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ABSTRACT

Comprehensive research studies have been conducted in recent years,
specifically about risk management in construction projects, resulting in establishing
methods of risk management with improved performance and efficiencies, benefitting
for the companies and industries. However, there are still lacks in this area. Lack of
enough knowledge about the structured methods of risk management is still
significant, preventing the methods from being widely employed.

This master thesis is a research carried out on steel-framed structure buildings in
Iranian construction projects, investigating the risk management methods in five
different stages of the construction, which are earthwork, reinforcement, formwork,
concrete work and steel structure. Perception and employment methods of risk
management have been studied in the mentioned stages, which has been done through
questionnaire surveys and checklists. To do so, 35 members of top Iranian construction
companies were chosen and asked to participate in the survey, where 20 of them
participated and answered the questionnaires and checklists and as a result, response
rate was found to be 57.1%.

To develop the risk identification efficiently, Risk Breakdown Structure was also
employed. These methods were selected to be done among a certain number of
construction companies.

To assess the likelihood of risks occurrence, and their impact on projects
objectives, qualitative analysis method was implemented through probability and
impact matrix. The assessments were done separately on each objective, i.e. time, cost,

quality, and health and safety, resulting in determination of 30 main risks.
iii



An explicit result of the survey was the unfamiliarity of the Iranian construction
companies with the formal methods of risk management. It was found that most of the
companies are still dependent on the previous experiences, checklist and brainstorming
methods and consultations to identify the potential risks and face with them. This
unfamiliarity which could be due to lack of education, has been focused in this research
and in fact, in this study, it has been tried to develop responding techniques to the
potential risks, which have been identified as high risks, in order to have more efficient

risk management.

Keywords: Iranian construction industry, steel structure buildings, qualitative method,

risk management, risk management process



Oz

Son yillarda, 6zellikle insaat projelerindeki risk yonetimi alaninda, endiistri ve
sirketler icin yarar saglayabilecek ve daha etkili ve gelismis bir performansla
sonucglanacak risk yonetimi metotlar1 gelistiren kapsamli arastirmalar yapilmustir.
Ancak, bu alanda yapilan arastirmalar yetersiz bulunmaktadir. Risk yoOnetiminin
metotlar1 ile ilgili bilgi eksikligi, bu metotlarin genis alanlarda uygulanmasini
engelleyerek 6nemli bir sorun haline gelmistir.

Bu yiiksek lisans tezindeki arastirma, Iran insaat projelerinin ¢elik yapili binalari
lizerine gergeklestirilmistir. Arastirma, insaatin toprak c¢alismasi, demir donati, kalip,
beton isi ve celik yap1 gibi bes farkli siirecindeki risk yonetimi metotlarmi
arastirmaktadir. Adi gegen siireglerdeki risk yonetimi metotlarinin algist ve kullanima,
anket ve kontrol listesi kullanilarak aragtirilmistir.

Risk tanimlamay etkili bir sekilde gelistirmek i¢in Risk Coziimleme Yapisi da
kullanilmistir.  Bu metotlar, belirlenen bir sayidaki sirketlerde kullanilmak ig¢in
secilmistir.

Risk olusum olasiliklarim1  ve proje amaclart iizerindeki etkilerini
degerlendirebilmek adina nitel metotlar, olasilik ve etki tablosu ile uygulanmistir.
Sure, maliyet, kalite, saglik ve giivenlik gibi belirlenen 30 temel igin ayri
degerlendirmeler yapilmistir.

Risk yonetiminin resmi metotlarinin, Iran insaat sirketleri tarafindan
bilinmemesi anketlerin belirgin sonug¢larindan birini olusturmaktadir. Olasi risklerin
tanimlanmasi ve almmacak olan Onlemlerin belirlenmesi igin sirketlerin hala eski

deneyimleri, kontrol listeleri, beyin firtinas1 yontemleri ve danigmanliklara bagimh
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olduklar1 sonucuna varilmistir. Metotlarin bilinmemesinin, egitim eksikliginden
kaynaklandig1 diisiintilmiistiir ve bu konu arastirmanin odak noktalarindan biri haline
gelmistir. Ayrica bu calismada, yiiksek risk olarak tanimlanan olasi riskler karsisinda,
daha etkili bir risk yonetimi gelistirmek adina, yanitlamam tekniklerinin gelistirilmesi

amaglanmstir.

Anahtar Kelimeler: Iran insaat endustrisi, celik yap1 binalar1, nitel metot, risk

yonetimi, risk yonetimi sureci
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Chapter 1

INTRODUCTION

1.1 Introduction

This chapter mainly includes the problem explanation and the background
information about the thesis topic. A brief explanation of risk, the risk management
process, methodology, objectives and finally the achievements are explained in this
chapter. Thesis guideline, brought at the end of this chapter is also describing the

context of this research work.
1.2 Background Information

Risk management is accepted to be a critical sub-field of project management,
especially in construction industry, and as stated by PMBOK (2013), it is one of the
top ten critical knowledge areas in every project (Klemetti, 2006).

According to the Project Management Institute (PMI), risk is defined as an event,
which although may not happen, if happens, there will be negative or positive impacts
on the project objectives. Having this in mind, project risk management (PRM), is
focused on minimizing the failure probability of the projects, in reaching their planned
aims, as much as possible. By means of risk management, it is aimed to increase the
beneficial desirable consequences along with decreasing the adverse, undesirable
impacts of the risks on the projects aims.

Different research works have so far reported the benefits of risk management.
Smith et al. (2006), have stated about important role of risk management in better

understanding the unmanageable threats and preventing from their adverse effects; and



Zou et al. (2007) expressing about the importance of this process in fulfilling the
projects’ main targets, such as cost, time, quality and etc.

Risk management is known to be as an organized procedure of risks
identification, evaluation, responding techniques as well as monitoring and controlling
them (PMI, 2008). For each of these stages, there are different known techniques to be
performed, depending on factors like project size, complexity and time limitations.

The first stage of risk management, according to PMI (2009), is known as risk
identification, in which a list of all potential risks, having both negative and positive
impacts, are prepared regularly all the way through the project. Risk identification is
definitely known as the very basic and fundamental stage of risk management, and the
success (or failure) of the following stages is directly linked to the quality of it
(Chapman, 2011).

The next stage after risk identification is called the risk analysis, which aims to
determine the impact of risks on the project by means of methods such as qualitative
and quantitative techniques. Ranking the identified risks is the outcome of performing
this stage, distinguishing the top risks that are required to be responded (Flanagan and
Norman 1993; Mulcahy, 2010).

Risk analysis is actually the linkage between risk identification and the next
stage, which is actually the regular management of the risks. The later stage is mainly
dealing with developing options and techniques to respond and face with the potential
risks that are more likely to happen.

Following the risk respond stage, there is monitoring and controlling stage
aiming to check and control the risks situations and management process, based on

plans and responding techniques (Mulcahy, 2010).



Iran is known to be a developing country with growing opportunities and steady
interest growth in construction projects. However, unlike this interest growth, which
requires encountering different types of risks and managing them, risk management is
not being considered as important as it should be. It is also reported by Smith et al.
(2006) that the significance of this process is not so far being understood, and not all
the organizations are motivated strongly to employ and benefit from the structured
methods of risk management.

This research work is focused on the construction project of steel-framed
structure buildings due to their popularity in Iran. The process of risk management was
studied in five different activities of construction, including earthwork, reinforcement,
formwork, concrete work and steel structure, to investigate the perception and
performance of risk management in the construction areas. It is believed that risk
management should concentrate on identifying the risks of the work packages and
accompanying activities, as well as the overall risk of the project. Moreover, to deal
with huge amount of data that is usual in risk management, a very handy method to
structure them is to employ methods like Risk Breakdown Structure (RBS). In this
study, a combination of Risk Breakdown Structure (RBS) and Work Breakdown
Structure (WBS) were used to develop efficient risk identification in steel structure
projects. To collect data, checklists and questionnaire surveys were employed, and to
evaluate the gathered data, qualitative method was performed by means of probability
and impact matrix to determine the occurrence probability and impact of each risk on
the project objectives. In the last stage, strategies and responding techniques were

developed against various types of identified and evaluated top ranked risks.



1.3 Scope and Objectives

Although many decisions have to be made about the building material, in fact a
few factors are influential on those decisions. In other words, the decisions about
building materials are dependent on a few factors, such as workers skKills,
environmental concerns, materials availability, etc. Steel framed building structures
are more popular in Iran due to the weather conditions and faster erections. Due to
these reasons, steel framed structures were focused in this study.

The main objectives of this research study are listed as following:

e First, to evaluate how the Iranian construction companies perform the risk
management practically, specifically in steel-framed structure buildings.

e Second, to identify and categorize the risks associated with the steel-framed structure
construction projects, and rank the risks.

e Finally, to provide a theoretical framework, aimed to improve the implementation of
risk management in Iranian construction companies.

It is worth explaining that the theoretical framework was including introducing
some formal methods of risk management such as utilizing combination of Risk
Breakdown Structure (RBS) and Work Breakdown Structure (WBS) methods to
develop the risk identification more efficiently as well as it has been tried to develop
the suitable formal methods of facing with potential high risks which are commonly
occurring in steel-framed structure buildings in Iran and in order to benefit the
companies, in performing the formal methods of risk management.

Due to differences between the theory of risk management and the practical
performance, these two were compared and their differences and similarities were

investigated.



The following list includes the research questions that are answered by
performing this research study:

How the risk management methods are being viewed in Iran?

How is the practical employment of risk management process?

What causes the deficiencies of employing risk management process in Iran?

What are the popular employed methods of managing the risks?

What are the main difficulties in performing the risk management process?
1.4 Works Carried Out

In the first step, a literature review including the previous research works was
comprehensively performed.

In the second stage, having selected the Iranian steel-framed structure projects,
the investigation about performance of risk management in the projects was done in
different working stages.

Third step was involved in preparing the questionnaire to determine the
familiarity of Iranian construction companies with risk management process and
techniques.

In the fourth step, a checklist was prepared (containing 105 different risks) for
collecting data and further analyses of the identified risks in various categories, and a
Risk Breakdown Structure was developed.

Finally, qualitative analysis was performed on the data by means of probability

and impact matrix.
1.5 Achievements
The following points are presenting brief achievement of this research:

¢ A combination of Risk Breakdown Structure (RBS) and Work Breakdown Structure

(WBS) methods was employed to develop the risk identification more efficiently.



¢ A total number of 30 key risks were identified and determined, affecting the projects
objectives by means of qualitative risk analysis; and their impact was determined
together with their probability of occurrence.

e According to the analyses, the highly threatening risks affecting the project
objectives were; “Inaccurate or incorrect estimation of time, cost and resources in
accordance with WBS”, which highly impacts time and “Unavailability (lack) or high
price of materials due to economic conditions in project region or country” which
massively impacts cost. Moreover, “Any change in political situation such as sanction,
etc.” and “Adjacent structures collapse (Collapse of neighboring buildings) due to
inadequate retaining walls” were highly influencing the quality, and health and safety
objectives of the project, respectively. Finally, among all the risks, “Inaccurate or
incorrect estimation of time, cost and resources in accordance with WBS” had the
highest negative influence on the objectives of project overall.

e Based on the results of quantitative analysis, the most important risks with high
negative impacts were assigned to the cost risks, followed by time, quality, and health
and safety.

e Compared to the developed countries, Iranian construction sector requires
employing structured risk management methods, although it is still based on
unstructured approaches. For example, in risk identification stage, using past
experiences and consulting with partners are still popular among the companies. In
fact, intuition, judgment and experiences are the popular management methods, and
only few companies were employing known risk management methods like Monte
Carlo Simulation and the matrix of probability and impact.

¢ Regarding the responding methods to the risks, it was found that a large group of

studied companies was not familiar with the formal responding methods. In fact, only



a few of the companies indicated that the transfer method of risks responding (to the
other parties or insurance companies), helps them to mitigate the impacts of risks.
Although it was stated by many of the participants that the occurred risks are
manageable, due to lack of knowledge, they are not motivated to employ the structured
methods.

e As stated by most of the companies, limited cost and time are main restrictions,
preventing risk management methods to be employed.

¢ A practical method was finally developed for the projects facing with potential high
risks, considering cost, time, health and safety and the quality, in order to benefit the
companies, contractors and other stakeholders in performing the formal methods of

risk management.
1.6 Thesis Guideline and Outline of the Thesis

The thesis outlines cover various sections, starting from introduction, giving
general information about the method of risk management, the objectives and aims.
Afterwards, literature review chapter provides broad theoretical framework, studied
and performed in previous researches. Moreover, the employed risk management
method has been described. Data collection and analyses are presented. Then,
according to the analyses, the high risks are identified and separated and for each of
them, responding methods have been proposed and discussed thoroughly. Finally,
concluded points from this study will be presented, together with some
recommendations for future works. These steps are divided into six separate chapters
as follows:

Chapter 2, the literature review, consists the previous research works on risk

management and their brief results.



Chapter 3, the methodology, describes the selected methods of performing this
research study. For the data collection section, moreover, the most proper method of
analysis is chosen. The method of performing further analysis is also completely
described.

In chapter 4, the obtained results from the checklists and the outcomes of risk
identification from various viewpoints of each respondent are provided in forms of
tables and figures.

In chapter 5, the analyzed data and their results are discussed thoroughly. The
main reasons of high risks are specified and for each of them, recommended responses
are provided and explained.

Finally in chapter 6, conclusions and recommendations, the main conclusions
are briefly explained and some recommendation for future studies are provided.

The schematic representation of thesis outlines is provided in Figure 1.1.

CH 1 * Introduction ‘

CH 2 » Literature Review |

N/

CH.3|

+ Methodology

CH 4 * Data Collections and Analvsis

» Results and Discussions

CH.5

* Conclusions and Recommendations for Future
CH & Works

Figure 1.1: Thesis framework



Chapter 2

LITERATURE REVIEW

2.1 Introduction

Construction industry is a huge sector in many countries. In most of the
developing countries, this sector has a main share in the Gross Domestic Product
(GDP) rate. Moreover, its influence on growth of the employment ratio has also made
it one of the most important industries (Rezaie, 2011).

Construction industry is usually divided into three main categories as follows:

e Building construction industry

e Heavy construction industry

e Special trade construction industry

On the other hand, since there is a high-risk exposure mostly associated with the
construction projects, employing risk management analyses seems to be vital.

Massive researches and advances have been done recently about risk
management in construction projects and it is already recognized as one of the most
critical procedures of project management (Klemetti, 2006).

According to one of the latest Project Management Body of Knowledge editions,
risk management is now known to be one of the ten knowledge areas, which its
knowledge and employment is very crucial in every project (PMI, 2013).

Project Risk Management (PRM) is meant to reduce the probability of failure of

projects and let the projects result at an acceptable level. It is expected that by



employing this method, the beneficial and desirable consequences of projects become
maximized, besides minimization of adverse outcomes.

In this chapter, it is aimed to explain the backgrounds of this research field from
various viewpoints as well as discussing the related problems. In the following
sections, the key concepts of risk and risk management will be explained and different
stages of the analysis process as well as the available tools and techniques will be

discussed.
2.2 Definition of Project Risk

Although there are different viewpoints about the concept of risk and actually
this word has different meanings to diverse groups of people (Baloi & Price, 2003),
most of the times negative attitudes are being associated with the concept of risk. In
other words, in most cases, shortcomings such as loses or damages are being counted
as the outcomes of risking and positive advances of it, such as gains and benefits are
nearly neglected (Al-Bahar & Crandall, 1990).

There are undoubtedly various definitions given for the word “risk”, from the
projects’ risk management viewpoint (Baloi & Price, 2003). In spite of their
differences, a common feature is noticeable between them, which is the point that risk
is usually defined as an uncertain and unexpected event, which may also change the
project’s objectives widely or narrowly.

According to an international standard for project risk management, risk is
defined in terms of probability of an event, and its effectiveness. Using these terms,
risk is defined as a consideration of both probability of occurrence of an event and also
how its occurrence influences the objectives and outcomes of the project (British

Standards , 2001).
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According to PMBOK (2013), risk is defined as “an uncertain event or condition
that if occurs, has a positive or negative effect on one of project objectives” (PMI,
2013).

Ward and Chapman (2003) viewed risk as a more general idea of uncertainty
and discussed more about the fact that usually negative sides and threats of this concept

is considered, without viewing the opportunities that may also be its consequences.

Table 2.1 shows two categories of risk definitions in literature.

Table 2.1: Two different definitions of “Risk” in literature (Breysse, 2009)

Risk : the measure of consequences

Risk: the source event

ISO guide draft 73 (2009)
Effect of uncertamty on project objectives. An
effect 15 a deviation from the expected positive
and/or negative objectives.

Chapman (2001)

an event., which should it occur, would have a
positive or negative effect on the achievement of
a project's objectives

WSDOT (2010)

The combination of the probability of an
uncertain event and its consequences. A positive
consequence presents an opportunity; a negative
consequence poses a threat.

PMI (2008) (PMBOK)

project risk is an uncertain event or condition
that, if 1t occurs, has a positive or negative effect
on a project’s objectives.

ITIG (2006)

Risk is a function of the consequence/severity of
a hazard and the likelihood of occurrence of the
hazard.

Del Cano and Cruz (2002)

an uncertain event that, if it occurs, has a
positive (opportunities) or negative (threats) on
a project objective.

Bourdeau et al. (2003)

Expectancy of undesirable results (but the
occurrence of positive results can be integrated).

Baloi1 and Price (2003)

The likelihood of a detrimental event occurring
to the project.

Raftery (1999)

Exposure to the possibility of economic and
financial loss or gain, physical damage or injury,
or delay as a consequence of the uncertainty
associated with pursuing a particular course of
action.

Al-bahar and Crandall (1990)

The exposure to the chance of occurrences of
events adversely or favorably affecting project
objectives as a consequence of uncertainty.

A research instance to certify this claim has been conducted by Akintoye and
MacLeod (1997) in the form of a questionnaire. The results showed that the majority
of participants had negative opinions about the concept of risk and did not consider the
possible opportunities associated with them. It means having more concern about the

threats of risks instead of being motivated to grab their opportunities.
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2.2.1 Risk versus Opportunity

As aforementioned, consideration of risks threats is the predominant opinion;
however, recent standards and guidelines are also incorporating the probability of
positive results and opportunities, which are in fact the uncertain, favorable impacts of
risks on the objectives of project (Hillson, 2002).

In fact, risk as a general term is classified into threats and opportunities and in a
project risk management process, it is vital to state both of them (threats and
opportunities) accompanied.

In the following sections, risk concept will be explained more with an inclination

towards the threats accompanied by it, than on opportunities.
2.3 A Concept of Risk Management

In terms of threats and opportunities, risk management is aimed to maximize the
positive events (opportunities) and minimize the adverse events (threats). It is a
regulation and guideline of living with the awareness of possible undesirable effects
of future events (Flanagan & Norman, 1993).

Consideration of risk management in projects will lead to have a better
understanding of possible results of probable risks, and will guide us in avoiding them.
(Perry, 1986).

The following sections are mainly dealing with project management process in
construction sector.

2.4 Risks in Construction Projects

In construction projects, due to having the high potential of threats, because of
their characteristics, risk management is considered as a crucial process and the
method is widely employed. Regardless of the aim, scope and the size of project,

various forms of threats can be identified in every single project.
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In every construction project, a key point is to keep an optimized balance
between cost of the project, construction time, its quality, and the safety level.

Management of risks in the projects is in fact an orderly method of identifying
the threats, assessing their impacts and responding to them, to reach the objective of
project (PMI, 2008).

Benefits of risk management are well known and many researchers have
highlighted its benefits in construction industry. It is claimed that risk management
gives a better understanding of possible unmanaged threats and their effects and has
more operative solution procedures (Smith et al., 2006).

Construction projects risk management is known to be very fundamental in order
to fulfill the main objectives of a usual project, regardless of its size. The objectives
obviously are not limited to the performance of the project, but there are actually
various targets that must be satisfied such as construction time, quality, cost, and health
and safety during the performance (Zou et al., 2007).

Following heading will be mainly about different risk management processes
based on various definitions and viewpoints proposed by different researchers. In each
method, steps are explained together with some examples and finally one method is

chosen for further risk analysis.
2.5 Project Risk Management Process

As mentioned previously, risk management is a process of identifying,
evaluating and responding to the risks during the project in order to maximize the
opportunities and minimize the threats.

The concept of risk management is a durable process, done all the way through
the project’s life. A typical process of risk management initiates with risk

identification. It is strictly kept in mind during the project planning as well as project
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execution, monitoring and controlling, when issues are exposed and decisions are
made accordingly (Mulcahy, 2010). Having all these steps, more or less, in common,
there are diverse management models having different number of stages.

In one method, the stages are classification of risks, identification of them,
analyzing risks and risk response. In this method, risk response is itself separated into
four stages of avoidance, transferring, risk reduction, and retention (Flanagan &
Norman, 1993).

Another model has been proposed by the international standard of project risk
management, incorporating the four steps of identification, assessment, treatment, and
reviewing and monitoring of risks during the project (British Standards , 2001).

Risk management planning, risk identification, its qualitative and quantitative
analysis, response planning, and monitoring and controlling are the steps of another
model of risk management, which is also shown in Figure 2.1 and has been proposed

by Project Management Institute (2009).
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Project Risk
Management Overview

11.1 Plan Risk dentify Risks 11.3 Perform Qualitative
Management Risk Analysis
.1 Inputs .1 Inputs .1 Inputs
.1 Project scope statement .1 Risk management plan .1 Risk register
.2 Cost management plan .2 Activity cost estimates .2 Risk management plan
.3 Schedule management plan .3 Activity duration estimates .3 Project scope statement
— 4 Communications management — .4 Scope baseline — 4 Organizational process assets
plan .5 Stakeholder register .
5 Enterprise environmental 6 Costmanagement plan 2 Tools & Techniques
factors .7 Schedule management plan -1 Risk probability and impact
6 Organizational process assets 8 Quality management plan assessment ,
9 Projectdocuments .2 Probability and impact matrix
.2 Tools & Technigues 10 Enterprise environmental .3 Risk data quality assessment
.1 Planning meetings and factars 4 Risk categorization
analysis 11 Organizational process assets 5 Risk urgency assessment
6 Expert judgment
3 Dutp_uts .2 Tools & Technigues
.1 Risk management plan 1 Documentation reviews .3 Outputs
.2 Information gathering -1 Risk register updates
techniques
11.4 Perform Quantitative 3 Shecklistanalysis
. . X ptions analysis 11.6 Monitor &
Risk Analysis 5 Diagramming techniques * .
6 SWOT analysis Control Risks
.1 Inputs .1 Expert judgment
.1 Risk register .1 Inputs
.2 Risk management plan -3 Outputs .1 Risk register
.3 Cost management plan .1 Riskregister J .2 Project management plan
A4 Schedule management plan h .3 Work performance information
.5 Organizational process assets 4 Performance reports
.2 Tools & Techniques 11.5 Plan Risk 2 Tools & Techniques
.1 Data gathering and Responses .1 Risk reassessment
representation techniques .2 Risk audits
.2 Quantitative risk analysis and L— 1 Inputs (- .3 Variance and trend analysis
modeling techniques 1 Risk register 4 Technical performance
.3 Expert judgment 2 Risk management plan measurement
.5 Reserve analysis
3 Outputs .2 Tools & Technigues 6 Status meetings
.1 Risk register updates .1 Strategies for negative risks or
/ threats 3 Outputs
.2 Strategies for positive risks or .1 Risk register updates
opportunities .2 Organizational process assets
.3 Contingent response updates
strategies .3 Change requests
4 Expert judgment 4 Project management plan
updates
3 Outputs 5 Project document updates

.1 Risk register updates

.2 Risk-related contract
decisions

.3 Project management plan
updates

4 Project document updates

Figure 2.1: Project Risk Management overview (PMI, 2009)

The process of risk management, as being crucial to have a better understanding
and monitoring of project risks, has led to another model suggested by Smith et al.
(2006) and it is shown in Figure 2.2. Moreover, in Figure 2.3, a schematic

representation of Risk Management Process (RMP) recommended by Tah and Carr
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(2001) has been shown. The steps are shown and in each step, the input data, necessary

tools and methods, as well as expected outputs are provided.

Risk

Identification

Monitoring and

Controlling

N

Risk Response

3
Figure 2.2: Schematic representation of risk management procedure (Smith et al.

(2006))
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i Risk register Timing Tiring M';- Y
Uncertainty Risk register [ Recymmended actions Dmagev
Issues Sevenity Risk register Time
Concems ¢
ontingencies
Status
2 Risk ragister Triggers
Y Performance Alarms
Problems
Secondary risk
Risk register
Measures
Thresholds
Risk Team Risk Assessors Rigk Analyst Risk Handler Risk Monitor
Principal ] techniques Aunalysis technigues Resolution techniques  Monftoring techniques
Risk process manager Assessment tools Analysis tools Resolution tools Monitoring tools
Risk catalogues Risk repository Risk action catalogues  Risk repository Risk repository
Risk repository Risk repository

Figure 2.3: The Risk Management Process (RMP) (Tah and Carr, 2001)
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It worth mentioning that although the methods are different, they have identical
features and their goals are the same, which is to identify the risk sources, qualify and
quantify their effects, determine the risk responses and finally controlling and
monitoring them.

In this research, the risk management model of Smith et al. (2006) (Figure 2.2)
is employed in the analysis, because it is included all the important phases of risk
management. Having described risk identification, assessment and response, complete
information about the process of risk management will be presented.

2.5.1 Risk Identification

Identification of risks is the very first stage of risk management process since, as
the risks are not identified, they obviously cannot be managed. Thus, after the initial
step of planning the risk management, all recognizable risks to the project’s objectives
should be identified (PMI, 2009).

The desirable objective of this stage is to have the longest list of possible risks
(Mulcahy, 2010).

In the risk identification stage, the related risks of construction project are
identified, classified and their consequences are evaluated continuously and steadily
(Al-Bahar & Crandall, 1990). According to Practice Standard, for Project Risk
Management (2009), the main aim of risk identification is finding the possible risks,
and put them in a list, which is known as risk register, associated with the project and
their consequences (both negative and positive) on the outcomes of project.

Identification is also not an all at once stage, but it should be performed regularly
throughout the project with the purpose of recognizing risks as much as possible. The

fact is that risk identification must be an iterative repeating process to get a better
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estimation of which risks are probable, due to unknown or emergent risks that may
occur during the project (PMI, 2009).

The whole project team must be involved in the process of risk identification to
grow a sense of responsibility about the project, risk identification and supplementary
risk response actions.

A wide range of experts including project manager, team members, the risk
management team of the project (if assigned), and other stakeholders are contributors
to the risk identification stage (Mojtahedi et al., 2010). Risk identification is the very
first practical stage of risk management; therefore, it can be said that the success or
failure of the consecutive stages (of risk management) is strongly dependent on this
stage (Chapman, 2011).

The importance of risk identification stage is intensively crucial that it has been
claimed to be the most beneficial stage of risk management, instead of risk analysis
(Winch, 2010).

Risk identification stage must be employed in an equal manner to determine both
threats and opportunities of all the identified risks. However, according to the
experiences, it is suggested that the identification of risks should be more focused on
the threats and negative issues of risks. Input data of this stage are the objectives of
projects, the scope, plan and the relevant historical data (Hillson, 2002).

Extensive range of tools and techniques are available to perform risk
identification, including brainstorming and workshops, checklists and prompt lists and
etc. Moreover, there are also diagramming methodologies such as cause-effect
diagrams, systems dynamics and influence diagrams (Chapman, 2011). These methods

will be explained briefly in the following sections.
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2.5.1.1 Brainstorming

This method is one of the methods, which are being employed to create a broad
range of risks and threats, resulting in raising ideas and solving problems. Therefore,
it is very popular in risks and project management issues identification (Mulcahy,
2010). The method is in the form of an open debate, with all the participants discussing
their ideas on various risks to find out how uncertainties may change into risks (Smith
et al., 2006).
2.5.1.2 Checklist analysis

This method is fundamentally based on the previous data collections and
historical information, collected from various sources of information, including similar
projects. The checklist can also be arranged about the risk breakdown structure, whose
lowest level can form the risks checklist (PMI, 2013).
2.5.1.3 Expert interviews

Interviews that are meant to be performed in the stage of risk identification must
be done with all the chief stakeholders and should be conducted by a trained
interviewer, in an honesty and mutual trust atmosphere following a structured
schedule. To have a more structured interview, a prompt list, a risk breakdown
structure or a checklist can be employed (PMI, 2009).
2.5.1.4 Nominal group technique

This technique is a useful method when groups of people’s attitudes are meant
to be found out instead of single individual ones. In this field, the group may be a
department, minor stakeholders or the people who want to be stakeholders. The result
of nominal group technique is to know how much the focused group’s general opinion

about the risks of a project is agreed and supported (Mulcahy, 2010).
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2.5.1.5 Delphi technique

Another useful technique is called the Delphi technique, which is again a method
to identify the probable risks of a project by means of gathering anonymous polls of
the specific issue’s experts. The expert’s initial responses are gathered and then are
announced, without being attributed to those groups who may re-think about their
contribution, due to others’ contributions or comments (PMI, 2013).

In the Delphi technique, a set of serial questionnaires are designated based on
previous responses and surveys, in order to collect and organize decisions and opinions
of unidentified participants about a specific topic (Chapman, 2011).
2.5.1.6 Questionnaire

A checklist of possible and likely risks can be provided as a risk identification
questionnaire to simplify the identification of the possible risks (PMI, 2013).
2.5.1.7 Work Breakdown Structure (WBS)

Work Breakdown Structure (WBS) is a crucial idea to identify and diagnose
possible major or minor risks. From its title, it is easy to have the general idea about
this method, in which the major steps and activities are firstly broken down into small,
controllable and linked steps (Maylor et al., 2005). After identifying the potential risks,
they can be tracked at summary, work packaged levels and control accounts (PMI,
2013)
2.5.1.8 Risk Breakdown Structure (RBS)

This method is another handy method which gives out an outline about the risks
that may happen during the project. It is a widely used method during various stages
of project’s risk management, including risk identification, and delivers further
supports in far ahead stages (risk assessment, response and monitoring). A schematic

illustration of this method is shown in Figure 2.4.
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Figure 2.4: Example of a Risk Breakdown Structure (Carr & Tah, 2001)

The subsequent paragraphs are mainly including short definitions and
explanations about different risk management concepts. Actually they have been
provided to avoid confusions in this research, since in different sources and standards,
there are sometimes altered definitions given for the concepts.

- Risk factor: Risk factors are those, which their combination may result in a potential
loss, harm or injury. Risk factors do not affect projects or activities directly, their effect
is mainly received through the risks events (Carr & Tah, 2001; Jeynes, 2012).

- Risk event (RE): These are any of the facts or events, which are influenced by risk
factors, and are influential on all or at least one of the objectives of the project (Carr
& Tah, 2001).

- Risk category (RC): Risk category is a method to classify several risk events. Any
category can also have further subcategories, to give out a more detailed view. On the
other hand, to give a more general view, categories can also be merged together.

Risk register: Identification process of a risk management does not only deal with

identifying the potential risks, but also includes their classification, understanding their
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causes, their properties, their signs, how they are distributed, what might be their
consequences, and which primary responses are required to challenge with them.
Employing all these precious data, a document of risks can be provided which can be
helpful to the project team throughout the project to review the risks and take the
necessary actions. Such a document is called the risk register. Not surprisingly, there
have also been efforts to establish a list of necessary items to be recorded in a risk
register. One of them has been created by Patterson and Neailey (2002) in which for
every single potential risk, the following information must be provided. The type of
risk, what causes it and its descriptions must be explained. In which stage or phase,
and state (apparent or latent) it happens, and which impacts it has, should be provided.
The probability (both qualitative and quantitative) and distribution of its occurrence,
the methods of responding to it (avoiding, transferring or mitigating) and their required
resources must be revealed and finally, it should be provided that which types of
connections might occur between this risk and other risks and responses (Patterson &
Neailey, 2002).

Table 2.2 provides a list of available tools of risk identification, listing each ones’

positive and negative points.
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Table 2.2: Risk identification tools and techniques (PMI, 2009)

-F.emowes sources of bias

Technigue Strengths Weakneszes
Assumptions & | -Simple strachured approach ~Implicithidden assumptions or consirainis are
Constraints -Can be based on assumptions & comstrzints| often misssd
Analysis already listed in project charter
—renerates project-specific risks
Brainstorming —Allows all participants to speak their mind and | -Fequires atendance of key stakeholders at a
contribute to the discussion wirkshop, therefore can be difficult 1o armange
~Can involve all key stakeholders and expensive
~(Crestive generation of ideas —Prone to Groupthink and other sroup dynamics
-May produce biased results if dominated by a
strong person (ofien management)
—Often not well facilitated
—(remerates non-risks and duplicates, requires
filtering
Canse and Effect (-Visual represenfation of project promotes |-Disgram can quuckly become over-complex
Diagrams stmecnured thinking
{Ishileawra, 1990)
Check List ~Caphures previous experience —Check list can grow to become unwieldy
~Prasents detailed 1ist of rsks ~Fisks not on the list will be missed
—Often only inchodes threats, misses opporumities
Deelphi Technique |-Caphures input fom technical experts —Limited to technical risks

—Dependent on acmal expertise of experts

~May take longer tume than available dus to
iterations of the experts’ nputs

Document review |-Exposes detailed project-specific risks —-Limuted to mnsks contamed o project
—Fequires no specialist tools domumentation
FMEAFaunlt Tree |-Smucmred  approach, well undemstood by |-Focuses oo thresis, not so  useful for
Analysis EnZinesrs opporiunites
-Produces an estimate of overall relisbility using | -Fequires expert tools not generally available fo
quanfitative tools those except experts
—Good tool support
Force Field —Creates deep understanding of factors that affect | - Time-consuming and complex techmique
Analysis project objectives -Usually only applied to a single objective, so
does not provide whole-project view
Indusiry —Caphures previous experience —Limited to what has previously happened
knowledge -Allows  benchmarking  agzinst  external | -Excludes project-speciSic risk
base OTEANIZATONS
Influence -Expozes key rick drivers —HRequires disciplined thinking
diagrams —-Can  pemerate counterinmitgve insights not|-Mot always easy to defenmine appropriate
available through other techniques stmcture
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Interviews —Addreszes ricks in detail —~Time consuming
- {eneratz engazement of stakeholdar: —Faizss pon-risks, conosms, isswss, wormlss 2t 50
requires fltering
Nominal Group  |-Encourages and allows all participants #o|-Can lead fo frusmation in deominant members
Technigue commibate who feel it is moving slowly
-Allows for different levels of competence m
commen lanzuaze
-Toa large extent, auto-documenting
-Provides ideal baze for afinity diagramming
(eroupmg by rsk cateponiss for use n the Risk
Breakdown Smucnme and Foot Cause Analysis)
Post-project -Leverags:s previous exprisnce —Limited to these risks that have ooowmed
reviews/ —Prevents making the same mistakes or missing| previpashy
Lesion: Learned' | the same oppornmities twice ~Information is Tequently Meomplate details of
Histarical —Enhances the Organizatonal Process Assets past risks may oot inclode details of successfal
Information resplufion; imeffactive smategies are ramely
documented.
FPrompi Lists -Enzures coverage of all fpes of sk —Tapics can be fo0 high kevel
—Snmmlates aeatiaty
Questionnaire | -Encourages broad thinking to identify risks —Success depends on the quality of the questions
—Lirnited to the topics covered by the questions
—Canbe a simple reformarting of a checklist
Risk Breakdown |-Offers a famework for other rsk identification | -None
Structure (RBS) | technigues such as brainstorming
-Enzures coveraze of all fypes of msk
—Tests for blind spots or omissions
Foot-Canse -Allows identification of additional, dependent(-Most fsk management techniques are erganized
Amnalysiz risks by individual risk. This crpaniation is oot
-Allows the organiztion to identify risks that| conducive to identifying the root canses
may be related because of their common reot| -Can oversimplify and hide existence of other
Camses. podeniial ranses
-Basis for development of pre-empiive and|-Thers may be po valid smaegy available for
comprehensive responsss addreszing the root cause omce it has been
—{Can serve to reduce apparent complexity identified
SWOT Analysis  |-Emsures egual forus oo both threats amd|-Foruses oo imtemally pemerated risks amising
Oppartmities from organizational swengths and weaknesses,
—(iffers a strocrured approach w identify threatz| exchides external msks
and oppornmities -Tend: to produce high-level gemeric msks, oot
-Foons on mremal (arganizational swengths and| preject-specific
weakneszes) and extermal (pppormimities amd
threats)
System Dynamics |-Exposss mespectsd infer-relations between|-Fequires specialized sofiware and expertize to
project elements (feedback and feed-forward | build models
loops) —Foruses on impacts but dificult to inclode the
-Can gemerate counter-infntive insights not| conceptof probability
avatlable through ofher techoiquss
-Produces overall mipacts of all included events
and risks
TWES Review -Enzures all elements of the project scope are|—Exchides external rsks or those not specifically
comsidered related fo WBS elements
-Provides for risks related to different levels of]
detail (from high-lewel o those related fo
individual work packages)

2.5.2 Risk Analysis

This stage is the key connection between the identification of potential risks of

a project and the management of them, especially the substantial ones. This stage is
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mainly dealing with the evaluation of risks, their possible impacts on the objectives
and how they can be effective by means of risk analysis and measurement methods
(Flanagan & Norman, 1993). An important result of performing this stage is ordering
and giving priority to the identified risks for the necessary supplementary actions.

The necessary required data to perform this stage are those collected in the first
stage, risk identification. Among them, the identified risks, their occurrence
probability and their impacts are the crucial data for evaluation and analysis of the
risks. Both qualitative and quantitative risk analyses must be performed in order to
specify the risks, which deserve a response (Mulcahy, 2010).
2.5.2.1 Qualitative analysis

Qualitative analyses are clearly based on nominal scale and the descriptions that
are given about the risky events and their consequences. Most of the times, this method
of assessment is used, when a rapid, initial evaluation is needed, especially in the case
of not having enough knowledge about the probabilities or impacts of the risks. It is
known as a process without any numbers or measurements. This process is desired to
be performed since it gives priority to the identified risks. The prioritized and ordered
risks will then be employed as the input data in quantitative analysis, involving
probability of occurrence, measurements and impacts. Judgments, comparisons,
rankings and descriptions are all considered as qualitative analyses (Flanagan &
Norman, 1993).

One of the outcomes of this evaluation is identifying the risks that have the most
significant influence on the objectives of the project (PMI, 2013).

Particular aims of performing qualitative risk analysis are evaluating the
probability and the impacts of the risks (qualitatively), separately. By means of this

evaluation, a rapid shortlist of risks will be created, showing the most critical risks to
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be quantified by using numbers and measurements. Having these analyses and results,
another crucial decision can also be made easier, which is whether it is worth
performing this project, or not (Mulcahy, 2010).

Although this analysis is very handy and beneficial, it is usually being employed

in the small or at most medium-sized projects, with comparatively lower complications
(Smith et al., 2006). As aforementioned, qualitative analysis should be performed
when there is a lack of numerical risk data.
Risk Probability and Impact: In each project, besides identifying the potential risks,
it is deeply important to investigate the probability or likelihood of occurrence of each
of them, in addition to the evaluation of their impact on the project’s objectives, i.e.
cost, time, etc. These aims are fulfilled through questionnaires, interviews and
checklists (PMI, 2013).

In this method, risks occurrence probabilities and their impacts are evaluated and
described, using the terms of very high, high, moderate, low and very low. A numerical
scale has also been allocated to these probability levels (from 1 to 5). Two main
definitions are involved in the analyses, which are the risk probability and risk impact.
The first one is obviously showing the possibility of risk occurrence, and the second
one is the impact of the risk on the objective, if it occurs (Mulcahy, 2010).

Tables 2.3 and 2.4 show a sample of scale condition for both probability and

impact of risks (HSE, 2009; NPSA , 2008; PMI, 2013).
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Table 2.3: Scoring scale of risk probability (HSE, 2009; NPSA, 2008)

Pé{;lb:jf Probability Description
Very High 5 Risk event expected to occur
High 4 Risk event more likely than not to occur
Moderate 3 Risk event may or may not occur
Low 2 Risk event less likelv than not to occur
Very Low 1 Risk event not expected to occur
Table 2.4: Scale of influential impacts on different objectives (PMI, 2013)

Defined Conditions for Impact Scales of a Risk on Major Project Objectives
(Examples are shown for negative impacts only)

Relative or numerical scales are shown
SuZbES Very low /1 Low /2 Moderate /3 High /4 Very high /5
Objective
Cost Insignificant cost < 10% cost 10 - 20% cost 20 - 40% cost = 40% cost
s increase increase increase increase increase
Ti Insignificant time < 5% time 5 - 10% time 10 - 20% time = 20% time
L3 increase increase increase increase increase
Scope Scope decrease Minor areas of Major areas of ﬁﬁgiﬁeﬁggglﬁg Prge:;fjcll?\;ggm
barely noticeable scope affected scope affected Sponsr Useless
} - Only very demanding | Quality reduction | Quality reduction | Project end item
Quality Qg::g?ﬁ{gg:;:gn applications requires sponsor unacceptable to is effectively
are affected approval Sponsor useless

This table presents examples of risk impact definitions for four different project objectives. They should be tailored in the
Risk Management Planning process to the individual project and to the erganization's risk thresholds. Impact definitions can be
developed for opportunities in a similar way.

Probability and Impact Matrix: Having done the probability evaluation of risks and
investigating their impacts, they should be arranged in order to meet the project’s
purposes. A very handy tool that is mostly employed to prioritize the risks in

qualitative analysis, is called probability and impact matrix. Determination of each
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risk’s priority is done by multiplication of the risk’s impact, by the risk’s probability.
In the matrix, priorities are shown by different colors, so one can easily understand
how the risks are actually ordered (Westland, 2007).

Risk rating: Risk rating is a number that is allocated to the probability of the risk
occurrence or its impact and is varying from 1 to 5.

Risk score for each risk: Risk score is in fact a numerical value defined for each risk
and is equal to the multiplying impact of risk by its probability.

Risk ranking within the project: Within a single project, risk rankings are done
through comparing the risk scores. The risk with the highest score becomes the first
top-ranked, the second score becomes the second top-ranked, etc. (Mulcahy, 2010).
Table 2.5 show the probability and impact matrix on project objectives (PMBOK,

2013).

Table 2.5: Matrix of probability and impact, affecting the objectives (PMBOK, 2013)

Probability and Impact Matrix

Probability Threats Opportunities
o 5 10 10 5
4 4 3 8 4
3 3 6 -] 3
2 2 4 4 o
1 1 2 3 4 & = 4 = 2 i
1/ 2/ 3/ 4/ 5/ 5/ 4/ 3/ 2/ 1/
Very Low Low Moderste High Very High| Very High High Moderate| Low Very Low

Impact {(numerical scale) on an objective (e.g., cost, time, quality, health and safety)
Each rigk is rated on its probability of occurring and impact on an objective if it does occur. The organization's
thresholds for low, moderate or high risks are shown in the matrix and determine whether the risk is scored
as high, moderate or low for that objective.

After this stage, the risk matrix tool will be employed to show visually the level

of risks by assigning different colors. The high risks (the most critical) in the matrix
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will be colored dark gray that must be definitely considered for the future qualitative
risk analysis or plan risk responses process.

The middle ranges of matrix colors are assigned to moderate risks with light
gray. These risks should also be concerned, and considered in the plan risk responses
process, but the sensitivity about them is not at the same level of the top-ranked ones.

Finally, the risks having the lowest scores will also be indicated in the matrix,
but in a different color, which is medium gray. These risks can be accepted without
any necessary investigations or responses since they have minor impacts and low
occurrence probability (PMI, 2013; Mulcahy, 2010).

It is suggested that each organization should have an agreement on the
interpretation of the risk matrices colors, and must have an established criteria to
decide which risks are accepted, which ones are not and why (Flanagan & Norman,
1993).
2.5.2.2 Quantitative analysis

As aforementioned in qualitative analysis, risks and the ranking of them are done
without employing any actual numerical data. From this viewpoint, opposed to
qualitative analysis, quantitative analysis is performed to provide actual numerical
information about the project’s risk features and impacts by means of real numerical
value of risks’ probabilities and impacts. The essential numerical data of quantitative
analysis are achievable from expert’s estimated or historical databases. Results of this
analysis should be compared to the principles, utilized by managers and decision
makers, to accept or reject a potential risk (Baker et al., 1998).

Some of the practical aims of performing quantitative analysis are to know which
potential risks should be responded. To evaluate the current risk of the project, and

decide about if this level of risk is acceptable for the anticipated outcome of the project,
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estimate the projects future costs, and performance time, if no more risk management

actions are considered to decrease the risks (Mulcahy, 2010).

Figure 2.5 indicates a comparison between the qualitative and quantitative risk

analyses of projects.

4 D) i )
Qualitative Risk Analysis Quantitative Risk Analysis
» Addresses individual risks » Predicts likely project outcomes
descriptively based on combined effects of risks
* Assesses the discrete probability * Uses probability distributions to
of occurrence and impact on characterze the risk’s probability
objectives if it does occur and impact
* Prioritizes individual risks for » Uses project model (e.g. schedule,
subsequent treatment cost estimate)
¢ Adds to risk register » Uses a quantitative method,
» Leads to quantitative risk analysis requires specialized tools
» Estimates likelihood of meeting
targets and contingency needed to
achieve desired level of comfort
* |dentifies risks with greatest effect
on overall project risk
. J \ )

Figure 2.5: Comparison of the outputs of qualitative and quantitative approaches
(PMI, 2009)

It should be implied that the mentioned stages (risk identification, scoring, etc.)
are inter-related and indeed, there is a vital connection between them and the other
stages of risk management. In other words, to have a successful and effective
quantitative risk analysis, a proper model for project must be employed, risk
interactions must be considered, risk data collections must be done unbiasedly and
sensibly, and an operative risk identification and qualitative analysis must be
performed (PMI, 2009).

In the stage of quantitative analysis, it is aimed to measure the risks and their
combinations effects on the project’s objectives, by means of some techniques such as

Monte Carlo analysis, decision trees, and sensitivity analysis. These techniques deal
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with creating a model for the whole project or its key elements, introducing the
identified risks or uncertainties into the model, and analyzing their effects and their
combinations effects on the project’s consequences (Hillson, 2002).

These techniques are listed as follows and will be explained more, in the
subsequent paragraphs.

e Monte Carlo Simulation: Scenario technique

e Decision trees: Diagraming technique

e Sensitivity analysis: Modeling technique
Scenario technique - Monte Carlo Simulation: this simulation technique is used in
predicting, assessing and risk analysis of a project, by considering different states and
generating various scenarios. It can be employed to determine the project’s costs and
how long it will take to be performed. It is obvious that to create an exact and trustable
Monte Carlo analysis, the model must be provided by accurate data. So, this method
is actually based on the statistics, which are necessary to simulate and assess the risks
of a project. In most cases, the data that are being employed in this technique are the
previously obtained data, from earlier similar projects. Admittedly, it is crucial for a
company to develop a database of its projects, including the time schedule and costs
of each single performed step, over the time, in order to use them to set up a more
accurate and trustable risk analysis. Obviously those employed data are also different
and contain different states, i.e. pessimistic, the most probable and optimistic
(Heldman, 2005) .

The most common method of performing this analysis is employing one of the
various known risk simulator software programs, such as Pertmaster and Risk+ or

simply using the popular Microsoft Excel, in which a special function is defined to
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choose data randomly. However, despite being simple and user-friendly, the results
can also be very limited and not adequately general (Mun, 2006).

Diagraming technique - Decision trees: Decision tree is known to be another method
of performing the risk analysis of projects. Based on a graphical model, having a
decision node and a chance node, this technique is mostly utilized in conditions in
which the occurrence possibility of an event is affected, during decision-making
(Flanagan & Norman, 1993; Smith et al., 2006).

The chance and decision nodes in this method represent potential risks and
necessary decisions, respectively. The risky events are connected to each other by
arrows and they can well-illustrate how different events are correlated to each other.
This method is a very popular method, especially when the project has complicated
scenarios.

In this technique, future states and scenarios are considered to make better
decisions and the expected monetary value (probability multiplied by impact) is
calculated for more complicated situations (Mulcahy, 2010).

It should be explained that the expected monetary value is a method of
predicating the cost of project or its performance duration (Mulcahy, 2010).
Modeling technique - Sensitivity analysis: Sensitivity analysis is done to find which
risky events have the maximum impacts on the objectives of project. In a specific risk
event, the greater level of uncertainty means that this risk is more likely to affect the
objectives and is more critical, so stronger actions should be considered for it
(Heldman, 2005).

It is suggested that this analysis be performed in the initial stages of a project, in
order to have a better and more accurate monitoring and concentrating on the serious

issues throughout the project. To perform it by computer software, a model of project
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is needed and its results can be presented in the form of a spider diagram (Smith et al.,
2006).
2.5.3 Risk Response Planning

During this stage, having done the necessary analyses in previous stages, the
major risks are focused and it is tried to find options and effective, suitable actions to
confront with their threats with minimizing them and benefit from their opportunities.
It mainly deals with defining the suitable response actions to the general project’s risks
and the individual potential known risks considering their priorities. This step is
mainly performed by considering the stakeholders’ risk opinions, risk management
plan, and the restrictions and assumptions determined in the previous stages of risk
identifications and analyses. As the responses are decided and applied, due to new
actions, it is more likely to have new risks possibilities, which are known as secondary
risks, and the same stages of analyzing and planning must be done for them as well
(PMI, 2009).

The known response approaches for possible threats are listed as follows. It is
also possible to use a combination of them as well.
Mitigation: This method is known to be the most applicable method and consists of
actions, which lead to reduction of the threats probabilities or the impacts of risks to
an acceptable level. Necessary mitigation actions are likely to consume time and
resources as well. Some of the real mitigation strategies are known as changing the
approach of completing an activity, using more simple processes, increasing time,
changing or adding resources, benefitting from more sophisticated experts, postponing
the activities or reschedule them to be done earlier, or to reduce the probability

(Mulcahy, 2010).
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Avoid: Avoiding a risk means that any exposure to the potential risk is not allowed
anymore. Risk avoidance is implemented when there is no chance for the risk to be
accepted by the organizations or the individuals dealing with it.

To avoid a potential risk, the project plan is changed so that the projects
objectives (cost, time, etc.) are protected from its threats. There are several methods to
avoid a potential risk such as assigning conditions on the bids, not bidding on the high
risk section of project, pre-condition negotiations to assign which party takes certain
risks (Baker et al., 1998).

Transfer: This strategy is not necessarily eliminating the threats of a risk. Instead of
eliminating, transferring a risk passes the threats and concerns of a risk to a third party
or another partner involved in the project. Logically it is suggested that the risk should
be transferred to a portion, which is better and more expert. Numerous methods of
transferring risks are being employed these days, such as using warranties, insurances,
guarantees and etc. A commonly used transferring strategy is done when the financial
impacts of risks are transferred to an insurance company.

Accepting: acceptance of a risk is employed when no other strategy is found to be
feasible and reasonable. It actually means not become involved in the risk, unless it is
occurred. In this case, there must be a balance between the threats and opportunities
of the risk. Acceptance can be either active or passive. In active acceptance, some
contingency or fallback plans are developed and set to be done when the risk happens,
opposite to the passive acceptance in which, no initial plans are made.

Although the threatening potential risks are usually explained more and are
believed to be more crucial, an appropriate risk response is the one addressing the
opportunities of risks as well. Possible responses to opportunities are known to be

exploiting, enhancement, sharing and acceptance. Likewise threats responses, a
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combination of these are also possible. Figure 2.6 is schematically showing the
possible responses to threats and opportunities in a matrix form as a function of risk

probability.

25
s LT}
s | |
o 2 | Mitigate
o af | (Enhance)
Low High
Impact

Figure 2.6: Simple response matrix proposed by WSDOT (2010)

In the matrix (Figure 2.6), high impact and high probability zone means that
immediate suitable action should be taken, i.e. in the case of threats or opportunities,
they should be avoided or exploited. While green zones (low impact risks), do not
require immediate responses.

Outputs of the risk response process plan are as follows:

¢ Residual risks: Which are those remained after the responses, such as accepted
risks, for which their relevant contingency and fallback plans can be made.
Documentation, revision and monitoring these risks must be done throughout the
project.

e Changes in the project plan.

e Secondary risks: Are the risks, which are actually produced by risk responses.
In other words, when a risk response action is decided and taken, it may cause
secondary risks. These risks must also be included in the risk response plans, evaluated

and analyzed and necessary actions should also be taken for them. Definitely, it is not
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accepted that a secondary risk be stronger and more crucial than the initial risk
(Mulcahy, 2010).

e Triggers: Triggers are the initial signals that announce the occurrence of an
accepted risk, so that the project executors or risk owners should become prepared to
handle it by a contingency strategy or in the case of its failure, by a fallback one.

e Contingency plan: Contingency plans include necessary reactions or tactics
that are set to be performed at the occurrence of a risk (Mulcahy, 2010).

e Fallback plans: These plans or strategies are in some ways the next step after
the failure of contingency plans (Mulcahy, 2010).

o Reserves: Reserves are the additional time or cost that are added to the project,
to comprise with the potential risks. Two categories of reserves are called as
contingency reserves and management reserves. Contingency reserves are set to be
dealing with the known unknowns, i.e., the identified residual risks that remain after
risk response planning. Management reserves are applicable to the unknown
unknowns’ risks that have not been identified (Mulcahy, 2010).

e Risk response plan.

2.5.4 Controlling and Monitoring the Risks

As the project is being performed, new facts about it will be revealed so the
project’s risk list changes. New risks might be added and some anticipated risks may
also be deleted. Therefore, it is vital that the risk management plan is kept updated
constantly. In other words, the project manager should guarantee that risk
identification, evaluations and analysis, and the risk responding lists are renewed at
realistic and practical time intervals, or in responding, the new events occurred in the

project.
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Risk monitoring is the group of actions that follows the identified, residual,
secondary and the newly identified risks during the progress of project, besides
controlling the implementation of the decided strategies and assessing their efficiency.
This stage has to be continued in the whole lifetime of the project (Office of Statewide
Project Management Improvement , 2007).

By monitoring and controlling the risks, it is aimed to keep track on the projects’
decided strategies, management and response plans, which are listed in the risk register
(Mulcahy, 2010). To summarize the objectives of this process one by one, a long list
can be provided which includes the following points:

e Implement the risk response plans, ensure compliance and manage process.

¢ Manage the contingency and management reserves.

e Create workarounds.

¢ Control the project risk.

¢ Refine and update the risk register.

e Perform additional risk identification, qualitative and quantitative risk analysis

and risk response planning.

¢ Re-estimate the project.

e Keep stakeholders informed about the status of risks on the project

(communicate about risks).

o Create lessons learned.

¢ Evaluate the risk impact of scope, schedule, cost and other change requests.

The following activities are part of the monitoring and controlling risks process:
(Mulcahy, 2010)
¢ Managing the risk management plan and risk response plans.

e Watching for triggers.
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¢ Keeping track of the identified risks.

e Managing the reserves.

e Ensuring the execution of the risk management plan and risk response plans.

¢ Dealing with risks that were not identified.

e Performing risk audits.

e Performing risk reviews.

e Coming up with additional risk response planning ideas.

¢ Taking corrective actions to adjust to the severity of actual risks.

¢ Revisiting non-top risks to see if the rankings of non-top or even top risks need
to change or if risk responses need to be determined.

e Collecting and communicating risk status.

e Communicating with stakeholders about risks.

e Determining if assumptions are still valid.

¢ Looking for the any unexpected effects or consequences of risk events.

¢ Monitoring residual risks.

e Identifying new risks.

e Reviewing all workaround situations to see if they provide insight into the
existence of additional risks.

¢ Updating the risk register.

e Making changes to the project management plan when new risk responses are
developed.

¢ Creating a database of risk data that may be used throughout the organization
on other projects.

¢ Recording results of team meetings and other meetings.

e Reviewing results from other projects not yet formalized into lessons learned.

38



e Re-evaluating risk identification, qualitative and quantitative risk analysis

when the project deviates from the baseline.

2.6 Summary and Conclusions

In this chapter, the main concepts of the project risk management were explained
in detail, and some of the most important international practices done so far in risk
management of construction projects were introduced.

In order to prevent misunderstandings or confusions in the following parts of
this thesis, the main terms of project risk management (such as “project”, “risk”, “risk
management”, etc.) were precisely defined.

After an introduction to the main steps of the Risk Management Process (RMP),
different available tools and techniques of risk identification and analysis were
introduced and compared. In the following chapter, the chosen method will be

described.
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Chapter 3

METHODOLOGY

3.1 Introduction

In spite of the fact that the importance of RMP (Risk Management Process) is
well known in Iranian construction industry, this process is not efficiently employed.
Many improvements have to be done in this field, especially considering the
significance of having a general efficient controlling system, on the project.

This research is mainly focusing on the managing process of steel-framed
structures in Iranian construction projects. This type of buildings was chosen mainly
due to their popularity and advantages. Risk management was planned to be studied
for five stages of a construction work including earthwork, reinforcement, formwork,
concrete work and steel structure, to develop the risk management successfully, by

means of an appropriate method.
3.2 Research Method

The first stage of risk management, which is risk identification, will usually
provide a long list of risks, like a checklist, which is indeed difficult to manage.
Prioritizing these identified risks is a method employed to simplify their management
by ordering them from the most critical to the least critical one. However, this
arrangement will also not give a proper perspective about the structures of the risks
(Hillson, 2002).

Structuring a large amount of data is always known to be the best method to deal

with them and manage them. To do so, Risk Breakdown Structure (RBS) was
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employed to classify the identified potential risks into various levels. According to
Hillson (2003), RBS is defined as a source oriented classification, which arranges and
specifies the total level of project’s risk exposure. A hierarchical structure is adopted
by the method in which, each level shows more and more information about the risk
sources.

It is worth explaining that risk management focuses on identification of work
packages’ risks and associated activities, besides the overall risk of the project
(Mulcahy, 2010). Hence, projects’ risks must be identified considering the area that
the project is affected. Regarding this, WBS diagrams are handy tools that are
hierarchical decomposition structure of a project tasks. They can be applied at diverse
detail levels, i.e. project, tasks, etc., and establish the basic outlines of risk
identification. Similar to WBS, RBS can be employed to arrange the identified risks
(Hillson et al., 2006).

The methodology of this research work is based on combination of these two
methods in order to generate efficient risk identification. To clarify more, a RBS is

shown in Figure 3.1.
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Figure 3.1: A risk Breakdown Structure

Generally, it seems that it is difficult to find an adequate method of risk
assessment of the projects. However, these days, most of the construction companies
are more motivated to perform qualitative analysis instead of quantitative analysis. The
reason of this preference is the high time consumption of quantitative analysis, the fact
that they need more sophisticated experts, to be performed truly and also they are not
always required in risk management (Mulcahy, 2010).

It has been shown that qualitative analysis is more user-friendly, cost-effective
and rapid compared to quantitative analysis (Banaitiene & Banaitis, 2012). Therefore
in this research, qualitative analysis by means of probability and impact matrix has
been chosen to be implemented.

Furthermore, checklist and questionnaire survey were chosen and designed as
main data collection techniques.

The processes of these techniques are described in the next paragraphs.
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3.3 The Process of Questionnaire Survey and Checklist

In the first step, a questionnaire including 24 questions was prepared to evaluate
the knowledge of Iranian construction practitioners who participated in the survey,
about concept of risk and risk management (A sample of the questionnaire is in
Appendix A). In the second step, a checklist was prepared in 2 languages of English
and Persian, which contains 105 identified risk events in different categories. The
checklist also contains some columns for risk assessments and analyzing them. In the
checklists, the participants were asked to score the potential risks’ impact and
occurrence probability, from 1 to 5 (See Appendix B). Furthermore, each risk’s score
is equal to the product of risk’s impact and probability. In the procedure of risk
management, arranging and categorizing the risks was done, based on the scores.
Afterwards, these data were put in the matrix of probability and impact (PIM), in order
to find the priority level of each identified risk and determine whether the risk is scored
as high, moderate or low for that objective. The average risk scores and each risks

percentages, total risk percentages, and the risks ratings are shown in the next chapters.

3.4 Risk Analysis: Qualitative Method with Probability and Impact

Matrix

A checklist was sent to participants, aiming to concentrate on the identified risks,
to assign a matrix of probability and impact.

The risks’ occurrences probability, and their impacts on the project objectives,
were evaluated by the survey participants. The employed scale to evaluate individual
risks’ levels of probability and impact on the four specific objectives is presented in,

Table 3.1 that was adapted from the PMI (2013), PMI (2009), and HSE (2009).
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Table 3.1: Defined conditions for probability and impact scales on major project
objectives (PMI, 2013; HSE, 2009; PMI, 2009)

Impact on project objectives
Scale Probability
Time Cost Quality Health and Safety
. o . Project end item is effectively | Multiple deaths or sever
VeryHigh/5| 61-99% »20% time increase | >40% cost increase )
useless permanent disablement
Quality reduction Death or extensive
High/ 4 41-60% | 10-20% time increase| 20 —40% cost increase il o
unacceptable to sponsor injuries
uality reduction requires Medical treatment
Moderate/3| 21-40% | 5-10% time increase | 10— 20% cost increase Quality 4 )
sponsor approval required
- L20% s time 0% cost Only very demanding First aid treatment
ow - ime increase cost increase applications required
Insignificant time Insignificant cost Quality degradation barel
Verylow/1| 110% g_ g_ El g_ 4 Na injury
increase increase noticeable

As aforementioned, the likelihood and impact of the risks were scored, according to a
proposed scale, from 1 to 5. In table 3.2, risks level are shown that was adapted from
PMI (2013). Those risks, placed in the top right corner of matrix, are having the
deepest negative impact, on the objectives (dark gray colored). The risks placed in
bottom left corner, the medium gray colored cells, are the low impacting ones. Lastly,
the light gray zone of matrix is including the moderate risks, that need to be focused,
but they are not as essential as the highly impacting ones.

One of the benefits of this matrix is to simplify the decisions, against the

evaluated risks.
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Table 3.2: Probability and Impact Matrix (PMI, 2013)

Probability Threats
'.fer?ingh s 19
NERE
Mogﬁgrstﬂ s 8
2'JIrLu'.'f Z 4
,l,:é el 1 2 3 4 5
1/ 2/ 3f 4/ =7
Very Low Low Moderste High Very Highi
Impact

Finally, the results were combined based on the probability and impact matrix.
To arrange the crucial risks considering the project objectives, the outcomes will be
presented separately in four different tables. The first one shows the most critical risks,
which impacts on the objective of time, while the other tables are showing the identical
results for the cost, quality and health and safety.

It is suggested that each organization should have an agreement on the
interpretation of the risk matrices colors, and must have an established criteria and
threshold to decide which risks are accepted, which ones are not and why (Flanagan

& Norman, 1993).
3.5 Risk Response Planning Framework

The four most common actions which are mostly done against the potential
identified risks (avoidance, mitigation, transfer and acceptance), were explained in the

previous chapter, completely.
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According to the PMBOK (2013) and Mulcahy (2010), high-risks located in dark
gray area with the largest numbers in the probability and impact matrix, should
definitely be moved into the plan risk responses process. Moreover, moderate risks
which will be located in the light gray area, with intermediate numbers, require
management, control, and attention, and might be decided to be moved into the plan
risk responses process. Finally, low-risks which are displayed in the medium gray
color, with the smallest numbers, are risks that can be accepted, without further
investigations or responses and simply be documented.

This research will consider risk responses, only for risks with high exposure
(high-risks) on project objectives (time, cost, quality and health and safety).

In the next chapter, data collections, analysis and explanations will be presented

about the chosen methodology, and methods of adopting it, in this research work.
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Chapter 4

DATA COLLECTION AND ANALYSIS

4.1 Introduction

This chapter is mainly about presenting the collected data, which were gathered
by means of checklists. Checklists were chosen to be the data collecting tool, because
of the fact that the objective of this research is to find the likelihood and the effect of
each identified risk on the project objectives, and to understand how risk management
techniques work. Especially according to PMI (2013), employment of checklists to
collect data is a suitable and quick method for descriptive determinations.

The potential risks that have been identified according to various viewpoints of

participants in the survey have been summarized and presented in this chapter.
4.2 Checklist

Iran is known to be a developing country, with a wide range of valuable natural
resources and therefore, it has a great potential for attracting investors to different
sectors, among which the construction sector is known to be a key sector. Not
surprisingly, due to high potential risks associated with this sector, construction
companies face with various types of risks and have to employ applicable methods and
techniques to manage the risks.

However, unfortunately due to lack of adequate information in this field, except
for a few ones, a large portion of Iranian companies have not paid enough attention to
the importance of risk management which is going to be the main discussed topic in

this research.

47



To obtain a better knowledge of how the Iranian contractors perform the process
of risk management, 35 members of top Iranian construction companies were chosen
and asked to participate in the survey. All of the chosen companies were confirmed by
Iranian Central Building and Construction Engineering Organization and prepared
checklists and questionnaires were distributed among their members, which
afterwards, it was found that their average job experience is 16 years.

Among the total number of companies (35), 20 of them participated and
answered the questionnaires and checklists, and 15 of them did not, which means that
totally, there are 20 valid checklists. The average response rate was found to be 57.1%.
Table 4.1 shows checklist description and respondent’s profile. In Appendix E, there
are more detailed information about the participants’ names, job experiences, their

company names, and etc.

Table 4.1: Respondent Profile and Checklist Explanation

Total Number of Checklist and Questionnaire 35
Total Number of Valid Checklist and Questionnaire 20
Total Response Rate (%) 57.1
Average Job Experience (Years) 16

Total Number of Project Managers

Total Number of Site Supervisors

Total Number of Consultants

Total Number of Structural Engineers

Total Number of Site Managers

Total Number of Executive Directors

PN N W w| s | o

Total Number of Technical Office Engineer
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4.3 Analysis and Results

4.3.1 Risk Identification

As explained previously, various approaches can be employed to identify the
risk in different projects. Between the methods, using checklists and reverting to the
recorded historical data are known to be more popular in construction projects’ risk
management performance, especially that they are very useful in methods
documentation. Besides these, negotiations and referring to the experiences are also
performed to gather information.

Table 4.2 shows the results of the checklists consisting the most important
identified risks, which are commonly occurring in Iran. These risks have been prepared
in the form of a checklist to find out more about the first step of risk management.
Also, all the reliabilities were evaluated by means of SPSS software. Appendix | shows
the SPSS assessment results. It is worth mentioning that there were also different

methods of identifying risks between the team members of the projects.
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Table 4.2: The most important identified risks with their Risk Breakdown Structures

Risk Analysis [ RBS &WBS)

Risk Categories

Level O

Level 1

Level 2

Level 3

Risk Events

Feasibility[Phase )

Unavailability of needed information,code and standards.

Litigation conflict with neighbor of the project.

Project Funding difficulties due to bad financial situation of financier [s).

Delay of bankin project fund allocation.

Poor arincorrect estimation in market, technical & financial analysis.

Poor preliminary assessment and evaluation of different possibilities of treatment measures for ground and groundwater.

Contract | Phase )

Delay in contract issue by owner of the project.

Inconsistency or mistake in contract documents.

Any problem or conflict of contractor(s),subcontractor [s),owner [s),project manager and all the stakeholders with contract.

Allocation of risks to the contractor [s),5ubcontractor (s),owner [s),consultant(s),desiner|s),etc is not mentioned or is not clear inthe
contract.

Mon standard or inappropriate contract form | type or form of the contract is not standard or compatible with laws).

Design &
Specification

The lack of a precize definition of the project and defects in the project documents such as project charter, project scope statement, etc.

Lack of consistency between bill of quantities  drawings and specifications.

Inaccurate or incorrect estimation of time, cost and resources in accordance with WBS.

Incompatibility of architectural, structural and mechanical,etc plans [ Not coordinated design ).

Poor or incorrect technical design due to incorrect or insufficient available information | geological ,gectechnical,..).

Design is not appropriate with the project objectives or requirement of the project.

Incorrect orinsufficient design data.

Change indesign due tochange in design standards during design process.

MMistake of designer (z)in calculations ,analysis and evaluations.

Delay in presenting design results or design drawing.




Project Risk

Internal Risk

Project

Unavailability [ lack)ar high price of needed equipments due to economic conditions in praject region ar country,

Resources  |Unavailability [ lacklor high price of manpower dus to economic conditions in country,
[Price & Availablity |Unavailabilivy [ lacklor high price of materials due to economic conditions in project region or country.
& Quality ) Paoar quality of needed materialz equipment. contractor(s] and subcontractor(s] in project region.
Unavailability or lack of needed experts | prafeszional managers and experienced contractors in project region.
Poor communication in project between different stakeholders.
Ay problem related to poor monitoring and controlling the quality of tasks execution in project.
Hny change in management strategies, principles or change of managerls] of the projectawnerls) and general contractorlz).
Applied schedule by inexperienced project manager is not consistent with the desired cost .scope and quality of the praject [
inconsistent cast time,scope and quality abjectives).
Management

[ Project view )

Damage to persans, properties and materials due ta poar health and safety management of the project.

Schedule compression techniques such as Fast racking and crashing may resultin incre ased risk.

Lack of consideration of contingency reserve and management reseve in estimating cost and time of the project to encounter
with known-unknown and unknow n-unknow nrisks.

The praject organization chart has nat sufficient detail to identify the key personnel and their rales and responzibilities.

Scope creep.

Implementation

Delay in pavment to contractor(s] during project implementation phase.

Strike during implementation phase.

Delay of contractor in final biling presentation due ta poor perffarmance of personnel.

Irregular or inadequacy of site inspection by consultant(s] during implementation phase.

Ay problem due to poor inspection of work by contractar [ Technical mistakes .etc)during implementation phaze.

Project 5takeholders

Skill deficiency af praject manager(s].contactorz], subcontractor s ow nerls),consultant(z] ete in internal management.

Delay in approving the contractor(s] work by consultantis) or owner(s] of the project.

Incompetency of contracton'subcontractor due to lack of experience. .equipments .enough qualified experts and labors.

Ay problems and conflict betw een different partners of the praject.

Financial difficulties of contractar(s) and owner(s] of the project [ Prablems to pravide project funds ontime] .

Late dezign wariations by owner(z] of the project or late changes requested by stakeholders .

Delay in decizion making of the project by inesperienced ownerl(s].

Praoject manager and functional manager(s] to rezign.

Delay in materials deliveries by suppliers [ Supplier's incompetency to deliver materials on time].




Activities

Adjacent structures collapse [ Callapze of neighbouring buildings 1 due ta inadequate retaining w alls.

Landslides due to hard rains during excavation phasze which may lead to collapse of neighbouring buildings.

Ground collapse.

Collapze of excavation sides due to instability of encavation.

Activity A - -
t"r. 4 person being trapped by the collapse of an excavation.
[ Earth work ) - - -
Encavation machinery fallz from unpratected edges [ Machinery crashes).
Manpower's falling into an excavation.
Contact with underground cables [ eszential services land cutting them during excavation phaze.
Exposure to underground w ater during excavation.
Injuries fram warker's stumble and falling on the exposed steel rebars [ Pratruding rebar ends).
Heawy lifting of rebar is a potential rizk Factar,
. Corrosion of steel rebars.
Activity B

[ Reinforcement )

Injuries from cutting and bending rebar.

Manpower's slip and Fall inta reinforcement mesh [ Slips & Trips ).

Manpower's damage by reinforcement wire and rebar s sharp edges.

Eack bending and high hand farce with repetition and awkw ard posture while tving rebars.,

Activity C [Formwaork |

Farmwark collapse during and after pouring concrete due to inadequate support and low strength ta stand the pressure or weight
of fresh concrete and vibration pressure ete.

Falling objects from height.

Manpower's falling from edges of Formw ork frames during their erection,

Sate warking load esceeded during lifting equipments and materials such as lumber, plywood forms et [ Heavy lifting).

Deflection of slab after pouring concrete due to inadequate and inappropriate props installations,ete.

Imjury from manually handling the farm ply sheets.

Collapze of slab due to early remeoval of the Farms props.ete.

Imjury of worker's due to slip onta Form ply sheet [ Slips & Trips).

Activity D
[Concrete Work)

Collapze af fresh concrete container (bucket barrow ete. ] during pouring operations.

Delay in delivery of ready mized concrete during pouring concrete.

F ailure of suppart systems or platform during pouring concrete.

Conecrete cracks [ Tupes of concrete cracks such as shrinkage crack, Tension crack etc).

Contact of wet concrete with eves and skin during pouring concrete.

Manpower's falling down from openings or void spacestducts and edge of the wark area.

Back bending due ta hand trow eling and manual screeding during pouring concrete [ Slab & Foundation).

Eeing struck by objects [equipment & materialzs] such as conerete buckets. chutes ete.




Instability and collapse of structure due to inadequate temporary bracing during steelwork.

Collapse of structure due to inappropriate and poor welding of joints (between column,beam and bracing ) during erection.

Failure of lifting equipments.

Being struck by objects such as steel members | fall of construction materials and tools )

Prabability of fire due to welding operation{Welding spatter,grinding spark in flammable environment).

Activity E Injury of third parties and workers during steel structure erection.

( Steel Structure ] |Crane overturn due to overloading.

Manpower's falling from the height during erection of steel structure.

Collapse of structure due to members failure from temprary loading | Unexpected heavy winds) during erection.

Crane slings or chains may be released during erection steel structure erection [ columns,beams,etc.)

Weld failure due to poor quality or lack of testing.

Fabrication errors [ angles,etc.) and incomplete fabrication | missing components).

Environmental | Unexpected Weather |Any unwanted weather conditions such as very cold,very hot,windy,rainy weather and snowy weather .
Risk

Natural Hazards Natural disasters such as earthquake,flood,landslide,fire,storm and glacial weather,etc.

External Risk { Project View)

Market fluctuations | Low market demand , change in market demand ,etc).

Inflation rate unpredictably increasing.

Economic & Financial |Economic slowdown or economic crisis .

Interest rate fluctuation.

Country Risk Exchange rate fluctuation.

" Any change in political situation such as sanction,etc.
Political

Political conflict with other countries.

Unwanted changes in laws and standards.

Legal & Regulation - - — - - - -
Delay of government to issue the project permissions { Requirement for permits and their approval take longer than expected ).




4.3.2 Risk Analysis

In this stage of risk management process, as mentioned before, to evaluate the
identified risks, qualitative methods were employed because of their advantages
comparing to the quantitative ones. It is shown that various methods are being
employed to rank the risks, when analysis are performed. Nevertheless, most of the
companies (participants in the survey), preferred to refer to the previous employed
techniques and actually, except six companies, the others did not have any knowledge
or experience about a structured risk management technique.

However, it was also found out that many companies were managing and dealing
with different risks successfully without employing any organized risk management
method, but by following their own acknowledged methods. These methods also have
been decided to be approached by well-structured risk management methods. To do
this, probability and impact matrix and qualitative methods were employed.

The results of risk identification were prioritized; the average risk scores and
each risks percentages, as well as the total risk percentages and the risks ratings based
on average risk scores of each objectives are shown in Tables 4.3, 4.4, 4.5, 4.6 and 4.7
separately.

Moreover, the general risk score, based on cumulative score of the projects’
objectives and the general ranking of risks are available in Tables 4.3 and 4.8.
Moreover, Figure 4.26 indicates the total percentages of risks compared to each other.

The risk significant index was used in this research, established by (Shen, et al.,
2001).

Considering the effectiveness of risks on specific project objectives, the

significance score, evaluated by each respondent can be calculated by Equation (1).
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k _ k
i = By (Eq.1)

In which; r is the significance score of risk i, evaluated by respondent j, on the
project objective k ; k is the ordinal number of project objective, varying between 1 to
4; 11is the ordinal number of risk, varying between 1 to 105 and j is the ordinal number
of valid feedback to risk i, j= (1, n=20); n = total number of valid checklists; 5 = level
of impact of risk i on project objective k, assessed by respondent j and o = likelihood
occurrence of risk i, assessed by respondent j;

The average score of each risk considering its impact on a specific project
objective, can be calculated by Equation (2).

This average score is called the risk significance index score, and will be

employed to arrange all risks impacts, on a particular project objective.

n k n

Rf = E— ZZ ;B (Eq.2)
j=1

In which R is the significance index score for risk i on project objective k.
(Awverage risk score for risk i on project objective k). The complete calculation process

is available in Appendix F.
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Table 4.3: Identified risks arrangement

Average Pereent) Total Average | Percent Total Average | Percent Total Total
_ Risk, |0 o2l | Pt | g | ofeach [T [ Riske | ofieach | Risk Score CTCClid8
No. Risk Events Score ns.k Dfnlsks Score | risk (%) of risks Seote |1k (%) of risks ‘eRuk
(%) | () (%) (%) Score (%)
Time Cost Quality Overall

1 |Unavailability of needed information code and standards. 33 | 06137 495 | 0334 34 | 0.7463 6.33 | 1.1594 5452025 | 0.6973496

2 |Litization conflict with neighbor of the project. 38 | 0.6738 295 | 0331 27 03732 315 | 05376 3734225 | 047753329

3 |Project Funding difficulties due to bad financial situation of financier (s). | 9.35 | 1.1083 6 | 0.6732 343 | 07334 33 | 03841 63719 | 0.8148731

4 |Delay of bank in project fund allocation. 6 |06971 89 | 09987 5| 06012 405 | 0.7169 624918 | 0.799179

5 |Poor or incorrect estimation in market technical & financial analysis. 111 |123% 10.75 [ 1.2062 6.7 | 0.9262 325 | 03733 3401015 | 1.085377

6§ |Poor preliminary assessment and evaluation of different possibilities of tr{ 363 | 1.0049 10.15 | 11389 i3 (o7 39 [ 06903 740927 | 09473376

T |Delay in contract issue by owner of the project. 124 | 1.4406 94 [1.0343 373 | 05184 32 [ 05664 1.732263 | 0.9914016

| 8 |Inconsistency or mistake in contract documents. 119 | 13825 15.15 1.7 1165 | 1.6105 445 | 078717 114077 | 14388734

9 |Any problem or conflict of contractor(s),subcontractor (s),owner (s)projd 3.1 | 0,941 835 09333 18 | L0782 415 | 07346 TAILLS | 0947778
Allocation of risks to the contractor (s),subcontractor (s).owner

10 |(s),consultant(s), desiner(s).etc is not mentioned or is not clear in the 144 | 1673 18.63 [ 2.0027 1373 [ 1.9007 4% | 0.54% 13.70392 | 1.7527873

contract.

11 |Non standard or inappropriate contract form ( type ot form of the contrac] 693 | 0.8074 6.8 | 0.763 325 | 07257 335 | 0393 3.83203 | 07438316

17 | Phe lack of a precise definition of the project and defects m theproject | 5 | ; 33, 141 | 13821 13.15 | 18178 13 | 07611 12278223 | 15702039
documents such as project charter.project scope statement etc.

13 |Lack of consistency between bill of quantities drawings and specification] 3.9 | 1.034 74 | 0.8303 175 | 10713 3103487 7108235 | 0.90903%6

14 |Inaccurate or incotrect estimation of time,cost and resources in accordand 199 | 23119 186 | 20871 18.2 | 2.315% AT | Lo0sg 1647419 | 2.1068086

13 | Incompatibility of architectural, structural and mechanical ete plans (Not{| 17.1 | 1.0866 1647 [ 1.8438 173 [ 23013 4% [ 08404 14.670015 | 1.876081

16 |Poor or incorrect technical design due to incorrect or insufficient availably 745 | 0.8633 13 [ 08416 133 | 1016 46 | 08142 6.0103% | 0.8837637

17 |Design is not appropriate with the project objectives or requirement of thy 4.05 | 04703 445 | 04983 425 | 0.3873 19 | 0.3363 3.814045 [ 04373738

13 |Incorrect or insufficient design data. 1625 |1.8879 167 | 1.8730 1635 | 22800 41 (07257 14.182275 | 1.8137061




19 |Change in design due to change in design standards during designprocel 7 [0.8132 7 | 07833
20 [Mistake of designer (s) in calculations analysis and evaluations. 895 |1.0398 885 | 0993
21 [Delay in presenting design results or design drawing. 835 |09701 365 | 0.634
22 (Unavailability ( lack)or high price of needed equipments due to economic| 62 |0.7203 32 | 03833
23 |Unavailahility { lack)or high price of manpower due to economic conditio] 63 | 0.7319 64 | 07181
24 |Unavailability { lackjor high price of materials due to economic conditiong 17.1 | 1.9366 187 | 20983
23 395 | 06013 39 | 0662
26 (Unavailability orlack of needed experts | professional managers and exped 44 | 03112 485 [ 0342
27 (Poot communication in project between different stakeholders. 565 | 063564 545 [ 06113
23 [Any problem related to poor monitoring and controlling the quality of tas] 15.35 | 1.7833 1175 [ 19917
29 [Any change in management strategies, principles or change of manager(s] 44 |03112 43 [ 03048
Applied schedule by inexperienced project manager is not consistent
30 |with the desired cost scope and quality of the project (inconsistent cost| 101 |1.1734 1035 | 1.1838
fime.scope and quality objectives) .
31 |Damage to persons, properties and materials due to poor health and safef] 833 | 0.9701 74 | 0.8303
32 |Schedule compression techniques such as fast tracking and crashing may] 7.6 | 0.8388 1015 [ 11389
Lack of consideration of contingency reserve and management reseve in
33 |estimating cost and time of the project to encounter with known- 129 |1.4987 13.75 | 17673
unknown and unknown-unknown fisks.
34 | The project organization chart has not sufficient detail to identify the key] 3.5 | 0.4066] 7g379 | 343 [ 03871
33 |Scope creep. 385 | 0679 385 | 06564
36 |Delay in payment to confractor(s) during project implementation phase. | 16.65 | 19344 1625 [ 18234
37 |Strike duning implementation phase. 3103602 32 103391
33 |Delay of contractor in final billing presentation due to poor peformance d 34 | 06274 333 | 046228
3% |lrregular of inadequacy of site inspection by consultant(s) duning mplemy 475 | 0.3318 445 | 04983
40 [Any problem due to poor inspection of work by contractor | Technical mi| 163 | 1.9169 1637 | 1.8346

525 [07257 285 [ 03045 5811905 [0.7432579
005 | 1231 34 [ 06018 7912305 | 10118799
355 | 04907 275 | 04368 5375305 | 06874346
555 07672 23 o4 502705 [ 0.6428832
545 07534 235 | 0416 5302355 | 0.6896201
154 | 21288 125 | 07523 1477520 | 1880541
705 | 09746 185 | 08385 500006 | 07662071
115 105737 20 0313 110328 | 05362504
61 [ 08432 255 | 04514 512189 | 0635015
1685 | 23203 89 [ 15734 15210345 | 19431813
385 0530 355 | 06284 1140095 [ 0.5204378
3 | 11059 505 | 08939 8703005 | 11244971
605 | 08363 1105 | 19559 802521 | 10263073
35 | 1016 535 [ 0047 7883275 | 1.0081559
1275 | 17625 53 [0 228628 | 1571236
205 102834 | 93700 | 245 [04337] 150 | 208405 [0.3766162
505 | 06981 205 |03 5120275 | 06348083
1425 | 19699 515 | 09116 13823435 | 17678157
31 [ 04285 35 | 06193 320332 | 04096379
195 | 06843 27 0419 183471 [ 0.6182880
395 | 034 36 06372 1257605 | 0.3444856
1635 | 22878 85 | 13046 1497988 | 19157082




41 | 3kll deficiency of project manager(s) contactor(s), subcontractor(s),owney 46 |0.3344 48 | 0538
42 |Delay in approving the contractor(s) work by consultant(s) or owner(s) o 393 |0.6913 643 | 0.7237
43 (Incompetency of contractor/subcontractor due to lack of experience equi 973 | 1.1327 99 | L1109
44 (Any problems and conflict between different partners of the project. 12 13941 121 [ 13577
43 |Financial diffieulties of contractor(s) and owner(s) of the project { Problen] 1733 |2.0382 17.7 | 19861
46 |Late design vanations by owner(s) of the project or late changes requesty 179 | 2.07% 13.55 | 1.7443
47 |Delay in decision making of the project by inexperienced owner(s). 075 11317 74 03303
43 (Project manager and functional manages(s) to resign. 725 |0.8423 7| 07853
40 (Delay in materials deliveries by suppliers ( Supplier's incompetency to dell 164 | 1.9033 16 | 1.7933
30 | Adjacent stuctures collapse ( Collapse of neighbouring buildings ) duet{ 17.7 |2.0363 175 | 1.9636
31 |Landslides due to hard rains during excavation phase whichmay leadtod 63 |0.7319 115 | 0.8023
32 |Ground collapse. 515 05983 495 | 03354
33 [Collapse of excavation sides due to instability of excavation. 43 |0.49% 48 | 03386
34 | A person being trapped by the collapse of an excavation. 42 04370 495 10334
33 |Excavation machinery falls from unprotected edges ( Machinery crashes)| 363 [0.6364 .85 | 0.76%6
36 | Manpower's falling into an excavation. 4635 (03402 473 | 0333
57 |Contact with underground cables ( essential services )and cutting them df 1613 | 1.3763 15.45 | 1.7336
58 |Esposure to underground water during excavation. 36 |04182 41 | 04601
39 (Injuries from worker's stumble and falling on the exposed steel rebars (P 303 [0.3367 12 | 08070
60 |Heavy lifting of rebar 1s a potential nisk factor. 233 02963 23 | 02803
61 [Corrosion of steel rebars. 28 |0.3253 3 | 0.3366
62 |Injuries from cutting and bending rebar. 28 03233 28 03142

3 |Manpower's slip and fall into reinforcement mesh ( Slips & Trips ). 245 |02348 305 | 03422
64 (Manpower's damage by reinforcement wire and rebar's sharp edges . 36 |0.6306 61 | 0.6843
63 |Back bending and high hand force with repetition and awkward posture w| 283 | 0.3311 36 | 04030

5 [ 04912 47 | 0.8319 47719 | 06102364
343 | 04768 24 | 04248 4841615 | 0.6191719
17 | L0644 8.1 | 14338 8.598723 | 11508037
1245 | 1721 31 [ 08027 10.833145 | 1.3879339
1685 | 23431 11 1847 1623248 | 2.0738974
128 | 17694 46 |03142 13.524995 | 1.72964%
46 | 06339 205 0321 6.571613 | 0.8404137
6.33 [ 0.9034 36 | 0.6372 6.3313 | 0.3096309
95 [ 13152 305 | 0.893% 1253078 | 1.602304
1215 | 16796 18 |3.1881 16373003 | 2.0941243
463 | 06428 6.6 | 1.1682 §.21171 | 0.7943871
345 [ 04789 6 | 1062 4844365 | 0.6193236

3004147 43 ] 0.7963 417401 | 0333793
15 | 02458 315 | 09116 4024835 | 0.314733
425 | 03873 6§23 [ 1.1063 3779373 | 07391233
175 | 02419 32 (082 4091125 | 0.3231932
7% | 10821 72 1274 1231763 | 1.3752452
26 03594 1§ | 0318 317385 | 0.4038801
43 | 0.3%44 1065 | 1.3831 6.341715 | 0.8363899
195 | 0.2694 413 [ 07348 208963 | 0.3439644

[ 04912 23 (0401 3.23882 | 04205921
235 | 03323 315 | 03376 2803275 | 0.3387338
22 0301 41 07257 287271 | 03673777
36 | 04978 375 [ 10178 3.20806 | 06773446
23 | 03178 423 | 07323 3.198815 | 0.4090813




Formwork collapse duning and after pounng concrete due to inadequate

66 |support and low strength to stand the pressure or weight of fresh 138 | 18336 127 | 1423 152 | 21012 § | 14161 1329783 | 1.7003983
concrete and vibration pressure ete.
67 |Falling objects from height. 363 |0.6364 18 | 0.8732 405 05399 §63 | 13311 643636 |0.8236743
63 [Manpower's falling from edges of formwork frames during their erection. | 33 | 08137 64 (07181 245 | 03387 16 | 13433 5.371203 | 0.6863988
69 |Safe working load exceeded during lifting equipments and materials such| 385 | 04473 6 | 06732 27 103732 6.3 | L1131 4661403 | 0.3961237
70 (Deflection of slab after pourning concrete due to inadequate and inappropd 1343 | 13628 141 | 13821 1713 | 23700 803 | 14140 13.51608 | 1.7283093
71 | Injury from manually handling the form ply sheets. 25 |02904 32 03501 23 | 03436 395 | 0.6992 297433 | 0.3803734
72 |Collapse of slab due to early removal of the forms props etc. 72 |0.8363 695 [ 0.7793 3.3 | 0.7603 735 | 130 6.749443 | 0.8631336
Percent| Total Percents Total -

_-'l.\-'gmge age of |Percenta A\-'e.mge o Percenta  Pemcentg

No. Risk Events SP::; j:f f: sz g;:; _ &?ch} i:,g Aisk Scare s: l%hsl;i
e | ™% e e

Time Cost :

73 |Injury of worker's due to skip onto form ply sheet ( Slips & Trips). 47 | 0346 415 | 04637 335 [ 04907 635 | L1M 457131 |0.5846039
74 |Collapse of fresh concrete container (bucket barrow ete.) dunng pounng 4 325 (03778 30 04376 3400y 30| 10443 3.068245 | 0.5074807
73 |Delay in delivery of ready mired conerete during pouring concrete. 6.7 (07784 633 | 0.733 17 | 10644 43 [ 07611 6.447343 | 0.8243214
76 |Fatlure of support systems or platform during pouring concrete. 615 |0.7143 705 (07911 133 | 1016 6.7 | 11830 6.800843 | 0.8607280
77 |Conerete cracks | Types of concrete cracks such as shnnkage crack Tens] 365 | 1049 1045 | 1.1726 1125 | 13532 63 | 11131 0.338625 | 1.1963316
73 |Contact of wet concrete with eyes and skin during pouring concrete. 28 103233 303366 33 | 04362 395 | 06992 3.19096 | 0.4080772
79 (Manpower's falling down from openings or void spacesdducts and edge| 335 | 0.6216 66 | 0.7406 235 103323 6.8 | 12036 531913 | 0.6802391
30 (Back bending due to hand troweling and manual screeding during pourind 6 | 0.6971 535 | 0.6003 415 103737 345 (09647 5.26638 | 0.6733188
31 Being struck by objects (equipment & matenals) such as concrete bucket] 283 | 03133 32 [ 03833 215 02912 31 [ 09027 3773865 | 0.4828781
82 |Instability and collapse of structure due to inadequate temporary bracing| 16.1 | 1.8703 152 | L7036 1025 | 14169 161 | 2.8498 14442835 | 1.3470343
83 |Collapse of structure due to inappropriate and poor welding of joints (bet| 136 | 138 1325 | 1.4368 13.7 | 18938 1345 | 23807 13491975 | 1.7254268
§4 |Failure of lifting equipments. 443 103517 46 | 03162 305 | 04216 6.05 | 1.0709 445774 1 0.5700799




83 |Being struck by objects such as steel members ( fall of construction mated 3.1 | 0.3923 095 [ 11163 52 | 07188 84 | 14869 7157933 | 0.913398
36 |Probability of fire due to welding operation(Welding spatter gunding spaf 433 | 03034 43 | 03048 3|04l i1 | 080 4211715 [0.3386169
87 |Injury of third parties and wotkers during steel structure erection. 3303834 62 | 06037 233 | 03249 385 | L0333 4307443 [0.3623601
83 |Crane overtum due to overloading. 445 10317 45 | 05048 265 | 03663 435 | 08034 403437 0.3183204
89 |Manpower's falling from the height during erection of steel structure. 485 0363328311 79 08864 | 20513 183 [02357 23794 | 823 | 14603 | 18382 | 566149 | 0.724022
90 |Collapse of structure due to members failure from temprary loading (Uned 6 | 0.6971 725 [ 0.8133 I (04147 76 | 13433 5.040353 |0.7608337
91 |Crane slings or chains may be released during erection steel structure ered 343 | 0.4008 3.7 | 04132 305 | 04216 | 0.883 371576 | 04731915
2 |Weld failure due to poor quality or lack of testing. 725 |0.8423 13 [ 0.8416 71 [ 09815 4| 0708 6.683013 | 0.8346601
3 |Fabncation errors  angles,ete.) and incomplete fabncation | missing comy 147 | L7073 140 | 16719 1335 | 2.14% 643 [ L1417 13.426513 | 1.71170354
04 |Risk of injury from inhalation of toxic gases generated during welding, 22 02336 29 03234 23 [ 03179 295 03222 236800 | 03284213
93 |Any unwanted weather conditions such as very cold,very hot windy rain| 18.13 | 2.1086 18.23 | 20478 143 | 19763 101 | 17878 15.76389 | 2.0162274
06 |Natural disasters such as earthquake flood landslide fire storm and glacial 633 | 0.761 6 [06732 633 | 08778 69 | 12213 640339 |08191813
97 |Market fluctuations { Low market demand , change in market demand jetc] 3.33 | L0232 84 | 10343 83 | 03985 433 | 0338 7.708033 | 0.9837478
0% |Inflation rate unpredictably increasing. 135 | 13684 16.65 | 1.9683 13.7 [ 18938 795 | 14072 13438305 | 1.7183632
99 |Economic slowdowr or economic crisis . 118 | 13709 125 | 14026 68 | 084 49 | 0.8673 033247 | 1.2190639
100 Interest rate fluctuation. 305 103343 41 104713 31 [ 04285 225 | 03983 3250015 | 04156295
101 |Exchange rate fluctuation. 69 |0.8016 795 108921 6.95 | 0.9607 5109027 6.88452 |0.8804297
102| Any change in political sifuation such as sanction ete. 164 | 1.8033 163 | 1829 1863 [ 25781 5.6 | 13223 13453083 1.97643
103 | Political conflict with other countries. 39 104331 31 [ 0.3478 39 (03391 225 [ 0.3983 3.33856 | 04295108
104|Unwanted changes in laws and standards. 6.1 |0.7087 545 | 06115 5.8 [ 0.8013 34 [ 06013 5.333843 |0.6823768
103|Delay of zovermnment to issue the project permissions { Requirement forp] 935 | 11093 74 | 0.8303 335 [ 04631 27 | 04779 6.17117 | 0.7802026
Sum 86075 | 100 | 283511 ( 8912 | 100 | 29313 | 7234 | 100 | 23794 | 504495 ( 100 | 18.582 | 781495362 100




Table 4.4: Identified risks rankings, considering time

Risk Rating
Time

Risk Events

1 Inaccurate or incotrect estimation of time cost and resources in accordance with WES.

2 Any unwanted weather conditions such as very cold very hot windy rainy weather and snowy weather .

3 Late desizn variations by owner(s) of the project or late changes requested by stakeholders .

4 Adjacent structures collapse { Collapse of neighbouring buildings ) due to inadequate retaining walls.

5 Financial difficulties of contractor(s) and owner(s) of the project { Problems to provide project funds on time) .

& Incompatibility of architectural, structural and mechanical etc plans { Not coordinated desizn ).

7 Unavailability { lack)or hizh price of materials due to economic conditions in project region of country.

i Delay in payment to contracton]s) during project implementation phase.

9 Any problem due to poor inspection of work by contractor { Technical mistakes _etc)during implementation phase.

10 Delay in materials delivenies by suppliers | Supplier's incompetency to deliver materials on time).

11 Any change in political situation such as sanction ete.

12 Incorrect or insufficient design data.

13 Contact with undersround cables { essential services Jand cutting them during excavation phase.

14 Instability and collapse of structure due to inadequate temporary bracing during steelwork.

1s Formwortk collapse during and after pouring concrete due to inadequate support and low strengzth to stand the pressure or weight
of fresh conerete and vibration pressure ete.

16 Any problem related to poor monitoring and controlling the quality of tasks execution in project.

17 The lack of a precise definition of the project and defects in the project documents such as project charter project scope
statement efc.

18 Fabrication errors { angles ete.) and incomplete fabrication | missing components).

19 Allacation of risks to the contractor (s), subcontractor (s),owner (s).consultant(s) desiners) ete is not mentioned or is not clear in
the contract.

20 Collapse of structure due to inapproprate and poor welding of joints (between column beam and bracing ) during erection.

21 Inflation rate unpredictably increasing.




22 Deflection of slab after pouring concrete due to inadequate and inappropriate props installations etc.
23 Lack of conzideration of contingency reserve and management reseve in estimating cost and time of the project to encounter with known-
unknown and unknown-unknown risks.
24 Delay in contract issue by owner of the project.
25 Any problems and conflict between different partners of the project.
26 Inconsistency or mistake in contract decuments.
27 Economic slowdown or economic crisis .
28 Poor or incorrect estimation in market technical & financial analysis. 111
23 Applied schedule by inexperienced project manager is not consistent with the desired cost scope and quality of the project ( inconsistent h
cost time scope and quality objectives) .
30 Incompetency of contractor/'subcontractor dus to lack of experience equipments enough qualified experts and labors. 9.75
31 Dielay in decision making of the project by inexperienced owner(s). 9.75
3z Project Funding difficulties due to bad financial situation of financier (g). 9.55
33 Dizlay of government to issue the project permissions [ Bequirement for permits and their approval take longer than expected ). 9.55
34 Miistake of desipner (=) in caleulations analvsiz and evaluations. 8.95
35 Lack of consistency betwesn bill of quantities drawings and specifications. 8.9
36 Miarkst fluctuations ( Low markst demand | change in market demand atc). 8.85
37 Poor preliminary assessment and evaluation of different possibilities of treatment measures for ground and groundwater. 8.65
38 Concrate cracks { Types of concrete cracks such as shrinkage crack, Tension crack stc). 8.65
39 Dizlay in presenting design results or design drawing. 8.35
40 Damage to persons, properties and materials due to poor health and safety management of the project. 8.35
41 Any problem or conflict of contractor(s) subcontractor (3),owner (5) project manager and all the stakeholders with contract. 8.1
42 Schedule compression technigues such as fast tracking and crashing may result in increased risk. 7.65
43 Poor or incorrect technical design due to incorrect or insufficient available information ( peological ,geotechnical,..). 7.45
44 Project manager and functional manager(s) to resin. 7.25
45 Weld failure due to poor quality or lack of testing. 7.25
A& Collapse of slab due to sarly removal of the forms props ste. 7.2
47 Change in design due to change in desien standards during design procass. 7
48 MNon standard or inappropriate contract form ( bype or form of the contract iz not standard or compatible with laws). €.95
43 Exchange rate fluctuation. €.9
50 Delay in delivery of ready mixed conerste during pouring concrete. 6.7
51 Matural disasters such as earthquake flood landslide fire storm and glacial weather ste. £.55




52 Unavailability { lack)or high price of manpower due to economic conditions in country. 6.3

53 Landslides due to hard rains during excavation phase which may lead to collapse of neizhbouring buildings. 6.3

54 Unavailability { lack)or high price of needed equipments due to economic conditions in project region or country. 6.2
55 Failure of support systems or platform during pouring concrete. .15
5B Unwanted changes in laws and standards. 6.1

57 Delay of bank in project fund allocation. &

5B EBack bending due to hand troweling and manual screeding during pounng concrete ( 8lab & Foundation). &

58 Collapse of structure due to members failure from temprary loading | Unexpected heavy winds) during erection. &

&0 5495
61 Delay in approving the contractor(s) wotk by consultant(s) or owner(s) of the project. 5.95
62 Scope creep. 5.85
£3 Litigation conflict with neighbor of the project. 5.8
64 Poor communication in project between different stakeholders. 5.65
E5 Excavation machinery falls from unprotected edges { Machinery crashes). 5.65
& Falling objects from height. 5.65
&7 Manpower's damage by reinforcement wire and rebar ‘s sharp edges . 56
68 Delay of contractor in final billing presentation due to poor performance of personnel 54
B2 Manpower's falling down from openings or void spaces&ducts and edze of the work area . 5.35
70 Unavailability of needed information.code and standards. 5.3

71 Manpower's falling from edgzes of formwork frames during their erection. 5.3

72 Ground collapse. 5.15
73 Eeing struck by objects such as steel members { fall of construction materials and tools ) 5.1
74 Injuries from worker's stumble and falling on the exposed steel rebars ( Protruding rebar ends). 5.05
75 Manpower's falling from the height dunng erection of steel structure. 485
] Irregular or inadequacy of site inspection by consultant(s) during implementation phase. 475
EE Injury of worker's due to slip onto form ply sheet | Slips & Trips). a7
7B Manpower's falling into an excavation. 465
78 Skill deficiency of project manager(s).contactors). subcontractor(s).owner(s) consultant(s) .etc in internal manazement. 4.6
8o Failure of lifting equipments. 445
gl Crane overturn due to overloading, 445
82 Unavailability or lack of needed experts | professional managers and expenenced contractors in project region. 44




83 Any change in management strategies, principles or change of manager(s) of the project. owner(s) and zeneral contractor(s). 44
B4 Probability of fire due to welding operation[Welding spatter.gnnding spark in flammable environment). 435
B5 Collapze of excavation sides due to instability of excavation. 43
B A person being trapped by the collapse of an excavation. 41
B/ Design is not appropriate with the project objectives or requirement of the project. 4.05
g2 Political conflict with other countries. 39
B9 Safe working load exceeded duning lifting equipments and materials such as lumber,plywood forms et { Heavy lfting). 3.85
50 Exposure to underground water duning excavation. 3.6
g1 The project orzanization chart has not sufficient detail to identify the key personnel and their roles and responsibilities. 3.5
82 Crane slings or chains may be released dunng erection steel structure erection  columns beams ete.) 3.45
53 Injury of third parties and workers duning steel structure erection. 3.3
84 Collapse of fresh concrete container (bucket barrow, efc.) dunng pouning operations. 3.25
55 Strike during implementation phase. 31
56 Interest rate fluctuation. 3.05
& Back bending and high hand force with repetition and awlward posture while tying rebars. 2.85
58 Corrosion of steel rebars. 28
58 Injuries from cutting and bending rebar. 28
100 Contact of wet concrete with eves and skin during pounng concrete. 28
101 Being struck by objects (equipment & materials) such as concrete buckets.chutes,etc. 28
102 'Heavy lifting of rebar is a potential nisk factor. 255
103 'Tnjury from manually handling the form ply sheets. 25
104 'Manpowet's slip and fall into renforcement mesh ( Slips & Trips ). 245
105 Risk of injury from inhalation of toxic gases generated duning welding, 22




Table 4.5: Identified risks rankings, considering cost

1 Unayailability [ lacklor high price of materials dues to economic conditions in project region or country,

rl Allocation of risks to the contractor [z],subcontractar [5],0wner [sl.consultant(s).desiners)]ets is not mentioned or iz not clear in the contract,
3 Inaccurate ar incarect estimation of time cast and resouwrces in accardance with 'WEBS.

4 Ay unw anted weather conditions such az very cald, wery hot windw, raing weather and snowy weather .

5 Ay problem related to poor monitoring and contralling the quality of tasks enecution in project.

a] Financial difficulties of contractor(z) and owner(z] of the project [ Problems to provide project funds ontime] .

7 Adjacent structures collapse [ Collapse of neighbouring buildings 1 due ta inadequate retaining walls.

a3 Incarect orinsufficient design data.

9 Inflation rate unpredictably increasing.
10 Incompatibility of archite ctural, structural and mechanical etc plans [ Mot coordinated design ).
11 Ay problem due ta poor inspection of work by contractor [ Technical mistakes etc)during implementation phasze.
12 Ary change in palitical situation such as sanction, ete.
13 Delayin payment to contractars] during project implement ation phase.
14 Delayin materials deliveries by suppliers [ Supplier' s incompetency to deliver materialz on time].

Lack of consideration of contingency reserve and management reseve in estimating cost and time of the project to encounter with known-

15 urkmaw nand unknow n-unknow nrisks.
16 Late design variations by owner(s) of the project or late changes requested bu stakehalders .
17 Cantact with underground cables [ eszential services land cutting them during excavation phase.
13 Instability and collapse of structure due to inadequate temporary bracing during steelwark.
19 Inconsistency or mistake in contract documents.
20 Fabrication errars [ angles,etc.) and incomplete Fabrication [ missing components).

The lack of a precize definition of the project and defects in the project documents such as project charter, project scope statement,etc.




22

Deflection of slab after pouring concrete dus to inadequate and inappropriate props installations ete.

23 Callapse of structure due ta inappropriate and poor welding of joints [between column,beam and bracing ] during erection.
24 Formwark collapse during and after pouring concrete due toinadequate support and low strength to stand the pressure or weight of fresh
concrete and vibration pressure ete.
25 Economic slowdown or economic crisis .
26 Any problems and conflict between different partniers of the project.
27 Poor orincorrect estimation in market technical & inancial analusis. 10.75
bApplied schedule by inesperienced project manager iz not consistent with the desired cost zcope and quality of the project [ inconsistent cost
28 time_ zcope and quality objectivesz] . 10.55
29 Concrete cracks [ Tupes of concrete cracks such as shrinkage crack. Tension crack etc). 10.45
30 Paor preliminary assessment and evaluation of different possibilities of treatment measures for ground and groundw ater. 10.15
31 Schedule compreszsion techniques such as Fast tracking and crashing may result inincreased rizk. _
32 Eeing struck by objects such as steel members [ fall of construction materials and tools | 9.95
33 Incompetency of contractar'subcontractor dus ta lack of experience, equipments enough qualified experts and labars. 3.9
34 Delayin contract izsue by awner of the project. 9.4
35 Market Huctuations [ Low market demand . change in market demand etc]. 9.4
36 Delay of bank in project fund allocation. 2.9
37 Miztake aof desigrner 5] in caloulations .analysiz and evaluations. 3.85
33 A problem ar conflict of contractors), subcantractor [s].owner [s).project manager and all the stakeholders with contract. 2.5
39 Exchange rate fluctuation. 7.95
40 Manpower's falling from the height during erection of steel structure. 7.9
41 F aling abjects fram height. 7.8
42 FPoor ar incorrect technical design due ta incorect or insutficient available information [ geclogical .gectechnical,.. ). 7.5
43 ‘weld Failure due ta poor quality or lack of testing. 7.5
A4 Lack of consistency betw een bill of quantities ,drawings and specifications. 7.4
45 Damage to persons, properties and materials due to poor health and =afety management of the project. 7.4




45 Delay in decision making of the project by inexperienced ownern(s). 74
a Delay of zovemment to issue the project permissions { Eequirement for permits and their approval take longer than expected ). 74
48 Collapse of structure due to members faillure from temprary loading { Unexpected heavy winds) during erection. 7.25
43 Injuries from worker's stumble and falling on the exposed steel rebars | Protruding rebar ends). 7.2
30 Landslides due to hard rains dunng excavation phase which may lead to collapse of neishbouring buildings. 7.15
51 Failure of support systems or platform dunng powring concrete. 7.05
52 Change in design due to change in design standards during design process. 7

53 Project manager and functional manager(s) to resign. 7

54 Collapse of slab due to eatly removal of the forms. props.etc. 6.95
55 Excavation machinery falls from unprotected edzes { Machinery crashes). 6.85
56 Non standard or inappropriate contract form | type or form of the contract is not standard or compatible with laws). 6.8
57 MManpower's falling down from openings or void spacesfrducts and edze of the work area . 6.6
58 Delay in delivery of ready mixed concrete during powning concrete. 6.55
58 Delay in approving the contractor(s) work by consultant{s) or owner(s) of the project. 6.45
&0 Unavailabdlity { lack)or high price of manpower due to economic conditions in country. 6.4
1 MManpower's falling from edzes of formwork frames duning their erection. 6.4
B2 Injury of third parties and workers duning steel structure erection. 6.2
B3 MManpower's damage by reinforcement wire and rebar ‘s sharp edzes . 6.1

B4 Project Funding difficulties due to bad financial situation of financier (). &

65 Safe working load exceeded dunng lifting equipments and materials such as lumber plywood forms _ete | Heavy lifting). &

BE Watural disasters such as earthquake flood landslide fire storm and glacial weather etc. &

&7 5.9
) Scope creep. 5.85
B2 Delay in presenting design results or design drawing. 5.65
70 Delay of contractor in final hilling presentation due to poor performance of personnel. 5.55
71 Poor communication in project between different stakeholders. 545
72 Unwanted changes in laws and standards. 5.45
73 Back bending due to hand trowelinz and manual sereeding dunne pounns concrete { Slab & Foundation). 5.35




Td Unavailabilitw ( lacklor high price of nesded squipments due to economic conditions in project region or countoy. 5.2
7o Being struck by objects (equipment & mmaterials) sech as concrete bucloets chutes ste. 52
TG Unavailability of nesdad information, code and standards. 4,95
T Grovnd collapse. d4.35
T8 A person being trapped by the collapse of an excavation. 4,95
T3 Unavwailability or lack of needed experts | profzssional managers and experienced contractors in project ragion. d.55
an Slcill deficiency of project manager(s) contactor(s) subeontractor(s), owners) consultant{s) .etc in internal manasement. 4.5
a1 Collapse of excavation sides due to instability of excavation. 4.5
(= Manpower's falling into an excavation. 4. 75
53 Failure of lifting squipments. 4.6
Gd Anv change in management stratesies, principles or change of manager(s) of the project, owner(s) and general contractor(s). 4.5
585 Probability of fire dus to welding operation{Welding spatter grinding sparlk in flammable environment). 4.5
=] Crans overturn dee to overloading. 4.5
87 Dizsign 15 not appropriate with the project objectives or requirement of the project. d.45
[=1a] Irregular or inadequacy of site inspection by consultant{z) during implementation phase. d.d45
53 Interest rate fluctuation. 4.2
a0 Injury of worker's due to slip onto form ply sheet ( 3lips & Trips). 4.15
a1 Exposure to vndergrovnd water during excavation. d.1

3z Collapse of fresh concrete container (buclet barrow ste.) during pouring operations. .3
a3 Crane slings or chains mav be released during erection steel strocture erection { colvmns beams ste} 3.7
34 Baclk bending and hirh hand force with repetition and awloward posture while tving rebars. 3.6
a5 The project organization chart has not sufficient detail to identify the kev personnel and their roles and responsibilitiss. 3.45
35 Strilce during implementation phass. 3.2
aT Injury from manually handling the form ply shests. 3.2
35 Political conflict with other covntries. 3.1

33 Manpower's slip and fall into reinforeement mesh { Elips & Trips ). 305
100 Corrosion of stzel rebars. 3

101 Contact of wet concrate with eves and skin during pouring concrate. 3

o2 Litigation conflict with neighbor of the project. 295
103 Rizk of injury from inhalation of toxic gases generated during welding. =3
104 Injuries from cutting and bending rebar. 2.8
105 Heaaww liftine of rebar iz a potential risk factor. 2.5




Table 4.6: Identified risks rankings, considering quality

. Risk Rati
Risk Events ol

Quality

1 Any change in political situation such as sanction,etc.

2 Inaccurate or incorrect estimation of time,cost and resources in accordance with WBS.

3 Incompatibility of architectural, structural and mechanical,etc plans ( Not coordinated design ).

4 Deflection of slab after pouring concrete due to inadequate and inappropriate props installations,etc.

5 Financial difficulties of contractor(s) and owner(s) of the project { Problems to provide project funds on time) .

6 Any problem related to poor monitoring and controlling the quality of tasks execution in project.

7 Any problem due to poor inspection of work by contractor ( Technical mistakes ,etc)during implementation phase.

8 Incorrect or insufficient design data.

9 Fabrication errors ( angles,etc.) and incomplete fabrication | missing components).

10 Unavailability { lack)or high price of materials due to economic conditions in project region or country.

1 Formwork collapse during and after pouring concrete due to inadequate support and low strength to stand the pressure or weight of
fresh concrete and vibration pressure,etc.

12 Any unwanted weather conditions such as very cold,very hot,windy,rainy weather and snowy weather .

13 Delay in payment to contractor(s) during project implementation phase.

1 Allocation of risks to the contractor (s),subcontractor (s),owner (s),consultant(s),desiner(s),etc is not mentioned or is not clear in
the contract.

15 Collapse of structure due to inappropriate and poor welding of joints (between column,beam and bracing } during erection.

16 Inflation rate unpredictably increasing.




The lack of a precise definition of the project and defects in the project documents such as project charter,project scope

17
statement,etc.
13 Late design variations by owner(s) of the project or late changes requested by stakeholders .
15 Lack of consideration of contingency reserve and management reseve in estimating cost and time of the project to encounter with
known-unknown and unknown-unknown risks.
20 Any problems and conflict between different partners of the project.
21 Adjacent structures collapse ( Collapse of neighbouring buildings } due to inadequate retaining walls.
22 Inconsistency or mistake in contract documents. 11.65
23 Concrete cracks | Types of concrete cracks such as shrinkage crack, Tension crack ,etc). 11.25
24 Instability and collapse of structure due to inadequate temporary bracing during steelwork. 10.25
25 Delay in materials deliveries by suppliers ( Supplier's incompetency to deliver materials on time). 9.5
26 Mistake of designer (s) in calculations ,analysis and evaluations. 9.05
57 Applied schedule by inexperienced project manager is not consistent with the desired cost ,scope and quality of the project ( .
inconsistent cost ,time,scope and quality objectives) .
28 Contact with underground cables ( essential services Jand cutting them during excavation phase. 7.9
29 Any problem or conflict of contractor{s),subcontractor (s),owner (s),project manager and all the stakeholders with contract. 7.8
30 Lack of consistency between bill of quantities ,drawings and specifications. 7.75
31 Incompetency of contractor/subcontractor due to lack of experience,equipments ,enough gualified experts and labors. 1.7
32 Delay in delivery of ready mixed concrete during pouring concrete., 1.7
33 Poor or incorrect technical design due to incorrect or insufficient available information ( geological ,gectechnical,..). 7.35
34 Schedule compression techniques such as fast tracking and crashing may result in increased risk. 7.35
35 Failure of support systems or platform during pouring concrete. 7.35




36 Weld failure due to poor quality or lack of testing. 7.1
37 7.05
ig Exchange rate fluctuation. 6.95
33 Economic slowdown or economic crisis . 6.8
40 Poor or incorrect estimation in market,technical & financial analysis. 6.7
41 Project manager and functional manager(s) to resign. 6.55
42 Market fluctuations { Low market demand , change in market demand ,etc). 6.5
43 Natural disasters such as earthquake,flood,landslide, fire,storm and glacial weather,etc. 6.35
a4 Poor communication in project between different stakeholders. 6.1
45 Damage to persons, properties and materials due to poor health and safety management of the project. 6.05
46 Unwanted changes in laws and standards. 5.8
47 Unavailability { lackjor high price of needed equipments due to economic conditions in project region or country. 5.55
43 Collapse of slab due to early removal of the forms,props,etc. 5.5
49 Project Funding difficulties due to bad financial situation of financier (s). 5.45
50 Unavailability { lack)or high price of manpower due to economic conditions in country. 5.45
51 Unavailability of needed information,code and standards. 5.4
52 Poor preliminary assessment and evaluation of different possibilities of treatment measures for ground and groundwater. 5.3
53 Mon standard or inappropriate contract form ( type or form of the contract is not standard or compatible with laws). 5.25
54 Change in design due to change in design standards during design process. 5.25
55 Being struck by objects such as steel members ( fall of construction materials and tools ) 5.2
36 Scope creep. 5.05
57 Delay of bank in project fund allocation. 5

58 Skill deficiency of project manager(s),contactor(s),subcontractor(s),owner{s),consultant(s) ,etc in internal management. 5

59 Corrosion of steel rebars. 5




60 Delay of contractor in final billing presentation due to poor performance of personnel. 4.95
61 Landslides due to hard rains during excavation phase which may lead to collapse of neighbouring buildings. 4.65
62 Delay in decision making of the project by inexperienced owner(s). 4.6
63 Injuries from worker's stumble and falling on the exposed steel rebars { Protruding rebar ends). 4.3
64 Design is not appropriate with the project objectives or requirement of the project. 4.25
B5 Excavation machinery falls from unprotected edges { Machinery crashes). 4.25
66 Unavailability or lack of needed experts , professional managers and experienced contractors in project region. 4.15
67 Back bending due to hand troweling and manual screeding during pouring concrete ( Slab & Foundation). 4.15
68 Falling objects from height. 4.05
69 Irregular or inadequacy of site inspection by consultant(s) during implementation phase. 3.95
70 Palitical conflict with other countries. 3.9
71 Any change in management strategies, principles or change of manager(s) of the project,owner{s) and general contractor(s). 3.85
72 Delay in contract issue by owner of the project. 3.75
73 Manpower's damage by reinforcement wire and rebar 's sharp edges . 3.6
74 Delay in presenting design results or design drawing. 3.55
75 Injury of worker's due to slip onto form ply sheet ( Slips & Trips). 3.55
76 Delay in approving the contractor(s) work by consultant(s) or owner(s) of the project. 3.45
77 Ground collapse. 3.45
78 Collapse of fresh concrete container (bucket,barrow,etc.) during pouring operations. 3.4
79 Delay of government to issue the project permissions ( Requirement for permits and their approval take longer than expected ). 3.35
80 Contact of wet concrete with eyes and skin during pouring concrete. 3.3
81 Strike during implementation phase. 3.1
82 Interest rate fluctuation. 3.1
83 Failure of lifting equipments. 3.05




84 Crane slings or chains may be released during erection steel structure erection ( columns,beams,etc.) 3.05
85 Collapse of excavation sides due to instability of excavation. 3

86 Probability of fire due to welding operation{Welding spattergrinding spark in flammable environment). 3

87 Collapse of structure due to members failure from temprary loading { Unexpected heavy winds) during erection. 3

88 Litigation conflict with neighbor of the project. 2.7
89 Safe working load exceeded during lifting equipments and materials such as lumber,plywood,forms ,etc { Heawy lifting). 2.7
30 Crane overturn due to overloading. 2.65
91 Exposure to underground water during excavation. 2.6
92 Injuries from cutting and bending rebar. 2.55
33 Manpower's falling down from openings or void spaces&ducts and edge of the work area . 2.55
34 Injury from manually handling the form ply sheets. 2.5
95 Manpower's falling from edges of formwork frames during their erection. 2.45
96 Injury of third parties and workers during steel structure erection. 2.35
37 Back bending and high hand force with repetition and awkward posture while tying rebars. 2.3
93 Risk of injury from inhalation of toxic gases generated during welding. 2.3
99 Manpower's slip and fall into reinforcement mesh { Slips & Trips . 2.2
100 Being struck by objects (equipment & materials) such as concrete buckets.chutes,etc. 2.15
101  |The project organization chart has not sufficient detail to identify the key personnel and their roles and responsibilities. 2.05
102 |Heawy lifting of rebar is a potential risk factor. 1.35
103 Manpower's falling from the height during erection of steel structure. 1.85
104 |A person being trapped by the collapse of an excavation. 18
105 Manpower's falling into an excavation. 1.75




Table 4.7: Identified risks rankings, considering health and safety

Risk Events

Risk Rating

Health& Safety

1 Adjacent structures collapse { Collapse of neighbouring buildings ) due to inadequate retaining walls.
2 Instability and collapse of structure due to inadequate temporary bracing during steelwork.
3 Collapse of structure due to inappropriate and poor welding of joints (bhetween column,beam and bracing ) during erection.
4 Damage to persons, properties and materials due to poor health and safety management of the project.
5 Financial difficulties of contractor(s) and owneris) of the project | Problems to provide project funds on time) .
& Injuries from worker's stumble and falling on the exposed steel rebars { Protruding rebar ends).
7 Any unwanted weather conditions such as very cold, very hot windy, rainy weather and snowy weather . 101
- Any problem related to poor monitoring and controlling the quality of tasks execution in project. 89
9 Falling objects from height. 865
10 Any change in political situation such as sanction,etc. 86
11 Any problem due to poor inspection of work by contractor | Technical mistakes etc)during implementation phase. 85
12 Being struck by chjects such as steel members | fall of construction materials and tools ) 84
13 Manpower's falling from the height during erection of steel structure. 825
14 Incompetency of contractor/subcontractor due to lack of experience,equipments enough qualified experts and labors. 81
15 Deflection of slab after pouring concrete due to inadequate and inappropriate props installations,etc. 805
1 Formwork collapse during and after pouring concrete due to inadequate support and low strength to stand the pressure or =
weight of fresh concrete and vibration pressure,etc.
17 Inflation rate unpredictably increasing. 7495
18 Manpower's falling from edges of formwork frames during their erection. 16
19 Collapse of structure due to members failure from temprary loading | Unexpected heavy winds) during erection. 16
20 Collapse of slab due to early removal of the forms, props,etc. 7.35
21 Contact with underground cables [ essential services Jand cutting them during excavation phase. 1.2
22 Matural dizasters such as earthquake flood, landslide fire storm and glacial weather,etc. 6.9
23 Manpower's falling down from openings or void spaces&ducts and edge of the work area . 6.8




24 Failure of support systems or platform during pouring concrete. 6.7
25 Landslides due to hard rains during excavation phase which may lead to collapse of neighbouring buildings. 6.6
26 Unavailahility of needed information,code and standards. 6.55
27 Fahrication errors | angles,etc.) and incomplete fabrication | missing components). 6.45
28 Injury of worker's due to slip onto form ply sheet | Slips & Trips). 6.35
29 Safe working load exceeded during lifting equipments and materials such as lumber plywood, forms etc | Heawy lifting). 6.3
30 Concrete cracks | Types of concrete cracks such as shrinkage crack, Tension crack ,etc). 6.3
31 Excavation machinery falls from unprotected edges | Machinery crashes). 6.25
32 Failure of lifting equipments. 6.05
33 Ground collapse. &

34 Collapse of fresh concrete container (bucket barrow,etc.) during pouring operations. 59
35 Injury of third parties and workers during steel structure erection. 5.85
36 Manpower's damage by reinforcement wire and rebar 's sharp edges . 575
37 Inaccurate or incorrect estimation of time,cost and resources in accordance with WBS. 5.7
38 Back bending due to hand troweling and manual screeding during pouring concrete | Slab & Foundation). 545
39 Schedule compression techniques such as fast tracking and crashing may result in increased risk. 535
40 Lack of consideration of contingency reserve and management reseve in estimating cost and time of the project to encounter 53

with known-unknown and unknown-unknown risks.
41 Manpower's falling into an excavation. 5.2
42 Delay in payment to contractor(s) during project implementation phase. 5.15
43 A person being trapped by the collapse of an excavation. 5.15
44 Any problems and conflict between different partners of the project. 51
45 Being struck by ohjects (equipment & materials) such as concrete buckets.chutes etc. 5.1
46 Probability of fire due to welding operation{Welding spatter grinding spark in flammable environment). 5.1
47 Exchange rate fluctuation. 51
a8 Applied schedule by inexperienced project manager is not consistent with the desired cost ,scope and quality of the project | 505
inconsistent cost time,scope and quality objectives) .
45 Delay in materials deliveries by suppliers { Supplier's incompetency to deliver materials on time). 5.05




50 Crane slings or chains may be released during erection steel structure erection | columns, beams,etc.) 5

51 Economic =lowdown or economic crisis . 45
52 485
53 Market fluctuations | Low market demand , change in market demand ,etc). 485
51 Allocation of risks to the contractor (s),subcontractor (s),owner (5),consultant(s),desiner|s),etc is not mentioned or is not AR

clear in the contract.
35 Incompatibility of architectural, structural and mechanical etc plans ( Not coordinated design ). 48
26 skill deficiency of project manager(s),contactoris),subcontractor(s),owner(s),consultant(s) ,etc in internal management. a7
57 Poor or incorrect technical design due to incorrect or insufficient available information | geclogical ,gectechnical,..). 46
58 Late design variations by owner(s) of the project or late changes requested by stakeholders . 46
59 Crane overturn due to overloading. 455
60 Collapse of excavation sides due to instahility of excavation. 45
61 Inconsistency or mistake in contract documents. 445
63 The lack of a precise definition of the project and defects in the project documents such as project charter,project scope a8
statement,etc.

63 Delay in delivery of ready mixed concrete during pouring concrete. 43
4 Unavailability { lack)or high price of materials due to economic conditions in project region or country. 425
85 Back bending and high hand force with repetition and awkward posture while tying rebars. 425
i Any problem or conflict of contractor(s),subcontractor (s),owner (5),project manager and all the stakeholders with contract. 415
67 Heawy lifting of rebar is a potential risk factor. 415
68 Incorrect or insufficient design data. 41
&9 Manpower's slip and fall into reinforcement mesh ([ 5lips & Trips ). 41
70 Delay of bank in project fund allocation. 4.05
71 Weld failure due to poor quality or lack of testing. 4

72 Injury from manually handling the form ply sheets. 3.85
73 Contact of wet concrete with eyes and skin during pouring concrete. 3.95
74 Poor preliminary assessment and evaluation of different possibilities of treatment measures for ground and groundwater. 3.9
75 Irregular or inadequacy of site inspection by consultant({s) during implementation phase. 3.6
76 Project manager and functional manager(s) to resign. 3.6



LEi Any change in management strategies, principles or change of manager(s) of the project,owner(s) and general contractoris). 3.55
7B Strike during implementation phase. 3.5
79 Mistake of designer (s) in calculations ,analysis and evaluations. 34
80 Unwanted changes in laws and standards. 34
81 Non standard or inappropriate contract form | type or form of the contract is not standard or compatible with laws). 3.35
82 Project Funding difficulties due to bad financial situation of financier (s). 3.3
83 Poor or incorrect estimation in market technical & financial analysis. 3.25
g4 Delay in contract issue by owner of the project. 3.2
85 Litigation conflict with neighbor of the project. 3.15
86 Injuries from cutting and bending rebar. 3.15
87 Lack of consistency between bill of quantities ,drawings and specifications. 3.1
88 SCcope creep. 295
89 Delay in decision making of the project by inexperienced owner(s). 295
90 Risk of injury from inhalation of toxic gases generated during welding. 295
91 Unavailahility or lack of needed experts , professional managers and experienced caontractors in project region. 29
92 Change in design due to change in design standards during design process. 285
93 Delay in presenting design results or design drawing. 275
84 Delay of contractor in final billing presentation due to poor performance of personnel. 27
95 Delay of government to issue the project permissions | Requirement for permits and their approval take longer than expected 2.7
96 Poor communication in project between different stakeholders. 255
97 The project organization chart has not sufficient detail to identify the key personnel and their roles and responsibilities. 245
98 Delay in approving the contractor(s) work by consultant(s) or owner(s) of the project. 24
09 Unavailability | lack)or high price of manpower due to economic conditions in country. 235
100 Unavailability | lack)or high price of needed equipments due to economic conditions in project region or country. 23
101 Corrosion of steel rebars. 2.3
102 Interest rate fluctuation. 225
103 Political conflict with other countries. 235
104 Design is not appropriate with the project ohjectives or requirement of the project. 19
105 Exposure to underground water during excavation. 18

r



Table 4.8: Overall ranking of risks

Risk Event

NO. - Risk Event Overall RickRank  RankTime RankCost Rank QualityRank Health and Safe
14 Inaccurate or incorrect estimation of time,cost and resources in accordance with WBS. 1 3 2
50 Adjacent structures collapse ( Collapse of neighbouring buildings | due to inadequate retaining walls. 4 7 1 1
45 Financial difficulties of contractor(s) and owner(s) of the project | Problems to provide project funds on time) . 5 ] 5
5 Any unwanted weather conditions such as very cold very hotwindy rainy weather and snowy weather . 2 4 12
102 Any change in political situation such as sanction etc. 11 12 1
28 Any problem related to poor monitoring and controlling the quality of tasks execution in project. 16 5
40 Any problem due to poor inspection of work by contractor | Technical mistakes etc)during implementation phase. ] 1
4 Unavailability { lackjor high price of materials due to economic conditions in project region or country. 7 1 10
15 Incompatibility of architectural, structural and mechanical etc plans | Not coordinated design ). ] 10 3
82 Instability and collapse of structure due to inadequate temporary bracing during steelwork. 14 18 2
18 Incorrect or insufficient design data. 12 2 2
36 Delay in payment to contractor(s) during project implementation phase. 8 13 13
10 Allocation of risks to the contractor (s) subcontractor (s),owner (s),consultant(s) desiner(s) etc is not mentioned or is not
learinth tract.
clear in the contrac " 2 "
46 Late design variations by owner(s) of the project or late changes requested by stakeholders . 3 16 18
70 Deflection of slah after pouring concrete due to inadequate and inappropriate props installations etc. 2 12 [
83 Collapse of structure due to inappropriate and poor welding of joints (between column beam and bracing ) during erection. 20 3 15 3
98 Inflation rate unpredictably increasing. 21 9 16
3 Fahrication errors | angles,etc.) and incomplete fabrication | missing components). 18 0 g
. Formwaork collapse during and after pouring concrete due to inadequate support and low strength to stand the pressure or
ight of fresh ete and vibrati etc.

weight of fresh concrete and vibration pressure etc " » "
43 Delay in materials deliveries by suppliers | Supplier's incompetency to deliver materials on time). 10 14
57 Contact with underground cables | essential services Jand cutting them during excavation phase. 13 17
3 Lack of consideration of contingency reserve and management reseve in estimating cost and time of the project to encounter

ith known-unki d unknown-unk isks.
with known-unknown and unknown-unknown ris| % 5 19




The lack of & precise definition of the project and defects in the project documents such as project charter project scope

12
statement,efc. 0 7 a
8 Inconsistency or mistake in contract documents. 26 18
4 Any problems and conflict between different partners of the project. 15 26 0
2] Economic slowdown or econemic crisis . i 25
) I Concrete cracks | Types of concrete cracks such as shrinkage crack Tension crack etc). 9.358625
28 43 Incompetency of contractor/subcontractor due to lack of experience equipments enough qualified experts and labars. 8.998725
% 0 Applied schedule by inexperienced project manager is not consistent with the desired cost scope and quality of the project | 73005
inconsistent cost time scope and quality objectives) .
0 5 Poor or incorrect estimation in market, technical & financial analysis. 8401015
3l il Damage to persons, properties and materials due to poor health and safety management of the project. B.02521
3 0 Mistake of designer () in calculations ;analysis and evaluations. 7912395
33 i Schedule compression techniques such as fast tracking and crashing may resultin increased risk. 7883275 u
4 7 Delay in contract issue by owner of the project. 7752265 u
3 el Market fluctuations | Low market demand , change in market demand gtc). 7.708055
3 8 | Any problem or conflict of contractor(s) subcontractor (s),owner (s) project manager and all the stakeholders with contract.| 741113
3 b Poor preliminary assessment and evaluation of different possibilities of treatment measures for ground and groundwater. 740927
38 &5 Being struck by ohjects such as steel members | fall of construction materials and tools ) 7.157955
3 13 Lack of consistency between hill of quantities drawings and specifications. 7.108235
40 16 Poor or incorrect technical design due to incorrect or insufficient available information | geological geotechnical,.). 6.91059
41 101 Exchange rate fluctuation. 5.88452
4 76 Failure of support systems or platform during pouring concrete. 6.800845
4 1l Collapse of slah due to early removal of the forms, props etc. £.749445
4 ) Weld failure due to poor quality or lack of testing. 6.683015
43 a Delay in decision making of the project by inexperienced awner(s). 6.571615




46 39 Injuries from worker's stumble and falling on the exposed steel rebars ( Protruding rebar ends). 6.541715
47 &7 Falling abiects from height. 6.45636
48 5 Delay in delivery of ready mixed concrete during pouring concrete. £.447345
49 % Natural disasters such as earthquake flood landslide fire storm and glacial weather etc. £.40559
30 3 Project Funding difficulties due to bad financial situation of financier (s). 63719

51 a8 Project manager and functional manager(s) to resign. £.3313

51 4 Delay of bank in project fund allocation. £.24918
53 5l Landslides due to hard rains during excavation phase which may lead to collapse of neighbouring buildings. 6.21171
54 105 Delay of government to issue the project permissions | Requirement for permits and their approval take longer than expected 6.17117
55 25 5.99206
36 80 Collapse of structure due to members failure from temprary loading ( Unexpected heavy winds) during erection. 5.949355
57 11 Non standard or inappropriate contract form { type or form of the contract is not standard or compatible with laws). 5.83203
58 19 Change in design due to change in design standards during design process. 5.811905
59 35 Excavation machinery falls from unprotected edges | Machinery crashes). 5.779575
60 a9 WManpawer's falling from the height during erection of steel structure. 5.66143
61 1 Unavailability of needed information,code and standards. 5.452025
62 23 Unavailahility | lack)or high price of manpower due to economic conditions in country. 5.392555
63 Jal Delay in presenting design results or design drawing. 5.375395
b4 68 Manpower's falling from edges of formwork frames during their erection. 5.371205
65 104 Unwanted changes in laws and standards. 5.335845
66 79 Manpower's falling down from openings or void spaces&ducts and edge of the work area . 5.31813
&1 B4 Manpower's damage by reinforcement wire and rebar 's sharp edges . 5.29806
68 &0 Back bending due to hand troweling and manual screeding during pouring concrete | Slab & Foundation). 5.26658
&2 I Poor communication in project between different stakeholders. 5.12189
70 2] Scope creep. 5.120275
71 P Unavailability ( lack)or high price of needed equipments due to economic conditions in project region or country. 5.027025
72 32 Ground collapse. 4 BA4365
73 41 Delay in approving the contractor(s) work by consultant{s) or owner(s) of the project. 4841615
74 38 Delay of contractor in final billing presentation due to poor performance of personnel. 483471
73 41 Skill deficiency of project manager(s),contactor(s) subcentractor(s),owner(s) consultant(s) tc in internal management. 47718




76 62 Safe working load exceeded during lifting equipments and materials such as lumber plywood forms etc ( Heavy lifting). 4.661405
7 3 Injury of worker's due to slip onto form ply sheet | Slips & Trips). 457131
78 &4 Failure of lifting equipments. 445774
79 &7 Injury of third parties and warkers during steel structure erection. 4397445
80 39 Irregular or inadequacy of site inspection by consultant{s) during implementation phase. 4257605
gl 86 Probability of fire due to welding operation{Welding spatter grinding spark in flammable environment). 4211715
81 16 Unavailability or lack of needed experts , professional managers and experienced contractors in project region. 419328
83 53 Collapse of excavation sides due to instahility of excavation. 417401
&4 28 | Any change in management strategies, principles or change of manager(s) of the project, owner(s) and general contractoris).|  £.1400%5
&5 56 Manpower's falling into an excavation. 4081125
86 & Crane overturn due to overloading. 405457
&l 4 A person being trapped by the callapse of an excavation. 4024955
g 74 Collapse of fresh concrete container (bucket barrow,etc.) during pouring operations. 3.968245
89 17 Design is not appropriate with the project ohjectives or requirement of the project. 3.814845
90 81 Being struck by abjects (equipment & materials) such as concrete buckets.chutes etc. 3.775865
81 2 Litigation conflict with neighbor of the project. 3734125
52 91 Crane slings or chains may be released during erection steel structure erection { columns,beams,etc ) 3.71576
83 103 Political conflict with other countries. 3.35856
M Bl Corrosion of steel rebars. 3.28882
% 100 Interest rate fluctuation. 3.250015
% 3 Strike during implementation phase. 3.20332
97 65 Back bending and high hand force with repetition and awkward posture while tying rebars. 3.198815
38 18 Contact of wet concrete with eyes and skin during pouring concrete. 3.19096
99 58 Exposure to underground water during excavation. 3.17385
100 71 Injury fram manually handling the form ply sheets. 297433
101 34 The project organization chart has not sufficient detail to identify the key personnel and their roles and responsibilities. 234455
102 B3 Manpower's slip and fall into reinforcement mesh ( Slips & Trips ). 187171
103 62 Injuries from cutting and bending rebar. 1.805275
104 60 Heavy lifting of rebar is a potential risk factor. 1.68963
105 54 Risk of injury from inhalation of toxic gases generated during welding. 156809




4.3.3 Risk Response

Risk response is the other step of risk management process, which is successive
to risk identification and analysis. It is obvious from its title that in this stage, decisions
and proper actions are developed to be taken when meeting the risks, focusing on the
most critical ones, and are meant to minimize the negative effects of the threats.
Various options were counted before as the list of risk response actions, namely,
mitigation, transference, acceptance and avoidance (PMI, 2013).

Figures 4.21, 4.22, 4.23 and 4.24 indicate the data analyses and high impact risks
on the projects’ objective, which must be further considered in the risk response stage.
From the least to highest, there are 5 critical risks in health and safety category, 21
critical risks in quality, and 27 ones in both cost and time category of the projects’
objectives, which are separately being shown in Tables 4.4, 4.5, 4.6 and 4.6, marked
with dark gray color. The other less critical risks are also being shown in the tables,
with less intensity tones of gray (light for moderate risks, and medium for the least

critical risks.).
4.4 Application of Probability and Impact Matrix (PIM) Technique

The participants in this survey were asked to respond and assess the probability
and the impact of risks and assign numbers to them.

To demonstrate the techniques and steps of a risk management process, which is
the core objective, the matrix tables of the five high ranked risks of each of the project
objectives are shown in Figures 4.1 to 4.20. Meanwhile, in appendices G and H,
samples of matrix table and survey participants’ scores are shown.

In the following, the matrix tables of the five high ranked risks considering time,
evaluated by each respondent based on probability and impact amounts are shown in

Figures 4.1to 4.5.
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Figure 4.1: Matrix table of “Inaccurate or incorrect estimation of time, cost and
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Figure 4.2: Matrix table of “Any unwanted weather conditions such as very cold,
very hot, windy, rainy weather and snowy weather “by all respondents
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Prabability

Figure 4.3: Matrix table of “Late design variations by owner(s) of the project or late

Probability

Figure 4.4: Matrix table of “Adjacent structures collapse (Collapse of neighboring
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buildings) due to inadequate retaining walls “by all respondents
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Figure 4.5: Matrix table of “Financial difficulties of contractor(s) and owner(s) of the
project (Problems to provide project funds on time)” by all respondents

Similarly, the matrix tables of the five high ranked risks considering cost,
evaluated by each respondent based on probability and impact amounts are shown in

Figures 4.6 to 4.10.
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Probability

Figure 4.6: Matrix table of “Unavailability (lack) or high price of materials due to

Probability

Figure 4.7: Matrix table of “Allocation of risks to the contractor (s), subcontractor
(s), owner (s), consultant(s),designer(s), etc. is not mentioned or is not clear in the
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Figure 4.8: Matrix table of “Inaccurate or incorrect estimation of time, cost and
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resources in accordance with WBS” by all respondents
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Figure 4.9: Matrix table of “Any unwanted weather conditions such as very cold,
very hot, windy, rainy weather and snowy weather” by all respondents
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Figure 4.10: Matrix table of “Any problem related to poor monitoring and controlling
the quality of tasks execution in project” by all respondents

In addition, the matrix tables of the five high ranked risks considering quality,
evaluated by each respondent based on probability and impact amounts are presented

in Figures 4.11 to 4.15.
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Probability

Figure 4.11: Matrix table of “Any change in political situation such as sanction, etc.”
By all respondents
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Figure 4.12: Matrix table of “Inaccurate or incorrect estimation of time, cost and
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resources in accordance with WBS” by all respondents

89




Probability

Wery High (5

Bezpondent 1

Bezpondent &

Bespondent 12

Bezpondent 4

Bezpondent 7

Bezpondent 1d

Bezpondent 3

Bezpondent 13

Bezpondent 11

Bezpondent 2

Bezpondent 5

Respondent &

Respondent 10

=
= Rezpondent 13 Respondent 15
':‘l'::h' Rezpondent 16
Respondent 20
m Respondent 3 Respondent 17 RBespondent 15
o
&
i
k=
=
)
]
5
z
5
b
=

Very Low [1)

Low [2]

Moderate (3]

High (4]

Yery High (5]

Impact

Figure 4.13: Matrix table of “Incompatibility of architectural, structural and
mechanical, etc. plans (Not coordinated design)”’by all respondents
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Figure 4.14: Matrix table of “Deflection of slab after pouring concrete due to
inadequate and inappropriate props installations, etc. “by all respondents
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Figure 4.15: Matrix table of “Financial difficulties of contractor(s) and owner(s) of
the project (Problems to provide project funds on time)”’by all respondents

Eventually, the matrix tables of the five high ranked risks considering health and
safety, evaluated by each respondent based on probability and impact amounts are also

illustrated in Figures 4.16 to 4.20.

91



L2 Bespondent 4 Bespondent 3
fg Bespondent 5 Bespondent 17
T
o
2
Bespondent 7 Bespondent 1.3
oy Bespondent 11 Bespondent 6
= Bespondent 15 Fespondent 5
-:%' Bespondent 19 | Respondent 10
Bespondent 1d 15
™ Bespondent 2 Bespondent 12
= % Bespondent 13 Bespondent 16
= 5 Bespondent 2001
=] 0
2]
o
a
o
g
s
E]
s
=
K
Very Low [1) Low [2]) Moderate [3) High [4] VYery High [3])
Impact

Figure 4.16: Matrix table of “Adjacent structures collapse (Collapse of neighboring
buildings) due to inadequate retaining walls” by all respondents
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Figure 4.17: Matrix table of “Instability and collapse of structure due to inadequate
temporary bracing during steelwork™ by all respondents
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Figure 4.18: Matrix table of “Collapse of structure due to inappropriate and poor
welding of joints (between column, beam and bracing) during erection” by all

respondents
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Figure 4.19: Matrix table of “Damage to persons, properties and materials due to
poor health and safety management of the project “by all respondents
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Figure 4.20: Matrix table of “Injuries from worker's stumble and falling on the
exposed steel rebars (Protruding rebar ends)”’by all respondents

Figures 4.21, 4.22, 4.23, 4.24 and 4.25 indicate the high impact risks on the
projects’ objectives (time, cost. quality and health and safety), and ranking the risks

overall which must be further considered in the risk response stage.
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According to the analysis of probability and impact matrix (PIM), it is revealed
that the risk of “Inaccurate or incorrect estimation of time, cost and resources in
accordance with WBS” has the most influential impact on time of the construction
project. In addition, “Unavailability (lack) or high price of materials due to economic
conditions in project region or country”, “Any change in political situation such as
sanction, etc.”, “Adjacent structures collapse (Collapse of neighboring buildings) due
to inadequate retaining walls” are the most critical risks on the cost, quality, health
and safety of the construction project, respectively. The overall highest critical risk
was also found to be the “Inaccurate or incorrect estimation of time, cost and resources
in accordance with WBS”.

Considering these results, the appropriate decision-making about the responses

to these risks will be explained in the next chapter.

101



Chapter 5

RESULTS AND DISCUSSIONS

5.1 Introduction

Outcomes of checklists and questionnaire survey will be broadly explained and
discussion will be made accordingly, in this chapter. In one section of this chapter,
reasons of threats occurrence will be discussed and recommendations will be made
about the possible responses to certain identified threats of high risks, which have been
analyzed previously. These strategies have been developed to respond different high
risks, which have probable impacts on the projects’ objectives (time, cost, quality, and
health and safety). Hence, when appropriate responses are developed, contractors and

owners can employ these strategies to manage the risks practically.
5.2 Outcomes of Qualitative Analysis

In this study, results of a research work obtained from checklists and
questionnaire survey carried out in Iran will be presented and discussed. Having done
the analyses, 30 crucial risks, in terms of time, costs, quality, and health and safety,
which are the objectives of projects, could be recognized. It should be explained that
although the total net number of risks is 30, this amount is the distinct number of risks,
considering the common risks, between the objectives. Without considering the
mutuality, crucial risks of each objective of time, cost, quality, and health and safety
are; 27, 27, 21 and 5, respectively. These risks were identified in the first step and then
their impact was evaluated by means of a broad qualitative method of determining

their probability and impact magnitudes on the objectives.
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According to the results of qualitative analysis of the risks, it was revealed that
the most critical risks (with the largest negative impacts) are those affecting the
projects’ costs. Time and quality risks stand in the next steps and in the last step, health
and safety risks are placed.

Moreover, according to the rankings, inside each of these objective categories,
there are also single risks revealed to be the most crucial ones. Meaning that, in the
category of time, “Inaccurate or incorrect estimation of time, cost and resources in
accordance with WBS” was found to have the most negative impact. Similarly,
“Unavailability (lack) or high price of materials due to economic conditions in project
region or country” was the most critical risk relevant to the cost of projects. In the
same way, for the two categories of quality and health and safety, the two risks of
“Any change in political situation such as sanction, etc.” and “Adjacent structures
collapse (Collapse of neighboring buildings) due to inadequate retaining walls” were
the most critical ones, respectively. At last, comparing these high ranked risks, the
most critical risk, having the highest overall impact on Iran’s construction projects
was found to be “Inaccurate or incorrect estimation of time, cost and resources in
accordance with WBS”.

It is interesting to add that the previous researches, conducted in different
countries and regions, show different results depending on their cases and conditions
with different risk and threats. As an example, in an investigation about construction
projects in China, it was found that “Tight project schedule” has the highest negative

influence (Zou et al., 2007).
5.3 Outcomes of Questionnaire Survey

During the questionnaire survey, it was observed that some of the participants

in the survey were not familiar with the structured techniques of risk management.
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Instead, the companies mostly reverted to their previous experiences, discussed about
them and tried to benefit from some partnership techniques such as brainstorming, etc.
In this cases, regular meeting is organized with the project members and discussions
are held to identify, document and categorize risks based on their type. Consecutively,
when it is time to evaluate and prioritize the risks, similarly the majority of the
investigated companies did not have any experience of utilizing official risk analyses
and management methods (such as qualitative and quantitative analysis) and in fact,
most of them evaluated the risks’ impacts based on their experiences, judgments and
perceptions. Only few companies used some formal risk analysis and management
techniques, such as probability and impact matrix and Monte Carlo Simulation. The
participants’ answers to the questionnaire are given in Appendix D.

It is worth explaining that the majority of investigated companies’ members
explained that lacking time and cost resources are the two main reasons of not
employing the structured risk management methods in the projects. These given
explanations are also in accordance with what Lynos and Skitmore (2004) found in

their investigations about the reasons of not adopting these methods.
5.4 Risk Response Strategies

As it is explained in various references, those risks that are determined to have
high impacts and are critical should be faced with a proper response planning to reduce
the negative impacts of them to the least possible level (PMI, 2013).

As it was also explained previously, it is revealed from the questionnaires and
surveys that most of the participated companies do not have enough knowledge about
risk management and so, no proper and systematic responses to the risks. In fact, only
few of the companies employed the method of transferring responsibilities to other

parties like insurance companies or subcontractors. A large group of participants also
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replied that mitigation is the most commonly used method when facing with threats
of risks. It is not surprising that in this stage, lack of knowledge was also pronounced.

It is obvious that employment of risk management process is effective only if
the suitable response to the risks and their threats are planned and applied. Admittedly,
irrelevant responses to the risks will not only mitigate or eliminate the risks’ threats,
but also will lead to excessive time and cost consumptions, while the main threat is
still remained and will threaten the project until a proper response technique is chosen,
planned and appropriately applied.

Once arisk event is categorized and the proper response is selected, manager of
the project will assign a risk owner, who is a stakeholder and could also be a member
of project with a special knowledge or experience about risks handling. The risk owner
is actually assigned to watch for triggers of risks, to take the proper actions at the right
time, be responsible for the execution of plans and involve in creating contingency or
fallback plans.

The following outlined strategies are provided separately including specific high
risks and their suggested responses and an explanation of why the responses are
appropriate.

Lastly, it is crucial to have different project parties involved in project, working
cooperatively together and consider proper responses to different risks in order to
obtain a feasible, time-efficient and effective management of risks.

5.4.1 “Delay in contract issue by owner of the project”

Strategy: Avoid

This Risk is related to the contract phase, which might be due to work
engagement of project owner. The best response is to avoid such risks by assigning

someone who can prepare or issue the contract on behalf of the owner.
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5.4.2 “Inconsistency or mistake in contract documents”

Strategy: Avoid

This risk is usually occurred in the contract stage as a result of owner’s weakness
in management or lack of knowledge. This risk has to be avoided and to do so, the
owners have to benefit from a knowledgeable team to prepare the contract documents
efficiently and successfully.

5.4.3 “Allocation of risks to the contractor(s), subcontractor(s), owner(s),
consultant(s), designer(s), etc. is not mentioned or is not clear in the contract”

Strategy: Avoid

Another risk that happens in the contract stage and has to be avoided is
unclarified allocation of risks to different stakeholders. Preventing from this risk is the
suggested method which can be done before issuing the contract, through negotiations
between different sides of contract.

5.4.4 “The lack of a precise definition of the project and defects in the project
documents such as project charter, project scope statement, etc.”

Strategy: Avoid

This risk occurs in the design phase of the project, caused by the weakness of
project sponsors or initiators. When the scope and the description of project are not
precise and sufficiently detailed, it is indeed an additional negative risk to become
involved.

The best response to this risk is to avoid it simply, through establishing and
fixing an experienced and knowledgeable team to prepare project documents
efficiently and specifically.

It is necessary to explain that project charter is the document that is issued by

the project initiator approving the project existence and assigning the project manager
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who will allocate and employ the necessary resources. Moreover, project scope
statement is an in-detailed explanation about the project scope, its aims, products,
limitations and expectations. It also includes the works demanded to deliver the
products of the project.

Although they seem to resemble each other, there are differences between the
levels of details included in them. Project charter mainly contains high-level
information about the project; while project scope statement is a comprehensive scope
description of project (PMI, 2013).

5.4.5 “Inaccurate or incorrect estimation of time, cost and resources in
accordance with WBS”

Strategy: Mitigation

Inaccurate time estimation is also another risk which occurs in design phase.
Mitigation is the best known method of facing with this risk, which can be done
through benefitting from experts and experienced designers in early stages of project
to decrease the gap between the proposed and real time schedule, as much as possible.

Similarly, inaccurate cost estimation also occurs in design stage. This risk is
relevant to the designers and consultants of the project and their level of experience
and knowledge. It is also likely that due to some changes in policies, unexpected risks
occur during the project such as the fluctuation of market prices and rigid cost
estimation methods, resulting in deviation of real costs from what expected. Choosing
experienced, responsible experts to estimate the costs as accurate as possible and make
the contractors involved in the early stages of project can improve accuracy of cost
estimation.

Finally, another similar risk is inaccurate estimation of project resources, again

occurring in design stage; where by benefitting from experienced designers in early
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stages can result in a better estimation and decrease the gap between the reality and
estimations.
5.4.6 “Incompatibility of architectural, structural and mechanical, etc. plans”

Strategy: Avoid

Another risk in the design stage is incompatibility between different plans, i.e.
architectural, mechanical and etc. This risk should be avoided which can be simply
done by scheduling meetings between the designers and letting them corporate during
the design process.
5.4.7 “Incorrect or insufficient design data”

Strategy: Mitigation

Again in the design stage of the project, this risk may occur which should be
mitigated and the probability of its occurrence should be minimized. To do so, it is
essential for the design team to well-understand the owners’ demands and arrange
comprehensive site investigations to obtain reliable design data and establish an
efficient communication scheme among the designers.

The designers should involve contractors and owners in reviewing the design
drawings in order to minimize design defects.
5.4.8 “Unavailability (lack) or high price of materials due to economic
conditions in project region or country”

Strategy: Transfer / Active Acceptance

This risk, which is related to the resources category, is mainly about fluctuating
the resources’ availability or their prices. It is known that the price of construction
materials, which is a large portion of construction costs, is dependent on their supply
and their demands and as a result of changing the economic conditions, the prices are

not constant. As this risk is more or less inevitable in the projects, a suitable type of
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contract like lump-sum must be chosen by the owners to transfer the risks to other
involved sectors. It is well-accepted that the contractors should always avoid contracts
with fixed prices. Along with this point, the best-known strategy is to accept the risks
and mitigate their impacts by considering extra costs in cost estimations and including
them in bid as well.
5.4.9 “Any problem related to poor monitoring and controlling the quality of
tasks execution in project”

Strategy: Mitigation

From its title, it is clear that this risk is related to the category of management
risks. Proper strategy against this risk is to mitigate it by having systematic persistent
site inspection, monitoring and controlling the effectiveness of the implementations.
5.4.10 “Damage to persons, properties and materials due to poor health and
safety management of the project”

Strategy: Mitigation

This risk is also relevant to the management category of the risks. It is necessary
to mitigate and minimize the probability of its occurrence by employing a health and
safety director to monitor and control the health and safety level of project. All
contractor employees should also be trained about the safety knowledge and build safe
work method statement for the major construction stages. This requirement must be
fulfilled by the health and safety director. Moreover, the safety regulations must also
be implemented strictly and effectively by the contractors.
5.4.11 “Schedule compression techniques such as fast tracking and crashing
may result in increased risk”

Strategy: Mitigation

109



Belonging to management category risks, this risk usually occurs in the projects
with constricted schedule when some programs need to be reduced to meet the project
timeline. In these cases, it is necessary to hire a knowledgeable designer with special
experience in minimizing the probability of time schedule compression techniques and
help owners produce an appropriate project schedule.

5.4.12 “Lack of consideration of contingency reserve and management reserve
in estimating cost and time of the project to encounter with known-unknown
and unknown-unknown risks”

Strategy: Mitigation

Reserve is defined as the amount of time or cost which is added to the project
and has two main types; contingency reserve and management reserves. Contingency
reserves are mainly related to the known unknown such as recognized residual risks
that remain after risk response planning.

Management reserves mainly deal with unknown unknowns such as
unrecognized risks. Addition of reserves to time and costs of a project is necessary
and is part of a specialized project manager’s professional responsibility. To mitigate
it, it is crucial to choose an experienced project manager.

5.4.13 “Delay in payment to contractor(s) during project implementation
phase”

Strategy: Avoid

This risk is placed at the project implementation phase and the best technique is
to avoid it simply by working with the owners who are financially stable and have a

desirable past records of payment.
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5.4.14 “Any problem due to poor inspection of work by contractor (technical
mistakes, etc.) during implementation phase”

Strategy: Mitigation

This risk also belongs to the implementation phase of the project and the best
method to face with it is to mitigate it through clarifying the responsibilities of
different sectors involved in the project, i.e. contractors, subcontractors, etc., and have
fixed unchangeable site inspections and meetings to identify projects issues and find
solutions.
5.4.15 “Any problems and conflict between different partners of the project”

Strategy: Mitigation

This risk produces chaos and confusions in the management, construction team
and programs. Mitigation strategy is suggested to be considered and to do so manager
of the project should be appropriately involved in and build up a strong sense of
cooperation, trust and communication between project partners.
5.4.16 “Financial difficulties of contractor(s) and owner(s) of the project
(problems to provide project funds on time)”

Strategy: Mitigate

This risk, which is mainly related to the stakeholders of the project, is often
caused by luxury design, inaccurate assessment of project planning and forecasting at
the feasibility stage, which create problems in providing enough budget and may even
result in project failure.

A main funding source for the projects is pre-selling the units and properties. In
this case, when the market requirements are not predicted exactly, funding shortage
will occur. It is reasonable that in the feasibility and design phases, strategic plans and

project forecasts should be prepared practically and also, the designs must be
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financially affordable for the owners. In addition, during the construction, an
appropriate distinct plan must be prepared by the owners along with considering a
contingency fund, a beforehand standby cash flow, and controlling the cost and
timetable. Finally, to mitigate the risks, the last alternative is entering into a fixed loan
contract with lending banks, in addition to regular monitoring and controlling the
status of the risks.

On the other hand, it is usual for the contractors to assign their labor, resources,
budget and etc. to diverse projects to maximize their profit. Bearing this in mind,
without being an expert in management, managing the allocation of resources to
several constructions projects will not be possible for the contractors. Consequently,
an accurate approximation of financial issues and resources capacities must be done
to ensure the payments.

5.4.17 “Late design variations by owner(s) of the project or late changes
requested by stakeholders”

Strategy: Mitigation/Transfer

Again related to the stakeholders, this risk can straightly result in changes of
plan design and construction process. There are two main reasons for these variations,
which are the changes of the owners’ opinions and wants, and misunderstanding or
misinterpreting the owners wants. In the case that the first reason is the cause of risk,
the owners should bear the responsibility and the risks must be transferred to the
owner. In the second one, mitigation is the suggested technique, which can be done
by employing a well-informed designer and initial project team. Through these
techniques, the scopes of project and the purposes will be defined clearly, in-detailed
investigations on the owner’s needs, the construction site conditions will be

conducted, and the needs will be adjusted with the restrictions of owner’s resources.
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5.4.18 “Delay in materials deliveries by suppliers (supplier’s incompetency to
deliver materials on time)”

Strategy: Mitigation

This risk is also related to the stakeholders of the project and mitigation is the
suggested method against its threats. To mitigate this risk, in detailed investigations
must be performed at the stage of choosing the resources’ suppliers, as there will be
long-term collaboration between the project contractor, owners and the suppliers.
Considering the designers and contractors’ viewpoints, construction materials should
be selected according to the market conditions and production cycles. Especially, it is
important to consider the geographic location of the materials to avoid long distance
transportations.

5.4.19 “Adjacent structures collapse (collapse of neighboring buildings) due to
inadequate retaining walls”

Strategy: Mitigation/Transfer

During the earth work stage of a construction project, if any excavation is being
performed below the footing level of adjacent buildings, instability of the buildings
might occur which may lead to their collapse. To mitigate this risk, skilled designers
must also determine the adjacent buildings stability and collapse prevention
techniques such as suitable ground support systems (e.g. retaining walls, shoring, etc.)
to avoid or mitigate this risk.

Transferring the risks to insurance companies is another method, which is done
by construction companies and is mainly meant to prevent starting a reserved fund.
These contracts will benefit the companies through multiple coverage of risks, which
might occur during the construction process financially and protecting all interested

parties.
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5.4.20 “Contact with underground cables (essential services) and cutting them
during excavation phase”

Strategy: Mitigation

This risk is again related and probable to occur during the earthwork. Mitigation
IS suggested to be performed against it, which can be done by employing a specific
person to take all the necessary information about the underground services in the
construction area, along with the essential information of the adjacent sites
underground services, before the earth work beginning.

Therefore, it is essential to provide all these necessary information to the
contractors of the projects, the excavation contractors and executors, the
subcontractors, and all relevant parties of the project.

On the other hand, it is also possible to have inaccuracies in the provided plans
of ground services’ information. Considering this inaccuracies, to avoid any possible
risks, it is necessary to perform initial examinations on the excavation site (e.g.
sampling, etc.).

5.4.21 “Injuries from worker's stumble and falling on the exposed steel rebars
(protruding rebar ends)”

Strategy: Mitigation

It is likely that during the reinforcement phase of a construction project, injuries
happen to the workers of the construction site. Utilizing a proper health and safety
management by the contractor, for example employing protective covers to cover the

exposed rebar ends is therefore essential to mitigate this risk.
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5.4.22 “Formwork collapse during and after pouring concrete due to
inadequate support and low strength to stand the pressure or weight of fresh
concrete and vibration pressure, etc.”

Strategy: Mitigation

Failure of achieving the right shape accuracy in bowing forms and
misalignments and deformations are among the likely events that might happen if this
risk is neglected and not mitigated, and may even lead to catastrophic collapse of the
whole or a part of the formwork. Choice of span lengths between the studs, and centers
between bearers or wales, is necessary to avoid bowing and bulging. This factor
together with having a strong enough formwork, against uplift, sliding movement and
overturning, is vital and must be precisely controlled.

In short, to have a strong enough formwork, it is vital to have it designed
specifically by a competent person to bear the most possible severe load, which might
be applied during formwork operations and until the time they are being removed.
5.4.23 “Deflection of slab after pouring concrete due to inadequate and
inappropriate props installations, etc.”

Strategy: Mitigation

This risk is also one of the risks threatening the formwork phase performance.
To mitigate the probability of its occurrence, it is necessary to have all the supports
and props untouched and tight in their right location, remaining straightly. Appropriate
controlling and supervision during the concrete pouring work will furthermore
guarantee the safety from this risks’ threat.

5.4.24 “Instability and collapse of structure due to inadequate temporary
bracing during steelwork”

Strategy: Mitigation
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Associated with the steel structure phase of construction, to mitigate its
occurrence’s likelihood, assembly of each component of the structure must be
performed, only if there is adequate necessary ensuring equipment to guarantee and
maintain its safety and stability. One method is to employ temporary bracings to
ensure the stability of the whole or a part of the structure. Anchoring the braces must
be also done securely accompanied by their regular monitoring, and in the cases of
any further risks, extra bracings must be applied.

5.4.25 “Collapse of structure due to inappropriate and poor welding of joints
(between column, beam and bracing) during erection”

Strategy: Mitigation

This risk takes place in the phase of steel structure and mitigation is the
suggested method of facing with it. To do so, regular inspections of welding joints and
checking the stability of members (beams, braces and columns) before releasing the
slings must be performed by competent inspectors to ensure about the stability of
structure.

5.4.26 “Fabrication errors (angles, etc.) and incomplete fabrication (missing
components)”

Strategy: Mitigation

This risk may threaten the project at the stage of steel structure. To mitigate its
threats, it is suggested to have regular daily inspections by welding inspectors and
employ documented weekly checklists.

5.4.27 “Any unwanted weather conditions such as very cold, very hot, windy,
rainy weather and snowy weather”

Strategy: Active Acceptance
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The risk is categorized as environmental risk, and it is obvious that they are
unavoidable. Therefore, the only method of facing with them is actively accepting
them by which it is means that the contactor of project should accept it, and by
allocating sufficient contingency in the schedule for such delays in the case of their
occurrence, the risk effects should be tried to get mitigated. Moreover, due to the
environmental causes, it is necessary for the contactors or owners to provide proper
shelters for the working labor and it is also recommended to limit the quantity of
materials stored on site as well as place them in safe places.

5.4.28 “Inflation rate unpredictably increasing”

Strategy: Active Acceptance / Transfer

This risk, which is relevant to the economic and financial category of risks, is
recommended to be firstly accepted by the contactors, and then its impacts should be
mitigated by considering the inflation rate during the cost estimation and including in
the bid. Though, in the case of varying unpredictable rates of inflation, transferring
the risk to the owner is the suggested method.

5.4.29 “Economic slowdown or economic crisis”

Strategy: Active Acceptance

This risk is also categorized as a financial, economic risk, and should be
accepted by contactor. To mitigate the impacts, extra costs must be considered in the
cost estimation and should be considered in the bid.

5.4.30 “Any change in political situation such as sanction, etc.”

Strategy: Active Acceptance

This risk is considered as a political risk, and it should be actively accepted by
the contractors. Moreover, to mitigate the threats of this risk, it is essential to consider

extra costs in the cost estimations of the project and include them in the bid.
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In the next chapter, conclusions of this research work and the recommended

future works will be presented.
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Chapter 6

GENERAL CONCLUSION AND

RECOMMENDATIONS FOR FUTURE WORKS

6.1 Introduction

In this chapter, the achievements of this research work will be given out briefly

along with some recommendations for further studies in this field.
6.2 General Summary and Conclusion

Having a distinguished influence on economy, construction sector is one of the
most distinguished sectors of industry, which is also greatly competitive due to large
number of companies and relative simplicity of entrance to the sector. Due to its
characteristics, this sector is identified as a high risky one and therefore, to minimize
the impacts of threats associated with these risks, employing an organized risk
management technique is necessary.

Risk management procedure of construction project of a steel-framed structure
in Iran, was explored in this research, since this type of structure is more popular in
the country. On the other hand, rapid erection in all seasons is achievable only with
steel-framed structure buildings. Risk management has been investigated in five
different construction work stages, including the earthwork, reinforcement, formwork,
concrete work, and steel structure.

In this study, the method of risk identification was a combination of Work

Breakdown Structure (WBS) and Risk Breakdown Structure, which resulted in an
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operative risk identification process in steel-framed structure projects. Furthermore,
to collect the necessary data, checklists were prepared and questionnaire survey was
performed.

Because of being a user-friendly, cost-effective and rapid, qualitative method of
evaluating the identified risks was the selected method to categorize the risks. To
perform the method, the probability and impact matrix was the employed technique.
The participants in the survey were requested to evaluate the likelihood of risks
occurrence and their levels of impact on projects objectives (time, cost, quality, and
health and safety) separately, to arrange and classify them along with the overall risk
assessment of the project.

After the risk identification and evaluation, it was the time to separate the highly
threatening risks, and convey them in the next step, in which decisions would be made
about the effective methods of facing with those risks. Specifically about this study,
those threatening risks and the responding methods were described thoroughly. It is
worth mentioning that these responding methods are suggested only for the highly
threatening risks.

The following points are presenting brief achievements of this research:

e Utilizing a combination of Risk Breakdown Structure (RBS) and Work Breakdown
Structure (WBS) methods to develop the risk identification more efficiently.

e An entire number of 30 crucial risks were identified and determined, affecting the
projects objectives.

e According to the analysis of probability and impact matrix (PIM), it is revealed that
the risk of “Inaccurate or incorrect estimation of time, cost and resources in accordance
with WBS” has the most influential impact on time of the construction project. In

addition, “Unavailability (lack) or high price of materials due to economic conditions
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in project region or country”, “Any change in political situation such as sanction, etc.”,
“Adjacent structures collapse (Collapse of neighboring buildings) due to inadequate
retaining walls” are the most critical risks on the cost, quality, health and safety of the
construction project in Iran, respectively. The overall highest critical risk was also
found to be the “Inaccurate or incorrect estimation of time, cost and resources in
accordance with WBS”. It is worth mentioning that previous researches, conducted in
different countries and regions, show different results depending on their cases and
conditions with different risks and threats. In other words, the results of risk
management will be diverse according to the location and various geographical
conditions; thus, a universal integrated standard cannot be implemented for all
countries.

e Beside the process of questionnaire survey, it was found that most of the participants
(and so the companies) were not familiar with the structured methods of risk
management process and instead, their own past methods were still popular and being
employed together with some corporation methods such as brainstorming. The
unfamiliarity also was extended to the organized methods of evaluating the potential
threats, i.e. qualitative and quantitative analysis methods. In short, a large proportion
of risk management of the surveyed companies was based on experience, intuition and
experience.

e As stated by most of the companies, limited cost and time are main restrictions,
preventing risk management methods to be employed.

e Regarding the responding methods to the risks, it was found that a large group of
studied companies was not familiar with the formal responding methods. Actually,
only a few of the companies employed the responsibility transferring methods to other

sectors such as subcontractors and insurance companies to reduce the effect of the
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risks. Most of the participants agreed on the controllable nature of the risks and the
mitigation strategy is the most commonly employed risk response technique.

e As stated by most of the companies, limited cost and time are main restrictions,
preventing risk management methods to be employed.

e Due to the obvious lack of knowledge, in this study, various methods of responding
to high risks in terms of the project’s objectives have been developed and listed, which
are indeed beneficial to the project managers, contactors, owners, and other involved

sectors to face with the risks and manage them.
6.3 Recommendations for Future Works

Due to the scope of the present study, all possible issues could not be studied
and investigated. Thus, some ideas about future studies are as follows:

1. The technique of risk management will be more efficient and operative, if the
companies’ culture and also the individuals’ viewpoints are improved about the
method. This improvement can be done by specific methods, developed through
studies and investigations.

2. The structure of risk management technique can be considerably improved, if a
blend of qualitative and quantitative methods is employed. In the case of having time
and enough data, utilizing simulation techniques such as Monte Carlo Simulation by
means of advanced software programs will make additional improvements.

3. Addressing the opportunities associated with the risks along with their threats is
another recommendation, which will lead to comprehend the projects objectives and
more realistic management.

4. More actions and activities are recommended to be considered in future research

works.

122



5. Further broadening of this research can be done by extending it to other structure
types, i.e. concrete and etc.

6. More creative methods are recommended to be developed through further studies
to have more productive risk management.

7. Developing and identifying more risk categories are recommended in order to
have a more general and broad range of identified potential risks affecting the project

objectives, and result in a better and more realistic risk management.
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Appendix A: Sample of Questionnaire Survey

1. Specify your role in the company (and the project)?

Director Functional manager
Project Manager Site/Office Engineer other

2. Educational and previous experiences qualifications

Education:
Experience in Years

3. How any staffs are involved?

Managerial Staffs: Technical Staffs:

4. In the past 5 years, how many projects have been executed?
10 Projects or less 11-20 Projects
21-30 Projects 31- 40 Projects More than 40 projects

5. How many years of experience does your company have?

Less than 1 year 1-3 years
3 -5 years 5-10 years
10 -15 years More than 15 years

6. Are the ideas of risk management and the Risk Management Process, familiar to
you?

Yes No
1 2
7. Is there any risk management program being employed in your organization?

Yes No
1 2



8. Are the efficient risk management plans considered in your company?

Yes No
1 2

9. Is a distinct projects’ scopes usually clarified in your company?

Yes No
1 2

10. Is the schedules of the projects flexible?

Yes No
1 2

11. Is the budget approximation of the project based on the staff experience?

Yes No
1 2

12. Are anticipations of the project from each team member defined clearly, and are
in accordance with obtainable resources?

Yes No
1 2

13. Are the staff and management well-understand the objectives of the company and
the communication plan entirely?

Yes No
1 2

14. How risks and opportunities are identified in your organization?

Brainstorming Questionnaires Interviews Checklists
Risk Breakdown Structure (RBS)

SWOT methods Delphi methods

Experience and Discussion Databases and past data

15. How do you classify risks?




16. What are the basis of risk analyses in your company?

Probability outcome financial impact reputation of the
company
Accomplishment of the objectives other, please specify

17. In your company the assessment of risks are based on:

Qualitative analysis Quantitative analysis Both Experience
and Intuition

18. Are both external and internal risks addresses in the project plan of the project?

Yes No
1 2

19. What is the impact level of risk identification, on time, cost and quality and Health
and Safety, in the project?

Very High High Moderate Low Very Low

20. To implement the quantitative and qualitative risk analysis, what are the utilized
methods, in your company?

Probability and Impact matrix Monte Carlo simulation
Decision tree Sensitivity analysis

21. Who is expected to handle the risks in your company?
Owner (s) Director of Finance Architects Structural Engineers

Consultants General Contractor Risk owners All Staff
Others, please specify

22. Which techniques are usually employed against the risks?
Accepting risks avoiding risks Mitigating risks transferring risks
23. Is an updated risk management plan employed in your organization?

Yes No
1 2



24. Are the advancements from previous lessons learned employed in your projects?

Yes No



Appendix B: Sample of Checklist (English Version)

Mame!Surname:

Pasition:

Risk Analysis [ RBS &WBS)

Risk Categories

Level IJLeueI 1

Risk Events

(ualitative Rating for probability & impact [1) Yery low [2) Low [ 3)Modarate (4) High (5] Yery high

Impact on project

-1

Level 2 Level 3 Probabity (15 Time [1-5] Caost [1-5] Qualiy [1-5] Health & Safety [1-5)
Unavailability of needed information,code and standards.
Litigation conflict with neighbor of the project.

Feasibiliy{Fhase Frnje:tFundiqrdiﬂi.l:ultiesduetuba_dfinanl:ialsituatinn offinancier [s).

Delay of bank in project fund allocation.
Poor or incorrect estimation in market,technical & financial analysis.
Poor preliminary assessment and evaluation of different possibilities of treatment measures for ground and groundwater.
Delayin contract iszue by owner of the project.
Inconzistency or mistake in contract documents.

Contract [ Phase Any prqblem or conflict Df:Dntra:tnr[§'l,5ub|:untra|:tur [.SII’ uwner[ls'l, project manlager.and alllthe. stakehuldgrswith contract.
Allocation of risks to the contractor (3], subcontractor [s),owner [s),consultant|s),desiner(s),etc is not mentioned oris not clear
inthe contract.

Non standard or inappropriate contract form  type or form of the contract is not standard or compatible with laws).
The |ack of a precize definition of the project and defects in the project documents such as project charter,project scope
statement etc.
Lack of consistency between bill of quantities drawings and specifications.
Inaccurate or incorrect estimation of time,cost and rezources in accordance with WAS.
Design Incompatibility of architectural, structural and mechanical,etc plans [ Not coordinated design | :

Specification Poor or incorrect technical design due to incorrect or insufficient available information [ zeclogical ,geotechnical,..).
Design iz not appropriste with the project objectives or requirement of the project.
Incorrect orinsufficient design data.
Change in design due to change in design standards during design process.
Mistake of desizner (s in calculations ,analysis and evaluations.
Delayin presenting design results or design drawing.
Unavailability [ lackler high price of needed equipments due to economic conditions in project region or country.

Rezources Unavailability [ lacklor high price of manpower due to economic conditions in country.
[Price & Ayailablity | Unavailability [ lacklor high price of materials due to economic conditions in project region or country.
Praject e Quality | Poor quality of needed materials, equipment contractor(s) and subcontractor(s)in project region.

Unavailability or |lack of needed experts , professional managers and experienced contractors in project region.
Poor communication in project between different stakeholders.
Any problem related to poor monitoring and controlling the quality of tasks execution in project.
Any change in trategies, principles or change of manager(s) of the project, owner|s) and general contractor(s).
Applied schedule by inexperienced project manager is not consistent with the desired cost, scope and quality of the project |

Management inconsistent cost time srope and gualit_:\g?b'etti\res'l. i

{ Froject view ) Damage to persons, properties and materials due to poor health and safety management of the project.

Schedule compression technigues such as fast tracking and crashing may resultin increased risk.




Frojoct

Intarnal Riek

with known-unknown and unknown-unknown risks.

The project organization chart has not sufficient detail to identify the key personnel and their roles and responzibilities.

Scope creep.

Implementation

Delay in payment to contractor(s) during project implementation phase.

Strike duringimplementation phaze.

Delay of contractorin final billing presentation due to poor performance of personnel.

Irregular orinadequacy of site inspection by consultant(s) during implementation phase.

Any problem due to poor inspection of work by contractor | Technical mistakes etc)during implementation phase.

Priject
Stakeholders

Skill deficiency of project manager|s), contactor|s) subcontractor(s),owner(s) consultant(s) etc in internal management.

Delay in approving the contractor|s) work by consultant(s) or owner(s) of the project.

Incompetency of contractor/subcontractor due to lack of experience equipments enoush qualified experts and |abors.

Any problems and conflict between different partners of the project.

Financial difficulties of contractor|si and owner|s) of the project { Problems to provide project funds on time).

Late desizn variations by owner(s) of the project or |ate changes requested by stakehalders .

Delay in decision making of the project by inexperienced owner(s).

Project manager and functional manager|s) to resign.

Delay in materials deliveries by suppliers | Supplier's incompetency to deliver materials on time).

Hictivity &
[Earth wark |

Adjacent structures collapse [ Collapse of neighbouring buildings | due toinadequate retaining walls.

Landslides due to hard rains during excavation phaze which may lead to collapse of neighbouring buildings.

Ground collapse.

Collapse of excavation sides due to instability of excavation.

Aperson being trapped by the collapse of 2n excavation.

Excavation machineryfalls from unprotected edges ( Machinery crashes).

Manpower's falling into an excavation.

Contactwith underground cables | essential services Jand cutting them during excavation phase.

Exposure to underground water during excavation.

Hctivity B
[ Reinforcement |

Injurigs from worker's stumble and falling on the exposed steel rebars | Protruding rebar ends).

Heawy lifting of rebar iz 3 potential risk factor.

Corrosion of steel rebars.

Injurigs from cutting and bending rebar.

Manpower's slipand fall into reinforcement mesh [ 3lips & Trips ).

Manpower's damage by reinforcement wire and rebar 's sharp edges .

Back bending and high hand force with repetition and awkward posture while tying rebars.

Hictivity ©

{Frirmurrk 1

Formwork collapse during and after pouring concrete due to inadequate support and low strength to stand the pressure or
weight offresh concrete and vibration pressure ete.

Lack of consideration of contingency reserve and management reserve in estimating cost and time of the project to encounter

Falling objects from height.

Manpower's falling from edges of formwork frames during their erection.

Safe working load exceeded during lifting equipments and materials such as lumber, plywood forms etc [ Heavy lifting).




Activities

RS TS

Deflection of slab after pouring concrete due to inadequate and inappropriate props installations,etc.

Injury from manually handling the form ply sheets.

Collapse of slab due to early removal of the forms, props, etc.

Injury of worker's due to slip onto form ply sheet [ Slips & Trips).

Btiviey O
[Concrete Wark)

Collapse of fresh concrete container (bucket, barrow etc.) during pouring operations.

Delay in delivery of ready mixed concrete during pouring concrete.

Failure of support systems or platform during pouring concrete.

Concrete cracks | Types of concrete cracks such az shrinkage crack Tension crack etc).

Contact of wet concrete with eyes and skin during pouring concrete.

Manpower's falling down from openings or void spaces&ducts and edze of the work area .

Back bending due to hand troweling and manual screeding during pouring concrete | Slab & Foundation).

Beinz struck by objects [equipment & materials) such as concrete buckets.chutes etc.

Butiviey E
[ Steeel Structure |

Instability and collapse of structure due to inadequate temporary bracing during steelwork.

Collapse of structure due to inappropriate and poor welding of joints (between column,beam and bracing | during erection.

Failure of lifting equipments.

Being struck by objects such as steel members [fall of construction materials and tools

Probability of fire due to welding operation[Welding spatter grinding spark in flammable environment),

Injury of third parties and workers during steel structure erection.

Crane overturn due to overloading.

Manpower's falling from the height during erection of steel structure.

Collapse of structure due to members failure from temprary loading | Unexpected heavy winds) during erection.

Crane slings or chains may be releazed during erection steel structure erection | columns, beams etc.}

Weld failure due to poor quality or lack of testing.

Fabrication errors | angles,etc.) and incomplete fabrication | missing components).

Risk of injury from inhalation of toxic gases generated during welding.

External Risk { Project Wiews)

Enviranmental
Rizh.

Unexpected Weather

Any unwanted weather conditions such as very cold,very hot, windy, rainy weather and snowy weather .

Matural Hazards

Natural disasters such as earthquake flood, landslide fire storm and glacial weather,ete.

Country Fisk

Ecanamic &
Financial

Market fluctuations | Low market demand, change in market demand ,etc).

Inflation rate unpredictably increasing.

Economic slowdown or BConomic Crisis .

Interest rate fluctuation.

Exchange rate fluctuation.

Prolitical

Any change in political situgtion such as sanction, etc.

Political conflict with other countries.

Leqal & Requlation

\Unwanted changes in laws and standards.

Delav of sovernment to issue the oroiect permissions | Reauirement for permits and their aporoval take lonzer than expected |




Appendix C: Checklist Result by Respondent 1 (Persian Version)
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Appendix D: Answers to Questionnaire Survey

General Information

1. Respondents 1, 2 and 19 were Consultant; Respondents 3, 5, 7, 10 and 14 were
Project manager; Respondents 4, 6 were Site Manager; Respondents 8, 20 were
Executive director; Respondents 9, 11 were Site Supervisor; Respondent 12 was
Technical Office Engineer; Respondents 13, 16 and 18 were Structural Engineer;
Respondents 15, 17 were Supervisor.

2. The job experience of respondent 1 was 37 years master of civil engineering degree.
The job experience of respondent 2 was 17 years master of civil engineering degree.
The job experience of respondent 3 was 25 years Bachelor’s degree in civil
engineering. The job experience of respondent 4 was 12 years Bachelor’s degree in
civil engineering. The job experience of respondent 5 was 20 years Bachelor’s degree
in civil engineering. The job experience of respondent 6 was 22 years Bachelor’s
degree in civil engineering. The job experience of respondent 7 was 15 years
Bachelor’s degree in civil engineering. The job experience of respondent 8 was 13
years master of civil engineering degree. The job experience of respondent 9 was 16
years Bachelor’s degree in civil engineering. The job experience of respondent 10 was
32 years Bachelor’s degree in civil engineering. The job experience of respondent 11
was 11 years Bachelor’s degree in civil engineering. The job experience of respondent
12 was 10 years Bachelor’s degree in civil engineering. The job experience of
respondent 13 was 9 years with Bachelor’s degree in civil engineering. The job
experience of respondent 14 was 14 years with master of civil engineering degree. The
job experience of respondent 15 was 13 years with master of civil engineering degree.

The job experience of respondent 16 was 8 years with Bachelor’s degree in civil



engineering. The job experience of respondent 17 was 12 years with Bachelor’s degree
in civil engineering. The job experience of respondent 18 was 7 years with master of
civil engineering degree. The job experience of respondent 19 was 16 years with
master of civil engineering degree. The job experience of respondent 20 was 11 years
with Bachelor’s degree in civil engineering.

3. Respondents 1, 3, 5 and 10 had own companies, respondent 1 had 8 managerial
employees and 16 technical employees, respondent 3 had 4 managerial employees and
8 technical employees, respondent 5 had 11 managerial employees and 23 technical
employees, respondent 10 had 9 managerial employees and 20 technical employees.
Other respondents work within companies which had many managerial and technical
employees and all the companies was huge and famous.

4. Respondents 1, 2, 3, 5, 6, 10, 14, and 19 declared that execute between 31-40
projects nearly; respondents 4, 7, 8, 9, and 17 declared that execute between 21-30
projects nearly; 11, 12, 13, 15, 16, 18, and 20 declared that execute between 11-20
projects nearly.

5. Respondents 1, 2, 3, 5, 6, 7, 9, 10, 14, 19 were more than 15 years and other

organizations had between 10-15 years’ experience.

6. Respondents 1, 3, 5, 7, 10 and 14 were familiar with most parts of risk managements
but the rest of the respondents do not have a proper insight and knowledge with
structured risk management.

7. Except respondent 1, 3, 10 and 14 that had risk management plan in their
organization other organization’s respondents did not have any plan for risk

management.



8. Except respondent 1, 3, 10 and 14 that had risk management plan in their companies
other companies’ respondents did not consider the presence of efficient risk
management plan.

9. Respondents 1, 2, 3, 5, 6, 7, 9, 10, 14, 17, and 19 declared that scope usually well
defined in their companies but other respondents had adverse responses.

10. Nearly all the respondents declared that their project’s schedules are not flexible
except respondents 1, 3 and 10.

11. All the respondents declared that the budget of the project estimate based upon the
experience of the staff.

12. Respondents 1, 2, 3, 5, 6, 7, 8, 9, 10, 14, 19 and 20 had positive responses and
other responses had adverse responses.

13. Respondents 1, 2, 3, 4,5, 6, 7, 8, 9, 10, 14, 19 and 20 had positive responses and

other responses had adverse responses.

Risk Management Process

14. Respondents 1, 2, 3, 5, 7, 10, 14, 19 and 20 declared that they identify risks with
brainstorming, checklist, past experience and discussion; other respondents admitted
that they identify potential risks with past experience and discussion.

15. Almost all the respondents declared that the most widely tool in order to
categorize potential risks is discussing about the risks. Primarily managing the risks
are done, within the organization, with regard to the scope of assigned work, managed
and consulted afterwards, with the other members of team, but respondents 1, 3, 5, 7,
10 and 14 declared that they used some formal and structured technique such as

qualitative analysis besides discussion.



16. Respondents 1, 2, 3, 5, 7, 8, 9, 10, 14, 19, and 20 declared that they analyzed the
risks based on accomplishment of the objectives and financial impact and other
respondent admitted that they analyzed risks based on financial impact.

17. Respondents 1, 3, 5, 7, 10, and 14 declared that they assess the potential risks with
qualitative technique, experience and intuition and other respondent admitted that they
assess the risks with their past experience, intuition and judgment.

18. All the respondents had positive responses.

19. Respondents 1, 3, 5, 7, 10, and 14 believed that identify the risks have high effects
on project objectives but other respondents declared that it has moderate and low
effects on project’s objectives.

20. Respondents 1, 3, 5, and 7 declared that they use probability and Impact matrix for
qualitative analysis and respondents 10 and 14 admitted that they use Probability and
Impact matrix for qualitative analysis and Monte Carlo Simulation for quantitative
analysis. Other respondents did not answer to this question.

21. Respondents 1, 2, 3, 5, 7, 10, and 14 declared that project manager is responsible
for handling the risks; Respondents 4, 6, 8, 9, 19, and 20 declared that general
contractor and structural engineers are responsible for handling the risks; Respondent
12, 13, 15, and 18 admitted that structural engineers and owners should handle the
risks and respondents 11, 16, and 17 declared that project manager and general
contractor should handle the risks.

22. Respondents 1, 2, 3, 5, 7, 10, 14, 19 and 20 declared that the best response
strategies are mitigation which is done through past experience and discussion and also
transferring the risks to other parties such as insurance and subcontractors and for some
low impact risks acceptance is the best strategy; other respondents admitted that the

best response strategy is mitigating the risks.



23. Respondent 1, 3, 5, 10, and 14 had positive responses and other respondents had
adverse responses.
24. All the respondents declared that they apply their improvements from previous

lessons learned in their projects.



Appendix E: Respondents and Companies Profile

Name of Respondents - Work
Respondents And Company ‘s Name Position Experience
Respondent 1 Pezeshk.A. Pouya Tarh | Consultant 37 Years
Respondent 2 Rezaie O. Fars Hasebe Consultant 17 Years
: Project
Respondent 3 Aghaie.R. Mosalas Manager 25 Years
Respondent4 Ramezani M. Taag Site Manager | 12 Years
Respondent 5 Moshkelgosha A. Haraayeh P 20 Years
Manager
Respondent 6 Peytam N. Saaz Ashian Site Manager | 22 Years
Respondent 7 Tavakol SH. Neysar Project 15 Years
Saazeh Manager
. Executive
Respondent 8 Taghinezhad M.  Sang Beel director 13 Years
Bostangol R. Hesaar Site
Respondent 9 Beton Supervisor 16 Years
Project
Respondent 10 Meshksar A. Taaraasaa 32 Years
Manager
Respondent 11 Rezaie A. Zanjaab Site 11 Years
Supervisor
Technical
Respondent 12 Niroomandi M. Dejbor Office 10 Years
Engineer
Respondent 13 Ranjbar O. Peykar Struc_:tural 9 Years
Banaa Engineer
Respondent 14 Ghane M. P Rahyab Project 14 Years
ars Manager
Respondent 15 Soroushnia S. Rahgam Supervisor 13 Years
Respondent 16 Edrisi E. Raazaan Strugtural 8 Years
Engineer
Respondent 17 AATTEERERN . IR Supervisor 12 Years
Sazeh
Respondent 18 Homayoun M. Dejbor StrU(_:turaI 7 Years
Engineer
Respondent 19 Moshkelgosha E.  Jaashk Consultant 16 Years
Respondent 20 Nafezi P. Taashkan Executive 11Years

director




Appendix F: Significance Score Risk

The risk significant index was used in this research, established by (Shen, et al.,
2001).
Considering the effectiveness of risks on specific project objectives, the

significance score, evaluated by each respondent can be calculated by Equation (1).
s = a;; Pl €3]

In which; r is the significance score of risk i, evaluated by respondent j, on the
project objective k. i is the ordinal number of risk, varying between 1 to 105; k is the
ordinal number of project objective, varying between 1 to 4 and j is the ordinal number
of valid feedback to risk i, j= (1, n=20); n = total number of valid checklists; a =
likelihood occurrence of risk i, assessed by respondent j; 4 = level of impact of risk i
on project objective k, assessed by respondent j.

The average score of each risk considering its impact on a specific project
objective, can be calculated by Equation (2).

This average score is called the risk significance index score, and will be

employed to arrange all risks impacts, on a particular project objective.

n k n
k Xj=1Tij 1

R; _T_HZ ;B (2)
=

In which R is the significance index score for risk i on project objective k.

(Average risk score for risk i on project objective k)



Moreover, Equation (3) is employed to obtain the percentages of each risks than

other ones, presented as;

Rpi= ziﬁ x 100 3)

Where Rpi is the Percentage for risk i on project objective k; £ Rtk is standing
as the total significance index score on project objective k (Total Average risk score
on project objective k).

Regarding the influence on a specific project objective, the Total percentage of

risks can be calculated by Equation (4).

_ YRtk
Tpr_—z(zmk) x 100 4)

Where Tpr is the Total Percentage of risks; X Rtk represents the total significance

index score on project objective k (Total Average risk score on project objective k).



Respondents' Risk Scores for all identified Risk Events
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Appendix H: Sample of Matrix Table
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Appendix I: Checklist Reliability (SPSS, Cronbach’s Alpha)

RELIABILITY
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E18 1
E L}
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Split File nones
M of Riows in Working Dats 20
File
Matriz Imput
Missing alue Handling Definifion of Aissing User-defined missing walues are
treated a5 missing.
Cases Usz=d Stafistics are based an all cases with

Syntax

Resourcas Propassor Time

Elzapsed Tims

valid dats for sll vanables in the
procedure.
RELIABILITY
MNARIABLES=RE1 REZ RE2 RE4
RES RES RET REE RER RE10 RE11
RE1Z RE13 RE14 RE15 RE16 REA7
RE12 RE12 RE2D RE21
{SCALETALL WARIABLEST) ALL
{MCOEL=ALPHA
{STATISTICS=DESCRIFTIVE
ISUMMARY=MEAME.

00 O0:00:00.000
00 0C-00:00.007

[Datafet3] E:“Thesisz'Pavam Rascoli-Cost Impact.sav




Scale: ALL VARIABLES

Case Processing Summary

M o6
Cases Walid 20 100.0
Excludad® C 0
Taotsl 20 100.0

a. Listwize deletion based on all variables in the

procedure.
Reliability Statistics
Cronbach's
Alpha Based on
Cronbach's Standardized
Alphs" fems" M of Hems
215 15 21




ltem Statistics

hesn Std. Devigtion M

F1 28500 5ET14 20

F2 1.5000 G0EEE 20

Fi 28500 G70E2 20

Fz 31000 Ga072 20

F& 3.8500 ATE05 20

Fa 3.1000 78307 20

1 3.0000 72548 20

c2 3.7500 TEE40 20

C3 28000 GB5EE 20

Ca 4.2500 75218 20

C5 2.3500 48038 20

[ 3.7000 47018 20

o2 2.4500 0481 20

03 42000 GB5EE 20

D 3.68000 21181 20

(] 2.8500 22451 20

[ 3.0500 82558 20

C7 41000 TR307 20

[ 2.8000 T18318 20

Ca 2.8000 TREOT 20

10 21000 TREDT 20

Summary lem Statistics
M azimwumm |
Mean | Minimum | Mzdmum | Range Minirmurn | Variance | M of liems

Ibem 3117 1.500 4.450 2850 2567 558 21
Means




BELTARILITY

JWRRIRBLES=RE] EE:Z RE3 BE4 RES BEe BET REZ BES EE1CQ BE11 BELZ BEIL3
RE14 BE15 REle ERE17 RE1R PFE1% REZC BEZ1

SECRLE ("ALL VARTREIES") ALL

JMODEL=RT.PHR

SETRTISTICS=DESCRIFTIVE

S ETHMARY=MERNS .

Reliability
Motes
Cutput Created 25-May-2014 05:11:33
Comments
Imput Data E-\Thesis'\Payam Rasooli-Cuslity
Imipact.sav

Active Dataset DataSetd

Filter Annnes

Wieight <nones

Split Fil= <nones

M of Rows in Working Dats 20

File

Matriz Imput

Missing Yalus Handling Definition of Bissing Usar-defined missing values are
treated as missing.

Cases Uzad Stafistics are based on all cases with
valid data for all wariables in the
procedure.

Syniax RELIABILITY
MNWARIABLES=RE1 REZ RE3Z RE4
RES REG RET REE RER RE10 RE11
RE1Z RE13 RE14 RE15 RE1G RE1T
RE18 RE12 RE2D RE21
[SCALECALL VARIABLEST ALL
IMODEL=ALPHA
[STATISTICS=CESCRIFTIVE
ISUMMARY=MEANS.
Resources Procassor Time 00 00:00:00.000
Elapsed Time 00 00:00:00.005

[DataSetd] E:WThesiz'Payam Bascoli-Quality Impact.sav



Scale: ALL VARIABLES

Case Processing Summary

M 06
Cases  “Walid 20 100.0
Excluded® 1) A0
Total 20 100.0

a. Lishtwize deletion bas=d on all varakles in the

procedure.
Reliability Statistics
Cronbach's
Alpha Based on
Cronbach's Standardized
Alpha ltems M of ltems
A4 83T 21




lterm Statistics

flesn Std. Devistion M
F1 2.8500 58714 20
F2 1.3500 ABEEE 20
F3 24000 JGRO5E 20
F& 1.7500 TRE4D 20
F5 2. 3500 74518 20
Fa 18000 JSbag2 20
1 12000 41038 20
c2 28500 4518 20
C3 28500 JGT082 20
C4 33000 B8450 20
L] 1.8500 T4518 20
01 34000 52058 20
Ci2 25500 JGi04E1 20
Ci3 41500 B12T3 20
Ot 40500 THE1E 20
[l 28500 4518 20
(i 2 8500 JB2ERE 20
Ov 40500 JBET04 20
(1 22500 1638 20
[ 28500 JB2E5E 20
C1D 12500 44428 20
Summary Hem Statistics
Bl=edirmum / M of
hiean | Minimum | Maximumn | Range Mimirmum | Wariance ltems
ltem 2600 1.200 41580 2850 3458 202 2

leans




BELTABILITY

JVRRIARLES=REE]l REZ RE3 RE4 RES BEe BET REZ RES RE1(0 REE1l BE1Z BEIL13

EEI14 EE1S REle EE1T EEILIS BEL1S BEZ0Q BEZ1
JECRLE {"BLL WARTRBILES") ALL
JHODEL=AT.FHR
SETATIETICS=DESCRIETIVE
S EUMMARY=MERNS .

Reliability
Motes
Cutput Created 25-May-2014 05:15:05
Comments
Input Ciata E-\Thesis'\Payam Rasooli-Health and
Safety Impact.sav
Active Dataset DataZets
Filter <nonex
Wieight none
Siplit Fil= niones
[ of Rows in Working Data 20
File
fatriz Imput

Missing Valus Handling Definition of Missing

Cases Ll=ad
Syntax
Resourcas Progessor Time
Elzpsed Tims

Usar-defined missing valuss are
trested as missing.
Stafistics are based on all cases with
valid data for all varzables in the
procedure.
RELIABILITY
"ARIABLES=RE1 RE2 RE2 RE4
RES REG RET REZ RED RE10 RE11
RE12 RE12 RE14 RE15 RE1G RE17
RE1% RE12 RE20 RE21
ISCALE[ALL VARIAELEET) ALL
{MODEL=ALFPHA
ISTATISTICS=DESCRIPTIVE
ISUMMARY=MEAME.

00 00-00:00.000

00 0C-00:00.005

[Datafeth] E:\Thesis\Payam Rascoli-Health and Zafety Inmpact.sav



Scale: ALL VARIABLES

Case Processing Summary

i) 06
Cases  “alid 20 100.0
Excludad” o A0
Taotal 20 100.0
8. Listwise deletion bas=d on all variables in the
procedure.
Reliability Statistics
Cronbach's
Alpha Based on
Cronbach’'s Standardized
Alphs" ltemns" M of tems
EET B3 21




ltemn Statistics

flean Std. Deviation i)
F1 32500 THE4D 20
F2 1.8500 S8714 20
F3 14000 “S02G2 20
F4 14000 JS02a2 20
F5 12000 4035 20
F& 12000 4035 20
c1 12000 410358 20
c2 11000 3077 20
c3 14000 0262 20
Ca 11500 386835 20
C5 1.2000 410359 20
(ny| 11000 07T 20
Ci2 11800 SHE35 20
Ci3 1.3000 47018 20
O 11000 07T 20
mldl 1.7500 T18358 20
Oig 11500 386835 20
C7 14000 0262 20
CE 1.2000 410359 20
Cig 11000 07T 20
C10 11000 SO07TE 20
Summary ltem Statistics
btzcarmum
Mean | Minimum | Maximum | Range Bdimirnum ‘fariance | M of ltems
ltemn Means 1.387 1.100 3250 2180 2 855 284 21




