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ABSTRACT

Construction projects are more subjective and risky compared to other projects due to
the unique characteristics of construction activities and high level of uncertainty such
as topographical factors of project, changing of weather, sort of project, the effects of
economy, sub-contractor accessibility, and the impacts of politics, etc. Risk analysis
and management of the project is the first key to achieve adequate level of project
success. Previous few studies have been done to quantify risk analysis utilizing
different methods, for example, Monte Carlo, Event Tree Analysis (ETA), Failure
Mode and Effect Analysis, Risk Matrix. However, some of those methods are either
limited and hard to be used or do not support the quantitative method because of the
required measure of information to quantify and analyse the risk factors. Moreover,
modern construction and new sophisticated design have shown significant obstacles
and uncertainties to complete the project safely with success; thereby it is inevitable to
search for a new approach to deal with uncertainties. The fuzzy system has the ability
to convert the natural verbal human thoughts to computational comprehensive
intervals, deliver the accurate reasoning process, and deal with inexact and vague
information. Thus, this leads to an absolute result, fewer failures, and a lower
tolerance for risk in construction projects. This research defines the critical factors in
construction project success, namely the iron triangle time-cost-quality in the projects,
reviews some technigues and methods in engineering construction projects, conducts
an original contribution to develop a quantitative risk analysis method using fuzzy
logic and validate the result in software Matlab. This research also describes the stages
of the fuzzy risk analysis model which is developed to assess the risks related to
construction projects and their uncertainties based on evaluations of the criteria of
project success which represents the iron triangle: cost, time and quality. The method
is verified on a real project which demonstrates the results of comparison and proves
the advantages of using fuzzy logic as risk analysis method. Ultimately, by using this
model we can prioritize and rank all risk factors cited in the construction project;
besides that we can easily manage them in the best appropriate way. To sum up, using
fuzzy risk analysis eases the risk of management process and affects positively the
decision made by the experts to monitor and control the project and meet the
satisfaction of stakeholders. As a result, the project will reach the ultimate degree of
success.
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CHAPTER ONE
INTRODUCTION

1.1 INTRODUCTION

The construction project is plagued by many risk factors such as poor working
conditions, the significant frequency of accidents and conflict in management team
which have influenced negatively on the project success. Risk analysis on the project
is the first key to achieve adequate level of securityon one hand and to realize the
project success on the other hand. In the presence of many criteria may affect the
success of project such as: cost, time, performance, and quality, safety and
environmental. Risk analysis and management and their consequences can be defined
using a descriptive linguistic variable. This study focused on developing a
mathematical fuzzy risk analysis method and doing the assessment for the extracted
risk factors from a project by using one of the most accurate and effect approach fuzzy

approximation and composition and validate the result in Matlab as well.

1.2 BACKGROUND OF THE STUDY

In recent years, intensive research and development have been carried out in the area
of risk analysis and management, considerably recognized as one of the most critical
procedures and potential areas in project management field. There is a significant
relationship between management support for risk analysis and reported project
success. (Voetsch et al, 2004). Risk analysis construction is one of the most
highlighted fields in risk management as the nature of the project carries uncertainty.
Thus, the construction project has become the first issue of most countries across the

world. Furthermore, it is a major hazardous industry in which fatal and non-fatal



occupational injuries occur most frequently (Imhyoung et al, 2009) due to its unique
nature (Tam et al, 2004). It is specialized by continual changes, use of many different
resources, poor working conditions, no steady employment, tough environment (eg
noise, vibration, dust hand of cargo and direct exposure to weather )(Pinto et al, 2011).
In addition, there is another important technique called risk analysis which is an
advantageous ways dealing with both qualitative and quantitative risk data due to its
capability of capturing vague and possible data in an effective and efficient manner
and which may help professionals and engineers to improve their analysis and
management system of the construction project. (Debasish Majumder et al, 2013).

On the other hand, the nature of construction project has forced, in the risk analysis
process, generous uncertainties and subjectivities, which have hampered the
applicability of numerous risk evaluation strategies. They are used generally as a part
of construction project and require excellent information, the traditional method hich
has been used for example: Fault Tree Analysis (FTA), Event Tree Analysis (ETA),
Probability and impact grids, Sensitivity Analysis, Estimation of System Reliability,
and Failure Mode and Effect Analysis (Ahmed et al., 2007). Much of the time, the
utilization of traditional risk analysis methods might not provide attractive results
because of fragmented risk information or the abnormal state of uncertainty included
in the risk information accessible .Moreover, the traditional methods cannot deal and
aggregate effectively the different impacts of many criteria such as cost impact, time
impact, safety impact, and quality impact in construction project (Abdelgawad, 2008).
Thus, it is compulsory to create new risk analysis approaches to evaluate the risks in
construction project where traditional methods couldn’t be productively and

efficiently used (Nieto-Morote, 2011).



All these methods have showed some weakness to identify and quantify the
uncertainty aspects and risks in construction. A formalised risk analysis process is still
a rarity within many construction organisations, and the groundwork needs to be laid
to enable risk management to become an accepted part of construction process.
Moreover, the prototype is focus about the practical concerns of the construction
through applying an accurate approach for further development to satisfy the needs of
construction project safety and success (Qian Shi, 2014).

Fuzzy approach is introduced to enable quantitative risk assessment
descriptions to be modelled mathematically and may set the relationships between
different categories of project, risk factors and there consequences which are
represented on cause and effect. In this research, there is a scheme for identifying and
analysing the uncertainty through risk analysis techniques and their practical
application. In addition, the recommendation of remedial actions in a consistent way

would be proposed.

1.3 PROBLEM STATEMENT

Most of the constructions projects are megaprojects and they have experienced
frequent cost overruns, poor working conditions and significant major disasters.
Construction projects have struggled with the use of risk Management (Zwikael, O.
and Ahn, 2010). Global risk management on megaprojects; such as analysis risk
factors on constructions project, received the highest attention from researchers
(Marta Gangolells, 2010).

However, the effectiveness of risk management as an analysis of project risk
planning across construction projects Industries has fluctuated and still very doubtful,

in recent years, due to the new and sophisticated designs. Moreover, the increasing



complexity and dynamism of construction projects have imposed substantial
uncertainties and subjectivities in the risk analysis process. (Marta Gangolells, 2010,
Nieto-Morote, 2011). There are many traditional methods to address risk analysis and
management, but few have been adapted and validated for use in the construction
project. Every new project, even identical ones such as residential developments and
office buildings has new constraints and barriers (Abel Pinto et al, 2011).

Many researches and practical techniques have been applied to manage all
these uncertainties (constrains and barriers) and their consequences. Nevertheless,
there is a gap about the effectiveness of risk analysis techniques and their practical
application management as well as to assess the magnitude of risks in a meaningful
way. This uncertainty can be due to a lack of knowledge or experience, unavailability
of data, or improper historical analysis. Any construction project bears a set of risk
factors which affect it in different ways, including time, cost, safety, and quality. All
these factors are important, but they vary in terms of consequences and the impacts
depending on the situation or the perspectives of different parties. This leads to look
forward the best approach which may deals with inherent uncertainty on construction
project.

Finding an effective approach is quite important to distinguish the uncertainty
inherent in construction project, as well as they clarify the potential risk at workplaces
in different categories of project. Furthermore, one of the main steps, in a risk analysis
and management procedure is to calculate and quantify hazardous and risks in a
meaningful and comprehensive way. Thus, various ways are involved in gaining the
best practice. In this research, many valuable approaches are reviewed and a
contribution in using the Fuzzy Logic methods for construction risk analysis and

management as tools for identifying, assessing, and managing risk and uncertainty on



construction projects. The methods are enabling to convert risk assessment

descriptions from linguistic variable to be modelled mathematically.

1.4 RESEARCH QUESTIONS

The identification of the problems above has left the research area with several raised

questions:

What are the factors which may control or affect construction project
success?

What are the effective mechanisms in current practice of risk analysis on
construction management project?

How may uncertainty and risk influence on the construction project
success?

How can the risk analysis approach “’fuzzy logic “define and deal with the

risk factors in different categories of construction project?

1.5 RESEARCH OBJECTIVES

These are the aims which could to be the contributions of this study:

1.

To define the critical factors in construction project success and the
effective risk analysis approaches.

To develop a systematic quantification Fuzzy Logic method in risk
analysis for construction project.

Toverify the method on a project and to demonstrate the results of their

comparison.



4. To prove the advantages of using fuzzy logic as risk analysis method by

testing the model on real project.

1.6 SCOPE AND LIMITATION OFTHE STUDY

The scopes of this study are identified and evaluate the construction project risks
analysis. The study’s key is based on information obtained during the literature review
regarding project risk analysis utilization in the construction project. The scope is that
the construction project managers and experts recognize and perceive using risk
management analytical tools as beneficial and important to improving the overall
effectiveness of the successful project delivery. Additionally; the analyses are carried
out based on practical ways and experts’ views.

Although this research has some kind of limitation, when it was conducted on
one project in Kuala Lumpur Malaysia in order to test our model. The results and
conclusions can be applied to any construction project has the same characteristics in

other parts of Malaysia.

1.7 SIGNIFICANCE OF STUDY

The risk analysis using FUZZY is considered the best approach for process risk
management for megaproject, this study was successfully applied in construction
project, and it could be extended to cover other field of industries such as oil and gas.
The finding of this research will contribute to the improvement of performance
in dealing with risk management in project. Moreover, the thesis will assist the policy
of management towards the different category of project. In addition it may identify
the benefits that include the ability to better manage project process and success

regarding to various factors criteria such as schedule, cost and quality in the future, the



ability to better manage risks, the ability to make risks explicit, increased confidence
in project construction safety and success.

Finally, the results of this study will benefit companies, organizations, and
agencies, public and private, in the construction industry that are interested in

reducing losses and increasing profitability on construction projects.

1.8 RESEARCH ORGANIZATION

Generally, this study focus on risk analysis and management in the construction by
identifying risk factors that could potentially affect any construction project,
quantifying all risks, and paving the way for mitigation strategies to strengthen project
success. This thesis was carried out: to improve the process of risk analysis in
construction project through the enhancement of the quantification process using
fuzzy sets techniques.

The research is elaborated in the following chapters to achieve the objectives of

this study:

e Chapter 01 includes identifying the objectives and scope of work involved.

e Chapter 02 is an overview of the literature. It basically focuses on a
comprehensive review to define the critical criteria in construction project
success and the effective risk analysis approaches applied for construction
projects. This chapter also explained the background of Risk analysis and
Management construction project, including a review on the works which had
utilised fuzzy set and arithmetic applications in quantification risk analysis.

e Chapter 03 clarifies the framework and methodology which has been used to

conduct this research.



Chapter 04 focuses on the Development of Fuzzy Quantification method and
illustrates the development of a quantifying strategy to aggregate the risk
severity of different risk factors affecting a project using the validation in
Matlab. The concept of fuzzy synthetic is used in this part of analysis. An
analytical method is applied to compute a number for ranking and prioritizing
the risk factors.

Chapter 05 verify the method on a project and to demonstrate the results of
their comparison. An actual existing risk analysis case was examined. The
fuzzy analysis approach which was developed in this research was utilized to
reproduce the results. By this exercise, we enable to find how meaningful the
consequences. Through this project, we approved the advantages of this

approach for conducting a complete risk analysis in real construction project.

Chapter 06 is an overall recommendation to enhance current practice and
conclusions. It is a summary of all chapters and provides a summary of the
major findings of the research. In addition, a conclusion derived from this

thesis with some recommendations for further research.



CHAPTER TWO
LITERATURE REVIEW

2.1 INTRODUCTION

This chapter on literature review is divided into 4 main parts, the first part review the
concept of the project and determine the success factors of the project. It starts with
defining and highlighting issues concerning the implement on the projects. These
issues are with regards to project, project management, project lifecycle and the
concept of critical criteria in project time, cost and quality. The second part focuses on
the comprehensive process of risk management and the different steps of risk
management in construction project. The third part explains the perspective on risk
and risk analysis and presents a review about previous risk analysis using different
methods in construction project. Finally, the last part explains the characteristics of

fuzzy logic which represents the paving of the model proposed.

2.2 PROJECT OVERVIEW

Any project process relies on the overall planning, coordination, and control of a
project from beginning to completion. The project success is aimed at meeting a

client's requirement in order to produce a functionally and financially viable project.

2.2.1 Definition of Project and Construction Project

Gaddis (1959) was among the first to provide with a descriptive definition of a project
as it goes beyond the boundaries of a project being a static task. He defines a project
as ‘an organization unit dedicated to the attainment of a goal - generally the successful

completion of a development product on time, within budget, and in conformance



