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Abstract

This thesis is studying the main causes of time and cost overruns in educational building
projects in Egypt, as Educationa building projects are considered one of the most
important construction projects in Egypt. As 20% from the gross domestic products goes to
the ministry of education moreover about 12% from it goes to the authority of educational
building, so the problem of time and cost overruns are critical issues that badly affect
project delivery, leading to lose the goa of building larger number of educational projects
to decrease the capacity of the student in class to improve the overall education system.

The objective was to find out the high factors causing time and cost overruns in educational
building projects, ranking them according to their relative importance and develops
statistical regression models that can be taken as a new approach in expected cost and time

overruns of any projectsin the future.

A brief ook is taken to the previous researchers studies to identify the main factors causes
time and cost overruns in construction projects in many countries in the world, a
guestionnaire survey was conducted on 53 factors to identify the most important 14 cause's
The identified causes were categorized according to their relative importance and level of
severity. To address the study objectives, data were collected for 102 educations projects
collected from 12 cities implemented from 2007 to 2011 by the Authority of Educational
Building in Egypt, finally estimating a statistical regression model for both time and cost

overruns using Statistical Package for the Social Sciences (SPSS).

The concluding chapter five clarified that difficulties in getting work permit from
government/ high cost of skilled labor / financial difficulties of contractor / high insurance
and high interest rate/ bureaucracy in bidding/ tendering method / inaccurate cost estimate/
mistakes in soil investigation, are the most high factors affecting time and cost overrunsin
the educational buildings projects in Egypt, moreover thirty three of the selected projects
have exposed to cost overrun, on the other side, time overrun was only noticed on twenty
nine projects, also using SPSS program for devel oping the regression models for time and
cost overruns and the effect of the highest factors on them clearly identified.

Testing the validity of the developed cost and time overruns regression models clearly
show that the developed model can accurately assess in expected cost and time overruns of

any future projects at level of confidence 95 % and 93 % respectively.
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CHAPTER ONE
INTRODUCTION



Chapter 1
Introduction

Time and cost overrun generally result from factors that occur at various phases of the
project life cycle. These factors include increase in project scope, design error, mistakes in
soil investigation, difficulty in getting work permit from government, bureaucracy in
bidding/tendering method.

Construction project time overrun can be defined as an extension of time beyond the
contractual time. Cost overrun can also defined as an extra cost beyond the estimated.
Cost overrun and time overrun generaly result from many factors that occur at the
different phases of the project life cycle. Severa studies have sought to determine the
magnitude of the cost overrun problem. Akinci and Fischer (1998) stated that risk factors
include those associated with the project design, construction and project environment. It
was found that the main causes for cost overruns were the complexity of the project,
inflationary increases in material costs and inaccurate materials estimates.

Kaming et al.(1997) stated that the main causes of time delay were related to inadequate
planning, design changes, and poor labor productivity. Also, Al-Momani (2000)
investigated the causes of time delays on public projects (residentia, office and
administration buildings, school buildings, medical centers, and communication facilities)
and found that the delays were related to designers, user changes, weather, site conditions,

late deliveries, economic conditions and increase in quantity.

1.1 Problem Statement

Many problems have arisen during the construction projects implementation out of which
two main concerns are time and cost overruns. Time and cost overruns in educational
building projects in Egypt are critical issues that affect project delivery and lose the goal of
building larger number of educational projects to improve the overal education system in
Egypt, political insecurity instability, litigation, project location, reduction of profit margin
and loss of belief of citizen in government funded projects, the mentioned factors are some
of the causes that affect the educational building projectsin Egypt.

For educational buildings in Egypt cost and time overruns may leads to the cause of
liquidated damages to the contractors and failure for the government to achieve its goal.
So it is important to identify accurately and anayze the causes that affect the educational
buildings and leads to time and cost overruns to prevent any loses.



1.2 Study Objectives

The objectives of this study are:-
1- To find out the main causes of time and cost overruns in educationa building

projectsin Egypt.

2- Torank these causes according to their relative importance and severity.

3- Toinvestigate the expected effects of the previoudly identified factors on the cost
and time overruns of selected sample from educational building projectsin Egypt.

4- To provide new insights into the factors that affect time and cost overruns by the

development of a statistical regression models using SPSS program.

1.3 Study Scope and Methodology

It has to be noted that the scope of this study is mainly concerned with the educational

building projects only, the study was conducted as follows:

1- A literature review was carried out to cover the previous studies regarding the
construction project cost and time overruns. Based on this review, the different
causes that are expected to affect cost and time overruns will be clearly identified.

2- Based on the previoudly identified factors, a questionnaire survey was conducted to
identify the most important causes of time and cost overruns of the educationa
buildings in Egypt. The identified causes were categorized according to their relative
importance and level of severity.

3- To address the study objectives, data were collected for 102 educational building
projects implemented from 2007 to 2011 by the Authority of Educational Building.
This section describes these items, how they were selected and measured, and how to
interpret them in the context of the modeling results.

4- Finaly the collected data and the questionnaire survey were analyzed to:

(@) Define the main causes influencing cost and time overruns in educational
building projects.

(b) Investigate the relationship between the selected factors and time and
cost overruns

(c) Develop two statistical regression models for time and cost overruns.



1.4 Thesis organization

Thisthesisis divided into five chapters, as follows:

Chapter 1. Contain an introduction which was intended to give an overview to the
importance of time and cost overruns in construction projects, followed by the problem
statement, the objective of the research and the methodol ogy and scope.

Chapter 2. Presents a literature reviews concerning the major causes of time and cost
overruns in educational buildings in Egypt, by defining the project time and cost overruns,
then introduce the previous researchers work in different countries and finally we are going
to conclude the main causes that affect the educational buildings projectsin Egypt.

Chapter 3. Discusses how the data collection was carried out such as the projects
information, the Questionnaire survey to whom and how the survey was done, the sample
size and how the survey data was analyzed, which leads us to identify exactly the main
causes that affects the educational building projectsin Egypt.

Chapter 4. Presented design of two regression models for cost and time overruns. These
two regression models were backward and forward regression models and were devel oped
based on the most effective factors that were identified in Chapter 3.

Chapter 5. Present conclusions and recommendations that would help in analyzing the

problem of time and cost overruns in educational buildingsin Egypt.



CHAPTER TWO
LITERATURE REVIEW



Chapter 2

Literature Review

Time and cost overruns are of the most important problems in the educational buildings
projects in Egypt. There magnitude varies considerably from project to project. Time and
cost overruns occur in every construction project. So it is essential to define the actua
causes of time and cost overruns in order to minimize and avoid the delays and increasing
cost in any construction project. So it is essential to define the actual causes of delays in
order to minimize and avoid the delays in any construction project.

Delays in construction projects are a general phenomenon. They are almost accompanied
by cost overruns. Construction project delays have a debilitating effect on all parties
(owner, contractor and consultant) to a contract in terms of a growth in adversarial
relationships, distrust, litigation, arbitration, cash-flow problems, and a genera feeling of
apprehension towards each other.

Cost is among the major considerations throughout the project management life cycle and
can be regarded as one of the most important parameters of a project and the driving force
of project success. Despite its proven importance it is not uncommon to see a construction
project failing to achieve its objectives within the specified cost. Cost overrun is a very
frequent phenomenon and is amost associated with nearly all projects.
This chapter literature reviews concerning to identify the major causes of time and cost
overrunsin educational buildingsin Egypt, by defining the project time and cost overruns,
Then previous researchers work in different countries was introduced and finally the main
causes that affect the educational buildings projects in Egypt was concluded and the

regression models for cost and time overruns was devel oped.

2.1 Project Time

Project time has been defined as the completion of the project on the date stated in the
contract or completion dates required for phases of the work. It is aso defined as the
duration that is needed to complete the work starting from site processions until finished.

“Duration” isthe time usually in days taken to complete the entire project from starting the
first task to finishing the last one. Unfortunately, this is like trying to predict the future.



2.2 Project Cost

Project cost has been defined as the amount of commitment in terms of money that is
required to produce a construction product such as building. Project cost to the building
contractor represents al those items included under the heading of the expenditures.
Project cost is quantitative assessments of the likely costs of the resources (labor,
materials, supplies, etc) required to complete all project activities, (Duncan 1990).
It can be concluded that project cost is the amount of money that is required to complete all

project activities.
2.3 Time Overrun

According to Kaming et al. (1997), time overrun is the extension of time beyond planned
completion dates traceable to the contractors. Elinwa and Joshua (2001) defined it as the
lapse between the agreed estimation or completion date and the actual date of completion.
If the project works complete less that 100% but more than 80% the contractor could ask
the owner to extend the project and the additional cost handled by them. If the owner
agrees with the contractor’ s request, the contractor has to finish the work on time with the
extended time requested. If the contractor still cannot finish the project on time the
contractor must pay a sum of money referred as a penalty maximum 5% from the contract
values per-day to the owner. In general project delays occur as aresult of project activities
that have both external and internal cause and effect relationship. Project delays are those
that cause the project completion date to be delayed, (Al- Gahtani et al.2007).
Delay could be defined as the time overrun either beyond completion date specified in a
contract or beyond the date that the parties agreed upon for delivery of a project.

It is a project slipping over its planned schedule and is considered as common problem in
construction projects. In some cases to the contractor delay means higher overhead costs
because of longer work period, higher material costs through inflation and due to labor cost
increases. From above, time overruns is defined as the time increased to complete the
project after planed date which caused by internal and external factors surrounded

the project.



2.4 Cost Overrun

Elinwa and Joshua (2001) defined cost overrun with time overrun as the lapse between the
agreed estimation or completion data and the actual data of completion.
Cost overrun is defined as the change in contract amount divided by the original contract
award amount. Cost overrun = Final actual cost — Original budget cost.
From above cost overrun is defined as the excess of actual cost over budget,

cost overrun is called cost escalation, cost increase or budget overrun.

2.5 Previous Work

Jahren and Ashe (1990) found that a cost overrun rate of 1 to 11% ismorelikely to
occur on bigest projects compared to overruns on smaller projects but mentioned that
managers on big projects typicaly make special efforts to keep cost-overrun rates low.
Jahren and Ashe also determined that the risk of high cost overrun rates is greater when
the winning bid amount is less than the engineer’s estimate and further identified some
cost-overrun factors such as the contract document quality, nature of interpersonal
relations on the project and contractor policies. Hinze et a. (1992) analyzed cost overruns
associated with Washington State highway projects and found that the cost overruns
expressed as a percentage of the contract amount tended to increase with project size. In an
economic and efficiency audit study for the state of Delaware, Wagner (1998) found that
state’s department of transportation experienced cost overruns averaging 13.9% between
1994 and 1996, largely due to changes in the work scope and incorrect estimates of work
quantities in the original bid specifications. The most important time and cost overrun
factors according to contractors were preparation and approval of shop drawings,
time and cost overrun in contractors' progress, payment by owners and design changes by
owner (Assaf et al. 1995). In a study by Florida s Office of Program Policy Analysis and
government Accountability it was determined that the state suffered from an average 9%
cost overrun rate.

Aibinu and Odeyinka (2006) indicated that Nigerian construction industry
experienced a mean percentage cost overruns of 17.34%. A research conducted by
Flyvberg et al. (2004) concluded that nine out of ten transportation infrastructure projects
costs are underestimated and that for all project types the actual costs are on average 28%
higher than estimated costs.



Forty four percent (44%) of the respondent in the research undertaken on the Nigerian
construction industry by Elinwa and Joshua (2001) indicate that time overrun often
occurred. Adequate planning at early stages of project execution is an important factor in
reducing delays (time) and cost overrun in developing countries, Chalabi and Camp
(1984). Contractors do not honor contract deadlines and use shortages of materials as an
excuse and these problems can be averted if professionals are more prudent in their design
and more knowledgeable about the availability and usage of materiads (Okpala et al.
1988). The need for a clear intention and understanding of the technical specifications
could also reduce bottlenecks in the execution of projects (Jackson1990).

Poor site management and supervision, unforeseen ground conditions, low speed of
decision making involving al project teams, client initiated variations and necessary
variations of works indicated by Chan and Kumaraswamy (1997), as the main causes of
time and cost overruns in Hongkong. Mansfield et al. (1994), investigated the important
factors responsible for delays and cost overruns in highway construction projects in
Nigeria such as poor contract management, material shortages, inaccurate estimating and
overal price fluctuations.

Kaming et al. (1997), identifies the factors that influences construction time and
cost overrun and analyze the relationship of these factors to enhance understanding
construction delays and cost overruns. Results of Kaming et al. (1997) research reflected
the construction management problems on time and cost overrun factors which are limited
to high rise projects in Indonesian big cities such as Jakarta and Yogyakarta, the
construction management problems on time and cost overrun in Sumatera particularly in
Padang and Pekanbaru. This research studies the problems that were faced by big and
medium companies, where most of these companies concentrate on low-rise projects such
as housing, road and others simple buildings because Padang and Pekanbaru still in
developing the city areas concept, Kaming et al. (1997) aso investigated five productivity
problems that cause time and cost overruns among seven regions in Indonesia namely
Jakarta, Y ogyakarta, West Java, Central Java, East Java, Western and Eastern Indonesia.
Five Specific problems were identified, i.e lack of materials, rework, absenteeism, lack of
equipment and tools and gang interference. In Indonesia Kaming et al. (1997) identified
variables that have an impact upon construction time and cost overruns. In their work time
and cost overrun variables were grouped into factors and their relationships were analyzed.
It was found that the main causes for cost overruns were the complexity of the project,

inflationary increases in material costs, and inaccurate material estimates.



Kaming et a. (1997) stated that the main causes of time delay were related to inadequate
planning, design changes and poor labor productivity. Although their results are specific to
conditions in Indonesia the researchers stated that the results reflect construction
management problems in developing countries.

Chan and Kumaraswamy (1997) using data from Hong Kong determined and
evauated the relative importance of significant factors causing time delays. They
concluded that the major causes for delays included poor site management, poor
supervision, poor decision making, unexpected ground conditions and client initiated
variations. Abd. Mgjid et a. (1998), Al-Khail et a. (1999) have al show that time
overruns occur on the majority of major civil engineering contracts and that this is a most
common problem. Akinci and Fischer, (1998) stated that risk factors include associated
with the project design, construction and project environment. Abd. Magjid et al. (1998),
Al-Khalil et al. (1999) have al show that time overruns occur on the majority of major
civil engineering contracts and that this is a most common problem. Completing projects
within the time is an indicator of an efficient construction industry (Chan and
Kumaraswamy 1997), the ability to estimate the completion timeis normally dependent on
the individual intuition, skill and experience of the planning engineer (Mezher et al. 1998).
however noted that time overruns in Lebanon construction industry are costing the country
a lot of money and that there is a need to find more effective methods to overcome the
problem. In other studies the reasons for cost overruns have been found to include rising
costs of labor & materias, inadequate analysis poor costing methods, poor control and
scheduling, inadequate information (Akpan et al. 2001 ).

Chang (2002) categorized the reasons for cost and time increases in engineering
design projects as those within the owner’s control for which the owner is responsible,
those within the consultant’s control for which the consultant is responsible and those
beyond the control of the owner or the consultant, such as increased work scope, changes
in Legidation or changes in standards and archeological discoveries. There is a
relationship between schedule, the scope of work and project conditions. Changes to any
one or more of these three can affect the compensation level and time of completion. It has
been argued that it is necessary to create awareness of causes of project schedule delays,
their frequency and the extent to which they adversely affect project delivery
(Al-Khalil et a. 1999).
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Al-Momani (2000) investigated the causes of time delays on public projects
residential office and administration buildings, school buildings, medical centers and
communication facilities and found that the delays were related to designers, user changes,
weather, site conditions, late deliveries, economic conditions and increase in quantity.

Aibinu et a. (2002) delay is a situation when the contractor and the project owner
jointly or severaly contribute to the non-completion of the project within the agreed
contract period. Delays in construction projects are frequently expensive since there is
usually a construction loan involved which charges interest, management staff dedicated to
the project whose costs are time dependent and ongoing inflation in wage and material
prices. Cost overrun studies in developing countries (Flyvbjerg et al. 2003) stated that cost
escalation is a pervasive phenomenon in transport infrastructure projects irrespective of
project type, geographical location and historical period.

Frimpong et a. (2003) studied the factors that cause time and cost overruns in
groundwater and construction projects in Ghana. The results of their study indicated that
time and cost overruns are related to payment difficulties from agencies, poor contractor
management, material procurement, poor technical performances and material cost
escalation. Flyvbjerg et al. (2004) found that cost escalation is strongly influenced by the
implementation phase length and project type, and suggested that decision makers and
planners should be duly concerned about long implementation phases.

Trigunarsyah (2004) survey results point to the fact that contractor involvement in
pre-construction phases could reduce time and cost problems during site operation. The
studies in other countries also highlighted the appropriate practices to reduce the overrun
problems such as in Japan, USA, UK and Malaysia construction projects. There are also
studies about the process and procedures which are provide a framework about time and
cost management stages that can be adopted to reduce overrun problems. It is good to refer
to other practices because it will help in finding a better way to achieve the best resullts.

Ogunlana (1996) said that, construction industry problems in developing
countries could be nested in problems of shortages or inadequacies in industry
infrastructure, problems caused by clients and consultants and problems caused by
contractor’s incompetence/inadequacies. It aso could say that by adapting developing
countries practices processes or the procedures could help avoid being ambushed by
unexpected overrun problems especialy on time and cost during the construction process.
Construction delays are delays in progress compared to the baseline construction schedule.
Construction delays in residential and light construction are often the result of

miscommunication between contractors, subcontractors, and property owners.

11



These types of misunderstandings and unrealistic expectations are usually avoided through
the use of detailed critical path schedules which specify the work and timetable to be used
but most importantly the logical sequence of events which must occur for a project to be
completed. Virginias Joint Legislative Audit and Review Committee found that
underestimation of construction costs were common and typically led to serious
consequences such as postponement or cancellation of other projects.

Kaliba et al. (2009) concluded from their study that the mgjor causes of delay in
road construction projects in Zambia were delayed payments, financial deficiencies on the
part of the client or contractor, contract modification, economic problems, material
procurement, changes in design drawings, staffing problems, equipment unavailability,
poor supervision, construction mistakes, poor coordination on site, changes in
specifications, labor disputes and strikes. Agaba (2009) attributes delays in construction
projects to poor designs and specifications, and problems associated with management and
supervision.

Abdel-Razek et a. (2008) found that delayed payments, coordination difficulty,
and poor communication were important causes of delay in Egypt. Sambasivan and Soon,
(2007) established poor planning, poor site management, inadequate supervisory skills of
the contractor, delayed payments, material shortage, labor supply, equipment availability
and failure, poor communication and rework were the most important causes of delays in
the Maaysian Construction Industry. Koushki et al. (2005) identified the main factors
affecting cost and time overrun as inadequate/inefficient equipment, tools and plant,
unreliable sources of materials on the local market and site accidents. Le-Hoai et al. (2008)
ranked the three top causes of cost overruns in Vietnam as material cost increase due to
inflation, inaccurate quantity take off and labor cost increase. Kaliba et al. (2009) conclude
that cost escalation of construction projects in Zambia are caused by factors such as
inclement weather, scope changes, environment protection and mitigation costs, schedule
delay, strikes, technical challenges and inflation. Time and cost are the two common
concerns of construction management. Many factors relate to delay and cost overruns and
vary along with types of project, locations, sizes and scopes. Large construction projects
with their features of complexity and capital requirement have resulted interest to many
researchers. Delay and cost increase are common phenomena in projects worldwide.

However these are especialy severe in developing countries.
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With person interview survey of 450 randomly selected private residential project owners
and developers in Kuwait, Koushki et al. (2005) identified estimates of time delays and
cost increases and their causes. The three main causes of delays are changing orders,
owners financial constraints, and owners’ lack of experience.

And three first causes of cost overruns are contractor related problems, materia related
problems and owners’ financia constraints. They recommended that to minimize time
delays and cost overruns project owners should require the availability of adequate funds,
Allocation of sufficient time and money in the design phase and selection of a competent
consultants and reliable contractor to carry out the work.

Frimpong et al. (2003) carried out a questionnaire survey in Ghana groundwater
construction projects. They listed and ranked 26 factors responsible for project delays and
cost overruns. The Kendall’s coefficient of concordance was used to test the degree of
agreement between owners, contractors and consultant and concluded that there was
insignificant degree of disagreement. Chang (2002) identified through 4 case project
documents the reasons for cost and schedule increase and further quantified their
contributions to this problem for engineering design projects. These reasons were grouped
into three headings mainly within the owner’s control, mainly within the consultant’s
control and beyond either the owner’s or consultant’s control.

Williams (2005) compared the performance of neural networks and regression in
explaining highway project cost deviations in Texas on the basis of bidding information
such as bidding ratio, mean bid and second lowest bid. Fuzzy or neuro-fuzzy models have
been used by (Dweiri and Kablan 2006). Knight and Fayek (2002) and Shaheen et al.
(2007) to study the problem of time overruns or time delays in construction projects. From
the perspective of modeling technique used there have been a number of studies that have
blazed the trail for investigation of the issue of cost overruns and time delays. For example
Attalla and Hegazy (2003) presented an interesting study that pioneered the comparison of
the performance of different techniques they considered artificial neura networks and
regression in predicting cost deviation in reconstruction projects.

Zheng et al. (2005) investigated time and cost deviations and Touran and Lopez
(2006) modeled uncertainty in cost escalation in large infrastructure projects. Neural
networks and fuzzy models are very useful tools but must be used with extreme caution
because their estimation processes are relatively more complex and may be
computationally cumbersome Lord and Mannering (2010).
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When these tools are used properly as in Attalla and Hegazy (2003) and Shaheen et al.
(2007) they can contribute to a better understanding and quantification of the causes of
cost overruns.

Nassar et a. (2005) used the Weibull statistical method commonly used in failure
analysis and reliability engineering to evaluate cost and schedule performance of
construction projects. Late completion of works may be caused by any party to the contract
and may be a direct result of one or more circumstances. A contract delay has adverse
effects on both the owner and contractor (either in the form of lost revenues or extra
expenses) and it often raises the contentious issue of delay responsibility which may result
in conflicts that frequently reach the courts. Recently Gkritza and Labi (2008) determined
that larger projects and longer duration projects were more likely to incur cost overruns
and provided mathematical relationships between project size and overrun likelihood.
Around the world many other researchers have been attracted on project delays and cost
overruns problems. Many of them have paid attention to Asian and African countries. In
Vietnam, large construction projects were studied by Long et a. (2004) to identify project
success factors and general problems. Regarding these problems, Vietnamese government
has also acknowledged the construction delays and cost overruns problems as the big
headache now.

Lord et a. (2010) have studied the simultaneous relationship between cost and
time overruns by using data from Indiana highway projects to provide empirical evidence
that a simultaneous relationship exists between cost and time overruns and that analysis of
these two contractual outputs need to take due cognizance of such simultaneity by Using
the three-stage |east-squares technique, The models developed can help agencies enhance
the estimation of the expected overruns of final cost and the delay in the planning stages.
To do this the following equations system is considered:

C=ac+ PBeXC + ACT + €C (2.2)
t= at+ Pt Xtitde + €t e (2.2)

Where c and t = cost overruns and time overruns (as defined above), Xc¢ and Xt= vectors of

factors affecting cost overruns and time overruns respectively, Bs=vectors of estimable

parameters, As=estimable scalars, €s=disturbance terms that capture unobserved effects.

This equation system is set up such that time overruns influence cost overruns.
[Theinclusion of t as an independent, right hand-side variable in Eq. (2.1)].
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And that cost overruns influence time overruns [the inclusion of ¢ as an independent, right-
hand side variablein Eq. (2.2)] If Egs. (2.1) and (2.2) are estimated separately using
ordinary least squares (OLS), one of the key OLS assumptions is violated because the
right-hand-side variables t and ¢ are endogenous meaning that changes in the left-hand-side
variable (left of the equal sign) will change the value of these right-hand-side variables
(right of the equal sign). So for example in Eq. (2.1), as the cost overrun changes (c on the
left side), the time overrun (t on the right side) will also change becauset is afunction of ¢
as shown in Eq. (2.2). OLS regression has desirable estimation properties only when the
right-hand-side variables are exogenous (which means the left-hand-side variable does not
influence the values of right-hand-side variables).

Amer (1994) discussed the construction delay problems via studying and
analyzing the causes that contribute to construction delays in order to improve the ability to
implement construction projects without delays. Results of this study indicates that the
major causes of delay in construction projects in Egypt are poor contract management,
unrealistic scheduling, lack of owner’s financing/payment for completed work, design
modifications during construction and shortages in materials such as cement and steel. The
study was conducted over one decade ago and the nature of the construction industry in
Egypt has changed and rapidly developed ever since. Many multinational firms have
expanded their operations in Egypt in addition to a noticeable improvement in construction
management practices in large projects. Due to the influence of multinational firms the
initial compilation of delay causes list depended on international studies and was further
compared against the causes identified in Amer (1994) and checked for appropriateness to
Egypt within the expert interviews.

Abdel-Razek et al. (2008) was carried out to determine the causes of delay in
building construction projects in Egypt. A questionnaire survey was carried out to confirm
the causes and identify the most important delay factors. Based on the survey results, the
top five delay causes were: financing by contractor during construction, delays in
contractor’s payment by owner, design changes by owner or his agent during construction,
partiad payments during construction and non-utilization of professional construction
management. Also financia difficulties faced by the contractor and too many change
orders by the owner are the leading causes of construction delay. Both research outcomes
showed that financia difficulties were important factors causing delays in Egypt. This
factor will be included in the questionnaire survey of the present research.
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Mubarak (2004) discussed the role of consultancy in minimizing the delays of large
projects and showed possible categorizations of causes of delay such as internal and

external, financial and nonfinancial. Other studies from Hong Kong include the work by
Lo et a. (2006) who examined the distribution of construction delays, six most significant

causes of construction delay were found these are: unforeseen ground conditions, poor site

management

and supervision,

client variations,

inexperienced contractor,

slow

coordination and seeking of approval from concerned authorities and inadequate contractor

resources. This indicates that these construction delay problems still exist and that further

action for improvement is required, the highest five important causes in different

developing countries were listed as shown in Table (2.1).

Table (2.1) The five most important causes of time and cost overruns in different developing

countries by the past researchers

Major causes

completed work

during construction

Auther
1 2 3 4 5
Longetal. Poor site Poor project Financial difficulties Finanaa e
2004) management manggement of owner difficulties Design changes
( and supervision assistance of contractor
Sambasivan et al. . . Inadequate contractor payments
(2007) Improper planning Site management experience of completed work Subcontractors
. _— Ineffective
Al-Khalil et al. Cash flow and Difficultiesin P::?)Cr;[ltf:c(t)i cf‘ff)‘\/%‘;‘;‘g Underestimate planning and
1 ) inancial difficulties | getting work permit : project duration scheduling
999 fi ial difficulti i k [ bidder ject durati heduli
by contractors
Inadequate Worksin
Lo et al. (2006) resources due to Unforeseen ground Exceptionally low I nexperienced conflict with
contractor/lack conditions bids contractor - it
of capital existing utilities
Chan and . o Necessary
Kumaraswamy, Poor site Unforesegn_ ground L(_)vy speed (_)f CI|ent—_|n_|t|ated variations of
management condition decision making variation
(1997). works
Odeh et al. Inadequate o nterf Finance an(: Slow decision Labor
2002) contractor whner interference payments o making by owners productivity
( ' experience. completed work
Koushki et al. Change orders Financial constraints Owner’g lack of Materials Weather
(2005) experience
; Contractor’s
ang%%%et d. Mogmi):: S?i)/;nent I:no;)r: coerrl;rear(;[t Material procurement Inflation financial
(2003) % difficulties
. , . , , Equipment
Aibinu et al. Contractors Clients cash flow Architects Subcontractor’s breakdown
(2006) financial incomplete sow ;
e problem . S & maintenance
difficulties drawing mobilization
problem
Abd El-Razek poor contract unrealistic . Iac!< of owner's @gr? shortagesin
et a. (2008) management scheduling financing/payment for modifications materials
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2.6 Summary

One of the most important problems in the Educational building projects in Egypt is time
and cost overrun. (Either in the form of lost revenues or extra expenses)
Delays occur in every construction project and the magnitude of these delays varies
considerably from project to project. Underestimation of construction costs was common
and typically led to serious consequences such as postponement or cancellation of projects.
So it is essential to define the actual causes in order to minimize and avoid time and cost
overruns in any Educational projects in Egypt. There is a wide range of views for the
causes of time and cost overrun in Educationa projects. However, through literature study
that has been reviewed by researcher there is no published previous research on this topic
in Egypt Educational projects. Building on the findings of past research, this thesis seeks to
provide new insights into the factors that affect time and cost overruns in educational
projects in Egypt through the development of a statistical model that simultaneously
considers both time & cost overruns. From the above literature review, discussion with
practitioners of all parties involved in educational buildings projects in Egypt were carried
out, the concluded 53 causes that affect time and cost overruns in educational buildings

projectsin Egypt as shown in Table (2.2).

Table (2.2). The concluded 53 causes that affect time and cost overruns in educational

building projects in Egypt

No Causes

1 Financial difficulties of owner

2 Slow payment of completed works

3 Low speed of decision making

4 Delay to furnish and deliver the site to the contractor by the owner.
5 Slow inspection of completed works

6 Mistakesin design

7 Practice of assigning contract to lowest bidder

8 Inaccurate bill of quantities.

9 Long period between design and time of bidding/ tendering
10 Waiting for approval of shop drawings and material samples
11 Mistakesin soil investigation
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Table (2.2). The concluded 53 causes that affect time and cost overruns in educational

building projects in Egypt (cont.)

No Causes

12 weakness of qualified supervisor

13 Inflexibility (rigidity) of consultant

14 Original contract duration istoo short

15 Poor site management and supervision

16 Financia difficulties of contractor

17 Mistakes during construction

18 Ineffective planning and scheduling by contractors
19 inexperienced contractor

20 Poor financial control on site

21 Inaccurate cost estimation

22 Poor relationship between management and |abor

23 rework due to poor work / wrong materials by the contractor
24 poor monitoring and control

25 Lack of database in estimating activity duration and resources
26 Lack of administrative employee

27 Incompetent subcontractors

28 environmental restrictions

29 Design changes

30 Additional works

31 Lack of communication between parties

32 Occurrence of site accidents during construction

33 personality clash between contractor agent and engineering supervisor
34 Escalation of material prices (Inflation)

35 Inadequate production of raw materialsin the country
36 Shortages of materials

37 Shortages of skilled workers/ technical personnel

38 High cost of skilled labor

39 Poor labor productivity

40 High equipment maintenance costs

41 Poor equipment productivity

42 Unforeseen site (ground) conditions

43 Difficulties in getting work permit from government
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Table (2.2). The concluded 53 causes that affect time and cost overruns in educational
building projects in Egypt (cont.)

No Causes

44 Bureaucracy in bidding/ tendering method

45 Unavailability of utilitiesin site (such as, water, electricity, telephone, etc.)
46 High insurance and high interest rates

47 political insecurity instability

48 project location

49 Stealing and waste on site

50 Litigation

51 High transportation costs

52 Bad weather.

53 uncontrollable external factors
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CHAPTER THREE
DATA COLLECTION AND ANALYSIS

20



Chapter 3
Data Collection and Analysis

This chapter deals with the analysis of the information gathered from the previous
literature review and the use of a questionnaire survey targeted at contractors and
consultant in Egypt and includes the identification of the critical causes of time and cost
overruns. This chapter discusses how the data collection was carried out such as the
projects information, the Questionnaire survey to whom and how the survey was done, the
sample size and how the survey data was analyzed, which lead to identify exactly the main
causes that affects the educationa building projects in Egypt, ranking these causes from
high important index to low aso to show the effect of these causes on the sample projects
collected from different cities in Egypt, which affects the Egyptian contractors to carry on
the work within the specified time and budget.
The following steps were used to study the methodology in this chapter that lead to
determine the highest important factors that affects the contractors and causes time and
cost overruns in educational building projectsin Egypt as follows:

1- Literature review from the previous chapter.

2- Questionnaire survey targeted at Contractors and consultant.

3- Index analysis (frequency index, severity index and important index).

4- Ranking the factors from high to low and identify the highest 14 factors.

5- Data of 102 projects collected from 12 different cities and the effect of the 14

highest causes on them.

3. 1. Factors affecting time and cost overrun

From the previous literature review the identified 53 factors that lead the educational
building projects in Egypt to time and cost overruns were grouped into SiX groups as
shown in Table (3.1).
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Table (3.1). Grouping the 53 factors that lead the Educational Building projects in Egypt to

Time and Cost Overruns

Group

Causes

A-Owner related group

1-Financial difficulties of owner.

2-Slow payment of completed works.

3-Low speed of decision making.

4-Delay to furnish and deliver the site to the contractor by the
Owner.

B-Consultants- related group

1-Slow inspection of completed works.

2-Mistakesin design.

3-Practice of assigning contract to lowest bidder.

4-Inaccurate bill of quantities.

5-Long period between design and time of bidding/ tendering.
6-Waiting for approval of shop drawings and material samples.
7-Mistakes in soil investigation.

8-Weakness of qualified supervisor.

9-Inflexibility (rigidity) of consultant.

10-Original contract duration is too short.

C-Contractor-related group

1-Poor site management and supervision.

2-Financial difficulties of contractor.

3-Mistakes during construction.

4-1neffective planning and scheduling by contractors.
5-1nexperienced contractor.

6-Poor financia control on site.

7-1naccurate cost estimation.

8-Poor relationship between management and labor.

9-Rework due to poor work / wrong materials by the contractor.
10-Poor monitoring and control.

11-Lack of database in estimating activity duration & resources
12-Lackof administrative employee.

13-Incompetent subcontractors.

D-Project-related group

1-Environmental restrictions.

2-Design changes.

3-Additional works.

4-Lack of communication between parties.

5-Occurrence of site accidents during construction.

6-Personality clash between contractor agent & engineering
Supervisor.
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Table (3.1). Grouping the 53 factors that lead the Educational Building projects in Egypt to Time

and Cost Overruns (cont.)

Group Causes

1-Escalation of materia prices. (Inflation)

2-1nadequate production of raw materialsin the country.
3-Shortages of materials.

E-Resources- related group | 4-Shortages of skilled workers/ technical personnel.
5-High cost of skilled labor.

6-Poor labor productivity.

7-High equipment maintenance costs.

8-Poor equipment productivity.

1-Unforeseen site (ground) conditions.

2-Difficulties in getting work permit from government.

3-Bureaucracy in bidding/ tendering method.

4-Unavailability of utilitiesin site (such as, water, electricity,
Telephone, etc.).

5-High insurance and high interest rates.

6-Political insecurity instability.

7-Project location.

8-Stealing and waste on site.

O-Litigation.

10-High transportation costs.

11-Bad weather.

12-Uncontrollable external factors.

F-Externa factors- related
group

3.2. ldentifying the main factors affecting time and cost overrun

The study uses face to face survey using a set of prepared detailed questionnaires to collect
the data, it was sent to the selected respondent from contractors and consultants, the owner
here is the government (Ministry of Education). The method is considered appropriate for
thistype of research becauseit is:

* |deally examines the perception of the sample

* Isless time consuming

* Is better able to reach a wider respondent.

The questionnaire also offers some level of confidentiality and alows respondents to give

true opinions on issues asked. Also several different means such as email and post are also
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employed. Because the mother tongue of most people working in construction in Egypt is
Arabic it was necessary to provide an Arabic questionnaire format, the data were gathered
in person Because of the difficulty in gathering questionnaires by post.

The scope of this study was targeted on (21300) contractors and consultants in 2011,
where about 16800 were the total Egyptian contracting companies registered with the
Egyptian contractors union and about 4500 engineer were working at the general Authority
of Educationa Building. So, the following formula by Yamane (1967) was used to
determine the sample size:

Where, n is the sample size, N is number of targeted population and e the acceptable

sampling error at 95% confidence level.

"= l 21300
1+(21300x(0.15) *

= 44.35 (3.2)

So our sample sizeis 45. A total of 80 questionnaires are sent to construction professionals
involved in educational building project in Egypt. The chosen projects locate in 12 cities
(Cairo, Alexandria, Giza, Qalubya, Dagahlya, Behera, Gharbya, Asyut, Sohag, Luxor,
Minya and Qena). Questionnaires are collected the incomplete data are eliminated.
Fifty two full responses are obtained (41Contractor and 11Consultant) showing a response
rate of 65%, (78.85% contractors and 21.15% consultants). The categories of the

respondents according to years of experience are according to the following figure (3.1).

Figure (3.1) Categories of the respondents
according to years of experience

M |ess than 5 years (2)
M (5to 10) years (13)
(10 to 15)years (7)

M greater than 15 years (30)
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From the figure regarding number of years involved in construction, 4% of respondents
have less than or equal to 5 years, 25% of those have between 5 and 10 years. And 13% of
those have between 10 and 15 years and 58% of those have 15 years or more.
The percentage of respondents whose experiences are 15 years or more is the highest this
gives us an accurate questionnaires result. The categories of the respondents according to

Egypt contractors union are according to the following figure (3.2).

Figure (3.2). The categories of the contractors
according to Egyptian contractors union

m1st (3)
H2nd (4)
m3rd (8)
M 4th (8)
M 5th (7)
m 6th (6)
m 7th (5)

Also the respondents are allowed to answer two questions about time and cost overrun in
educational building projectsin Egypt asfollows:

1-How many times occur time delay in the projects?

2-How many times occur cost overrun in the projects?

The answer was according to the following figures (3.3), (3.4).

Figure (3.3).Probability of time overrun
occurrence in the projects according to the
respondents

H Always (3)
B Usually (9)
W Sometimes (38)

B Never (2)
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Figure (3.4).Probability of cost overrun
occurrence in the projects according to the
respondents

M Always (5)
m Usually (10)

Sometimes (35)

35 H Never (2)

3.3. Questionnaire Design

This research has adopted field survey methodology to uncover factors influencing on time
and cost overruns arising during al stages of the projects. To identify the time and cost
overrun factors in educational building projects in Egypt, literature reviews, case analysis
published on newspaper and discussion with practitioners of al parties involved in
educational building projects were carried out.

After that a pilot questionnaire was prepared. The designed questionnaire was randomly
distributed to two principa construction parties (consultant and contractor).

For each factor the respondents were requested to answer both frequency of occurrence
and severity. A five-point scale of 1 to 5 is adopted for evaluating the effect of each factor.
These numerical values are assigned to the respondents rating, 1 = very low, 2 = low, 3 =
Medium, 4 = high, 5 = very high for frequency & 1 = very low, 2 =low, 3 = Medium, 4 =
high, 5 = very high for severity. In order to fit into conditions in educational building
projectsin Egypt a pilot test was performed for preliminary questionnaire.

Twelve experts were involved in this pilot test. They are three consultants in educational
building projects, manager of the authority of educationa building projects, five
contractors and three professional project managers in educational building projects.
All of them have more than 15 years of experience in Educationa building projects in
Egypt. They were asked to critically review the design and structure of the questionnaire.
Their valuable comments were used to revise the research questionnaire. After revising the
questionnaire the second pilot questionnaire was resent to these twelve experts. At this

time the comments received were positive and no change was necessary.
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The questionnaire form (presented in appendix) was ready to survey, in the structured part
of the questionnaire; Fifty three causes drawn from previous steps are listed in six
respective groups:

A-Owner-related group consists of, financial difficulties of owner, slow payment of
completed works, Low speed of decision making and delay to furnish and deliver the site
to the contractor by the owner.

B- Contractor-related group consists of, poor site management and supervision, financial
difficulties of contractor, Mistakes during construction, Ineffective planning and
scheduling by contractors, inexperienced contractor, poor financial control on site
inaccurate cost estimation, poor relationship between management and labor, rework due
to poor work / wrong materials by the contractor, poor monitoring and control, lack of
database in estimating activity duration and resources and lack of administrative employee
and incompetent subcontractors.

C- Consultants-related group consists of, slow inspection of completed works, mistakesin
design, practice of assigning contract to lowest bidder, inaccurate bill of quantities, long
period between design and time of bidding/ tendering, waiting for approva of shop
drawings and material samples, mistakes in soil investigation, weakness of qualified
supervisor, inflexibility (rigidity) of consultant and original contract duration istoo short.
D- Project-related group consists of, environmental restrictions, design changes,
Additional works, lack of communication between parties, occurrence of site accidents
during construction and personality clash between contractor agent and engineering
supervisor.

E-Material and labor group consists of, escalation of materia prices (inflation), inadequate
production of raw materials in the country, shortages of materials, shortages of skilled
workers / technical personnel, high cost of skilled labor, poor labor productivity, high
equipment maintenance costs and Poor equipment productivity.

F- External factors-related group consists of, unforeseen site (ground) conditions,
difficulties in getting work permit from government, bureaucracy in bidding/ tendering
method, unavailability of utilities in site (such as, water, electricity, telephone, etc.), High
insurance and high interest rates, political insecurity instability, project location, stealing
and waste on site, litigation, high transportation costs, bad weather and Uncontrollable
external factors.
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3.4. Index Analysis
The data are processed through three types of indices:
« Frequency index:

This index expresses occurrence frequency of factor responsible for time and cost
overruns. It is computed as per following formula:

FI=2a*n/Total SCOMe  .ouuieitiit ittt e e e e e e e (3-2).
Where: a = constant expressing the weight assigned to each responses (ranges from 1 for

very low to 5 for very high), n = frequency of each response.
« Severity index:

This index expresses severity of factor that caused delay and cost overruns. It is computed
as per following formula: 8. 7= 2 a * n / Total score ..........ccceeiiiiiiinninnnns (3-3).
Where: a = constant expressing the weight assigned to each responses (ranges from 1 for
very low to 5 for very high), n = frequency of each response.

« Importance index:

This index expresses the overview of factor based on both their frequency and severity. It
is computed as per following formula IMP.L. = F.L. X S.L. ... (3-9).
The respondents’ value in the distributed questionnaire was as shown in Table (3.2).

Table (3.2). The respondents answer in the distributed questionnaire.

probability of .
No Causes Occurrence Impact if occurred
VL|{L|{M|H|VH|VL|L| M |H]|VH
A || Owner related group consists of
1 || Financial difficulties of owner 6 [13| 7 |19| 7 3 11 | 17| 12
2 || Slow payment of completed works 4 (10|22|12| 4 0 14 (21| 11
3 || Low speed of decision making 9 |19/12| 8| 4 6 |10| 14 | 13| 9
4 Delay to furnish and deliver the site to the 18 1221101 11 1 9 1151 201 5] 3
contractor by the owner.
B [ _Consultants related group consists of
1 || Slow inspection of completed works 9 |23]13| 7| O 4 | 6|25 13| 4
2 || Mistakesin design 25 (2014 | 2| 1 8 |10 8 |[19| 7
3 Rractl ce of assigning contract to |owest 6 | 6111118 11 1 13| 9 |24] 15
bidder
4 | Inaccurate bill of quantities. 5 (14]18| 7| 8 51417 |13] 13
Long period between design and time of
5 bidding/ tendering 7 |14|16| 7| 8 |16 | 5] 15 |11| 5
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Table (3.2). The respondents answer in the distributed questionnaire (cont.)

probability of

Impact if occurred

No Causes Occurrence
VL|L|M|H|VH|VL|L| M |H|VH
Waiting for approval of shop drawings
6 and material samples 5 |15(18|13| 1 6 |10| 12 |19| 5
7 || Mistakesin soil investigation 8 (14/14| 8| 8 2 |81 17 14| 11
8 | weakness of qualified supervisor 15 (18|14 5| O 10 | 5| 14 18| 5
9 | Inflexibility (rigidity) of consultant 8 |11(22]| 9| 2 8 | 619 |9 10
10 | Original contract duration istoo short 6 |15(21| 8| 2 6 | 714 21| 4
C | Contractor-related group consists of
1 || Poor site management and supervision 12 |20 | 16| 4 3 |10| 10 |21 | 8
2 | Financid difficulties of contractor 7 |7 (11120 | 7 2 | 6|15 16| 13
3 || Mistakes during construction 21 {20110 1| O 5 19|16 20| 2
4 Ineffective planning and scheduling by 12 120121 71 1 wlol1rl7!] 7
contractors
5 || inexperienced contractor 2 (18,83 | 1 9 | 4] 15 14| 10
6 | Poor financial control on site 16 (22| 7 | 2 5 5 18|12 |10 17
7 || Inaccurate cost estimation 7 |15|114| 8 8 3 | 7|18 |12 12
8 Poor relationship between management » 171913 1 1215014 l10] 11
and labor
9 rewor_k due to poor work / wrong »l18l8l2] 1 6 19l 9 13| 15
materials by the contractor
10 | poor monitoring and control 24 116| 3| 6 3 9 6| 9 |17 11
11 Lack_of database in estimating activity 16 123110 2 | 1 s | 7121111l s
duration and resources
12 | Lack of administrative employee 21 1 8|119|14 | O 8 |10 24 | 9 1
13 | Incompetent subcontractors 10 |17]15] 9 1 6 | 7|12 |18 9
D | Project-related group consists of
1 | environmenta restrictions 22 (11|14 4 1 11 (11| 18 | 9 3
2 || Design changes 14 20|13 5| O 6 |16 12 |17| 1
3 | Additiona works 5 [13|15|12| 7 12 9] 16 |12| 3
4 | Lack of communication between parties 1321|126 | O 6 | 8|16 |15| 7
Occurrence of site accidents during
5 construction 26 |20 6 | 0| O 12 (17| 15 | 4| 4
personality clash between contractor agent and
6 engineering supervisor 15 (21|11 5| O 9 | 7|17 14| 5

29




Table (3.2). The respondents answer in the distributed questionnaire (cont.)

p(g%zi?;g;ycgf Impact if occurred
No Causes
VL|{L|{M|H|VH|VL|L |M|H]|VH

E Material and labor and Equipment

group consists of
1 || Escalation of materia prices (Inflation) 2 | 4191|1324 4 9] 12|11 16
2 Inadequate production of raw materialsin 14 114115 5| 2 318l 11l15] 15

the country
3 || Shortages of materials 11 |16|19| 5| 1 3|1 7] 9 |2 11

Shortages of skilled workers/ technical
4 personnel 7 |15(14|14| 2 4 | 7|16 16| 9
5 || High cost of skilled labor 3 /918|111 11| 3 |6 | 15 16| 12
6 | Poor labor productivity 8 |15/19| 8| 2 1 (13|19 |14] 5
7 || High equipment maintenance costs 12 |18|10(12| O 5 |13] 15 |15]| 4
8 || Poor equipment productivity 16 (12|21 3| O 6 |9]19 15| 3
= External factors-related group

consists of
1 || Unforeseen site (ground) conditions 7 |16(19| 9| 1 4 | 8|18 |13 9

Difficultiesin getting work permit from
2 government 2 |6(21|9| 14 3 |6| 8 |13]| 22
3 || Bureaucracy in bidding/ tenderingmethod | 6 | 11| 9 |20| 6 2 | 7118 14| 11

Unavailability of utilitiesin site (such as,
4 water, electricity, telephone, etc.) 4 |15121) 8 4 4 9| 171141 8
5 | High insurance and high interest rates 7 | 811617 | 4 1 |6|14|22] 9
6 | political insecurity instability 3 |8 |12|17| 12| 2 | 2| 5 |14]| 29
7 | project location 5 (18(2514 | O 3 19|21 11| 8
8 || Stealing and waste on site 5 1913|144 1 4 | 6|19 |11] 12
9 | Litigation 17 |17|116| 1| 1 6 |[12] 12 |11 ]| 11
10 | High transportation costs 6 |13|19| 7 | 7 3 |16(18 14| 11
11 || Bad weather. 19 119|131 0 (127|256 2
12 | uncontrollable external factors 42 1812 |0)] 0 6 |7 6 | 8| 25

3.5. Ranking of Factors

Table (3.3) and (3.4). Show the frequency indices, the severity indices of fifty three causes
and their rankings. These causes are rated by two different respondent groups. It can be
seen from these two tables that there small difference in the ranking orders of occurrence
and severity by overal. It means that the more the cause frequently happens the more it
severely impacts the project duration and budget. The deviation of the occurrence ranking

order from the severity ranking order in each respondent group is small.
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The first fourteen causes in overall ranking have a good agreement between two parties of
projects. Escalation of material prices, political insecurity instability, Difficulties in getting work
permit from government, Practice of assigning contract to lowest bidder, High cost of skilled labor,
Bureaucracy in bidding/ tendering method, high insurance and high interest rates, Slow payment of
completed works, Financial difficulties of contractor, Financid difficulties of owner, Inaccurate
bill of quantities, High transportation costs, Inaccurate cost estimation, Mistakes in sail
investigation. All these problems belong to five different parties. Five of them belong to
external factors, three causes belongs to consultant group, and the other causes belongs to

(Two from material, labor and equipment group, two from owner group and two from
contractor group). All of these factors are popular in education building project in Egypt

and in developing countries, leading the project to time and cost overruns, the frequency index

and ranking results as shown in Table (3.3).

Table (3.3). Frequency index and ranking

Overall Contractors | Consultants
Causes Group
F.1 Rank F.1 F.1
Escalation of materia prices
. . 0.804 1 0.8488 0.6364 Resources
(inflation)
political insecurity instability 0.704 2 0.7122 0.6727 external
Difficultiesin getting work permit
0.704 3 0.7366 0.5818 external
from government
Practice of assigning contract to 0,685 4 0.7122 0.5818 ltant
lowest bidder ' ' ' consuitan
High cost of skilled labor 0.669 5 0.7122 0.5091 Resources
Bureaucracy in bidding/ tendering
0.627 6 0.6293 0.6182 external
method
High insurance and high interest
0.612 7 0.6439 0.4909 external
rates
Slow payment of completed works 0.608 8 0.6293 0.5273 owner
Financia difficulties of contractor 0.650 9 0.6732 0.5636 contractor
Financia difficulties of owner 0.630 10 0.6390 0.6000 owner
Inaccurate bill of quantities. 0.596 11 0.6000 0.5951 consultant
High transportation costs 0.585 12 0.6000 0.5273 external
Inaccurate cost estimation 0.581 13 0.5951 0.5273 contractor
Mistakesin soil investigation 0.577 14 0.5951 0.5091 consultant
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Table (3.3). Frequency index and ranking (cont.)

Overall Contractors | Consultants
Causes Group
F.l Rank F.1 F.1
Long period between design and time 0573 15 0.5051 0.4900 ltant
of bidding/ tendering : ' ' consuitan
Unavailability of utilitiesin site
(such as, water, electricity, telephone, | 0.573 16 0.5854 0.5273 external
etc.)
Waiting for approval of shop
. . 0.562 17 0.5756 0.5091 consultant
drawings and material samples
Shortages of skilled workers/
. 0.558 18 0.5610 0.5455 Resources
technical personnel
Stealing and waste on site 0.550 19 0.5805 0.4364 external
Origina contract durationistoo short | 0.542 20 0.5366 0.5636 consultant
Inflexibility (rigidity) of consultant 0.546 21 0.5610 0.4909 consultant
Additional works 0.527 22 0.5073 0.6000 project
Poor labor productivity 0.527 23 0.5366 0.4909 Resources
Unforeseen site (ground) conditions 0.527 24 0.5415 0.4727 external
Low speed of decision making 0.519 25 0.5561 0.3818 owner
project location 0.508 26 0.5268 0.4364 external
Incompetent subcontractors 0.500 27 0.4927 0.5273 contractor
Inadequate production of raw
o 0.488 28 0.4732 0.5455 Resources
materials in the country
High equipment maintenance costs 0.485 29 0.4732 0.5273 Resources
Shortages of materials 0.481 30 0.4878 0.4545 Resources
Slow inspection of completed works 0.469 31 0.4780 0.4364 consultant
Ineffective planning and scheduling
0.465 32 0.4537 0.5091 contractor
by contractors
Poor site management and
. 0.446 33 0.4244 0.5273 contractor
supervision
Lack of communication between :
. 0.442 34 0.4341 0.4727 project
parties
Poor equipment productivity 0.442 35 0.4390 0.4545 Resources
Poor financial control on site 0.438 36 0.4000 0.5818 contractor
weakness of qualified supervisor 0.435 37 0.4293 0.4545 consultant
Design changes 0.435 38 0.4439 0.4000 project
Lack of administrative employee 0.423 39 0.4049 0.4909 contractor
personality clash between contractor ,
. , 0.423 40 0.4244 0.4182 project
agent and engineering supervisor
Litigation 0.415 41 0.4244 0.3818 external
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Table (3.3). Frequency index and ranking (cont.)

Overall Contractors | Consultants
Causes Group
F.l Rank F.1 F.1
environmental restrictions 0.412 42 0.4244 0.3636 project
Lack of database in estimating 0.404 43 0.3805 0.4909 tract
activity duration and resources ' ' ' contractor
poor monitoring and control 0.400 44 0.3756 0.4909 contractor
Delay to furnish and deliver the site 0.388 45 0.3854 0.4000
to the contractor by the owner. ' ' ' owher
Bad weather. 0.385 46 0.3854 0.3818 external
Poor relationship between
0.385 47 0.3707 0.4364 contractor

management and |abor

inexperienced contractor 0.381 48 0.3659 0.4364 project

rework due to poor work / wrong

materials by the contractor 0.369 49 0.3415 0.4727 contractor
Mistakes during construction 0.365 50 0.3415 0.4545 contractor
Mistakesin design 0.346 51 0.3463 0.3455 consultant
Occurrence of site accidents during ,

. 0.323 52 0.3171 0.3455 project
construction
uncontrollable external factors 0.246 53 0.2488 0.2364 external

The severity index and ranking results were shown in Table (3.4).

Table (3.4). Severity index and ranking

Overall Contractors | Consultants
Causes Group
S. Rank S. S.
political insecurity instability 0.854 1 0.8878 0.7273 external
Practice of assigning contract to 0.788 2 0.8244 0.6545 ltant
lowest bidder ' ' ' consuitan
Difficultiesin getting work permit
0.773 3 0.8098 0.6364 external

from government
Slow payment of completed works 0.742 4 0.7512 0.7091 owner
High insurance and high interest rates | 0.723 5 0.7512 0.6182 external
Financial difficulties of contractor 0.722 6 0.7300 0.6909 contractor
High cost of skilled labor 0.708 7 0.7317 0.6182 Resources
Bureaucracy in bidding/ tendering
method 0.704 8 0.7268 0.6182 external
Financial difficulties of owner 0.699 9 0.7122 0.6545 owner
Escalation of material prices (inflation) 0.700 10 0.7220 0.6182 Resources
Inaccurate bill of quantities. 0.696 11 0.7317 0.5640 consultant
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Table (3.4). Severity index and ranking (cont.)

Overall Contractors | Consultants
Causes Group
S. Rank S. S.
Inaccurate cost estimation 0.696 12 0.7122 0.6364 contractor
Mistakesin soil investigation 0.692 13 0.7122 0.6182 consultant
High transportation costs 0.692 14 0.7122 0.6182 external
Stealing and waste on site 0.681 15 0.7317 0.4909 external
Shortages of skilled workers/
. 0.673 16 0.6732 0.6727 Resources
technical personnel
Incompetent subcontractors 0.665 17 0.6732 0.6364 contractor
Poor site management and
. 0.663 18 0.6800 0.6000 contractor
supervision
poor monitoring and control 0.658 19 0.6829 0.5636 contractor
Unforeseen site (ground) conditions 0.658 20 0.6927 0.5273 external
rework due to poor work / wrong
: 0.655 21 0.6600 0.6364 contractor
materials by the contractor
Inadequate production of raw materials
in the country 0.650 22 0.6630 0.6000 Resources
Unavailability of utilitiesin site (such as,
water, eleciricity, telephone, etc.) 0.650 23 0.6732 0.5636 external
Shortages of materials 0.648 24 0.6610 0.6000 Resources
project location 0.646 25 0.6732 0.5455 external
Inexperienced contractor 0.646 26 0.6780 0.5273 contractor
Poor financial control on site 0.642 27 0.6530 0.6000 contractor
uncontrollable external factors 0.640 28 0.6800 0.4909 external
Original contract duration istoo short 0.638 29 0.6439 0.6182 consultant
Mistakesin design 0.636 30 0.6390 0.6250 consultant
Poor labor productivity 0.635 31 0.6439 0.6000 Resources
Low speed of decision making 0.635 32 0.6585 0.5455 owner
Lack of communication between parties 0.635 33 0.6585 0.5455 project
Litigation 0.635 34 0.6878 0.4364 external
Slow inspection of completed works 0.627 35 0.6537 0.5273 consultant
Waiting for approval of shop drawings
and material samples 0.627 36 0.6537 0.5273 consultant
Inflexibility (rigidity) of consultant 0.627 37 0.6585 0.5091 consultant
Mistakes during construction 0.619 38 0.6390 0.5455 contractor
weakness of qualified supervisor 0.612 39 0.6341 0.5273 consultant
Poor relationship between management
and labor 0.612 40 0.6146 0.6000 contractor
High equipment mai ntenance costs 0.600 41 0.5951 0.6182 Resources
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Table (3.4). Severity index and ranking (cont.)

Overall Contractors | Consultants
Causes Group
S. Rank S. S.
Poor equipment productivity 0.600 42 0.6195 0.5273 Resources
ality clash bet tract
Personallly clasn between confractor 05% | 43 0.6146 0.5273 project
agent and engineering supervisor
;aCk.Of database in estimeting activity 0592 | 44 0.6049 0.5455 contractor
uration and resources

Design changes 0.565 45 0.5805 0.5091 project
Ineffective planning and scheduling by
contractors 0.554 46 0.5610 0.5273 contractor
Additional works 0.542 47 0.5415 0.5455 project
Lack of administrative employee 0.542 48 0.5610 0.4727 contractor
Long period between design and time of
bidding/ tendering 0.538 49 0.5512 0.4909 consultant
environmental restrictions 0.531 50 0.5561 0.4364 project
Bad weather. 0.519 51 0.5366 0.4545 external
Delay to furnish and deliver the site t

oS anr feverestielo 1 os15 | m2 0.5268 0.4727 owner
the contractor by the owner.
Occurrence of site accidents during .
construction 0.488 53 0.5024 0.4364 project

Table (3.5). Show the importance index and ranking consistent with various parties causing
time and cost overruns in educational building projectsin Egypt.

Table (3.5). Importance index and ranking

Overall Overall | Overall
Code Causes (E.I*S.1) GROUP
IMP.l | Rank F.1 S
F6 | political insecurity instability 0.601 1 0.7038 | 0.8539 external
gy | Escalation of materid prices 0.563 2 | 0.8039 | 0.7009 | Resources
(Inflation)
Fp | Difficultiesin getting work permit 0544 | 3 | 07039 | 07731 | extema
from government
g3 | Practice of assigning contract to 0540 | 4 | 06846 | 0.7885 | consultant
|lowest bidder
E5 | High cost of skilled labor 0.474 5 0.6692 | 0.7077 Resources
C2 | Financid difficulties of contractor 0.469 6 0.6500 | 0.7194 contractor
A2 | Slow payment of completed works 0.451 7 0.6077 | 0.7654 owner
F5 | Highinsurance and high interest rates 0.442 8 0.6115 | 0.7231 external
F3 | Bureaucracy in bidding/ tendering 0.441 9 | 06269 | 07047 | external
method
Al | Financia difficulties of owner 0.441 10 0.6308 | 0.6986 owner
B4 | Inaccurate bill of quantities. 0.415 11 0.5962 | 0.6962 | consultant
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Table (3.5). Importance index and ranking (cont.)

Overall Overall | Overall
Code Causes (F.I*S.1) GROUP
IMP.l | Rank F.l S.
F10 | High transportation costs 0.405 12 0.5846 | 0.6899 external
C7 | Inaccurate cost estimation 0.404 13 | 0.5807 | 0.6944 | contractor
B7 | Mistakesin soil investigation 0.399 14 0.5786 | 0.6906 | consultant
F8 | Stealing and waste on site 0.378 15 0.5500 | 0.6873 external
E4 tsehccr’]rr:f‘gal%p%fr :ri]'r']gd workers/ 0375 | 16 | 05577 | 0.6730 | Resources
F4 gsni‘v’gérabg'gtﬁiﬁg"t“elfr;ﬁosr'];e gé_‘;h 0373 | 17 | 05731 | 0.6500 | externa
B6 gg‘ tr:g;?;la;% ‘;‘l’i of shop drawings | 5355 | 18 | 0.5615 | 0.6269 | consultant
F1 | Unforeseen site (ground) conditions 0.347 19 | 05269 | 0.6577 external
B10 | Origina contract duration istoo short 0.346 20 0.5423 | 0.6385 | consultant
B9 | Inflexibility (rigidity) of consultant 0.342 21 0.5462 | 0.6269 | consultant
E6 | Poor labor productivity 0.334 22 | 05269 | 0.6346 | Resources
C13 | Incompetent subcontractors 0.333 23 0.5000 | 0.6654 contractor
A3 | Low speed of decision making 0.330 24 | 05192 | 0.6346 owner
F7 | project location 0.328 25 0.5077 | 0.6462 external
E2 m;‘td;?;itﬁﬂﬁfggﬂﬁt’;yOf rav 0317 | 26 | 04885 | 0.6497 | Resources
E3 | Shortages of materias 0.312 27 0.4808 | 0.6481 Resources
B5 tfg%gﬁ;‘:;eég?ﬁg designandtime | 4409 | g | 05731 | 05385 | consultant
C1l | Poor site management and supervision | 0.296 29 0.4461 | 0.6631 contractor
B1 | Slow inspection of completed works 0.294 30 | 0.4692 | 0.6269 | consultant
E7 | High egquipment maintenance costs 0.291 31 0.4846 | 0.6000 Resources
D3 | Additional works 0.286 32 0.5269 | 0.5423 project
C6 | Poor financial control on site 0.281 33 0.4385 | 0.6418 | contractor
D | -3k of communication between 0281 | 34 | 04423 | 06346 | project
parties

B8 | weakness of qualified supervisor 0.266 35 0.4346 | 0.6115 consultant
E8 | Poor equipment productivity 0.265 36 0.4423 | 0.6000 Resources
F9 | Litigation 0264 | 37 | 04154 | 0.6346 | externd
C10 | poor monitoring and control 0.263 38 0.4000 | 0.6577 contractor
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Table (3.5). Importance index and ranking (cont.)

Overall

(F.1*S.1) Overall | Overall
Code Causes GROUP
IMP.l1 | Rank F.1 S.
Ineffective planning and scheduling
C4 0.258 39 | 04654 | 0.5538 | contractor
by contractors
personality clash between contractor _
D6 . . . 0.252 40 0.4231 | 0.5962 project
agent and engineering supervisor
D2 | Design changes 0.246 41 0.4346 | 0.5654 project
C5 | inexperienced contractor 0.246 42 0.3808 | 0.6462 contractor
rework due to poor work / wrong
C9 . 0.242 43 | 0.3692 | 0.6550 | contractor
materials by the contractor
Lack of database in estimating activity
C11 : 0.239 44 | 0.4038 | 0.5923 | contractor
duration and resources
cg | Poor reiationship between 0235 | 45 | 0.3846 | 0.6115 tract
management and |abor ' ' ' contractor
C12 | lackof administrative employee 0.229 46 | 0.4231 | 0.5423 | contractor
C3 | Mistakes during construction 0.226 47 0.3654 | 0.6192 contractor
B2 | Mistakesin design 0.220 48 0.3462 | 0.6361 consultant
D1 | environmenta restrictions 0.218 49 0.4115 | 0.5308 project
A4 Delay to furnish and deliver the siteto 0.200 50 | 03885 | 05154
the contractor by the owner. ' ' ' owher
F11 | Bad weather. 0.200 51 0.3846 | 0.5192 external
F12 | uncontrollable external factors 0.158 52 | 0.2462 | 0.6400 external
Occurrence of site accidents during ,
D5 : 0.158 53 | 0.3231 | 0.4885 project
construction

All parties met an agreement that the highest 14 factors are as shown in Table (3.6).
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Table (3.6). The highest 14 factors causes time and cost overrun

Code Causes Imp. | Rank GROUP | symbol
F6 | political insecurity instability 0.601 Externa X1
E1 | Escalation of material prices (Inflation) 0.563 2 Resources X2
£ gD(l)U‘larcrL]J:Tt]l ;St in getting work permit from 0.544 3 External X3
B3 Elrgggr ce of assigning contract to lowest 0.540 4 Consultant X4
E5 | High cost of skilled labor 0.474 5 Resources X5
C2 | Financia difficulties of contractor 0.470 6 Contractor X6
A2 | Slow payment of completed works 0.451 7 Owner X7
F5 | Highinsurance and high interest rates 0.442 8 Externa X8
F3 | Bureaucracy in bidding/ tendering method 0.441 9 External X9
Al | Financia difficulties of owner 0.441 10 Owner X10
B4 | Inaccurate bill of quantities. 0.415 11 Consultant | X11
F10 | High transportation costs 0.405 12 Externa X12
C7 | Inaccurate cost estimation 0.404 13 Contractor | X13
B7 | Mistakesin soil investigation 0.399 14 Consultant | X14

Political insecurity instability, escalation of material prices (inflation), difficulties in
getting work permit from government, practice of assigning contract to lowest bidder, high
cost of skilled labor, Financial difficulties of contractor, slow payment of completed
works, high insurance and high interest rates, bureaucracy in bidding/ tendering method
and financia difficulties of owner, these are the highest important causes of time and cost
overrunsin Educational projectsin Egypt.

The first cause was political insecurity instability (external group), this cause has high
effect on the projects in Egypt in the year 2011 after the Egyptian revolution, so we are
going to eliminate this factor.

The second cause was escalation of materia prices (inflation) (material, labor & equipment
group), it was concluded from the central agency for public in Egypt that the inflation
varies from 11.8 to 10.5% during the last five years,

The percentage of the Gross Domestic Product (GDP) in Egypt in the last five years varies
from 7.1% in 2007 to 1.8 % in 2011 (CIA world fact book).
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The third cause was difficulties in getting work permit from government (external group),
this cause have a high direct effect especially on the contractors due to the routine applied
in the government in all the cities which have a direct effect on the projects duration which
leads to an excess cost by the contractors to overcome this cause.

The fourth cause was practice of assigning contract to lowest bidder (consultant group),
which is seen in open tender where any contractor regard of his rank in the contractor
union or his previous experience could win the project. And with the strong specifications
made by the authority of educational buildings this contractor cannot complete the project
with the specified time and budget |eads him to liquidated damage,

Asin our sample this cause has high effect on the projects time and cost overruns in Egypt.
The fifth cause was high cost of skilled labor (material, labor & equipment group), which
has high effect on the project cost to overcome the specifications of authority of
educational buildings and made the project with the time schedule to overcome any
liquidated damage.

The sixth cause financial difficulties of contractor (contractor group), In our projects
sample when the project size increases the cost overrun increases which means that the
contractor financial management in most projectsin Egypt is very weak, so this factor have
high effect on the education building projectsin Egypt.

The seventh cause slow payment of completed works (owner group), as we know here the
owner is the ministry of education, As Egypt is a developing country so the payment for
completed work is very slow which leads to cost and time overruns to small contractors
and leads them to be out of schedule so as we seen this is a very high cause that leads to
time and cost overruns to most of the projectsin Egypt.

The eighth cause was high insurance and interest rates (external group), this factor directly
affect the contractors if they depends on the bank to finance the project, according to the
central agency for public in Egypt the average interest varies from 8 to 10% during the last
5 years so on the mgjor projects in the sample this factor have dightly effect on the project
time and cost overruns.

The ninth cause was bureaucracy in bidding/tendering method (external group), which
leads us to select the unsuitable contractor for the work so there must be a new rules to
assign the suitable contractor for each specific project according to the purpose of the
project so this cause have a high effect on selecting the contractor and the quality of the
proj ects.
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The tenth cause was financial difficulty of the owner (owner group), this cause have high
effect on the projects as the owner here is the government so it affect the project schedule
and affect the contractor to pay an excessive money to overcome this cause and go on with
the schedule.

3.6. Projects Data

The scope of this study is confined on 2000 educational building projects
implemented from 2007 to 2011 by the Authority of Educational Building. Hence the
target of ministry of education was from 300 to 400 educationa building per year.
So, the sample size was determined using equation (3.5) developed by Y amane (1967):

Where, n is the sample size, N is the number of projects and e the acceptable sampling

error at 95% confidence level.

n = 2000

2] =095.24 (3.5)
1+(2000x(0.1)

So our sample size is 96 projects, but we will take it 102 projects as we have collected.
Data were collected from contractors (by E-mail or by hand) on 102 Educational building
projectsin Egypt comprising small, medium and large projects. Methods involved are
traditional design & build, construction management, Management contracting and project
management. Tendering methods were (open tender, limited tender and selective).

The data collected for 102 projects include (name of the educational building - city —
company - estimated cost - actual cost- estimated schedule - actual schedule — start date —
date of completion - any additional time and the effect of highest quantitative factors
affecting the 102 projects. We have collected the data for the effect of the highest
qualitative factors affecting the 102 projects by making an interview with the parties
involved in the projects and expert, each effect of the qualitative factors on the projects

was given criteria as follows:
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1-Difficultiesin getting work permit from government

Cairo + Alexandria + Giza High
Behera + Gharbya + Qalubya + Dagahlya Medium
Sohag + Asyut + Minya + Qena + Luxor Low

2-Financial difficulties of contractor

Cairo + Alexandria + Gharbya + Minya High
Qena + Giza+ Asyut + Dagahlya Medium 2
Sohag + Qalubya + Behera + Luxor Low 1

3-Slow payment of completed work

Cairo + Gharbya+ Minya High
Behera + Alexandria+ Qalubya + Dagahlya+ Gizat+ Asyut Medium
Sohag + Qena + Luxor Low 1

4-Bureaucracy in bidding/ tendering method

Cairo + Gharbya + Minya+ Qena High 3
Behera + Qalubya + Dagahlya + Alexandria Medium
Sohag + Asyut + Giza + Luxor Low 1

5-Practice of assigning contract to lowest bidder

Projects having total budget greater than five million 20% from total budget
Projects having total budget from oneto five million 15% from total budget
Projects having total budget less than one million 10% from total budget

6-Mistakesin soil investigation

Minya + Behera High 3
Gharbya + Asyut + Qena + Giza Medium 2
Sohag + Alexandria + Dagahlya+ Luxor + Cairo + Qalubya Low 1

All the projects were completed between years 2007 to 2011; the collected projects locate
in 12 citiesin Egypt as shown in figure (3.5).
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Figure (3.5). Project location for 102 sample
projects

M Cairo (6)

B Alexandria (8)
M Giza (3)

M Qalubya (5)
B Daqgahlya (28)
M Behera (14)
B Gharbya (1)

M Asyut (7)

m Sohag (23)

The distribution of the projects according to time and cost overruns were as shown in the
following Table (3.7).

Table (3.7). Distribution of project by time and cost overrun

Ratio of actual project
construction duration to
planned project construction
duration

<1 Morethan1 | Totd

Ratio of actual as built =1 69 0 69

cost to winning bid
amount
Morethan 1 4 29 33
Tota 73 29 102

33 projects out of 102 projects having cost overruns with percentage 32.35% Moreover,
about 87.88% of this projects have time overruns as shown in table 3.9, while 29 projects
having time delay  with percentage  28.43%  of total projects,
15 projects have fallen in liquidated damages with percentage 14.7%.
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The projects size and duration are classified into three groups as shown in the following

Tables (3.8) and (3.9).

Table (3.8). Classification of project according to Project size

% of Average
No of Cost % of projects value of cost
Projects size projects overrun 0 0T proj
overrun
Less than 1 million 17 3 17.65 14.13
Between 1 to 5 million 69 19 27.54 7.51
More than 5 million 16 11 68.75 5.91
Total 102 33 32.35

The collected projects were classified into three groups according to their tender price.
The first group includes projects with a tender price less than 1 million EGP. The tender
prices of the other two groups are smaller and greater than 5 million EGP respectively.
A closer inspection to Table (3.8), clearly show that the percentage of projects that have
cost overrun 17.65%, 27.54% and 68.75% for the three groups respectively.

Such result clearly indicates that the probability of occurrence that the cost overrun
increase as the project size increase. Moreover, the average percentage value of cost
overruns was found to be 14.13%, 7.51% and 5.91% for the three groups respectively.
This clearly indicates that the severity of cost overrun is inversely proportiona to the
project size.

Table (3.9). Classification of project according to Project durations

% of
. i No of Time . Average
(o)
Projects durations projects overrun %6 of projects value of time
overrun
Less than 8 months 9 0 0 0
Between 8 to 12 months 65 18 27.69 19.18
More than 12 months 28 11 39.29 9.67
Total 102 29 28.43

The collected projects were classified into three groups according to their project

scheduled time. The first group includes projects with scheduled time less than 8 months.
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The project scheduled time of the other two groups is smaller and greater than 12 months
respectively. A closer inspection to Table (3.9), clearly show that the percentage of
projects that have time overrun 0%, 27.69% and 39.29% for the three groups respectively.
Such result clearly indicates that the probability of occurrence that the time overrun
increase as project scheduled time increase. Moreover, the average percentage value of
time overruns was found to be 0%, 19.18% and 9.67% for the three groups respectively.
This clearly indicates that the average percentage of time overrun was found to be

gradually decrease as the project scheduled time increase.
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CHAPTER FOUR
DEVELOPMENT OF REGRESSION MODELS
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Chapter 4

Development of Regression Models

This chapter presented the design of two multiple regression models for estimating a model
for cost and time overruns. These two multiple regression models were backward and
forward regression models and were developed based on the most effective factors that
were previously identified in Chapter three. Both backward and forward regression models
(BRM and FRM) were employed using Statistical Package for the Social Sciences
(SPSS) version 16 for estimating regression model for cost and time overruns. The SPSS
program is more preferable than any other method because of its simplicity to be used by

the contractors.
4.1 Data Collection

The data used in development of the backward and forward regression models were
collected from observation of 102 Educational building projects between years 2007 to
2011 at 12 cities were used to design the two regression models. The other 30 Educational
building projects were collected from years 2011-2012 and were used to validate these two

regression models.
4.2 Regression Analysis

Regression analysis is an extremely powerful tool that enables the researcher to learn more
about the relationships within the data being studied (Smith 1998). In multiple regression
models, there is one dependent variable and several independent variables on the other
hand; simple regression has one dependent variable and one independent variable.
Therefore, multiple linear regression models (MLR) will be used to determine the
statistical relationship between a response (e.g., time and cost overruns in Educational
building projects in Egypt) and the significant variables (e.g., Escalation of material prices
(Inflation), Difficulties in getting work permit from government, etc).

MLR models are generally able to describe the data better than a simple linear model
which is based on a single explanatory variable. However, it is usually the objective of the

researcher to reduce the model to its most efficient form (Williams 2005).
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The form of multiple linear regression models is described as below:
Yi=K+B1X1+P2 X 2Bz X 3+Pa X4+ P5 X5t .......... Bk Xkt €eoveiiiiiiii s
(4-1)

Where Y is the observed time or cost overruns corresponds to the explanatory variables.
X1 to Xy are the explanatory variables; N is the number of explanatory variables. 1 to Bk
are the coefficients of explanatory variables, K is constant and € are errors that create

scatter around the linear relationship.
4.3 Description of the Two Regression Models

Backward and forward regresson models were employed using SPSS version 16.
Forward stepwise regression begins with no variables in the equation, enters the most
significant variable at the first step, and continues adding and deleting variables until none
can significantly improve the fit. On the other hand, backward regression model begins
with all candidate variables, then removes the least significant variable at the first step and
continues until no insignificant variables remain Attalla and Hegazy (2003). Having
identified the most important factors that could impact time and cost overruns in
Educational building projects in Egypt, Actual data are required to develop the two
regression models for identifying the most significant factors affecting time and cost

overruns.

4.4 Two Regressions on Time and Cost overrun

Once the highest important 14 factors (quantitative and qualitative) that could impact time
and cost overruns in Educationa building projects in Egypt were identified,
The Input Data to be examined using SPSS version 16 was the severity of these factors on
the 102 educational building projects sites from vyears 2007 to 2011
The Output is to develop the two regression models to be used for future consideration to
assess in expected cost and time overruns of any future educational building projects. Both
BRM and FRM were employed using Statistical Package for the Social Sciences (SPSS)
version 16. Using this software, a regression equation is fitted to the significant
independent variables in chapter 2 Table (2.3).

102 projects were used to design the two regression models, and the other 30 projects were

used to validate these two regression models.
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Backward regression model was slightly more accurate in predicting time and cost overruns
in Educational building projects in Egypt because it has a higher squared multiple R
and alower mean square error for the residuals as indicated in Table (4.1) and Table (4.2).
Backward regression model is preferable to forward regression model because the first has
the advantage of looking at all the available variables in the early stages of the model
devel opment process Attalla and Hegazy (2003).

4.5 Significant and Insignificant Factors (T- test value)

A decision is made as to whether all the explanatory variables are significant. If the
variable is significant it remains in the model; otherwise, it is removed and the regression
analysis repeated (Smith 1998). Removing one of the factors is not only necessary in a
statistical sense, but it is aso helpful in an analytical sense because the factor that is not
included in the regression equation can be considered as standard condition.To identify the
factors that are significant in the backward regression model, for example, the critical
T-test value should be calculated. At a level of significance of 5%, the critical T-test is
calculated at (0.05; n- p- 1). Where n is the number of data points (102 projects), and p is
the number of significant variables (p = 14). Then the term n-p-1 = 87 and the critica
T-test valueis 1.98 (this number was taken from Levin and Rubin tables). Thisimplies that
all variables with an absolute T-ratio less than 1.98 are not significant to the regression
equation. In other words, the most significant variables that affect time and cost overruns
in  Educational  building projects in Egypt ae those that have
T vaue greater than critical T-test value. It is noted from table 4.1 that the number of
significant variables for time overrun in the BRM was 11 factors, while the number of
significant variables in FRM was 8 significant factors. While from table 4.4 the number of
significant variables for cost overrun in the BRM was 7 factors, while the number of
significant variables in FRM was 5 significant factors. All explanatory variables together
should explain the variability observed in output. The hypothesis formulation and
significance test were as in the following tables:

Table 4.1 indicates the coefficients, T-test, Beta for the backward regression models for

time overrun as shown.
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Table (4.1). Coefficients of variables, of final run using backward stepwise regression

for time overrun

Unstandardized Standardized
Coefficients Coefficients .
Model t Sig.
B Std. Beta
Error

(Constant) 0.453 0.036 12.46 2.74E-21
Difficulties in getting work
permit from government 0.123 0.015 0.24 8.05 3.15E-12
Practice of assigning contract to
lowest bidder 8.59E-07 | 4.02E-07 135 2.14 0.04
High cost of skilled labor -2.29e-07 | 1.22E-07 -0.19 -1.88 0.064
Financial difficulties of
contractor -0.123 0.014 -0.35 -8.95 4.5E-14
Slow payment of completed 0.064 0.017 0.144 3.67 0.0004
works ' ) ) ) )
High insurance and high "144E-06 | 8.4E-07 -0.92 .72 0.1
interest rates ' ) ' ' )
Bureaucracy in bidding/
tendering method 0.06 0.02 0.143 2.999 0.004
Inaccurate bill of quantities -1.8E-06 2.06E-07 -14 -8.73 1.27E-13
Inaccurate cost estimate 2.5E-07 5.5E-08 0.2 4.6 1.36E-05
Mistakes in soil investigation 0.197 0.03 0.39 6.99 4.7E-10
High transportation costs 1.37E-06 1.45E-07 1.265 9.4 4.6E-15

Table 4.2 indicates Anova statistics using backward regression models for time overrun.

Table (4.2). Anova Statistic using backward stepwise regression for time overrun

Model Sum of Squares df Mean Square F Sig.
Regression 10.203 11 928 144.741 .000"
4 Residual 577 90 .006
Total 10.780 101
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Table 4.3 indicates model summary statistic backward regression model for time

overrun.

Table (4.3). Model summary statistic using backward stepwise regression for

time overrun

Model R R Square | Adjusted R Square | Std. Error of the Estimate
1 973° 947 .939 .08076
2 973" 947 .940 .08031
3 973° 947 940 .07993
4 973° .946 940 .08005

From Table (4.1) to Table (4.3). Model (4) which contains the variables (Difficulties in

getting work permit from government, Practice of assigning contract to lowest bidder,

High cost of skilled labor, Financial difficulties of contractor, Slow payment of completed

works, High insurance and high interest rates, Bureaucracy in bidding/ tendering method,

Inaccurate bill of quantities, Inaccurate cost estimate, Mistakes in soil investigation, High

transportation costs) is the most significant regression model it have strong correlation

coefficient R equal to 0.973 and the coefficient of determination R square equal 0.946

which is a best fit which means that 94.6% of the total variation in time overrun can be

explained by the model. Also it has 8.005 standard percentage errors.

Table 4.4 indicates the coefficients, T-test, Beta for the backward regression models for

cost overrun as shown.

Table (4.4). Coefficients of variables, of final run using backward stepwise regression

for cost overrun

Unstandardized

Standardized

Model Coefficients Coefficients t Sig.
B Std. Error Beta

(Constant) 873 .014 64.7 .000

Difficulties in getting work

permit from government .016 .006 A4 2.816 | .006
8 High cost of skilled labor 5.3E-8 .000 19 19 .060

Financial difficulties of

contractor .032 .005 39 6.1 .000

High insurance and high

interest rates -9.2E-8 .000 -.25- -2.4- .021

50




Bureaucracy in bidding/

tendering method -.043- .009 -43- -5.1- .000
Inaccurate cost estimate 9.5E-8 .000 31 4.4 .000
Mistakes in soil investigation .076 .012 .64 6.3 .000

Table 4.5 indicates Anova statistics using backward regression models for

Cost overrun.

Table (4.5). Anova Statistic using backward stepwise regression for
cost overrun

Model Sum of Squares | df S'\c/lljzpe F Sig.
Regression 484 7 .069 58.109 | .0oQ"
Residual A12 94 .001
Total .596 101

Table 4.6 indicates model summary statistic backward regression model for cost

overrun.

Table (4.6). Model summary statistic using backward stepwise regression for
cost overrun

Adjusted R Std. Error of the
Model R R Square _

Square Estimate
1 .9062 821 792 .03502
2 .906° 821 794 .03482
3 .906° 821 797 .03464
4 .906¢ 821 .799 .03446
5 .905° .818 798 .03449
6 903 815 797 .03463
7 .902¢ 813 797 .03457
8 901" 812 .798 .03450

From Table (4.4) to Table (4.6). Model (8) which contains the variables (Difficulties in
getting work permit from government, High cost of skilled labor, Financial difficulties of

contractor, High insurance and high interest rates, Bureaucracy in bidding/ tendering

method, Inaccurate cost estimate, Mistakes in soil investigation) is the most significant

regression model as it have strong correlation coefficient R equal to 0.901 and the

coefficient of determination R square equa 0.812 which is a best fit which means that
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81.2% of thetotal variation in cost overrun can be explained by the model. Also it has 3.45

standard percentage errors.

4.6 Hypothesis Test (F- test)

Null Hypothesis: Y doesn't
Ho:  P1=PB2=Ps=Pa=.ceevre...... =Bx=0.0 <«— dependent on al explanatory
variables (no model exists).
Alternative Hypothesis: Y is
Hi:  B1#Ba#Ps#PaFte.cninnn.n. #PBk#0.0 <«— dependent on all explanatory
variables (model exists).

An F-Test was used to test the null hypothesis and was calculated based on the following
equation:

SSR/k

F test =
T SSE/n—k-1)

Where SSR is the sum of squares of errors for the explained part (regression), SSE is the
sum of squares of errors for unexplained part (residuals), n is the number of data points
(102 projects), And k is the number of explanatory/significant variables (k=14 in backward
model). According to the results noted in table 4.1 for the backward regression model,
SSR=10.203, SSE=0.577, n=102, and k =14 variables. By subsisting in the above equation:

10.203/14

Fiest = 0.577/(102—14—1)

= 109.89 4.2)

If F =109.89 is greater than F (0=0.05; k, n - k -1), then rgject H,, (null hypothesis), accept
H. (aternative hypothesis), and conclude that the regression model is an adequate and a
whole significant. F (a=0.05; 14, 87) is 2.2 (this number was taken from tables in Levin
and Rubin book) at a significance level of 5%. BRM and FRM had F value greater than
2.2, then rgject H, (null hypothesis), accept Hy (alternative hypothesis), and conclude that
the regression model is an adequate and a whole significant. The F value equals to 109.89
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using backward regression. On the other hand, the F value for FRM is 99.12. Therefore,

the two regression models are a whol e significant.

4.7 Coefficient of Determination R?

The robustness or the strength of the regression model can be determined by examining the
model coefficient of determination. The coefficient of determination R? represents the total
variability in time and cost overrun in educational building projectsin Egypt.

Backward regression model explained over 94.6% of the variation in time overrun and
over 81.2% of the variation in cost overrun in educational building projects in Egypt
explained by explanatory variables. On the other hand, forward regression model explained
over 94.1% of the variation in time overrun and over 80.1% of the variation in cost overrun
in educational building projects in Egypt explained by explanatory variables. As aresult of
considering 11 significant variables in the backward stepwise regression, the model for
time overrun explained the maor factors that affect the time overrun in educationa
building project in Egypt better than the forward stepwise regression. On the other hand 7
significant variables in the backward stepwise regression, the model for cost overrun
explained the major factors that affect the cost overrun in educational building project in

Egypt better than the forward stepwise regression.

4.8 Derived the Equations of the Two Regression Models for time and

cost overrun in educational building projects in EGYPT

4.8.1 - Time Overrun Model

Table (4.1) indicated the final results of backward regression equation and its ANOVA
statistics. BRM explained over 94.6% of the variation in time overrun in educational
building projects in Egypt explained by explanatory variables.

This means that the backward regression model is an adequate and awhole significant. The

derived equation for the backward regression model isillustrated as following:

Time overrun = 0.453+0.123x Difficulties in getting work permit from government
+8.592 x 107-7 x Practice of assigning contract to lowest bidder — 2.293 x 10"-7 x High
cost of skilled labor — 0.123 x Financial difficulties of contractor + 0.064 x Slow
payment of completed works — 1.444 x 10”-6 x High insurance and high interest rates

+ 0.061 x Bureaucracy in bidding/ tendering method — 1.799 x 10”-6 x Inaccurate bill
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of quantities + 2.533 x10”-7 x Inaccurate cost estimate + 0.197 x Mistakes in soil

investigation + 1.369 x 107-6 x High transportation costs.

A careful inspection to Table (4.1) clearly indicated that the eleven of the fourteen factors
were being considered in the developed model. The regression model have strong
correlation coefficient R equal to 0.973 and the coefficient of determination R square equal
0.946 which is a best fit which means that 94.6% of the total variation in time overrun can
be explained by the model. Also it has 8.005 as average percentage error. According to the
results of final model for forward regression equation and its ANOVA statistics.
FRM explained over 94.1% of the variation in time overrun in educational building
projects in Egypt explained by explanatory variables.

This means that the backward regression model is an adequate and a whole significant. The
derived equation for the forward regression model is illustrated as the following:

Time overrun = 0.484 + 0.129x Difficulties in getting work permit from government —
0.13 x Financial difficulties of contractor + 0.057 x Slow payment of completed works +
0.072 x Bureaucracy in bidding/ tendering method — 1.37x10"-6 x Inaccurate bill of
qguantities + 3.055 x107-7 x Inaccurate cost estimate + 0.19 x Mistakes in soil

investigation + 1.286 x 10"-6 x High transportation costs.
4.8.2 - Cost Overrun Model

Table (4.4) indicated the final results of backward regression equation and its ANOVA
statistics. BRM explained over 81.2% of the variation in cost overrun in educational
building projects in Egypt explained by explanatory variables. This means that
the backward regresson model is an adequate and a whole significant. The derived
equation for the backward regression mode! isillustrated as following:

Cost overrun = 0.873+0.016x Difficulties in getting work permit from government
+ 5.306 x 10”-8 x High cost of skilled labor + 0.032 x Financial difficulties of
contractor - 9.214 x 108 x High insurance and high interest rates
- 0.043 x Bureaucracy in bidding/ tendering method + 9.48 x107-8 x Inaccurate cost
estimate + 0.076 x Mistakes in soil investigation.

The regression model have strong correlation coefficient R equal 0.901 and the coefficient
of determination R square equal 0.812 which is a best fit which means that 81.2% of the
total variation in cost overrun can be explained by the model. Also it has 3.45 as average
percentage error. It has to be noted that seven of the previously identified fourteen input

factors were only considered by the developed model. This clearly indicates that the other
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seven factors were found to have no significant effect on the project cost overrun.
According to the results of fina model for forward regression equation and its ANOVA
statistics. FRM explained over 80.1% of the variation in cost overrun in educationa
building projects in Egypt explained by explanatory variables. This means that the
backward regression model is an adequate and a whole significant. The derived equation
for the forward regression model isillustrated as the following:

Cost overrun = 0.867 + 0.19x Difficulties in getting work permit from government + 0.31
x Financial difficulties of contractor - 0.46 x Bureaucracy in bidding/ tendering method +

7.627 x10"-8 x Inaccurate cost estimate + 0.81 x Mistakes in soil investigation.
4.9 Validation of the Two Regression Models

4.9.1- Project data validation

To examine the validity of the two regression models for time and cost overrun in
educational building projects in Egypt; Data were collected on 30 Educationa building
projects in Egypt comprising medium projects from 1 to 5 million. Methods involved are
traditional design and build, construction management, management contracting and
project management. Two tendering methods were considered (open tender, closed tender
and selective tender). All projects were completed in the years 2011 - 2012; the collected
projects were located in 5 cities in Egypt, as shown in figure (4.1).
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Figure (4.1). Project location for 30 projects

M Alexandria (11)
H Asyut (7)
mQena (5)

M Qalubya (2)

m Daghlya (5)

8 projects out of 30 projects having time and cost overruns with percentage 26.67%,

8 projects have fallen in liquidated damages with percentage 26.67%.

Table (4.7).Project durations

Projects durations No of Time Overruns % of time
projects overruns
Between 8 to 12 months 21 7 33.33
More than 12 months 9 1 1111
Total 30 8 26.67
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Therefore, it was concluded that the problem of time delay is present across projects
durations between 8 to 12 months and is particularly prevalent in projects where planned
projects durations is greater than 12 months, the percentage of average value of time
overruns are greater in projects duration between 8 to 12 months.

4.9.2 -Time overruns validation

The data collected was examined by calculating the actua time overrun for the 30
educational building projects then we are going to calcul ate the estimated time overrun by
substituting the data for 30 project in the estimated time overrun regression model, then we
are going to calculate the percentage of error of the time overrun according to the

following equation:

Actual time /cost overrun —Estimated time [cost overrun

Percentage of Error = ABS ( ) (4.3)

Actual time /cost overrun

In Table (4.8) and Table (4.9) the percentage of error for time and cost overruns were

shown on the collected 30 projects from 5 different cities.

Table (4.8). Time overruns validation

No Project Name Actua Time [Estimated % Of Error
Overrun Time Overrun

1 Laluall 415 Gl z3a 1.273 1.159 8.928

2 A4S idiall @ Cpadi) 1) e lAIAY) 1.019 1.188 16.566

3 Ot £ (Al JeeLan) 1.000 1.045 4.508

4 @ Ak 1.150 1177 2.386

5 AN (2) S 1.364 1.213 11.042

6 Sl Gl 1.000 1.026 2.609

7 A jidial) @ (5 g0 el 1.000 0.918 8.178
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8 A4S idiall Al aiy) ald 1.000 0.951 4.865
9 LY Ava Gua 1.318 1.250 5.162
10 Jiltial) i 1.273 1.266 0.544
11 ) anlaill o) &) jual 1.182 1.183 0.061
12 AQalae Yl 4 dasa 0.889 1.010 13.579
13 A4S jidial) daiy) A< gad) 0.920 0.957 3.988
14 A il A0y D 0.870 0.841 3.279
15 Basaad) AS il @ il Ay 0.857 0.789 7.928
16 bl (palla dana (335 1.000 0.915 8.509
17 Basaal) Ailaiy) Al gald) 1.000 0.935 6.499
18 () aglasll y gal) 1.000 0.954 4.606
19 A idial) Aglaiy) o<l and 0.913 1.043 14.239
20 J e glaa aa) dala aad 0.957 1.004 4.935
21 dalal) 4y gl (uiliy ypucd 1.045 1.027 1.768
22 Lalaey) 5 g Uaad) 0.957 0.895 6.425
23 Slypalh £ Gaaal) S gl 1.000 1.025 2.467
24 @ sl (g all 0.844 0.977 15.748
25 Ll Ay i 1.000 1.128 12.839
26 b d grad) al 1.000 0.856 14.406
27 A Q8 e 0.950 1.027 8.072
28 b (5 93 HAS 0.923 1.003 8.605
29 Laaey) gas 0.957 0.979 2.346
30 byl 1.000 0.989 1.145

Average Time Overrun Error percentage 6.87

From Table (4.8) the average percentage error is very low, equal to 6.87%.which means

that the validity of the time overrun regression model is excellent.

4.10.3 —Cost overrun validation

The data collected was examined by calculating the actual cost overrun for the 30

educational building projects then we are going to calculate the estimated cost overrun by

substituting the data for 30 projects in the estimated cost overrun regression model, then

we are going to calculate the percentage of error of the cost overrun according to the

equation (4.3).
Table (4.9).Cost overruns validation
No Project Name Actual Cost | Estimated Cost % Of Error
Overrun Overrun
1 Lalual) A1) cpall #3a 1.100 1.031 6.298
2 A8 jidiall @ cpadd ) elAIaY) 1.025 1.023 0.168
3 Ol & ALl Jusland 0.917 0.996 8.650
4 @ ¥y 1.067 1.030 3.402
5 N (2) A 1.100 1.039 5.541
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6 sl ol 0.971 0.993 2.211
7 48 il o (.9 el 0.975 0.993 1.887
8 A4S il Aglaiy) uald 0.994 0.997 0.264
9 Laley) Ava G 1.100 1.043 5.197
10 Suleal) Gl 1.100 1.050 4.508
11 b adetill o) ) yaal 1.080 1.037 3.976
12 La0aeY) &y B dana 0.968 1.064 9.943
13 A4S pidal) A)aiyy) 4SS gal) 0.989 1.059 7.035
14 A jidial) A0y DA A 0.934 1.029 10.181
15 Bauaad) 4S il o il A 0.998 1.067 7.014
16 i) cpalla ana 335 0.926 1.041 12.416
17 Bagaa) Ailaiy) Al pal) 0.896 1.045 16.620
18 b)) aplatill gl 0.920 1.041 13.123
19 AS jidual) A1) g0 pad 0.980 0.971 0.993
20 f & uaay teal dala aad 0.928 0.965 4.029
21 Lalal) 4 538 (puiliy yucd 1.020 0.976 4.334
22 LalaeYy) g Uaaud) 0.929 0.941 1.344
23 by yualy & Gsall S sl 0.950 0.966 1.630
24 @ bl Guall 0.907 0.893 1.543
o5 FRUESw 0.990 0.933 5.779
26 b a grad) ol 0.940 0.923 1.847
27 ALy Gl S Cua 0.993 0.959 3.435
28 bl () g2 jiS 0.957 0.943 1.431
29 aQalasy) gal 0.946 0.942 0.437
30 b dgall 0.894 0.932 4.200
Average Cost Overrun Error percentage 4,98

From Table (4.9) the average percentage error is very low, equal to 4.98%.which means

that the validity of the cost overrun regression model is excellent.
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CHAPTER FIVE
SUMMARY, CONCLUSIONS AND RECOMENDATIONS

Chapter 5

Summary, Conclusions and Recommendations

5.1 Summary

The first objective of this study isto find out the main causes of delay and cost overrunsin
educational buildings in Egypt. Second rank these causes according to their relative
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importance and level of severity. Third, investigate the expected effects of the previously

identified factors on the cost and time overruns of a selected sample of the educational

building projects in Egypt. Fourth, to provide new insights into the factors that affects time

and cost overruns by estimating a statistical model for both time and cost overruns.

To study the methodology that leads determine the highest important factors that causes

the delays in time and cost overruns in educational building projects in Egypt, developing

two regression models and finally testing the validity of these models by:

1-

A literature review was carried out to cover the previous studies regarding the
construction project cost and time overruns based on this review, the different
causes that are expected to affect cost and time overruns will be clearly identified.
Based on the previoudly identified factors, a questionnaire survey targeted at
Contractors and consultant was conducted to identify the most important causes of
time and cost overruns in the educational buildingsin Egypt.

The identified causes were aso categorized according to their relative importance.
(Frequency index, severity index and important index).

To address the study objectives, data was collected for 102 educations projects
implemented from 2007 to 2011 by the Authority of Educational Building.

Finally the collected data and the questionnaire survey were analyzed to:

(@ Define the main causes influencing cost and time overruns in educational

building projects.

(b) Investigate the relationship between the selected factors and time and cost
overruns

(c) Develop two dtatistical regression models for time and cost overruns using
SPSS version 16 program.

5.2-Conclusions

1-Thirty three of the selected projects (about 32.35%) have exposed to cost overrun. On the

other side, time overrun was only noticed on 29 projects (about 28.43%).

2-The probability of occurrence of cost overrun increase as the project size increase.

While the severity of cost overrunisinversely proportional to the project size.
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3-The probability of occurrence that the time overrun increase as project
scheduled time increase. While the average percentage of time overruns was found

to be gradually decrease as the project scheduled time increase.

5-Time Overrun Model = 0.453+0.123x Difficulties in getting work permit from
government + 8.592 x 107-7 x Practice of assigning contract to lowest bidder — 2.293
x 10M-7 x High cost of skilled labor — 0.123 x Financial difficulties of contractor
+ 0.064 x Slow payment of completed works — 1.444 x 10"-6 x High insurance and
high interest rates + 0.061 x Bureaucracy in bidding/ tendering method — 1.799
x 1076 x Inaccurate bill of quantities + 2.533 x10”"-7 X% Inaccurate cost estimate
+ 0.197 x Mistakes in soil investigation + 1.369 x 10"-6 x High transportation costs.

6-Cost Overrun Model = 0.873+0.016x Difficulties in getting work permit from
government + 5.306 x 10"-8 x High cost of skilled labor + 0.032 x Financial
difficulties of contractor — 9.214 x 10"-8 x High insurance and high interest rates
- 0.043 x Bureaucracy in bidding/ tendering method + 9.48 x10”-8 x Inaccurate cost

estimate + 0.076 x Mistakes in soil investigation.

7-The concluded seven significant factors from the regression models affecting time and
cost overruns in educational building projectsin Egypt are:
1- Difficultiesin getting work permit from government.
2- High cost of skilled labor.
3- Financial difficulties of contractor.
4- High insurance and high interest rates.
5- Bureaucracy in bidding/ tendering method.
6- Inaccurate cost estimation.
7- Mistakesin soil investigation.

8- Testing the validity of the developed cost and time overruns regression
models clearly show that the developed models can be taken as a new
approach in expected cost and time overruns of any projects at level of
confidence 95% and 93% respectively.

5.3-Recommendations
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1- Government is recommended to facilitate the difficulties in getting license by finishing

all license needed before starting any project.

2-Government is advised to facilitate the bureaucracy of bidding/tendering method by
minimizing the duration between them and the documentations needed.

3-Government is advised to spread in constructing technical school in order to graduate a

larger number of skilled labors to overcome their high cost.

4-Pay progress payment to the contractor on time, because any delay impairs the

contractors ability to finance the project.

5-Contractors can use the developed models as a new approach in predicting time and cost
overruns in any educational building by upgrading their engineers to use the models and
to update the criteria with the general authority of educational building in Egypt, to avert

the problem of overruns from occurrence.

5.4-Recommendations for Future Work

1-The criteria for the qualitative factors in the developed models should be updated after

a period of time to match the situation in the general authority of educational building

in Egypt.

2-The general authority of educational building in Egypt is advised to use seria tendering
(procurement strategy which provides an incentive to the contractor based on
performance) because of its advantages for the owner to achieve better quality with

minimal cost, and enhance relation between the owner and contractor.
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Table (A.1). Questionnaire Form in Arabic (cont.)
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Table (A.1). Questionnaire Form in Arabic (cont.)
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Table (B.1). Questionnaire Form in English

probability of

Impact if occurred

No Causes Occurrence
VL|L|{M|H|VH|VL|L| M |H|VH
A | Owner related group consists of
1 || Financial difficulties of owner
2 | Slow payment of completed works
3 || Low speed of decision making
Delay to furnish and deliver the site to
4
the contractor by the owner.
B | _Consultants related group consists of
1 || Slow inspection of completed works
2 | Mistakesin design
Practice of assigning contract to lowest
3 .
bidder
4 | Inaccurate bill of quantities.
5 Long period between design and time of
bidding/ tendering
Waiting for approval of shop drawings
6 :
and material samples
7 || Mistakesin soil investigation
8 | weakness of qualified supervisor
9 | Inflexibility (rigidity) of consultant
10 | Original contract duration istoo short
C || Contractor-related group consists of
1 || Poor site management and supervision
2 | Financid difficulties of contractor
3 || Mistakes during construction
Ineffective planning and scheduling by
4
contractors
5 | inexperienced contractor
6 | Poor financial control on site
7 || Inaccurate cost estimation
Poor relationship between management
8
and labor
9 rework due to poor work / wrong
materials by the contractor
10 | poor monitoring and control
Lack of database in estimating activity
11 .
duration and resources
12 | Lack of administrative employee
13 | Incompetent subcontractors
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Table (B.1). Questionnaire Form in English (cont.)

probability of

Impact if occurred

Occurrence
No Causes
vL|L |[M|H |VH|V.L|L |[M |H |VH
D | Project-related group consists of
1 || environmenta restrictions
2 || Design changes
3 || Additional works
4 | Lack of communication between parties
5 Occurrence of site accidents during
construction
6 personality clash between contractor
agent and engineering supervisor
E Material and labor and Equipment group
consists of
1 || Escalation of material prices (Inflation)
2 Inadequate production of raw materias
in the country
3 | Shortages of materials
4 Shortages of skilled workers/ technical
personnel
5 | High cost of skilled labor
6 | Poor labor productivity
7 | High equipment maintenance costs
8 || Poor equipment productivity
F | Externa factors-related group consists of
1 || Unforeseen site (ground) conditions
> Difficultiesin getting work permit from
government
3 Bureaucracy in bidding/ tendering
method
4 Unavailability of utilitiesin site (such
as, water, electricity, telephone, etc.)
5 | High insurance and high interest rates
6 | political insecurity instability
7 || project location
8 | Stealing and waste on site
9 | Litigation
10 | High transportation costs
11 | Bad weather.
12 || uncontrollable external factors
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Table (C.1). Data of the contractors participating in the questionnaire survey
Olaia) A pdl Ll gg) sliall cliby -z

-

- dad & g P "
T adadlaal) | . 4§k L84l
= S Vs SRAAPN] 3_uil) ke e #
2 15 o s Y glall (g ganl) A8 4 qala sl paidlae/a | 1
3 10 . 5¢ il oL AS pud Ay jlena ditiga wldidgaaacleafa | 2
3 10 I 50 | Gustaiall () suusigal) 4S 4 ualea woaalpad el g
Craa
e A gal) AS iy @hga sara Vo sre o
7 15 (e sl éi\xjw plal & s Gafa | 4
. Ogmigall A8l e cuild 4o 2aaf ol 2/
3 10 ) 5 - piaial o | 8
3 15 ¢r s Y ghall ld el 48 & qala gl ae fa | 6
. Lo ) 8 48y pBga e o
> 15 1 100- hadll g ey gliall G dsana g fo | 7
P . vl il g A8 i s o
. nel .:';u,\iasﬂ#.hg.‘\u £ 4
3 15 o sl o 2 gl o agaaiae | 9
v NPT e daal O dada fa
5 15 e Jisi <Y gliall 3 i) 48 55 calia s | 10
5 o ig o Y Al ol <) 4S5 uabua LA AL fa | 11
L e AN A padl Jgtal) ppaall .
o s Gl &35S al B Qi 38 daaa Gaall ae fa
i
1 15 6e 5 sl Sl s sl el 13
10 & . . O Gy daa /a
7 15 e g pda juda i 5 | 14
6 15 (eSS Y glall Ak 48 d cala ) S ala fa | 15
o Laa A el mandl da il . o
1 15 ga gl | T Ul sels o8 /1 | 16
Llsad T
7 15 ¢ s (e udiga shall aaal LS5 /a | 17
4 15 ¢ s Y glall 48 )d alua iy pdd) Glaad 30 | 18

80




Table (C.1). Data of the contractors participating in the questionnaire survey (cont.)
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6 10 I 5 ¢ (Pt udiga | Olgdiy deaa bud) deaa /p | 33
1 15 o Sish dotie | delaw) laa) daal dasa | 34
5 10 1 5 (m (e (udiga Sl 3o daa) daaa/a | 35
clasu 6 10 I 5 ¢ Jstia A Sl | 36
6 5 e B (A udiga | (g dgana 2aaf M fa | 37
4 10 M5 o (P udiga 1al e palil ye /o | 38
4 10 A 5¢m (e Gudiga | oy dgaas paldl) 2 o | 39
3 15 ¢ s Jla Gun iy alagl | 40
7 o };‘, o P4 udiga daaa 238 Jsl 5 | 41
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Table (D.1). Data of the consultants participating in the questionnaire survey

Ol*ﬁ-u‘ﬂ UA GeSbdiall C,#me‘ Gl - 2

- ) i .
S Bada | Alidlaal) - iakg il |
o 5 ) A3 5! Js p—s] p
Lpalal) AiY) Angy cilalial) le 2 taaa Gl gy Cpiben fp |1
(Tl A Lingy Al ale e ) 3159 ISy S e gla daa /| 2
Lpalatl) L0 (o L) daaf aalial) xe Ly fa | 3
A Angy 5ALAN £ 8 Adledd) Alhidl ale yaa pall e Muduifa | 4
5 _alall
Lpaplatil) il (g lara (g M) ple e priall a8 cpall s fa | 5
» ALY Ay 5 ARl £ Ay Ay giad) dhalal) ale e 3 daa
15 o sl ) Al SR £ iy A giad ale sas gafa | 6
Loalarll) il (g jlara (udiga | (agall 2ea) Jida gilb/a | 7
T Ay i) AL ) IS, (utige Sage i ol fp | 8
A Ay AT pUab () S e /o | 9
Ay gt
EEL PR WE WRATE RO o o xe ala/a | 10
e Lpalal) Aty B2 s i) | 0 s il 58 e | 11
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Table (E.1). Data of the collected 102 sample projects

w5 value of
Qﬁjﬂﬁ‘ Jusyl deg | Percentage cost
. - e vt n A8 44 e e e of cost overrun
No A il Adadlaal) oddial) A pdul Jue ) ddil mhﬂ;tms overrun for for
(wle) ( g ') contractor contractor
(L.E)
1 A5 Lol sl sl a5l 824,075 927,241 11.13% | 103167
2 & e ) ) s sl a5l 1,228,136 | 1,275,512 | 3.71% | 47376
3 G5 ple b iy sl a5l 2,955,000 | 3,324,014 | 11.10% | 369014
4 | walbciadis e |5 el a5l 5,550,000 | 6,181,184 | 10.21% | 631184
5 | sl diied) Sl | a0 | soul sase/a | 2,404,500 | 2,284,275 | -5.26% | -120225
6 | deadl i el | Ll | oul sase/a | 3,552,000 | 3,480,960 | -2.04% | -71040
7 | dedldble s | Ll | oMl ease/a | 1,760,000 | 1,724,800 | -2.04% | -35200
8 | bl alaill dlgall | a3l | oMl sase/a | 3,546,980 | 3,430,654 | -3.39% | -116326
9 | wsliale sl | Ll | soulease/a | 3,392,000 | 3,273,500 | -3.62% | -118500
. - suatigal
10 U= o)l IPTnY “,’“:E‘f 790,000 744,000 -6.18% | -46000
[SF’}
) . : igall
11 | o o gpbead) | A0Sl f: ::‘f 881,000 1,052,000 | 16.25% | 171000
- . . O suatigall
12 | hesi calla el | Zusay) | TP 900,000 1,064,900 | 15.49% | 164900
. - suatigall
13 Bl Dla 4,y f: ::‘f 924,000 1,062,550 | 13.04% | 138550
_ . . 1o all
14 054 sy | e 702,000 860,000 | 18.37% | 158000
[SF’}
. - suatigall
15 U SIS IPTnY “:: ::‘f 6,350,000 | 6,112,000 | -3.89% | -238000
. . ) suaigal
16 | Asbed 45 53l o ::‘f 9,922,000 | 9,356,000 | -6.05% | -566000
. . ‘
17 sl gl 5 3l “Zj‘ ::‘f 1,988,000 | 1,956,000 | -1.64% | -32000
. - suatigall
18 55 ) sy | e 960,000 942,000 | -1.91% | -18000
[SF’}
. - suatigall
19 Aua 3 sane IPTnY “:j’ ::‘f 950,000 932,500 -1.88% | -17500
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Table (E.1). Data of the collected 102 sample projects (cont.)

e s value of
a J..EAJL?M& Jusd) dad per;:ente;ge . c;c;it )
i e v s P of cos Verru
No e ABdlaall | odilal) AS Al Juesy) ds Mhﬂ:rd overrun for for
(il (4iady) contractor | contractor
(L.E)
21 | o) adaill il L o &8 s dman 1,700,000 1,700,000 0.00% 0
22 owﬁz\ﬁﬁ L g & s haren 2,350,000 2,400,000 2.08% 50000
23 dﬂ:“ jjfj o e i sl dnen 2,200,000 2,150,000 -2.33% | -50000
o4 *ﬂs‘ﬁi‘ j:f‘” ¢! Ly i sl fuan 2,300,000 2,323,000 0.99% 23000
25 | sl e gl L o &8 s dman 1,500,000 1,500,000 0.00% 0
Lalac Yl o) S ..
26 1< i Lol &8 s dman 1,600,000 1,550,000 -3.23% | -50000
o7 | = dﬁjlutru Aglas 5 3l dgman 979,583 838,262 -16.86% | -141321
o8 w”;f;’;ﬁ SR as | ssdiies | 1,020,000 985,000 -3.55% | -35000
20 | 48 jiidl Ayl A e 5l 3yl damas 1,840,000 1,620,000 -13.58% | -220000
30 | mla¥l adil s 5l sl Amen 1,965,000 | 1,900,000 | -3.42% | -65000
31 | clyiuie¥l julbdl o | 5y 5ol dmen 2,120,000 | 2,015,000 | -5.21% | -105000
Al 3 ganall .
32| .o ajl o Sl | Bl deas 1,720,000 | 1,615,000 | -6.50% | -105000
T )
323 eﬂx’-ii:'j‘ pss 5l 5 ) dunan 2,510,000 | 2,380,000 | -5.46% | -130000
e paall e dens . . .
34 S 5 ) 5l Lyean 1,320,000 | 1,180,000 | -11.86% | -140000
3 ISl sl .
35 | dji ‘ spsdl | iomdlimes | 5,730,000 | 4,850,000 | -18.14% | -880000
36 Z\S‘f{sfﬁ‘ﬁw 5 el 5yl Agmaa 1,430,000 | 1,340,000 | -6.72% | -90000
37 | wadbeall sne dema | 5l 5yl Luaa 1,590,000 | 1,440,000 | -10.42% | -150000
L .
38 u*zf\smﬁ‘m 5 el 5yl Agmaa 1,011,000 923,000 -9.53% | -88000
J all .
g | AU ; iiz S ad | ssdiies | 1295000 | 1,260,000 | -2.78% | -35000
Alany) g jall .
0| = 3;-5 < J\’J"j 5 el 5yl Agmaa 1,013,000 980,000 -3.37% | -33000
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Table (E.1). Data of the collected 102 sample projects (cont.)

¢ e g a value of
@ﬁzﬂjﬁﬂﬁ Syl iad per:c:ente;ge ) Ce?’srt )
. - e e s o e of cos verru
No ) sdlaal) | odiial) 4S il e L mhﬂ;tud\ overrum for for
(il (4iadly) contractor | contractor
(L.E)
. - c ) 5 9aaiiall o ol gldal
41 | R Gl | R |9 1460260 | 1,374,000 | -6.28% | -86260
Ll | F. ,
a2 | PTG | Wad | omssofsd | 1,863,680 | 1,733,000 | -7.54% | -130680
43 | bV ade il | A | gpeidioiad | 2,036,160 | 2,121,000 | 4.00% | 84840
4 6l B ) puaiall - ‘
a4 | TP Al | smidiodied | 3,045,700 | 3,206,000 | 5.00% | 160300
45 | A0y el e | Add | sl oiid | 1,659,230 | 1,609,000 | -3.12% | -50230
46 | bl et s | R | sl oid | 2,830,440 | 2,335,000 | -21.22% | -495440
A I )
g7 | VD g | oeaogad | 2,037,420 | 1,958,000 | -4.06% | 79420
48 | 1 HuWldeal | Al | el oiid | 1,896,920 | 1,800,000 | -5.38% | -96920
3 yatall colall) R ]
49 Y Al | ppmidiodied | 5,989,329 | 6,304,557 | 5.00% | 315228
A Ul ales .y )
50 | T IS | addd | gpeidiglid | 5,385,373 | 5,329,670 | -1.05% | -55703
51 | TUXE | aaw | gpeid odiad | 16,460,800 | 16,980,000 | 3.06% | 519200
52 | wdl Sl | Ad | gl oiid | 3,088,840 | 3,286,000 | 6.00% | 197160
53 | o hilall e /o | Al | gpeidoiid | 3,317,400 | 3,420,000 | 3.00% | 102600
B4 | bdoele | AN | gaetdogid | 1,388,480 | 1,332,000 | -4.24% | -56480
alanyl g il R )
55 | f;iﬁ’“& Llgall | sl ogsaal | 1,953,140 | 1,893,000 | -3.18% | -60140
daalac ) oladl ol . saaiall o ol glal
56 | TN O | g oS 5 800,000 | 2,746,000 | -197% | 54000
saaall Anlany) Wtk oy .
57 | P Al | gseid psad | 7,856,000 | 8,011,000 | 1.93% | 155000
(1)
saaall Anlany) Wtk iy e
5g | ¥ Al | geeid psad | 6,615,400 | 6,745,400 | 1.97% | 132555
(2)
Gl 4y 0N 1l P .
59 T eidl | ol osad | 6,560,150 | 6,694,150 | 2.04% | 136737
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Table (E.1). Data of the collected 102 sample projects (cont.)

o e % w value of
@ﬁz-jlzreﬂ‘ Jlaey) ind pergentetlge cost
. - e w5 S ey wrss of cos overrun
No A p2al) Albflaal) | edial) As A Jlasy) A Mﬂ;ﬁ"m overrun for for
(i) (4adl) contractor | contractor
(L.E)
60 | el il | gl sl | 5,380,650 | 5,335,000 | -0.85% | -45263
5 el
a1y 4,)) fath iy .
61 | < "“fj Rl | gpaid o6 | 3,528,000 | 3,675,000 | 4.17% | 153125
el & e Jlea .y .
62 | 1o e )im Agiall | gl sl | 3,417,333 | 3,523,024 | 3.09% | 108960
Ne risazlall -t ORI
63 | i gy ey | R [ oomlof | 2,924,446 | 3,111,113 | 6.38% | 198582
64 | Owod Ll | 4l | g ogad | 1,571,184 | 1,503,249 | -4.32% | -64998
u\.kil\ ) .oy e .
65 | T oaam | Med |omssdiofGd | 2,847,033 | 2,731,993 | -4.04% | -110392
66 | sl i gene | Al | opmidi o il | 2,869,262 | 2,784,648 | -2.95% | -82119
Aol 3 3 el -y .
67 | i }jj’l Agiall | gl sl | 3,514,273 | 3,495,127 | -0.54% | -19042
ay il 3 . .
68 '*fﬁ; ! f‘“ Llgall | pasidl oslsadl | 1,385,155 | 1,299,147 | -6.21% -80668
5448 3l Sluall
69 | = “:f L s 2l 3m Fman 1,500,000 | 1,480,300 | -1.31% | -19441
70 | Uaie ciliy dusiacyl s 24 s Lonan 500,000 455,000 -9.00% | -40950
71 AAPRPLIPE s £l s Apmen 350,000 341,200 251% | -8579
72 | ciles gaiy ¢ 5el sl E: £l s Apmen 950,000 776,800 | -18.23% |-141623
4a) 5 a s als ;
T3 | Ll | € | dmiee 1,250,000 | 1,209,000 | -3.28% | -39655
74 | sl plad s | zlage | gl dsmes 500,000 450,000 | -10.00% | -45000
75 | dle¥loda cw | o zlase | gl dsmes 800,000 767,400 -4.08% | -31272
76 | dslay) s gl | gl dmen 1,500,000 | 1,455,600 | -2.96% | -43086
77 | Al sl gl | gl dmen 1,450,000 | 1,439,000 | -0.76% | -10917
78 | u¥) S gl | zlage | gl dses 700,000 644,800 -7.89% | -50847
79 | AWl nAija | zlass | gledse 600,000 563,000 6.17% | -34718
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Table (E.1). Data of the collected 102 sample projects (cont.)

aﬂ)ﬂiﬂﬁ‘ Jus Yl i per;:ente;ge vaéggtof
. e g P of cos
No A yaal Adadlaal) dddial) AS Hdul) Jus ) A %M\ overrun for overtruntfor
. L) contractor
(Aialy) (il contractor (L.E)
80 | Aslu¥lisyaall alpdl | zlasw | zlasw dyman 1,600,000 | 1,556,300 | -2.73% | -42506
81 | dwlae¥l Sl e | zlasw dnes 1,100,000 | 1,084,900 | -1.37% | -14893
82 | suaalliole¥l i€ | zlagw |zl sw danan 700,000 803,601 | 14.80% | 118934
aglany) ie iy .
83 ipen | gas | gs®es | 1,500,000 | 1,654,400 | 10.29% | 170293
84 | bl plaiiisen ani | zlasu |zl daean 1,400,000 | 1,378,100 | -1.56% | -21557
85 | A AN Al zlase | zlasw |zl s diean 1,150,000 | 1,125,000 | -2.17% | -24457
86 | iVl | zlasw |zl swdmes 1,700,000 | 1,607,300 | -5.45% | -87645
87 | s dsallae sas | zlasw | zlaswismes | 3,000,000 | 2,872,100 | -4.26% | -122447
88 | mbol e sl | zlasw | zlaswismes | 2,500,000 | 2,452,700 | -1.89% | -46405
89 | (Ll Lagh s | zlasw dmes 1,336,500 | 1,485,000 | 11.11% | 165000
90 | Zslu¥) Ly adl Ll | zlasw | zlaswimes | 3,800,000 | 3,604,500 | -5.14% | -185442
91 | suaallLplilde,dl | zlase | zlaswismes | 2,700,000 | 2,600,800 | -3.67% | -95555
92 PPNFER s | zlseismes | 2,400,000 | 2,364,700 | -1.47% | -34781
93 Ay sl si 5 Wse | zlseimes | 2,200,000 | 2,191,400 | -0.39% -8566
94 | A8 Ul geas | zlass | zlssdmes | 5,400,000 | 5,129,700 | -5.01% | -256770
95 | elimslBalill | slase | dwasllimes | 10,023,178 | 11,136,864 | 11.11% | 1237429
96 | f.oglee Fdl Lol | dwagllises | 3,890,441 | 4,322,712 | 11.11% | 480301
97 | Osiim ol alai | Auglil)l | oyl diel | 4,110,706 | 4,567,451 | 11.11% | 507494
98 dgans byl el | aWadl b | 2,536,841 | 2,818,712 | 11.11% | 313190
99 | ¢ s idl ya)l saldl | ayeall i | 5225296 | 5,805,884 | 11.11% | 645098
100 | A Sl dy il eal) ip | avsed Y | 5,252,620 | 5,836,244 | 11.11% | 648471
101 | 1. pulad iy sl L) sysi) dndl | 5441,864 | 6,046,516 | 11.11% | 671836
o é oo
102 | SOy afeclila | 5803592 | 5862214 | 1.01% | 59214

cla
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Table (E.1). Data of the collected 102 sample projects (cont.)

Bda 3}:::5, il 3 e pleadl) eyl

No Al sblaal Efﬁ:” ¢ ";'j"“ dﬁﬁf\“ ::.,s j:ij‘ Lzl &k j:ﬁ\
(o) (40) ( x-«db) (ogddly) | gBgall oSy
1 4512591 Tl sl 5 el 300 | 26/06/2007 9 10 21/04/2008
2 Al O sm 5 el 390 | 20/06/2006 10 12 15/07/2007

3 G5 ple 53 g 5l 345 | 21/05/2009 8 19.5 01/05/2010 | 10%

4 48 il il 558 5 58l 330 | 15/04/2009 10 28 3 | 11/03/2010 | 10%
5| sl ddied) glSu) 58l 360 | 06/11/2008 12 12 01/11/2009
6 Ao 3l Lyl 2y iy (Bl g 5l 390 | 06/11/2008 13 13 01/12/2009
7 de iyl ole (s 53 i sl 360 | 06/11/2008 12 12 01/11/2009
8 ol pbeill g BN 420 | 28/05/2009 14 14 22/07/2010
9 il ple (o 53 g 5l 360 | 18/01/2010 12 12 9 | 13/01/2011
10 = el il L,xW | 300 | 25/07/2006 10 10 21/05/2007
11 e ol el L,uW | 300 | 16/10/2006 8 10 12/08/2007
12 et call el | da€aW) | 330 | 15/12/2006 10 11 10/11/2007
13 sl s L,xW | 315 | 08/04/2007 10 10.5 17/02/2008
14 sl L,xW | 270 | 22/05/2007 8.5 10 16/02/2008
15 i SAS 4,31 | 540 | 03/04/2008 15 14 25/09/2009
16 Aalaud) 4 1) 3l 480 | 05/06/2011 15 14 9 | 27/09/2012
17 Ssel) Sl BN 390 | 26/05/2011 13 13 19/06/2012
18 5| el L,xW | 240 | 03/07/2011 8 8 28/02/2012
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Table (E.1). Data of the collected 102 sample projects (cont.)

] 5ad) i) 54
, - S | g | ey || PUEE

No FEIN| Wsilaal) Ef,::: ‘ "j;'}f;"l" d“:g“" ::: L L) sk Al
(+5) ) | gy | ()| s

19 (B 3 sane ey | 330 | 03/07/2011 10 9 28/05/2012

20 | A j‘:;f SR B 240 | 01/01/2008 8 7 28/08/2008

21 | bl adeill s Lo s 285 | 01/01/2008 | 9.5 8 12/10/2008

22 | AHSY) ) e Epd | L 285 | 25/12/2007 8 95 05/10/2008

23 J‘L::j fy‘j & B 345 | 19/02/2008 | 115 10 29/01/2009

24 “'“Ej:ﬁ e Lo s 345 | 10/02/2008 11 11.75 20/01/2009 | 1%

25 2 Ll Ol Lo s 270 | 10/03/2008 7 7 05/12/2008

26 | ASEaddueYI oS | b 285 | 27/09/2009 8 8 09/07/2010

27 | dfsi L:““‘““ 5 120 | 10/04/2011 4 3 08/08/2011

28 m“ﬂ'&m S e 300 | 03/04/2011 9 9 28/01/2012

29 | ASALAISVIAL . | s 300 | 27/03/2011 10 10 21/01/2012

30 | byl adall a S 345 | 27/03/2011 | 115 11 06/03/2012

31 | il iple¥) bl o | 5 345 | 04/04/2011 11 10.5 14/03/2012

32 |° bmaﬁf"“ I RO 345 | 03/04/2011 11 10.5 13/03/2012

33 | bl aeill sl oS [ 5 435 | 03/04/2011 | 12.5 10.5 11/06/2012

3 | fj:;f e 5 315 | 04/04/2011 | 105 10.5 13/02/2012

35 | b ailai JS S slaie | 5 435 | 27/03/2011 | 14.5 8 04/06/2012

36 aﬁ““i‘sﬁj S Y 315 | 04/04/2011 | 105 10.5 13/02/2012

37 | meleal) s 2o 5 315 | 03/04/2011 | 105 10.5 12/02/2012
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Table (E.1). Data of the collected 102 sample projects (cont.)

) 3aa Llndl) 3aa)
. s u: ) o w‘ psbety) . il Bt Qe

No sl H R Ef,::: ‘ "j;'}f;"l" d“:g“" 4::3 i Lzl Gk R

(psl) () ( x-«ﬁb) (o) | el DU
38 ALY s alls dese 3l 300 04/04/2011 10 10 29/01/2012
39 e:‘lﬁu;‘ig‘uab-' 3l 315 27/03/2011 10.5 10.5 05/02/2012
40 | A idall A5l 8 ) 8 sl 315 27/03/2011 10.5 10.5 05/02/2012
41 Al el Al A 300 11/03/2007 9 9 05/01/2008
42 el J\:ﬂ e 2 A 345 11/03/2007 11.5 10 19/02/2008
43 ¥ e 3L Al 345 11/03/2007 10.5 11.5 19/02/2008
44 | Ay Sl 4y 5 5 ) seaiall Algaal) 345 11/03/2007 10.5 11.5 19/02/2008
45 Al & e e Al 285 11/03/2007 9 8.5 21/12/2007
46 (sl alad Gy Algaal) 345 26/03/2007 12 8 05/03/2008
47 A bl Agalae VY Jaall Algaal) 330 03/06/2007 11 10 28/04/2008
48 (1) anha) 4 el Algaal) 345 25/10/2007 11.5 11.5 04/10/2008
49 JIsadl 8 aaiall el Algaal) 450 21/10/2007 13 15 13/01/2009
50 iy Ay 00 dles s Algaal) 435 21/10/2007 14.5 12.5 29/12/2008
51 Gllaall e 48 je pene Algaal) 480 13/11/2008 16 16 08/03/2010
52 dl JalS 2eal Al 345 13/11/2008 11.5 11.5 24/10/2009
53 @ Ldlall ae /o ERPLR 345 13/11/2008 11.5 11.5 24/10/2009
54 Qs o on e Al 345 22/04/2009 11.5 10 02/04/2010
55 | AS idall 4plai¥) 5l Algaal) 300 22/04/2009 10 9 16/02/2010
56 Ol Aalac Y ol ol Algaal) 180 20/12/2009 6 6 2 18/06/2010
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Table (E.1). Data of the collected 102 sample projects (cont.)

) 3aa Llndl) 3aa)
. s u: ) o w‘ psbety) . il Bt Qe
No sl H R Ef,::: ‘ "j;'}f;"l" d“:g“" 4::3 i Lzl Gk R
(psl) () ( x-«ﬁb) (o) | el DU
57 1 saoal) A5l il A 540 07/05/2009 18 18.5 29/10/2010 | 2%
58 2 3yoall A8l alh A 540 07/05/2009 18 18.5 29/10/2010 | 2%
59 suaall sy 4, Ul Ll Algaal) 540 07/05/2009 18 18.5 29/10/2010 | 2%
60 8 ypaliall 4y ol Ll Algaal) 540 07/05/2009 18 18 29/10/2010
61 | suasdl i Ayl alh ERPLR 375 07/05/2009 12.5 12.5 2 17/05/2010
62 aﬁ&fﬁ:ﬁj Al 390 20/10/2010 12 13 14/11/2011
63 "Amal‘;“:;ﬁ‘cu‘ Al 390 20/10/2010 12 13 14/11/2011
64 Oy iy 4, 53 Algaal) 330 20/10/2010 11 9 15/09/2011
65 R "_‘:S:M O e Al 345 20/10/2010 11.5 11 30/09/2011
66 Gl s pana Algaal) 390 20/10/2010 13 12 14/11/2011
67 A8 il 4y 30 5 3 ) Algaal) 420 20/10/2010 14 11 14/12/2011
68 A8 il 4y 300 5 e Algaal) 270 20/10/2010 9 8 1 17/07/2011
69 pels uﬁ&fw\ (¢ 345 17/06/2007 11.5 10 27/05/2008
70 Undiay sy Apalac Yl (¢ 300 01/07/2007 10 7 26/04/2008
71 Al Al sd gl [ 285 01/07/2007 9.5 7 11/04/2008
72 Glea iy <l sl [ 110 05/12/2007 8 3 2 24/03/2008
73 | "‘:jlj ::‘ﬁ Rl I 255 | 17/02/2007 9 8 +»7 | 30/10/2007
74 bl aidad s ol zsm 315 01/07/2007 11 10 11/05/2008
75 Aalae ) DA Cuy zsm 300 21/07/2007 10 8 16/05/2008
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Table (E.1). Data of the collected 102 sample projects (cont.)

) 5aall dail) $al
. s u: ) o w‘ psbety) . il Bt Qe
No sl H R Ef,::: ‘ "j;'}f;"l" d“:g“" 4::3 i Lzl Gk R
(1) ) | ey | | e i
76 Al s o s 375 | 020082007 | 13 12 11/08/2008
77 RENEE £l pm 345 | 20/07/2007 | 115 11 %16 | 08/07/2008
78 | ASm ) el 2l s 300 |22/10/2007 | 10 6 17/08/2008
79 | dsleViaada | gl 220 | 25/12/2007 | 7.5 6 01/08/2008
80 | Am¥isuasd dpdl |zl 255 | 2411212007 9 8.5 + 15 | 04/09/2008
81 | msleW) Sl b 2l s 255 | 03/01/2007 7 7 15/09/2007
82 | sasliple¥iail |zl 255 | 03/01/2007 | 85 9.5 15/09/2007
g3 | ;ﬁ“ o e 235 | 25/12/2007 | 85 95 %8 | 16/08/2008
84 | e plaiiages ni | glasm 247 | 01/01/2008 9 8 » 17 | 04/09/2008
85 | W A lislplas | gl 240 | 03/01/2009 8 8 31/08/2009
86 | ioleVilihgee | glasm 230 | 17/01/2009 8 7 » 17 | 04/09/2009
87 | omadsalie sene | plasm 370 | 15/01/2000 | 125 12 20/01/2010
88 | ol e sl | glagm 320 | 18/01/2000 | 11 10 04/12/2009
89 O A 50 Ungla 2l s 330 | 07/10/2008 | 11 14 02/09/2009 | 10%
90 | ASlS¥Iim ad Ul | zlase 600 | 23/02/2009 | 20 14 16/10/2010
01 | sl dliieind | gl 240 | 02/03/2009 8 7.5 »»17 | 28/10/2009
92 =S g 2l s 360 |31/08/2010 | 12 10 26/08/2011
93 gl G 2l s 360 | 27/03/2011 | 12 6 21/03/2012
94 | S Lo pane 2l s 600 | 28/02/2009 | 20 20 21/10/2010
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Table (E.1). Data of the collected 102 sample projects (cont.)

) 5aal) Adadl) 3aal)

, N i | g | et | || PR,

No FEIN| Wsilaal) Ef,;’:: ‘ f’”‘;’ﬁ"" d“:g“'“ ::: L L) sk Al
(p521%) (64 ( x-«db) (o) | el DU

95 s lina (5535 AT zlsm 600 10/03/2009 20 23.75 31/10/2010 | 10%
96 dan Banall s_alal 330 16/12/2007 11 29 10/11/2008 | 10%
97 Ot bl alas Ay slal) 345 09/11/2008 11.5 15.5 20/10/2009 | 10%
98 | (ol ailad Gl e il T sl 480 23/06/2009 16 19 16/10/2010 | 10%
99 J‘ﬁ:ﬁiﬁfj s_alal 330 06/11/2008 11 22 02/10/2009 | 10%
100 A Sl Ayl ¢ Slad) dp 450 17/11/2008 15 19 10/02/2010 | 10%
101 bl aalad g sl Ll 345 14/10/2008 11.5 14.5 24/09/2009 | 10%
102 . éJL:m s Ll 390 26/01/2009 13 13.25 20/02/2010 | 1%

‘5&‘_\_\.‘
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Table (E.2). Severity of highest factors on 102 sample projects

) . Es;:na;?;ir(i);ll of Dillfti.culties il? Parsz%i:ﬁ]gf Hi_gh cost of Financial
No A yad) Adadlaall . . getling wor contract to skilled labor difficulties
prices (Inflation) | permit from lowest bidder (L.E) of contractor
(L.E) government (L.E)

1 AnlaiY) Ll sall B_alall 101997 2 92724 139086 3

2 Aol O e B_alall 140306 3 191327 191327 3

3 Ssuple 50 A salall 392234 3 498602 498602 1

4 48 5l Gl 38 5 B_alall 729380 3 1236237 927178 1

5 Dl diadll GlSu B_alall 267260 1 342641 342641 1

6 Aol Ay 3y (Al dg salall 407272 1 522144 522144 1

7 Aol ale s 50 A 5l 201802 1 258720 258720 1

8 sbal) aalaill algad) 3 3l 404817 1 514598 514598 1

9 Gl ol (5 55 A salall 363359 1 491025 491025 1

10 o sal 4 sy 81840 1 74400 74400 1

11 Olale ol (paleall 4 usay) 115720 3 157800 105200 3

12 Oland Canlls yygll 4 usay) 117139 2 159735 106490 3

13 sl POl 4 sy 116880 2 159383 106255 3

14 Ol Ausayl 94600 2 86000 86000 3

15 Sl ausay) 715104 2 1222400 611200 1

16 Ll 44 3 ) 982380 2 1871200 1403400 1

17 ol gsul 3 ) 205380 2 293400 293400 1

18 5 5) yandl Ausayl 98910 2 94200 94200 1

19 B 3 gana 4 usay) 97913 2 93250 93250 1
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Table (E.2). Severity of highest factors on 102 sample projects (cont.)

. o .. Practice of
Escalation of Difficult . .
. . material tlettli?wu \/I\‘/atfrll? assigning High cost of Financial
No A yaall Aladlaal) rices (Inflation) 9 erm?t from contract to skilled labor difficulties
p (LE) government lowest bidder (L.E) of contractor
: (L.E)
saal il 2
20 o ol Lo 175500 2 225000 75000 2
21 | oba¥) adaill il | Lagaud 198900 2 255000 85000 2
Ol deaa (B ol
22 oy, Lo 264000 3 360000 120000 3
Jelend S .
23 ey i) 251550 1 322500 107500 1
ANy e gall A
24 “*“‘fs o n’d ¢ Lo 2691 2 348450 116150 3
25 | aae ey ga Lo sl 175500 3 225000 75000 2
) ()]
26 | Yo o g 182900 2 232500 77500 1
\3 EX - -
27 | L:"“?x“ 5 il 88018 1 83826 83826 1
e
BESSEBEY .
28 | i iamimey 5 il 103425 2 98500 98500 1
Lay) 40 e )
29 e sod 5l 170100 1 243000 162000 1
30 | cbad) adedll ica 5 i) 199500 2 285000 190000 1
dalae ) paaall o
3p | =Y o 5 il 211575 2 302250 201500 1
50U il A3 ganall
32 | N &“f 5 il 169575 2 242250 161500 1
< 3
o
33 | o *:‘j, = 5 il 249900 1 357000 238000 1
Gﬁ-ﬂ
e deall de dena .
34 ey 5 sl 123900 1 177000 118000 1
3 ) 3Lia
35 | o dj{i\ 5 il 509250 1 727500 485000 1
e s .
36 | 1eaam iy 5l 140700 2 201000 134000 1
37 | adlaallsne seaa | 5 151200 2 216000 144000 1
38 G ol 20ns 5y 96915 2 92300 92300 1
Ly -
N
39 | “”;f;,“*l’* 5 il 132300 2 189000 126000 1
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Table (E.2). Severity of highest factors on 102 sample projects (cont.)

Escalati(_)n of Diffi_culties in Pangérﬁ]gf High cost of Financial
No A yaal) adadlaal) _ material getting work contract to skilled labor | difficulties
prlcesél(_l rI1Ef)Iat|on) gg\r/;nr'r;(;reonr? lowest bidder (L.E) of contractor
: (L.E)
40 w‘;‘f)‘;j’d ! 5l 102900 2 98000 98000 1
41 | RSy Gl dlae | A 151140 2 206100 137400 1
42 ":ﬂ :jj:;f‘ Aulgaal 190630 1 259950 173300 1
43 | oVl adedll | A 233310 2 318150 212100 3
an | M f‘)sjj‘” | idgaal 352660 2 480900 320600 3
45 | ApsYdjle e | b 176990 2 241350 160900 1
46 | ol a3 s Aol 256850 1 350250 233500 1
47 a*g;‘.,jf‘” idgaal 215380 2 293700 195800 1
ag | 1) wﬁ*?‘ el 198000 2 270000 180000 1
49 | Jisalyspdiadl ciall | Adesd) 693501 2 1260911 630456 3
50 | =M j: s Aulgaal 586264 1 1065934 532967 1
51 | ‘jﬁ‘“ idgaal 1986660 1 3396000 1698000 3
52 | ) JalS sal idgaal 384462 2 492900 328600 3
53 | soSiLdaliae o | g 400140 2 513000 342000 3
54 | Qb o e idgaal 157176 1 199800 133200 1
55 wﬁmﬂ ' idgaal 223374 2 283950 189300 1
56 :‘*J'wﬁw o dlgaal 324028 2 411900 274600 1
57 | == :‘(*s'f)*\” el PR 945298 1 1602200 801100 3
s5g | == :‘(*3';)*\" el PR 795957 1 1349080 674540 3
59 | “‘jﬂ i idgaal 789910 1 1338830 669415 3
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Table (E.2). Severity of highest factors on 102 sample projects (cont.)

Escalation of Difficulties in Pangtlrﬁ:ﬁ]Of Hiah cost of ) )
< s material getting work gning d Financial
No A yaall Aladlaal) rices (Inflation) St contract to skilled labor difficulties
pri ! PErmItITOM 1 5west bidder (L.E) of contractor
(L.E) government (L.E)
60 | 3 maiall Zay il Wl Aalgaal) 629530 2 1067000 533500 1
iy ey il L
61 | < “i:j Algaall 433650 2 551250 367500 3
4l &l Jlaa o~
62 Allealls S a5 Aalgaal) 391056 1 528454 352302 3
e s zlal) il
63 g ) asn) ) AL Aalgaal) 345334 1 466667 311111 3
64 O iy 4 gl Aledal) 166861 1 225487 150325 1
gUa';.“ Qg D - -
65 Ca un Aledal) 303251 2 409799 273199 1
O Ay i)
66 Gl g pana Aalgaal) 309096 2 417697 278465 1
353 3 3y 5al) .
67 35S ad) Aledal) 387959 1 524269 349513 2
68 | AS_yilall &y gl 5 s Algaal) 144205 1 194872 129915 1
53 Al eSall i
69 ":‘lu@ﬂur’ - (¢ 162833 1 222045 74015 1
Gﬁ-ﬂ
70 Undiay iy dnlae Y (6] 50050 1 45500 22750 2
71 Al A g gl [t 37532 1 34120 17060 1
72 e aaly (gl yall [t 85448 1 77680 38840 1
Ll 5 a8 ala
73 g 5l 2anl il zsm 132990 1 181350 60450 1
74 bl aalad s old zsm 49500 2 45000 22500 1
75 Aalac ) A zsm 84414 1 76740 38370 1
76 Agilayy) dslsasl) zlsm 160116 2 218340 72780 1
77 Al sliall zlsm 158290 2 215850 71950 1
78 Y sl asill zsm 70928 1 64480 32240 3
79 | LoeVibsdia | gl 61930 1 56300 28150 1
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Table (E.2). Severity of highest factors on 102 sample projects (cont.)

. e . Practice of

) . Esﬁ]a;?:'r?gl of letftl_cultles II? assigning High cost of Financial

No A yaall Aladlaal) rices (Inflation) g€ mgt\:cvor contract to skilled labor difficulties
P permit from lowest bidder (L,E) of contractor
(L.E) government (L.E)

sl A sudl
80 Ayl zsm 171193 2 233445 77815 1
81 Zoalae ) 23l Hla zlsm 119339 2 162735 54245 1
82 | sneall Lolae ¥ 22 | o s 88396 3 80360 40180 3

FEERENORTEY

83 1€ i) zsm 181984 3 248160 82720 3
ga | ;ﬁ & e 161238 1 206715 68905 1

L5 e s
85 g zlsm 132750 2 168750 56250 1
86 Zoalae Y oy oliy ana zsm 189661 1 241095 80365 1
87 | Uses dsall ae dena W s 338908 2 430815 143605 1
88 | (oubud palad a3l W s 289419 2 367905 122635 1
89 O A 53l Ungla zsm 173745 2 222750 74250 3

oy il Wl
90 P gl s 425331 1 540675 180225 1
01 | saaall dy gl A2l yal) W s 306894 2 390120 130040 1
92 IEABNIFEN zsm 262482 1 354705 118235 1
93 Al i g3 W s 230097 1 328710 109570 1
94 A0y L) cana zlsm 605305 2 1025940 256485 1
95 e lia (5 4 ALl zsm 1314150 1 2227373 556843 3
96 Faan sagull 5_alall 310058 3 422807 422807 2
97 O (gualaal aalad Ay golal) 534392 1 685118 685118 3

- .‘ . B ‘

98 pales L;f:‘ & Lo gl 510080 1 648407 216136 3
99 A Yl 5 alall 679288 3 1161177 870883 3
100 | A sdll dy yll Al A all 682841 1 1167249 583624 3
T Laal 707442 2 1209303 302326 3

1@ e o) 3
102 | €T O L) 691741 2 1172443 293111 3

Criteria given by expertise to the highest qualitative factors, 1 for low, 2 for medium

and 3 for high.
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Table (E.2). Severity of highest factors on 102 sample projects (cont.)

i . Slow payment H_igh _insurance & Bitj]rg%udci%(:/y Ein_ancigl
No A yall alidlaal) of completed high interest rates tendering difficulties
works (L.E) method of owner
1 Aailaiyl Ll gall 5l 3 27817 2 2
2 Al o) s B_alall 3 63776 2 2
3 S ple 650G 4 5l 3 166201 3 2
4 aa 5l laall 558 ) 5_alll 3 494495 3 2
5 sl ditddl Gl B_alall 2 114214 1 2
6 ool i i A sl 2 174048 1 2
7 deal b dle (553 A salal) 2 86240 1 2
8 cball aalaill algall 5 palll 2 171533 1 2
9 Gl ale (5 56 4 5l 2 163675 1 3
10 = sal il 4 sy 2 22320 1 2
11 Olaie ol (paleall 4 sy 3 52600 2 2
12 Ohard Canlls 3yl ausay) 2 53245 2 2
13 sl Jha ausay) 2 53128 2 2
14 Osel A sy 1 25800 2 2
15 Ui sl agusay) 1 488960 1 2
16 dpalud) 4 4l 3 ) 1 748480 1 1
17 ol plsl 3 ) 2 97800 1 1
18 Sl el 4 sy 2 28260 1 1
19 (a3 5ans Ausuy) 1 27975 1 1
20 | jﬁ?ﬂ Sl R 1 75000 1 2
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Table (E.2). Severity of highest factors on 102 sample projects (cont.)

Slow payment | High insurance & %ﬂrg;zugiaacly Financial
No A jaal) aladlaal) of completed high interest rates ing difficulties
tendering
works (L.E) of owner
method
21 ¥ ailall ik Lo 1 85000 1 2
22 | AV Glu) dena Bsb [ dagl 3 120000 2 2
dielend Sa gai .
23 oy i) 1 107500 1 2
Y (e sall o)
24 i€ an T3 2 116150 3 2
25 gl Ll Jull Lo sl 2 75000 1 2
26 | A< jidall dalae Yl ol Sa L gandl 2 77500 1 2
5 ) alitia Al
g7 | mEORNER § 1 25148 2 1
L;ul
:gjhc\ﬂ P e E)Uéi .
28 36 S e 2 29550 1 1
29 A< i) Adlany) Al e Byl 2 81000 1 1
30 ¥ alaill jia 5l 1 95000 1 1
31 | iy el g 5yl 1 100750 1 1
B EJ\JM 3:\.\5“ %J}AA.A” .
32 lasall PN 1 80750 1 1
33 | ¥l il il a5 1 119000 1 1
o deall de dasa .
34 ey e 2 59000 1 1
35 bl ol JS ) 5L 3yl 1 242500 2 1
el e puisn .
36 i€ ol e 2 67000 1 1
37 aaaall sae dasa 3 sl 2 72000 1 1
38 A0V G alli dane 5 el 2 27690 1 1
- ‘ a ‘ .
39 pabel *L’ij‘“’” 5 el 2 63000 1 1
L;ul
40 | A8 i L) Gl | 5 e 2 29400 1 1
41 Ay alas Aaa Aledal) 2 68700 1 2
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Table (E.2). Severity of highest factors on 102 sample projects (cont.)

i . Slow payment H_igh _insurance & %ﬂrg;zugigcly F_in_anci_al
No A pal) aladlaal) of completed high interest rates tendering difficulties
works (L.E) method of owner
ag | ORI 1 86650 1 2
43 ubaY) addad 5L Aledal 2 106050 2 2
44 | A Sl 4l 5 ) paid) Llgdall 2 160300 2 2
45 Ay @ jle e Llgdl 1 80450 1 2
46 bl aale (5 Llgdl 1 116750 3 2
47 | ASjiad) dulae Y Jaddl Aledal) 1 97900 1 2
48 (1) 4y &y el Algaal) 2 90000 1 2
49 I sally 3 el calall Algaall 3 504365 2 2
50 il AN dlea prea aledal) 1 426374 1 2
51 Gl ye 38 je pene Aledal 2 1358400 1 2
52 Ld) JalS 2eal Algaall 2 164300 1 2
53 o SN Ladlal) ae /o Aledal) 2 171000 1 2
54 Qs ) o e Adgsall 1 66600 1 2
55 | 4S jiiadl dg8laiy) Aledal 1 94650 1 2
56 Ci Baalae W el Algaall 2 137300 1 2
57 | 1) :‘(*M*\” Rl B 2 640880 3 2
5g | 2) :‘(*M*\” Rl B 2 530632 3 2
59 | saaall il 4l il adesal) 2 535532 3 2
60 8 aaiall Ay jall il Aledal 2 426800 1 2
61 | suaall b Aslac Yl il Algaal) 2 183750 1 2
g2 | e de RER] 2 176151 2 3

Lllaally 48 i)
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Table (E.2). Severity of highest factors on 102 sample projects (cont.)

Slow payment | High insurance & %ﬂrg;zugiaacly Financial
No A jaal) aladlaal) of completed high interest rates ing difficulties
tendering
works (L.E) of owner
method
gm\ NS e C\A.“ P
63 g ) sa Aledal 2 155556 2 3
64 Oy il &y 530 Algdall 1 75162 1 3
Aol Gasll o
65 | T T T | agaw 1 136600 1 3
o
66 S Cser pana Aledal 1 139232 1 3
67 | Al a5 el Llgaal) 1 174756 1 3
68 A< sl 4 ) 5 s A lgaall 1 64957 1 3
548 53 @Ol
go | Al = 1 74015 1 2
L;Ml
70 Undiay caliy 4olac I s 1 13650 1 2
71 Al 4% gs gl Lé 1 10236 1 2
72 Glaa aaiy () 5al 2l s 1 23304 3 2
al o Al 5 S dla
73 ol W s 1 60450 1 2
74 sl agled s gl W s 1 13500 1 2
75 Jalae V) DA Cun zla s 1 23022 1 2
76 Alayy) Al W s 1 72780 1 2
77 Ay slinall W s 1 71950 1 2
78 Aglaiy) sl aaill W s 1 19344 1 2
80 | sl saasll N sudl s 1 77815 1 2
81 Aalae ¥l a3l l W s 2 54245 1 2
82 saaall Aplac ) i<l W s 3 24108 2 2
- s‘ - ‘ . .
gz | N osmnest £l s 3 82720 2 2

AS yidall
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Table (E.2). Severity of highest factors on 102 sample projects (cont.)

Slow payment | High insurance & %ﬂrg;zugiaacly Financial
No A jaal) aladlaal) of completed high interest rates ing difficulties
tendering
works (L.E) of owner
method
84 | ol a8 50m aad Tl s 1 68905 1 2
85 A 5a 30 4 ) 2l g W s 2 56250 1 2
87 [STVERK PEN K VERN W s 1 143605 1 2
88 bl addad a3l W s 1 122635 1 2
89 O 4 il Uagla W s 3 74250 3 2
90 Alanay) Ay sadll Ll W s 1 180225 1 2
91 asaall 4 i) de ) yall Tl s 1 130040 1 2
92 =) SV ani W s 1 118235 1 3
93 Gl i g W s 1 109570 1 1
95 e lia (5 il Akl zla s 3 890949 3 2
96 e Al 3l 3 140936 3 2
97 Ot bl alas 4 salal) 3 228373 3 2
98 | ol mlei Ol pee gl L s 3 216136 3 2
J\}i u‘).dni ua)i . .
99 ey 5_alal) 3 464471 3 2
100 Sl d ll £l dyall 3 466900 3 2
101 | ol maled iy sl Ll 3 483721 3 2
Bl ol
102 | GO Ll 2 468977 3 2
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Table (E.2). Severity of highest factors on 102 sample projects (cont.)

Inaccurate cost

Inaccurate bill T . . High
No A yaall dladlaal) of quantities. (cgilg\]/it;?lr;n) soi':/lilns\tlzls(teizgion Transportation
(L.E) (LE) Cost (L.E)
1 Alaiy) dal gall 5 aldll 46362 103167 2 139086
2 A le ) g 5 aldll 102041 47367 2 191327
3 G ple 555 A pldl) 150441 369014 3 498602
4 a3l il 553 5_jalal 218118 631184 3 927178
5 Dsadly Jitdll Gl 5 aldll 182742 -120225 1 342641
6 deal ) 48 Al A gldl) 278477 -71040 1 522144
7 Ae b ale (5 4G A gldl) 137984 -35200 1 258720
8 bl adaill algall 3 el 274452 -116326 1 514598
9 Caldy ale (5 416 A gldl) 261880 -118500 1 491025
10 sl A sy 37200 -46000 1 89280
11 Oldie ol (palesll Ausay) 84160 171000 2 126240
12 Olens Galla g ) A syl 85192 164900 2 127788
13 Bl JBla Ayl 85004 138550 2 127506
14 Ol Ausay) 43000 158000 3 103200
15 g-Fxt A sy 611200 -238000 1 733440
16 Aaalad) 4, 4l 3 uall 935600 -566000 1 1122720
17 osedl Ol 3 ) 156480 -32000 1 234720
18 &3l penll A sy 47100 -18000 1 113040
19 (Bua 3 gans 4 iy 46625 -17500 1 111900
20 paleil A:ijn = Lo sl 120000 0 1 120000
21 b addaill Ll Lo sl 136000 0 1 136000
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Table (E.2). Severity of highest factors on 102 sample projects (cont.)

Inaccurate cost

) . Inaccurate bill estimation Mistakes i High
No A jaal) adadlaal) of quantities. Viistakes In Transportation
(cost overrun) soil investigation
(L.E) Cost (L.E)
(L.E)
22 | ALY Ju) temn i | T 192000 50000 1 192000
Lol 5
23 e o fy‘j & o] 172000 -50000 1 172000
ALY e el Al
24 | R L sl 185840 23000 2 185840
25 ) Ll Ol Lo s 120000 0 1 120000
26 | A aadiipedl oS | g 124000 -50000 1 124000
5 ) 3Liia dlas
27 | dfs‘i Yk 5 el 41913 -141321 1 100591
alac Y 3 ydas
28 “mi&“‘i’“ - sl 49250 -35000 1 118200
29 | ASm LSS WG | 5y 129600 -220000 1 194400
30 | b adeill ia s 152000 -65000 1 228000
31 | b ishe¥) julhdl i | 5 e 161200 -105000 1 241800
3 yla5U 4l 40 gasall
32 | P sl 129200 -105000 1 193800
33 | W) el all a5y 190400 ~130000 1 285600
2a Araall
| UL S e 94400 ~140000 1 141600
35 | b a3 JS5hsline | 5l 388000 -880000 1 582000
aqal [y 3
36 | TENTIE OV | e 107200 -90000 1 160800
37 | mealisae s sl 115200 ~150000 1 172800
38 | AUV pus e das | 5 46150 -88000 1 110760
T
39 el *L’:;‘“’fl }* 5 e 100800 -35000 1 151200
‘fﬂ
40 | 3SR AHEN gl | 5 49000 -33000 1 117600
41 | Ay Gl Al idgaal 109920 -86260 1 164880
alae Yl Hlaall desa deal P
42 idgaal 138640 -130680 1 207960

iy
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Table (E.2). Severity of highest factors on 102 sample projects (cont.)

Inaccurate cost

) . Inaccurate bill estimation Mistakes i High
No A jaal) adadlaal) of quantities. Viistakes In Transportation
(cost overrun) soil investigation
(L.E) Cost (L.E)
(L.E)
43 Y] alat AL A 169680 84840 2 254520
44 | A Suall 3500 5 ) paidll Algaal) 256480 160300 2 384720
45 Alai¥) & Hlae Je Algaal) 128720 -50230 1 193080
46 bl sl G 5 Algaal) 186800 -495440 1 280200
47 A< yidal) dpalac ) Jasall Aledal) 156640 -79420 1 234960
48 | (1) Ay Ay el Adesal 144000 -96920 1 216000
49 I sally 3 jaaiadl Clalll Algaal) 630456 315228 2 756547
50 iy Ay 00 dles s Algaal) 532967 -55703 1 639560
51 Gllaall e 48 je pene Al 1698000 519200 1 2037600
52 dl JalS 2eal Al 262880 197160 1 394320
53 @S Ldlall ae /o Al 273600 102600 1 410400
54 Al ) o e Algaal) 106560 -56480 1 159840
55 | A4S il aplaiy) s 5l Al 151440 -60140 1 227160
56 Oy Aplae ) ladl Algaal) 219680 -54000 1 329520
57 1 syaall Ay il Al 801100 155000 2 961320
58 2 3yoall A8l alh Al 674540 132555 2 809448
59 sl by 4, 40 Wl Algaal) 669415 136737 2 803298
60 8 el gy ol Ll Al 533500 -45263 1 640200
61 | swoall iyl Wil | sl 294000 153125 1 441000
4l & jlae Jlaa -
62 43@\..?5 d I Algaal) 281842 108960 2 422763
Lzl Lall
63 el Al 248889 198582 2 373334

A5 sl ol
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Table (E.2). Severity of highest factors on 102 sample projects (cont.)

Inaccurate cost

) . Inaccurate bill estimation Mistakes i High
No A jaal) adadlaal) of quantities. Viistakes In Transportation
(cost overrun) soil investigation
(L.E) Cost (L.E)
(L.E)
64 Oy iy 4, 53 Algaal) 120260 -64998 1 180390
ag ol aal) -
65 A o e A 218559 -110392 1 327839
66 Ul s pana A 222772 -82119 1 334158
67 A8 il 4y 30 5 3 ) Algaal) 279610 -19042 1 419415
68 A8 il 4y 300 5 yed Al 103932 -80668 1 155898
5 438 58l @l
69 palsd m:im‘ - (¢ 118424 -19441 1 118424
70 Undiay sy Apalac Yl [ 22750 -40950 1 36400
71 Al A% el gl [ 17060 -8579 1 27296
72 len gy (el yal) s 38840 -141623 1 62144
) ) Al 5 KU ol
73 iy 8 sea) zla s 96720 -39655 1 96720
74 bl aidad s ol zsm 22500 -45000 1 36000
75 Agalae V) DA zsm 38370 -31272 1 61392
76 Anlaigy Al zsm 116448 -43086 1 116448
77 Aplany) slisall zla s 115120 -10917 1 115120
78 A Sl aaill zla s 32240 -50847 1 51584
79 EEUE R ENSENE L IEN zla s 28150 -34718 1 45040
80 A5 Baaall ol sl zsm 124504 -42506 1 124504
81 Aalae Yl 23l zla s 86792 -14893 1 86792
82 saaall Aplac ) ISl zla s 40180 118934 2 64288
- :‘ - ‘ . .
83 ““*i e zb s 132352 170293 2 132352
84 ol ailad B3 gan and zlsm 110248 -21557 1 110248

109




Table (E.2). Severity of highest factors on 102 sample projects (cont.)

Inaccurate cost

) . Inaccurate bill estimation Mistakes i High
No A jaal) adadlaal) of quantities. Viistakes In Transportation
(cost overrun) soil investigation
(L.E) Cost (L.E)
(L.E)
85 | a3l Ay sl 2la s T\ s 90000 24457 1 90000
86 Lalac V) Lay gl pans s 128584 -87645 1 128584
87 | Cmes osall e dess s 229768 -122447 1 229768
88 | b mulei el T\ s 196216 -46405 1 196216
89 Oy 4 5 Ungla T\ s 118800 165000 3 118800
90 | ASlamy) Ay el Lidd) s 288360 -185442 1 288360
91 | saaall 45 de) ) W s 208064 -95555 1 208064
92 =S g T\ s 189176 -34781 1 189176
93 L5l i g8 T\ s 175312 -8566 1 175312
94 ALY Ll cene s 512970 -256770 2 410376
95 =lia (5 55 AL T\ s 1113686 1237429 3 890949
96 Loans 320l 5 _alall 225497 313190 3 922807
97 O sy il e Ay salil 565396 507494 3 685118
98 | ol pel Ol pee gl Lo s 345817 480301 2 345817
L oyl ym
99 ad : ‘j‘:;"” 5 _alall 580588 645098 3 870883
100 | A Sall dy gl oMl i 3l 583624 648471 2 700349
101 | combnd alad iy sl il 604652 671836 3 483721
e o)
102 G I O L) 586221 59214 2 468977

‘59\_\..‘
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Appendix F

Data of the collected 30 projects for Models validation
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Table (F.1). Data of the collected 30 projects for models validation

Ay pasil) agal)

) N ) sl Jued¥ided | percentage | value of cost cost
NO A yaal) FEEIPWA sddial) S ) O e .. dladl) 3AaLAY of cost overrun
Jee ) it L LE overrun
(il (4l overrun (L.E)
L) ol Pa | )
1 g kY il gl 1,673,091 1,840,400 9.09% 167309 1.100
Aalual
G ol elalil)
o | e A pusay) S| 2807ase | 2877731 | 2.44% 70275 1.025
S i <Y
L e Law) ,
3 e A yusay) J;S::AM 2,228,725 2,043,714 -9.05% -185011 0.917
O.A.lg ()
. . Sl
4 @ alary A syl N el 2,369,260 2,527,434 6.26% 158174 1.067
5 S (2) 2 A sy Y liall il 2,433,612 2,676,973 9.09% 243361 1.100
i O stigall
6 sl IS A syl  sonidl 2,970,062 2,884,076 -2.98% -85986 0.971
I . - susigall
7 ASsudall G gl A sy  sonidl 1,302,036 1,269,405 -2.57% -32631 0.975
RSN als ; O gl
8 Ay usay) il 1,509,542 1,500,364 -0.61% -9178 0.994
S yidall o
9 | ey pan e | EaVl A5l 2,721,779 | 2,993,957 9.09% 272178 1.100
10 Jaiieed)) bl k) adsall 3,571,668 3,928,835 9.09% 357167 1.100
Al =) i
pp | 5l 2,944,636 | 3180207 | 7.41% 235571 1.080
Y
12 Lalacy) Ay desa L saud i sl danen 4,412,352 4,272,090 -3.28% -140262 0.968
AS5) 4S5l g Ny
13 ) Lo gl gl e 4,007,703 3,964,745 -1.08% -42958 0.989
S i
495N D ‘ L
14 . - daseud o) Auman 3,704,348 3,458,807 -7.10% -245541 0.934
S i
ASydal @ ya i i
15 Aj“ S L cislieas | 5364119 | 5350881 | -0.25% 113238 0.998
NS
U.\;JLA e (9)) . .
16 o Lo sl sl daran 2,348,725 2,175,708 -7.95% -173017 0.926
™
Ay sl ‘ .
17 N daseud O sl duraa 1,592,149 1,426,425 -11.62% -165724 0.896
3
18 | cula) adaill 0l L saud sl dman 3,607,972 3,320,964 -8.64% -287008 0.920
BN S a )
19 o [ zla s dman 1,846,194 1,810,089 -1.99% -36105 0.980
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Table (F.1). Data of the collected 30 projects for models validation (cont.)

Ay aE1l) daal) o s 2
i o o As,al *dw\l\_‘-«e& percentage | value of cost cost
NO A il Adadlaal) PREN P CGRAT O e Agladl) 3adiall of cost overrun
Jlas¥ 1diit Y LE overrun
(il (4l overrun (L.E)
2aa) dala ] ) ;
20 i [ W s dran 1,405,909 1,304,163 -7.80% -101746 0.928
b &l
Ll liy uad
21 i f’;\' : s s dmas | 2,111,603 2,153,835 1.96% 42232 1.020
4
22 | Al gay aadll L zla s Aman 3,679,882 3,418,153 -7.66% -261730 0.929
aauall i
g | Toes S s chswdsma | 1785787 | 1697134 | -5.22% -88653 0.950
Glyaally
24 @ sibagll eyl 4 saldl) <l <Y 3,157,177 2,862,446 -10.30% -294731 0.907
25 DU Ay gl 4 saldl) <l <) 4,018,833 3,979,163 -1.00% -39670 0.990
P . O sl
26 b agmad) o Lleaa T 3,455,693 3,248,287 -6.39% -207406 0.940
(S5
. P sl staall
27 Wy ahe cue adgdal) sl 2,037,990 2,024,183 -0.68% -13807 0.993
. P st
28 bl (slsn adgdal) sl 3,689,206 3,529,840 -4.51% -159366 0.957
. P sl staall
29 alaey) gad adgdal) sl 3,205,694 3,032,806 -5.70% -172888 0.946
. U sl staall
30 | e dgyall Algdal) sl 2,875,710 2,572,203 -11.80% -303507 0.894
Table (F.1). Data of the collected 30 projects for models validation (cont.)
o . Tahaid) 54 .
" P e e £ 9 psial) 324 AN} U PO asledl) g ) vt s
& A_A.au.\.d\ ALaslaall sAdial) ASJHJ\ A,_.AL) M‘e é}ﬁ“ dﬂ::;‘l\ﬁu ‘;"ﬁ\ ud‘u:\e?\ Laalill Al e
A8 ol 2 , .
1 4Ky 45l 330 1/4/2012 11 14 10%
Laluall
ol sl
g | Tt g yusy) ot 390 10/10/2011 13 13.25 1.0%
:\.S - “ U‘YJ
Ll e La)
3 | &~ Ay usay) I 390 1/11/2011 13 13
O =Y
. - sl
4 o i 4Ky - 300 15/11/2011 10 11.5 6.0%
A_IY}M
5 BN (2) 2w LouSay) | il ) 330 19/9/2011 11 15 10%
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Table (F.1). Data of the collected 30 projects for models validation (cont.)

- . Aaladal) saal) .
" P e yme £ 9 pial) 324 adNi) U PO asludl) gy ) vt s
. FE R sdiial) 48yl o il s d:i );.‘.\\ _,_,‘:; Sy Sy | s
i O stigall
6 el Sl A usy) e 390 26/9/2011 13 13
[OF]
dc a3 i O stigall
7| aspn G | sy e 240 1/12/2011 8 8
[OF]
WY el | S
8 syl e 390 15/8/2011 13 13
PURA| O
90 | deY) anm o | EuEay) ity 330 15/10/2011 11 14,5 10%
10 SRR A usy) A 330 22/10/2011 11 14 10%
Al olyrill
i | e Al 330 20/10/2011 11 13 8%
e
12 | 1Y) u deas Lo S TIEEPEN 405 19/6/2011 13.5 12
gy Al ‘ o
13 SR s s 370 12/7/2011 12,5 115
Agny) P ‘ ;
14 v SR s dnen 345 1/8/2011 115 10
aS ikl
ASndadl Oyl . .
15 ARG I sl Lman 420 10/8/2011 14 12
saaall
Lo daas R P
16 | & = SR N ETON 300 16/10/2011 10 10
o)
Aglny) allsal ‘ -
17 Lo sl dnan 285 20/10/2011 9.5 9.5
3aal)
18 | ol adll Lyl |l TR 300 22/1/2012 10 10
) Al a
19 | T "”ﬁ\ & s £l e e 345 15/9/2011 11.5 10.5
2aa) dala ] )
20 ; s £l e fmen 45 22/9/2011 115 11
J & laey
Ll paldy juad
21 | f’;\' i s £ s s 330 10/12/2011 11 115 2%
4a
22 | dulaeY) sy U Ee 2l s e 345 24/8/2011 11.5 11
ol i
23 | <7 )i’ * s osmine | 330 1/9/2011 11 11
24 | gl gl gl o ) 480 1/12/2011 16 135
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Table (F.1). Data of the collected 30 projects for models validation (cont.)

- . ddaladalf Baal) .
" P e yme £ 9 pial) 324 adNi) U PO asludl) gy ) vt s
a Al Ablaal) sddiall 4S ) ol Sl s J:i );.‘.\\ _,_,‘:; bl a5y palal) 4 2
25 LS Aggay ol A pulall <l <l 330 15/11/2011 11 11
. . .y u)&}l&d\
26 b agadl ol algdal) Gyl 270 10/10/2011 9 9
- . r sl staall
27 Wl abe Cue Algaal) o smidl 300 23/10/2011 10 9.5
. i1 sl staall
28 bl (glsn S Algdall o smidl 390 13/11/2011 13 12
5 ol glaall
29 Lol e Llgdal) %”iw 345 10/11/2011 11.5 11
(S5
5 ol glaall
30 | & dyall Ll %”im 300 15/11/2011 10 10
(S5
Table (F.2). Severity of the highest factors on 30 projects for models validation
conclusion percentage conclusion percentage
NO i sl of cost of error cost overrun of time of error time overrun time overrun
J overrun of Cost predicted overrun of Time Predicted ACTUAL
Predicted overrun Predicted overrun
L8N el 2Ss
1 ACCEPTED 6.30 1.03 ACCEPTED 3.90 1.22 1.27
ialual
(=} ngibl\ ;uu\
2 ACCEPTED 4.03 1.07 ACCEPTED 10.58 1.13 1.02
FUGVIVA||
¢ Sl deleul
3 ACCEPTED 9.85 1.01 ACCEPTED 10.71 1.11 1.00
4 @ ACCEPTED 0.63 1.07 ACCEPTED 2.65 1.18 1.15
5 SuY (2) we | ACCEPTED 5.28 1.16 ACCEPTED 3.62 1.41 1.36
6 sl IS ACCEPTED 3.34 1.00 ACCEPTED 8.81 1.09 1.00
7 iyidall @ gyl | ACCEPTED 3.01 1.00 ACCEPTED 1.98 0.98 1.00
Agay) b
8 ACCEPTED 1.37 1.01 ACCEPTED 1.34 1.01 1.00
9 daey) ava s | ACCEPTED 5.62 1.16 ACCEPTED 10.01 1.45 1.32
10 Juieall bl ACCEPTED 0.60 1.09 ACCEPTED 0.31 1.27 1.27
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Table (F.2). Severity of the highest factors on 30 projects for models validation (cont.)

conclusion percentage conclusion percentage
NO i sl of cost of error cost overrun of time of error time overrun time overrun
J overrun of Cost predicted overrun of Time Predicted ACTUAL
Predicted overrun Predicted overrun
All o)yl
11 il );; > ACCEPTED 0.01 1.08 ACCEPTED 0.32 1.19 1.18
o
12 Lalae Yl ujh dene ACCEPTED 1.21 0.96 ACCEPTED 1.95 0.87 0.89
Ay A gall
13 ACCEPTED 8.23 0.91 ACCEPTED 4.38 0.88 0.92
i<sadl
islay Pl
14 1 pa . ACCEPTED 5.99 0.88 ACCEPTED 12.13 0.76 0.87
Ankdl O yad 4
15 i j‘” “* | ACCEPTED 3.81 1.04 ACCEPTED 1.04 0.85 0.86
B3
095'“"4 Qasna d)'_)
16 o ACCEPTED 4.32 0.97 ACCEPTED 9.89 1.10 1.00
o
17 suaall aslay) Alal | ACCEPTED 0.23 0.89 ACCEPTED 7.80 0.92 1.00
18 ¥ aleill et | ACCEPTED 1.39 0.93 ACCEPTED 12.01 0.88 1.00
L) s aas
19 158 ACCEPTED 3.39 101 ACCEPTED 7.56 0.98 0.91
Oliae) deal s pai
20 [ ACCEPTED 5.22 0.98 ACCEPTED 11.42 1.07 0.96
Al Lulay juad
21 Ll ACCEPTED 1.20 1.01 ACCEPTED 1.29 1.03 1.05
4a
22 dpley) g el | ACCEPTED 2.53 0.95 ACCEPTED 0.06 0.96 0.96
Bl i
23 | €= | accepTED 6.15 1.01 ACCEPTED 2.77 1.03 1.00
Gbyuall
24 @ sl ol ACCEPTED 3.20 0.94 ACCEPTED 0.93 0.85 0.84
25 LS ey ol ACCEPTED 1.80 1.01 ACCEPTED 5.56 0.94 1.00
26 b gl ACCEPTED 5.25 0.89 ACCEPTED 2.11 0.98 1.00
27 lay) Qe Cue ACCEPTED 3.44 0.96 ACCEPTED 1.34 0.96 0.95
28 bl glpn i€ ACCEPTED 1.43 0.94 ACCEPTED 1.67 0.94 0.92
29 Adacy) e ACCEPTED 0.44 0.94 ACCEPTED 4.34 0.91 0.96
30 | dgyall ACCEPTED 0.62 0.90 ACCEPTED 11.16 1.11 1.00
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Table (F.2). Severity of the highest factors on 30 projects for models validation (cont.)

Escalation of Difficulties in Practice of
. value of time material getting work assigning High cost of Financial Slow payment
NO Ayl overrun (days) prices permit from contract to skilled labor difficulties of completed
(Inflation) government lowest bidder (L.E) of contractor works
(L.E) (L.E) (L.E)
LAY cpall ~Sia
1| TTTHC 90 193242 3 202444 276060 3 2
dalaal
@ Cpadhll ol
2 bl e 7 302162 3 345328 431660 3 2
A8 juiall
3 e Lausd
3 | &~ 0 214590 3 245246 306557 3 2
4 o ks 42 265381 3 303292 379115 3 2
5 | 9u¥(2)a 120 281082 3 321237 401546 3 2
6 el G\ 0 302828 2 346089 432611 3 2
7 ASyidall G (gl panl) 0 133288 2 139635 190411 3 2
Aalany) ()
8 P = 0 157538 2 165040 225055 3 2
9 L) ana s 105 314365 3 359275 449094 3 2
10 | deid cbls 90 412528 3 510749 589325 3 2
adeill )yl
11 . ;}‘:J > 60 333922 3 413427 477031 3 2
by
12 Aalacy) iy dasa -45 448569 3 598093 213605 2 2
Ay ) A< gal)
13 | S 30 416298 2 515417 198237 2 2
iy Pl
14 o -45 363175 1 449645 172940 2 2
A8 juiall
ASaddl O i o
15 i J“ < -60 561843 3 802632 267544 2 2
LEERE
By Lo dasa (3)
16 | & = 0 228449 1 261085 108785 2 2
(el
A5l alleall
17 A8 A 0 149775 1 156907 71321 2 2
3aal)
18 Y] alaill a0l 0 348701 2 431725 166048 2 2
aalany) | A
19 AT oSl e -30 190059 1 199110 90504 2 1
A8 juiall
daal ala ] 2 1
20 . -15 136937 1 143458 65208
b &l
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Table (F.2). Severity of the highest factors on 30 projects for models validation (cont.)

Ll Goldy ol
o1 | TS 15 226153 1 258460 107692 2 1
Lalal)
22 | dlaey) gyms Uaadd -15 358906 1 444360 170908 2 1
311l i
g3 | B S 0 178199 1 186685 84857 2 1
Glyuall
24 | o g panl 75 300557 1 343494 429367 ! 2
. 1 2
25 DUSH ey sl 0 417812 2 517291 596874
) . 2 2
26 REARYRWIIN 0 341070 1 422277 324829
27 | ass) e e -15 212539 2 242902 202418 2 2
. 2 2
28 ) (slsy S -30 370633 2 458879 352984
29 eyl pes 15 318445 2 304265 303281 2 2
30 | il 0 270081 2 308664 257220 2 2
Table (F.2). Severity of the highest factors on 30 projects for models validation (cont.)
High Bureaucracy
ins ragr‘me& in Financial I te bill Inaccurate Mistakes in High
NO Al Ihi l;] interest bidding/ difficulties g?ccu;st'et'els cost soil Transportation
g t tendering of owner 2 quantities. estimation investigation Cost
rates method
LAY Gl #a
1 73616 2 3 92020 167309 1 276060
aluall
@ ol Sl
2 143887 2 3 172664 70275 1 431660
ASyidall
3 O g L delan 102186 2 3 122623 -185011 1 306557
4 o Slan 126372 2 3 151646 158174 1 379115
5 S (2) v 133849 2 3 160618 243361 1 401546
6 YRR 144204 2 3 173045 -85986 1 432611
7 AS i)l G (gslpanll 50776 2 3 63470 -32631 1 190411
8 | asjsal A9sy) jealy 60015 2 3 75018 -9178 1 225055
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Table (F.2). Severity of the highest factors on 30 projects for models validation (cont.)

High Bure;_iucracy . al | Mistakes i High
. n Inancia . naccurate Istakes In 19
NO I yaall msﬁr?nrlzergt bidding/ difficulties In?ccuratt_et_blll cost soil Transportation
g rates tendering of owner 2 ot quantrties. estimation investigation Cost
method
9 | Ay e e | 149698 2 3 179637 272178 1 449094
10 Jitidl Gl 235730 2 3 275018 357167 1 589325
adeill o)yl
11 - )’J > 190812 2 3 222614 235571 1 477031
]
12 | eyl wp seaa 299046 1 1 341767 -140262 2 341767
LY 4S5l
13 277532 1 1 277532 -42958 2 317180
lay) Pl
14 : 207528 1 1 242116 -245541 2 276705
aS ikl
ASndadl @ el
15 S 408070 1 1 535088 -13238 2 428070
saaall
La dana
T & 108785 1 1 130542 -173017 2 174057
ol
A9n) allal)
17 57057 1 1 71321 -165724 2 114114
3aal)
18 | bVl adell L | 199258 1 1 232467 -287008 2 265677
LAV Al xa
19 el e 72404 3 2 90504 36105 2 144807
aS il
daal ala ]
20 ) 52167 3 2 65208 -101746 2 104333
J & laey
Loll) palay )
o1 | ¥ f’“u\' = 107692 3 2 129230 42232 2 172307
4a
22 | iyl g et | 205089 3 2 239271 261730 2 273452
3yal) ]
g3 | Lo A 67885 3 2 84857 -88653 2 135771
Obyuall
24 | sl Gunl 143122 2 1 171747 294731 1 343494
25 | LSl A ol 238750 2 1 278541 -39670 1 477500
26 & aped) o 194897 2 1 227380 207406 1 389794
27 | sy O cu 101209 2 1 121451 -13807 1 242902
28 | bl sl i€ 211790 2 1 247089 -159366 1 423581
29 ey ge 181968 2 1 212296 -172888 1 363937
30 il 128610 2 1 154332 -303507 1 308664
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Appendix G

Input data to SPSS
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Fig. (G.1). Input data to SPSS for 102 projects.

FH] “data.ssv [DataSetl] - SPSS Data Editor

121

File Edit View Dats Irsnsform  Analyze  Graphs  Utiities  Addons  Window  Help

cHE B b EE A A8 Sag B

11

Toverrun Bl | F2| B3 85 | oz 42| Fs | 3| Al B4 7 | B7| R0 |Coverrun  var

] 111 10i007.00 2.00 0273400 139086.00 3.00 3.00 278i7.00 2.00 2.00 4636200 [03167.00 2.00 130086.00  Li2
2 120 M0306.00 200 191337.00 191327.00 3.00 3.00 63776.00 2.00 200 10204L00  47367.00 2.00 191337.00 L4
3 2.44 39223400 .00 493602.00 498602.00 10U 3.00 16620100 3.00 2.00 15044L.00 360014.00 %00 498502.00 1.2
4 2.80 72038000 3.00 1236237... 0IFI7R00 100 3.00 49440500 3.00 2.00 2181800 631184.00 3.00 02717800  11i
3 100 26726000 10O 34264100 34264100 L00 2.00 11420400 100 2.00 18274200 [20225.00- 100 342641.00  0.85
g 100 40727200 10O 52214400 32214400 100 2.00 174048.00 1.00 2.00 I78477.00 7i040.00- 100 52214400  0.08
7 100 20080200 10O 238730.00 25872000 L00 2.00 86240.00 100 2.00 137908400 3320000 100 25872000  0.08
f] 100 4048i7.00 10O 51459800 31450800 L00 2.00 I71533.00 100 2.00 27445200 116326.00- 100 31450800 057
) 100 36335000 10O 49102500 49102500 L00 2.00 16367500 100 100 361850.00 11850000 100 49102500 0.6
10 100 Bi840.00 LOO 7440000 7440000 LOO 200 2232000 100 200 3720000 46000.00- 10O 028000  0.04
1 125 11572000 3.00 15780000 10520000 3.00 3.00 52600.00 2.00 2.00 §4i60.00 (700000 2.00 12624000  Li9
12 LI HIFI30.00 2.00 13973500 10640000 3.00 2.00 3324500 2.00 2.00 859200 [64900.00 2.00 12778300 118
13 105 F16880.00 2.00 139382.00 [06235.00 3.00 2.00 3312800 2.00 2.00 8500400 [38550.00 2.00 127506.00  L13
14 118 9460000 2.00 8500000 86000.00 3.00 100 25500.00 2.00 2.00 43000.00 [58000.00 3.00 10320000 122
15 0.0 71510400 2.00 [222400.. 61120000 L00 100 483960.00 100 2.00 61120000 238000.00- 100 73344000 096
16 (.93 982380.00 2.00 1871200... 1403400... L00 100 748480.00 1.00 L.00 525600.00 366000.00- 1.00 }122720... 0.94
7 1.00 20338000 2.00 20340000 20340000 L00 2.00 9780000 100 L00 136480.00 3200000 100 23472000 008
18 L00 9801000 2.00 9420000 0420000 L00 200 2826000 100 L00 4710000 18000.00- 100 1134000 098
19 0.90 97003.00 2.00 93250.00 0323000 L00 100 2797500 100 L0O 4662500 I7500.00- 100 11100000 0.08
20 0.88 [73500.00 2.00 22500000 7500000 2.00 100 FS000.00 100 2.00 120000.00 0.00 LOD 12000000 LOO
2 0.84 19800000 2.00 25300000 8500000 2.00 100 85000.00 100 2.00 136000.00 0.00 LO0 13600000 LOO
22 119 26400000 2.00 F60000.00 12000000 3.00 3.00 120000.00 2.00 2.00 19200000  S0000.00 100 19200000  LO2

B “data.sav [DataSet1] - SPSS Data Editor

Filz  Edt Wiew Data  Transform  Anslyze  Graphs  Uilties  Add-ons Window  Help

cHa B o0 =EEF & A8 ScE B0

"

Toverrus| £1 | F2| B3 | Es | co| 42| B5 | R ai| B4 o7 | B | Fio |Coverrun

22 119 264000.00 3.00 360000.00 [20000.00 3.00 3.00 12000000 2.00 2.00 19200000  50000.00 200 (9200000  LO2
23 0.67 251550.00 1.00 32250000 [07500.00 100 LO0 10750000 .00 2.00 [72000.00 S0000.00- 100 [72000.00 098
24 LO7 260000 2.00 348450.00 [IGI50.00 3.00 2.00 11613000 3.00 200 [85840.00 2300000 2.00 [85840.00  L0I
25 100 I75500.00 3.00 22300000 75000.00 2.00 2.00 7500000 1.00 2.00 120000.00 0.00 L.00 12000000 100
26 100 182000.00 2.00 23250000 7750000 100 2.00 7750000 .00 2.00 [24000.00 0000.00- 100 [24000.00 097
27 LO0  B80/8.00 100 83826.00 83826.00 100 L00 2514800 200 L00 491300 i41320.00- LOO [0039L.00 086
28 LO0 10342500 2.00 98500.00 9850000 100 2.00 3055000 L00 L00 4025000  23000.00- L0O0 1820000 097
29 100 17010000 100 243000.00 6200000 100 2.00 8100000 L00 L00 [20600.00 220000.00- 100 10440000 0.8
30 0.06 190500.00 2.00 285000.00 (90000.00 100 100 9300000 L00 L00 15200000 63000.00- L00 22800000 097
] 0.05 20157500 2.00 302250.00 201500.00 1.00 100 10075000 .00 L00 16120000 103000.00- 100 24180000 095
32 0.05 16057500 2.00 242250.00 [61500.00 100 100 8075000 1.00 100 12020000 105000.00- L00 19380000 094
33 0.84 24000000 1.00 357000.00 238000.00 1.00 100 11900000 .00 L00 [90400.00 130000.00- 100 285600.00 095
34 100 12300000 100 177000.00 [18000.00 100 2.00 5000000 1.00 100 9440000 140000.00- 000 14160000  0.89
35 0.02 500250.00 100 727500.00 485000.00 100 100 24250000 2.00 L00 383000.00 830000.06- 100 38200000  0.85
36 100 140700.00 2.00 20{000.00 [34000.00 100 2.00 6700000 1.00 100 10720000 90000.00- L00 [60800.00  0.94
37 100 15120000 2.00 216000.00 [44000.00 100 2.00 7200000 100 100 11520000 150000.00- L00 [72800.00 001
38 LOD 0601500 2.00 9230000 0230000 L00 2.00 2769000 100 100 4615000  88000.00- LOO 1076000 091
39 100 132300.00 2.00 189000.00 P26000.00 100 2.00 6300000 L0O L0O [00800.00  33000.00- L0O0 15120000 097
40 100 102000.00 2.00 98000.00 08000.00 100 2.00 2040000 L0O L0 40000.00  33000.00- LOO [ITE00.00 097
4 100 15140.00 2.00 206100.00 F37400.00 100 2.00 6870000 100 200 10992000  86260.00- L00 [64880.00  0.04
42 0.67 100630.00 100 250950.00 [73300.00 100 10D 8663000 100 200 [38640.00 130680.00- L00 20796000  0.93
43 110 333310.00 2.00 318150.00 212100.00 3.00 2.00 10603000 2.00 2.00 [69680.00  84840.00 2.00 25452000 LM
44 110 332660.00 2.00 480900.00 320600.00 3.00 2.00 16030000 2.00 2.00 256480.00 160300.00 2.00 28472000 105



Fig. (G.1). Input data to SPSS for 102 projects (cont.).

E *data.sav [DataSetl] - SPSS Data Editor
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File  Edit ‘“iew Data Transform  Analyze Graphs  Uilties  Add-ons  Window  Help

CHA E 00 LBF 4 Ad SCHE B9
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Fig. (G.1). Input data to SPSS for 102 projects (cont.).
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Fig.(H.1). Output data using SPSS backward regression

for cost overrun
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Fig.(H.1). Output data using SPSS backward regression

for cost overrun (cont.)
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Fig.(H.1). Output data using SPSS backward regression

for cost overrun (cont.)
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Fig.(H.1). Output data using SPSS backward regression
for cost overrun (cont.)
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Fig.(H.1). Output data using SPSS backward regression

for cost overrun (cont.)
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Fig.(H.1). Output data using SPSS backward regression
for cost overrun (cont.)
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Fig.(H.1). Output data using SPSS backward regression

for cost overrun (cont.)
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permit fram government, Inaccurate cost estimate, Bureaucracy in hiddingl tendering method,
Mistakes in soil investigation, High cost of skilled lahor, High insurance and high interest rates

h. DependentYariahle: Cost Overrun
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Fig.(1.1). Output data using SPSS backward regression

for time overrun
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Fig.(H.1). Output data using SPSS backward regression
for cost overrun (cont.)
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Fig.(H.1). Output data using SPSS backward regression
for cost overrun (cont.)
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Fig.(H.1). Output data using SPSS backward regression

for cost overrun (cont.)
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a. Predictors in the Model: (Constant), Cost Cverrun, Inaccurate hill of quantities, Difficulties in getting
work permit fram government, Bureaucracy in hiddings tendering method, Slow payment of completed
works, Financial difficulties of contractor, Inaccurate cost estimate, High cost of skilled [abor, Mistakes
in soil investigation, High transportation costs, High insurance and high interest rates, Escalation of
material prices {inflation), Practice of assigning contract to lowest hidder

h. Predictors in the Model: (Constant), Cost Cverrun, Inaccurate hill of quantities, Difficulties in getting
work permit fram government, Bureaucracy in hiddings tendering method, Slow payment of completed
wiorks, Financial difficulties of contractor, Inaccurate cost estimate, High cost of skilled labor, Mistakes
in soil investigation, High transportation casts, High insurance and high interest rates, Practice of
assigning contract to lowest hidder

¢. Predictors in the Model: (Canstant), Inaccurate hill of quantities, Difficulties in getting wark permit
from government, Bureaucracy in biddingl tendering methad, Slow payment of completed warks,
Financial difficulties of contractor, Inaccurate cost estimate, High cost of skilled labor, Mistakes in sail
investigation, High transpartation costs, High insurance and high interest rates, Practice of assigning
contract to lowest bidder

d. Dependent Variable: Time Overrun
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