
- E? EO®)éEc, Equation 413
AQEOEREOGAT AAOEAOET 1

@ OEROOOAU HIAKIE OF

Max Risk is theNormal Distribution Upper Limit

Min Risk is theNormal Distribution Lower Limit

From equations 412 and 4-13
G, DOXQ W@ @ 0QYQi Q Equation 414

cO DOYQ WOXYQ Q Equation 415

From equation 411

8 QQ6 ivade Jé -
Adjustment Mean Value (error) 7 Equation 416

By feeding equation 416 into equation 415 and by using mathematical
multiplication and division properties:

b Qo i@ @ .. .. . . ... 0070 ibnde @
& 0D Q¥ Qi O Qi ZQ &

C@06'QQ0 1 olIAEEOD Q¥ Qi ROY QI ZQ QQO6 i 60ALELD

&

S (I 012 O IR OR AY A o1 RI 0}
Co0QQo i oLAXLEED @ @ z0

QQ6 i oiELELED Equation 417

Therefore, equations 415 and 4.16 can be concluded from equations8 and 414.

. - . 0 Q¥ Qi Q .
Adjustmentminimum riskvalue UTIZ 00061 OAXLEED Equation 418

. . . 0 O QI Q .
Adjustmentmaximum riskvalue UTIZ 00061 OEAXLEED Equation 419
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4.3.5.4 Construction Cash FlowS-Curve

This mathematical modelling is deterministic because its answer has exact values.

Previousresearch outpundequationsvere studied intensively, using a cash fleausve to

ensure accurate cost estimati@rigtobal 2017) However, researchers such @atesand

Scarpa(1979, Peer (1982, Kenley and Wilson (1986, Tuker (1988, Miskawi (1989,

Khosrowshah{1991), Navon (1996, Skitmore(1998, Kaka (1999, Kaka (1993, Chao and

Chien (2010, and Brandewinder(2017 are referenced in several literature validated

constructioncost s-curve equatior{Cristobal 2017 Odeyinka Lowe & Kaka2013;Abanda

Tah & Cheung2013;AhiagaDaghui2014). Therefore, this research stuadsll use the same

validated scurve equation, as shown in equatie@G4to 421. It is found that equation2l

has a better performance in modelling results, as shotigume4-20.

To =themaximum slomdjustingparameter.
The maximum slop increases as it increase.

t = the time step of f(x) cash flow point.

1
o (t; = Ty) = In (F_ 1)
o. = is the stepness of the curve !

« (t; —Ty) =In (%— 1)

1
f(x) = T+ o Equation 420
X = the time point on €urve chart
€ = exponential constant
1

Equation 421a

f (X) = CostS-Curve= 3 3 (From similar literature)

Equation 421b

f (X) = CostS-Curve= 5 5~ (Adapted from similar literature ~ Equation 421
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In this research study, system dynamics model validation will use real project data.

However, as

requested

by

projects?o

data pro

payments of each used cash flow. In the United Arab Emirates construchimstryn the cash

flow payments curve is divided into 12 months. Therefore, this research used eigietisie

per year instead of 12 to avoid showing actual payments in this study. The number of time

steps has been reduced from 12 to 8 per year withrthejpe ct s 0

dat a

provi d

result, the final model can be validated using real project data while satisfying its requested

confidentiality.

Year | Cost Cash Flow
Time Increasing
Step S-Curve o
0 0.022 %
0.125 0.031 %o,
0.25 0.043 2N
0.375 0.059 2,
0.5 0.081 Yo
0.625 0.110 2%
0.75 0.147 "5,
0.875 0.195 ,
1 0.254 o
1.125 0.322 2
1.25 0.400 &%
1.375 0.483 ‘s
1.5 0.567 ‘a5,
1.625 0.647 0
1.75 0.720 o
1.875 0.783 B
2 0.835 2
2.125 0.876 %o
2.25 0.908 ‘i,:%\
2.375 0.933 2
2.5 0.951 %,
2.625 0.965 %
2.75 0.975 ‘?&%\
2.875 0.982 s
3 1.000

0000

001°0

0070

00€°0

00+'0

00<°0

009°0

0040

0080

006'0

000'T

AAIN))-S SUISBAIIU] MO[] YSe))

Figure4-20: The final SCurve used in this research construction system dynamics cost modelling
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4.3.5.5 Construction Risk S-Curve

According toOx f ord Advanced L¥95} nsle definon Bithet i o n
possibility of suffering harm or loss; or facing danger dtufa (Baloi & Price 2003).
Therefore, it ischallengingo generabe its measwmentor its behaviour throughout projects
This mathematical modelling is deterministic because its answer has exact Malweser,
risks can be used for the study as lotgydefinition can be met and satisfied through the
assigned measurement or behaviour crit@Bialoi & Price 2003).Several facts need toe
considered in order to finalizbe construction riskquation First, constructiomisk is taking
an exponential funtion for costs and finamal situations (Dowd& Cotter 2007. Second,
construction (i.e buildings) risk behavious based omdecreasing £urve(Pajare& Lopez
Paredes 2Q). Third, to satisfythe riskdefinition, the probability of facinglanger dting
construction will ben the remaining timeandthe amount of cagbaid. These are the required
risk behaviourconsiderationsn this researchsystem dynamicsost estimatiormodel The
conditional probability intersection relationshipetween two evds is mathematically
represented by muftiication (Techet 200k There are two calculation parts of construction
cost risks. The cash flowairve is based on time and costs ratio/percentage (i.e., X and Y).
First, the probability of facing danger in &mat each time step is tweightageof remaining
time concerning total construction time. It will equal the ratio of time remaining to total
construction time, as shown in equaticB2l Second, the probability of facing danger in costs
at each time steig theweightageof remaining costs concerning total construction cost. It will
equal the ratio of remaining unpaid value to total construction cost. This can be extracted from
Figure4-20 and equations-23 and 424. In equation 23, limits function are important to
show the exact calculations of &s risk time step value (i.e.s)lapproaches cash flowcsirve

time step value (i.et). Construction risks are active from just befdhe first cash flow
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payment until the last cash flow payment. In other words, construction risks are 100% just
before starting and 0% at the finishing timé&us, theconstruction risk curve will equal the
probability of facing risk irtheremaining timemultiply by the probability of facing danger in
theremaining cash flow amounitill equal to this researclisk decreasing-surve as shown in
equatios 4-25 and 426 (Pajares LopezParedes 201echet 2005; Dowd. Cotter 2007.
Therefore, this reseen risk scurve will equal td=igure4-21 chart values. Furthermore, it will

be used in the final VENSIM system dynamics cost modelling.

d il
||-4| —Il ] -I| Time Risk Equation 422
I
|y = the probability of time danger
Te = the total execution time

Ts=the risk time step value

Equation 423

Al ;I"H|oi"| i “H 8 1 8

Cs=the cost S curve value at each time step (from 0 to 1).
t =the time step of f(x) cash flow point.

||-F El Equation 424

|| - = the probabilityof cost danger

Equation 425

Equation 426

Risk S-Curve = M

1
Tr
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Figure4-21: Tending the construction Risk@urve which will be used in

final system dynamics model.

4.3.5.6 Capital Expenditure

This mathematical modelling is deterministic because its answer has exact values.

There are several calculation steps to calcttas capital expenditures. First, it must calculate

each construction risgroup cost, as shown in equation4to 429. Then, construction

activitiesd risks

risks-groups costgoncerning construction riskaurve. Finally, CAPEX total costs will use

cost

mat h Sonta #32 toanclude all |

cul

eqguation 433 to 436 to calculate the value used for OPEX calculations in the following stages.

Therefore, this research CAPEX mathematical modelling is detailed, as shown iorexjdat

27 to 436. Finally, the design stage construction contract value is considered the initial stage

of this research model cost modelling. This study will adjust the construction contract value

provided by contractors at the prenstruction stage bwvestigating its change under cost

risks impact.
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0 QQo ibdde vé
Haom+- @

«

Cramean = the mean cosisksof eachCAPEXrisk group.

= system dynamics time stegss( O ,

t
ri sk number i

i =t he

Equation 427

0.125, 0.2
n each gro

0OYQLT0 L
B0 —a 0QQ0 i oLNALEED

<

= system dynamics time stegss( 0, O.

t
number in

i =the ri sk

Cremin = the minimum costisks of eachCAPEXrisk group.

Equation 428

125, 0.2

each gro

DOXNQ Q .
TZOQQOI oudALE €0

Fao+e

<

= system dynamics time stegs=( O , 0.

t
number in

i =the ri sk

Cremax =the maximum cogtisksof eachCAPEXrisk group.

12
ea

5, 0.2

ch gro

Equation 429

M rogs- 241 GHOOGAI OA

<
Crcmean= CAPEX Risks Cost (mean risk)
= system dynamics time stegs=( O ,

t
=thegroupnumber iNCAPEX risks( i

n

0.

1 )

2, 3,

Equation 430

125, 0.2

B poe z# 1 AHOOOAT OA

<
Crcmin = CAPEX Risks Cost (im risk).
= system dynamics time stegs=( O ,

t
= thegroupnumber inCAPEX risks( i

n

0.1
= 1

25, 0.

Equation 431

Bl rode 6 z#1 OO0 0BAI O

<
Crcmax = CAPEX Risks Cost (i risk).
= system dynamics time stegss( O ,

t
= thegroupnumber inCAPEX risks( i

n

A

. 125, 0.

1, 2,

Equation 432

Page?217



# $ z#1 GHO0OAI OA Equation 433
#  =initial construction contract cost at eathe stepst= 0, 0. 125

$ = theinitial construction contract cost pte-construction design stage

= b <tu vt

# 2 # 22 E GO OOGAI O/ Equation 434

Crcmean= CAPEX Risks Cost (mean risk)
t =systemdynamicstimestegss( 0, O0.125, O0.25, 0.

# =initial construction contract cost at eaahe stepst= 0, 0. 125,

P= | e <m v

# 2 # 22 EQEOOOAI OA Equation 435

Crcrin = CAPEXRIisks Cost (rim risk).
t = system dynamics time stegss( 0 , 0.125, 0.25, 0

# = initial construction contract cost at edghe stepst= 0, 0. 125

F= || i <= voe: o # oz 22 EQEOOOAI OA Equation 436
Crcrin = CAPEX Risks Cost (i risk).

t = system dynamics time stegss( 0 , 0.125, 0.25, 0

# = initial construction contract cost at edohe stepst= 0, 0. 125

4.3.5.7 Equipment Replacement

This mathematical modelling is empirical because it is based on real data. The

published literature shows that MEP cost haeentage of the total building coRtiley et

al. 2005). HoweverFigure 4-22 summarizes MEP cost percentage based on building type

(Riley et al. 2005). Also, researchers studied MEP replacement over its life cycle to measure

its cost Wu & ClementsCroame2007). These researches proved that the equipment life span

is equal to 25 yeardMu & ClementsCroome2007). Therefore, this research study assigns

equipment replacement intervals every 25 years using equafion 4
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MEP cost classification
Facility type High Medium Low
MEP cost as percent of total building cost

Semiconductor plants 60 50 40
Biotechnology plants 65 55 45
Heavy industrial plants 60 50 40
Multiresidential complexes 25 20 @
Commercial buildings 40 30 15
Research laboratories 50 40 30
Hospitals 50 40 30

Figure4-22: This figureisadat e d ARi 1l ey et al

table showing the percentageMEP costs compared to the total building co:
including residential building projects (Riley et al., 2005).

-+ O € ?%

|

F AO

t =system dynamics timef pulse impac(t = 28, 53. Every 25 years after CAPEX
$ =theinitial construction contract cost at ptenstruction design stage

% = equipment replacement cost as a ratio of total building gost (T v

Equation 437

4.3.5.8 Operational Expenditure

This mathematical modelling ideterministic because its answer has exact values.

Unl i ke capital expenditures (i.e.

following linear relation with risks and tim&ifkwoode t a |

2016). In

CAPEX) ,

prc

researchers concluded that it is important to start activating OPEX calculations just after

deactivating CAPEX calculation impact, without overlapping, to end with accurate estimation

results Cambinj Congiu& Soraush2 0 2 0) . Operational

expendit

operationandmaintenance costs (i.e., O & M), spare parts costs, and energy Sloatmé

Najafi & Qasim2013). Previous research found that buildings operation and maintenance have
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an averageaqual to 9% of the buildings MEP initial investment costs (i.e., 15% of construction
total costs) over 25 years, as showkigures 422 and 423 (Wu & ClementsCroome2007).
Thus, operation and maintenance cost equal to 0.09 multiply by CAPEX totaludoptynioy

0.15.

Ratios Median | Mean |Standard deviation | Skewness | Kurtosis
Maintenance costs over initial costs 0.63 0.69 0.31 2.74 7.95

Operating and maintenance costs over initial costs 7.77 QQ 5.17 3.29 | 1233

Figure 423: This figure is adapted by Wu and Cleme@t®ome (207) for Schaufelberger anc
Jacobson (2000) and Fuller (2005) table showing the percentage of operations and maintenal
compared to the total building costs inclugliresidential buildings projects (Riley et al. 2005).

However, it excludes equipment replacement costs because CAPEX is considered in
some research and OPEX in other resedblaimaNajafi & Qasim2013;loannoy Angus&
Brennan2017). However, this research study will include equipment replacement separately,
as CAPEX adjustments, in the final projecto

modelling equation is based on CAPEX value, as shown in equati®®$04446.

0 Q00 IR Teé Equation 438
Fomts &

Orcmean = the mean cosisksof OPEXrisk group.

i =the risk number OPEXg r oup (i = 1, 2,
0¥ Qi Q. )
|=={ qOE. TZ gz’Q QO i oLAMAEED Equation 439

Orcmin = the minimum costisksof OPEXrisk group.

[ =the risk number iOPEXgr oup (i = 1, 2,
DOXYQ Q. o .
Fipote —a ('JQ'Q Qo i ObAXLELED Equation 440

Cremax = the maximum costisksof OPEXrisk group.

1
Iy
N

i =the risk number iOPEXg r oup (i
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ot Fhrt YEYCmt Hacaf b2 1
« Equation 441
Yt1s =the number of time steps per yedr{= 8).
t = system dynamics time steps (t =
|=JJ = the ratio of operation and maintenance to initial capital investnhnt(o.09/25).
- = theequipmento initial capital investment ratiog. = 0.15).
oo bt vEv o > .
« Equation 442
Y1s =the number of time steps per ye4r{ = 8).
t =system dynamicstimet eps (t = 3, 3.125, 3. 2!
|=JJ = the ratio of operation and maintenance to initial capital investnhnt(0.09/25).
. = theequipmento initial capital investment ratiog(. = 0.15).
rote Fhrd s vEv vk o Factthn
« Equation 443
Y1s =the number of time steps per yedr{ = 8).
t = system dynamics time steps (t =
|=JJ = the ratio of operatioand maintenance to initial capital investme}f\j (= 0.09/25).
. = theequipmento initial capital investment ratiog(. = 0.15).
FIrde e vomts s 2/
«
Equation 444
t =systerdynamics time steps (t = 3,
$ =theinitial construction contract cost at ptenstruction design stage.
Orcrean = OPEXriskscost (meanrisk).
FIFpde <fmvoe > v $ z/
<
Equation 445
= system dynamics time steps (t =
= theinitial construction contract cost at ptenstruction design stage.
Orcrin = OPEXriskscost (mn risk).

Page?221



Flhrae <ga voer o $ 2/ Equation 446
<

t = system dynamics time steps (t =

$ = theinitial construction contract cost at ptenstruction design stage.

Orcmax = OPEXriskscost (max risk)

4359 Project 6s Whholal&Expenditure Cycl e

Total expenditure (i.e., TOTEX) mathematical modelling is the last step, before NPV,
in forming this research system dynamics, final cost model. Regulators use TOaH#ress
projectsd cost probl e ms Canhind Compul& &oraushi20205 t me n-
Previous research proved that the TOTEX approach has great efficiency in assessing large
investment projectsGambinj Congiu & Soroush2020). Therefore, b research study is
including the projectés whole Iife cycle t
model. TOTEX will be calculated for each risk level (i.e., minimum, mean, and maximum
risks). The mathematical calculation will equal thenmation of CAPEX total costs, OPEX
total costs, and equipment costs in each step of the project cycle. Finally, this mathematical
model is considered deterministic because it will provide exact values for each time step output.
It will also create the conitied cost chart from the first tinstep to the last timstep of
residenti al projectsdé whol e -4T to 449 widl presene (i

TOTEX mathematical equations.
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0 0 O®E o&x¥ai WQWIEQI Q
4/ 4 %8 00 6 ‘OY8 0G¥di OQ (,Ongl o) Equation 447
0N o61nX¥RHd dWwQa QE o
t = System dynamics time steps (070.125,0.25,0.375,0. 5, ¢,

TOTEXmean = Total expenditur@einder mean risk impact

0 0 O%E o0&x¥ai OQE Qi Q
4/ 4 %8 0 0 U 'OY& oax¢Eai (DQE~QI ko) Equation 448
On o6 HAHE OdWQAQE O
t = System dynamics time steps (0-=0.125,0.25,0.375,0. 5, é,

TOTEXmin = Total expenditur@&inderminimum risk impact

0 0 O®E obéai Db Qi Q
41 4 %8 600 O odddi dwd Qi Q Equation 449
OoNnoQnvaHd wwQda Qe o

t = System dynamics time steps (070.125,0.25,0.375,0. 5, ¢&,

TOTEXmax = Total expenditur@&inder maximum risk impact

4.3.5.10 Net Present Value

Previous researchr oved t hat a projectds whole |
present value (i.e., NPV) calculation&kfer, Mahmud & Oo 2017). This is essential for
investment return appropriate decisioAkter, Mahmud& Oo 2017). The discount rate of
calculating NPV can be extracted from local government financial institutidosq, Forte&

Sirtori 2016). Previous research agiethat operational expenditure NPV is mandatory for
future investment cost modelakter, Mahmud & Oo 2017;Florio, Forte & Sirtori 2016).

Thus, this research study will consider net present value calculation for each OPEX and project
the whole life cyclausing equations-80 to 452 and UAE discount rate Figure4-23 (Jang

2011). However, construction capital initial investment does not require separate NPV
(McLean& McGovern2017;Nguyen Ogunlana& Lan 2004;Abdelsalam8& Gad 2009). The

return on inveshent in CAPEX is measured based on criteria other than NPV, such as the
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performance, quality, and codfi¢Lean& McGovern2017;Nguyen Ogunlana& Lan 2004,
Abdelsalam& Gad 2009). It is the most accurate way to ensure that the operational project
stage wi function without fail McLean& McGovern2017;Nguyen Ogunlana% Lan 2004,
Abdelsalam& Gad 2009). Therefore, this research study included CAPEX measurement

criteria as justified earlier by considering all its related risks. There will be no separate NPV

calculations for CAPEX. However, i tledPA¥n be
chart.
B & © EBORRates|CBUAE X |4 W = s X
O @ @ Central Bank of the UAE [AE www.centralbank ae, : i o * *t 7 e -
@ i insid) el L) s
— CENTRAL BANK OF THE UAE.

f AboutUs | Lawsand Regulations | Bank Guidelines | Statistics | Publications | Financial Institutions Consumer Protection | Services | ?

EIBOR Rates

EIBOR DAILY

1.420830 1.590000 1.730000 1.887500 1.855420 25-02-2020

Last updated 23 Feb 2020 3:32PM

404 PM

23/2/2020

Figure 424: a screen shot of the official EIBOR rate value in the United Arab Emirates a% o
February 2020 whicls used in calculating the net present value of the developed system dyn
model and its mathematical equation system.

0, .
06 414 %8 _ Equation 450
000 UTY
< pTmT
NPVewicmean = Net Present Value of projectt
t = System dynamics time steps (070.125,0.25,0.375,0. 5, é,

%) " /| 2 =Thediscount rate provided by the Central Bank of UAPpé&ncentage.

TOTEXmean = Total expenditur@inder mean risk impact
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06 41 4 %8 Equation 451

« 006 O*Y
p T
NPVewicmn = Net Present Value of projectos
t = System dynamics time steps (0=0.125,0.25,0.375,0. 5, e, 6

%) " / 2 =Thediscount rate provided by the Central Bank of UAE in percentage
TOTEXmin = Total expenditur@einder minimum risk impact

0,
.06 L,/?,S.. Equation 452
5 ‘006 0*Y
pTT
NPVpwicmax = Net Present Value of projectés
t = System dynamics time steps (0-0.125,0.25,0.375,0. 5, ¢é, 6

%) " |/ 2 =Thediscount rate provided be Central Bank of UAE in percentage.

TOTEXmax = Total expenditureinder maximum risk impact

43511 Project s WipystemDyhamicecycl e

System dynamics can be defined as a set of variables and compotegatting with
each other through different relationshipsiénet al. 2011Marzouk& Azab2014;Sterman
2003;Choopojcharoe& Magzari2012). Modelling is essential to understanding the skeleton's
problem and how decisions will impact its outpu@h¢gojcharoen®& Magzari2012). The
beauty of system dynamics modelling is that it can clarify variables movements through time
using linear and nehnear mathematical modelliny janet al. 2011Marzouk& Azab2014;
StermarR2003;Choopojcharoe& Magzari2012). It will allow us to see graphically (i.e., charts
and diagrams) and numerically all events and changes within a modelled system. This
mathematical modelling classification is under dynamical mathematics. This is because the

VENSIM software programm is based on differential equations and tlmased analysis
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(Yuanet al. 2011Marzouk& Azab2014;Stermar2003;Choopojcharoe& Magzari2012).

First, the used approach in this research is based on stock and flow dynamics as justified earlier.
However,equations 463 to 455 clarify how VENSIM uses the previous mathematical models

in stock and flow dynamical system as showrrigure4-25 (Yuanet al. 2011Marzouk&

Azab?2014;Stermar2003;Choopojcharoed Magzari2012).

) e s 1 e s~ 8

Inflow Outflow

Figure 425: System Dynamicstock and flow diagram.

d(Stock .
% = Inflow(t) — OQutflow(t) Equation 453
t
Stock(t) =j [flows;orai(s)] ds Equation 454
0
t
Stock(t) = f [Inflow(s) — Outflow(s)] ds + Stock(0) Equation 455
0

t = System dynamics time steps (070.125,0.25,0.375,0. 5, é, 60

The two types of system dynamics diagrams are open flow diagrams and causal loop
diagrams Yuan et al. 2011;Marzouk & Azab 2014; Sterman2003; Choopojcharoen&
Magzari2012). Causal loops are not used in this research cost modelling. However, it has been
introduced earlier in this study. On the other hand, open flow diagrams are used through the
stock and flow dynamical systems. The previous researcher explained the approach of solving
open flow problems based on identifying the problem's goals and situStemm@an2003).

Then analyze it to have a decisi@tgrman2003). Then, implement the salut/decision to
obtain desired result$Sterman2003). Figure4-26 is explaining how to open flow problems

should be handle&(ermar2003). Therefore, this research study identified the goal of building
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a cost estimation model using a system dynamicsoapprto solve the problem of having

i ssues

n projectsdéd cost est.i

mat i

in the following chapters to obtain this research investigation answers.

Goals

Situation

Problem ——p» Decision ——» Results

Figure 426: problem solving approach ke on open

flow system(Sterman 2003).

on

as

J

ust

According to researchers, stock and flow systems are like water inflow and outflow

from a basin, as shown kgure4-27 (Stermar2003). It is because of the differences between

inflow and outflow rates§terman2003). The inflow and outflow can change to adapt linear

and nonlinear mathematical modefai@net al. 2011Marzouk& Azab2014;Stermar2003;

Choopojcharoe& Magzari2012). However, the stock results from inflows and outflows in an
open flow systemYuanet al. 2011Marzouk& Azab2014;Stermar2003;Choopojcharoen

& Magzari2012). In this research study, cost cflslv and rate over time are considered the

system inflow and outflow. On the other hand, total costs until any time step point are

considered the stock of this research system. The overall main stocks are CARBEX 208

TOTEX. Mathematical equations are considered the valves of this research inflow and

outflows.

~——

Figure 427: System Dynamics stock and flow conceptual framew
(Sterman 2003).

Page227



Next, the basic mathematics used in VENSIM system dynamics modelling and
simulation are presented in equationS&4to 4634. It is extracted from the online official
VENSIM software tutorial reference manual. In equatioAs64and 457, the time base
function is required to ensure that time steps as variables of previously defined mathematical
modelling equations are not experiencing any evolution through time. Equab8nis}
representing function evolution over time. Equatiebrepresents the ratesnsputations of
evolution determinations. Equatior6d is representing the functions required to compute the
rates. Equation-81 is representing the system initialization function. These functions are
connected using a graphical representation of eadmemaittical relationship shown kgure

4-28. Levelg Aaux, data and constare various types that VENSIM can adapt.

om0
I

Equation 456

Time Base = the function of defining time as a variable to use in equations.
newtime = the simulation starting time step of time steps series (newtime = 0).
Time =the defined time steps and whole life cycle length in sittings.

——— = the dynamical movement slope (TIME BASE Slop = 1).

YO0 &6 "yrip is used in this research study to enfarakeulating time variable as pe
the defined time steps.-stpt,timest¢pqd) 0) ,

15 r=d =91 ol ko Equation 457

Time Base = théunction of defining time as a variable to use in equations.

(START+Time*SLOPE) the dynamical simulation movement of Time Base funci

T

d
levels, = [mre:rdx or Efevefsg =rates, Equation 458
T I

W

rates, = g(levels,, aux,.data,, const) Equation 459

06 ¢ QA QU KOEQOAGE & 1 dm Equation 460
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levels, = hilevels, . aux,, data,. const) Equation 461

LOOKUP NAME(X1, X2, X3,....Xn, Y1, Y2, Y3,....Yn) Equation 462
LOOKUPNAME ([(Xmin,  Ymin) - (Xmax, Ymax),(Xrefl,Yrefl), Equation 463
(Xref2,Yref2),...(Xrefn,Yrefn)] (X1, Y1),(X2,Y2),...(Xn, Yn))

%Mhl Stock variable

Q:D%.-Q Flows or Rates

Rate
Awxllary Va;i,g;.[gu Canstants or auxiliaries
o - Connections

Figure 428: SystemDynamics mathematics relationshi
graphical representation in VENSIM Software
In equations 462 and 463, the LOOKUP Table function ensures that each of the
VENSIM system dynamics simulations does not violate the mathematical modelling function.

Figure4-29 is an example of how to set a LOOKUP Table in VENSIM software.
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Figure 429: System Dynamics Lookup Table Grag
conceptual framework from VENSIM Software
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4.3.5.12 Forecasting Accuracy Error

Calculating and measuring accuracy error is essential for any forecasting or modelling
study; however, this is because it is required to know how much forecasting results reflect the
actual valug(Koo, Hong & Hyun 2010; Xu& Moon 2013; Shahandash& Ashuri 2013;
Odeyinka Lowe & Kaka2013;Huang et al. 2015; HyarAl-Daraiseh& El-Mashaleh2016;
Murillo-Hoyos Volovski & Labi 2016) Measuring accuracy error is commonly used in
guantitative and modelling research after validating the created fongcagstem using real
data(Koo, Hong & Hyun 2010; Xu& Moon 2013; Shahandask&i Ashuri 2013;0deyinka
Lowe & Kaka 2013;Huang et al. 2015; HyarAl-Daraiseh& El-Mashaleh2016; Murillo-

Hoyos Volovski & Labi 2016)

Oi 1 £0 O Equation 464

.. B D Os

voO 7 Equation 465
0o O _

0 YO 7 Equation 466

0600 B °c_9, 4 Equation 467

MAD = Mean Absolute Deviation.

MSE = Mean Squared Error.

MAPE = Mean Absolute Percentage Error.
A: = Actual Value aft) time.

F.= Forecast Value &t) time.

T = The number of timperiods.
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From previous research, adapted equations have been assigned to measure the error of
this research final cost estimation model using equati@#std 467; nevertheless, using mean
absolute deviation and mean square error have been proved very effecéilgailating system
dynamics and mathematical modelling error percen{&g®, Hong & Hyun 2010; Xu &

Moon 2013; Shahandasi&i Ashuri 2013;0deyinka Lowe & Kaka2013;Huang et al. 2015;
Hyari, Al-Daraisen& El-Mashaleh2016; Murillo-Hoyos Volovski & Labi 2016) Thus, this
research study will use real project data to validate the final system dynamics cost model and

apply the mean square error approach to measure its accuracy.

4.3.6 Final SystemDynamicsModel

System dynamics final model, in this studybigilt in the last research stage. It is
because of the need for prerequisite inputs preparation stages. Each input will be framed,
analysed, and validated before using it in the system dynamics final model. First, cost risk
inputs are the main componenfghis study. They need to be mapped, collected, and validated
to ensure accurate modelling outputs. Second, mathematical modelling is the main driving
engine of this modelling study. It is providing how and why modelling components interact
with each otlr. Finally, VENSIM software algorithms are the main artificial intelligence brain
binding all components together over time using the desired mathematical modelling approach.

Therefore, this research study's final system dynamics model will be the nggmalor
contribution to the body of project management knowledge. This significance is because of
several reasons that resulted from this study as justified earlier. First, system dynamics cost
estimation modelling provide accurate charts of cash flow suwmeer several risks impact.
Second, it is allowing us to adapt directly to future changes in cost risk rates. This will create

updated cash flow curves under mi ni mum, m
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estimation using the same model. Third, fimal research model presents detailed values for
each time step, including the cash flow under the-mgkoimpact, minimurrisk impact,
meanrisk impact, and maximumsk impact. Fourth, all provided data resulted from system
dynamics modelling simulains can be exported out of the VENSIM software programme to

be used in other software programmes for further analysis or reporting purposes. Finally, this
research study delivers a model capable of presenting more than four simulations
simultaneously,incidi ng all cash flow curves in one ¢

values of each time step in one exportable table.

4.3.7 Demolition

The demolition stage of the projectds wt
included mathematically. Instead, it is included as a milestone event representing the end of
the residenti al projectods | i fouding yathematicalT h e r
demolition calculation in modelling future costs over 60 years. These reasons have been
discussed in chapter 3; however, as showkignre3-14, demolition has an exceptionally low
i mpact on the project datue. tdweverethisl resdarch stugyonille n
introduce the debates on demolishing costs and recommend further research in this regard.

There are three primary debates about demolition and deconstruction cataept (
Srebric& EnachePommer2014;Doan& Chinda2016;Creba2019;Marrero& RamirezD e
Arellano2010). First, researchers argued that project demolition costs are based on labours and
equipment required to complete the task while satisfying the environmental and technical
requirementsHan Srebrc & EnachePommer2014;Creba2019). They declared that it is a
part of a project's whole life cycle and should be included in the cost modelling pridaess (

Srebric& EnachePommer2 0 1 4 ) . They | ocated this activi
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whole life cycle and considered demolition to be the end of building and infrastructure projects
(Han, Srebric& EnachePommer2 0 1 4 ) . This is the worst sce
whole life cycle cost (i.e., causing additional costs). Therefore, assdisd in chapter 3 of this
research study and as shownHigure 3-14, it is not required to add any mathematical
modelling to measure demolition cost risks in the final cost estimation model. Second, previous
research classified demolition and decongibncas a development transformation stage
(Creba2019). It is connected with architecture, modern movements, and urban designs to
satisfy cultural and social requiremen®€ba2019). This direction is based on the capitalist
economic systemJreba2019) Nonetheless, there are demolition exceptions for government
urban planning and developme@iréba2019). The main exclusion from building demolition

and deconstruction is considering the building as a historical pro@repd2019). The rule

of thumb n considering historical properties is based on at least 50 years old (Williams & Crass
2020). However, according to the United St a
the historical preservation division, historical buildings must be regiia the government

system (Williams & Crass 2020). This will require three mandatory attributes to consider
buil dings as historical properties (Williar
at least 50 years old (Williams & Crass 2020).il@ng integrity (i.e., unchanged original

status) should be met and maintained (Williams & Crass 2020). Finally, buildings' significance
should be met and maintained by direct association with shaped history, physical, historical
architecture charactenss, or the ability to generate information to understand the past
(Williams & Crass 2020). To summarize the second debate of demolition costs, capitalist
economicsd6 approach is to convert project s

buildings @ to reinvestment project€(eba2019; Williams & Crass 2020).
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The third demolition debate considers b
wastes larrero& RamirezDe A r €010;@oan& Chinda2016). This argument is based
on applying a congruction waste management system on demolishing walstesgro &
RamirezDe Ar e2D010;®oan & Chinda2016). It will include material recycling and
materi al di sposal foll owing the sMamo&aut ho
RamirezD e  Kano2010;Doan& Chinda2016). The reason behind this approach is due to
having the demolition of an ended project in the same time window of the replacement project
reconstruction§larrero& RamirezDe A r €010;Boan& Chinda2016). In most cases,
the demolition happened to accomplish a new development and treated during the
reconstruction stage as using construction waste management approaches as shown in figures
4-30 and 431 Marrero& RamirezDe A r €010;@o0ark Chinda2016;Won & Cheng
2017;Saezet al. 2013). The second and third debates agree on merging the demolition stage
with the construction stage and consider it a generated construction waste during reinvestment
projects executionMarrero & RamirezDe Ar e2010;®wva0& Chinda2016; Won &

Cheng 2017Saezet al. 2013Creba2019; Williams & Crass 2020).

Greater advantages in bids
Raising staff awareness

Raw materials saving

| Construction
\
4

Improvement of C&D waste management | Design phase
Reduce legal sanctions
Cost saving phase
Improvement of the image company !
0 1 2 3 5

Assessment (Me)

Figure 430: The best practices of handling construction and demolition (C & D) w
management costs during design and construction stages based amedan (Me)
assessment{on & Cheng 201y
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Figure 431 Construction and demolition wast
management approacBgez et al. 2033

Therefore, this research study will not include demolition calculation in future cost
estimation of largenvestments over a lodAge span due to the lowost impact of the first
argument on NPV (i.e., investment measurement criteria). Furthermore, it is due to the
unknown possibility of turning the project into a historical building or merge its demolition
with the investments reconstruction stage. The CAPEXnsodel covers all construction
waste management risks based on design stage construction contract value (i.e., including land
preparation for construction). However, the second and third argumetite dest choice for
a capitalist country like the United Arab Emirates, supporting the decision made by this

research study.

4.4  Summary

To sum upin chapter 4, this pure quantitative research methodology and design ha
discussed in detail all aspects sficcessfully answering its questions and meeting its
objectives. TIs research study aims to approach system dynamics using VENSIM software
programme to model t he pr oj encludidgsits vabhfiowe | i
simulation under differentenarios. All choices and decisions in this study have been justified
and clarified. All mathematical and statistical modelling been framed and is ready to be

used in further analysis. However, the key outputs of this research will be summarised in thi
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section. Moreover, it is recommended to refer to detailed discussions if any additional
information is required.

The reason$or choosing this research approach as solely quantitative are detiailed
the beginning of this chapter. However, the appro&cbliecting and analysing data reliability
and validity is the main criterion of assigning quantitative research approach executively for
this study. This chapter provided a brief about qualitative and mixed methods and justified,
with evidence from liteature,andtheir inability to fit this study.

In the kegiming, it is mandatory to cover howeeresearch questions have been
answered. Therefore, the firstresearchquefh at ar e t he ri skso6 val
project 6s wlhsbdstenation? has beenyansivered through extracting data from
experts and ensure its reliability, validity, accuracy, and precision. This is accomplished by
conducting face to face survey interviews with experts using the designed questionnaire in
appendix A. Then, verify its reliability and validity using correlation astdtistical regression
modelling as detailed in appendix B. Then, create the adapting linear equations using risk
impacts and probabilities. Finally, the last step of answering teersearch question is
utilising Monte Carlo simulation to confir.
risk error (i.e, risks fromaclient perspective).

After that, the second questidgiow to model mathematically and graphically map all
identified and verified risk9?has been set fdhe investigation to complete the journey of
meeting this research aim and objectives. The mathematical equation ssgtems several
steps before utilizing ih any software programmes analysis (iISPSS and VENSIMData
significance, reliability, and validity mathematical equations system have been provided to
complete the first research question successfdllis means that answering the second

research question will start before fully answerihg first research question. Then, Monte
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Carlo mathematical modelling has been detailed with justification evidence for each step. After
that, the equations system used in system dynamics modeltilugleésconstruction cashflow

and risks SCurves. It is ftlowed by capital expenditure (i,eCAPEX), equipment
replacement, and operational expenditure,(I®PEX) mathematical calculation system.
Finally, the projectds whl®OTEX)ahd neteresent values t o
(i.,e, NPVs) matheratical computing system ba been detailed as a final step before
answering the third research question. Nevertheless, there is another overlapping in answering
the second research question with the third research question. It is because of the need to
understand VENSIM software programme modelling basic mathematics. This will pravide
clear understanding of how a system dynamics software use cost estimation equations system
overtime to provide final accurate outputs.

Next, answering the third researchegtion (How to approach modelling cost
estimation dynamics through time, includinc
whole life cycle?, is explained in this chapter by detailing the process of developing and
validating VENSIM system dynamis si mul ati on model for res|
cycle cost estimation in UAE. This task is achieved by using the collected and validated risks
in the developed computing mathematical equations system. The development shage of
VENSIM modelis based oraccurately mappingll related risks in groupss explained in
chapter 3.It is thenessential to defin¢ghe projects whole life cycle criteria in VENSIM
software platform settings. It is required to insert all risk rates and mathematical equations in
the built dynamical system. Ensuring the me
outputs without systerarrors based on the provided inputs. TWENSIM system dynamics
final model's validation stage achieved using real data of 3 completed residential projects in

the United Arab Emirates. This is to invest
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stepompared with t helowsatthessanie tirpersteps. &inatlystiie vatidatsorm
process of this researsii i n a | mo d e | aim aoduobjgrtivésscanfiat beecompleted
without measuring its accuracy. This is achieved using the mearesguar approach (i.e.
MSE), as explained and detailed in chapter 4.

In conclusion, it is essential to present key information points that resulted from this
chapter discussions and arguments. Fi 0Ost,
years. CAPEX timespan is equal to 3 years. OPEX timespan is equal to 57 years. Second, the
acceptable collected data for each risk variable is equal to 55 samples. Monte Carlo simulation
is using 10,000 iterations for each risk variable. Finally, théoiahg chapters are the

execution, outputs, and conclusion of this research methodology design.
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Chapter 5
DATA COLLECTION AND VALIDATION

AThe challenge is to define the measures and

to find them economically and swifily

(Phillips & Stawarski2013,p.118
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5.0 Introduction

The implementation of data collection and validation procedures will be detailed
following the explained and justified research methodology design of this reskatbis

chapterthere are three main arguments relatedita colledbn andanalysis presenteds the

following:

1- E x p ecorpgténcies.
2- Data orrelation analysis.
3- Data egression analysis.

Each argument will include a comprehensive discussion to highlight the key points and
interpret data collection and valiitan approaches. This interpretation will be conducted
through an intensive critique of what has been concluded in previously published literature
reviews. Therefore, by completing chapter 5, the collected data will be scientifically validated
and shapedor further modelling analysis. This will include Monte Carlo simulations and

VENSIM system dynamics mathematical modelling equations.

5.1 E x p e €Edampedencies

Data collection in this research methodology design is basg@Doasidential building
projectds whole I|ife cycle expertsé invita
development and construction project management), experts who have a related knowledge
base and who have similar projects experience were used to provigeabtzelata for
research studies, including cost and duration variadiesnjermann& Eber2017). Previous
similar studies (i.e., buildings predictive

draw a valid scientific research conclusiafinimermann & Eber 2017). However, it is
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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
coll ection e x per tlewel of gequéested oflitpuxs c(Bliegl 2009c98.0
Traditionally, researchers defined experts as people who can evaluate something better than
anyone else because they know more than others in their specific knowdedges{mann
Eber2017). Al ud,pudexsparrtesd@ ea med in |iterature
2009 p.99. 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 criteriaroftespé
considerations for scientific studies (Mieg 20@@mmermann& Eber2017; FloresColen

Brito & Freitas2010). This is significant to ensure experts' assessment excellence level (Mieg
2009). Commonly, expertso ealiaZimadrmaoni Eberal i di
2017). This reputation is called experienZar(mermann& Eber2017). The experience is
defined as the satisfactory number of successful similar systems investigations to reach the
ability to predict cemplewmteyyvytemabdl| eslbawviad
small margins Zimmermann& Eber2017). In this research study, it is required to be more
specific in identifying experytesa.r HFiurlseto, rferq
stated that experts need study the area of knowledge for 10,000 to 50,000 hours before
considering their reputation (i.e., expertise) (Mieg 2@093. This is equal between 3.5 to 17

years based on 8 hours per day to reach maters level (Mieg 2009). From another perspective,
itis 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 appnocladed two main criteria

(Mieg 2009). The first criterion is a higher education qualification (Mieg 2009). It required a

minimum of 5years of university degree qualification (Mieg 2009). The second criterion is the
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number of years of specialized expece in addition to a university degree qualification (Mieg
2009). Researchers classified experts wiyear degree qualification plus 2 to 7 years of
related specialized experience as high experts (Mieg 2009). On the other hand, they classified
expertsvho have only afyear degree qualification, with high sensitivity to the research topic,

as medium experts (Mieg 2009). Therefore, this research study considers high experts as
professionals with fyear degree qualification and at least two years ofa@lapecialized
experience. Moreover, considering medium experts as professionals witleaa Begree
qualification in engineering related to building environment knowledge (i.e., construction and
operation) such as civil engineering, mechanical engingereiectrical 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., camttors, consultants, developers, and governmkirng).
because the Ministry of Human Resources and EmiratizationMir@stry of Labour) in the

United Arab Emirates ensure the authenticity of degree certificatesissuing work permits
anddoesnot egi st er engi ne e licending@auwhortties approve thems.,l e s s
Abu Dhabi Municipality and Society of Engineefsjohre 2020; Abu Dhabi Municipality

2020; Society of Engineers 2020)his will ensure selecting valid experts who satisfy
minimum acceptable conditionscluding authentic equivalated-fear engineeringdegree
qualificationand approved relevant specialized experience. This research study invited 200
experts following the previous justified criteria and completed 55-ttaace survey
interviews within acceptable response rate (i.e., 27.5%) as explained and justified in chapter 4.
In table 51, experts' general information is presented to confirm their validity through the

following analysis.
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Survey , Organization Total .

Interview Re;gg;icéint s Job Title Experience | Experience Projseltfti (();\ED
SN (Years) (Years)
1 Public Sr. FM Engineer 5-10 >10 < 500,000
2 Public Sr. FM Engineer| 5-10 >10 < 500,000
3 Public Project Engineer 5-10 >10 > 5,000,000
4 Private QA/QC Manager >10 >10 > 5,000,000
5 Public QA/QC Manager 5-10 >10 > 5,000,000
6 Private Project Manager >10 >10 > 5,000,000
7 Public Project Manager >10 >10 > 5,000,000
8 Public QA/QC Manager 5-10 >10 > 5,000,000
9 Private Mgﬁg;’ggf" 3-5 5-10 | > 5,000,000
10 Public Project Manager >10 >10 > 5,000,000
11 Public Sr. FM Engineer| 5-10 >10 > 5,000,000
12 Public Sr. FM Engineer 5-10 >10 > 5,000,000
13 Public FM Engineer 5-10 >10 > 5,000,000
14 Public FM Engineer 5-10 >10 > 5,000,000
15 Public FM Engineer 5-10 >10 > 5,000,000
16 Public | " EL‘;‘?:]’;Te”t 5-10 >10 | >5,000,000
17 Public FM Engineer 5-10 >10 > 5,000,000
18 Public Sr. FM Engineer 5-10 >10 > 5,000,000
19 Public FM Engineer 5-10 >10 >5,000,000
20 Public Project Manager >10 >10 > 5,000,000
21 Public | " EL‘;‘?L‘&TGM >10 >10 | >5,000,000
22 Public Project Manager 5-10 5-10 > 5,000,000
23 Public QA/QC Manager <3 >10 > 5,000,000
24 Public Cost Engineer >10 >10 > 5,000,000
25 Public Cost Engineer 5-10 >10 > 5,000,000
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Survey , Organization Total .
: Respondent's : . . Size of
Interview Position Job Title Experience | Experience Projects (AED

SN (Years) (Years) )

26 Public Sr. HSE Enginee 3-5 >10 > 5,000,000

27 public | " reiectsControl 3-5 >10 > 5,000,000
Engineer

28 Public Section Head <3 >10 > 5,000,000

29 Public Project Manager 5-10 5-10 > 5,000,000

. . 1,000,000

30 Public Project Manager 5-10 5-10 5.000,000

31 Public Project Manager 5-10 5-10 > 5,000,000

32 public | Projects Control >10 >10 > 5,000,000
Engineer

33 Public Project Manager 5-10 >10 > 5,000,000

34 Public Project Manager 5-10 >10 > 5,000,000

35 Public QA/QC Manager| >10 >10 > 5,000,000

36 Private Cost Engineer >10 >10 > 5,000,000

. . 500,000

37 Private Internal Auditor 3-5 3-5 1,000,000

38 Private Project Manager >10 >10 > 5,000,000

39 Public Planning 5-10 5-10 > 5,000,000
Manager

40 Public Cost Engineer 3-5 >10 > 5,000,000

41 Public Sr. Planning >10 >10 > 5,000,000
Engineer

42 Public Cost Engineer 3-5 >10 > 5,000,000

43 public | S Procurement >10 >10 > 5,000,000
Engineer

44 Public Project Manager <3 <3 > 5,000,000

45 Public Sr. Planning >10 >10 > 5,000,000
Engineer

46 Public Cost Engineer 5-10 5-10 > 5,000,000

47 Public Project Manager 5-10 >10 > 5,000,000

48 Public Project Engineer >10 >10 > 5,000,000

49 Public Project Engineer >10 >10 > 5,000,000
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Survey , Organization Total .
: Respondent's : . . Size of
Interview Position Job Title Experience | Experience Projects (AED

SN (Years) (Years) )

50 Public Project Engineer >10 >10 < 500,000
51 Public Project Engineer 5-10 >10 > 5,000,000
52 public | S+ Procurement 4 510 | >5,000,000

Engineer

53 Public FM Engineer >10 >10 > 5,000,000
54 Private QA/QC Manager >10 >10 >5,000,000
55 Private HSE Engineer >10 >10 > 5,000,000

Table 51: General information about interviewees who provided the required risk values |
on its probabiliy and impact weightage.

From table>-1, this research study has followed previous research requirements of
validating knowledge experts. First, the questionnaire cover page included all needed general
information about interviewees. These information tips have been used to validatepsath ex
and whether to consider using their provided data or not. Tableas five primary columns.

The first column has the seri al number of
guestionnaires). The second citidnyi.manpublicsor s h o w
private). It is used to ensure that interviewed experts are not freelancers and work in
organizations under the Ministry of Human Resources and Emiratisation requirements. The
third column is presenting the job title of each expddwever, this study's researcher does

not need to verify any degree certificate or experience behind UAE authorities from the second
and third columns. It is only required to have a look at the professional engineering license.
Figure5-1 provides the AbiDhabi municipality practising engineer license template with all

its detailed components. This approach follows previous similar studies conducted in the
United Kingdom Elhag Boussabain& Ballal 2005; Doloi 2011). These studies used the
official records of theRoyal Institute of Chartered Surveyors (RIG8)find valid experts

(Elhag Boussabain& Ballal 2005; Doloi 2011).
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Figure 51: Abu Dhabi Municipality License Sample to show officiabpided information to

validate experts.

Table5-2: Intervieweeg/earsof experience

Yea@i?:]iﬁ);ﬁ:“ence Number of Total Years of Number of
. Interviewees Experience Interviewees
Organization
<3 3 <3 1
3-5 6 3-5 1
5-10 25 5-10 7
> 10 21 > 10 46

Table5-3: Intervieweegotal yearof experience

within thecurrentorganization.

ExperienceSize of Projects  Number of
(AED) Interviewees
< 500,000 3
500,000- 1,000,000 1
1,000,000 5,000,000 1
> 5,000,000 50

Table5-4: Intervieweesxperience size of projects

Number of Interviewee

u Public
M Private

Figure 52: Interviewees working sector.

Page246



Table 51 shows that the number of interviewees, who are currently working in the
private sector, is equal to 8, and the number of interviewees, who are working in the public
sectors, is equal to 47, as shown in sumnfagyre5 2 On the other hand, 46terviewed
experts havé@l0 years of experiendee., 25 + 21 = 46)as shown in table-8. They worked
in the privateandpublic sectos. Only one interviewee had between 2 to 3 years of experience
plus a Byear engineering degree qualification, as showtable53 . 1t i s sti |l | m
high level, as explained previously (Mieg 2009).

There are no criteria about the projecto
Zimmermann& Eber 2017; FloresColen Brito & Freitas2010). However, tis research
investigated to ensure that the related experience (i.e., at least two years) is as accurate as
possible. Therefore, the final system dynamics model will be validated using real residential
housing project data. This will require ensuring toezigwith similar specialized experience.
Nevertheless, previously published literature declared clearly that it is challenging to define
large construction based on common coderion et al. 2010). Projects in Vietham are
considered large projects if their budget equal to or greater than 1 million USD dollars (i.e.,
3.67 million dirhams) Memon et al. 2010). On the other hand, Malaysia projects are
considered large if their budget egitmor greater than 5 millioMalaysian Ringgi(i.e., 4.55
million dirhams) Memonet al. 2010). Other researchers considered projects as large project
as long itis < 1 billion US dollars (i.e., 3.67 billion dirham&dane Johansei& Ekambaram
2013).Based on Norwegian projects, it was considered large with a value of 985 million US
dollars gidane Johanser& Ekambaran?013). From another perspective, the maintenance
works are contracted on an annual basis; thus, badedune4-23 in chapter 4, ggration and
maintenance cost have a mean equal to 9% and a standard deviation equal to 5.17% of MEP

CAPEX cost Wu & ClementsCroome2007). MEP CAPEX is equal to 15% froRigure4-
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22 in chapter 4Rileyetal. 2005)T he bi ggest v al ialdeastaboutd bilioe a | p
dirhams (i.e., megaproject). Therefore, considering the OPEX medium, large, and mega
projects should be based on the mean and standard deviation provided by literature. The
medium OPEX project value will equal to 3.83&.(9%- 5.17% = 3.83%). The large OPEX
project will equal 9%. And the mega OPEX project will equal to 14.1i784 9% + 5.17% =
14.17%). MEP CAPEX based on 4 billion dirhams will equal 600 million (i.e., 15% of total
CAPEX). Most similar research discussed largajgets instead of megarojects based on
different criteria a explained previouslyiémonet al. 2010Zidane Johansei& Ekambaram
2013) . Therefore, this research study wil!/
experience, as shown in tal#-5. First, OPEX normasize projects value will be < 500,000

AED (i.e., Annual projects = 3.83%*15%%*4 billion + 57 years of operation = 403,158 AED).
Second, OPEX largsize projects value will be from 500,000 to 1,000,000 AE®, Annual

projects = 96*15%*4 billion + 57 years of operation = 947,368 AED). Third, CAPEX nofrmal

size projects value will be from 1,000,000 to 5,000,000 AEB.,(including literature
arguments about large projects -ofit value) (Memon et al. 2010;Zidane Johansen
Ekambaranf013). Finally, CAPEX largsize projects value will be > 5,000,000 AEL®(,

more than | it er atoff vamiéd argurheats)\emon ptralo30H0Zitlase c ut
Johanse& Ekambaran2013). It is found that 50 out of 55 experts (i.e., Pb%ve experience

in large projects, as shown in tabl®5

Criteria Experience Size of Projects (AED)
OPEX Normal Projects < 500,000
OPEX Large Projects 500,000 1,000,000
CAPEX Normal Projects 1,000,000 5,000,000
CAPEX Large Projects > 5,000,000

Table5-5: experiencesize of projects criteria

Page?48



Therefore, all interviewed experts are considered-lagal experts, and the excellent level of

provided data has been met in this research study (Mieg ZbG®ermann& Eber2017).

5.2  DataCorrelation Analysis

Correlation is defined as the measurement of a specific pattern of association (Wild
2014). However, the association occurs when a scatterplot takes a pattern between two
numerical variables (Wild 2014). After validating data prowdér abi | i ty t o con
research study, three types of essential reliability criteria need to be satisfied, as explained in
the research methodology chapter. First, the statistical significance test of quantitative results
is deciding the repeat#iby or replicability of these results during a particular period
(Golafshani2003). Thiss the indicator oflatastrength In correlationanalysis P-Value is the
significance of hypothesis considerati@econd, measurement stability is an important type
for testing quantitative results reliabilityGolafshani 2003). This means that stable
measurements over time are more reliable than unstable measuré@aafshani2003;
Rungtusanatharet al. 2003 Saup & Lewis 2012;Mohd et al. 2015)Stability (i.e., strength)
can be defined as the correlation between 2 separate readings of the same\argecivéal
et al. 2021Francis1991). Third, the similarity type of reliability can be defined as the average
correlation of readings within a given conditionahderwal et al. 2021;Francis 1991).
Correlation Rvalues range between +1 arfid(Ratner2009; Wild 2014 DeSoto& Roediger
2014). In correlation analysis, thevalue is the scatter strength and similanitdicator. The
considered hypotheses forghesearch correlaticamalysis are listed as the following:

Let,} represent the Correlation of Pearson Population, then

Ho: }  =1.eQNo Cdrrelation between variables),

Hi: [ QGorre{aiion is available between variables)

Page?49



Ho s true if the significance does not exist ( P-value > 0.05). His true if correlation
analysis showed significance’Pa |l ue O 0. 05. T hhas been condactedfori o n
each risk factor andusnmarized in table 6. The table is including th&ey data analysis
outputs, including thenean standard deviatigrp-value, rvalue, and analysis description for
each analysisL{near Relationship Strength Data correlatioris completed for each risk
times to includeboth (Risk vs Probability and (Risk vs Impagt Finally, this correlation
indicatesthe linear relationship between the data sets of each risk factgri(l.é.risks).
Although this research is conducting all statistical analysis usineg SPSS software
programme, it is mandatory to know that basic correlation mathematics uses chapter 4 (i.e.,

research methodology) mathematical modelling as shown in equatibasd 43.

— > (zi —2)(y; — 9) |
\/Z (z; — 5)2 S (y; — g)z Equation 42

r

T = correlation coefficient

i = values of the x-variable in a sample
& = mean of the values of the x-variable
Yi = values of the y-variable in a sample

Y = mean of the values of the y-variable

€t = pet—1 + V4 Equation 43

Yt =nonzero eigenvalues
= Durbin-Watson statistic hypothesis

& =theresidualerror
€-1 =thepreviousresidualerror
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Correlation: Correlation:
Risk vs Probabilit; Risk vs Impact
SN Cost Risk D ioti M Standard 'y sk vs Impa _
ost Risk Description ean Deviation Linear Linear
r- P- . . r- P- . .
Relationship Relationship
value | value value value
Strength Strength
A Construction Activitiesd Risks
1 Selection Method 31.93 22.386 0.760 0.000 Strong 0.919 0.000 Strong
2 Type of Client: Solo Individual 24.55 23.277 0.806 0.000 Strong 0.927 0.000 Strong
3 I C!lent: Bariieiice 22.58 17.649 0.493 0.000 Weak 0.780 0.000 Strong
Partnership
4 Type of Client: Developer 21.22 15.645 0.451 0.000 Weak 0.841 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 Moderate 0.943 0.000 Strong
7 Location: Regional Area 22.84 18.129 0.312 0.020 Weak 0.914 0.000 Strong
8 Location: Beach Area 23.55 16.722 0.737 0.000 Strong 0.841 0.000 Strong
9 Location: Desert Area 31.65 23.420 0.801 0.000 Strong 0.919 0.000 Strong
10 Bmldlng Serwces_ Complexity: 26.82 17.132 0.467 0.000 Weak 0.723 0.000 Strong
Operational Services
11 Bund_lng 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 0.846 0.000 Strong
14 Site Topography 26.93 17.920 0.522 0.000 Moderate 0.856 0.000 Strong
15 Site Conditions 29.33 20.110 0.620 0.000 Moderate 0.908 0.000 Strong
16 | Working Space 19.13 16.546 0.550 0.000 Moderate 0.880 0.000 Strong
17 | Site Access 19.91 18.686 0.660 0.000 Moderate 0.925 0.000 Strong
No
18 Frame Structure 18.45 13.281 0.003 0.983 el 0.884 0.000 Strong
. No
19 Foundation Type 18.87 13.951 0.092 0.514 el 0.941 0.000 Strong
- No
20 Ground Conditions 30.31 17.055 0.247 0.069 TS 0.932 0.000 Strong
21 | Type of Soil 28.27 18.006 0.434 0.001 Weak 0.830 0.000 Strong
22 Mark-up Size 17.85 16.672 0.630 0.000 Moderate 0.927 0.000 Strong
23 Need for Work 17.67 14.934 0.383 0.004 Weak 0.881 0.000 Strong
24 Deadline Requirements 36.71 20.623 0.659 0.000 Moderate 0.703 0.000 Strong
25 Number of Stories 22.02 15.841 0.601 0.000 Moderate 0.893 0.000 Strong
26 Project Duration 33.35 21.961 0.749 0.000 Strong 0.849 0.000 Strong
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Correlation: L
. Correlation:
RIS Risk vs Impact
; . tandard Probabilit
SN Cost Risk Description Mean S a' ? Y = =
Deviation Linear Linear
r- P- . . r- P- . .
Relationship Relationship
value | value value value
Strength Strength
27 | Gross Floor Area 21.45 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 ConstructionTechnology Availability 30.67 21.461 0.652 0.000 Moderate 0.891 0.000 Strong
B Political Risks
1 Change in Law 27.44 23.599 0.744 0.000 Strong 0.802 0.000 Strong
2 Delay in Project Approvals and Permit§ ~ 41.41 20.110 0.598 0.000 Moderate 0.846 0.000 Strong
8 Poor Public Decision Making Process 31.54 17.959 0.547 0.000 Moderate 0.837 0.000 Strong
4 Government Intervention 30.57 19.296 0.633 0.000 Moderate 0.866 0.000 Strong
5 Unstable Government 36.65 25.307 0.850 0.000 Strong 0.713 0.000 Strong
6 Government Reliability 38.26 23.664 0.698 0.000 Moderate 0.848 0.000 Strong
7 Inconsistencies in Government Policie§  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 Assety  26.44 22.576 0.775 0.000 Strong 0.687 0.000 Moderate
10 Inability of Concessionaire 22.56 19.908 0.160 0.247 o 0.752 0.000 Strong
relationship
C Legal Risks
1 Change in Tax Regulation 30.47 22.963 0.915 0.000 Strong 0.920 0.000 Strong
2 Corruption and Lack of Respect for La 30.96 22.622 0.796 0.000 Strong 0.746 0.000 Strong
8 Legislation Change 25.56 19.411 0.727 0.000 Strong 0.888 0.000 Strong
4 Import / Export Restrictions 22.83 19.872 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 24.98 20.551 0.818 0.000 Strong 0.889 0.000 Strong
D Economic Change Risks
1 Interest Rate Volatility 22.67 20.536 0.750 0.000 Strong 0.948 0.000 Strong
2 Inflation Rate Volatility 26.22 21.914 0.481 0.000 Weak 0.960 0.000 Strong
3 Foreign Exchange and Convert 20.63 17.709 0.707 0.000 Strong 0.807 0.000 Strong
4 Poor Financial Market 30.45 19.669 0.751 0.000 Strong 0.832 0.000 Strong
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Correlation:
Risk vs Probability

Correlation:

Risk vs Impact

SN Cost Risk Description Mean Sgi]:t?(;[rj\ Tnear Tingar
V;I;Je v:Il-Je Relationship v;Il-Je v:It-Je Relationship
Strength Strength

= Natural Risks
1 Force Majeure 18.35 18.789 0.660 0.000 Moderate 0.673 0.000 Moderate
2 Environment 18.07 17.122 0.615 | 0.000 Moderate 0.874 0.000 Strong
3 Weather 17.44 16.317 0.513 0.000 Moderate 0.919 0.000 Strong
4 Geotechnical Condition 23.69 18.247 0.085 | 0.541 relati';ﬂship 0.923 0.000 Strong
F Market Risks
1 Market Supply 25.11 20.860 0.737 0.000 Strong 0.872 0.000 Strong
2 Market Demand 27.07 23.514 0.787 0.000 Strong 0.958 0.000 Strong
3 Fluctuation of Material Cost by Public/Private 24.81 20.746 0.721 0.000 Strong 0.889 0.000 Strong
4 Value of Production Effort 22.30 20.355 0.675 0.000 Moderate 0.886 0.000 Strong
G Project Selection Risks
1 Public Opposition to Projects 18.54 20.705 0.779 0.000 Strong 0.779 0.000 Strong
2 Uncompetitive Tender 25.50 20.831 0.689 0.000 Moderate 0.946 0.000 Strong
3 Level of Demand for the Project 24.19 19.179 0.726 0.000 Strong 0.761 0.000 Strong
4 Land Acquisition 25.00 18.473 0.706 0.000 Strong 0.826 0.000 Strong
5 Competition Risk 19.61 18.296 0.654 0.000 Moderate 0.930 0.000 Strong
H Project Finance Risks
1 Inaccurate Estimates 31.41 22.055 0.778 0.000 Strong 0.804 0.000 Strong
2 High Finance Cost 26.26 21.016 0.713 0.000 Strong 0.830 0.000 Strong
3 High Bidding Costs 26.85 20.754 0.733 0.000 Strong 0.814 0.000 Strong
4 Delay in Payment of Annuity 27.98 20.087 0.732 0.000 Strong 0.856 0.000 Strong
5 Financial Attraction of Project to Investors 23.89 17.372 0.647 0.000 Moderate 0.863 0.000 Strong
6 Lack of Creditworthiness 22.87 17.394 0.661 0.000 Moderate 0.855 0.000 Strong
7 Delay in Financial Closure 27.85 19.082 0.558 0.000 Moderate 0.745 0.000 Strong
8 Inability to Service Debt 26.41 17.615 0.509 0.000 Moderate 0.704 0.000 Strong
9 Lack of Government Guarantees 23.47 20.526 0.697 0.000 Moderate 0.911 0.000 Strong
10 Financer Unwilling to Take High Risk 28.09 20.574 0.559 0.000 Moderate 0.836 0.000 Strong
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