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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. 
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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 
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ÖZ 

Son yıllarda, özellikle inşaat projelerindeki risk yönetimi alanında, endüstri ve 

şirketler için yarar sağlayabilecek ve daha etkili ve gelişmiş bir performansla 

sonuçlanacak risk yönetimi metotları geliştiren kapsamlı araştırmalar yapılmıştır. 

Ancak, bu alanda yapılan araştırmalar yetersiz bulunmaktadır. Risk yönetiminin 

metotları ile ilgili bilgi eksikliği, bu metotların geniş alanlarda uygulanmasını 

engelleyerek önemli bir sorun haline gelmiştir.  

Bu yüksek lisans tezindeki araştırma, İran inşaat projelerinin çelik yapılı binaları 

üzerine gerçekleştirilmiştir. Araştırma, inşaatın toprak çalışması, demir donatı, kalıp, 

beton işi ve çelik yapı gibi beş farklı sürecindeki risk yönetimi metotlarını 

araştırmaktadır.  Adı geçen süreçlerdeki risk yönetimi metotlarının algısı ve kullanımı, 

anket ve kontrol listesi kullanılarak araştırılmıştır.  

Risk tanımlamayı etkili bir şekilde geliştirmek için Risk Çözümleme Yapısı da 

kullanılmıştır.  Bu metotlar, belirlenen bir sayıdaki şirketlerde kullanılmak için 

seçilmiştir.  

Risk oluşum olasılıklarını ve proje amaçları üzerindeki etkilerini 

değerlendirebilmek adına nitel metotlar, olasılık ve etki tablosu ile uygulanmıştır. 

Süre, maliyet, kalite, sağlık ve güvenlik gibi belirlenen 30 temel için ayrı 

değerlendirmeler yapılmıştır.  

Risk yönetiminin resmi metotlarının, İran inşaat şirketleri tarafından 

bilinmemesi anketlerin belirgin sonuçlarından birini oluşturmaktadır. Olası risklerin 

tanımlanması ve alınacak olan önlemlerin belirlenmesi için şirketlerin hala eski 

deneyimleri, kontrol listeleri, beyin fırtınası yöntemleri ve danışmanlıklara bağımlı 
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oldukları sonucuna varılmıştır. Metotların bilinmemesinin, eğitim eksikliğinden 

kaynaklandığı düşünülmüştür ve bu konu araştırmanın odak noktalarından biri haline 

gelmiştir. Ayrıca bu çalışmada, yüksek risk olarak tanımlanan olası riskler karşısında, 

daha etkili bir risk yönetimi geliştirmek adına, yanıtlamam tekniklerinin geliştirilmesi 

amaçlanmıştır.  

Anahtar Kelimeler: İran inşaat endüstrisi, çelik yapı binaları, nitel metot, risk 

yönetimi, risk yönetimi süreci 
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Chapter 1  

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 
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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). 
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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.  
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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 skills, 

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: 

 First, to evaluate how the Iranian construction companies perform the risk 

management practically, specifically in steel-framed structure buildings.  

 Second, to identify and categorize the risks associated with the steel-framed structure 

construction projects, and rank the risks. 

 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. 
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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. 
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 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. 

 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. 

 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. 

 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 
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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.  

 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.  
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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. 

 
Figure 1.1: Thesis framework 
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Chapter 2 

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: 

 Building construction industry 

 Heavy construction industry 

 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 
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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) 

 
 

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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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. 

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

(2006)) 

 
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) 
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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 



 

 

26 

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) 

 
 

 Table 2.4: Scale of influential impacts on different objectives (PMI, 2013)

 
 

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) 

                     

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.  

 
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. 

 Monte Carlo Simulation: Scenario technique 

 Decision trees: Diagraming technique 

 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. 

 
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. 

 Changes in the project plan. 

 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). 

 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. 

 Contingency plan: Contingency plans include necessary reactions or tactics 

that are set to be performed at the occurrence of a risk (Mulcahy, 2010). 

 Fallback plans: These plans or strategies are in some ways the next step after 

the failure of contingency plans (Mulcahy, 2010). 

 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). 

 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: 

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

 Manage the contingency and management reserves. 

 Create workarounds. 

 Control the project risk. 

 Refine and update the risk register. 

 Perform additional risk identification, qualitative and quantitative risk analysis 

and risk response planning. 

 Re-estimate the project. 

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

(communicate about risks). 

 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. 

 Watching for triggers. 
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 Keeping track of the identified risks. 

 Managing the reserves. 

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

 Dealing with risks that were not identified. 

 Performing risk audits. 

 Performing risk reviews. 

 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. 

 Collecting and communicating risk status. 

 Communicating with stakeholders about risks. 

 Determining if assumptions are still valid. 

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

 Monitoring residual risks. 

 Identifying new risks. 

 Reviewing all workaround situations to see if they provide insight into the 

existence of additional risks. 

 Updating the risk register. 

 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. 

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

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) 

     

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) 

 

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 

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. 
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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 5 

Total Number of Site Supervisors 4 

Total Number of Consultants 3 

Total Number of Structural Engineers 3 

Total Number of Site Managers 2 

Total Number of Executive Directors 2 

Total Number of Technical Office Engineer 1 
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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 I 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. 



 

 

 

 

         Table 4.2: The most important identified risks with their Risk Breakdown Structures 
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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). 



 

 

55 

 

𝑟𝑖𝑗
𝑘 = 𝛼𝑖𝑗𝛽𝑖𝑗

𝑘                                   (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; i is 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; β = level 

of impact of risk i on project objective k, assessed by respondent j and α = 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. 

𝑅𝑖
𝑘 =

∑ 𝑟𝑖𝑗
𝑘𝑛

𝑗=1

𝑛
=
1

𝑛
∑𝛼𝑖𝑗𝛽𝑖𝑗

𝑘

𝑛

𝑗=1

 

 

                                 (Eq.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). The complete calculation process 

is available in Appendix F.  

  



 

 

 

 

Table 4.3:  Identified risks arrangement 

 



 

 

 

 

 



 

 

 

 

 



 

 

 

 

 



 

 

 

 

  
 

 



 

 

 

 

Table 4.4: Identified risks rankings, considering time

 



 

 

 

 



 

 

 

 

 



 

 

 

 

 
  



 

 

 

 

Table 4.5: Identified risks rankings, considering cost

 



 

 

 

 

 



 

 

 

 

 



 

 

 

 

  
 

 

 



 

 

 

 

Table 4.6: Identified risks rankings, considering quality

 



 

 

 

 

 



 

 

 

 

 



 

 

 

 

 



 

 

 

 

 
 

 

 

 

 



 

 

 

 

Table 4.7: Identified risks rankings, considering health and safety



 

 

 

 



 

 

 

 



 

 

 

 

  
 

 



 

 

 

 

Table 4.8: Overall ranking of risks   
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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 4.1 to 4.5. 
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Figure 4.1: Matrix table of “Inaccurate or incorrect estimation of time, cost and 

resources in accordance with WBS” by all respondents 

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

changes requested by stakeholders” by all respondents 

 
Figure 4.4: Matrix table of “Adjacent structures collapse (Collapse of neighboring 

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

economic conditions in project region or country” by all respondents 

 
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 

contract” by all respondents 
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Figure 4.8: Matrix table of “Inaccurate or incorrect estimation of time, cost and 

resources in accordance with WBS” by all respondents 

 
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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Figure 4.11: Matrix table of “Any change in political situation such as sanction, etc.” 

By all respondents  

 
Figure 4.12: Matrix table of “Inaccurate or incorrect estimation of time, cost and 

resources in accordance with WBS” by all respondents 
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Figure 4.13: Matrix table of “Incompatibility of architectural, structural and 

mechanical, etc. plans (Not coordinated design)”by all respondents 

 
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. 
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Figure 4.16: Matrix table of “Adjacent structures collapse (Collapse of neighboring 

buildings) due to inadequate retaining walls” by all respondents  

 
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 

 
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. 

 



 

 

 

 

 
Figure 4.21: Critical risks of time 

 



 

 

 

 

 
Figure 4.22: Critical risks of cost 



 

 

 

 

 
Figure 4.23: Critical risks of quality 



 

 

 

 

 
Figure 4.24: Critical risks of health and safety 

 



 

 

 

 

 
Figure 4.25: Overall high risks 

 



 

 

 

 

 
Figure 4.26: Comparison between total percentages of risks 
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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. 
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Chapter 5 

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 



 

 

105 

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 a risk 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 
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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.   



 

 

111 

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 

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: 

 Utilizing a combination of Risk Breakdown Structure (RBS) and Work Breakdown 

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

 An entire number of 30 crucial risks were identified and determined, affecting the 

projects objectives. 

 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 



 

 

121 

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. 

 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. 

 As stated by most of the companies, limited cost and time are main restrictions, 

preventing risk management methods to be employed. 

 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. 

 As stated by most of the companies, limited cost and time are main restrictions, 

preventing risk management methods to be employed. 

 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. 
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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 

      1   2                     



 

 

 

Appendix B: Sample of Checklist (English Version) 

 



 

 

 

 



 

 

 

  



 

 

 

Appendix C: Checklist Result by Respondent 1 (Persian Version)

 



 

 

 

 



 

 

 

 



 

 

 

   



 

 

 

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 11 

years master of civil engineering degree. The job experience of respondent 9 was 11 

years Bachelor’s degree in civil engineering. The job experience of respondent 11 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 11 years Bachelor’s degree in civil engineering. The job experience of 

respondent 11 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 11 years with master of civil engineering degree. 

The job experience of respondent 11 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 

 

 

Respondents 
Name of Respondents 

And Company ‘s Name 
Position 

Work 

Experience 

Respondent 1 Pezeshk.A.             Pouya Tarh Consultant 37 Years 

Respondent 2 
Rezaie O.               Hasebe 

Fars 
Consultant 17 Years 

Respondent 3 Aghaie.R.               Mosalas 
Project 

Manager 
25 Years 

Respondent4 Ramezani M.          Taag Site Manager 12 Years 

Respondent 5 Moshkelgosha A.    Haraayeh 
Project 

Manager 
20 Years 

Respondent 6 
Peytam N.               Ashian 

Saaz 
Site Manager 22 Years 

Respondent 7 
Tavakol SH.            Neysar 

Saazeh 

Project 

Manager 
15 Years 

Respondent 8 Taghinezhad M.      Sang Beel 
Executive 

director 
13 Years 

Respondent 9 
Bostangol R.            Hesaar 

Beton 

Site 

Supervisor 
16 Years 

Respondent 10 Meshksar A.            Taaraasaa 
Project 

Manager 
32 Years 

Respondent 11 Rezaie A.                 Zanjaab 
Site 

Supervisor 
11 Years 

Respondent 12 Niroomandi M.        Dejbor 

Technical 

Office 

Engineer 

10 Years 

Respondent 13 
Ranjbar O.               Peykar 

Banaa 

Structural 

Engineer 
9 Years 

Respondent 14 
Ghane M.                 Rahyab 

Pars 

Project 

Manager 
14 Years 

Respondent 15 Soroushnia S.           Rahgam Supervisor 13 Years 

Respondent 16 Edrisi E.                   Raazaan 
Structural 

Engineer 
8 Years 

Respondent 17 
Ahmadzadeh A.       Omraan 

Sazeh 
Supervisor 12 Years 

Respondent 18 Homayoun M.          Dejbor 
Structural 

Engineer 
7 Years 

Respondent 19 Moshkelgosha E.      Jaashk Consultant 16 Years 

Respondent 20 Nafezi P.                   Taashkan 
Executive 

director 
11Years 



 

 

 

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). 

𝑟𝑖𝑗
𝑘 = 𝛼𝑖𝑗𝛽𝑖𝑗

𝑘                                      (1) 

 

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; α = 

likelihood occurrence of risk i, assessed by respondent j; β = 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. 

 

𝑅𝑖
𝑘 =

∑ 𝑟𝑖𝑗
𝑘𝑛

𝑗=1

𝑛
=
1

𝑛
∑𝛼𝑖𝑗𝛽𝑖𝑗

𝑘

𝑛

𝑗=1

 

 

                                     (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=
𝑅𝑖

∑𝑅𝑡𝑘
 × 100                                                               (3) 

Where Rpi is the Percentage for risk i on project objective k; Σ 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). 

                        Tpr=
∑𝑅𝑡𝑘

∑(∑𝑅𝑡𝑘)
 × 100                                                      (4) 

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

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

  



 

 

 

Appendix G: Respondents' Risk Scores for all identified Risk Events

 



 

 

 

 

 



 

 

 

 

 



 

 

 

  

 
 



 

 

 

 

 



 

 

 

 

 



 

 

 

 

 



 

 

 

 

 



 

 

 

 



 

 

 

Appendix H: Sample of Matrix Table 

 

  



 

 

 

 

Appendix I: Checklist Reliability (SPSS, Cronbach’s Alpha)  

 

 



 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

  



 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 
 
 
 
 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 



 

 

 

 
  



 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 
 
 
 
 
 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

 

 


