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It has been suggested that projects in the construction industry are 

subject to risks more than other industries. However, there is often little 

parity in allocation of risks in the construction industry. Usually, project 

participants allocate risks by aversion where owners tend to shift risks to 

the primary contractor, who in turn transfers them to the 

subcontractors. As a result of this, risks are not necessarily allocated/ re-

allocated to the party that is best able to manage them efficiently and 

effectively.  Risk allocation can significantly influence the behavior of 

the project participants and hence affects project schedule, cost and 

performance. Inappropriate risk allocation has led to adversarial 

relationships between contracting participants and has consequently 

increased project cost. 

 

The objective of this dissertation is to shed light on the current practices 

of risk allocation in the construction industry. The dissertation consists of 

three sections. The first section investigates and evaluates the problems 

of the current practice of risks allocation and their impacts on project 



performance. The second section investigates, identifies, and classifies 

barriers to optimal risk allocation.  The third section looks into allocating 

construction risk from a more cooperative and rational perspective.  

The goal is to provide the construction industry with a rational decision-

making mechanism that will provide an alternative to the current 

practice of typically allocating risks by aversion.  To meet the 

objectives,  structured survey questionnaires for Sections One and Two 

were used.   

 

The first survey found that the current practice of risk allocation has four 

major problems.  These problems include:  

1. Dispute, claims and tension leads to adversarial relationships. 

2. Competitive relationship leads to aggressive relationships. 

3. Subjective pricing of risk leading to higher contingency. 

4. Allocation by aversion that leads to misallocation of risks. 

 

The second survey found thirteen barriers to optimal risk allocation, 

which  were classified into three main categories: behavioral, technical, 

and organizational barriers.  Lack of an efficient risk allocation 

mechanism ranks at the top of the identified barriers. These findings 

were linked, in causal-effects relationships, to formulate an analytic 

model for the current practice of risk allocation.  

 

This dissertation uses the research findings and the rational decision-

making process to develop a practical mechanism for optimizing risk 

allocation. The developed mechanism was then fine-tuned and 

validated by a Delphi expert panel technique.  



The developed mechanism should aid construction industry 

professionals and construction project participants in making rational 

and economical risk allocation decisions to alleviate the identified 

above-mentioned problems, overcome the identified barriers, and 

improve project efficiency by minimizing the negative impacts of the 

current practice of risk allocation on project cost, schedule and overall 

project performance.  
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Chapter One: GENERAL 
 

Ali A. Alsalman 

1.1 PREFACE 
 

 The main objective of this chapter is to introduce the general 

theme of the dissertation, significance of this research, and the 

dissertation format.  It outlines the research questions and the research 

objectives.  Furthermore, this chapter specifies the research 

methodology, and the research scope and limitations.  

1.2 INTRODUCTION 
 

It has been proposed that the construction industry is subject to 

more risks than other industries because of the unique characteristcs of  

construction projects, such as complexity, diversity, the dynamic nature, 

long project duration, and the abominable environment (Tah J. H., 

2001); (Smith N. , 2003); (El-sayegh, 2008); (Rashid, Adnan, & Jusoff, 

2008).  Consequently, risk management is essential for construction 

projects (Lam, Wang, Patricia, & Tsang, 2007).  

 

 The risk management process typically consists of risk 

identification, risk analysis, risk response, and risk monitoring (Lyons, 

2003).  Risk identification is the process of identifying the potential risks 

that might affect the project.  Risk assessment is the process of 

evaluating risks by assessing their probability of occurrence and their 

impacts on the project.  Risk response is the process of formulating a 
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management strategy including identification of risk allocation and 

management plan for the risk (Lam, Wang, Patricia, & Tsang, 2007).  Risk 

monitoring is the process of implementing a risk management plan and 

monitoring its effectiveness managing the identified risks. However, 

inappropriate allocation of project risks is common in the construction 

industry, which leads to adversarial relations, disputes and claims 

(Kumaraswamy M. , 1997). 

  Zaghloul and Hartsman (2003) indicate that risk allocation always 

occurs in any situation where more than one player (owner, designer 

contractor; etc.) is responsible for the execution of a project.  Projects in 

the construction industry have different participants with different 

interests in the project, and different sets of information.  These 

participants (players) are both internal and external to the construction 

project.  The internal players are the key players involved directly in the 

project, including project owners, contractors, subcontractors, 

designers, workers, material suppliers, business partners, and financial 

institutes funding the project.  The external players are not directly 

involved in the construction of the project.  The external players include 

regulatory authorities, government (local and federal), unions, 

associations, and inspectors.  

 The key players (owners, engineers, contractors and material 

suppliers) are in contractual relationships-both direct and indirect- but 

they might not have the same interest in the project and they perceive 

risks and risks allocation differently, each one from its own perspective.  

However, risk allocation can significantly influence the behavior of the 

project participants and hence impact project cost and performance 
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(Zaghloul & Hartman, 2003).  In addition, there is no agreement on an 

optimal risk allocation among the construction industry participants. 

  

 The broad objectives of this dissertation are  examination of the 

current practice of risk allocation in the construction industry and 

identification, evaluation, and formulation of a classification of the 

problems and the barriers to optimal allocation of construction risks in 

construction projects. Then,  development and validation of a practical 

mechanism that can be used by the construction industry to allocate 

project risks more effectively and more efficiently in order to alleviate 

problems, such as disputes, adversarial relationships, increased cost, 

delays and negative deviations in quality in the construction projects.   

 This dissertation is divided into five chapters.  Chapter One is an 

introduction, Chapter Two covers evaluation of the current practice of 

risk allocation.  Chapters Three and Four cover identification of the 

barriers to optimal risk allocation and development of an advanced 

decision support model for risks allocation, respectively.  The last 

chapter covers the main conclusion of the research. 

  

1.3 PROBLEM STATEMENT 
 

 The contract is the primary vehicle for risk allocation to the 

construction project parties through contract conditions and clauses 

(Rahman & Kumaraswamy, 2005).  However, proper risk allocation 

cannot be achieved through contract conditions alone (Rahman & 

Kumaraswamy, 2002). 
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 A recent survey by the Construction Industry Institute (CII) 

concludes that inappropriate allocation of risk results in at least a 3% 

contingency in bids (CII, 2006).  Another study by Zaghloul and Hartman 

(2003) reports that using disclaimer clauses to allocate risks adds a 

premium of between 8 and 20% to construction project bids, 

depending on whether business conditions were favorable, fair or high.  

Additionally, inappropriate and suboptimal risk allocation leads to 

disagreement, adversarial relationships, disputes, and claims that 

negatively impact project performance of cost, schedule, and quality 

(Zaghloul & Hartman, 2003). 

 There is often little parity in allocation of risks in the construction 

industry.  Usually in the construction industry, project participants 

allocate risk by aversion (CII, 2006).  Owners tend to shift risk to the 

primary contractor, who in turn pushes it to the subcontractors.  As a 

result of this, risk is not necessarily allocated to the party that is best able 

to manage it efficiently and effectively but risk may be re-allocated to 

parties with the least amount of control and influence over risk.   

 

The survey results of Rahman and Kumaraswamy (2002) indicate 

that there is wide disagreement among respondents on allocating 

particular risks.  Wibowo et al., (2008) also confirm that balancing risk in 

construction projects remains elusive as indicated by a high 

disagreement level among the respondents of their survey of risk 

allocation. 

 Project Management Body of Knowledge  Guide (PMBOK) (2000)  

indicates that risks may change as the project moves forward.  New 

risks may emerge, foreseeable risks may change in nature, and 
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anticipated risks may disappear.  However, with the current practice of 

risks allocation in the construction industry, risks are usually only 

allocated statically at the beginning of a construction project through 

contractual clauses, even though the construction project is dynamic 

by nature. This is because of the uncertainties like underground 

conditions, financial positions of the parties involved, weather 

conditions and changes of project parameters like laws and 

regulations.  It is a premise of this study that such static risk allocation is 

an added factor to the problems resulting from current risk allocation 

practices.  

 

 The broad objective of this study is to shed light on current 

practices of risk allocation in the construction industry; investigate, 

evaluate, and classify the problems of risks allocation; investigate and 

identify barriers to optimal risk allocation; and look into allocating 

construction risk from a more cooperative and rational perspective.  

This study will combine the diverse risk management ideas and decision 

theory concepts to develop a better decision support model for risk 

allocation to resolve these issues and address the barriers.  Research 

goal and objectives are discussed in more detail in Section 1.6.  

 

1.4 ORIGINALITY AND SIGNIFICANCE OF THIS STUDY   
 

The identification, investigation, evaluation, and classification of 

problems associated with the current practice of risk allocation and the 

identification and classification of barriers to optimal risk allocation in 

the construction industry outlined by this study represent a genuine 
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contribution to the body of knowledge and to the construction industry.  

The contribution is developed through investigation of previously- 

unstudied problems associated with the current practice of risk 

allocation and barriers to optimal risk allocation.  Similarly, the model 

and the mechanism developed by this study is an unprecedented 

contribution to the original body of knowledge and to the construction 

industry.  

 

This study should help project owners as well as contractors and 

subcontractors in the identification, evaluation and classification of the 

problems with the current practice of risk allocation and the barriers of 

optimal allocation of risks of construction projects.  It will also aid the 

construction industry in better risks management, cost and time savings, 

and improvement of the overall quality of the construction project. 

 

The model will provide an innovative and useful tool to the 

construction industry professionals and practitioners by introducing a 

rational mechanism for developing a better decision support model for 

risk allocation.  The mechanism will aid differing parties in the 

construction industry in alleviating problems with the current practice of 

risk allocation, in reducing adversarial relationships between 

construction project participants, in initiating trust, and in building a 

cooperative relationship in construction projects.  As a result of this, the 

mechanism might reduce the overall cost of construction projects. 
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1.5 RESEARCH QUESTIONS 
 

Research questions are formulated in the following way:  

 
1. Is the current practice of risk allocation in the construction 

industry optimal (has no problems, efficient and effective)? 

2. If not, what are the problems with the current practice of risks 

allocations in the construction industry? 

3. What are the negative impacts of this suboptimal risk allocation 

on construction projects? 

4. What are the barriers of optimal risk allocation in the construction 

industry? 

 

5. Can the risks in the construction industry be allocated more 

efficiently and more effectively?  

a. What to allocate? 

b. To whom should construction risks be allocated? 

c. When should the retained construction risks be re-

allocated?  

d. How should construction risks be shared? 

As a method of study, the questions are represented as hypotheses; for 

example, the hypotheses for the first question are: 

 

Ho: current practice of risk allocation is optimal 

H1: current practice of risk allocation is not optimal and has 

problems. 
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The remaining questions of this study are represented in hypothesis 

format and discussed in the subsequent chapters. 

   

The first question is answered by a literature review of recent peer 

reviewed publications about risk management and risk allocation in the 

construction industry.  The second, the third, and the fourth questions 

are answered by survey questionnaires and analysis of the survey 

results.  The final question is answered by development and validation 

of an advanced risk allocation mechanism through the use of Delphi 

Panel techniques.  Answers to all of the questions achieve the 

objectives of this study outlined in section 1.6 below. 

 

1.6 RESEARCH GOAL AND OBJECTIVES 
 

The goal is to provide key construction industry participants, namely 

owners and construction industry professionals, with a rational decision-

making tool that will provide an alternative to the current practice of 

typically allocating risks by aversion.  In turn, this tool may reduce 

tension, disputes, cost increases, and delays, leading to better project 

delivery.  

The main objectives of the study are to investigate and model 

construction risk allocation from an advanced perspective with the 

intent of exposing methods that will improve the effective and efficient 

allocation of construction risk, and to propose a practical mechanism 

for optimal risk allocation.  In particular, the research objectives include:    

1st. Investigate the current practice of construction risk 
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allocation; identify, evaluate and classify the 

problems and present the findings, (Chapter Two).   

2nd. Identify, evaluate, and classify the barriers of optimal 

risks allocation in the construction industry (Chapter 

Three). 

3rd. Provide owners and construction industry 

professionals (Engineers, Project Managers, 

contractors and subcontractors) with a mechanism 

(model) that will provide an alternative option to 

the traditional allocation of risk and will aid them in 

making rational and economical decisions that 

could minimize disputes, delays, adversarial 

relationships and project cost and increase project 

efficiency and overall quality (Chapter Four).  

4th. Verify the mechanism through a Delphi study 

(Chapter Four). 

In addition to these major objectives, there are three minor 

objectives: 

1st. Classify risks in construction industry projects, 

(Chapter Two). 

2nd. Stimulate understanding of risk allocation from an 

advanced perspective and provide an alternative 

to the established mindset in the construction 

industry of allocating risks by changing risk 

allocation from risk aversion through unfriendly and 
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hostile contracts clauses to  rational agreements, 

(Chapters Three and Four). 

3rd. Improve the understanding of project risks allocation 

in the construction industry (Chapters One through 

Chapter Five). 

It is noteworthy to mention that the words “model” and 

“mechanism” might be interchangeably used throughout this 

dissertation for the products developed by this study. 

However, the word “model” refers to the theoretical model 

developed and the word “mechanism” refers to the practical 

optimal risk allocation decision-aid developed.  Effort will be 

made, when possible, to make this distinction clear 

throughout this dissertation. 

1.7 RESEARCH FRAMEWORK AND TASKS 
 

This section outlines the roadmap of how this research proceeded.  The 

framework is represented in a graphical format presentation showing 

the major tasks and the corresponding chapter of the study to 

accomplish the tasks.  The framework is outlined in Figure 1.1 below and 

the dissertation format is detailed in Section 1.8. 
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Figure 1.1 Research Frame Work 

Chapter of the study    Tasks 

Introduce the research, state the research 

questions and research objectives. Define 

research methodology.  Set research scope and 

limitations 

Investigate the current practice of risk allocation 

in the construction industry (answer the first, 

second, and third question of the research 

questions).  

 Identify, classify, and rank the barriers of optimal 

risk allocation (answer the fourth question of the 

research) 

Develop and verify an improved process for the 

current practice of risk allocation (answer the fifth 

question of the research).   

Summarize the research and provide conclusion 

and recommendations. 

Chapter 

One 

Chapter 

Five 

Chapter 

Four 

Chapter 

Three 

Chapter 

Two 
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1.8 DISSERTATION FORMAT 
 

 This dissertation is divided into five chapters.  Chapter one (this 

chapter) is an introduction covering an overview to construction 

management, the dissertation structure, research objectives, research 

methodology and research limitations.  Chapters two through four 

cover the main three concepts of the research.  Chapter five covers 

the study’s overall conclusions and recommendations.  

 

 Chapters two through four are suitable for development as three 

manuscripts that are intended for independent submission to scholarly 

journals as articles.  Although all of the three manuscripts address a 

common theme, each manuscript may be a standalone document 

and covers one major theme.  There are references to data, analysis, 

and results described in previous manuscripts when necessary, but 

repetition is limited as much as practical in these manuscripts. The 

theme and the specific topics covered in each manuscript are 

described below. 

1.8.1 Manuscript I 
 

 The first manuscript “Risk Allocation in the Construction Industry: 

Current Practice, Problems and their Impacts”; covers a review of the 

recent literature on risk classification, risk perception and the 

perspective of risk allocation.  In addition, it covers an overview of 

current risk allocation practice in the construction industry and an 

investigation of the problems of current practices through a survey 
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questionnaire, analysis of the results of the questionnaire, discussion and 

a conclusion.  

1.8.2 Manuscript II 
 

 The second manuscript, “Optimal Risk Allocation in the 

Construction Industry: Future Trends and Barriers”;  covers a literature 

review of the future trends and barriers of risk allocation in the 

construction industry, investigation of the barriers  of optimal risk 

allocation by a questionnaire survey, analysis of the survey results, 

discussion, and  conclusion.    

1.8.3 Manuscript III 

 

 

 The third manuscript, “Optimal Risk Allocation Decision Making 

Mechanism”;  covers review of the relevant literature , development of 

an advanced theoretical model and a practical mechanism for risk 

allocation, verification of the mechanism though a Delphi study, 

discussion of the results, and a conclusion. 

 

1.9 RESEARCH METHODOLOGY 
 

 The research methodology varies to best fit the purpose of 

each manuscript described in section 1.8.  However, for all of the 

three manuscripts there is a comprehensive literature review of the 

available work reported on risk management in construction 

industries, allocation of risks and modeling.   
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1.9.1 Risk Allocation in the Construction Industry: Current 

Practice, Problems and Their Implications   
 

 For Chapter 2, the first manuscript, risk allocations, the 

literature on construction and project risk management was 

reviewed and analyzed to investigate the problems of risk allocation 

in the construction industry. It was then followed by a structured 

survey questionnaire to support the investigation.  Findings of the 

literature review and the survey were analyzed, summarized, and 

reported. 

 

1.9.2 Optimal Risk Allocation in the Construction Industry: Trends 

and Barriers 
 

 For Chapter 3, the second manuscript, a literature review was 

undertaken to identify trends in research and practices of 

construction risk allocation and barriers to optimal risk allocation in 

the construction industry.  Optimal is an elusive term, but the 

objective here is that if risk allocation is not efficient, not effective, 

and negatively impacts the performance of the construction 

project, then the allocation is sub optimal.  Optimal risk allocation 

barriers were investigated using a survey and the results were 

analyzed.  The analysis is to spot and examine the gaps in current 

knowledge and practice of risk allocation and forecast future needs 

to close the gaps.  Then, a summary report of the findings was 

presented.  
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1.9.3 Modeling, an Advanced Risk Allocation Decision Support 

Mechanism 
 

For Chapter 4, the third manuscript, a literature review on 

modeling was undertaken to examine the possibilities of solving the 

main concerns of the current practice of risk allocation found in the first 

and the second manuscripts.  Subsequently, an advanced theoretical 

model was developed that proposes a rational and effective process 

of risk allocation in the construction industry.  The proposed model 

attempts to solve the problems of the current practice of risk allocation 

found in Chapter Two and overcome the barriers to optimal risk 

allocation identified in Chapter Three.  The relationships between 

construction project participants in the mechanism was based on 

rational, effective, and economical allocation of risks.  Use of the 

mechanism is intended to enhance risk management, minimize 

disputes, and promote cooperative relations among all parties 

involved.  The proposed mechanism was fine-tuned and verified by a 

Delphi expert panel technique.    

1.10 RESEARCH SCOPE AND LIMITATIONS  
 

 Since it is impractical to conduct a universal survey, this research 

is focused on the USA as a geographical area.  Diversity of the States 

provided a rich source of data and information to this study.   

This research was limited to: 
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A. Commercial construction firms.  

B. Geographically, limited to the USA.  

 

 Although this research has the above limitations, the author 

strongly believes that the results and conclusions can be 

practical to the construction industry in other areas of the world 

because of the similarities of construction practice and business 

environment.  Moreover, with the globalization, many of the large 

construction firms have offices in other areas of the world.  
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Chapter Two: RISK ALLOCATION IN THE CONSTRUCTION 

INDUSTRY: CURRENT PRACTICE, PROBLEMS AND IMPACTS 
 

Ali A. Alsalman 

“Allocation of construction risks between owners and their contractors has a 

significant impact on the total construction costs paid by owners” - Levitt, Ashley, 

and Logchur, “Allocating Risk and Incentive In Construction,” Journal Division, 

ASCE, Vol. 106, No. C03, p. 297. 

 

2.1 PREFACE 
 

The main objectives of this chapter are to outline the current 

practice of risk allocation in the construction industry, identify issues and 

problems of the current practice of risk allocation, and present the 

impacts of these problems on the construction industry projects.  This 

chapter is divided into nine main sections. The first section is the study 

questions and hypotheses. The second section is the literature review.  

The review starts with an introduction of risk and risk management in the 

construction industry; review of risk perception, risk classification; and 

risk allocation from different perspectives, namely social, legal and 

economical perspectives.  The third section is an in-depth discussion of 

the problems of the current practice of risk allocation followed by a 

discussion of the literature review.  The fifth section is design of a 

questionnaire to survey and support the author’s beliefs of the issues 

and problems associated with the current practice of risk allocation in 

construction industry.  The sixth section outlines the analysis of the 

survey.  The seventh section discusses and presents the results of the 

survey.  The development of the theoretical advanced mechanism for 
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risk allocation starts in Section eight.  The last section summarizes this 

chapter and provides recommendations. 

2.2 STUDY QUESTIONS AND HYPOTHESES 
 

The dissertation questions and hypotheses pertaining to this chapter 

are:  

1. Is the current practice of risk allocation in the construction 

industry optimal (has no problems, efficient and effective)? 

Ho: current practice of risk allocation is optimal. 

H1: current practice of risk allocation is not optimal and has 

problems. 

This hypothesis is tested by the literature review. 

 

2. If not, what are the problems with the current practice of risks 

allocations in the construction industry? 

Ho: X is not a problem of the current practice of risk allocation. 

H1: X is a problem of the current practice of risk allocation. 

Where X is the specific problem of the current practice of risk 

allocation.  These specific problems are discussed in details in Section 

2.5.  These hypotheses are tested by a questionnaire survey. 

3. What are the negative impacts of this suboptimal risk allocation 

on construction projects? 

Ho: Y is not a negative impact of the current practice of risk 

allocation on construction project. 
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H1: Y is a negative impact of the current practice of risk allocation 

on construction project. 

 

Where Y is the specific impact of the problems of the current practice 

of risk allocation.  These specific impacts are project cost increase, 

project delays, and sub quality project.  These impacts are discussed in 

details in Section 2.5.  These hypotheses are tested by a questionnaire 

survey. 

2.3 LITERATURE REVIEW 

2.3.1  Introduction 
 

A broad and extensive literature is introduced in this chapter to 

acquaint the reader about the subject of risk in the construction 

industry.  This chapter introduces a general introduction of risk in the 

construction industry, definition of risk and uncertainty (to make the 

clear distinction between the two concepts from different fields of 

studies), history of risk management in the construction industry, and a 

detailed review of risk management in construction projects. Then the 

review focuses on risk allocation and the problems of the current 

practice of risk allocation. 

 

The construction industry is one of the largest global industries. This 

industry contributes around one-tenth of the global GDP.  It is an 

employment generator and provides almost seven percent of total 

global employment (World Industries Statistics/Construction, 2010).  

However, projects in the construction industry are subject to more risks 

and uncertainties than many other industries (Rashid, Adnan, & Jusoff, 
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2008).  Additionally, the introduction of new procurement methods and 

means add to the complexity and dynamic nature of construction 

projects (Tah & Carr, 2001).  Project complexity and organizational 

diversity add more risks and uncertainties to the construction projects 

(El-sayegh, 2008). Risks and uncertainties in construction industry 

projects come from various sources throughout the entire life cycle 

phases of the project (Rashid, Adnan, & Jusoff, 2008). These sources 

could be the diversity of the temporary project teams and the political, 

economical, and the social conditions of project location (Zavadskas, 

Turskis, & Tamosaitiene, 2010).   

 

Starting with the feasibility and conceptual planning phase; political 

and financial risk insights, contractor selection and project delivery 

approach are some examples of risks at this first phase of the 

construction project.  For the design and engineering phase; technical 

risks, design errors, and risks design variations are a few examples of this 

phase. Project risk insights, safety issues, financial risks, environmental 

risks, cost estimate and schedule uncertainties, force majeure (acts of 

God), differing site conditions, and project resources availability are 

some of the risks at the procurement and construction phase.  For the 

startup and occupancy phase; business continuity risks are an example 

of risk at this stage. Operation risks (facility failing to perform as 

planned), health and safety, maintenance, and business interruption 

are some examples of the risks at the operation and maintenance 

phase of the construction project. At the final phase, disposal of the 

facility, demolition risks and environmental risks are some examples.  
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Risks and uncertainty are inevitable in the construction industry 

throughout the entire lifecycle of construction projects.  Therefore, a 

formal risk management process is needed to manage these risks and 

uncertainty (El-sayegh, 2008).  In practice, project risk management is a 

process that includes defining sources of risks and uncertainties (risk 

identification), estimating the probabilities and consequences of the 

uncertainties (risk analysis), generating strategies to respond to the 

analyzed risks (risk response), and finally monitoring these risks and 

repeating these steps throughout the lifecycle of the project 

(Zavadskas, Turskis, & Tamosaitiene, 2010).   Risk allocation, assigning 

responsibility and accountability for risks should they happen, is a major 

process of the risk response. Risk allocation is divided into three actions, 

retention and mitigation of risks, avoidance and transfer, and/or sharing 

of risks.  Zaghloul and Hartman (2003) stated, in any situation where 

more than one party (owner, designer, contractor, subcontractor, 

material supplier, etc.) is involved in a project, risk allocation exists. Risk 

allocation is a very important process and it can significantly influence 

the behavior of the project participants and can impact the success of 

the project by impacting project performance and the final cost 

(Zaghloul & Hartman, 2003). Project risk management, risk allocation, 

and problems of the current practice of risk allocation are discussed in 

details in the subsequent sections. 

 It is noteworthy that this study deals mainly with risk allocation in 

the construction phase of a project. This is reasonable since it is often 

construction risks that receive the most attention in the construction 

project risk management. However, risk allocation during other phases 
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of a project are also of interest but will not be covered by this study. 

2.3.2 Risk And Uncertainty 

 

 In this section, risk and uncertainty will be discussed from different 

perspectives to clarify the similarities and distinctions between the two 

terms.  These two terms- risk and uncertainty- are interchangeably used 

by many people and by some risk managers while they are two 

distinctive terms as discussed below.   

Migilinskas and Ustinovicius (2008) stated that many decision 

makers and practitioners usually make a common error of confusing 

the concept of uncertainty and risk, especially as both concepts are 

used in project management.  Most decision makers consider risk and 

uncertainty as two similar and synonymous terms and use them 

interchangeably.  Risk and uncertainty are related, but they describe 

two different concepts. For the sake of this research, the two terms will 

be defined from a general aspect (mostly business, economy and 

safety) and from the construction aspect to make clear the distinction. 

 

Merriam Webster's Collegiate Online Dictionary defines the word 

risk as: “ the possibility of loss or injury: peril" and the word uncertainty as" 

the quality or state of being uncertain: doubt" (Merriam-Webster Online 

Dictionary, 2010). So in common everyday use, the distinction between 

risk and uncertainty is that risk implies a positive probability that 

something harmful will happen, while uncertainty implies the state of 

doubt and does not imply any probability (Rose, 2001). Also, in 

common usage, risk and uncertainty overlap and both words imply that 
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the future cannot be accurately foreseen or precisely determined.  

 

In economics, the definitions of risk and uncertainty are different, 

and the distinction between the two words is clearer (Rose, 2001). Rose 

indicated that Frank H. Knight (1921) in his book, Risk, Uncertainty, and 

Profit, established the economic definition of the two words as:  

1. risk is present when future events occur with measurable 

probability  

2. uncertainty is present when the likelihood of future events is 

indefinite or incalculable  

Under these definitions, risk is measurable and can be quantified. 

On the other hand, uncertainty is not measurable and cannot be 

quantified.  Given these definitions, people can make arrangements to 

protect themselves against risk (Rose, 2001).   

Another principal definition of uncertainty from a business decision-

making perspective is introduced here.  The Business Dictionary  defines 

uncertainty as : “A situation where the current state of knowledge is 

such that (1) the order or nature of things is unknown, (2) the 

consequences, extent, or magnitude of circumstances, conditions, or 

events is unpredictable, and (3) credible probabilities to possible 

outcomes cannot be assigned”. (Business Dictionary, 2010) 

Also, from a statistics standpoint, uncertainty is defined as: a situation 

where neither the probability distribution of a variable nor its mode of 

occurrence is known. 

http://www.businessdictionary.com/definition/current.html
http://www.businessdictionary.com/definition/knowledge.html
http://www.businessdictionary.com/definition/order.html
http://www.businessdictionary.com/definition/magnitude.html
http://www.businessdictionary.com/definition/condition.html
http://www.businessdictionary.com/definition/events.html
http://www.businessdictionary.com/definition/probability.html
http://www.businessdictionary.com/definition/probability-distribution.html
http://www.businessdictionary.com/definition/variable.html
http://www.businessdictionary.com/definition/mode.html
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A definition of risk from the viewpoints of the safety, environment 

and health disciplines, which is closely related to construction safety, is 

introduced here to link the bridge between the previous disciplines and 

construction industry. The Occupational Safety and Health 

Administration (OSHA) defines risk as: the probability that a substance or 

situation will produce harm under a specific condition.  In a similar tone, 

Occupational Health & Safety Advisory Services (OHSAS), the British 

occupational safety and health administration, defines risk as: the 

product of the probability of a hazard resulting in an adverse event, 

times the severity of the event.  Risk is “a combination of the likelihood 

of an occurrence of a hazardous event or exposure(s) and the severity 

of injury or ill health that can be caused by the event or exposure”.  

 

To further understand the distinction between risk and uncertainty, it 

is helpful to review these definitions in the context of the construction 

industry.  The following are some examples of how risk and uncertainty 

are defined in the construction industry: 

 

1. Project Management Institute Standards Committee 

defines project risk as an uncertain event or condition that, 

if it occurs, has a positive or negative effect on at least one 

project objective, such as time, cost, scope, or quality 

(Committee, 2004). 

 

2. Erikson (1979) defines risk in construction as: “Exposure to 

possible economic loss or gain arising from involvement in 

the construction process.” 
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3. Jaafari and Schub (1990) define risk as: “The presence of a 

potential or actual event that could stand in the way of 

project performance causing partial or complete failure 

either during construction and commissioning or at the 

time of utilization”. 

 

4. Albahar and Crandall (1990) define risk as: “the exposure 

to the chance of occurrence of events adversely or 

favorably affecting project objectives as a consequence 

of uncertainty”. 

 

To recapitulate the definition of risk and uncertainty and the 

distinction between them, Table 2.1 summarizes the definitions of the 

two terms from different disciplines namely, dictionary, economics, 

business, statistics, occupational safety and health, and project 

management. 
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Table 2-1 Risk and Uncertainity Distinction Among Different Disciplines 
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The definitions of risk and uncertainty from different disciplines 

outlined in Table 2.1 have different views but they generally agree that 

there is some distinction between the two terms. Also, they generally 

suggest that there exists some overlap between the two terms as the 

risk event is a consequence caused by the uncertainty state.  

From the project management definition of risk (Table 2.1), risk is a 

consequence of uncertainty, and from this prospective, uncertainty is 

closely related to project performance parameters: time, cost, scope 

and quality.  The definition suggests that risks are quantifiable factors, 

arising from uncertainties that could affect the construction project 

favorably or adversely. In other words, risk could be defined as a 

situation in which there is a lack of information, data, or previous 

experience to that particular situation being considered by the 

decision-maker at that time.  

Also, it is important to note that risk and uncertainty are 

interrelated and do overlap. Furthermore, agreement on the 

demarcation between risk and uncertainty is not universal. 

 

For the purpose of this research, the project management 

definitions of risk and uncertainty are more relevant to construction 

project risk management and will be used for this research. 

2.3.3 History Of Risk Management In The Construction Industry 

 

An overview of the history of risk management in the construction 

industry is offered for the reader here to bring the subject into focus. 
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The topic of risk management has been important ever since the early 

age of humans on earth. In Covello and Mumpower’s (1985) article, 

and according to Grier (1981), the first signs of risk management dated 

back as far as 3200BC in the Tigris-Euphrates valley with a group of 

people called the Asipu.  One of their functions was to act as risk 

consultants. Their procedure would be to identify the important 

dimensions of the problem, propose alternative solutions, and collect 

data on the likely outcome. Their data sources were signs from Gods.   

However, in this literature review it was found that the actual term 

"risk analysis" related to the construction industry first originated with 

Hertz (1964). He proposed simulation by utilizing the computer to derive 

the probability distribution of the rate of return of an investment project.  

Risk management is not new, nor does it employ black box magical 

techniques. Traditionally it has been applied instinctively, with risks 

remaining implicit and managed by judgment, and informed by 

experience (Mills, 2001). 

 

Zack (1996) states that in the past, normal risks associated with 

construction contracts were primarily physical in nature and related like 

acts of God (like hurricanes, volcanoes, and tsunamis) and safety 

accidents causing losses, damages and delays to construction projects. 

The risks of underground conditions, availability and productivity of 

labor, the effect of weather, the ability to obtain materials and 

equipment, or other onsite problems that prevented work from 

proceeding were fairly well known and predictable. Both owners and 

contractors knew these risks.  
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According to Baker, Ponniah and Smith (1999), formal risk 

management in construction has become an integral process only in 

the past few decades.  The reason for this is the rapid advancement of 

technology.   Risk and the management of risk, therefore, has become 

a specialized subject in itself. However, there is a lack of an accepted 

method of risk assessment and management among professionals in 

the construction industry compared with the financial and health 

professions (Mulholland, 1999). Furthermore, there has been an increase 

in research intended to investigate risk management practice in the 

construction industry (Wood and Ellis 2003).  

It is the opinion of Flangan and Norman (1993) that the 

construction industry is subject to more risks and uncertainties than 

perhaps any other industry. Construction projects are associated with 

different aspects of risk throughout the entire life cycle of projects 

starting from the feasibility, design, construction, operation phases, to 

the demolition and end of life cycle phases (Rashid, Adnan, & Jusoff, 

2008).  Projects in construction involve hundreds or even thousands of 

interacting activities, each with potential cost, time, quality and 

sequencing problems.  Each of these activities carries some risks and 

uncertainties, and if these risks are not managed properly, losses will 

take place. To minimize these losses, risks and uncertainties must be 

identified, classified, analyzed and administered (Alsalman, 2005). The 

way these risks are allocated, their importance, and their effects on the 

project will outline the best techniques to be used for managing risks 

associated with the construction industry. Risk management is discussed 

in more detail in the next section. 
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2.3.4 Risk Management 

 

There are many inherent sources of risks and uncertainties in 

construction projects and they often cause schedule delay and/or cost 

overruns (Wang & Chou, 2003). Therefore, risk management is an 

essential part of project management in the construction industry. 

Management of uncertainties is one of the main problems in the 

construction industry and it is always evaluated at the beginning of the 

construction project only while it must be a continuous process with 

solution throughout the whole life cycle of the project (Migilinskas & 

Ustinovicius, 2008).   

During the last decade different techniques to manage 

construction risks have been studied and intoduced to the construction 

industry, as a  search of reported peer review works shows (Dey 1999; 

Barber et al. 1999; Standards Association of Australia 1999; Smith 1999; 

Berends 2000; Kähkönen, and Huovila 2000 ;Duffield 2001; Jaafari 2001; 

Raz and Michael 2001; Floricel and Miller 2001; Turner and Simister 2001; 

Cano and Cruz 2002; Elkington and Smallman 2002; Velde and Donk 

2002; Grimsey and Lewis 2002; Lyons 2003; Walker and Johannes 2003;  

COSO 2004; and Fan et al. 2008). 

 

 Fan, Lin and Shen (2008) and Wang, Dulaimi etl., (2004) 

suggested a three-step systematic risk management process for 

construction projects: risk identification, risk analysis and risk response.  

However, Kähkönen, and Huovila (2000) suggested a five-step 

systematic project risk management process as shown in Figure 2.1. 

They also recommend a continuous process of risk identification, risk 
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analysis and continuous evaluation, control and accumulation of 

experience throughout the process. 

 

 

Figure  2.1 Systematic Project Risk Management Source: Kähkönen 

(2000) 

 

The ultimate purpose of risk management techniques is to identify 

risky events and develop strategies to reduce the probability of 

occurrence and/or the negative impact of these risky events. Cost-

effective and efficient control of risk events, should they happen, during 

the lifecycle of construction industry projects is important. (Fan, Lin, & 

Sheu, 2008). In the recent years, there has been an increase in research 

in the area of risk management practice in construction industry (Wood 

& Ellis, 2003). 

 

In consideration of this project management literature review, the 

risk management process in construction projects is defined here as 
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basically four iterative steps: risk identification, risk analysis, risk response 

and risk monitoring.  These steps are shown in Figure 2.2.   

 

The following is a detailed explanation of these four main steps: 

 

1. Risk identification is discovering potential threats that are related 

to the project using tools and techniques such as brainstorming, 

Delphi techniques, lessons learned from similar projects, charts 

and check lists.  

 

2. Risk analysis is an evaluation of risks, either qualitatively (assessing 

occurance probability and consequance), quantitavely or both.  

 

3. Risk response  is the strategy of allocating an owner to the risk 

and the formulation of the best approach to manage that risk. 

There are three main approaches for risk allocation, either to 

retain the risk, transfer it or share it.  

 

4. Risk control or risk mitigation is an attempt to reduce or mitigate 

exposure to the risk by controlling the likelihood (probability)of a 

risk; and/or  the impact (consequences)of the risk. While risk 

monitoring is scrutinizing the effectiveness of the risk response and 

monitoring changes in the identified risks or development of any 

new risks that could develop and adjust the risk strategy 

management accordingly.   
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Once risk is allocated to a party, it needs to be analyzed again and 

responded to. It might be re-allocated or shared. For example, if a risk is 

allocated to a general contractor, he might re-allocate it to a 

subcontractor or transfer it to an insurance company. The 

subcontractor needs to analyze that risk and respond to it. This is a 

dynamic and continous cycle. Similarly, new risks might arise during the 

lifecycle of the project and cause a loop through the systematic risk 

management cycle as shown in Figure 2.2. 

 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The above four steps are continously performed through out the 

lifecycle of the project to effectively manage project risk. This 

systematic process will be used throughout this research. 

 

Figure 2.2 Widely Used Systematic Project Risk Management 
Process 
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2.3.5 Risk Classification  

 

Risk classification is an essential step in the risk management 

process because it classifies the diverse risks that may affect a project 

into classes to easily manage them.  Risks in construction projects can 

be classified according to their sources, positive/negative, estimated 

cost or likely impact, likelihood of occurrence, or countermeasures 

required.  However, source-based classification is among the important 

classification criteria (Baloi & Price, 2003). In the source-based 

classification system, risks can be classified as financial, political, social, 

logistics, legal, technical, or natural (acts of God).   

Many different approaches to risk classification have been 

recommended in the literature (Tah & Carr, 2001); (Zavadskas, Turskis, & 

Tamosaitiene, 2010); (El-sayegh, 2008); (Baloi & Price, 2003).  Review of 

the literature shows that there is a lack of an accepted method of risk 

classification among professionals in the construction industry.  Zayed, 

et al., (2008) suggested a hierarchy level of classification based on 

macro and micro levels as shown in Figures 2.3 and 2.4 respectively.  

http://www.businessdictionary.com/definition/required.html


35 

 

 

 

 

Figure  2.3  Hierarchy of risk classification in the macro level 

Source: (Zayed, Amer, & Pan, 2008) 
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Figure 2.4 Hierarchy of risk classification in the micro level   

(Zayed, Amer, & Pan, 2008) 

 

However, Tah and Carr (2001) suggested a two level hierarchy 

classification of project risks.  The two levels are external and internal 

risks as shown in Figure 2.5.  Flanagan and Norman suggested three 

ways of classifying risk: based on consequence, type, and impact of 

risk. Chapman (2006) grouped risks into four subsets: environment, 
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industry, client and project.  Shen-fa and Xiao (2009) classified project 

risks into six groups in accordance with the nature of the risks, i.e. 

financial, legal, management, market, policy and political, as well as 

technical risks. 

  

Figure  2.5 Hierarchy Classification of Project Risks  (Tah & Carr, 2001) 

Another classification of project risk is pure risk versus speculative 

risk.  Pure risk involves situations that can only end in a loss.  For 

example, the risk of an accident or earthquake is a pure risk.   

Speculative risks on the other hand are situations that might end in a 

loss or a gain.  For example, the risks of change in exchange rate or 

scope change are speculative risks. Speculative risks are dynamic and 

changing while pure risks are more static due to their nature.   

Insurance deals with only pure risks and not speculative risks.  
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Zavadskas et al. (2010) suggested three levels for project risk 

classification: external, project, and internal levels along with the source 

of each level as shown in Figure 2.6.   

 

Figure  2.6 Risk Classification By Level in construction Projects  

Source: (Zavadskas, Turskis, & Tamosaitiene, 2010) 

 

A detailed risk source level classification is suggested by El-

sayegh (2008) as outlined in Figure 2.7.  Figure 2.8 shows the risks 

classification suggested by Baloi and Price (2003).  It is also usual to 

classify project risks into sets of classifications like dynamic/static, 

corporate/individual, internal/external, positive/negative, 

acceptable/unacceptable and insurable/non-insurable (Baloi & Price, 

2003). 
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Figure  2.7 Risk Classification by Source of Risk ( (El-sayegh, 2008) 
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Figure  2.8  Main Classification of Global Risks  (Baloi & Price, 2003) 

 

Major risk classification schemes found in the reviewed literature are 

summarized and presented in Table 2.2 below. 
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Table 2-2 Summary of Risk Classification Scheme in the Reviewed Literature 

Author Risk classification scheme Classification Detail 

(Tah & Carr, 2001) Hierarchy two levels source base Internal and external risks 

Assaf and Jannadi Two level impact source Pure and speculative risks 

 Probability of occurrence   (Likely/unlikely) or probable/improbable 

(Zayed, Amer, & Pan, 

2008) 

Hierarchy two levels Macro level and micro level risks 

 Impact classification 

 

Severe, critical or medium;  or acceptable / 

unacceptable 

(Baloi & Price, 2003) Seven levels source relation Estimation, design, competition, practice, 

construction, economic, and political related 

Chapman (2006)  Four subset groups Environment, industry, client and project 

El-sayegh (2008) Detailed source based  Detailed to most internal and external project risks 

Shen-fa and Xiao 

(2009)  

Six groups in accordance with the nature of 

the risks 

Financial, legal, management, market, policy and 

political, and technical risks. 

Zavadskas et al. 

(2010)  

Three levels source based  External, project, and internal levels 

This research Simplified hierarch three levels source based External risk, business risk, and project level risks 
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For the purpose of this dissertation, the author has developed a 

simplified source base risk classification for the construction project risks 

consisting of three hierarchical levels.  The three hierarchy levels are 

external, enterprise, and project levels.  The external level includes risks 

that are external to the line of business and to the project specifics. 

External risks usually cannot be directly controlled by the enterprise. 

Examples of external risks are political changes, wars and unrest, 

regulatory changes, economic changes, and force majeur (acts of 

God such as earthquake, tsunami, or heavy snow, etc.). The enterprise 

level risks are directly related to the enterprise specifics and the line of 

doing business. A company doing business in the construction industry 

has a different set of enterprise related risks than a similar company 

doing business in the manufacturing or agricultural industries. Influences 

on enterprise risks are enterprise management style, risk attitude of the 

management, company size, financial, and technological capabilities 

of the enterprise. Project level risks are directly related to a specific 

project and pertaining to its specifics. Examples of these risks are: 

schedule and /or budget overrun, unforeseen conditions, and site 

safety.   For example, an enterprise could have two or more 

construction projects at the same time exposed to similar enterprise 

level risks but may be exposed to different external and project level 

risks.  This classification is outlined in Figure 2.9 and will be used 

throughout the research to identify risk allocation problems, optimal risk 

allocation barriers, and modeling of optimal risk allocation. 
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2.3.6 Risk Response 

 

As discussed in section 2.3.4, one of the major steps in the 

systematic process of risk management is risk response.  Risk response  is 

the strategy of assigning an owner to the risk and the formulation of the 

best approach to manage that risk. Once risk is accepted, there are 

three main approaches for risk allocation, either to retain the risk, 

transfer it or share it.   

2.3.7 Risk Allocation 

 

Risk allocation is the decision of which party or parties should 

bear the consequences of risks, if they happen, in the project (Wibowo, 

2008).   Risk allocation always occurs in any situation where more than 

one party is responsible for the implementation of a project (Zaghloul & 

Hartman, 2003). This is true for construction projects where there are 

more than one party involved (owner, designer, contractor, 

         External Risks 

      Enterprise Level Risks 

Project Level Risks 

Figure 2. 9 Hierarchy Project Risk Classifications 
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subcontractor, material supplier, etc.).  Usually, the contract is the 

vehicle for risk allocation in construction industry.  Various contractual 

provisions and clauses can be included in contracts, where desired, to 

shift the risk from one party to another. An appropriate risk allocation 

between construction project participants is important because risk 

allocation influences the behavior of project participants and, 

therefore, has a significant impact on the project performance and the 

total cost (Osipova, 2007).  

 

Figure 2.10 below, Wang (2003), shows that risks may be allocated by 

contract clauses as well as out of contract. 

  

Figure 2.10 Risk Allocation by Contract Clauses (Wang 2003) 

  

How risk is shared or allocated between project parties is vital to overall 

project success (Roumboutsos & Anagnostopulos, 2008). Similarly, 

Zayed et al. (2008), indicated that several authors in construction 
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project management conclude that the allocation of risks is the key 

ingredient for successful project financial undertakings. However, the 

literature review shows that the current practice of risk allocation is not 

optimal and has concerns and issues. Issues of the current practice of 

risk allocation are discussed in section 2.4 (the following section). 

2.4 PROBLEMS WITH CURRENT PRACTICE OF RISK 

ALLOCATION 
 

This section explores and reviews the literature to identify 

problems with the current practice of risk allocation in construction 

industry projects. There appears to be a consensus in the reviewed 

literature that poor risk management and sub-optimal risk allocation 

can lead to disputes, tension, delays, and cost overrun in construction 

industry projects.  Shen (1997) indicates that, it is not uncommon to find 

projects in the construction industry with cost overrun, schedule delay, 

poor quality and disputes caused by various risks.  These issues will be 

discussed in more details in the following sections. 
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2.4.1 Disputes and Mistrust: 

 

The construction industry is characterized by the traditional 

adversarial working relationships between contracting parties (Kaka, 

Wong, & Forture, 2008). 

Fair risk allocation is one of five contractual methods for dispute 

avoidance in construction projects as suggested by Jannadi et al. 

(2000).  While fairness is an elusive term, the objective is to avoid unfair 

risk allocation that leads to disputes in construction projects.  Similarly, 

Cheung and Yiu (2006) recommend, based on their study of disputes in 

construction projects, that use of appropriate contractual methods and 

equitable risk allocation is one of two main actions to prevent the 

occurrence of costly disputes in the construction industry.  While fair 

and equitable are elusive terms, the understanding is that unfair and 

inequitable risk allocation lead to disputes in construction projects.  

A study by Zaghloul and Hartman (2003) showed a significant 

relationship between risk allocation and trust between project parties.  

The study showed that contractual misallocation of risk has been found 

to be a leading cause of construction disputes in the United States. 
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Figure 2.11 Dispute resolution stages  

Source: The original version of this Step Chart appeared in the 1991 CPR Publication “Preventing 

and Resolving Construction Disputes.” It was later reformatted by the Dispute Avoidance and Resolution 
Task Force (“DART”), and more recently revised and updated by James P. Groton for presentations at 
international dispute prevention conferences in China, Finland and England.  
International Institute for conflict Prevention & Resolution (CPR)  

It can be concluded from Figure 2.11 above that realistic/fair risk 

allocation is the top preventive measure for disputes and the hostility; 

cost; and time to achieve dispute resolution. 

2.4.2  Increase of Claims and Tensions: 

 

Bosche (1978) and Levitte et al. (1980) suggested that risk 

allocation determines the likely occurrence of disputes and claims,  

indicating that unfair risk allocation has been identified as a potential 

cause of claims in construction projects. Similarly, Zaneldin (2006) 
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recommended risk sharing and partnering to reduce/avoid claims in 

construction industry projects.  

In an editorial, Hanna (2007) stated that construction industry 

participants are continuously looking to avoid risks by shifting 

responsibilities to another party contractually and through disclaimer 

clauses, which lead to more disputes and claims.  Additionally, this 

increase in claims has resulted in more lawyers’ involvement or creating 

an effective “lawyerization” of the construction industry.  

 

Smith (1995)  proclaimed that risk allocation affects cost, time, 

quality, and the potential for disputes, delays, and claims. And that, 

contractual misallocation of risk has been found to be a leading cause 

of construction disputes in the United States. 

 

2.4.3 Increase of Project Costs: 

 

A recent survey by the Construction Industry Institute (CII) 

concludes that inappropriate allocation of risk results in at least a 3% 

contingency in bids (CII, 2006).  Another study by Zaghloul and Hartman 

(2003) reports that using disclaimer clauses to allocate risks adds a 

premium of between 8 and 20% to construction project bids, 

depending on whether business conditions were favorable, fair or high. 

Sub-optimal risk allocation increases the overall cost of the project, as 

risks come with a price that has to be paid.  Sometimes, by shifting a risk 

to another party (i.e., if the owner shifts risks to the contractor), the 

owner gains the illusion of victory for the risk transfer, while it is most likely 
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that the risk will be transferred back in a higher risk form, such as risk 

premium and/or project problems (Ng & Loosemore, 2007). 

 

The increase of disputes, claims, tension, "lawyerization", and the 

subjectivity of pricing the risks will clearly add more cost to the 

construction projects and similarly these factors will negatively impact 

the quality of projects in the construction industry.    

Jin (2010) argued that improper allocation of project risks 

increases project costs in six different ways:    

 

1. The extra costs to clients of a higher contingency 

(premium) included in the bid price from contractors;  

2. The extra costs to clients of more resources for monitoring 

the risk management work;  

3. The extra costs to clients and/or contractors of recovering 

lower quality work (i.e., the materialized or deteriorated 

risk) for a given price;  

4. The extra costs to contractors of increasing safeguards 

against any opportunistic exploitation of one’s own risk 

management service-specific assets by other parties;  

5. The extra costs to contractors of the resources dedicated 

to lodging claims related to the misallocated risk; and 

6. The extra costs to both parties of dealing with the disputes 

or litigation related to the misallocated risk. 

Similarly, Zaghloul and Hartsman (2003) argued that risk allocation 

could significantly influence the behavior of the project participants 

and hence impact both project performance and final cost.  They 
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reasoned that appropriate risk allocation is a significant contributor to 

low transaction cost of a project and vital issue in the success of the 

contracting process.  

 

According to Jannadi, et al. (2000), as a result of unfair risk transfer, 

the following may occur: 

  The contractor will build a contingency into the price to cover 

the risk; or, 

  The contractor will not have a contingency and will face 

financial problems. 

 

Unfair shifting of risk, transferring of all responsibility on a party that 

is not generally expected to control that risk, can result in that party 

having to spend time and effort looking for ways to stay alive in the 

project, usually to the detriment of the project itself. As the costs and 

risks of construction continue to rise, more construction-industry 

professionals are turning to a system that fairly distributes risk among all 

the parties involved, the architect/engineer, the owner, the con- 

tractor and the sub-contractor(s). 
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2.5 DISCUSSION AND SUMMARY (OF LITERATURE REVIEW) 
 

An extensive and wide literature review about risk was 

introduced and discussed in this chapter to acquaint the reader with 

the subject of risk in the construction industry.  A general introduction of 

risk and uncertainty, history of risk in the construction industry, a detailed 

project risk management process were presented. Then, more focus on 

risk allocation and the problems of the current practice of risk allocation 

in the construction industry were introduced in the previous section.  

The literature review in Section 2.4 clearly indicated that there are 

problems associated with the current practice of risk allocation in 

construction industry. Disputes, mistrust, increased costs, delays and 

negative deviations in quality are the most common problems in the 

construction industry.  Construction project performance is adversely 

impacted by these problems.   However, the author strongly believes 

that there are other problems related to the current practice of risk 

allocation in construction industry.  These problems are individually 

discussed in more details in the following sections. 

In summary, the literature review in Section 2.4 above clearly 

leads to a conclusion that there are problems associated with the 

current practice of risk allocation in the construction industry.  These 

problems include dispute, claims, tension, delays, and cost overrun.  This 

conclusion leads to the rejection of the first null hypothesis (H0 : current 

practice of risk allocation is optimal and has no problems), acceptance 

of the alternative hypothesis( H1 : current practice of risk allocation is not 

optimal and has problems ), and gives a clear answer to the first 
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question of this study outlined in Section 1.5 and detailed in Section 2.2 

above.  It shows that the current practice of risk allocation in the 

construction industry is sub optimal and has problems that negatively 

impact the performance of construction projects.   

What remains unclear is whether there are other problems 

related to the current practice of risk allocation in the construction 

industry and the impacts of these problems.  These are the second and 

the third questions of the study outlined in Section 1.5 above and 

Section 2.2 earlier.  

To reiterate, the first three questions of the study pertain to this chapter 

as outlined in Section 2.2, are: 

1. Is the current practice of risk allocation in the construction 

industry optimal (has no problems, efficient and effective)? 

2. If not, what are the problems with the current practice of risks 

allocations in the construction industry? 

3. What are the negative impacts of these problems on 

construction projects? 

A questionnaire survey to answer the second and the third 

questions and enhance the literature review findings; and to discover 

any additional problems of the current practice of risk allocation was 

prepared and distributed to various project participants and 

practitioners of the construction industry.  

Disputes, claims, tension, and litigation that lead to adversarial 

relationships between project parties causing  increased costs, delays 
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and negative deviations in quality are the most common impacts of 

these problems in the construction industry. Construction projects 

performance is adversely impacted by these problems.   

 

However, the author strongly believes that there are some other 

problems with the current practice of risk allocation. These problems 

are: 

 

A. Higher contingencies: where project participants price risk events 

subjectively based on their intuition, experience, and their risk 

attitude. In the same way, they estimate the likely hood of 

occurrences of risks resulting in higher contingencies. 

 

B. More resources to manage project risks: when risks are not 

effectively and efficiently allocated, they might be misallocated 

to a lower tier of the involved project party. The lower tier project 

party might not the best party to control and manage the 

misallocated risks. More resources (personal, money and time) 

would be needed to manage the misallocated risks when risks 

are misallocated to incompetent project party. This usually 

happens when risks are allocated by aversion and shifted to the 

weakest link- the lowest tier- of the project party. 

 

C. Aggressive relationships between project parties: The current 

practice of risk allocation promotes the competitive attitude 

between project parties involved where each party works for its 
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self-interest and safe guard its goals in the project that might not 

be aligned with the goals of other parties involved in the project.    

  

The above  problems are directly related to the current practice of risk 

allocation in construction industry and they negatively impact the 

performance of the construction project. These problems along with 

the adversarial relationship between project parties (lead by disputes, 

claims, tension, and litigation) caused by the current practice of risk 

allocation will be hypothesized and tested by a survey.  The hypotheses 

of this chapter are: 

 

1. Adversarial relationships amongst project parties.  

Ho: Adversarial relationships are not a problem of the current 

practice of risk allocation. 

H1:  Adversarial relationships are a problem of the current 

practice of risk allocation. 

 

2. Higher contingency. 

Ho: Higher contingency is not a problem of the current practice 

of risk allocation. 

H1: Higher contingency is a problem of the current practice of risk 

allocation. 

 

3. More resources to manage misallocated risks 

Ho: More resources are not a problem of the current practice of 

risk allocation. 
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H1: More resources are a problem of the current practice of risk 

allocation. 

 

4. Aggressive relationships between project parties 

Ho: Aggressive relationships are not a problem of the current 

practice of risk allocation. 

H1: Aggressive relationships are a problem of the current practice 

of risk allocation. 

 

The author strongly believes that the above problems are directly 

related to the current practice of risk allocation in construction industry 

and they negatively impact the performance of the construction 

project.   These problems will be included in the survey questionnaire to 

be tested, validated and discussed in more details later in this 

dissertation.  The results of this survey are discussed in details in the data 

processing and analysis section (Section 2.9). 

2.6 RESEARCH METHODOLOGY  
 

This section, research methodology, defines the activities of the 

research; how the research was conducted and how the research 

steps were logically linked to the objectives of this study.  The research 

methodology for this study includes the prior-discussed literature review 

of the available work reported on risk management in construction 

industries, allocation of risks and modeling.  The available  published 

literature was reviewed and analyzed to investigate the problems of the 

current practice of risk allocation in the construction industry.  Then, a 
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structured survey questionnaire to support the investigation was 

designed and distributed. Findings of the literature review and the 

survey were analyzed, summarized and reported. 

 Given the objectives of the first part of this study - to investigate, 

identify, and classify the problems with the current practice of risk 

allocation - an online questionnaire survey was deemed appropriate 

for data collection as it is an efficient and economical way to seek the 

opinions and experiences of professionals and practitioners involved in 

risk management related to the construction industry projects.  An 

online survey system namely, Business Solutions Group (BSG) survey 

system of Oregon State University (OSU) was used to design and 

manage the online survey. 

2.6.1 Survey Design and Bias Control 

 

 The main objective of this section is to outline the survey structure, 

survey design, biases control, design of the questionnaire, sample size 

calculation, and the sampling method used to gather opinions and 

information for the first part of this research, namely investigation, 

identification and classification of the problems of the current practice 

of risk allocation in the construction industry projects.  

 The survey was designed and structured in a way to gather clear 

responses and also to help respondents clearly and easily answer the 

research questions.  Clear instructions on how to progress through the 

survey in the introductions and within each section of the survey were 

given to respondents,  because a poorly organized survey may cause 
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respondents to skip questions or completely opt out of answering the 

survey,  

 

A survey study may have different sources of bias that must be 

recognized and accounted for to minimize their effects on the study 

results.  This study is no exception and the biases are acknowledged 

and were controlled to minimize the effects.  A bias is defined in this 

study as a form of error that can affect research and distorts the 

research results.  One common bias for most research studies is the 

confounding bias.  In a confounding bias, the answers to a 

questionnaire are affected when a factor (confounder) is present and 

associated with the outcome of interest.  Examples of confounding 

factors in this study are the age, position and experience of the 

respondents.  For example, if a respondent had a recent bad 

experience with the current practice of risk allocation, his/her answers 

could be biased.  Similarly, if the respondent position in a construction 

project is not directly related to risk management and risk allocation, 

the answers to the questionnaire could be biased.  To control for this 

bias, the questionnaire of this study requested to be answered by 

project managers or risk managers.   Also, the average of respondent’s 

input is calculated and analysed rather than the individual input.  

Regression effect (selecting the least or most) is controlled for this 

study by targeting mid to large construction contractors for the 

questionnaire (see Section 2.6.4 for sample survey selection).  Small 

construction contractors might not implement systematic risk 

management procedure and very large companies might have a very 

rigorous risk management system.  
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To control for sampling bias, the sample of this study was 

randomly selected from the construction industry population in two 

steps.  First by cluster sampling and then randomly selecting the sample 

from the cluster (see Section 2.6.5 for details of the sampling method 

used).   

Central tendency bias, where questionnaire respondents may 

avoid extreme response categories, is common for Likert scale survey. 

Respondents may avoid selecting “strongly agree” or “strongly 

disagree” responses.  To control for this bias, both the full five points 

agreement/disagreement scale results and the agreement/ 

disagreement results were reported in the analysis of the results (see 

Section 2.9 for details).  

The above bias factors and their controls described above are 

the most prominent biases that apply to this study.  A pilot test of the 

survey was performed to remove ambiguity, irrelevant information, and 

minimize biases effects on the results of this study. 

 

  The survey was exempted from a full board review of Oregon 

State University Institutional Review Board (OSU-IRB) as a protocol and 

request were filed.  Copies of the survey protocol, evaluation request, 

notification of survey full board exemption, and the online survey 

questionnaire are included in Appendix III for more details.  Survey 

layout, design of the questionnaire, sampling method used, and sample 

size calculations will be discussed in details in the following sub-sections. 
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2.6.2 Survey Layout  

 

The survey begins with an introduction page that explains the 

purpose of the survey.  Within the introduction page, the confidentiality 

information, how the data collected will be used, and the contact 

information of OSU-IRB were included.  The online survey consists of five 

main sections. 

1- Start Page: Shows purpose of the survey, brief summary, 

disclaimer, anticipated risk and benefits to the survey 

participants, and OSU-IRB contact information.  

2- Overview: Introduction and brief summary of the survey and 

directions and guidance to the participants 

3- General demographic information about the participants  

4- Main survey questions:  Consisting of 6 five-point Likert rating 

questions and one open ended question 

5- End Page: shows gratitude to the participants and the contact 

information of the researches.  

The layout of the survey is shown in Fig. 2.12 below. 
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Introduction and purpose of the 

survey, disclaimer, and the 

anticipated risk and benefits to the 

survey participants 

Start Page 

Overview 

End Page 

Brief summary of the survey and 

directions and guidance to the 

participants 

 

  

Background 

Information 

Main Survey 

Questionnaire 

Consisting of 6 Likert rating questions 

and one open ended question about 

the current practice of risk allocation 

in the construction industry 

Demographic information of the 

survey participants and their 

companies 

Gratitude to the participants and 

Contact information of the 

researchers 

 

Figure 2.12 Layout of the Questionnaire 
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2.6.3 Design of the Questionnaire Survey  

 

The questionnaire contains twenty-three short and 

straightforward questions, and is designed in such a way that 

completing it should not take more than 15-20 minutes considering 

the busy schedule of project managers and project engineers 

completing the survey questionnaire.  

 

The questionnaire includes two sections.  The first section 

provides general information about the construction contractor, such 

as the size of the firm, how long the firm has been in business and 

background information about the individual completing the 

questionnaire.  

 

The second section includes the main questions about the 

assessment of the current practice of risk allocation in construction 

industry.  It started with a brief description to help the respondents 

better understand the components of each question before 

answering this part of the questionnaire.  Respondents were then 

asked rate the effect of the current practice of risk allocation on 

predetermined construction project parameters.  The response to 

each question was divided into a five-point Likert rating scale 

ranging from 1 to 5 representing five choices: strongly agree, agree, 

no effect, disagree, or strongly disagree.  For each problem of the 

current practice of risk allocation, the respondent was asked 

whether, and how strongly, he agreed or disagreed to each problem 

using the five- point rating scale. 
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At the end of the questionnaire, an open-ended question was 

asked to seek a free response from the respondents and to give 

them the chance to add and rate any additional problem with the 

current practice or risk allocation in construction projects 

 

Finally, gratitude to the respondents and contact information 

of the researchers were included at the end of the questionnaire.  

The full contact information of the researchers were included if 

respondents need any clarification or if they have any questions 

regarding the study.   

 

To remove any ambiguities in the questionnaire, pilot testing 

was carried out.  As pilot testing, the survey was sent to five 

practitioners consisting of three academic professors and two project 

managers specializing in construction projects.  Accordingly, minor 

revisions were made prior to mailing it out to the construction 

industry. 

 

To maximize the response rate for the survey, the following 

were considered in the design of the survey: 

1) Requests for participation were placed in advance (either 

through phone calls or individual emails) 

2) The sequence and the flow of questions in the survey were 

structured to match the flow of ideas and logic of the 

causal effects of the current practice of risk allocation.  This 

causal effect  sequence should ease and arouse the 

respondent's interest; and should motivate the respondents 
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to reply 

3) The official Oregon State University (OSU) survey system and 

the official OSU email were used to design and send out the 

survey 

4) Enough time (2 weeks with a cutoff date) to complete the 

survey was given to respondents.  Two reminders were 

sent(one week and 3 days before the cutoff date) 

5) A summary of the survey results was offered to be shared 

with respondents as an incentive to participate in the survey.   

A copy of the survey questionnaire is included in Appendix III. 

2.6.4  Sample Survey  

 

Selection of the sample for the survey from the population of 

contractors in the construction industry plays a major role in making the 

research more effective and representative.  The population for the 

survey was drawn from both the Associated General Contractors of 

America (AGC) and the Associated Builders and Contractors (ABC) 

with the following criteria applied: 

- General contractors and subcontractors 

- Commercial building  

- Annual volume of firms between $ 5 - $20 millions 

- Average contract between $ 1 - $100 millions 

- Number of employees between 50 – 5,000 employees 
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2.6.5 Sampling Method 

 

This section outlines the sampling technique used to draw the samples 

for this research from the entire population determined in the previous 

section.  The entire population (the United State) was clustered into nine 

regions based on the Maps of world (2000) as shown in Figure 2.13.  

Then, random sampling was used to select three states from each 

cluster as shown in Table 2.10.  Cluster sampling is usually much cheaper 

and convenient (Samdal, Swenson, & Wreman, 1992). 
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(USA regions map, 2000) Source:  www.mapsofworld.com 

Figure 2.13 Regions used for cluster sampling 
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Table 2-3 Regions of the USA Used for the Survey 

 

 Regions States # of states 

1 Pacific Alaska WA, OR and ID 3 

2 Pacific Region CA, NV and AZ 3 

3 Rocky Mountain 

Region  

ND, WY and CO 3 

4 Central Plain Region Iowa, MO and KS 3 

5 Great Lakes Region MI, MN and IL 3 

6 Southwest Region OK, TX and Louisiana 3 

7 Southeast Region NC, Georgia and Florida 3 

8 Mid Atlantic DE, MD and Pennsylvania 3 

9 North East NY, Maine and 

Connecticut 

3 

 

2.6.6 Sample Size 

 

The sample size that would represent the population for the survey was 

calculated based on the following formulas (Survey System, 1992). 
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SS = 
            

   
                                  (1) 

The calculated sample size (SS) was then corrected for finite 

population using equation (2) 

Corrected SS = SS / [1 + (ss-1 / pop)]    (2) 

Then, the corrected sample size (corrected ss) was then adjusted 

for the response rate using equation (3).  A 65% response rate is a 

typical response rate used for an online survey (Survey System, 1992).  

Additional steps were taken to increase the response rate (see Section 

2.6.3) and a response rate of 80% was used for this study. 

Corrected ss for rr = corrected ss * rr        (3) 

Where: 

SS: is the calculated sample size 

Z : Z value for the confidence level (e.g. 1.96 for 95% confidence level)  

p = percentage picking a choice, expressed as decimal  

(0.5 used for sample size needed) 

C = confidence interval, expressed as decimal  

(e.g., o.1 = ±10%) 

Pop = population 

rr= response rate 

 

For the purpose of getting the maximum sample size, the value of 

(p) was taken as 0.5.  The confidence level (Z) was taken to be 95%, 

and the maximum standard error allowed (C) in this study was taken as 

10%.  The total population considered from the list obtained from the 

Associated Builders and Contractors, Inc (ABC) and the Associated 

General Contractors of America (AGC) lists.  
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Applying the above formulas, the sample size was calculated using a 

Microsoft Excel work sheet and the results are listed in Table 2.12 below. 

 

Table 2-4 Sample Size Calculations 

This is the sample size calculation for commercial contractors only  
  

 
Sample size calculation for Data 

 
Percentage (P) 0.5 

    

 
Confidence interval 0.1 0.975 

   

 
Confidence level and Z value 95% 1.96 1.96 

 

 
Response rate (RR) 92% 

    

        

Region State Population 

Region 
Population 

Proportion n* 

Corrected 

SS for 

finite pop. 

Corrected 

SS for RR 

Pacific 

Alaska 

Oregon 8 36.36% 96 7 8 

Washington 11 50.00% 96 9 10 

Idaho 3 13.64% 96 2 2 

Region Totals 22 100.00% 
 

18 20 

 
 

     

Pacific 

Region 

California 38 62.30% 96 27 29 

Nevada 13 21.31% 96 11 12 

Arizona 10 16.39% 96 9 10 

Region Totals 61 100.00% 
 

47 51 

       
Rocky 

Mountain 

Region 

North Dakota 7 25.93% 96 6 7 

Wyoming 9 33.33% 96 8 9 

Colorado 11 40.74% 96 9 10 

Region Totals 27 100.00% 
 

23 25 

       
Central 

Plain 

Region 

Iowa 6 26.09% 96 5 5 

Missouri 11 47.83% 96 9 10 

Kansas 6 26.09% 96 5 5 

Region Totals 23 100.00% 
 

19 21 

       
Great 

Lakes 

Region 

Michigan 13 50.00% 96 11 12 

Minnesota 5 19.23% 96 4 4 

Illinois 8 30.77% 96 7 8 

Region Totals 26 100.00% 
 

22 24 

       South Oklahoma 8 15.09% 96 7 8 
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West 

Region  

Texas 31 58.49% 96 23 25 

Louisiana 14 26.42% 96 12 13 

Region Totals 53 100.00% 
 

42 46 

       
South 

East 

Region 

North Carolina 10 19.23% 96 9 10 

Georgia 10 19.23% 96 9 10 

Florida 32 61.54% 96 24 26 

Region Totals 52 100.00% 
 

42 46 

       

Mid 

Atlantic 

Delaware 4 8.70% 96 3 3 

Maryland 23 50.00% 96 18 20 

Pennsylvania 19 41.30% 96 16 17 

Region Totals 46 100.00% 
 

37 40 

       

North 

East 

New York 24 61.54% 96 19 21 

Maine 7 17.95% 96 6 7 

Connecticut 8 20.51% 96 7 8 

Region Totals 39 100.00% 
 

32        35 

        

 
Grand Total 349 

 

 

 

    282        307 

    

 

 
  

2.7 SURVEY EVALUATION 

2.7.1  Introduction 

 

This section covers the processing and analysis of the collected data 

for this chapter.  It starts with talking about the challenges encountered  

in data collection; response rate; process analysis and presentation of 

data collected from the survey.  Then, the results of the questionnaire 

are discussed, summarized and presented in tabulated format as well 

as in charts.      

2.7.2 Challenges Encountered  

 

There were some problems encountered during the survey.  The first 

problem was, compiling a potential list of participants from the 



70 

 

construction industry.  Second, was the low response rate.  Third, was 

the slow delivery of the questionnaire from the respondents.  Initially, an 

extensive search in the OSU library and through the internet was made 

in an attempt to find a list of potential respondents but construction 

contractors lists could not be found even working with the dedicated 

School of Civil and Construction Engineering Librarian Ms. Margaret 

Mellinger, and with contacting federal and state agencies related to 

the construction industry.   

Subsequently, the associations and private agencies such as 

American Society of Civil engineers (ASCE), Construction Industry 

Institute (CII), International Risk Management Institute (IRMI), Associated 

General Contractors of America (AGC) and the Associated Builders 

and Contractors (ABC) were contacted  by phone calls and through 

emails requesting a list of potential respondents but the requests were 

all declined because of the legality of releasing information of their 

clients and subscribers.  Finally, the web pages of both AGC and ABC 

were used to individually search for the web page of each contractor 

and get the contact information (phone number and email) from the 

individual contractor/ company web page.  Many phone calls and 

emails were exchanged, as the web pages do not have the 

construction project manager’s contact information but rather the 

company’s general contact information.  Because the questionnaire is 

intended to be sent to and answered by a project manager, the 

contact information of a project manager for each company to 

compile the list of potential respondents was needed.  It took three 

months (2 -3 hours a day) to compile the list of potential respondents. 
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2.7.3  Survey Response Analysis 

 

This section outlines the analysis of the first part of the survey, which is 

the demographical section.  It summarizes the survey response rate, 

experience of the respondents and the local of the respondents.  

2.7.4 Response Rate  

 

A total of 307 survey participation invitations were emailed.  In order 

to increase the response rate, a summary of the survey results was 

offered to the respondents and reminders were sent to potential 

respondents one week before the initial deadline. 

One week extension was granted to allow for response delays due to 

Christmas and New Year’s holidays.  Within one months’ time, 57 useful 

responses were received.  The survey response rate of 18.60 % is not 

high but acceptable for social science research of this nature and 

scale (De Vaus, 2001).  This low response rate may be due to the facts 

that the construction industry participants are very busy and 

overwhelmed by survey questionnaires they receive, or may be that risk 

allocation is such a sensitive and ambiguous topic within the 

construction industry that some potential respondents refused to 

respond to the questionnaire in fear that they may disclose sensitive 

information. 
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2.7.5 Experience of respondents 

 

Table 2.13 below shows the experience of the survey respondents.  

More than 68% of the respondents have more than 10 years of 

experience in the construction industry.  Similarly, Table 2-6 shows the 

company size (number of employees) and how long the company has 

been in the construction business.  Table 2-6 shows that 68.4% of the 

responding companies (39) has more than 200 employees.  More than 

82% of the responding companies have been in the construction 

business for more than 10 years.  

Table 2-5 Experience of Respondents 

  
Experience (years) Number of respondents 

(Frequency) 

Percent (%) 

1 – 5 2 3.5 

6 – 10 16 28.1 

More than 10 39 68.4 

Total Respondents 57 100 
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Table 2-6 General Information of Responding Companies 

Item Frequency Percent % 

Company size (No. of 

employees) 

50 - 99 3 5.3% 

100 -200 15 26.3% 

More than 200 39 68.4% 

Company experience 

(years) 

5- 10 2 3.5% 

10-15 8 14.0% 

More than 20 47 82.5% 

 

2.8 SURVEY DATA PROCESSING AND ANALYSIS 
  

This section outlines the processing and analysis of the second 

section of the survey, which is the questions about the current practice 

of risk allocation section.  The processing of data starts loading the 

responses from the survey system into Microsoft Excel work book and 

then coding the  responses of the survey participants to change the 

Likert agreement scale using: strongly disagree = 1, disagree = 2, neutral 

= 3, agree = 4, strongly agree = 5. 

The Likert responses of the survey was analyzed using  the Kruskal-

Wallis  -non-parametric test- as the questionnaire measures respondents 

attitudes regarding the current practice of risk allocation in the 
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construction industry.  Data of the survey was summarized and 

presented using descriptive statistics, tables, and figures. 

2.8.1 Average score and ranking of the responses 

 

In this section, the average of responses for each question was 

calculated using the following equation and the ranking was also 

calculated. 

Agreement average scale   
  

 

 

   
              (4) 

Where W is the weight given by each respondents ranging from 1 to 5 

(strongly agree = 5, agree = 4, neutral = 3, disagree = 2, and strongly 

disagree = 1) and n is the number of respondents (57).  

Microsoft Excel is used for survey data processing and calculations of 

this study. 

Summary of the calculation is shown in     Table 2-8 Survey Summaries 

below.   

To check whether there are any important differences between 

responses of the regions, three survey questions were randomly 

selected and the agreement average of responses for the regions were 

compared against the overall average response for all regions.   

Using equation 4 above to calculate the agreement average of each 

region. 
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Where W is the weight given by each respondents ranging from 1 to 5 

(strongly agree = 5, agree = 4, neutral = 3, disagree = 2, and strongly 

disagree = 1) and n is the number of respondents of each region.  

Table 2-7 below does not show significant differences in the average 

responses of the 9 regions.    

Table 2-7 Regions average scores comparisons 

 

Where:  R1 to R9 represents the 9 regions  listed in Table 2-3.  Q1 to Q3 

represents the following 3 questions of the survey, which were randomly 

selected from the survey questionnaire: 

Q1- Do dispute, claims, and tension lead to adversarial relationships? 

Q2- Does subjective pricing of risks lead to higher contingencies? 

Q3- Does a competitive relationship lead to aggressive relationships?

Question R1 R2 R3 R4 R5 R6 R7 R8 R9 Overall mean

Q1 4.1 4.1 4.2 4.3 4 4.3 4.1 4.3 4.2 4.2

Q2 3.9 4 3.8 4 4.1 3.9 4 4 3.9 4.0

Q3 3.8 3.9 4.1 3.9 4 4 3.9 3.9 4 3.9

Regions means
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    Table 2-8 Survey Summaries 

 

Where SA: strongly Agree      AG: Agree NU: Neutral DIS: Disagree

  SD: Strongly Disagree
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Table 2-7 shows the summary of the survey results.  It shows that the 

current practice of risk allocation has major problems.  Dispute, claims 

and tension leading to adversarial relationship between construction 

project participants’ ranks at the top of the problems of the current 

practice of risk allocation.  It has an average score of 4.2 on a scale of 

1 to 5.  

2.8.2 Respondents’ Agreement Score  

 

Table 2-8 below shows the survey respondents’ agreement in 

percentage.  74% of the respondents agreed  that dispute, claims and 

tension leading to adversarial relationships between project 

participants is a problem of the current practice of risk allocation while 

25% of the respondents strongly agree (total of 99%).  This issue ranked 

at the top of the problems of the current practice of risk allocation in 

the construction industry.  This result is in line with the findings of previous 

studies discussed earlier in Sections 2.6.1 and 2.6.2 respectively.  Data of 

Table 2-9 is presented in a graphical form for easy visualization in Figure 

2.14 below. 
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Table 2-9 Agreement Score Percentage 

 

 Response  

Problem  SA AG NU DIS SD 

Dispute, claims and tension leading to adversarial 

relationship 

25% 74% 2% 0% 0% 

Competitive relationship leading to aggressive 

relationships 

18% 63% 16% 4% 0% 

Subjective pricing of risk leading to higher contingency 19% 68% 9% 4% 0% 

Allocation by aversion that might lead to misallocation 

of risk 

12% 56% 25% 5% 2% 
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Table 2-10 Agreement Score on the Current Practice of Risk Allocation Problems 

 

      

Problem SA AG NU DIS SD 

Dispute between project 

participants 

50% 50% 0% 0% 0% 

Adversarial project 

environments and aggressive 

relationships 

50% 25% 25% 0% 0% 

Subjective pricing of risk leading 

to a higher contingency 

25% 50% 25% 0% 0% 

Allocation of risk to a lower-tier 

project participant 

25% 63% 0% 13% 0% 

Leads to misallocation of risk to 

project participant 

25% 63% 0% 13% 0% 

Static allocation for dynamic 

project 

13% 63% 13% 13% 0% 
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Figure 2-14 Respondents' Agreement Percentage 

  

25% 

18% 
19% 

12% 

74% 

63% 

68% 

56% 

2% 

16% 

9% 

25% 

0% 
4% 4% 

5% 

0% 0% 0% 
2% 

0% 

10% 

20% 

30% 

40% 

50% 

60% 

70% 

80% 

Dispute, claims and tension 
leading to adversarial 

relationship 

Competitive relationship 
leading to aggressive 

relationships 

Subjective pricing of risk 
leading to higher contingency 

Allocation by aversion that 
might lead to misallocation of 

risk 

A
gr

e
e

m
e

n
t 

p
e

rc
e

n
ta

ge
 

Problems of the current practice of risk allocation 

SA 

AG 

NU 

DIS 

SD 



81 

 

2.8.3 Allocation by aversion 

 

It comes as no surprise that 56% of the respondents agreed that 

allocation by aversion is an issue of the current practice of risk 

allocation in the construction industry.  Project participants often 

include clauses and disclaimers in contract to shift risks to the other 

party.  However, these clauses and disclaimers do not help in allocating 

risks optimally.  Often, risks are allocated to the lower-tier party.  The 

lower-tier party might not be the most competent project participant to 

manage and deal with the misallocated risks.  Misallocation of risk to 

the lower tier project party can result in the party spending time and 

resources looking for ways to deal with the misallocated risk and to 

survive on the project rather than actually working on the project.  This 

misallocation of risks leads to additional resources (cost and time) to 

manage and might lead to claims and disputes.   

 

2.8.4 Subjective Pricing of Risks 

 

Subjective pricing of risk that might lead to higher or lower 

contingency for the bid price of  projects ranks second as a problem of 

the current practice of risk allocation in the construction industry.  19% 

strongly agree and  68% of the survey respondents agree, respectively, 

(total of 87%) that subjective pricing of risks is a problem of the current 

practice of risk allocation in the construction industry.  Since 

assessments of risks are subjective and dependent on personal 

experience, risk attitude, projects on hand, situation of economy, and 

other personal and business concerns, the same risk event may be 
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assessed differently by different individuals.  This subjective pricing of 

risks will be reflected on the contingency added to the bid.  If the 

allocated risks are overpriced, this results in an initial higher cost of the 

project.  If the allocated risks are underpriced, this might lead to claims, 

disputes, additional resources to manage the underpriced allocated 

risks resulting in a higher final cost of construction project.  In both ways, 

subjective pricing of allocated risks  is a major issue of the current 

practice of risk allocation in the construction industry. 

While initially it may be the case that risks are assessed from 

several dimensions (experience, market supply and demand, 

economic and political situations,…etc.), these considerations are 

subsequently translated into financial terms.  In theory, the expected 

value of a risk event is based on two factors:  probability and impact.  

The expected value is equal to the probability of occurrence multiplied 

by the impact, yet both of the probability and the impact are often 

very subjective and depend on many factors like the experience, risk 

attitude, and capability of the risk assessor.  People tend to use their 

intuition, experience and judgments in making decisions.  Making 

decisions in construction risk management is no exception especially in 

the assessment of project risks, both in estimating probability and/or 

impact of risk.  The effect of this subjective pricing of each risk event in 

the project will add up and the cumulative effect will put in the bid 

price of the project. 
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Figure 2-15 Impact Of Current Practice Of Risk Allocation On Construction Project 
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2.8.5 Impact of current risk allocation on project performance: 

 

Table 2-10 below shows the respondents input for the impact of the 

current practice of risk allocation on the performance of construction 

projects.  49 (86%) of the respondents agreed that the current practice 

of risk allocation affects the overall performance of construction 

projects.  While 14 (25%) of the respondents strongly agreed that the 

current practice of risk allocation impacts the budget by increasing the 

cost of construction project.  This cost increase could be attributed to 

the problems of the current practice of risk allocation identified by this 

study and discussed in Section 2.8.4 above.  

The increase of disputes, claims, tension, cost and time to resolve 

them, subjectivity of pricing the risks, and allocation by aversion will 

clearly add more cost and delay to the construction projects and 

similarly these factors will negatively impact the quality of projects in the 

construction industry.    

The current practice of risk allocation could increase project costs in 

the following ways:    

1. The extra costs and delays to resolve disputes and claims; 

2. The extra costs to safeguard against own interest that creates 

a competitive project environment among project 

participants leading to aggressive relationships; 
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3. The subjectivity pricing of risk that might lead to either a higher 

contingency added to the bid price or lower contingency 

leading to disputes and/or delivery of sub-quality project; and 

4. The extra cost for resources to manage risks when risks 

allocated to incompetent lower-tier project 

participant(premium) included in the bid price from 

contractors;  

89% of the respondents agree that the current practice of risk 

allocation delays construction project and impacts the schedule.  This 

delay could be attributed to the time required for dispute resolution 

and the extra time to manage risks when allocated to incompetent 

project participant. 

Table  2-11 Impact of the Current Practice of Risk Allocation 

 

 Agreement Scale   

Impact SA AG NU DIS SD Total  

Overall 

performance 

3 49 4 1 0 57 

5% 86% 7% 2% 0%  

Budget (cost 

increase) 

14 42 1 0 0 57 

25% 74% 2% 0% 0%  

Schedule (delay) 5 51 1 0 0 57 

9% 89% 2% 0% 0%  

Quality (sub-

quality) 

4 43 8 2 0 57 

7% 75% 14% 4% 0%  
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Figure 2.16 Impact Of Current Risk Allocation On Overall Project 

Performance 

 

The above chart (Figure 2.16) is superimposed on the impact of 

the current practice of risk allocation on the three selected project 

performance indices (namely project budget, project schedule, and 

project quality) for better visualization is shown in Figure 2.17 below. 
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Figure 2.17 Impact Of Current Practice Of Risk Allocation On Project 
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The problems of the current practice of risk allocation covered by this 

study are represented in a Cause- effect (fish bone) diagram for better 

visualization and illustrated in Figures 2.18 below. 
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Figure 2.18 Cause-Effects Relationship of Current Practice of Risk Allocation Issues 
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2.8.7 Comments of the survey respondents  

 

Comments from the respondents when asked to add any additional 

problems with the traditional current practice of risk allocation on the 

construction project, and what they think should be added to the 

questionnaire. The comments were not edited but kept in their original 

format.  

1. Risk allocation is strongly affected by the risk averse attitudes 

of attorneys. 

2. There are so many laws dealing with risk allocation in Oregon 

that the traditional model exists only in form, not function.  

Also, if a project is well run and well performed, with all team 

members doing their part, the risk allocation model is largely 

irrelevant because risks are managed prior to something big 

occurring. 

3. As a result of the extensive risk allocation, and the allocation 

by aversion, properly done requires extensive management 

time and resources to sufficiently mitigate the risk at each 

level, especially managing it at the Prime level.  Increasingly 

more administrative work (paper work) is required and feels 

more time and energy spent here than in the field. 

4. Owners can be a cause, but it is more likely the professionals 

servicing them that are the cause typical the architect, 

engineer, etc. 
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5. Imbalances in the risk allocation between Owner/GC and GC 

Subcontractor can lead to problems as well. 

6. The construction industry is inherently, risk oriented.  That is 

what makes it the challenge it is.  We make decisions 

accordingly to try and measure risk, and price it.  If a project 

appears to have lots of risk, we have the opportunity to 

increase our price and if we are successful in receiving the 

award, then we do everything we can to mitigate the risk.  If 

successful, we increase our profitability for that project.  Risk 

not only includes site conditions and structures, it also includes 

owners, GC's design consultants, subcontractors, etc. 

The above comments reflect the opinions of the respondents.  

However, the third and fifth comments (more resources and higher 

contingency) were originally considered in the questionnaire. 

Comments 1,4 and 5 (allocation by aversion, imbalance and abuse of 

power) are causes of sub optimal risk allocation and are covered in the 

Chapter Three as barriers to optimal risk allocation.  

 

2.9 MODEL DEVELOPMENT 
 

Model development of risk allocation started with the widely 

used systematic risk management process outlined in Figure 2.2 below.  

Risk allocation is an action of the risk response part of the systematic 

project risk management and it includes three options to allocate risk.  
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Risks can be retained, shared, or transferred as outlined in Figure 2.19 

below.  

 

 

 

Figure 2.2 Widely Used Systematic Project Risk Management Process 
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Figure 2-19 Risk Allocation Options 
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Contract is the vehicle to allocate risks in the construction industry 

and is usually done by aversion through contractual clauses and 

contract conditions as discussed earlier in Sections 2.5 and 2.6, and 

outlined in Figure 2.20 below.  

 

 

 

 

The literature review of Chapter Two of this dissertation found that 

the current practice of risk allocation in the construction industry 

allocates risk by aversion and risks are allocated through contractual 

clauses and conditions of the contract.  Additionally, it revealed that 

the current practice of risk allocation leads to dispute, claims and 

tension that lead to adversarial relationships between the construction 

project participants.  It concluded that the current practice of risk 

allocation in the construction industry outlined in Figure 2.20 above is 

sub optimal.  
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The literature review of Chapter Two of this dissertation found that 

the current practice of risk allocation in the construction industry 

allocates risk by aversion and risks are allocated through contractual 

clauses and conditions of the contract.  Additionally, it revealed that 

the current practice of risk allocation leads to dispute, claims and 

tension that lead to adversarial relationships between the construction 

project participants.  It concluded that the current practice of risk 

allocation in the construction industry outlined in Figure 2.20 above is 

sub optimal.  
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Findings of the survey of Chapter Two, problems of the current 

practice of risk allocation, are added to the initial model of figure 2.21 

to get the preliminary model as outlined in Figure 2.22 below.  
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                    Figure 2-22 Preliminary Model of the Current Practice of Risk Allocation Problems from Chapter Two 
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2.10 CONCLUSION AND RECOMMENDATIONS 
 

The questions related to this chapter of the dissertation, questions 

one through question three outlined in Section 1.6 and detailed in 

Section 2.2, are answered.  Similarly, the objectives related to this 

chapter (outlined in Section 1.7) are met.  The survey results of this 

chapter (in answering the questions) shows that, the current practice of 

risk allocation in the construction industry is not optimal and has 

problems.  These problems include:  

1. Dispute, claims and tension leads to adversarial relationship; 

2. Competitive relationship leads to aggressive relationships; 

3. Subjective pricing of risk leading to higher contingency; and 

4. Allocation by aversion that leads to misallocation of risk. 

The results of the survey clearly indicated that the current practice of 

risk allocation has additional problems than what has been initially 

discovered in the literature review. This leads to the acceptance of the 

alternative hypotheses H1.  Similarly, the survey results confirmed that 

the above-mentioned four problems negatively impact construction 

project cost, schedule and quality. 

 This sub optimal risk allocation can negatively impact the 

performance of construction projects in the construction industry.  It 

increases the project cost, causes project delay, and negatively 

impacts the quality of the project.  
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Analysis of the response data showed that the current practice of 

risk allocation in the construction industry has many problems that 

negatively affect the performance of construction projects.  It showed 

that the current practice of risk allocation leads to disagreement, 

adversarial relationships, disputes, and claims.  This issue tops the 

problems of the current practice of risk allocation.  Other major 

problems are the subjective pricing of risks and allocation of risks by 

aversion that most likely leads to allocating risks to the lower-tier project 

participants.  The lower-tier project participant usually is the weakest link 

in the chain of project participants and most likely is not the best party 

to manage the misallocated risk.  The static allocation of risks at the 

beginning of projects while construction projects are very dynamic in 

nature as some risks might change, disappear, and/or new risks might 

develop throughout the life cycle of the project.  

Suboptimal allocations of risk in the construction industry hamper 

project efficiency, increase the likelihood of adversarial and aggressive 

relationships among project parties, can result in project delays and 

increased total project costs, and can negatively impact the overall 

project quality performance.  The above listed problems negatively 

impact the overall project performance.  The research findings improve 

the understanding of the problems associated with the current practice 

of risk allocation.  Also, the findings will aid the construction industry 

practitioners and professionals in understanding risk allocation and 

provide an alternative to the established mindset of risk allocation.  

An interesting conclusion can be drawn from this study is that the 

problem of risks in the construction industry is multidimensional and 
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intricate.  Many risks in construction industry are not fully within the 

control of one particular party.  Examples of these risks are acts of God, 

inclement weather, inflation, and payment delays due to war.  Another 

dimension of complexity is that there is no direct contractual 

agreement between the primary parties (owner, designer, contractor, 

subcontractor, and material supplier) and the secondary parties 

(government- local and federal-, regulatory agencies like unions).  

Good examples of these risks are delays of material procurement due 

to political or regulatory changes, unavailability of labors due to strikes, 

political unrest or war.  For these and similar risks, the ability of a 

particular party to manage them effectively and efficiently depends 

on, to a large extent, on how other party/ies react to the risk.   

Conclusion includes the following recommendations: 

1. The construction industry should look into finding solutions to the 

problems of the current practice of risk allocation; 

2. Find the barriers to optimal risk allocation; and    

3. Should look into alternative risk allocation mechanisms in order to 

alleviate the problems of disputes, adversarial relationships, 

increased cost, delays and negative deviations in quality in 

construction projects.   
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Chapter Three: RISK ALLOCATION IN THE CONSTRUCTION 

INDUSTRY: FUTURE TRENDS AND BARRIERS 
 

 

Ali A. Alsalman 

 

3.1 PREFACE 
 

 Chapter Two of this dissertation outlined the risk management 

process in the construction industry with a focus on risk allocation.  It 

identified, with convincing proof through literature review and original 

research, that the current practice of risk allocation, allocation by 

aversion, includes factors that negatively impact the performance of 

projects in the construction industry.  Figure 3.1 below shows the 

schematic model developed in Chapter Two and Figure 2.22 (from 

Chapter Two) is presented in this section to recap the preliminary model 

of the current practice of risk allocation problems developed in 

Chapter Two. 

 

 

 

 

 

Figure 3-1 Schematic Model from Chapter Two 
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Figure 2-22 Preliminary Model of the Current Practice of Risk Allocation Problems from Chapter Two 
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This chapter builds upon Chapter Two by investigating the future 

trends of risk allocation and the barriers to optimal risk allocation in the 

construction industry.  The main objectives of this chapter are to outline 

the future trends of risk allocation in the construction industry; and to 

investigate and identify the barriers to achieving an optimal allocation 

of risks in the construction industry projects.  This chapter is divided into 

eight main sections.  The first section is an introduction of this chapter.  

The second section is the study question and hypothesis.  The third 

section is a literature review of future trends of risk allocation in the 

construction industry, risk perception, and an in-depth discussion of the 

barriers to optimal risk allocation.  The fourth section is the research 

methodology.  The fifth section covers survey data processing and 

analysis.  The sixth section covers analysis of the surveyed optimal risk 

allocation barriers.  The seventh section covers model development 

related to Chapter Three.  The last section discusses and summarizes the 

conclusion and recommendations of the survey. 

 

3.2 STUDY QUESTIONS AND HYPOTHESIS 
 

The dissertation question and hypotheses pertaining to this chapter 

are restated in this section as follows:  

1. What are the barriers of optimal risk allocation in the construction 

industry? 

 

Ho: Z  is not a barrier of optimal risk allocation. 
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H1: Z  is a barrier of optimal risk allocation. 

Where Z is the specific optimal risk allocation barrier.  These 

specific optimal risk allocation barriers are outlined in Section 

3.4.3 below. 

 

The above question and hypotheses are answered and tested, 

respectively, by the literature review and the survey of this chapter. 

 

3.3 LITERATURE REVIEW 
 

3.3.1 Introduction 

 

This section provides an overview of the relevant literature 

discussing trends and barriers to optimal risk allocation in the 

construction industry.  This section consists of five sub-sections.  The first 

sub-section introduces the literature review section of this chapter.  The 

second sub-section defines optimal risk allocation, the third sub-section 

covers the future trends of risk allocation in the construction industry 

and the fourth sub-section covers the barriers to optimal risk allocation 

in the construction industry.  Summary and conclusion of the literature 

review is covered by the last sub-section. 

The study of future trends and barriers to optimal risk allocation in 

the construction industry is to discover the general progression or 

prevailing tendency that will shape the forthcoming of risk allocation in 

the construction industry.  Any barriers discovered may imply that there 

are some known conditions that might prevent that trend from 
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happening.  Often the results of barriers to optimal risk allocation are to 

make risk allocation suboptimal and put it at a disadvantage position 

relative to optimal risk allocation.  One of the recommendations of 

Chapter Two of this dissertation was to investigate and find the barriers 

to optimal risk allocation in the construction industry.  The objective of 

this study is to investigate, identify and analyze these barriers.  

Identifying these barriers could help the construction industry in 

overcoming these barriers to achieve optimal risk allocation easier and 

faster.     

To reiterate, the main question of this dissertation (outlined in 

Section 1.5) related to this chapter, is: 

What are the barriers to optimal risk allocation in the construction 

industry? 

Inappropriate risk allocation in the construction industry leads to 

disagreement, disputes, and claims and eventually distorts relationships 

among the project parties (Kumaraswamy M. , 1997).  In the last few 

years several studies were conducted on this area searching for better 

risk management approaches to overcome ineffective, inappropriate 

and inefficient risk allocation approaches that lead to disputes, claims, 

delays, project cost overruns and adversarial relationships between 

project participants in the construction industry.  These studies focused 

on joint risk management (Rahman & Kumaraswamy, 2005); 

collaborative relationships in construction (Akintoye & Main, 2007); joint 

ventures (Bing & Tiong, 1999); and risk sharing (Erikson C. A., 1979).  

Barriers to changing current risk allocation practices, and proposed 
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new risk management/optimal risk allocation approaches and models 

were discovered and discussed in the subsequent sections.   

 

3.3.2 Optimal risk allocation  

 

According to Kerf (1998), the term “optimal risk allocation” 

dictates that a particular risk is retained by the party who: 1) is best able 

to assess, control and manage the risk; or 2) has the best access to 

hedging instruments, or 3) has the best ability to diversify the risk, or 4) 

assumes the risk at lowest cost.   

Ng and Loosemore (2007) indicated five rules to achieve optimal 

risk allocation for the party taking the risks. These rules relate to whether 

the risk receiving party: 1) is fully aware of these risks; 2) has the best 

capacity to manage the risk effectively and efficiently; 3) has the 

capability and resources to deal with the risk consequences; 4) has the 

necessary desire to take the risk; and 5) has been given the 

appropriate incentives for taking the risk.  

Ke, et. al. (2011) define optimal risk allocation as not passing all 

risks to one project party, but seeking a solution minimizing the total 

management costs of project parties involved.  Optimal is an elusive 

term, but the objective here is that if the allocation of risks is not 

efficient, not effective, and negatively impacts the performance of 

construction project, then the allocation is sub optimal.  

 For the purpose of this study, optimal risk allocation is defined as 

the decisions to allocate risk events to a party or parties (shared) such 
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that the allocation minimizes the negative impacts on explicit and 

measurable project performance indicators such as project cost; 

project schedule; project quality; or any other explicit measurable 

project indicator, at the time and circumstances of making that 

decision.  The goal of optimal risk allocation is to minimize the total cost 

of the project and not necessarily the cost to the individual project 

party.  The author believes that this definition is extensive and more 

precise than most of the definitions found in the reviewed literature.  This 

definition of optimal risk allocation is used throughout this dissertation. 

3.3.3 Risk Allocation: Future trends 

 

Today with the global market changes, the construction industry 

(similar to other industries) faces both broader and deeper issues such 

as liquidity risk, information risk, tight environmental compliance etc. 

and the emergence of new project delivery methods such as 

partnering.  In addition, technology dynamic changes also influence 

the way risk is managed.  Sharing, collaboration and cooperation are 

the future trends of risk management in the construction industry 

(Akintoye & Main, 2007). 

 

In the last few years, several studies were conducted on the area 

of risk allocation searching for better risk allocation approaches to 

overcome ineffective, inappropriate and inefficient risk allocation 

approaches.  These studies focused on joint risk management (Rahman 

& Kumaraswamy, 2005), partnering (Jin & Zhang, 2010), joint venture 

(Bing & Tiong, 1999), partnership (Bing, Akintoye, Edwards, & Hardcastle, 

2005); (Roumboutsos & Anagnostopulos, 2008)  and relationship 
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contracting (Cheung, Rowlinson, Jefferies, & Lau, 2005).  Relationship 

contracting is a new concept adopted by the Australian construction 

industry to establish and manage the relationships between the 

construction parties to encourage maximum contribution and allow all 

construction parties to achieve success. Trust, fairness, and optimal risk 

allocation are some of the main principles of the relationship 

contracting.  

In conclusion, the above mentioned trends are good indications 

that the current risk allocation practice is not effective and that the 

industry is searching for alternative and better ways to allocate risks in 

construction projects.  This is in line with the findings of Chapter Two of 

this dissertation.  Chapter Two shows that the current practice of risk 

allocation in the construction industry is suboptimal and leads to 

disputes, claims, delays, project cost overruns and causes adversarial 

relationships between project participants in the construction industry.  

However, this research focuses on the root causes of the current 

(suboptimal) practice of risk allocation rather than on curing the 

symptoms of the suboptimal risk allocation.  Industry trends are focusing 

on finding alternatives to the current practice by trying to find an 

optimal risk allocation; while this research focus is directed towards the 

barriers to achieving  optimal risk allocation.  This chapter of this study is 

focused on finding the root causes of the current practice of 

suboptimal risk allocation. 
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3.3.4 Factors of optimal risk allocation  

 

As outlined in Section 3.3.1 above, barriers imply that there are 

some known conditions that might prevent progress or make it difficult 

to achieve something.  To better understand barriers, basic general 

factors related to risk allocation in the construction industry (like 

negotiation, cooperation; collaboration; communication; trust; and 

teamwork) are presented in the following sub- sections from the 

reviewed literature.  

3.3.4.1 Negotiation and communication  

 

Negotiation is “an interpersonal decision-making process by 

which two or more people agrees how to allocate scarce resources” 

(Thompson, 2001).  The purpose of negotiation is to discuss an issue and 

find a win-win alternative. Many social factors affect negotiation results. 

Respect, affection, trust, friendship, and graciousness can help put 

negotiations to the good side. Intimidation, disrespect and discomfort 

can push negotiations to the bad side (Jin & Geslin, 2007).  Loosemore 

and McCarthy (2008)  stated that risk allocation takes place through 

negotiations about contract clauses between project parties.   

 

Communication is an important factor of negotiation. Open 

communication in risk management allows an organization to measure 

its risk management against relevant organization and that may 

provide comparative feedback (Tang, Duffield, & Young, 2006). 

However, establishing an open communication in risk management 

process is difficult because of the need to consider the concerns of 
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different organizations and balance the interests of all project 

participants (COSO, 2004). 

 

A study by Tang, et. al. (2006) showed that open communication 

factors of partnering can strongly facilitate risk management.  Effective 

communication about potential project risks leads to effective 

negotiation (Loosemore & McCarthy, 2008).  Similarly, Tang al. (2006) 

indicated that partnering helps participants share added information 

by the improvement of open communication, which facilitates 

optimum decision making dealing with project risks. 

 

It can be concluded that negotiation is an important step to 

mitigate differences and find alternatives to reach agreements.  Lack 

of negotiation and lack of good communication between construction 

project parties can be a barrier to optimal risk allocation. 

 

 

3.3.4.2 Trust among project participants 

 

Trust can be defined as a disposition and attitude concerning the 

willingness to rely upon the actions of or to be vulnerable towards 

another party with the potential for collaboration (Smyth, Gustafsson, & 

Ganskau, 2010).  A lack of trust is a major barrier to the collaborative 

relationship between project parties (Akintoye & Main, 2007).  A study 

by Zaghloul and Hartman (2003) showed a significant relation between 

risk allocation and trust.  Their study shows that better risk allocation and 

construction project cost savings can be achieved through reducing 
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the use of exculpatory contract clauses and building trust between 

project parties through: 

 

 understanding of project risks being born by each party and who 

owns them, 

 allowing more time to manage and mitigate risks, 

 building trust through negotiations prior to contract, and 

 designing an appropriate risk sharing and risk reward system.  

 

Similarly, Osipova (2007) stated that trustful relationships between 

project actors result in a more effective risk allocation process, 

decrease of contingency funds and, finally, in project cost reduction. 

The reviewed literatures stressed the importance of trust.  However, an 

interesting finding by Zaghloul and Hartman (2003) study showed that 

the trust level that generally exists in the construction industry is low (2.3 

out of 5 point scale).  This might be attributed to that there is often 

limited time to build trust between project parties  and there is often no 

history of their trust behavior (Atkinson, Crawford, & Ward, 2006). 

 

However, Zaghloul and Hartman (2003) argued that the 

contracting practice of  risk allocation between project parties is a 

function of trust (or mistrust) relationships among them.  If there is a 

strong trust relationships among the construction parties, the premiums 

associated with disclaimer clauses is very low and vice versa.  

It can be concluded that lack of trust between participating 

project parties can be a barrier to optimal risk allocation. 
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3.3.4.3 Perception of risks / risk allocation in construction 

 

Projects in the construction industry involve a range of 

participants who have a specific and conspicuous interest in the 

outcomes of project process, and the aggregate sum of values, beliefs, 

and expectations of these diverse groups will determine the cultural 

profile of the project risk management process. Therefore, the 

expectations and behavior patterns of participants are likely to differ 

markedly (Baldry, 1998).  Each participant involved in a construction 

project (owner, designer, contractor, subcontractor, and material 

supplier) has its own subjective view of the ability to effectively and 

efficiently manage the risk, and its own subjective method to analyze 

the risk as far as  estimating the likelihood of occurrence and impact.  

This will lead to a unique subjective view to price the risk and add its 

premium to the contract.  

It can be concluded that diverse risk attitudes and risk 

perceptions of the different participating parties in a construction 

project can be a barrier to optimal risk allocation. 

3.3.4.4 Risk allocation by aversion 

 

Behavior to risk in the construction industry has been classified 

into three general groups: risk averse, risk neutral, and risk taker (Erikson, 

O'Conner, & Boyer, 1978).  Most people  tend to be risk averse when 

faced with a risky situation or when making decision under uncertainty.   
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Zaghloul and Hartman (2003) argued that industry owners are risk 

averse or risk neutral while industry contractors are typically risk takers, 

neutral or risk averse based on project complexity and market 

conditions.  

When risk is allocated by aversion, usually it is shifted to the 

weakest link (the lowest tier) in the project.  Theoretically, risk averse 

party tends to assume less share of project risks.  However, people's 

degree of risk aversion is very abstract and difficult to be measured 

(Shen-fa & Xiao-ping, 2009).   

In conclusion, allocating risks by aversion could be a barrier to 

optimal risk allocation in the construction industry. 

3.3.4.5 Multiplayer competitive and complex game 

 

Compared to a supply chain in manufacturing, a construction 

supply chain is more complex and involves a larger number of key 

participants (Meng, 2012).  Projects in the construction industry can be 

simple, short-term tasks, or complex, multi-year endeavors.  Even for 

simple and short-term projects, many players are involved. These 

players are primary internal players and secondary external players. The 

primary players are the owner, designer, contractor, subcontractor, 

material supplier, tools and equipment manufacturers and suppliers, 

business partners and the financial institutes funding the project.  The 

secondary players include regulators (unions and associations), 

inspectors, and most of all, the governing authorities (local, state and 

federal).  These players are in contractual relationships, both direct and 
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indirect with each other.  In major and more complex projects, 

involving billions of dollars and many years of project duration, these 

players (both internal and externals) multiply and the links between 

them get more complex.  

 

These players are involved at different stages/phases of the 

project and they have different goals, diverse strategies and maybe 

dissimilar sets of information about the project. Additionally, they 

perceive risks differently; each one from his own perspective.  The 

survey results of Rahman and Kumaraswamy (2002) show a wide 

divergence with many individual cases of opposing views on allocating 

particular risks within specific group of practitioners. With these different 

players, different goals and different strategies, the construction industry 

is similar to a game. This multifaceted game gets more complex as the 

construction project gets larger and the duration of the project is 

extended.  

 

It can be concluded that competitive attitudes of the different  

project participating parties and complexity of contracts can be 

barriers to optimal risk allocation. 

3.3.4.6  Dynamic Construction Projects with a Static Risk Allocation 

 

Risks may change as the project moves forward; new risks may 

emerge, foreseeable risks may change in nature that may magnify or 

ease the consequences of some other foreseeable risks, and 

anticipated risks may disappear (PMBOOK, 2000). Typically, risks are 
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allocated via contracts at the beginning of the project and the 

allocation rarely changes but these risks are dynamic and could 

change considerably over the life of the project. Examples of these risks 

are the underground conditions, acts of God (natural disasters risks like 

tsunami, heavy rain or snow), political risks, financial risks (including 

inflation and exchange rate), and changes in government laws and 

regulations. In addition, construction projects are dynamic by nature.  

Static risk allocation of dynamic construction projects could be a 

barrier to optimal risk allocation. 

3.3.5 Barriers to optimal risk allocation 

 

This section lists the common barriers to optimal risk allocation found 

from the literature review.  They are as follow: 

1. Poor risk management communication between project parties. 

2. Lack of trust between the participating parties. 

3. Multiple parties with different risk attitude and perception. 

4. Risks are allocated by aversion. 

5. Competing attitude among the participating parties involved in 

the construction industry projects. 

6. Complex contracts between project parties. 

7. Static risk allocation for dynamic projects. 

The above are the most common barriers to optimal risk allocation 

identified in the reviewed literature.  However, the author strongly 
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believes that there are other common barriers to optimal risk allocation 

in construction industry.  They are: 

1. Lack of efficient risk allocation mechanism to include parties 

involved. 

2. Staging of involvement (different parties involved at different 

stage of the project). 

3. Combination/aggregation of risk management capability and 

sustainability to suffer the consequences of risk. 

4. Imbalance and abuse of power. 

5. Lack of understanding the benefits of optimal risk allocation. 

6. Different sets of information about project risks. 

The above lists of barriers will be surveyed by a questionnaire and 

analyzed to meet the objectives of this chapter which is to investigate, 

identify, and classify the barriers to optimal risk allocation.   

3.3.6 DISCUSSION AND SUMMARY OF THE LITERATURE REVIEW 

 

In summary, the literature review leads to the conclusion that 

there is no agreement on the definition of optimal risk allocation in the 

construction industry.  However, optimal risk allocation can be defined 

as the decision to allocate risk event to a party or parties (shared)such 

that the allocation minimizes the negative impacts on explicit and 

measurable project performance indicators such as project cost; 

project schedule; project quality; or any other explicit measurable 

project indicator, at the time and circumstances of making that 
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decision.  The author believes that this definition is extensive and more 

precise than most of the definitions found in the reviewed literature.   

 

Also, it can be concluded that, the trends of risk management 

from the literature review are good indications that the current practice 

of risk allocation in the construction industry is not optimal and that the 

industry is searching for alternative, more efficient, and better ways to 

allocate risks in construction projects.   

 

In addition, the literature review leads to the conclusion that 

previous studies and researches have been conducted to find an 

optimal approach to manage and allocate project risks in the 

construction industry.  These studies were undertaken from a different 

perspective (optimal risk allocation, joint risk management, joint 

venture, partnering, and relationship contracting) but one might 

wonder if these recommended optimal risk allocation/joint risk 

management strategies work, as recommended, without limitations 

and barriers.  Investigating barriers could help in recommending 

strategies and developing models that have better chances to work for 

allocating risks in the construction industry.  There is a clear need to 

analytically investigate the barriers that hinder the application of these 

proposed recommendations and strategies to optimal risk allocation 

and joint risk management approaches.   This can help the construction 

industry practitioners understand these barriers and investigate solutions 

to overcome them.   

 



117 

 

It should be clear from the literature review in Section 3.3.4 

above, that there is still much work to be done regarding the barriers of 

optimal risk allocation in the construction industry.  Each interpretation 

of the reviewed literature captures some crucial insight of optimal risk 

allocation barrier, yet falls short of providing complete identification 

and clarification to the barriers concept.  Currently, the full story about 

optimal risk allocation barriers is something of a patchwork, with 

partially overlapping pieces. A questionnaire deemed to be 

appropriate to complement the literature review, put the fragments 

together, and get the complete picture of optimal risk allocation 

barriers in the construction industry.  This study investigates, identifies 

and ranks optimal risk allocation barriers and suggests 

recommendations to help overcome these barriers.  

Although this study focuses on barriers to optimal risk allocation 

(factors that discourage the practice of optimal risk allocation), there 

might be some enablers that encourage the practice optimal risk 

allocation.   Usually, lack of an enabler could result in a barrier.  For 

instance, trust between the parties of contract is an enabler while lack 

of trust is a barrier to optimal risk allocation.  Similarly, removal of a 

barrier will result in an enabler. For instance, elimination of imbalance 

and abuse of power between parties of a contract would facilitate 

optimal risk allocation. 

Investigation and identification of enablers of optimal risk 

allocation are also of interest but are not covered by this study.   
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3.4 RESEARCH METHODOLOGY 
 

3.4.1 Introduction 

 

The research methodology, sampling process, and bias 

controlled for in this chapter are similar to the methodology used for 

Chapter Two (see Section 2.6 above).  The research methodology of 

this chapter is summarized in the following seven steps: 

Step one: A comprehensive literature review of the available peer 

reviewed literature reported on risk management and risk allocation in 

the construction industry.  The review is focused more on the trends and 

barriers to optimal risk allocation.  The literature review relevant to the 

future trends is concentrated on the literature published in the past 20 

years to capture the recent and future trends of risk allocation in the 

construction industry. 

Step two: Identification of the trends of risk allocation in the 

construction industry, optimal risk allocation barriers and effects of 

optimal risk allocation barriers on typical projects. 

Step three: Design of a questionnaire related to confirmation of the 

barriers of optimal risk allocation. The questionnaire was e-mailed to 

local construction contractors. 

Step four: Collect and compile the data from the questionnaire. 

Step five: Process and analyze the collected data.  
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Step six: Summarize and present results, from the process and 

analysis of data, in a tabulated/ figure format. 

Step seven: Incorporate and present conclusion of the research, 

recommendations and suggestions for further studies. 

3.4.2 Questionnaire design 

 

The questionnaire for this chapter was designed in a similar 

format as the questionnaire of Chapter Two (See Section 2.6.3 above).  

It had three sections.  The first section explored general demographical 

information about the survey respondents, the second section was the 

main section of the questionnaire (risk barriers to optimal risk allocation 

in the construction industry), and in the final section, respondents were 

given the opportunity to add barriers that not otherwise addressed in 

this survey.  

For the main section, respondents were asked to rate; based on 

their experience and opinions; the relative importance of barriers to 

optimal risk allocation identified in the questionnaire of this study. They 

were asked whether they agree with a number of suggested barriers by 

the author by responding to a scale of 1 to 5, where 1= strongly agree 

and 5 = strongly disagree.  

The Oregon State University (OSU) survey system and the official 

OSU email were used to conduct the survey.  A copy of the 

questionnaire is in Appendix III. 

3.4.3 Hypotheses statement 
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The identified barriers (Section 3.3.5 above3.3.4 above) are restated as 

hypotheses below, and are tested in the survey:  

H1: Multiple parties with different risk attitude and perception is a 

barrier. 

H2: Lack of efficient risk allocation mechanism to include all parties 

involved is a barrier. 

H3: Staging of involvement (different parties involved at different 

stage of the project) is a barrier. 

H4: Static risk allocation for a dynamic projects is a barrier. 

H5: Combination /aggregation of management of risk and suffering 

the consequences of risk is a barrier.  

H6: Risks are allocated by aversion is a barrier. 

H7: Imbalance and abuse of power between project parties is a 

barrier. 

H8: Different parties with different sets of information is a barrier. 

H9: Competing attitude among the participating parties involved in 

the construction industry projects is a barrier. 

H10: Lack of trust between the participating parties is a barrier. 

H11: Lack of awareness of optimal risk allocation rewards is a barrier.   

H12: Complex contracts between project parties is a barrier. 
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H13: Poor risk management communication between projects 

parties is a barrier. 

3.5  SURVEY EVALUATION 

 

3.5.1 Introduction 

 

This section covers the processing and analysis of the collected 

data for this chapter.  It provides an analysis of the first section of the 

survey (the demographical information of the respondents; response 

rate; process, analysis and presentation of data collected from the 

survey. Then, the results of the questionnaire are discussed, summarized 

and presented in tabulated format as well as in charts.      

Associated Builders and Contractors (ABC) web page was 

directly used for compiling a potential list of participants for this survey.  

However, the slow response and low response rate difficulties were 

similar to those discussed in Chapter Two Section 2.7.2. 

3.5.2 SURVEY RESPONSE ANALYSIS 

 

This section outlines the analysis of the first section of the survey, 

which is the demographic section.  It summarizes the survey response 

rate, experience of the respondents and the locale of the respondents. 

3.5.3 Response Rate  

 

A total of 478 survey participation invitations were emailed. In 

order to increase the response rate, a summary of the survey results was 
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offered to the respondents requesting it and reminders were sent to 

potential respondents one week before the initial deadline. 

A one week extension was granted to allow for response delays 

due to Christmas and New Year’s holidays.  Within one months’ time, 98 

useful responses were received. The survey response rate of 20.5 % is not 

high but acceptable for social science research of this nature and 

scale (De Vaus, 2001).  This low response rate may be due to the facts 

that the construction industry participants are very busy and 

overwhelmed by survey questionnaires they receive, and/or that risk 

allocation is such a sensitive and ambiguous topic within the 

construction industry that some potential respondents did not respond 

to the questionnaire in fear that they may disclose information. 

3.5.4 Experience of respondents 

 

Table 3.1 below shows the experience of the survey respondents.  

More than 87% of the respondents have more than 10 years of 

experience in the construction industry.  Similarly, Table 3.2 shows the 

company size (number of employees) and how long the company has 

been in the construction business.  Table 3.2 shows that 63.3% of the 

responding companies (62) have more than 200 employees.  More 

than 72% of the responding companies have been in the construction 

business for more than 20 years.  These extensive experiences of both 

respondents and participating companies are  good indications of 

authenticity of the research results. 
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Table 3-1 Experience of Respondents 

 

 

Table 3-2 General information of responding companies 

Item Frequency Percent % 

Company size (No. of 

employees) 

50 - 99 4 4.1% 

100 -200 32 32.7% 

More than 200 62 63.3% 

Company experience 

(years) 

5- 10 1 1.0% 

10-15 26 26.5% 

More than 20 71 72.4% 

 

 

 

Experience (years) Number of respondents (Frequency) Percent (%) 

1 – 5 0 0 

6 – 10 12 12.2 

More than 10 86 87.8 

Total Respondents 98 100 
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3.6 SURVEY DATA PROCESSING AND ANALYSIS 
 

This section outlines the processing and analysis of the second 

section of the survey, which is the main questions about the barriers of 

optimal risk allocation section.  The processing of data began with 

loading the responses from the survey system into a Microsoft Excel 

work book and then coding the  responses of the survey participants to 

reflect a Likert agreement scale using: Strongly disagree = 1, disagree = 

2, neutral = 3, agree = 4, strongly agree = 5. 

Then, Likert responses of the survey were analyzed using  the 

Kruskal-Wallis -non-parametric test- as the questionnaire measures 

respondents’ attitudes regarding the barriers of optimal risk allocation in 

the construction industry.  Data from the survey were summarized and 

are presented using descriptive statistics, tables, and figures.  

3.6.1 Average score and ranking of the responses 

 

Respondents were requested to rank 13 identified risk allocation 

barriers based on their experience and opinions on a scale of 1 to 5; 

where “5 “ represents strongly agree, “4” represents agree, “3” 

represents neutral, and “2” and “1” represent disagree and strongly 

disagree, respectively. The mean agreement scores were determined 

using the following formula:    

             
   

    

 
                        Eq. (1) 

Where:  
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W = weight assigned or scale value of respondent’s response for the 

specified optimal risk barrier: W=1, 2, 3, 4 and 5;  

Fi = frequency of the ith response;  

N = total number of respondents to the specified risk barrier;  

i = response scale value = 5,4,3,2 and 1 for strongly agree, agree, 

neutral, disagree, and strongly disagree, respectively.  

Microsoft Excel is used for survey data processing and calculations of 

this study. 

Summary of the calculation is shown in Table 3-3 below.   
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Table 3-3 Ranking of Optimal Risk Allocation Barriers 

 Agreement Score   

Barrier SA AG NU DIS SD Total Average 

score 

Barrier 

Rank 

Barrier 

Importance 

Lack of joint risk management 

mechanism 

55 43 0 0 0 98 4.56 1 Very 

important 

Differing risk attitudes & perception 50 45 3 0 0 98 4.48 2 

Aversion to risk by project participants 35 63 0 0 0 98 4.36 3 

Imbalance and abuse of power 40 53 5 0 0 98 4.36 3 

Lack of understanding benefits of 

optimal allocation 

40 44 5 9 0 98 4.17 5 Important 

Combining RM capability & sustainability   25 60 9 4 0 98 4.08 6 

Lack of trust among project participants 20 60 18 0 0 98 4.02 7 

Complexity of contracts 30 38 25 5 0 98 3.95 8 

Different sets of information about 

project risks 

15 68 10 5 0 98 3.95 8 

Static risk allocation 20 55 19 4 0 98 3.93 10 

Poor risk management communication  10 65 13 10 0 98 3.77 11 Moderately 

important Competitive attitude 25 30 31 12 0 98 3.69 12 

Staging of involvement 20 40 30 4 4 98 3.69 12 

 

SA: Strongly Agree  AG: Agree  NU: Neutral  DIS: Disagree SA: Strongly Disagree 
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Figure 3-2 Barriers Score of Agreements
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3.7 BARRIERS ANALYSIS 
 

In this section, barriers to optimal risk allocation in the construction 

industry are individually analyzed based on the input of the survey 

respondents.  An overall analysis of the barrier is given in Section 3.7.1 

first, then each barrier is analyzed in the subsequent sections. 

3.7.1 Overall analysis of barriers 
 

The hypothesis of the study related to this chapter (listed in 3.4.3 

above) were tested through the survey and were all accepted as 

barriers to optimal risk allocation in the construction industry.  The 

barriers to optimal risk allocation identified by this study are shown in 

Table 3.3, Table 3.4 and Figure 3.2.  Lack of efficient risk allocation 

mechanism ranked at the top of the barriers with an average score of 

4.56 out of 5  followed by differing risk attitudes and perception with an 

average score of 4.45.  Aversion to risk by project participants ranked 

third.  Competitive attitude and staging of involvement ranked last (tie). 

Most of the identified barriers could be overcome by developing a risk 

allocation model that can capture these barriers, promotes 

cooperation between project parties, and build trust.  

 

The identified barriers are categorized; into three categories 

relative to their importance. First category is the very important barriers 

with agreement average score of 4.2 to 5.0.  The second category is 

the important barriers with agreement average score of 3.9 to 4.2. The 

third category is the moderately important barriers with agreement 

average score of less than 3.9.  The average scores and importance of 
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the surveyed barriers are shown in Table 3.3 above.  The barriers that 

ranked least with moderate average score of less than 3.9 are 

important too and should not be ignored as barriers to optimal risk 

allocation. 

To check whether there are any important differences between 

responses of the regions, three survey barriers were randomly selected 

and the agreement average of responses for the regions were 

compared against the overall average response for all regions.   

Using equation 1 in Section 3.6.1 to calculate the agreement average 

score for each region, the results do not show significant differences in 

the average scores of the 9 regions.  The results are shown in Table 3-4 

below.    

Table 3-4 Regions average scores comparisons 

 

Where:  R1 to R9 represent the 9 regions  listed in Table 2-3.  S1, S4, and 

S11 represent the following 3 barrier statements of the survey, which 

were randomly selected from the survey questionnaire: 

S1- Lack of joint risk management mechanism is a barrier to optimal risk 

allocation.  

S4- Imbalance and abuse of power is a barrier to optimal risk allocation.  

S11- Poor risk management communication is a barrier to optimal risk 

allocation. 

 

   

Question R1 R2 R3 R4 R5 R6 R7 R8 R9

S1 4.59 4.63 4.47 4.46 4.66 4.66 4.58 4.53 4.58 4.56

S4 4.41 4.38 4.24 4.26 4.39 4.39 4.34 4.38 4.40 4.36

S11 3.80 3.81 3.69 3.72 3.79 3.76 3.77 3.73 3.78 3.77

Regions average score Overall 

average 
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3.7.2 H1: Lack of efficient risk allocation mechanism 

 

Figure 3.3 and Table 3.4 below show that 100% of the respondents 

concurred (56% strongly agreed and 44% agreed) that lack of efficient 

and effective risk management mechanism is a barrier to optimal risk 

allocation in the construction industry.    None of the respondents, as 

shown in Table 3.3, disagreed that the lack of risk mechanism is a 

barrier.  This barrier ranks at the top of the barriers  with an average 

score of 4.56  out of 5.0 strongly suggests that the construction industry 

should look into developing a mechanism to help make a better 

decision allocating risks rationally to the construction parties and to 

overcome this barrier.   

3.7.3  H2: Differing risk attitudes and risk perceptions among 

project participants 

 

Ninety seven percent (97%) of the survey respondents of this 

study agreed (51% strongly agreed and 46% agreed) that differing risk 

attitudes and risk perception among project participants is a barrier to 

optimal risk allocation.  This barrier ranks second in the list of optimal risk 

allocation barriers identified by this study with an average score of 4.48 

out of 5. 

In a construction project, there are different project participants 

(owner, designer, consultants, contractor, subcontractor, equipment 

and material manufacturers, material supplier, financial and funding 

institutes, and government authorities-for licensing and regulations both 
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local and federal) and each one of these participants might have 

different risk attitude from others and perceive risk differently.  

3.7.4 H3: Aversion to risk by project participants 

 

One hundred percent (100%) of the survey respondents of this 

study concurred (36% strongly agreed and 64 % agreed) that aversion 

to risk by project participants is a barrier to optimal risk allocation.  This 

barrier ranked third in the list of barriers identified by this study with an 

average score of 4.36 out of 5.   

Aversion to risk leads project participants not to accept or share risk.       

High-risk averse project participant tend to shed more risk to lower risk 

averse project participants. This risk averse attitude prevents efficient, 

effective, and rational risk allocation in the construction industry.   

3.7.5 H4:  Imbalance and abuse of power 

 

Ninety five percent (95%) of the survey respondents concurred 

(41% strongly agreed and 54% agreed) that imbalance and abuse of 

power is a barrier to optimal risk allocation in the construction industry. 

This barrier ranked third (tie with “aversion to risk by project 

participants”) with an average score of 4.36 out of 5.  

Abuse of power exists in any business transaction whenever there is an 

imbalance of power. People tend to capture opportunities and take 

advantage to maximize their gain if the situation permits. This tendency 

and situation exist in the construction industry for many reasons. The 

economic situation, projects in hand, specialty and scarcity of 
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resources, and bargaining power are some of the reasons for 

imbalance power. When the economy is depressed, people tend to be 

more flexible accepting and sharing more risks. Similarly, when a 

contractor/subcontractor has fewer projects in hand, they are more 

willing to accept and share more risks. In this situation, the contracting 

party may impose risks more freely.  When one construction party has 

more power over the other party, abuse of power might take place in 

the contract. This study shows that imbalance and abuse of power is a 

major barrier to efficient risk allocation in the construction industry.  

3.7.6  H5: Lack of understanding of benefits of optimal risk 

allocation 

 

Eighty six percent (86%) of the survey respondents (41% strongly 

agreed and 45% agreed) that lack of understanding the benefits of 

optimal risk allocation is a barrier to optimal risk allocation in the 

construction industry. Although 9% of the respondents disagreed, this 

barrier ranks fifth with an average score of 4.17 out of 5.   

This barrier is no surprise because when people do not 

understand the benefits of a system or a product, they tend to shy 

away from that system or that product. However, they tend to be more 

comfortable if the paybacks are clear and easy to comprehend. This is 

true with the construction industry especially when “optimal risk 

allocation” is not practiced to promote the benefits.  

3.7.7  H6: Combining risk management capability and 

sustainability 
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Eighty seven percent (87%) of the survey respondents of this study 

agreed (26% strongly agreed and 61% agreed) that combining risk 

management capability and ability to sustain the consequences of risks 

is a barrier to optimal risk allocation.  Though only 26% strongly agreed, 

this barrier ranked sixth with an average score of 4.08 out of 5.  

Usually when a risk is transferred or allocated to a construction 

project participant, the project participant accepting the risk is 

responsible for both managing the risk and paying the consequences if 

the risk event materializes (maybe except when the risk is allocated to 

insurance). This might not be the most effective way as the project 

participant might have the resources (skills and experience) to manage 

the risk but might not have the resources to pay the consequences of 

the risk event or pay the insurance premium.  

3.7.8 H7: Lack of trust among project participants 

 

Eighty two percent (82%) of the survey respondents of this study 

agreed (21% strongly agreed and 61% agreed) that lack of trust among 

project participants is a barrier to optimal risk allocation. This barrier 

ranked seventh with an average score of 4.02 out of 5.  

 

Trust is an important component for any relationship to succeed and it 

influences almost every aspect of our life whether social or business.     

Akinoye and Main (2007) reported that lack of trust is a major barrier to 

the collaborative relationship. This survey shows that 82% of the 

respondents agree that lack of trust among project participants is a 

barrier to optimal risk allocation in the construction industry.  These 
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results shows that there is a need for culture change in the construction 

industry to inspire trust and encourage cooperation and collaboration 

between construction parties.  

3.7.9 H8: Complexity of contracts 

 

Sixty nine percent (70%) of the survey respondents of this study 

agreed (31% strongly agreed and 39% agreed) that complexity of 

contracts is a barrier to optimal risk allocation. Although 26% of the 

respondents neither agree nor disagree, this barrier ranked eighth with 

an average score of 3.95 out of 5.  

Despite the availability of standard contract forms, contracts in 

the construction industry are complex when it comes to risk allocation 

because of the complexity and diversity of construction projects. Risks 

differ from one project to another.  Risk attitudes of project parties differ 

too, and the clauses and conditions used in contracts to allocate risks 

change accordingly.  Moreover, the interpretation of these clauses and 

conditions by project parties, if not clear and specific, might differ 

adding more complexity.  

3.7.10 H9: Different sets of information about project risks 

 

Eighty five percent (85%) of the survey respondents agreed (15% 

strongly agreed and 70% agreed) that different sets of information 

about project risks is a barrier to optimal risk allocation in the 

construction industry. Although 5% of the respondents disagreed, this 

barriers ranked eight (tied with the complexity of contracts) in the list of 

barriers. 
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In a competitive environment with a lack of trust between the 

construction parties, each party tends not to share his/her information 

with other party in the construction project. Accurate and up-to-date 

information are necessary to identify, assess, and mange project risks. 

3.7.11 H10: Static risk allocation 

 

Seventy seven percent (77%) of the survey respondents agreed 

(21% strongly agreed and 56% agreed) that static risk allocation for 

dynamic projects with changing risks is a barrier to optimal risk 

allocation.  Although 19% of the respondents are neutral (neither agree 

nor disagree), this barrier ranked tenth in the list of barriers identified by 

this study with an average score of 3.93 out of 5.  

Projects in the construction industry are characterized to be 

dynamic and changing. Risks in the construction projects are dynamic 

and changing too. Some risks might change, or disappear and new 

risks might appear during the life cycle of the project while risks are 

statically allocated at the beginning of the project.  

3.7.12  H11: Poor risk management communication 

 

Seventy six percent (76%) of the survey respondents of this study 

agreed (10% strongly agreed and 66% agreed) that poor risk 

management communication is a barrier to optimal risk allocation.  

Although 10% of the respondents disagreed, this barrier ranked 

eleventh in the list of barriers identified by this study with an average 

score of 3.77 out of 5.  
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Risk management process usually involves risk identification, risk 

assessment, and risk response. Risk identification might be systematic for 

major risk. However, risk assessment is subjective and changes from one 

person to another.  Each party involved in a construction project 

performs its own risk management process in isolation and might not 

share or communicate risk management approach with the other 

parties involved in the project.  

3.7.13  H12: Competitive attitude of project participants 

 

Fifty six percent (56%) of the survey respondents of this study 

agreed (26% strongly agreed and 30% agreed) that competitive 

attitude of project parties is a barrier to optimal risk allocation.  

Although 32% of the respondents were neutral (neither agree nor 

disagree), this barrier ranked twelfth (tie with staging of involvement) in 

the list of barriers identified by this study with an average score of 3.69 

out of 5.  

The current practice in the construction industry promotes 

competition between project parties involved because their goals and 

objectives of the project are different. The main goal of project owner is 

to complete the project on time with the design quality and 

specification at the lowest cost while the main goal of a contractor is to 

make reasonable profit. Each party involved in the construction project 

in pursuit of self-interests and might be in a competitive attitude with 

other party. This misalignment of goals and objectives generates 

competition instead of cooperation.   
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3.7.14  H13: Staging of involvement 

 

A construction project is a sequential process by nature where 

different project participants involved at different phases/stages of the 

project. Few participants are typically involved at the early stages 

(feasibility and planning).  Then other project participants join at 

different phases, like subcontractors and material suppliers. Some 

project participants are involved only in some project phases and focus 

on their own share of the work rather than on the whole project 

process.   

The staging of involvement ranks twelfth (tie with the competitive 

attitude of project participants) as a barrier to optimal risk allocation in 

the construction industry.  Table 3.3 shows that 61% of the survey 

respondents agreed (20 % strongly agreed and 41% agreed) that 

staging of involvement is a barrier to optimal risk allocation in the 

construction industry.  
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Figure 3-3 Percentage Of Agreement 
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Table 3-5  Respondents’ Agreement on Risk Allocation Barriers 

Barrier 
SA AG NU DIS SD 

Total 

Agreement 

Lack of joint risk management 

mechanism 
56% 44% 0% 0% 0% 100% 

Differing risk attitudes & perception 51% 46% 3% 0% 0% 97% 

Aversion to risk by project participants 36% 64% 0% 0% 0% 100% 

Imbalance and abuse of power 41% 54% 5% 0% 0% 95% 

Lack of understanding benefits of 

optimal allocation 
41% 45% 5% 9% 0% 86% 

Combining RM capability & 

sustainability   
26% 61% 9% 4% 0% 87% 

Lack of trust among project 

participants 
20% 61% 18% 0% 0% 82% 

Complexity of contracts 31% 39% 26% 5% 0% 69% 

Different sets of information about 

project risks 
15% 69% 10% 5% 0% 85% 

Static risk allocation 20% 56% 19% 4% 0% 77% 

Poor risk management 

communication  
10% 66% 13% 10% 0% 77% 

Competitive attitude 26% 31% 32% 12% 0% 56% 

Staging of involvement 20% 41% 31% 4% 4% 61% 
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Figure 3-4 Barriers To Optimal Risk Allocation
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3.7.15 Barriers Classification 

 

The identified optimal risk allocation barriers in this chapter can 

be classified into three broad classifications: behavioral, technical and 

organizational as shown in Table 3- below.  As an original contribution of 

this study, this classification helps understanding the barriers to optimal 

risk allocation and helps in providing recommendations to overcome 

the classified barriers.  

Behavioral barriers are related to individual, interpersonal, and 

intrapersonal characteristics. These barriers exist because of the 

difference in personal experience, education, values, attitude, habits 

and personality. Examples of these barriers are risk attitude, risk 

perception, aversion to risk, and trust.  

Technical barriers are related to the methodology and 

techniques that are performed. These barriers exist because of the 

difference in technique or methodology. Examples of these barriers are 

joint risk mechanism, combining the assessment risk management 

capability and risk consequence sustainability, using static risk 

allocation method for dynamic risks, and the staging of involvement of 

project participants in risk management.  

Organizational barriers are related to the culture of organizations 

involved in the construction project. These barriers are because of the 

difference in the organizational structure of the main parties involved in 

the construction project (namely, owner’s organization, designer’s 

organization, contractor’s organization, subcontractor’s organization, 
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materials supplier’s organization, etc.). Typically, these different 

organizations work individually instead of working together.  Examples 

of these barriers are poor risk management communication and the 

competitive attitude between project parties.  
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Table 3-6 Classification of Optimal Risk Allocation Barriers 

 
 

 

 Barrier to optimal risk allocation Classification 

1.  Differing risk attitude & perception 

Behavioral barriers 

2.  Aversion to risk by project participants 

3.  Imbalance and abuse of power 

4.  
Lack of understanding benefits of optimal 

allocation 

5.  Lack trust among project participants 

6.  Competitive attitude 

7.  
Lack of efficient risk allocation mechanism 

Technical barriers 

8.  
Combining risk management capability 

and consequences sustainability 

9.  Complexity of contracts 

10.  Static risk allocation 

11.  
Staging involvement of project 

participants 

12.  
Different sets of information about project 

risk Organizational barriers 

13.  Poor risk management communication 
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3.8 COMMENTS OF THE SURVEY RESPONDENTS  
 

At the end of the questionnaire, respondents are given an opportunity 

to add any additional barriers to optimal risk allocation in the 

construction project that they think should be added to the 

questionnaire.  The responses are not edited but kept in the original 

format as provided by the respondents to keep originality and to 

encourage the reader to feel the construction industry response to the 

barriers of optimal risk allocation. Following are the responses: 

  Unfair insurance and contract requirements 

 

  $ limits of liability differs from owners/contracts; owners need to 

understand what various coverages cost and whether or not high 

limits are required.  Also, what coverages are required differs from 

owners/contracts; i.e. pollution coverage, fire coverage, builders 

risk, etc. 

 

  Current economic conditions can be a major factor because 

everyone is looking for a way to cut cost - remain competitive 

and ultimately survive. 

 

  Generally, managers need to stay focused through the task of 

managing the risk slipping cost money. 

 

 Risk avoidance is a big part of this business. The balancing of that 

risk amongst the different parties is difficult and varies 

considerable depending on whose point of view you are taking. 
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Good questions but difficult solution to make everyone equally 

share the risk of a construction project. 

 

 Unwillingness of project team members to properly amend 

standard contracts in a way that would appropriately allocate 

risk is a barrier. 

 

 Lack of communication among participants. 

 

 Work together to impact project positively. 

 

 The questions do not get to the real point! Contractual language 

is used to pass (& avoid) risk by the parties not in control of the 

source of the risk.  Hard to conceptualize legal "boiler plate" 

language hide the transfer of risk to parties competing in a 

competitive marketplace to parties with different levels of 

understanding of the risks involved. The risk transfer is passed to 

parties least sophisticated and able to handle the risk and not 

truly priced. 

 

 Project agreements are written by participants that do not want 

to share any more risk than they absolutely must, because they 

are able to dictate the terms. In the case of owners, its the case 

of the golden rule, I have the gold, I make the rules. Architects 

are generally not financially able to absorb a large share of risk, 

yet documents written by them (AIA) gives them almost arbitrary 
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authority with very little exposure the potential negative 

consequences of that authority. 

 

 I am unclear about how to answer the question directly, but offer 

the following anecdote. 5 years ago we decided to abandon 

the public bid market because there is no equity (including risk 

allocation) in contractual activities. In addition, continued 

expansion of social and political engineering (funding mandates) 

requirements make the entire public market to be of greater risk 

than potential reward. 

 

  In certain cases the owner listens too much to advocates (such 

as an attorney) whose sole job is to shed risk to protect the owner 

and ends up working counter to the owner's overall best interests 

and costing the owner unnecessary additional costs. 

The above comments reflect the opinions of the respondents.  

However, most of them were originally considered in the design of the 

questionnaire such as the bargaining power, differing risk attitudes and 

perception, lack of trust, and lack of communication.    
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3.9 MODEL DEVELOPMENT 
 

Model development continues from Chapter Two, Section 2.9, and 

adding the barriers to optimal risk allocation identified in this chapter.  

The schematic model is shown in Figure 3-5 below.  The identified 

barriers to optimal risk allocation discovered by the survey of this 

chapter were coupled   with the problems  of risk allocation model 

(Figure 2-22) developed in Chapter Two to form a theoretical model of 

barriers and problems of risk allocation as shown in Figure  3-5 below. 

Figure 3-5 was expanded to form the analytic (theoretical) model in 

Figure 3-6 shows the barriers and problems of risk allocation in the 

construction industry as causes and effects relation. 

 

 

 

Findings of                                   Findings of Chapter Two 

Chapter Three

Figure 3-5 Schematic Model 
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Figure 2-22 Preliminary Model of the Current Practice of Risk Allocation Problems from Chapter Two 
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Figure 3-6 Barriers Of Optimal Risk Allocation Coupled With The Preliminary Model Of Chapter Two 
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3.10 CONCLUSION AND RECOMMENDATIONS 

 

3.10.1 Recommendations 

 

The question related to this chapter of the dissertation (what are the 

barriers of optimal risk allocation in the construction industry?)  outlined 

in Section 1.5 and discussed in Section 3.2, was answered.  Also, the 

hypotheses of this study pertaining to Chapter Three were tested.  The 

survey results clearly indicated that there are barriers to optimal risk 

allocation leading to the rejection of the null hypotheses of this 

chapter.  Thirteen barriers to optimal risk allocation were identified, 

evaluated and classified into three main categories (Section 3.8).  

Similarly, the objectives related to this chapter (outlined in Section 1.7) 

were met.  The research of this chapter shows that there are barriers 

preventing optimal risk allocation in the construction industry.  

 

In conclusion, the author believes that barriers to optimal risk 

allocation, identified in this study, can be classified into three broad 

classifications. Behavioral (related to individual interpersonal and 

intrapersonal characteristics), technical (related to the methodology 

and technique things are performed), and organizational (related to 

the culture of organizations involved in the construction project) as 

shown in Table 3-5.  

Lack of efficient risk allocation mechanism ranks at the top of the 

barriers to optimal risk allocation in the construction industry.  The risk 
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management capability of a construction project party should be 

segregated from the ability to sustain consequences of that risk.  A 

construction party might have the best resources and experience to 

manage certain risk events but might not have the resources to sustain 

the consequences of that risk event and vice versa.  The combination 

and segregation should be evaluated for every risk event identified in 

the project.  The current practice of statically allocating risks at the 

beginning of a project; when contracts are signed, is a barrier of 

optimal risk allocation as risks might change, disappear, or new risks 

might appear during the construction phase of a construction project.   

Chapter Three of this study adds a value to the body of knowledge 

by a pioneer exploration of the root causes of suboptimal risk allocation 

in the construction industry; barriers to optimal risk allocation; rather 

than just finding solutions to the symptoms (problems of the current 

practice of risk allocation in the construction industry).  However, the 

symptoms; problems of the current practice of risk allocation were 

initially investigated in Chapter Two. 

The identified barriers might interact and overlap with each other. 

Despite cooperative behavior of project parties involved, management 

commitment, and top organizational structure, optimal risk allocation 

may fail to be achieved due to lack of mechanism to joint risk 

management.  Successful optimal risk allocation requires all of the 

barriers to be overcome.  
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3.10.2 Recommendations 

 

1. To overcome the behavioral barriers, teamwork, cooperation, 

collaboration, and joint risk management concepts should be 

introduced and stressed as concepts (to allocation by aversion) 

to be practiced by the construction industry. 

2. To overcome the technical barriers, the current methodology 

and techniques should be revised considering the barriers and 

improved mechanisms should be considered by the construction 

industry.  Specifically, the current practice of three of the barriers 

needs to be revised as follow: 

2.1 A construction party’s risk management capability and its 

ability to sustain the consequences of that risk should be 

evaluated for every risk event identified in the project for 

segregation/combination to best fit the capability. 

2.2 The construction industry should develop a risk allocation 

mechanism to capture the dynamic nature of construction 

project risks instead of the current practice of statically 

allocating risks at the beginning of the project. 

2.3 “Lack of efficient risk mechanism” that helps allocate 

project risks efficiently and effectively ranked at the top of 

the barriers with an average of 4.56 out of 5.0 strongly 

suggests that the construction industry should look into 

developing a mechanism to help make a better decision 
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allocating risks rationally to the construction parties and to 

overcome the risk allocation barriers.      

3. The recommendations to overcome the behavioral and 

technical barriers mentioned above should help to overcome the 

organizational barrier and should be considered by the 

construction industry.  

Of all the above recommendations, “lack of efficient risk mechanism” 

ranks at the top of the barriers strongly suggests that the construction 

industry needs a practical mechanism for an efficient and effective risk 

allocation. The goal of Chapter Four of this study is to develop and 

verify a practical working mechanism (decision support model)for 

optimal risk allocation.   
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Chapter Four: RISK ALLOCATION IN CONSTRUCTION INDUSTRY: 

OPTIMAL RISK ALLOCATION DECISION-AID MODEL 
 

Ali A. Alsalman 

 

What threatens the stability and financial security of the construction industry is not 

design, but the problems of distributing the risks inherent in the construction process 

…The industry cannot be healthy unless the risks are forthrightly recognized and 

acknowledged, and the various contracting parties assume under the contract, without 

ambiguity, their respective parts of the risk”. Douglas, Walter S., “Role of 

Specifications in Foundation Construction” Journal of the Construction Division, 

ASCE, Vol. 100, No. CO2, pp. 199 and 201. 

 

4.1 PREFACE 
 

Chapter Two of this dissertation outlined the risk management 

process in the construction industry with a focus on risk allocation. It 

proved, with convincing results through survey research, that the 

current practice of risk allocation (allocation by aversion) has many 

problems that negatively impact the performance of projects in the 

construction industry. Chapter Two concluded with two 

recommendations: 1) to investigate the barriers to achieving optimal 

risk allocation; and 2) for the construction industry to look for an 

alternative mechanism to allocate project construction risks.   

Chapter Three investigated, identified, analyzed and summarized 

the most important barriers to achieve optimal risk allocation in the 

construction industry.  Lack of optimal risk allocation mechanism ranked 

at the top of the identified barriers.   Chapter Three strongly 

recommended that the construction industry should look into 
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developing a risk allocation mechanism that :1) promotes cooperative 

project environment; 2) captures the dynamic nature of project risks; 3) 

segregates risk management capabilities from abilities to tolerate and 

sustain consequences of risks; and 4)help make a better decision 

allocating risks rationally to the construction parties.      

This chapter builds upon Chapters Two and Three of this study to 

develop a risk allocation decision-aid model to provide the 

construction industry professionals and practitioners a mean of solving 

for the problems identified in Chapter Two and overcoming the barriers 

identified in Chapter Three.     

The objectives of this chapter are: 1) to review the available risk 

allocation models in the recent literature; and 2) to develop and 

validate a rational decision-aid model for risk allocation in  construction 

industry projects. This chapter is divided into seven main sections. The 

first section is a background introduction summarizing the results of the 

previous chapters of this study.  The second section is an introduction of 

the question and hypotheses of the study pertaining to this chapter. The 

third section is a literature review of the strategies and principles of risk 

allocation, review of the available risk allocation models in the 

construction industry, introduction of Decision Theory and Decision 

Making, a summary and conclusion of the literature review. The fourth 

section outlines the development of the proposed model. The fifth 

section discusses the research methodology used for the verification 

and validation of the developed mechanism. Delphi method was used 

for the verification and validation. The sixth section discusses and 

summarizes the results of the Delphi study and finalization of the 
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mechanism. To conclude, the last section outlines the conclusion and 

recommendations of this chapter. 

4.2 BACKGROUND 
 

This section summarizes the findings of Chapters Two and Three to 

provide background and to introduce the basis for this chapter. 

The survey results of Chapter Two showed that the current practice 

of risk allocation in the construction industry is not optimal and has 

problems.  These problems include:  

1. Dispute, claims and tension leads to adversarial relationships. 

2. Competitive relationship leads to aggressive relationships. 

3. Subjective pricing of risk leading to higher contingency. 

4. Allocation by aversion that leads to misallocation of risk. 

 

The results of the survey clearly indicated that the current practice of 

risk allocation is suboptimal and has problems.  Similarly, the survey 

results confirmed that the abovementioned four problems negatively 

impact construction project cost, schedule and quality.  This sub 

optimal risk allocation negatively impacts the performance of 

construction projects in the construction industry.  It can increase the 

project cost, cause project delay, and negatively impact the quality of 

the project. 

 

Similarly, the survey results of Chapter Three clearly indicated that 

there are barriers to optimal risk allocation.  Thirteen barriers to optimal 

risk allocation were identified, evaluated and classified into three main 
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categories (see the left hand side of figure 4-1 below for the list of 

identified barriers).  Lack of efficient risk allocation mechanism ranks at 

the top of the identified barriers. 

 

The findings of Chapters Two and Three are graphically represented 

in Figure 4-1 below to formulate the theoretical model for the current 

practice of risk allocation in the construction industry.  This chapter 

exploits the findings of Chapters Two and Three of this dissertation and 

utilizes the rational decision-making process to develop a mechanism 

for optimizing risk allocation in the form of a practical mechanism 

(optimal risk allocation decision-aid model).  This chapter also refines 

and validates through a Delphi study the mechanism that provides an 

alternative option to the current practice of risk allocation. The 

developed mechanism will aid construction industry professionals and 

construction project participants in making rational and economical risk 

allocation decisions that could alleviate the identified above-

mentioned problems, overcome the identified barriers, and improve 

project efficiency by minimizing the negative impacts of the current 

practice of risk allocation on project cost, schedule and overall project 

performance. 
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Figure 4-1 Graphical Summary of Chapters Two and Three 
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4.3 QUESTIONS, HYPOTHESIS, AND OBJECTIVES 
 

The purpose of the work of this chapter is to follow up on resolving a 

key barrier identified in Chapter Three and to answer one of the 

fundamental questions from Chapter One of the dissertation.  To recap, 

the question and the hypotheses of this dissertation, related to this 

chapter, as stated in Section 1.5 are: 

 

Can the risks in the construction industry be allocated more efficiently 

and more effectively?  

 

a. What to allocate? 

b. To whom should construction risks be allocated? 

c. When the retained construction risks should be re-

allocated?  

d. How should construction risks be shared? 

 

The hypotheses of this chapter are: 

 

H0 : Risks in the construction industry cannot  be allocated more   

efficiently  and more effectively. 

H1: Risks in the construction industry can be allocated more   

efficiently and more effectively 

 

Chapter Three of this dissertation recommended a development of 

an alternative risk allocation mechanism to alleviate the problems 

identified in Chapter Two and further overcome the barriers identified in 
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Chapter Three of this dissertation.  Lack of an efficient risk allocation 

mechanism ranks at the top of the identified barriers.  

The main objectives of this chapter are to develop, verify and 

validate an optimal risk allocation decision-aid model (mechanism) 

that helps construction industry professionals and practitioners allocate 

construction risk efficiently and improve the current practice of risk 

allocation (allocation by aversion) in the construction industry. 

The purposes of the mechanism are to provide an improvement 

to the current practice of risk allocation in construction projects and to 

help make rational decisions in allocating construction risks based on 

established criteria.  

The mechanism is intended to help the construction industry to 

alleviate the problems of the current practice of risk allocation 

identified in Chapter Two; to help overcome the barriers of optimal risk 

allocation identified in Chapter Three; and to answer and test the 

above mentioned questions and hypotheses, respectively. 

4.4 LITERATURE REVIEW 
 

The review in this section of the study includes peer reviewed 

literature on the subjects of risk allocation in the construction industry, 

risk allocation modeling, the published models for risk allocation in the 

construction industry, and decision theory. A conclusion of the main 

points of the reviewed risk allocation models is summarized at the end 

of this section.  The literature review for experts’ panel, the design of the 

Delphi method, and model validation are detailed in Section 4.6.     
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4.4.1 Strategies and Principles of Risks Allocation 

 

 

Theoretically, the main goal of risk allocation is to allocate risks to 

the party best capable to manage them and suffer the consequences 

at the lowest cost to the project.  Kerf (1998) stated that risks should 

normally allocated to the party who: 1) is best able to assess, control 

and manage the risk, or 2) has the best access to hedging instruments, 

or 3) has the greatest ability to diversify the risk, or 4) bears the risk at the 

lowest cost.  Similarly, Ng and Loosemore (2007) indicated five rules to 

achieve optimal risk allocation. These rules relate to whether the risk 

receiving party: 1) is fully aware of these risks; 2) has the best capacity 

to manage the risk effectively and efficiently; 3) has the capability and 

resources to deal with the risk consequences; 4) has the necessary 

desire to take the risk; and 5) has been given the appropriate incentives 

for taking the risk.  

 

On the other hand, Lam et al. (2007) identified seven key risk allocation 

criteria for optimal risk allocation. They are: 

1. Whether the party is able to foresee the risk; 

2. Whether the party is able to assess the possible magnitude 

of the consequences of the risk; 

3. Whether the party is able to control the chance of the risk 

occurring; 

4. Whether the party is able to manage the risk in case it 

occurs; 
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5. Whether the party is able to sustain the consequences if 

the risk occurs; 

6. Whether the party will benefit from bearing the risk; and 

7. Whether the premium charged by the risk-receiving party is 

considered reasonable and acceptable for the owner. 

 

Even with these rules and strategies, risks in construction industry 

are by far more difficult to manage and very difficult to allocate 

effectively (Ng & Loosemore, 2007).   

 

Wibow and Mohamed (2008)argued that the central tendency 

of construction practitioners is to allocate risk to the party who has 

control or better manage it.  However, balancing risks in construction 

projects remains elusive as indicated by a high disagreement level 

among the respondents of a survey research on risk allocation made by 

Wibow and Mohamed (2008).   

In summary, these rules are simple and obvious to present in 

theory but in practice, they are complex and difficult to evaluate in 

order to achieve optimal risk allocation.  In theory, risks should normally 

be allocated by the party best able to assess, control, and manage 

them efficiently and effectively.  However, in practice it is often very 

difficult to assess or control risks like exchange rate fluctuation, acts of 

God, or political risks.  Also, often different parties have different 

management styles/skills and may adopt different risk mitigation 
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measures, and the answer to the question of who is in a better position 

to control and manage the risk is complex. 

Risk tolerance is not only linked to awareness and willingness to 

accept risks, capacity of resources, and incentives, but also the party's 

organizational risk behavior.   It is important to keep in mind that there 

are many factors that might affect the current practice of risk 

allocation such as project specifics and state of economy (in tight 

economy, people tend to be more risk averse). Project specifics is 

another factor that might affect risk allocation of a project.  Bargaining 

powers of a participant, i.e., the ability to successfully negotiate a 

contract, is another major factor that affects risk allocation in a 

contract (Shen-fa & Xiao-ping, 2009).  These factors add to the 

complexity of achieving efficient and effective risk allocation. 

 

4.4.2 Risk Allocation Models 

 

There are several risk allocation models suggested by the 

reviewed literature.  The reviewed models used different modeling 

techniques ranging from graphical modeling to Fuzzy Logic and 

artificial neural networks, and used different risk allocation criteria.   

Jin and Zhang (2010) adopted artificial neural networks to model 

optimal risk allocation in Public-Private Partnership (PPP) projects.  They 

argued that integrating transaction cost economics with the resource –

based view of organizational capacity can allow for a more logical 

and holistic understanding of risk allocation decision making in PPP 

projects. They used the following five determinants for their model: 
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1) Private partner’s risk management competence; 2) partner’s 

cooperation history; 3) partner’s management commitment; 4) risk 

management uncertainties; and 5) the superiority of private partner’s 

risk management to public partner’s. 

On the other hand Lam et al. (2007)) used Fuzzy Logic to model risk 

allocation between owner and contractor of a traditional design bid-

build contract arrangement. They identified the following seven key risk 

allocation criteria for the basis of their model: 

1. Whether the party is able to foresee the risk; 

2. Whether the party is able to assess the possible magnitude 

of the consequences of the risk; 

3. Whether the party is able to control the chance of the risk 

occurring; 

4. Whether the party is able to manage the risk in case it 

occurs; 

5. Whether the party is able to sustain the consequences if 

the risk occurs; 

6. Whether the party will benefit from bearing the risk; and 

7. Whether the premium charged by the risk-receiving party is 

considered reasonable and acceptable for the owner. 

These models are summarized in Table 4.1.   

In summary, most of the available risk allocation models are limited to a 

particular type of project delivery system (mostly private public 
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partnership projects) and do not capture the dynamic nature of 

construction projects. 

 

Table 4-1 Risk Allocation Models Found in the Reviewed Literature 

 

Study Model feature Model Application Model Limitation 

Bing, Li and 

Tiong, R. 

(1999) 

Risk 

management 

International 

construction joint 

venture 

Joint venture and 

limited risk factors 

Bing, L. et 

al. (2005) 

Study on 

preference in 

risk allocation 

Public Private 

Partnership/ 

Private Finance 

Initiative (PPP/PFI) 

PPP/PFI projects in 

the UK 

Lam, K. et 

al. (2007) 
Fuzzy set theory 

Traditional 

contract between 

owner and 

contractor 

Traditional contract 

arrangement.  

owner and 

contractor only. 

Favie, Kafa 

and Maas 

(2008) 

Study/graphical 

model 
Joint Venture 

Joint venture and 

lack of details 

Jin and 

Doloi 

(2009) 

Fuzzy logic 
Infrastructure 

projects 

Privately financed 

infrastructure 

projects. 

Jin and 

Zhang 

(2010) 

Artificial Neural 

Network (ANN) 
PPP  PPP  
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4.4.3 Decision Theory and Decision Making 

 

This section briefly introduces Decision Theory since the basic 

principles of the Decision Theory are used in the model development to 

help the construction industry professionals and practitioners make 

rational decisions when allocating construction projects risks.  

Decision Theory is an interdisciplinary area of study that involves 

mathematics, statistic, economy, philosophy, management, 

psychology and other disciplines related to the analyses of decisions 

and their consequences. 

 

According to Web Dictionary of Cybernetics and Systems (2002), 

Decision Theory is a body of knowledge and related analytical 

techniques of different degrees of formality designed to help a decision 

maker choose among a set of alternatives in light of their possible 

consequences. Decision Theory can apply to conditions of certainty, 

risk, or uncertainty. Decision under certainty means that each 

alternative leads to one and only one consequence, and a choice 

among alternatives is equivalent to a choice among consequences. In 

decision under risk, each alternative will have one of several possible 

consequences, and the probability of occurrence for each 

consequence is known. Therefore, each alternative is associated with a 

probability distribution, and a choice among probability distributions. 

When the probability distributions are unknown, this means decision 

under uncertainty (Web Dictionary of Cybernetics and Systems, 2002).  
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While there are many different factors that may affect decision-making, 

two factors-risk perception and risk propensity (risk attitude)-appear to 

play a central role in decision-making involving risk (Keil, Wallace, Turk, 

Dixon-Randall, & Nulden, 2000).  Perception is the decision maker’s 

assessment of the risk inherent in a situation at the time of making the 

decision.   Risk propensity or risk attitude refers to the belief that many 

decision makers have consistent tendencies to either take or avoid 

actions that they feel are risky (Harnett and Cummings, 1980; Sitkin and 

Pablo, 1992). 

Decision-making processes fall into two general categories defined as 

intuitive decision-making processes and rational decision-making 

processes. These two broad categories provide variations to arrive at a 

decision in any situation.  Intuitive decision-making processes represent 

a subjective way to make decisions. It employs gut feeling, knowledge, 

experience, and making judgment calls.  

The rational decision-making process includes a seven-step process 

(See Figure 4.2).  People often combine rational and intuitive decision-

making processes when making decisions.  

Intuitive decision processes are subjective and more susceptible to risk 

perception and risk propensity than the rational decision models.    

Rational decision-making processes employ a structured approach that 

is orderly and logical. According to Baker et al. (2002), the decision 

making process generally is a sequence of steps starts with identifying 

the problem or situation at hand, followed by compiling all the facts 

and information necessary to create a solution.  Next, the data is 
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analyzed for various options to determine which action might achieve 

the desired result. The final step in rational decision-making involves 

acting on the preferred option. The typical steps for a rational decision-

making process are shown in Figure 4-2 below: 

 

Figure 4-2 Typical Steps of Rational Decision Making Source -Baker et 

al. (2002)  

 

According to Savage’s framework for Decision Theory (1954), a 

decision maker has to have three elements: (1) a set of beliefs about 

the world; (2) a set of action alternatives; and (3) a set of preferences 

over the possible outcomes of alternative actions.  The set of beliefs are 

Identify a problem or situation 

Gather information 

Analyze information 

Develop options 

Evaluate options 

Select  preferred alternatives 

Act on the decision 
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the decision makers’ beliefs about the world.  These beliefs are the 

background information gained through knowledge and experience.  

These beliefs affect the decision-maker’s choice of alternatives and 

decision-making outcome.  Action alternatives are typically courses of 

action that are open to the decision-maker at the time of the decision.  

Preferences are a matter of personal judgments combining the 

decision maker’s valuation of the consequences and his beliefs 

regarding the likely realization of alternatives. 

According to Savage (1954), the decision makers’ preference 

order action is satisfied when: he has a probability P on beliefs; has a 

utility function on outcomes; and is maximizing the expected utility. 

Under uncertainty, the decision maker’s beliefs are expressed in 

subjective probabilities to define preferences.   

John von Neumann and Oskar Morgenstern developed the 

expected utility model in1944 as a general model of decision making in 

risky situations (Karni, 2006).  Subjective expected utility theory pertains 

to preference relations whose structures allow the decision-makers’ 

valuations of the consequences to be expressed numerically, by a 

utility function; his beliefs to be quantified by a (subjective) probability 

measure on the set of states; and the acts to be evaluated by the 

expectations of the utility of the corresponding consequences with 

respect to the subjective probability (Karni, 2006).  In other words, the 

decision makers’ choice among alternative acts as expected utility 

maximizing behavior.  Rational decision makers choose the alternative 

with the highest expected utility yielding the optimal decision. Decision 

theory quantifies how people should choose in the context of a given 
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utility function and some partial knowledge of the world (Kording & 

Wolpart, 2006). 

 

In summary, the rational elements of the decision-making process 

and the elements of Savages framework (using the above seven 

typical steps and the three elements of Savages framework) will be 

used in developing the risk allocation mechanism in this study to help 

the construction industry professionals and participants make rational 

decisions in allocating construction projects risks.  Mechanism 

development is detailed in Section 4.5 below. 

4.4.4 SUMMARY OF LITERATURE REVIEW 

 

Many principles to allocate risks were suggested by the reviewed 

literature. However, the general principle for risk allocation is that each 

risk should be allocated to the party best able to control and manage it 

at the least cost. This principle is simple in theory however; in practice, it 

is often difficult to control and mange risks. The criteria of optimal risk 

allocation have been researched and a variety of models have been 

studied and introduced to the construction industry in the literature (see 

Table 4-1). However, there are limitations of the available models 

reviewed in the literature. These limitations include: 

1. The available models only help to answer the question of who 

should accept the risks. Optimal risk allocation should go beyond 

that to answer other pertinent and important questions such as:  

What should be allocated? How risks should be allocated or 

shared? and, When to re-allocate risks? 
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2. Formulated only for general risk events (limited to  a common list 

of risk events for each model) while projects in the construction 

industry are unique, i.e. ,  each construction project has its own 

distinctive risk events that  might not be similar to a similar project.  

Models should provide flexibility to accommodate all possible risk 

events for every construction project. 

3. Each model is intended for a unique project delivery system i.e., 

no model is applicable for all of the different project delivery 

systems available in the construction industry. 

4. All contractors are treated the same and similarly all owners the 

same (i. e., the models generalize the input and the allocation of 

risk across all projects), while contractors differ greatly from one 

another in terms of experience, management skills, risks 

tolerance, risk attitude, and other individual attributes.  Similarly, 

owners are different when it comes to construction experience, 

management skills and the input variables of the models in 

particular.  For example, the first time construction project owners 

might not have the skills and experience of experienced project 

owners.  In other words, these models do not capture the 

behavior barriers identified in Chapter Three of this study. 

5. The available models are static models while construction 

projects and the risks associated with them are dynamic in 

nature.  

In addition to the above limitations, most of the reviewed studies and 

models (to best of the author's knowledge) list criteria and conditions 
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that only answer the question of Whom risk should be allocated to?.  

While there are other important questions pertaining to risk allocation 

that need to be answered like what to allocate?, when to allocate/re-

allocate?; and how to share risks?.   

This study used four basic questions, three criteria for each 

question, and Decision Theory concepts to develop the proposed 

model for risk allocation.  The four basic questions as discussed in 

Section 4.3 are: 1)What to allocate?, 2)To whom should construction 

risks be allocated?, 3)When the retained construction risks should be re-

allocated?, and 4)How should construction risks be shared?. 

The rational elements of the decision-making process and the 

elements of Savages framework will be used to develop an optimal risk 

allocation model that overcomes the above mentioned limitations and 

answers the above important risk allocation questions. This leads to the 

next section (model development) of this chapter.  

4.5 MODEL DEVELOPMENT 
 

4.5.1  Introduction 

This section outlines the systematic approach used for the 

development of the proposed risk allocation decision-aid model.  

Initially, the findings of Chapter Two (problems of the current practice of 

risk allocation in the construction industry) and the findings of Chapter 

Three (barriers to optimal risk allocation) are linked to frame the 

theoretical model of this study and to set the ground for the practical 
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model development.  The structure of the theoretical model is shown in 

Figure 4.3 below. 

 Figure 4.3 demonstrates the need for developing a practical tool or 

mechanism that can be used by the construction industry professionals 

and practitioners to alleviate the identified problems (From Chapter 

Two), overcome the identified barriers (Chapter Three), and aid rational 

decision making for allocating project risks.  The proposed practical 

mechanism is envisioned as consisting of two stages. The first (initial) 

stage is to evaluate project risks and promote joint identification and 

assessment of project risks. The second (primary) stage is to evaluate 

project risks in terms of what to allocate?, to whom to allocate?  how to 

re-allocate? and, how to share? The second stage sets alternatives for 

risk allocation, evaluates the expected utility for alternatives and aids 

rational decision-making for risk allocation.  Components, alternatives, 

questions, and the criteria of the mechanism are discussed in detail in 

the following sub-sections.  The developed mechanism is refined and 

validated through Delphi method research.  Figure 4.4 shows the 

schematic for model development and model validation.  Model 

refinement and validation are detailed in Section 4.6
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Figure 4-3 Theoretical Model 
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4.5.2 Components and framework of the model 

 

The proposed risk allocation mechanism utilizes the developed 

theoretical model of the problems and barriers of construction risks 

allocation (Figure 4-3) as a basis.  The risk allocation mechanism consists 

of two stages (an initial stage and a main stage).  Development of the 

proposed mechanism for this dissertation consists of seven main steps. 

These steps are listed as follow and outlined in Figure 4-5 to make the 

framework of the proposed model.  Steps One and Two are lightly 

shaded in Figure 4-5 because they were identified in the previous 

chapters. 

1. Listing the four problems of the current practice of risk 

allocation in the construction industry that affect the cost, 

schedule and quality of construction projects, discovered in 

Chapter Two. 

2.  Listing the barriers of optimal risk allocation found in Chapter 

Three.  Linking the findings of the two chapters analytically 

(see Figure 4-3).   

3. Developing stage I of the model using simple flow chart 

diagram. 

4. Instigating questions for risk allocation1)what to allocate?; 2) 

to whom should construction risks be allocated?; 3)When 

the retained construction risks should be re-allocated? And; 

4)how should construction risks be shared? 
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5. Establishing risk allocation alternatives and criteria for each 

of the four questions above. 

6. Developing stage II of the mechanism using Decision Theory 

concepts. 

7. Applying the Decision Theory/rational decision-making 

process to develop the optimal risk allocation decision-aid 

mechanism. 

To recapitulate, the problems of the current practice of risk allocation 

and the barriers to optimal risk allocation in the construction industry 

discovered in Chapters Two and Three, respectively are:  

4.5.2.1 Problems: 

 

1. Dispute, claim and tension leading to adversarial 

relationships. 

2. Competitive environment leading to aggressive 

relationship. 

3. Subjective pricing of risk leading to higher contingency. 

4. Allocation by aversion that might lead to misallocation of 

risks to incompetent project participant. 
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4.5.2.2 Barriers: 

 

1. Multiple project participants (owner, designer, contractor, 

subcontractor, equipment and material manufacturers, material 

supplier, financial and funding institutes, and government 

authorities-for licensing and regulations both local and federal)   

with different risk attitude and risk perception; 

2. Staging of involvement (different parties involved at different 

stages of the project life cycle); 

3. Static risk allocation (traditionally, project risks are allocated 

through contracts clauses and conditions at the beginning of the 

project while some risks might change, disappear, and/or new 

risks might develop throughout the life cycle of the project but risk 

allocation usually is not revised accordingly) for dynamic 

projects; 

4. Aversion to risk by project participants; 

5. Different project participants with different sets of information 

about project risks; 

6. Lack of awareness of optimal risk allocation rewards to project 

participants; 

7. Complexity of contracts between project participants; 

8. Imbalance and abuse of power among project participants; 
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9. Aggregation of risk management ability and the capability to 

sustain the consequences of risk (project participant might have 

the resources to effectively manage a risk event but might not 

have the financial resources to tolerate and sustain the 

consequences of that risk event effectively and vice versa) when 

allocating risk to project participants; 

10. Poor risk communication among project participants; 

11. Competitive attitude among construction project participants;  

12. Lack of trust among construction project participants; and 

13.  Lack of efficient risk allocation mechanism, which includes all 

project participants involved. 

These barriers and problems are linked, as causes of sub-optimal risk 

allocation and effects of that sub-optimal risk allocation on the 

construction industry projects, to form the theoretical model as shown in 

Figure 4.3.  Framework for the proposed risk allocation model is shown in 

Figure 4.5 below. 
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Figure 4-5 Framework For The Proposed Risk Allocation Model
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4.5.3 Optimal Risk Allocation Decision Making 

Mechanism(ORAM) 

 

The developed optimal risk allocation decision making 

mechanism consists of two stages.  The first (initial) stage of ORAM 

evaluates project risks and encourages joint identification and 

assessment of project risks.  While project risks evaluation and 

assessment are well-developed practices in the construction industry, 

they are not always performed in a joint environment among all project 

parties.  Stage I of ORAM is to evaluate project risks, test for major risks, 

and establish joint evaluation and assessments of  major risks. It 

promotes joint environment and expands the evaluation and 

assessment to the determination of when to consider joint assessment.  

The second (primary) stage evaluates project risk allocation in terms of 

what to allocate?, to whom to allocate?, when to re- allocate?, and 

how to share risks?.    

The two stages of the optimal risk allocation decision-making 

mechanism are detailed in the following sub sections. 

4.5.3.1 Stage I of ORAM 

 

This section develops the first stage (stage I) of ORAM.  The 

purpose of this stage is to set the initial task for construction project 

participants for rational decision for the allocation of project risks.  It 

determines whether risks should be considered for joint evaluation and 

creates a cooperative environment for the project participants even 
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before the final contractual agreement.  It promotes joint risk 

assessment for risks exceeding certain thresholds of risk probability and 

magnitude.  The threshold values are to be verified by the Delphi study.  

Stage I of the mechanism is a simple flowchart diagram that asks five 

simple questions requiring Yes or No answers; which result in actions for 

each of the five questions as shown in Figure 4.6 below. 

 This stage of the mechanism may ease the negative impacts of 

some of the identified problems and barriers mentioned above in 

Sections 4.5.2.1 and 4.5.2.2, respectively.  It addresses aspects of three 

of the four identified problems and eight of the identified barriers. It 

may help overcome the following barriers: 

1. Different risk attitude and risk perception of the participants; 

2. Aversion to risk by project participants; 

3. Different project participants with different sets of information 

about project risks; 

4. Imbalance and abuse of power among project participants; 

5. Poor risk communication among project participants; 

6. Competitive attitude among construction project participants;  

7. Lack of trust among construction project participants; and 

8. Lack of efficient risk allocation mechanism, which includes all 

project participants involved. 

In addition, it may minimize the following three problems: 
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1. Dispute, claim and tension leading to adversarial 

relationships; 

2. Competitive environment leading to aggressive 

relationship; and 

3. Subjective pricing of risk leading to higher contingency. 

This stage of the mechanism should help minimize three out of 

the four of the identified problems and reduce the negative effects of 

eight out of the thirteen identified barriers.  
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Figure 4-6 Stage I of ORAM 

No

Joint risk event evaluation

NoYes

Make aware

Are all parties 
aware of the risk?

Is the risk 
assessed?

Is the probability or 
magnitude of either 

party's assessement 
> yy %/ >zz%?

Yes

Assess the risk

Move to stage IIJoint risk assessment

NoYes

Is the risk major?
Expected value > 

xx % of the 
contract?

Yes

No need for joint risk 
evaluation

No
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4.5.3.2 Stage II of ORAM 

This section develops Stage II of the decision aid mechanism.  The 

second stage evaluates project risks in terms of what to allocate?, 

whom to allocate to?, when to re-allocate?, and how to share risks?. 

The second stage sets alternatives for risk allocation, evaluates the 

expected utility for alternatives and guides rational decision making for 

risk allocation. The purpose of this stage is to evaluate alternatives and 

make rational decisions on selecting alternatives pertaining to the 

above four questions of What?, To whom?, When?, and How? related 

to project construction risk allocation. Decision Theory principles are 

used in Stage II of the mechanism to answer these four questions by 

calculating the expected utility for each alternative and selecting 

alternatives with the maximum expected utility as optimal decisions. 

Elements, alternatives, questions, and the criteria of Stage II of the 

mechanism are detailed below and shown in Table 4.2. 

4.5.3.3 Elements of Stage II of ORAM 

As reviewed in literature in Section 4.4.3, a decision maker has to have 

three elements: (1) a set of beliefs about the world; (2) a set of action 

alternatives; and (3) a set of preferences over the possible outcomes of 

alternative actions.  These three elements are integrated into the 

mechanism as follows:  

4.5.3.3.1 Set of beliefs 

The set of beliefs in the mechanism of this study are the decision 

makers’ beliefs about decision alternatives impact the construction 



186 

 

project. These beliefs are not only the current beliefs about risk event 

being evaluated, but also the knowledge and experience the decision 

maker has about project risks and risk allocation. Stage I of the 

mechanism allows decision makers (project owners, project 

professionals and practitioners) to share information or collaborate in 

the identification and assessment of project risks and enhances their 

information and beliefs about the identified and assessed project risks.   

4.5.3.3.2 Set of action alternatives 

The set of action alternatives used in the model are the possible 

answers to the four main questions of what to allocate?; whom?; when 

to re-allocate?; and how to share? The actions the decision maker 

needs to take and the possible answers are the alternatives to answer 

these questions. These four questions and the possible alternatives are 

discussed below: 

1. What to allocate? 

Usually when a risk is transferred or allocated to a construction project 

participant, the project participant accepting the risk is responsible for 

both managing the risk and paying the consequences if the risk event 

materializes. This might not be the most effective means of risk 

allocation as the project participant might have the resources 

(management skills and experience) to manage the risk but might not 

have the financial resources to pay the consequences of the risk event 

or pay the insurance premium.  This model segregates management 

capabilities to manage risks from financial abilities to tolerate or sustain 

the consequences of risks. This segregation should lead to efficient and 

effective risk mitigation as the aggregation of both management and 
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consequences was one of the identified risk barriers to optimal risk 

allocation in the Chapter Three. 

There are four proposed alternatives to answer this question. They are: 

a. Management of risks (identification, assessment, 

mitigation). 

b. Consequences of risks.      

c. Both management and consequences. 

d. Share either or both. 

2. To whom should risk be allocated? 

There are three possible alternative options to answer this question: 

a. Retain. 

b. Share . 

c. Transfer. 

3. When to re-allocate? 

The reason for this question is that projects in the construction industry 

are characterized to be dynamic and changing. Risks in construction 

projects are dynamic and changing too. Some risks might change, or 

disappear and new risks might appear during the life cycle of the 

project while risks are statically allocated at the beginning of the 

project. Seventy five percent of the survey respondents agree that 

static allocation of dynamic risks is a barrier to optimal risk allocation. 

This barrier ranked number 10 in the list of barriers identified by this 
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study. The proposed mechanism attempts to overcome this barrier by 

incorporating the dynamic nature of construction risks into risk 

allocation. The  mechanism allows the decision maker to select his 

options of when to re-allocate by comparing the initial state (when the 

risk was originally allocated to him) to the state at time of evaluation. 

Delphi expert panel members are requested to verify and assign 

weights to the three criteria to this question. The old scores for this 

question are established by the risk owner (either initially retained or 

transferred to him) at time of ownership.  

There are two possible alternatives/options for this question. 

a. Immediate (at the time of evaluation). 

 

b. When more reliable information about the risk becomes 

available. 

 

The decision maker using the mechanism assigns scores to compare 

the current state and the initial (old) state against each criterion to help 

guide the decision answering this question. 

4. How to share? 

There are three options for this question: 

a. Partnering (partner in the management and 

consequences of the shared risk) 

b. Pooled contingency (for shared risk consequences). 

c. Cost savings incentives (risk reduction for management 

allocated risk)  
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Input from questions 1 and 2 are used to help the tool user answers this 

question and guides the decision. 

There are three weighted criteria for each alternative of each of the 

above questions. Criteria for the first two questions have been 

established through literature review. Criteria for the third question are 

to be identified by the Delphi study. In the first round of the Delphi, the 

expert panel members are requested to verify and rate (by assigning 

weight) the criteria for each of the questions of what to allocate?, 

whom to allocate to?, and  when to re-allocate? The user assigns 

scores to each criterion to calculate and evaluate the utility for the 

alternatives. The alternative with the highest expected utility is the 

“optimal decision” as evaluated by the decision maker (user of the 

tool). Scores in this tool ranges from 1 to 10. Scores are used to 

compare alternatives against each criterion. Scores are assigned to 

match criteria to alternatives. The higher the score, the more the 

alternative matches the criterion.  

4.5.3.3.3 Set of preference 

A preference in this model corresponds to a set of criteria used to 

evaluate the alternatives. Weights and scores are assigned to each 

criterion to calculate and evaluate the maximum utility for alternatives.  

The expected utility of an alternative is calculated as: 

                        
     4.1 
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Where EU(Aa) is the expected utility of an alternative a, W(Ci) is the 

weight assigned to criterion C by the decision maker; and S(Ci|Aa) is 

the score of criterion i given an alternative a.  

The utility is calculated by multiplying the weight of a criterion by the 

score assigned to the alternative against the criterion. For every 

alternative that the decision maker could select, sum over the utilities of 

the 3 criteria to obtain the expected utility of the alternative, and the 

alternative with the highest expected utility is the optimal 

decision(decision to be chosen).  See Section 4.4.3 for detail. 

Scores used in this model ranges from 1-10, as assigned by the decision 

maker to each criterion. 

 The alternative with the highest expected utility is the optimal decision 

as evaluated by the decision maker. 

Using Decision Theory principles in Stage II of the mechanism, decision 

makers maximize their subjective utilities based on their own private 

information and on the information that Stage I of the model provided 

them. 

A decision matrix table for optimal risk allocation is shown in Table 4-2 

below. For simplicity and practicality of the model to be used by 

construction project owners, construction projects practitioners and 

professionals, the model is simplified to a simple decision matrix. A 

Microsoft Excel worksheet was developed by the author to calculate 

the expected value for each alternative; calculate the maximum 

expected value; and select the optimal decision for each alternative.  
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A copy of the Microsoft Excel work sheet decision matrix for Stage II of 

the mechanism is shown in Table 4-3 below. 
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Table  4-2 Risk Allocation Decision Matrix 

Allocation 
Questions 

Alternatives Criteria Suggested weight 
for each criteria 
(%) 

Suggested 
score 

Expected utility 
for each 
alternative 
Equation 4.1 

Alternative 

selection 

(Decision) 
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1-Retain 
2-Share 
3-Transfer 

 

1- Foresee ability 
2- Controllability 
3-Experience 
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1-Retain 
2-Share 
3-Transfer 

 

1-Sustainability (ability to sustain the 
consequences of the risk) 
2-Tolerance 
3-Resources availability 

    

H
ow

 to
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?
 1-Partnering 

2-Pooled 
contingency 
(for shared 
allocation) 
3-Incentives 

Similar criteria to the What and To 
whom questions 
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1-Immediately 
2-When more 
reliable 
information 
becomes 
available 

 

1-Risk reduction ability changes 
2-Risk magnitude changes 
3-Risk probability changes 
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Table 4-3 Microsoft Excel Sheet of Stage II of ORAM 

Questions Weight Wc(%) Retain Share Transfer Max. EV(Aa)

What to allocate? & to whom?

Foreseeability 40.0% 7.00 2.80 6.00 2.40 6.00 2.40

Controllability 30.0% 6.00 1.80 5.00 1.50 3.00 0.90

Experience 30.0% 6.00 1.80 6.00 1.80 3.00 0.90

Total Weight % 100.0% 6.40 5.70 4.20 6.40

Sustainability 60.0% 2.00 1.20 5.00 3.00 2.00 1.20

Tolerance 25.0% 3.00 0.75 3.00 0.75 5.00 1.25

Resources availability 15.0% 3.00 0.45 3.00 0.45 5.00 0.75

Total Weight % 100.0% 2.40 4.20 3.20 4.20

Total expected utility 8.80 9.90 7.40

Weight Wc(%) Max. EV(Aa)

When to Re-allocate? old score New score Old util. New util.

Risk reduction ability 60.0% 8.00 5.00 4.80 3.00 1.80

Risk magnitude 30.0% 3.00 3.00 0.90 0.90 0.00

Risk probability 10.0% 4.00 6.00 0.40 0.60 -0.20

100.0% 6.10 4.50 1.60 6.10

Weight Wc(%) Partnering Max. EV(Aa)

Foreseeability 40.0% 6.50 2.6 6.00 2.4

Controlability 30.0% 4.50 1.35 5.00 1.5

Experience 30.0% 4.50 1.35 6.00 1.8 Conseq Only Mgt Only Both

5.3 5.7 5.7 Partnering X

Sustainability 60.0% 2.00 1.2 5.00 3 Pooled contingency X

Tolerance 25.0% 4.00 1 3.00 0.75 Incentives X

Resources availability 15.0% 4.00 0.6 3.00 0.45

Total Weight % 2.8 4.2 4.2

Instructions:

This work sheet is protected and only light blue and light green cells can be changed/ input by the decision maker

The weight(%) Wc for each question criteria was suggested by the Delphi Expert Panel.  The weight(%) values can be changed based on the decision maker but the 

total question weight( in column C) must add up to 100.

To change the suggested weights, make sure that they add to 100 (see the Weight Wc column)

Fill out blue cells with scores from 1-10 for each criteria of each alternative

Note score 10 is the highest (the higher the score the more the alternative matches the criteria). Assign scores to compare alternatives against each criteria.

Use rational assigning scores to match criteria to alternatives. Use Weight Wc for each criteria to help guide your score.

The old score in WHEN TO RE-ALLOCATE?  Are established by the risk owner(either initially retained or transferred to him) at time of ownership

Note that as you do, the expected value for each alternative EV(Aa) is shown underneath each alternative.

Maximum Expected Value Max EV(Aa) for each alternative is shown at the left side of each "OPTIMAL" Decision 

The alternative with the highest expected value is the "OPTIMAL" decision judged by the decision maker

Suggested sharing matrix

Utility 

change

Management

Consequences

How to share?

Pooled contengency Incentives

Construction Risk Allocation: Rational Decision Support Model

By: Ali A. Alsalman

If risk is shared, then consider a strategy for sharing the risk. Use the question of "How to share" to guide your decision.

Consequences

Risk Allocation AlternativesQuestions and Criteria Optimal Decisions

Management

Monitor the risk and re-assess periodically (weekly/monthly/ quarterly based on the decision maker's risk 

management style) till the criteria of when to re-allocate change, then consider re-allocation of the risk. Use the 

question of "when to re-allocate" to guide your decision.
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4.6 MODEL VERIFICATION AND VALIDATION METHODOLOGY 
 

This section defines the method used to verify and validate 

the risk allocation mechanism developed in the previous section 

(Section 4.5). Due to the need to obtain an iterative expert opinion, 

a Delphi method was deemed appropriate for the validation and 

refinement of the developed mechanism.   

Delphi is preferred here to other subjective research 

methodologies such as traditional surveys because of the high 

quality of the participants (Hallowell & Gambatese, 2010). An expert 

panel survey is an efficient and economical method to seek the 

opinions and experiences of professionals and practitioners involved 

in risk management related to the construction industry projects.  An 

invitation to participate in the expert panel was sent to 38 experts 

(20 practitioners and 18 academic).  An online survey system 

namely, Business Solutions Group (BSG) survey system of Oregon 

State University (OSU) was also used to design and manage the 

Delphi survey.  

 A comprehensive literature review of the available work reported 

on Delphi methods with more focus on the application of Delphi 

methods in the construction industry is summarized in the following 

subsections. 

4.6.1 DESIGN OF THE DELPHI METHOD 
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This section outlines the design of the Delphi method, selection 

criteria of the experts, number of experts, data collection, feedback 

process, and consensus criteria.  The section starts with an extended 

description of Delphi method in Subsection 4.6.2 below to acquaint the 

reader with the methodology used in this study. 

4.6.2 What is the Delphi Method? 

 

The Delphi method is a formalized technique of communication 

designed to obtain the maximum amount of unbiased opinions from a 

panel of experts (Chan, Yung, Lam, Tam, & Cheung, 2001). 

Also, the Delphi method is an iterative process used to collect 

and extract the judgments and opinions of experts using a series of 

questionnaires interposed with feedback (Skulmoski, Hartman, & Krahn, 

2007).  The original Delphi method was developed by Norman Dalkey in 

the 1950’s for a U.S. sponsored military project (Skulmoski, Hartman, & 

Krahn, 2007).  Since then, the Delphi method has been used in many 

different areas, like developing educational priorities, guidelines, and 

performance indicators. It can be used as a judgment, decision making 

aid, or forecasting tool (Rowe & Wright, 1999). Also, it can be used to 

facilitate group problem solving and to structure models (Linstone & 

Turloff, 1975). The Delphi method will be used in this study to structure a 

model to aid decision making for construction risk allocation.   

Linstone and Turoff (1975) indicated that the aim of a Delphi 

method is to get the most reliable consensus of opinion of a panel of 

experts by a series of questionnaires interspersed with controlled opinion 

feedback. They also pointed out that the Delphi method is mainly a 



196 

 

communication tool that is applied when the consensus of experts on 

an uncertain issue is desired. The process is typically carried out by 

remote correspondence, such as mail, email, or online.  An online 

questionnaire was used for this study. This enables economical and 

speedy process; and enables all participants to respond individually 

and reduce the impact of group dynamics on the resulting consensus.  

Rowe and Wright (1999)  and Adnan and Morledge (2003) stated that 

there are four key characteristics of a Delphi method. They are:   

1. Anonymity of the Delphi participants to allow them to express 

their opinion freely.  

2. Iteration that allows participants to refine their input in light of the 

panel’s input from round to round. 

3. Controlled feedback that informs the Delphi participants of the 

other participant’s perspectives, and provides the opportunity for 

them to clarify and/or change their views. 

4. Statistical aggregation of the participants’ responses to allow for 

analysis and interpretation of data. 

The above characteristics were followed in the design of the Delphi 

method used for this study. 

4.6.3 Structure of the Delphi Method 

 

Alder and Ziglio (1996) extensively reviewed the Delphi process 

while Skulmoski et al. (2007) ; and Hallowell and Gambatese (2010) 

recommended a simple generic process for Delphi method to be used 
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for research. These general processes are outlined in Figure 4.7 and 

Figure 4.8 respectively. 

 

 

Figure 4-7 General Delphi Process Proposed by Skulmoski et al. (2007) 
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Figure 4-8 Delphi Process Proposed by Hallowell and Gambatese (2010) 

 

4.6.4 Structure of Delphi Method Used for Model verification/ 

validation 

 

This section outlines the Delphi process utilized for verification/validation 

of the developed risk allocation mechanism (model).  The verification/ 

validation process is outlined in Figure 4.9 below and detailed in the 

following steps: 

1-  The process started with the initial model developed in the 

previous section (Section 4.5 above).    

2- Potential expert panel members were selected in accordance 

with the section criteria of Section 4.6.5 below. 

3- Thirty eight potential expert panel members (18 practitioners and 

20 academic) were invited through e-mail and requested to 

complete an online introductory round of Delphi of this study to 
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verify their expertise status and qualification to participate in this 

study. Copy of the invitation and the introductory round of Delphi 

are in Appendix IV. 

4- After receiving the participating panel members’ input through 

the introductory round, unqualified members were removed from 

the expert panel of this study.  

5- The first round of the Delphi study started by e-mailing the 

participating expert panel members the initial risk allocation 

model developed in step one above. Panel members were 

requested to: 

A. Suggest threshold values for both the probability and 

magnitude of risk event that warrant joint identification and 

re-assessment by the project parties involved. 

B. Identify and rate (assign % weight) a minimum of three to a 

maximum of five criteria for each of the four risk allocation 

questions 1)what to allocate?; 2) to whom should 

construction risks be allocated?; 3)When the retained 

construction risks should be re-allocated? And; 4)how 

should construction risks be shared?. A copy of Delphi 

round one questions is in Appendix IV.  

6- After receiving the first round participation, the input was 

analyzed and simple statistical parameters (mean, median and 

range) were calculated (see Section 4.7 for calculation detail).  A 

controlled feedback of the results was anonymously sent back to 
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the participating panel experts giving the chance to adjust their 

input and/or justify their opinion. 

7- The input of the participating panel experts was analyzed and 

the statistical parameters were calculated again and feedback 

to the expert panel members again as described in step 6 

above. 

8- Once a consensus is reached (see section 4.6.9 below) and there 

is convergence and agreement on the answers of the 

participating panel members from the second round, the Delphi 

will be stopped.  If a consensus is not reached, another Delphi 

iteration (round) will be conducted till a convergence is reached. 

9- After convergence is reached, the developed risk allocation 

model will be fine-tuned and published. 

 

 



201 

 

 

             

Figure 4-9 Delphi Method Utlized for Model Verification/Validation in this 

Study 
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4.6.5 Selection Criteria 

 

Chan et al. (2001) emphasized that the success of the Delphi 

method depends mainly on the selection of the expert panel members.  

For this study, experts were drawn from a population of experienced 

practitioners and academic researchers in the area of construction risk 

management.  The academics’ and practitioners’ expertise 

complement each other and both are represented in this study to 

ensure that both perspectives are represented in the model 

verification/validation.  As a secondary purpose of involving both 

parties is to make certain that practitioner needs and research 

knowledge are fed back to the academic curriculum and passed to 

the construction industry.  

Alder and Ziglio (1996) indicated that the Delphi participants should 

meet the following expertise requirements: 

1. Knowledge and experience with the issue under study. 

2. Capacity and willingness to participate. 

3. Sufficient time to participate in the Delphi method. 

4. Effective communication skills. 

Rogers and Lopez (2002) recommend more specific criteria for 

Delphi participants. They suggest that expert panel members meet at 

least two of the following criteria: 

1. Authorship; 



203 

 

2. Presented at a conference; 

3. Member or chair of a professional committee; 

4. Minimum of five years of experience as practice or supervision; 

and 

5. Faculty member with specific interest in the research area. 

Rajendran (2006) recommended three more criteria and 

suggested that a panel participant meet at least three of the eight 

criteria to be qualified as an expert. 

Finally, Hallowell and Gambatese (2010) recommend more 

specific criteria geared towards the application of Delphi method in 

Construction Engineering and Management (CEM) research. They 

recommended that the Delphi participant must satisfy at least four out 

of the following eight criteria to qualify as an expert:  

1. Primary or secondary writer of at least three peer-reviewed 

journal articles. 

2. Invited to present at a conference. 

3. Member or chair of a nationally recognized committee. 

4. At least 5 years of professional experience in the construction 

industry. 

5. Faculty member at an accredited institution of higher learning. 

6. Writer or editor of a book or book chapter on the topic of 

construction safety and health, or risk management. 
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7. Advanced degree in the field of civil engineering, CEM, or other 

related fields (minimum of a BS). 

8. Professional registration such as Professional Engineer (PE), 

Licensed Architect, Certified Safety Professional, Associated Risk 

Manager. 

In consideration of the above referenced general guidelines for the 

selection criteria, specific requirements tailored to this specific research 

study were established.  In order to obtain the most valuable expert 

opinions, the panelists for this study are required to meet at least three 

of the six requirements listed below: 

1. Experts having at least 10 years of current or recent experience in 

direct involvement in medium to large construction projects 

(projects of more than $5 Million budget). 

2. Experts having at least 5 years of current or recent involvement in 

construction project management with specific focus on 

construction project risk management. 

3. Faculty member with special interest in construction risk 

management at an accredited institution of higher learning. 

4. Primary or co-author of a peer-reviewed journal article related to 

construction risk management, construction risk allocation, 

and/or construction risk modeling. 

5. Member or chair of a nationally recognized committee related to 

construction risk management. 
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6. Presented at a conference on a topic directly related to 

construction risk management. 

4.6.6 Number of Experts in the Panel 

 

Generally, the number of experts in the panel ranges from three to 

fifteen (Rowe & Wright, 1999), (Adnan & Morledge, 2003).  Hallowell 

and Gambatese (2010) recommend eight to twelve panelists. Thirty-

eight experts were invited to participate in the panel of this study. 

Potential experts for this study were identified and selected from the 

AGC, ABC, and from authors and co-authors of peer reviewed articles 

written about risk allocation modeling. The selection criteria listed in 

section 4.6.3 were considered for the selection of the potential expert 

panel members.  Invitations were sent to 38 experts (18 practitioners 

and 20 academics). As an introductory round, selected participants 

were requested (with the invitations) to confirm their qualifications for 

this study as identified in Section4.6.5 above.  Copy of the invitation 

email can be found in Appendix III.. 

4.6.7 Data Collection 

 

There are different techniques for data collection and Delphi 

interaction. Initially, Delphi methods were pen and paper based 

instruments, using the traditional mail to send and receive data. This is 

still an option. However, with the advancement of technology, email, 

internet based, and online surveys are more common these days. These 

new technologies offer many advantages like efficiency, ease of use, 
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speed and cost savings over the traditional method to both the 

researcher and the Delphi participants. 

 

Email and online survey is used for this study for data collection 

and interaction between the researcher and the participating panel 

members. The forms and questionnaire used to collect data for this 

study can be found in Appendix III.  

4.6.8 Controlled Feedback Process 

 

Feedback process is the mechanism for informing the 

participating expert panel members of the input (opinion) of their 

anonymous counterparts.  This is usually done through multiple rounds 

(iterations).  Iterations allow participating panel members to modify 

their responses in light of other panel members’ opinions and reasoning. 

Row and Wright (1999) indicated that Delphi studies that include 

feedback of simple statistical summaries with reasons lead to more 

accurate results.  In this research the participating panel experts were 

e-mailed the statistical mean, range, and a request for reasoning of 

any outliers  or if the input falls outside  as a feedback after each round 

following the first one.  Participating panel experts in this study were 

given the chance to review and adjust their input in light of other 

members input and reasoning. 

4.6.9 Consensus Measures:  

 

In this section, Delphi key principles, criteria and statistical 

measurements used to assess the expert panel's input and consensus 
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are introduced.  These criteria and assessment are used to determine 

when an expert panel process should be terminated.   

Dajani and Ortolano (1979) suggested that two criteria for 

determining when an expert panel process should be terminated: 

stability and consensus.  Stability of the Delphi process refers to whether 

or not the experts' responses change noticeably from one round to the 

next. On the other hand, consensus refers to the extent to which experts 

are in agreement with one another.  A key principle of the Delphi 

process is that rounds of questions and answers are carried out until the 

responses can be considered stable and do not markedly change.  

Statistical measurements and assessments of both stability and 

consensus are defined below and then calculated in the analysis 

section.  

a. Central Tendency:  is the center or middle of a distribution 

of data that best represents the middle.  There are different 

measures of central tendency but the most common are 

the mean, median and mode (Survey System, 1992). The 

mean will be used in this study to measure the central 

tendency. 

b. Variation and Consensus: the coefficient of variation (CV) 

is a measure used to evaluate both the amount of 

variation and the level of consensus among the 

participating panel experts’ responses. CV measures 

dispersion in a term that is proportional to the mean. It is 

calculated by dividing the standard deviation by the 

calculated mean.  
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For this study, the CV criteria sited by Dajani and Ortolano 

(1979) will be used to consensus as follows: 

If  0 ≤ CV ≤ 0.5,  good degree of consensus is achieved and 

no need for additional round 

If  0.5 ≤ CV ≤ 0.8, unsatisfactory degree of consensus. 

Assuming stability is not reached, there might be a need for 

additional round 

If  CV ≥ 0.8,  poor degree of consensus and another round 

is needed. 

c. Stability: It measures the degree to which a participating 

panel expert’s responses do not change from one round to 

the next.  

4.7 ANALYSIS 
 

This section discusses the analysis of the results obtained through 

the Delphi study. The results of each round of the Delphi study were 

analyzed, presented, and the final Delphi results will be presented in 

tabulated format for better visualization.  The introductory round were 

analyzed first and the results will be presented. Then, subsequent rounds 

(rounds I and II) were analyzed and presented. Finally, the validated 

mechanism developed by this study will be presented in a simple 

Microsoft Excel worksheet that will be useful to the construction industry.  
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4.7.1 Introductory Round 

 

Potential experts were identified from different sources, like 

contractors with experience of more than 25 years in project 

management or risk management, that participated in the surveys of 

Chapters Two and Three, professionals that have published journal 

articles on the topic of construction risk management and risk 

modeling, and members of the Co-operative Network Building 

Researchers (CNBR) group1.  A total of 38 experts (18 practitioners and 

20 academics) were identified and an email invitation was sent to the 

potential experts to participate in this study.  A copy of the invitation is 

in Appendix IV. Potential experts were requested to complete a brief 

introductory survey. The purpose of the introductory survey was to 

objectively confirm the status of the potential expert as an expert in the 

construction risk management field based on his academic and 

professional experience according to the guideline in the reviewed 

literature summarized in Section 4.6.5.  

Only 14 accepted the invitation (8 practitioners and 6 academic) 

representing a response rate of 37% (44% practitioners and 30% 

academic).  Of the 14 potential experts that completed the 

introductory round, nine were certified as experts (4 practitioners and 5 

academics).  In order to be certified as an expert and participate in the 

experts panel of this study, potential expert is required to meet at least 

three of the requirements listed in Section 4.6.5.     

                                            
1 http://tech.groups.yahoo.com/group/cnbr-l/ 

http://tech.groups.yahoo.com/group/cnbr-l/
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4.7.1.1  Expert Panel Qualifications 

 

Experts’ names have been removed and replaced by expert’s ID 

number to maintain anonymity and confidentiality. AC stands for 

academic and PR stands for practitioner.  Table 4.4 below shows the 

profile of the experts who participated in this study.  It shows that all of 

the participating experts have more than 10 years of construction 

experience and most of them (8 out of 9) or 89% have more than 10 

years of experience dealing with construction risk management.   

The selected experts are four construction industry practitioners 

with rich (114 and 68 years total) hands-on experience in project/risk 

management, respectively. In addition, five prominent members of 

academia with academic and research experience (total of162 years) 

in construction and risk management were selected for this Delphi 

study. 

All of the selected experts are members of nationally and/or 

internationally recognized committee related to construction and/or 

construction risk management.  A total of 67% of the selected experts 

have published a peer-reviewed journal article or book related to 

construction risk management.   Similarly, 89% of the selected experts 

presented at a conference or seminar on a topic related to 

construction risk management.  
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Table 4-4 Profiles of the Expert Panel 

ID 

No. 

Country  Interest in 

const. risk 

Years of 

experience 

const./risk 

Committee 

membership 

publications Presented 

at 

conference 

AC1 USA Professor 25 /17 Yes Book/Article Yes 

AC2 USA Professor 28 /22 Yes Book/Article Yes 

AC3 Australia Professor 50 /15 Yes Book/Article Yes 

AC4 Nigeria Professor  24/10 Yes Articles Yes 

AC5 Canada Adjunct 

Professor  

35 /20 Yes Articles Yes 

PR1 USA Manager 25 /25 Yes Manual Yes 

PR2 Saudi 

Arabia 

Project 

Manager 

10 /6 Yes Web Page No 

PR3 UK Risk 

Manager 

Consultant 

41/14 Yes seminars Yes 

PR4 USA Manager 38 /23 Yes Trade 

publication 

Yes 

 

As it can be seen from Table 4-4 above, the participating experts in this 

study represent six countries and more than 60% of them hold PhD.   

In summary, an invitation with an introductory round was sent to 

38 potential panelists (18 practitioners and 20 academics) to confirm 

their status as experts in construction/ risk management in order to 

validate the risk allocation mechanism developed by this study. 

Fourteen responded and agreed to participate.  Only nine (five 

academics and four practitioners) met at least three of the six selection 

criteria listed in Section 4.6.5  and were qualified as experts to 

participate in the Delphi study.  After panelist’s confirmation, the Delphi 

study proceeded to round I. 
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4.7.2 Round I Analysis 

 

The accepted panelists from the introductory round were invited 

again to participate in the Round I of the Delphi study. An invitation 

email was sent to the nine experts (5 academics and 4 practitioners). 

The invitation email included a summary of the dissertation, the 

developed optimal risk allocation decision-aid mechanism, and round I 

questionnaire (See Appendix III for the details).  

In Round I, the expert panel members were requested to: 

1. Suggest a threshold amount of expected monetary value that 

defines a risk event as a major risk and causes it to be considered 

for joint risk evaluation. 

2. Suggest threshold values for both the probability and the impact 

magnitude of risk event that requires a joint assessment by the 

project parties involved. 

3.  Verify and rate (assign a % weight) the three criteria for each of 

the risk allocation questions of what to allocate? To Whom?, and 

when to re-allocate?. 

Criteria for the first two questions (what and to whom) have been 

established through literature review. Criteria of the third question 

(when to re-allocate?) are to be identified and verified by the 

panelists.   

A response rate of 100% in round I was achieved. The Round I raw 

data was analyzed to set the controlled feedback process and to 
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measure consensus as discussed in the literature review Sections 4.6.8 

and 4.6.9 , respectively.  As discussed in the literature review in Section 

4.6.9, a key principle of the Delphi process is that rounds of questions 

and answers are carried out until the responses can be considered 

stable and do not markedly change.  Statistical values of the mode, 

median, mean, range, standard deviation (STD), and coefficient of 

variations (CV) were calculated for the panelists’ responses for the 

Round I. The results are shown in Table 4-5 below.  

Some prominent results of Round I can be noticed as follows: 

 Wide range for the threshold amount values .  The values ranged 

from >5% to >20%.  This was expected in round I because this 

variation is due to the panelist’s risk attitude, risk behavior, 

experience, and nature of risk. 

 A positive agreement on the probability threshold value.  The 

range for this question is 30% to 60% with a mean of47.2, median 

of 50, and a coefficient of variation (CV) of 0.2. 

 Agreement of the panelists on the management criteria, for the 

what to allocate question, with variation on weights assigned to 

each criterion. 

  A satisfactory group consensus, coefficients of variation (CV) of ≤ 

0.5 for some threshold values and criteria weighting, was 

achieved in Round I (see Table 4-5 for summary of Round I 

results). 

 Outliers were not considered in the analysis. 
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In summary, a satisfactory degree of consensus was achieved for 

questions 1, 3 and the criteria verification, but unsatisfactory degree of 

consensus as discussed in the literature review Section 4.6.9,  for 

question 2 and criteria ratings in round I.  A second round to achieve a 

good degree of consensus is required.  To recall from Section 4.6.9,   

- If 0 ≤ CV ≤ 0.5,  good degree of consensus is achieved and no 

need for additional round 

- If 0.5 ≤ CV ≤ 0.8, unsatisfactory degree of consensus.  

- If CV ≥ 0.8, poor degree of consensus and another round is 

needed. 

In order to achieve a greater degree of consensus, even the questions 

with a satisfactory consensus were included in round II.  A statistical 

summary of the calculated mean and range; and a request for 

reasoning of any outliers were emailed to the panelists as a feedback in 

round II.    
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4.7.3 Round II Analysis 

 

 The purpose of this Round II is to reach consensus on the input of 

round I.  In this Round II, panelists were given the opportunity to change 

their responses in Round I in light of the calculated group’s values 

of Round I and/or provide clarification for their answers. 

Round II of the Delphi used similar process conducted in Round I except 

the following:  

 Panelists were provided with their ratings from the first round and 

the group’s range, mode, and mean ratings from Round I. 

 Panelists were requested to consider the group’s mean and 

reconsider their first round ratings given the collective group’s 

statistics. 

 Panelists were asked to provide clarifications, to support his new 

position, for outlying responses if their chosen Round II response is 

± 50% of the Round I mean response. 

Only eight out of the nine panel members completed the second 

round questionnaire resulting in 89% response rate.   

The panelists were emailed a summary of the Round I statistics 

(range, mode, median, mean, standard deviation, and CV), the 

individual panelist response for each question, and Round II 

questionnaire(See Appendix III for details). The Round II questionnaire 

consisted of the same questions presented in the Round I.  
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As discussed in the literature review in Section 4.6.9, a key principle of 

the Delphi process is that rounds of questions and answers are to be 

carried out until the responses can be considered stable and do not 

markedly change.  Good degree of consensus (0.2 ≤ CV ≤ 0.4), as 

shown in Table 4-6 below, and stability are reached in the Round II and 

no additional rounds are needed.  

  



218 

 

Table 4-6 Round II Responses Analysis 
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4.7.4 Summary of the Delphi Study 

 

The Delphi method used in this research consisted of three rounds, 

an introductory round and two main rounds. An invitation with an 

introductory round was sent to 38 potential panelists to validate the 

optimal risk allocation decision-aid mechanism developed by this study. 

Only 14 responded and accepted to participate in the Delphi study.  

Nine of the 14 participants were confirmed as experts and qualified, as 

per the guidelines of Section 4.6.5, to participate in this study.  In the 

main round I, the expert panel members were requested to identify 

and rate (assign weights to) three criterions for each of the risk 

allocation questions of what to allocate?, to whom?, and When to re-

allocate? 

 

The iterations (two runs) of the Delphi enabled the experts to select 

the most important criteria for each of the risk allocation questions of 

what, to whom, and when to re-allocate, to provide ratings for each 

criteria, and determine the threshold values for the impact and 

probability of risk. 

In summary, the response rate was 37% for the introductory round, 

100% for round I, and 89% for round II of the Delphi.  In Round II, one of 

the nine panelists failed to respond to the survey resulting in only eight 

experts who completed Round II. The default of one panel member 

was not considered detrimental for two reasons: (1) the responses of 

the defaulted member were within ± 50% of the group’s mean 
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responses and were considered in the study ; and (2) literature review 

suggested that 8 to 15 panel members is an ideal panel size. A good 

degree of consensus, 0.2 ≤ CV ≤ 0.4, was reached for all of the Delphi 

questions in round II and no more rounds were required as discussed in 

Section 4.6.9.  The validated threshold values were input in Stage I of 

the mechanism.  Similarly, the validated criteria and ratings were input 

into Stage II.  The developed ORAM was verified and validated. 

 

User of ORAM should start with Stage I of the mechanism to assess 

project risks for the need for joint risk evaluation.  Stage II guides the user 

(decision maker) answer the prominent questions for optimal risk 

allocation.  The following section explains, with an example illustration 

for clarification, the use of ORAM. 

 

4.8 STEPS FOR USING ORAM 
 

The following steps are recommended for optimal risk allocation 

decision making using stage I and stage II of ORAM (as shown in Figure 

4-10 and in the Microsoft Excel worksheet Table 4-3, respectively): 

 

1. Answer each of the 4 questions of stage I, represented by the 

diamonds, and follow the action items, represented by the 

rectangles, of the flow diagram Figure 4-10.  Stage I determines 

whether risks should be considered for joint risk assessment or not, 

based on threshold values of risk probability and magnitude. 

2. Move to stage II of ORAM. 
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3.  To answer the allocation questions what? and whom?, begin by 

checking the listed weights (in the Excel worksheet) of the criteria 

of each question. The listed weights initially provided here are 

suggested and verified/validated by the Delphi Expert Panel of 

this dissertation but can be changed by the decision maker/user 

of this decision aid mechanism.  However, make sure that the 

weights of each question add up to 100%.  

4. Subjectively assign scores (from 1-10) to each criteria of each 

alternative. Note that score 10 is the highest available (the higher 

the score the more the alternative matches the criteria). For 

each criterion, rationally assign scores that reflect the ability of 

each party to withstand or manage the criterion, and check to 

see that the scores for each party also reflect the relative 

differences between the parties.  Note that the score for the 

alternative to retain the risk reflects the score of the party 

assigning the scores, while the scores under the transfer 

alternative are scores for the other party; the score for shared is a 

rational point in between those two scores. Use the weight for 

each criterion to help guide your score. The expected value for 

each alternative is shown underneath each alternative. 

5. The worksheet calculates and evaluates the expected utility or 

payoff for each alternative using Equation 4.1.  The utility is 

calculated by multiplying the weight of a criterion by the score 

assigned for the alternative against the criterion. Then, sum up 

the utilities of the three criteria to obtain the expected utility of 

the alternative.  
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6. For when?, the worksheet compares the utility at the initial 

(previous) state of evaluation to the current state. ORAM guides 

the user in answering the question of when to re-allocate.  There 

are two alternatives (re-allocate immediately and wait for more 

information), and there are three criteria (risk reduction ability, risk 

impact magnitude, and risk probability) for each alternative; 

these three criteria match the criteria of the what? and whom? 

portion of Stage II.  The user assigns scores to the above 3 criteria 

at the time of ownership of the risk event and compares the 

scores at the time of re-assessment to the previous stage of 

assessment. 

7. For how? to share risk, the Stage II portion provides guidance if 

either management of risk, consequences of risk, or both are 

shared.  There are three alternatives (partnering, pooled 

contingency, and incentives) to share a risk (as shown in the 

decision matrix of Table 4-7). ORAM calculates, similar to the 

above calculations, the utility for each alternative and guides the 

user make a rational decision of how to share the risk.  Values are 

transferred directly from the what? and whom? portion of this 

Stage II. 

8. The worksheet logic selects the alternative with the highest    

expected utility to make the optimal decision (alternative) for 

each of the questions of what?, whom?, when?, and how? 

pertaining to risk allocation decisions.  

9. Repeat this for each risk in the risk register of the project. 
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An example is given below to demonstrate and clarify the use of 

ORAM.  See Figure 4.10 and Table 4-7 for Stage I and Stage II of ORAM. 

Example: 

Total project budget:  $ 15M 

Contract price: $ 2.5M (for excavation and site preparation) 

Risk event identified: unknown underground condition (this is a typical 

risk for most of construction projects that involve earthwork and/or 

excavation). The geophysical report and the exploratory holes indicate 

some underground rocks. 

Using stage-I (Figure 4.10) of the optimal risk allocation decision making 

mechanism (ORAM): 

Risk assessment of the subcontractor:  

5% of the contract = 5% * $2.5M= $0.125 M 

Probability of hitting rocks: 65% 

Risk impact magnitude: $0.2 M  

Expected monetary value of the risk = 65% * 0.2 M = $0.13 M which is > 

5% of the contract. 

Q1: Is the risk event major? Is the expected monetary value of the risk > 

5% of the contract? 

The answer (based on the assessment of the subcontractor) is yes and 

joint risk evaluation is required.  If the answer is no, Stage I of ORAM 

suggests that no need for joint risk evaluation (because the risk is below 
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the threshold value recommended by the expert panel) and to 

proceed to stage II of ORAM.   

Q2: are all parties aware of the risk? 

The answer is yes. The above risk was identified by both the general 

contractor and the subcontractor.  If the answer is no, Stage I of ORAM 

suggests that making all parties aware of this major risk to minimize 

disputes and claims when this risk emerges. 

Q3: Is the risk assessed? 

The answer to this question is yes. The unknown underground condition 

was assessed by both parties but was assessed differently. The 

subcontractor had a similar project recently in the same area near the 

current project and he thinks that his assessment of this particular risk is 

more realistic.  

Risk assessment of the general contractor:  

Probability of hitting rocks: 40% 

Risk impact magnitude: $0.25 M  

Expected monetary value of the risk = 40% * 0.25 M = $0.1 M 

The risk has been identified by both the general contractor and the 

subcontractor but their assessments of this risk are different in terms of 

probability and impact magnitude.   

Q4: Is the probability >40% (the threshold suggested by the expert 

panel)?  For the general contractor is No but Yes for the subcontractor.  

Is the risk impact magnitude >5% of the contract (the suggested 
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threshold)?  For the subcontractor is yes and yes for the general 

contractor.  

Stage I suggests joint risk assessment to encourage and establish risk 

management communication to avoid subjective pricing of this risk 

that could result in higher contingencies leading to project cost 

increase and/or project delays.  

Moving to stage II of ORAM: 

Assuming that the general contractor owns the above risk (unknown 

underground conditions) and he is using ORAM to guide him make an 

optimal risk allocation decisions for this risk. 

Q1and Q2: What to allocate and to whom? The user has 2 options to 

answer Q1 and 3 alternatives for each option to answer Q2.  The 2 

options are management of the risk and the consequences of the risk, 

and the alternatives are either to retain, transfer, or share either or both 

of the options (total of 6 decisions to make).  ORAM guides the user 

make rational and educated decisions and let him select the optimal 

decisions, based on his input and experts evaluation.  

There are 3 criteria for each of the 2 options.  The listed criteria and 

weights are suggested and verified/validated by the Delphi Panel 

Expert of this study.  

The user assigns scores (from 1-10) to each criterion of each alternative. 

Note score 10 is the highest (the higher the score the more the 

alternative matches the criteria). Assign scores to compare alternatives 

against each criterion.  Use rational assigning scores to match criteria to 

alternatives. Use weight for each criterion to help guide your score.  
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The user (the general contractor in this example), assigned a score of 5 

for the foresee ability of this risk (unknown underground condition) for 

the option of retaining the management of this risk. For the same 

criterion, he assigned a score of 7 for the option of transferring (he 

thought that the subcontractor has a better foresee ability and 

assigned a score of 6 for the option of sharing (this is logic as the score is 

the average of the two options-retain and transfer- in meeting this 

foresee ability criterion).   

ORAM calculates the expected utility  for each of the three alternatives 

for this criterion by multiplying the weight of the criterion by the score 

assigned to each alternative. The calculated expected values are 

30%*5=1.5, 30%*6=1.8, and 30%*7=2.1 for retain, share, and transfer; 

respectively as shown underneath each alternative as shown in Table 

4.7. 

Similar steps and calculations are made for other criteria (controllability 

and experience) for the management option. ORAM adds the 

calculated expected utilities for each alternative meeting the 3 criteria 

to obtain the total utility for each alternative.  The total utility of each 

alternative is shown under each alternative.  For this example, the 

expected utilities for management are : 4.7, 5.5, and 6.7 for retain, 

share, and transfer; respectively. Then, ORAM compares the total 

expected utilities and selects the alternative that has the maximum 

expected utility as an optimal decision.  For this example, the maximum 

expected utility for management is 6.7 and 5.95 for the consequences 

and ORAM suggests transfer the management to the subcontractor 

and to retain the consequences of this risk by the general contractor. 
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Q3: When to re-allocate? 

If a risk event is retained or shared, monitor the risk and re-assess 

periodically (weekly, monthly, or quarterly), based on the user’s risk 

management style, as risks are dynamic and could change. Use ORAM 

to guide your decision answering the question of when to re-allocate.  

There are 2 alternatives (re-allocate immediately and wait for more 

information), and there are 3 criteria (risk reduction ability, risk impact 

magnitude, and risk probability) for each alternative.  The user assigns 

scores to the above 3 criteria at the time of ownership of the risk event 

and compares the scores at the time of re-assessment to the previous 

stage of assessment. ORAM calculates the expected utility (payoff) at 

the current re-assessment stage and compares it to the previous 

assessment, and  suggests the alternative, based on the change of 

utility change, as an optimal decision. For this example, the old utility 

was 5.45 and the new utility is 4.50 (negative change in utility) so, ORAM 

suggested immediate re-allocation. 

Q4: How to share? 

If either management of risk, consequences of risk, or both shared, 

There are 3 alternatives (partnering, pooled contingency, and 

incentives) to share a risk (as shown in the decision matrix of Table 4-7). 

ORAM calculates, similar to the above calculations, the utility for each 

alternative and guides the user make a rational decision of how to 

share the risk. For this example, ORAM suggests incentives to share the 

risk since only the management of the unknown underground condition 

was transferred to the subcontractor (as shown in Q1 and Q2 above). 
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Figure 4-10 Stage I of the Optimal Risk Allocation Decision Making 

Mechanism (ORAM) 

 

No 

Joint risk event evaluation 

No Yes 

Make aware 

Are all parties  
aware of the risk? 

Is the risk  
assessed? 

Is the probability or  
magnitude of either  
party's assessment  

> 40 %/ >5%? 

Yes 
Assess the risk 

Move to stage II Joint risk assessment 

No Yes 

Is the risk major? 
Expected value >  

5 % of the  
contract? 

Yes 

No need for joint risk  
evaluation 

No 
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Table 4-7 Stage II of the Optimal Risk Allocation Decision Making 

Mechanism (ORAM) 

 

Questions Weight Wc(%) Retain Share Transfer Max. EV(Aa) Decision

What to allocate? & to whom? Score Exp. Utility Score Exp. Utility Score Exp. Utility Transfer

Foreseeability 30.0% 5.00 1.50 6.00 1.80 7.00 2.10 Transfer

Controllability 50.0% 4.00 2.00 5.00 2.50 6.00 3.00

Experience 20.0% 6.00 1.20 6.00 1.20 8.00 1.60

Total Weight % 100.0% 4.70 5.50 6.70 6.70

Sustainability 40.0% 6.00 2.40 5.00 2.00 3.00 1.20

Tolerance 35.0% 8.00 2.80 6.00 2.10 5.00 1.75 Retain

Resources availability 25.0% 3.00 0.75 4.00 1.00 5.00 1.25

Total Weight % 100.0% 5.95 5.10 4.20 5.95

Weight Wc(%) Max. EV(Aa)

When to Re-allocate? old score New score Old util. New util.

Risk reduction ability 45.0% 8.00 5.00 3.60 2.25 1.35

Risk magnitude 35.0% 3.00 3.00 1.05 1.05 0.00

Risk probability 20.0% 4.00 6.00 0.80 1.20 -0.40

100.0% 5.45 4.50 0.95 5.45

Weight Wc(%) Partnering Max. EV(Aa)

Score Exp. UtilityScore Exp. UtilityScore Exp. Utility

Foreseeability 30.0% 6.00 1.8 7.00 2.1

Controlability 50.0% 5.00 2.5 6.00 3

Experience 20.0% 7.00 1.4 8.00 1.6 Conseq Only Mgt Only Both

5.7 6.7 6.7 Partnering X

Sustainability 40.0% 4.50 1.8 3.00 1.2 Pooled contingency X

Tolerance 35.0% 6.50 2.275 5.00 1.75 Incentives X

Resources availability 25.0% 4.00 1 5.00 1.25

Total Weight % 5.08 4.20 5.08 Partner

Instructions:

This work sheet is protected and only light blue and light green cells can be changed/ input by the decision maker

The weight(%) Wc for each question criteria was suggested by the Delphi Expert Panel.  The weight(%) values can be changed based on the decision maker but the 

total question weight( in column C) must add up to 100.

To change the suggested weights, make sure that they add to 100 (see the Weight Wc column)

Fill out blue cells with scores from 1-10 for each criteria of each alternative

Note score 10 is the highest (the higher the score the more the alternative matches the criteria). Assign scores to compare alternatives against each criteria.

Use rational assigning scores to match criteria to alternatives. Use Weight Wc for each criteria to help guide your score.

The old score in WHEN TO RE-ALLOCATE?  Are established by the risk owner(either initially retained or transferred to him) at time of ownership

Note that as you do, the expected value for each alternative EV(Aa) is shown underneath each alternative.

Maximum Expected Value Max EV(Aa) for each alternative is shown at the left side of each "OPTIMAL" Decision 

The alternative with the highest expected value is the "OPTIMAL" decision judged by the decision maker

Construction Risk Allocation: Rational Decision Support Model

By: Ali A. Alsalman

Immediatly

If risk is shared, then consider a strategy for sharing the risk. Use the question of "How to share" to guide your decision.

Risk Allocation AlternativesQuestions and Criteria Optimal Decisions

Management

Monitor the risk and re-assess periodically (weekly/monthly/ quarterly based on the decision maker's risk 

management style) till the criteria of when to re-allocate change, then consider re-allocation of the risk. Use the 

question of "when to re-allocate" to guide your decision.

Consequences

Suggested sharing matrix

Utility 

change

Management

Consequences

How to share?

Pooled contengency Incentives

Incentives
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4.9 CONCLUSIONS 
 

The question related to this chapter of the dissertation, outlined in 

Section 1.5 and discussed in Section 4.3 was answered. Similarly, the 

objectives of this chapter, outlined in Section 1.6  were met and a 

practical risk allocation decision-support mechanism was developed 

and validated by this study. The developed mechanism can be used as 

an optimal risk allocation tool that can aid in a better decision support 

system for allocating construction risk in the construction industry 

projects. The proposed risk allocation decision support mechanism 

solves for the problems identified in Chapter Two of this dissertation.  It 

would help in overcoming the barriers identified in Chapter Three.  The 

developed mechanism is a simple rational decision support tool that 

provides an alternative option to the current practice of risk allocation. 

It should aid differing parties in the construction industry by alleviating 

problems of the current practice of risk allocation, overcoming the 

barriers to optimal risk allocation. It should help in reducing adversarial 

relationships between construction project participants, in initiating 

trust, and in building a cooperative relationship in construction projects.  

As a result of this, the mechanism should reduce the total project cost, 

reduce project delays and improve the overall quality of construction 

project. The mechanism should establish a paradigm shift from aversion 

allocation to rational allocation of risks in the construction industry. 

 The following section details the major benefits (strong points) and 

weak points of the developed mechanism. 
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4.9.1 Benefits of Using the Mechanism 

 

The mechanism developed in this study provides a simple and useful 

tool to the construction industry professionals and practitioners 

(Engineers, Project Managers, project owners, contractors and 

subcontractors) by introducing  rational decisions for optimal risk 

allocation. A Microsoft Excel work sheet was developed by the author 

to calculate the expected value for each alternative; calculate the 

maximum expected value; and provide guidance for the optimal 

decision for each alternative.    In addition, the developed mechanism 

has the following benefits:  

1. It goes beyond the current practice of risk allocation (allocation 

by aversion) by creating a cooperative environment for the 

project participants before the final contractual agreement. 

2. It helps ease the risk allocation problems at the root causes of the 

problems (at the barriers level).  

3. It encourages joint risk assessments for risks exceeding the 

thresholds of certain risk probabilities and risk magnitudes. 

Panelists of this study established the thresholds values. The 

threshold values can be adjusted by mutually agreed values 

determined by project participants, if need to be changed from 

the experts values.  The joint risk assessment feature of the 

mechanism would minimize the effects of subjective risk 
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evaluation and consequently minimize the subjective 

contingency pricing. 

4. It allows the decision maker (owner or contractor) to rationally 

compare against another project party in terms of 

predetermined criteria confirmed and weighted by expert risk 

professionals and practitioners.   

4.9.2 Weak Points of the Mechanism 

 

Like other models, the proposed model could have the following 

shortcomings: 

1. The model uses information available at the time of making 

decisions for risk allocation and a decision is only as good as the 

information that informed it. 

2. The model only offers analytical and rational tools to help 

construction industry professionals and participants make rational 

decisions in risk allocation.  The model can be combined with 

other tools to provide useful insights for rational risk allocation. 

3. The model has the following biases and could have non-rational 

factors such as a certain degree of perception, specific and 

accumulated past experiences, personal and economical 

circumstances at the time of making risk allocation decision. 

a) Framing bias:  the way people behave depends on the way 

that their decision problems are framed 
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b) Anchoring bias: people develop estimates based on initial 

information.  When that information turns out to be wrong, 

people make adjustments to their decisions but not enough to 

overcome the impact of the initial piece of information. 

c) Confirmation bias: people tend to focus only on evidence 

that supports their decisions. 

d) Overconfidence bias: Because of confirmation bias, people 

are more confident than they are correct in making their 

decisions. 

In summary, in spite of the abovementioned weaknesses of the 

developed mechanism, is an innovative tool to establish a paradigm 

shift from aversion allocation to rational allocation of risks in the 

construction industry.  The mechanism allows the decision maker 

(owner or contractor) to rationally compare against another project 

party in terms of predetermined criteria validated, weighted, and 

confirmed by expert risk professionals and practitioners. 
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Chapter Five: CONCLUSION 
 

Ali A. Alsalman 

 

5.1 PREFACE 
 

The main objectives of this chapter are to summarize the findings, 

outline contributions, and list the limitations of this study; and 

recommend suggestion for further research. This chapter is divided into 

five main sections. The first section is a summary and conclusions of this 

study. The second section is the contributions and value added by this 

study. The third section lists major highlights of the developed 

mechanism.  The fourth section is the limitations of this study. The last 

section summarizes suggestions for further research.     

5.2 SUMMARY AND CONCLUSION OF THE STUDY 
 

To recall, the overall purpose of this study was to shed light on 

current practices of risk allocation in the construction industry; 

investigate and evaluate, the problems of risks allocation; investigate, 

identify, and classify barriers to optimal risk allocation; and look into 

allocating construction risks from a more cooperative and rational 

perspective.  This study combined the diverse risk management ideas 

and decision theory concepts to develop and validate, through a 

Delphi study; a rational decision support model for risk allocation to 
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help resolve the investigated problems and address the identified 

barriers. The developed and validated model should provide an 

innovative and useful tool to the construction industry professionals and 

practitioners by introducing a mechanism to develop rational decisions 

for optimal risk allocation.   

 

The research questions of Section 1.5 were answered.  Similarly, the 

major and minor objectives of this study stated in Section 1.6 were 

achieved.  To recall, the research questions for this dissertation are as 

follows: 

1.  Is the current practice of risk allocation in the construction 

industry optimal (has no problems, efficient and effective)? 

2. If not, what are the problems with the current practice of risks 

allocations in the construction industry? 

3. What are the negative impacts of this suboptimal risk allocation 

on construction projects? 

4. What are the barriers of optimal risk allocation in the construction 

industry? 

5. Can the risks in the construction industry be allocated more 

efficiently and more effectively?  

   

The first question was answered by a literature review of peer 

reviewed publications.  The second, the third, and the fourth questions 

were answered by survey questionnaires and analysis of the survey 

results.  The final question was answered by development and 
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validation, through Delphi, of optimal risk allocation decision-aid model.  

Answers to all of the above questions achieve the objectives of this 

study.  To review, the major objectives were: 

I. Investigate the current practice of construction risk 

allocation; identify, and evaluate the problems and 

present the findings, (Chapter Two).   

II. Identify, evaluate, and classify the barriers to optimal risks 

allocation in the construction industry (Chapter Three). 

III. Provide owners and construction industry professionals and 

practitioners with a mechanism (model) that will provide 

an alternative option to the current practice of risk 

allocation that aids them in making rational and optimal 

risk allocation decisions (Chapter Four).  

IV. Verify the model through a Delphi study (Chapter Four). 

In addition to these major objectives, there are three minor 

objectives: 

i. Classify risks in construction industry projects, (Chapter 

Two). 

ii. Stimulate understanding of risk allocation from an 

advanced perspective and provide an alternative to 

the established mindset in the construction industry of 

allocating risks by changing risk allocation from risk 

aversion through unfriendly and hostile contracts 

clauses to rational agreements, (Chapters Three and 
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Four). 

iii. Improve the understanding of project risks allocation in 

the construction industry (Chapters One through 

Chapter Five). 

Because this section summarizes multiple, independent research 

manuscripts each aimed at achieving one or more of the four major 

objectives, this summary of results will be organized by objective. 

As indicated in Chapter One of this study, the first major objective 

was to investigate, evaluate, the problems of the current practice of 

risks allocation. The survey results of Chapter Two of this study showed 

that, the current practice of risk allocation in the construction industry is 

not optimal and has problems.  These problems include:  

1. Dispute, claims and tension leads to adversarial relationship; 

2. Competitive relationship leads to aggressive relationships; 

3. Subjective pricing of risk leading to higher contingency; and 

4. Allocation by aversion that leads to misallocation of risk. 

The results of the survey clearly indicated that the current practice of 

risk allocation has additional problems than what has been initially 

discovered in the literature review.  Similarly, the survey results 

confirmed that the above-mentioned four problems negatively impact 

construction project cost, schedule and quality. This answers the first 

three questions of this dissertation mentioned above.   
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A simple hierarchy source-based risk classification was 

developed in this dissertation. The three hierarchy levels are external, 

enterprise, and project levels.  The external level includes risks that are 

external to the line of business and to the project specifics. External risks 

usually cannot be directly controlled by the enterprise. Examples of 

external risks are political changes, wars and unrest, regulatory 

changes, economic changes, and force majeur (acts of God such as 

earthquake, tsunami, or heavy snow, etc.). The enterprise level risks are 

directly related to the enterprise specifics and the line of doing 

business. Influences on enterprise risks are enterprise management style, 

risk attitude of the management, company size, financial, and 

technological capabilities of the enterprise. Project level risks are 

directly related to a specific project and pertaining to its specifics.  

 

The second major objective was to identify, evaluate, and 

classify the barriers to optimal risks allocation in the construction 

industry. This objective was met.  The survey results clearly showed that 

there are thirteen barriers preventing optimal risk allocation in the 

construction industry.  Lack of efficient risk allocation mechanism 

ranked at the top of the identified barriers. The thirteen barriers to 

optimal risk allocation were classified into three main categories. 

Behavioral (related to individual interpersonal and intrapersonal 

characteristics), technical (related to the methodology and technique 

things are performed), and organizational (related to the culture of 

organizations involved in the construction project) as shown in Section 

3.7.15.  Similarly, the abovementioned fourth question of this dissertation 

was answered. 
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The third and fourth major objectives were to develop and validate, 

through Delphi study, a rational decision-aid model that helps the 

construction industry professionals and practitioners allocate 

construction risks optimally.  The developed model consists of two 

stages. Stage I uses a simple flow diagram to promote cooperation and 

collaboration among construction project parties. Stage II uses the 

principles of Decision Theory to evaluate risk allocation alternatives and 

help guide optimal risk allocation decisions. Delphi method was used to 

validate the developed model.  Eight global experts participated in the 

Delphi study and a good degree of consensus was reached in two 

rounds. 

  

The developed and validated model was represented in a 

spreadsheet decision matrix. A Microsoft Excel worksheet was 

developed to calculate the expected utility for alternatives and select 

the alterative with the maximum expected utility as the optimal 

decision. The developed and validated model should help the 

construction industry alleviate the problems of the current practice of 

risk allocation identified in Chapter Two; help to overcome the barriers 

to optimal risk allocation identified in Chapter Three; and to answer the 

last question (question five) of the dissertation. 

5.3 RESEARCH CONTRIBUTION 
 

The contributions of this study are of many folds and were 

highlighted in different sections of this dissertation.  The following is a list 

of the more relevant contributions of this study: 
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1. Development of a simplified hierarchical classification of 

construction project risks into three-hierarchy classification 

(external risks, enterprise level risks, and project level risks) 

rather than the many different approaches of risk 

classifications in the construction industry.  This simplified 

classification should help the construction industry 

professionals better understand; control; and allocate 

construction project risks (see Section 2.3.5).  

2. Investigation of the current practice of risk allocation in the 

construction industry and identification of it’s problems and 

their impacts on project performance. The results of the 

survey of Chapter Two clearly indicated that the current 

practice of risk allocation has additional problems than 

what has been initially discovered in the literature review.  

The research findings improve the understanding of the 

problems associated with the current practice of risk 

allocation.  In addition, the findings will aid the construction 

industry practitioners and professionals in understanding risk 

allocation and provide an alternative to the established 

mindset of risk allocation. 

3. Investigation, identification, and evaluation of the barriers 

to optimal risk allocation. Chapter Three of this study adds 

a value to the body of knowledge by a pioneer 

exploration of the root causes of suboptimal risk allocation 

in the construction industry; barriers to optimal risk 

allocation; rather than just finding solutions to the 
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symptoms (problems of the current practice of risk 

allocation in the construction industry).  However, the 

symptoms; problems of the current practice of risk 

allocation were initially investigated in Chapter Two. 

4. Classifications of the barriers to optimal risk allocation were 

put into three broad classes, behavioral, technical, and 

organizational.  Behavioral barriers are related to individual 

interpersonal and intrapersonal characteristics, technical 

are related to the methodology and technique things are 

performed, and the organizational barriers are related to 

the culture of organizations involved in the construction 

project. This classification should help the construction 

industry understand these barriers and help overcoming 

them.  This study recommends teamwork, cooperation, 

collaboration, and joint risk management concepts to be 

introduced and stressed on as concepts, instead of 

allocation by aversion, and to be practiced by the 

construction industry to overcome the behavioral barriers. 

To overcome the technical barriers, the current 

methodology and techniques of risk allocation should be 

revised considering the barriers discovered by this study. 

The above-mentioned recommendations to overcome the 

behavioral and technical barriers should help to overcome 

the organizational barriers.  

5. Segregation/aggregation of risk management capability 

and ability to sustain and tolerate the consequences of risk 
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for risk allocation.  Current practice of risk allocation 

combines risk management capability and consequence 

capacity while they are different.  A construction party’s 

risk management capability and its ability to sustain the 

consequences of that risk should be evaluated for every 

risk event identified in the project for segregation/ 

combination to best fit the capabilities. 

6. Development of an analytical model that links the barriers 

to optimal risk allocation to the problems of the current 

practice of risk allocation and to the impacts of the 

problems on the construction projects as causes and 

effects relationship.  The developed model provides insight 

to the construction industry of the current practice of risk 

allocation it’s negative impacts on project performance.  

The analytical model is shown in Figure 5-1 below.  

7. Development, verification and validation of an optimal risk 

allocation decision-aid mechanism were achieved.  The 

optimal risk allocation decision-aid mechanism developed 

in this study should provide an innovative and useful tool to 

the construction industry professionals and practitioners 

(engineers, project managers, project owners, contractors 

and subcontractors) by introducing a rational mechanism 

for developing a better decision aid for risk allocation.  The 

mechanism should aid differing parties in the construction 

industry by alleviating problems of the current practice of 

risk allocation, overcoming the barriers to optimal risk 
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allocation identified in this study. It should help in reducing 

adversarial relationships between construction project 

participants, in initiating trust, and in building a cooperative 

relationship in construction projects.  As a result of this, the 

mechanism should reduce the total project cost, reduce 

project delays and improve the overall quality of 

construction project. The mechanism is to establish a 

paradigm shift from aversion allocation to rational 

allocation of risks in the construction industry.  
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Figure 5-1 Analytical Model of the Current Practice of Risk Allocation in 

a Causal-Effects Relationship 
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5.4 HIGHLIGHTS OF ORAM 
 

Major features of the proposed optimal risk allocation decision-aid 

mechanism can be summarized as follow: 

1. The developed mechanism goes beyond the current 

practice of risk allocation by providing guidance answering 

the pertinent risk allocation questions of what to allocate? 

To whom? How to share? and When to re-allocate?. The 

current practice of risk allocation provide guidance 

answering the To whom question only. 

2. The mechanism can be used by project owners and 

contractors alike.  

3. It segregates and tests for project parties’ risk management 

capabilities and the abilities to sustain the consequences 

of risks when they occur when allocating risks.  

4.  It acknowledges the need for dynamic allocation of risks. 

Current practice of risk allocation is static while 

construction projects are dynamic in nature and risks often 

change over the lifecycle of construction projects. Risks 

might change, disappear, and/or new risks might appear. 

Research indicates that static allocation of risks causes 

disputes and adversarial relationships.  

5. It creates a cooperative environment for the project 

participants before the final contractual agreement, or 

upon re-evaluation of a risk. 
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6. It helps ease the risk allocation problems at the root causes 

of the problems (at the barriers level).  

7. It encourages jointly cross checking risk identification and 

joint risk assessments for risks exceeding the thresholds of 

certain risk probabilities and risk magnitudes. Experts’ panel 

members of this study set the initial thresholds values. The 

threshold values can be adjusted by project participants, 

to meet project-specific risk tolerance beliefs; if need to be 

changed from the values suggested by the expert panel.   

8. The mechanism is unique in a way that it is extensive in 

handling risk allocation in the construction industry 

because the research investigated the problems of the 

current practice of risk allocation, the barriers to optimal risk 

allocation,  and then developed a model that that solves 

for the discovered problems  and overcomes the barriers.   

9. The developed mechanism helps make a rational win-win 

situation for all parties involved.  Other models reviewed in 

the literature are centered around one project party 

(contractor or the private party in the PPP projects).  

5.5 LIMITATIONS OF THE STUDY 
 

As with any study, this study has some limitations. The limitations are 

related to the assumptions used, survey and data collection 

methodologies, and structure of the research.  Major limitations of this 

study can be summarized as follow: 
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 Since it is impractical to conduct a universal survey, the surveys 

used in Chapters Two and Three were focused on the USA as a 

geographical area.  Diversity of the States provided a rich source 

of data and information to this study. 

 Similarly, since the construction industry has many sectors (heavy 

civil projects, roads construction projects, residential construction 

projects, industrial projects, commercial projects, institutional 

projects, etc.) and each of these construction sector has it’s own 

unique construction environment. The surveys used in this study 

are limited to commercial building projects.  

 This study was limited to risk allocation in the construction phase 

of a project. This is reasonable since it is often construction risks 

that receive the most attention in the construction project risk 

management.  However, risk allocation during other phases (like 

design, commissioning, operation, etc.) of a project is also of 

interest but was not covered by this study. 

 As with all survey studies, the wording and presentation of the 

survey questionnaire are vital for the study. To minimize this 

limitation and remove any ambiguities in the questionnaires of 

this study, pilot testing was carried out for all of the surveys.  

 The information used for the mechanism verification and 

validation in this study is fundamentally linked to panel members' 

personal values, concepts, ideas, experience, and quality of 

opinions. 
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Despite the above limitations, the author strongly believes that this 

study presented valuable and innovative information that can be used 

by the construction industry. Additionally, the decision-aid mechanism, 

developed and validated by this study, is a useful tool that can be used 

by the construction industry professionals and practitioners to make 

rational decisions for optimal risk allocation. The following section 

suggests research topics that would improve the findings of this 

research. 

 

5.6 SUGGESTIONS FOR FURTHER RESEARCH 

 

Following are some suggestions for future research that could improve 

the effectiveness and applicability of this study.  

1. Validate the proposed model by a case study of actual projects 

to check against the four project indicators (cost, schedule, 

quality and relationships among project parties). 

2. Develop a similar risk allocation model/mechanism for risks 

allocation for other phases of a construction project such as, 

design phase, commissioning, and operation phase.  

3. Investigate and evaluate pure enablers of optimal risk allocation.  
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APPENDIX I 
 

 

GLOSSARY OF TERMS 
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1. Acts of God: They include things that could happen beyond the 

control of human and might affect the construction projects like 

hurricanes, earthquakes, volcanic rupture, tsunamis and other 

natural phenomena.   

2. Change Order: Formal alteration or modification order to alert 

original contract requirements. 

3. Lump Sum Turn Key (LSTK):  A construction contract, which 

includes engineering, procurement, construction, construction 

management and commissioning of the project. 

4. Pure Risks: Are uncertainties as to whether some unpredictable 

event that can result in loss will occur. Pure risk can result only in 

loss, never in gain. This kind of risk consists of hazards such as a fire 

or a hurricane, death of key employees, or customer injuries on 

the premises of the business. Pure risk exists when the possibility of 

loss is present, but the extent of the possible loss is unknown. Pure 

risk is different from speculative risk because speculative risk 

carries the possibility of gain as well as loss. 
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5. Risk Allocation:   Allocating responsibility for dealing with the 

consequences of each risk to one of the parties to the contract, 

or agreeing to deal with the risk through a specified mechanism, 

which may involve sharing the risk.  

6. Risk Assessment:  Evaluation, review and appraisal of the 

possibility of loss, injury, disadvantage, damage or destruction.  

7. Risk Assumption: Also known as risk absorption or risk retention, 

involves the planned acceptance of the risk of loss. In some 

instances, reducing certain risks may be too expensive. 

Generally, the small business owner will assume risks in which 

losses that occur will not produce significant financial 

consequences to the business. Determining the amount of loss 

that is significant is not a precise science.  

8. Risk Avoidance: (eliminating the risk) is abandoning or refusing to 

undertake an activity in which the risk seems too costly.  

9. Risk Management: A systematic and iterative process of 

identifying and analyzing risks, determining the most appropriate 

techniques for handling those risks, implementing the techniques, 

and monitoring the results. 
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10. Risk Reduction: (minimizing the risk) consists of using various 

methods to reduce the probability that a given event will occur. 

Although some risks cannot be avoided, most can be 

appreciably reduced. The primary control technique is 

prevention, including the use of safety and protective 

techniques.  

11. Risk Transfer: means shifting the consequences of a risk to persons 

or organizations outside your business. The best known form of risk 

transfer is insurance, which is the process by which an insurance 

company agrees to pay an individual or organization an agreed 

upon sum of money for a prospective future loss.  

12. Speculative Risks: are uncertainties as to whether an activity will 

result in a gain or a loss. Risks, such as building a plant that turns 

out to have the wrong capacity or keeping an inventory level 

that turns out to be too high or too low, are speculative risks. 

Speculative risk is unavoidable and is inherent in the nature of the 

private enterprise system. They  involve the possibility of Loss, No 

Loss or Gain 

13. Risk: an uncertain event or condition that, if it occurs, has a 
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positive or negative effect on at least one project objective, such 

as time, cost, scope, or quality 

14. Risk Control (Risk  Mitigation):  an attempt to reduce or mitigate 

exposure to the risk by controlling  the likelihood (probability)of a 

risk; and/or  the impact (consequences)of the risk. 

. 

15. Optimal Risk Allocation: occurs when a given risk should be 

assigned to the party of the contract best able to evaluate, 

control, manage, and assume that risk at a minimum cost to the 

project. 

 

16. Cluster Sampling:  a probability sampling technique used when 

groupings are obvious in a statistical population. In this technique, 

the total population is divided into groups or clusters and a 

sample of the clusters is selected. Then the required information is 

collected from the elements within each selected cluster.  

 

17. Stratified Sampling: a Probability sampling procedure in which the 

population is divided into two or more relevant strata and a 

random sample (systematic or simple) is drawn from each of the 

strata. 

 

18. Random Sampling: a  probability sample in which the units 

composing a population are assigned numbers, a set of random 

numbers is then generated, and the units having those numbers 

are included in the sample. 
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19. Likert Scale: A composite measure developed by Rensis Likert in 

an attempt to improve the levels of measurement in social 

research through the use of standardized response categories in 

survey questionnaires. Likert items are those using such response 

categories as: strongly agree, agree, neutral, disagree, and 

strongly disagree. 

 

20. Risk Averse: Where decision makers prefer a sure cash payments 

to a risky venture with a known expected value greater than the 

sure cash payment. 

 

21. Questionnaire: A document containing questions and directions 

designed to solicit information appropriate to analysis. 

Questionnaire is used primarily in survey research and also in 

experiments,  field research and other modes of observations.  

 

22. Risk Neutral: Where decision makers are indifferent between a 

sure cash payment and a risky venture with an expected value 

equals to the sure cash payment and therefore accept a fair 

gamble. 

 

23. Expert Panel: A specially constituted work group that meets for 

evaluation. Expert panels are usually made up of independent 

specialists recognized in the fields covered by the evaluated 

program in the evaluation process, usually as a mechanism for 
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synthesizing information from a range of sources, drawing on a 

range of viewpoints, in order to arrive at overall conclusions. 

 

24. Barrier: barriers imply that there are some of known conditions 

that might prevent progress or make it difficult to achieve  

something.  

 

25. Optimal Risk Allocation: the decision to allocate risk event to a 

party or parties (shared)such that the allocation minimizes the 

negative impacts on explicit and measurable project 

performance indicators such as project cost; project schedule; 

project quality; or any other explicit measurable project 

indicator, at the time and circumstances of making that decision. 

  



256 

 

APPENDIX II 

 

 

REFERENCES 
 

  



257 

 

 

BIBLIOGRAPHY 
 

Webster's New Collegiate Dictionary. (1977). Springfield, MA: G&C. 

Merriam Company. 

A guide to the Project Management Body of Knowledge. (2000). 

Newton Square, Pennsylvania, USA: Project Management 

Institute. 

USA regions map. (2000). Retrieved June 16, 2011, from maps of the 

world: http://www.mapsofworld.com/usa/regions-map.html 

Web Dictionary of Cybernetics and Systems. (2002, October 31). 

Retrieved May 7, 2012, from Principia Cybernetica Web: 

http://pespmc1.vub.ac.be/ASC/DECISI_THEOR.html 

Decision Making Models. (2005). Retrieved May 12, 2012, from Robust 

Decisions: http://www.robustdecisions.com/decision-making-

tools/decision-making-models.php 

Business Dictionary. (2010). Retrieved March 3, 2011, from 

Businedddictionary.com: 

http://www.businessdictionary.com/definition/uncertainty.html 

Merriam-Webster Online Dictionary. (2010). Retrieved February 25, 2011, 

from http://www.merriam-webster.com/ 

world industries statistics/construction. (2010). Retrieved February 27, 

2011, from Economy watch: 



258 

 

http://www.economywatch.com/world-

industries/construction/world.html 

Precisionconsulting- dissertation-help. (2011). Retrieved December 24, 

2011, from Precision consulting company: 

http://precisionconsultingcompany.com/dissertation-help.shtml 

Adnan, H., & Morledge, R. (2003). Application of Delphi method on 

critical success factors in joint venture projects in the Malasian 

construction industry. CITC-II, (pp. 176-185). Hong Kong. 

Akintoye, A., & Main, J. (2007). Collaborative relationships in 

construction: the UK contractors' perception. Engineering, 

Construction and Architectural Management, 597- 617. 

Alder, M., & Ziglio, E. (1996). Gazing into the oracle: The Delphi Method 

and its application to social policy and public health. London: 

Jessica Kingsley Publishers. 

Alsalman, A. (2005). Assessment of risk management: perception and 

practice. MS Thesis. Dhahran, Saudi Arabia: KFUPM. 

Atkinson, R., Crawford, L., & Ward, S. (2006). Fundamental uncertainties 

in projects and the scope of project managemant. Internation 

Journal of Project Management, 687-698. 

Baker, D., Bridges, D., Hunter, R., Johnson, G., Krupa, J., & Sorenson, K. 

(2002). Guid book to Decision-Making Methods. Retrieved May 

09, 2012, from Department of Energy, USA: http://emi-

web.inel.gov/Nissmg/Guidebook_2002.pdf 



259 

 

Baldry, D. (1998). The evaluation of risk management in public sector 

capital projects. International Journal of Project Management, 

35-41. 

Baloi, D., & Price, A. D. (2003). Modeling Global Risk Factors Affecting 

Construction Cost Performance. International Journal of Project 

Management, 261-269. 

Bing, L., & Tiong, R. L. (1999). Risk Management Model for International 

Construction Joint Ventures. Journal of Construction Engineering 

& Management, 377-384. 

Bing, L., Akintoye, A., Edwards, & Hardcastle, C. (2005). The allocation of 

risk in PPP/PFI construction projects in the UK. International Journal 

of Project Management, 25-35. 

Bosche, R. V. (1978). Identifying construction claims. San Francisco, 

California: Trans Am. Assoc. of Cost Engrs. 

Chan, A. P., Yung, E., Lam, P., Tam, C. M., & Cheung, S. (2001). 

Application of Delphi method in selection of procurement 

systems for construction projects. Construction Management 

Econom, 699-718. 

Chapman, C. (2006). Key points of contention in framing assumptions 

for risk and uncertainty management. International Journal of 

Project Management, 303 - 313. 

Cheung, S., & Yiu, T. W. (2006, August). Are Construction Disputes 

Inevitable? Transactions on Engineering Management, 53(3), 456-

470. 



260 

 

Cheung, Y. K., Rowlinson, S., Jefferies, M., & Lau, E. (2005). Relationship 

Contracting in Australia. Journal of Construction Procurement, 

123-135. 

CII. (2006). Contracting to Appropriately Allocate Risk, Research 

summary 210-1. Construction Industry Institute Reseach Team. 

Committee, P. M. (2004). A guid to the project management body of 

knowledge. PMI. 

COSO. (2004). Enterprize risk management-Integrated framework. New 

York: Committe of Sponsoring Organization of the Treadway 

Commission. 

Dajani, J. S., & Ortolano, L. (1979). Methods of Forecasting the 

reciprocal Impacts of Infrastructure Development and Land-Use. 

Programs in Infrastructure Planning and Management, Stanford 

University, Department of Civil Engineering. 

De Vaus, D. A. (2001). Research Design in Social Research. London: 

SAGE. 

El-sayegh, S. M. (2008). Risk Assessment and Allocation in the UAE 

Construction Industry. International Journal of Project 

Management, 431-438. 

Erikson, C. A. (1979). Risk Sharing in Construction Contracts. Urbana: 

Dept. of Civil Engrg. Univ. of Illinois. 

Erikson, C., O'Conner, M., & Boyer, L. (1978). Construction process risk 

allocation. Transaction of the American Association of Cost 

Engineers, 9-12. 



261 

 

Fan, M., Lin, N.-P., & Sheu, C. (2008). Choosing a project risk-handling 

strategy: An Analytical Model. International Jour. Production 

Economics, 700-713. 

Favie', R., Kafa, A., & Mass, G. (2008). Risk Allocation in Joint Venture.  

Hallowell, M., & Gambatese, J. (2010). Qualitative Research: 

Application of the Delphi Method to CEM Research. Journal of 

Construction Engineering and Management, 136(1), 99-107. 

Hanna, A. S. (2007, January). Risk Allocation and Increased Claims in 

the Construction Industry. Journal of Professional Issues in 

Engineering Education and Practice. ASCE. 

Jannadi, O., Assaf, S., Bubshait, A., & and Allam, N. (2000). Contractual 

methods for dispute avoidance and resolution (DAR). 

International Journal of Project Management(18), 41-49. 

Jin, X.-H. (2010). Determinants of Efficient Risk Allocation in Privately 

Financed Public Infrastructure Projects in Australia. Journal of 

Construction Engineering and Management, 138-150. 

Jin, X.-H., & Doloi, H. (2009). Modeling risk allocation in privately 

financed infrastructure projects using Fuzzy logic. Computer-

Aided Civil and Infrastructure Engineering, 509-524. 

Jin, X.-H., & Zhang, G. (2010). Modeling Optimal risk allocation in PPP 

projects using artificial neural network. International journal of 

Project Management, 1-13. 



262 

 

Jin, Y., & Geslin, M. (2007). Study of argumentative negotiation in a 

collaborative design. IDETC/CIE2007, (pp. DETC2007-35710). Las 

Vegas, Nevada. 

Kaka, A., Wong, C., & Forture, C. (2008). Culture change through the 

use of appropriate pricing systems. Engineering, Construction and 

Architectural Management, 66-77. 

Ke, Y., Wang, S., & Chan, A. (2011). Equitable risk allocation of projects 

inside China: analysis from Delphi survey studies. Journal of 

Chinese Management Studies, 298-310. 

Keil, M., Wallace, L., Turk, D., Dixon-Randall, G., & Nulden, U. (2000). An 

investigation of risk perception and risk propensity on the decision 

to continue a software development project. The Journal of 

Systems and Software, 145-157. 

Kerf, M. e. (1998). Concessions for infrastructure: a guide to their design 

and award. Washington, D.C.: World Bank. 

Khaz Ali, A. R., Farahani, F. J., & Ahmadabadi, M. N. (2011). Bayesian 

Network—A New Probabilistic Method for Petrolum reservoir 

production prediction. Petroleum Science and Technology, 745-

757. 

Kording, K. P., & Wolpart, D. M. (2006, July). Bayesian Decision Theory in 

Sensorimotor Control. Trends in Cognitive Sciences, 10(7), 319 -

326. 

Kumaraswamy, M. (1997). Common categories and causes of 

construction claims. Construction Law Journal, 21-34. 



263 

 

Kumaraswamy, M. (1997). Common categories and causes of 

construction claims. Construction Law Journal, 21-34. 

L., E. (1995). Practical risk management in construction industry. London: 

Thomas Teleford. 

Lam, K., Wang, D., Patricia, T., & Tsang, Y. (2007). Modeling Risk 

Allocation Decision in construcction Contracts. International 

Journal of Project Management, 485- 493. 

Levitte, R., Ashley, D., & and Logcher, R. (1980). Allocation of risks and 

incentive in construction. Jour. of Construction Div. ASCE. 

Linstone, H., & Turloff, M. (1975). The Delphi method: Techniques and 

applications. London, UK: Addison-Wesley. 

Loosemore, M., & McCarthy, C. (2008). Perceptions of contractual risk 

allocation in construction supply chains. Journal of Professional 

Issues in Engineering Education and Practice, 95-105. 

Lyons, T. (2003). Project risk management in the construction industry: a 

review. The Australian Institute of Quantity Surveyor. 

Meng, X. (2012). The effect of relationship management on project 

performance in construction. International Journal of Project 

Management, 188-198. 

Migilinskas, D., & Ustinovicius, L. (2008). Methodology of Risk and 

Uncertaivty Management in Construction's Technological and 

Economical Problems. The 25th International Symposium on 

Automation and Robotics in Construction (pp. 789 - 795). Institute 

of Internet and Intelligent Technology. 



264 

 

Mulholland, B. a. (1999). Risk assesment in Construction Schedules. J. of 

Construction Engineering and Management ASCE, 125(1), pp. 

101-107. 

Ng, A., & Loosemore, M. (2007). Risk allocation in the private provision of 

public infrastructure. International journal of Project 

Management, 66-76. 

Osipova, E. (2007). The impact of contractual and collaboration forms 

on risk management in Sweedish construction projects. Second 

International Conference World of Construction Project 

Management. The Netherland. 

PMBOOK. (2000). A guide to the Project Management Body of 

Knowledge. Newton Square, Pennsylvania, USA: Project 

Management Institute. 

Rahman, M. M., & Kumaraswamy, M. M. (2002). Joint risk management 

through transactionally efficient relational contracting. Constr. 

Management Econm., 45 -54. 

Rahman, M. M., & Kumaraswamy, M. M. (2002). Risk Management 

Trends in the Construction Industry: moving towards joint risk 

management. Engineering Construction and Architectual 

Management , 131-151. 

Rahman, M. M., & Kumaraswamy, M. M. (2005, May). Assembling 

integrated project teams for joint risk management. Construction 

Management and Economics, 365-375. 



265 

 

Rajendran, S. (2006). Sustainable Construction Safety and Health Rating 

System. Civil and Environmental Engineering. Corvallis: Oregon 

State University. 

Rashid, Z. A., Adnan, H., & Jusoff, K. (2008, June). Legal Framework on 

risk Management for Design works in malaysia. journal of Politics 

and Law, 1(2), 26-32. 

rogers, M. R., & Lopez, E. C. (2002). Identifying critical cross-cultural 

school psychology competencies. Journal of school psychology, 

115-141. 

Rose, M. (2001, November 5). Risk versus Uncertainty, or Mr. Slate versus 

Great-Aunt Matilda. Retrieved February 25, 2011, from 

econlib.org: 

http://www.econlib.org/library/Columns/Teachers/riskuncertainty

.html 

Roumboutsos, A., & Anagnostopulos, K. (2008). Public-private 

partnership projects in Greece. Risk ranking and preferred risk 

allocation. Construction Management and Economics, 26(7), 

751-763. 

Rousmaniere, P. (2002). Share and Share Alike. Best's Review, 103, pp. 

61-63. 

Rowe, G., & Wright, G. (1999). The Delphi technique as a forcasting tool: 

Issues and analysis. International Journal of Forecasting, 353-375. 

Samdal, C., Swenson, B., & Wreman, J. (1992). Model Assisted Survey 

Sampling. New York: Springer-Verlag. 



266 

 

Savage, L. J. (1954). The Foundation of Statistics. New York: John Wiley. 

Shen, L. Y. (1997). Project risk management in Hong Kong. International 

Journal of project management, 15(2), 101-105. 

Shen-fa, W., & Xiao-ping, W. (2009). The rule and method of risk 

allocation in project finance. The 6th International Conference 

on Mining Science & Technology (pp. 1757 - 1763). Procedia 

Earth and Planetary Science. 

Skulmoski, G. J., Hartman, F. T., & Krahn, J. (2007). The Delphi Method fo 

Graduate Research. (P. Jerry, Ed.) Journal of IT education, 6, 1-21. 

Smith, N. (2003). Appraisal, Risk and Uncertainty (construction 

Management Series). London: Thomas Telford Ltd, UK. 

Smith, R. (1995). Risk identification and Allocation: Saving Money by 

Improving Contracting and Contracting Practices. The 

International Construction Law Review, 40-71. 

Smyth, H., Gustafsson, M., & Ganskau, E. (2010). The value of trust in 

project business. International Journal of Project Management, 

28(2), 117-129. 

Steen, R. H. (1994). Five Steps to Resolving Construction Disputes Without 

Litigation. Journal of Management in Engineering, 19- 21. 

Survey System, C. R. (1992). sample size formula. Retrieved September 

15, 2011, from Survey system: 

http://www.surveysystem.com/sample-size-formula.htm 



267 

 

Tah, J. H. (2001). Knowledge-based approach to construction project 

risk amangement. Journal of computing in Civil Engineering, 170-

177. 

Tah, J. H., & Carr, V. (2001). Knowledge-based approach to 

construction project risk amangement. Journal of computing in 

Civil Engineering, 170-177. 

Tang, W., Duffield, C. F., & Young, D. (2006). Partnering mechanism in 

construction: An empirical study on the Chinese construction. 

Journal of Construction Engineering, 217-229. 

Thompson, L. L. (2001). The Mind and Heart of the Negotiator, Second 

Edition. Upper Saddle River, NJ: Prentice Hall. 

Wang, M.-T. a.-Y. (2003, April). Risk allocation and Risk Handling of 

Highway Projects in Taiwan. Journal of Management in 

Engineering, 60-68. 

Wang, M.-T., & Chou, H.-Y. (2003, April). Risk allocation and Risk 

Handling of Highway Projects in Taiwan. Journal of Management 

in Engineering, 60-68. 

Wang, S., Dulaimi, M., & Aguria, M. (2004). Risk Management framework 

for construction projects in developing countries. Construct 

Manage Econ., 237-252. 

Ward et al. (1991). On the allocation of risk in construction projects. Int. 

J project Manag, 9, pp. 140-147. 

Wibowo, A. a. (2008). Perceived risk allocation in public-private-

partnerd(PPP) water supply project in Indonesia. First International 



268 

 

Conference on Construction In Developing Countries (ICCIDC-I) 

(pp. 349-356). Karachi, Pakistan: Advancing and Integrating 

Construction Education, Research and Practice. 

Wood, G. d., & Ellis, R. C. (2003). Risk Management Practices of Leading 

UK cost consults. Eng., Constr., Archit. management, 10(4), 245- 

262. 

Zaghloul, R., & Hartman, F. (2003). Construction contracts: the cost of 

mistrust. International Journal of Project Management, 419-424. 

Zaneldin, E. K. (2006). Construction claims in United Arab Emirates: 

Types, causes and frequency. International Journal of Project 

Management, 453- 459. 

Zavadskas, E. K., Turskis, Z., & Tamosaitiene, J. (2010). Risk Assessment of 

Construction Projects. Journal of Civil Engineering and 

Management, 33-46. 

Zayed, T., Amer, M., & Pan, J. (2008). Assessing risk and uncertainty 

inherent in Chinese highway projects using AHP. International 

Journal of Project Management, 408 - 419. 

Zultakiyuddin, Ahmad Rashid; Hamimah, Adnan; Shah Alam; and 

Kamarzaman Jusoff. (2008). Legal Framework on risk 

Management for Design works in malaysia. Journal of Politics and 

Law, 1(2). 

 



269 

 

APPENDIX III 

 

SURVEY QUESTIONNAIRES 
 

 

  



270 

 

SECTION I SURVEY QUESTIONNAIRE 

Survey Invitation – Current Practice of Risk Allocation 
Greetings, 

 

Oregon State University (OSU) is conducting a national survey. You 

are one of a few experts selected to participate. Your opinion is 

important and will form the basis for recommendations to improve risk 

allocation in the construction industry. 

 

The purpose of this survey is to examine and evaluate the problems 

with the current practice of risk allocation in construction 

projects. You are kindly requested to answer a number of questions, 

based on your opinion and experience, about the impacts of the 

current practice of risk allocation on construction projects. The 

estimated time to complete this survey is about 15 minutes. 

 

The data collected will be highly confidential and will be used for 

this research only. Collected data will be pooled to look for trends 

rather than looking for specific individual information. 

 

If you feel you received this email in error, please forward it to 

the appropriate person. 

 

Please follow this link to complete the 

survey: https://surveys.bus.oregonstate.edu/BsgSurvey2_0/main.aspx?Su

rveyID=4345 

 

If you have any question regarding this survey, please contact us at: 

David.Sillars@oregonstate.edu or alsalmaa@onid.orst.edu . 

 

Thank you for your cooperation. 

 

David N. Sillars, PhD            Ali Alsalman 

Associate Professor              PhD candidate 

201c Kearney Hall (office)       220 Owen Hall 

220 Owen Hall (mail)             School of Civil & Construction Engr. 

Oregon State University           Oregon State University 

Corvallis, OR 97331               Corvallis, OR 97331 

E-mail: David.Sillars@oregonstate.edu  E-mail: alsalmaa@onid.orst.edu 

https://surveys.bus.oregonstate.edu/BsgSurvey2_0/main.aspx?SurveyID=4345
https://surveys.bus.oregonstate.edu/BsgSurvey2_0/main.aspx?SurveyID=4345
https://webmail.oregonstate.edu/imp/message.php?mailbox=sent-mail&index=472
https://webmail.oregonstate.edu/imp/message.php?mailbox=sent-mail&index=472
https://webmail.oregonstate.edu/imp/message.php?mailbox=sent-mail&index=472
https://webmail.oregonstate.edu/imp/message.php?mailbox=sent-mail&index=472
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Survey Questionnaire- Current Practice of Risk 

Allocation 

Current Practice of Risk Allocation 

The purpose of this survey is to research risk allocation in the construction industry, 

and to identify, investigate, and evaluate the problems with the current practice of 

risk allocation in construction projects. This survey is part of a research that will be 

documented as a PhD dissertation. 

You are kindly requested to answer a number of questions based on your opinion 

and experience about the impacts of the current practice of risk allocation on 

construction projects.  

This survey is intended for participants at least 18 years of age related to the 

construction industry as contractors/subcontractors, designers/consultants, material 

or equipment suppliers, or owners of construction projects in the USA. Participation 

is voluntary and the estimated time to complete this survey is about 15 minutes.  

There are no anticipated risks to participants. However, an internet-based survey tool 

will be used. The security and confidentiality of information collected from you online 

cannot be guaranteed. Information collected online can be intercepted, corrupted, 

lost, destroyed, arrive late or incomplete, or contain viruses..Please answer each and 

every question honestly and according to your opinion. The data collected will be 

highly confidential and will be used for this research only.  Collected data will be 

pooled to look for trends rather than looking for specific individual information. 

If you have questions about your rights or welfare as a participant, please contact the 

Oregon State University Institutional Review Board(IRB) Office, at (541) 737-8008 or 

by email at IRB@oregonstate.edu 

https://webmail.oregonstate.edu/imp/message.php?mailbox=INBOX&index=1505
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  Indicates required questions  
Overview 

This survey is a part of a larger study to research risk allocation in the 

construction industry. The study consists of three parts. The first part is to 

investigate the problems with the current practice of risk allocation. The 

second part is to study the barriers to optimal risk allocation and the third 

part is to develop a model or a mechanism to achieve optimal risk 

allocation. This survey corresponds to the first part. Please answer each 

question based on your experience and according to your opinion. The 

data collected will be highly confidential and will be used for this 

research only. In addition to the general demographic questions, there 

are 2 sections in this survey.  

 

Introduction 

The essential purpose of risk management is to eliminate or minimize 

adverse outcomes that could affect project performance. In the construction 
industry, participants traditionally allocate risk by aversion. As a traditional practice, 
owners tend to shift risk to the primary contractor, who in turn pushes it to the 
subcontractors. As a result of this, risk may be re-allocated to parties with the least 
amount of control and influence over the risk to manage it. This risk allocation might 
not be effective.  Effective, appropriate and optimal risk allocation is critical to the 
overall project success. 

Optimal risk allocation occurs when a given risk is allocated to the party 

of the contract best able to evaluate, control, manage, and assume 

that risk at a minimum cost to the project. 

 

Note: It is highly recommended that a project manager, if possible, 

completes this survey, for better results.   

 

A-General Background Information 

1. Name of the Company / Establishment    

     

 

Construction Risk Allocation       

Survey Home  OSU Home     

_   

http://www.oregonstate.edu/
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2. Estimated number of Employees    

50-99 

100-150 

151-200 

More than 200 

Other 

Please specify other here: 

 

3. Gross revenues (approximate in $ Million)      

    (format: xx.yy)  

Individual completing the questionnaire: 

4. Name: (optional)  

     

5. Job title and Department    

     

6. Phone Number (optional)    
    (format: (xxx)yyy-zzzz)  

7. State   

 

8. May we contact you if follow up is required?   

 

9. E-mail     
    (format: name@domain.[com|org|edu|biz|info])  

10. How long has the company been in the construction industry?    

1-5 Years 

6-10 Years 

Other 

Please specify other here: 

 

11. How long has the company been in the construction industry?    

1-5 Years 

6-10 Years 

Other 

Please specify other here: 

 

 

12. How many years have you held a professional position in the 
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construction industry?    

1-2 Years 

3-5 Years 

6-10 Years 

Other 

Please specify other here: 

 

13. Which best describes your company's line of business in the construction 

industry? (Check all that applies)    

Owner  

Project Manager  

Contractor  

Subcontractor 

Material/ Equipment supplier  

Other 

Please specify other here: 

 

 

B-Questionnaire: 

In the following,  traditional risk allocation practice by 

aversion means that owners tend to shift risk to the primary 

contractor, who in turn pushes it to the subcontractors. As a result 

of this, risk may be re-allocated to parties with the least amount of 

control and influence over risk to manage it. 

 

14. The traditional practice of risk allocation (defined above) leads to 

dispute between project participants.   

Strongly agree 

Agree 

Neutral 

Disagree 

Strongly disagree 

 

15. The traditional practice of risk allocation (defined above) leads to 

adversarial project environments and aggressive relationships between 

project participants.   
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Strongly agree 

Agree 

Neutral 

Disagree 

Strongly disagree 

 

16. Adversarial project environments and aggressive relationships between 

project participants    

 

 

 
  1   2   3   4   5   

increase project cost 
     

  

cause project delays 
     

  

negatively affect the overall quality 

performance of the project      
  

 

 

17. The traditional practice of risk allocation(defined above) leads to 

subjective pricing of risk leading to a higher contingency   

Strongly agree 

Agree 

Neutral 

Disagree 

Strongly disagree 

 

18. Subjective pricing of risk that lead to higher contingencies    

 

 

 
  1   2   3   4   5   

increase project cost 
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cause project delays 
     

  

negatively affect the overall quality 

performance of the project      
  

 

 

19. Please rate the following statements:    

 

 

 
  1   2   3   4   5   

The traditional practice of risk 

allocation leads to allocation of risk to 

a lower-tier project participant that 

has the least amount of control and 

influence over risk to manage it  

     
  

The allocation of risk to a lower-tier 

project participant increases project 

cost 
     

  

The allocation of risk to a lower-tier 

project participant causes project 

delays 
     

  

The allocation of risk to a lower-tier 

project participant negatively affects 

the overall quality performance of the 

project 

     
  

 

 

20. Please rate the following statements:    

 

 

 
  1   2   3   4   5   

The traditional practice of risk 

allocation (allocation by aversion) 

leads to misallocation of risk to project 
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participant  

Additional resources to manage the 

misallocated risk increases project 

cost and negatively affects the overall 

budget of the project  

     
  

Additional time to manage the 

misallocated risk causes delays and 

affects the overall schedule 

performance of the project 

     
  

 

 

21. The traditional practice of risk allocation negatively impacts the overall 

performance of the project   

Strongly agree  

Agree 

Neutral  

Disagree  

Strongly disagree 

Other 

Please specify other here: 

   

 

22. Traditionally, project risks are allocated and assumed static(through 

contracts clauses and conditions) at the beginning of the project, but in 

practice risks might change, disappear, and /or new risks might develop 

throughout the life cycle of the project and risk allocation usually is not 

revised accordingly.   

Strongly agree  

Agree 

Neutral  

Disagree  

Strongly disagree 

Other 

Please specify other here: 

   

 

23. Please, add any additional problems with the traditional 

current practice of risk allocation on the construction project that 

you think should be added to the questionnaire:  
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SECTION II SURVEY QUESTIONNAIRE 

Survey Invitation – Barriers to Optimal Risk Allocation 
 

Greetings, 

Oregon State University (OSU) is conducting a national survey. You 

are one of a few experts selected to participate. Your opinion is 

important and will form the basis for recommendations to improve risk 

allocation in the construction industry. 

 

The purpose of this survey is to examine and evaluate the barriers to 

optimal risk allocation in construction projects. You are kindly 

requested to answer a number of questions, based on your opinion and 

experience, about the current practice of risk allocation on 

construction projects. The estimated time to complete this survey is 

about 15 minutes. 

 

Please follow this link to complete the 

survey: https://surveys.bus.oregonstate.edu/BsgSurvey2_0/main.aspx?Su

rveyID=4844 

 

The data collected will be highly confidential and will be used for 

this research only. Collected data will be pooled to look for trends 

rather than looking for specific individual information. 

 

If you feel you received this email in error, please forward it to 

the appropriate person. 

If you have any question regarding this survey, please contact us at: 

David.Sillars@oregonstate.edu or alsalmaa@onid.orst.edu . 

 

Thank you for your cooperation. 

 

David N. Sillars, PhD            Ali Alsalman 

Associate Professor              PhD candidate 

201c Kearney Hall (office)       220 Owen Hall 

220 Owen Hall (mail)             School of Civil & Construction Engr. 

Oregon State University          Oregon State University 

Corvallis, OR 97331              Corvallis, OR 97331 

541-737-8058 (office)            541-231-6719 

E-mail: David.Sillars@oregonstate.edu  E-mail: alsalmaa@onid.orst.edu  

https://surveys.bus.oregonstate.edu/BsgSurvey2_0/main.aspx?SurveyID=4844
https://surveys.bus.oregonstate.edu/BsgSurvey2_0/main.aspx?SurveyID=4844
https://webmail.oregonstate.edu/imp/message.php?mailbox=sent-mail&index=584
https://webmail.oregonstate.edu/imp/message.php?mailbox=sent-mail&index=584
https://webmail.oregonstate.edu/imp/message.php?mailbox=sent-mail&index=584
https://webmail.oregonstate.edu/imp/message.php?mailbox=sent-mail&index=584
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Survey Questionnaire- Barriers to Optimal Risk 

Allocation 

  

 
This survey is to identify, investigate and evaluate the barriers to optimal risk allocation 

   

The purpose of this survey is to identify, investigate, and evaluate the barriers to 

optimal risk allocation in construction projects. This survey is part of a research that 

will be documented as a PhD dissertation. 

You are kindly requested to answer a number of questions based on your opinion and 

experience about the impacts of the current practice of risk allocation on construction 

projects.  

This survey is intended for participants at least 18 years of age related to the 

construction industry as contractors/subcontractors, designers/consultants, material or 

equipment suppliers, or owners of construction projects in the USA. Participation is 

voluntary and the estimated time to complete this survey is about 15 minutes.  

There are no anticipated risks to participants. However, an internet-based survey tool 

will be used. The security and confidentiality of information collected from you online 

cannot be guaranteed. Information collected online can be intercepted, corrupted, lost, 

destroyed, arrive late or incomplete, or contain viruses.Please answer each and every 

question honestly and according to your opinion. The data collected will be highly 

confidential and will be used for this research only.  Collected data will be pooled to 

look for trends rather than looking for specific individual information. 

If you have questions about your rights or welfare as a participant, please contact the 

Oregon State University Institutional Review Board(IRB) Office, at (541) 737-8008 or 

by email at IRB@oregonstate.edu 

 

 

Barriers to Optimal Risk Allocation 
      

Survey Home  OSU Home     

_   

https://webmail.oregonstate.edu/imp/message.php?mailbox=INBOX&index=1505
http://www.oregonstate.edu/
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This survey is to identify, investigate and evaluate the barriers to optimal risk allocation 

  Indicates required questions  

Introduction 

The following questionnaire is designed to identify, investigate and evaluate the 
barriers to an optimal risk allocation in the construction industry. 

 Optimal risk allocation occurs when a given risk is allocated to the party of the 
contract best able to evaluate, control, manage, and assume that risk at a minimum 
cost to the project. 

Please answer each question according to your opinion. The data collected will be 
highly confidential and will be used for this research only.   

First, please answer the general background information and then answer the more 
specific questions of the questionnaire.  

Note: It is highly recommended that a project manager, if possible, completes this 

survey, for better results.    
 

A-General Background Information 

1. Name of the Company / Establishment    

     

 

2. Estimated number of Employees    

50-99 

100-150 

151-200 

More than 200 

Other 

Please specify other here: 

 

 



281 

 

3. Gross annual revenues (approximate in $ Million)      

    (format: xx.yy)  

Individual completing the questinonnaire: 

4. Name: (optional)  

     

 

5. Job title and Department    

     

 

6. Phone Number (optional)    

    (format: (xxx)yyy-zzzz)  
 

7. State   

 

8. May we contact you if follow up is required?   

 

9. E-mail     

    (format: name@domain.[com|org|edu|biz|info])  
 

10. How long has the company been in the construction industry?    

1-5 Years 

6-10 Years 

Other 

Please specify other here: 

 

 

11. How many years have you held a professional position in the construction 

industry?    

1-2 Years 

3-5 Years 

6-10 Years 

Other 
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Please specify other here: 

 

 

12. Which best describes your company's line of business in the construction 

industry? (Check all that applies)    

Owner  

Project Management Consultant  

Contractor  

Subcontractor 

Material/ Equipment supplier  

Other 

Please specify other here: 

 

 

B-Questionnaire: 

In the following,  project participants includes:  

owner, designer, contractor, subcontractor, equipment and 

material manufacturers, material supplier, financial and funding 

institutes, and  government authorities-for licensing and 

regulations both local and federal 

13. Differing risk attitudes and risk perceptions among the multiple project 

participants (owner, designer, contractor, subcontractor, equipment and material 

manufacturers, material supplier, financial and funding institutes, and government 

authorities-for licensing and regulations both local and federal) is a barrier to optimal 

risk allocation in the construction industry   

Strongly agree 

Agree 

Neutral 

Disagree 

Strongly disagree 

 

14. Please rate the following statements as barriers to optimal risk allocation:    
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  1   2   3   4   5   

Aversion to risk by project participants is a 

barrier      
  

Complexity of contracts between project 

participants is a barrier      
  

Different participants with different sets of 

information about project risks is a barrier      
  

Imbalance and abuse of power among project 

participants is a barrier      
  

Lack of understanding of the benefits of 

optimal risk allocation is a barrier      
  

 

 

15. Static risk allocation (traditionally, project risks are allocated through contracts 

clauses and conditions at the beginning of the project while some risks might change, 

disappear, and /or new risks might develop throughout the life cycle of the project but 

risk allocation usually is not revised accordingly) for a dynamic projects is a barrier to 

optimal risk allocation in the construction industrycontingency   

Strongly agree 

Agree 

Neutral 

Disagree 

Strongly disagree 

 

16. Please rate the following statements:    

 

 

 
  1   2   3   4   5   

Poor risk management communication among 
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project participants is a barrier 

Lack of trust among project participants is a 

barrier      
  

Competitive attitude among project 

participants is a barrier      
  

13. Lack of joint risk management 

mechanism, which includes all project 

participants involved, is a barrier  
     

  

 

 

17. The practice of combining risk management capability and the ability to sustain 

the consequences of risk ( project participant might have the resources to effectively 

manage a risk event but might not have the resources to tolerate and sustain the 

consequences of that risk event effectively and vice versa) is a barrier to optimal risk 

allocation in the construction industry   

Strongly agree  

Agree 

Neutral  

Disagree  

Strongly disagree 

 

18. Staging of involvement (different project participants involved at different stages 

of the project life cycle) is a barrier to optimal risk allocation in the construction 

industry   

Strongly agree  

Agree 

Neutral  

Disagree  

Strongly disagree 

 

19. Please, add any additional barriers to optimal risk allocation in the construction project 

that you think should be added to the questionnaire:  
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Reminder To Survey Participants 
 

Greetings, 

 

 

If you filled out the survey we sent you, thank you!  If you didn't, 

could you please take a minute to do it now. 

Your opinion is important and will form the basis for recommendations 

to improve risk allocation in the construction industry. 

 

Please follow this link to complete the 

survey: https://surveys.bus.oregonstate.edu/BsgSurvey2_0/main.aspx?Su

rveyID=4844 

 

Thank you for your cooperation, 

 

Construction Risk Study Team 

 

David N. Sillars, PhD                  Ali Alsalman 

Associate Professor                    PhD candidate 

201c Kearney Hall (office)             220 Owen Hall 

220 Owen Hall (mail)                   School of Civil & Construction 

Engr. 

Oregon State University                Oregon State University 

Corvallis, OR 97331                    Corvallis, OR 97331 

541-737-8058 (office)                  541-231-6719 

E-mail: David.Sillars@oregonstate.edu  E-mail: alsalmaa@onid.orst.edu 

  

https://surveys.bus.oregonstate.edu/BsgSurvey2_0/main.aspx?SurveyID=4844
https://surveys.bus.oregonstate.edu/BsgSurvey2_0/main.aspx?SurveyID=4844
https://webmail.oregonstate.edu/imp/message.php?mailbox=sent-mail&index=600
https://webmail.oregonstate.edu/imp/message.php?mailbox=sent-mail&index=600
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SECTION III SURVEY QUESTIONNAIRE 

Delphi Invitation: 
 

Oregon State University (OSU) is developing a decision-aid model to 

help construction industry practitioners allocate construction risk. You 

are one of a few experts invited to participate. Your opinion is 

important and will form the basis for recommendations to improve risk 

allocation in the construction industry. 

 

The purpose of the model is to provide an improvement to the current 

practice of risk allocation in construction projects and to help make 

better decisions in allocating construction risks based on pre-

determined criteria. 

 

You are kindly requested to participate in a Delphi study by answering 

a number of questions, based on your opinion and experience, about 

how risks should be allocated in construction projects. 

 

To orient those who are not familiar with the Delphi survey process, it is a 

process by which groups of experts (anonymous among each other) 

answer a questionnaire in two or more rounds. After each round, a 

statistical summary of the results (and the arguments of the extreme 

answers, if possible) are anonymously fed back to the experts allowing 

them to adjust their answers. The survey questionnaire for this study 

should not take more than 15-20 minutes to answer and we hope this 

study will converge in 2-3 rounds, which will be spread across a period 

of several weeks. 

 

We need your help on this important study. Please follow the following 

link to complete the initial introductory survey of the Delphi: 

https://surveys.bus.oregonstate.edu/BsgSurvey2_0/main.aspx?SurveyID

=4790  

 

The purpose of this introductory survey is to objectively confirm your 

status as an expert in the construction risk management field based on 

your academic and professional experience and achievements. 

 

The estimated time to complete the initial introductory survey is about 

10 minutes. 

https://surveys.bus.oregonstate.edu/BsgSurvey2_0/main.aspx?SurveyID=4790
https://surveys.bus.oregonstate.edu/BsgSurvey2_0/main.aspx?SurveyID=4790
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If you are unable to participate, please reply and let us know. 

 

If you have any question regarding this survey, please contact us at: 

David.Sillars@oregonstate.edu or alsalmaa@onid.orst.edu. 

 

Thank you for your cooperation. 

 

David N. Sillars, PhD                             Ali Alsalman 

Associate Professor                                 PhD candidate 

201c Kearney Hall (office)                    220 Owen Hall 

220 Owen Hall (mail)                             School of Civil &Construction Engr. 

Oregon State University                        Oregon State University 

Corvallis, OR 97331                                Corvallis, OR 97331 

541-737-8058 (office)                             541-231-6719 

E-mail: David.Sillars@oregonstate.edu    E-mail: alsalmaa@onid.orst.edu 

 

 

 

 

 

  

mailto:David.Sillars@oregonstate.edu
mailto:alsalmaa@onid.orst.edu
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Delphi Initial Round Invitation 
Greetings , 

 

Oregon State University (OSU) is developing a decision-aid model to 

help construction industry practitioners allocate construction risk. You 

are one of a few experts invited to participate. Your opinion is 

important and will form the basis for recommendations to improve risk 

allocation in the construction industry. 

 

The purpose of the model is to provide an improvement to the current 

practice of risk allocation in construction projects and to help make 

better decisions in allocating construction risks based on pre-

determined criteria. 

 

You are kindly requested to participate in a Delphi study by answering 

a number of questions, based on your opinion and experience, about 

how risks should be allocated in construction projects. 

 

To orient those who are not familiar with the Delphi survey process, it is a 

process by which a group of experts (anonymous among each other) 

answer a questionnaire in two or more rounds. After each round, a 

statistical summary of the results (and the arguments of the extreme 

answers, if possible) are anonymously fed back to the experts allowing 

them to adjust their answers. The survey questionnaire for this study 

should not take more than 15-20 minutes to answer and we hope this 

study will converge in 2-3 rounds, which will be spread across a period 

of several weeks. 

 

We need your help on this important study. Please follow the following 

link to complete the initial introductory survey of the Delphi: 

https://surveys.bus.oregonstate.edu/BsgSurvey2_0/main.aspx?SurveyID

=4790 

 

The purpose of this introductory survey is to objectively confirm your 

status as an expert in the construction risk management field based on 

https://surveys.bus.oregonstate.edu/BsgSurvey2_0/main.aspx?SurveyID=4790
https://surveys.bus.oregonstate.edu/BsgSurvey2_0/main.aspx?SurveyID=4790
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your academic and professional experience and achievements. 

 

The estimated time to complete the initial introductory survey is about 

10 minutes. 

If you are unable to participate, please reply and let us know. 

 

 

If you have any question regarding this survey, please contact us at: 

David.Sillars@oregonstate.edu or alsalmaa@onid.orst.edu . 

 

Thank you for your cooperation. 

 

David N. Sillars, PhD    Ali Alsalman 

Associate Professor     PhD candidate 

201c Kearney Hall (office)    220 Owen Hall 

220 Owen Hall (mail)     School of Civil & Construction Engr. 

Oregon State University    Oregon State University 

Corvallis, OR 97331      Corvallis, OR 97331 

541-737-8058 (office)       541-231-6719 

E-mail: David.Sillars@oregonstate.edu E-mail: alsalmaa@onid.orst.edu  

  

https://webmail.oregonstate.edu/imp/message.php?mailbox=sent-mail&index=697
https://webmail.oregonstate.edu/imp/message.php?mailbox=sent-mail&index=697
https://webmail.oregonstate.edu/imp/message.php?mailbox=sent-mail&index=697
https://webmail.oregonstate.edu/imp/message.php?mailbox=sent-mail&index=697
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Delphi Survey – Round I Invitation 
 

Dear Panel Members, 

 

Thank you for completing the Introductory round Delphi survey. This Round 1 of the 

Delphi survey should take approximately 10 - 15 minutes to complete.  

 

The purpose of this round is to suggest threshold values for construction project risks 

and to select and rate criteria for risk allocation statements.  Your opinion is important 

and will form the basis for recommendations to improve risk allocation in the 

construction industry. 

 

Copies of summary of the study and the questionnaire for the Round I survey are 

attached.  

It is important to review the summary of the study before completing this 

questionnaire. 

 

After all Delphi participants have completed this round of the survey, the results will 

be reported to you in the form of simple statistics (e.g. median response and range). 

You will then be given the opportunity to change your response in the Round II. 

 

Again, thank you for your interest and continued participation in the study. All 

respondents in this Delphi study will remain anonymous to other panel members, and 

your name is required by the researcher only for logistics in administering a multi-

round questionnaire. 

 

If you have any question regarding this survey, please contact us at:   

alsalmaa@onid.orst.edu or  David.Sillars@oregonstate.edu. 

 

Thank you for your cooperation. 

 

Ali Alsalman      David N. Sillars, PhD                          

PhD candidate     Associate Professor                              

220 Owen Hall     201c Kearney Hall (office)                   

School of Civil & Construction Engr.   220 Owen Hall (mail)                           

Oregon State University                        Oregon State University 

Corvallis, OR 97331                              Corvallis, OR 97331 

541-231-6719     541-737-8058 (office)                           

E-mail: alsalmaa@onid.orst.edu     E-mail:  David.Sillars@oregonstate.edu    

     

  

https://webmail.oregonstate.edu/imp/message.php?mailbox=sent-mail&index=691
https://webmail.oregonstate.edu/imp/message.php?mailbox=sent-mail&index=691
https://webmail.oregonstate.edu/imp/message.php?mailbox=sent-mail&index=691
https://webmail.oregonstate.edu/imp/message.php?mailbox=sent-mail&index=691
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Please indicate your profession 
Practitioner AcademicOther  Please specify other here: 

 
 
    
 

For stage I of the model: 
 
It is important to review the summary of the study before completing this 
questionnaire. 
 
Please answer the following questions to the best of your ability and based on 
your experience and knowledge,  
 

1- What defines a major risk in construction projects in terms of its 
expected value that would cause it to be considered for joint 
evaluation?  

Expected value of a risk = risk probability X risk impact. 
 
> 5% of the decision maker’s contract budget (not the total project budget) 
>10% of the decision maker’s contract budget (not the total project budget) 
Other  
Please specify other here: 

 

 

2-  What do you think is the threshold of probability (p) for a risk to be 
considered for a joint assessment by the project parties involved? 

ρ > 40%  
ρ > 50%  
ρ > 60%  
Other 
Please specify other here: 

 

3- What do you think is the threshold of the magnitude of a risk to be 
considered for a joint assessment by the project parties involved? 

 
M > 3% of the decision maker’s contract budget (not the total project budget) 
M > 4% of the decision maker’s contract budget (not the total project budget) 
M > 5% of the decision maker’s contract budget (not the total project budget) 
Other 
Please specify other here: 

Please enter your name:  
Please enter your email: 

Country: 
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For Stage II of the model: 
 

Please read: Please choose AND assign weights to 3 criteria only for each of 
the following risk allocation statements. Criteria for statements 1 and 2 have 
been suggested through literature review. You are requested to verify criteria 
for statement 3. You are encouraged to come up with new criteria that you 
may think; based on your experience, are more appropriate for each risk 
allocation statement. Please note that the total weight for the selected THREE 
criteria must add up to 100%.  Note: The lists of the criteria are in NO 
particular order. 
 

Statement: 1- Allocate the MANAGEMENT of construction risks to the party 
that has better: 
 

Criteria    weight of the criteria out of 100%    
Foresee ability    Wt.=  
Controllability    Wt.=    
Experience    Wt.= 
Other     Wt.= 
Please specify other here:  

 

Statement: 2- Allocate the CONSEQUENCES of construction risks to the party 
that has better: 

Criteria    weight of the criteria out of 100%    
 Ability to sustain the consequences of the risk   Wt.=  
Ability to tolerate the consequences if risk materializes Wt.=    
 Availability of resources                             Wt.= 
Other                               Wt.= 

Please specify other here:      

      

Statement: 3- Re-allocate construction risk when your:  
 
  Risk reduction ability changes               Wt.=  
Risk impact  changes  Wt.=    
 Risk probability changes  Wt.= 
Other                 Wt.= 

Please specify other here:   
 
 
Thank you for taking the time to participate in the survey.  
 
When you have finished answering all of the questions, please save the file 
and email your response, in Word or PDF format, to alsalmaa@onid.orst.edu  . 
 

mailto:alsalmaa@onid.orst.edu
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Study Summary 
 

Construction Risk Allocation: Rational Decision Support Model 

By: Ali Alsalman 

INTRODUCTION 

This summary briefly describes a large extensive PhD study, consisting of three main 

sections. The first section investigated the current practice of risk allocation; 

identified, and evaluated the problems of the current practice of risk allocation in the 

construction industry. The second section identified, evaluated, and classified the 

barriers to optimal risk allocation. A model that resulted from the study of the first two 

sections is presented in Figure 1, below. The third section of the study will develop 

and verify (through a Delphi study) a practical and rational decision support tool (a 

practical mechanism) that provides an alternative option to the current practice of risk 

allocation. The third section uses the findings of the first two sections of the study and 

utilizes a rational decision making process to develop the tool. 
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Figure 1 Summary of Findings of the First Two Sections of the Study Linked In A Causal-
Effects Relationship 
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According to Savage’s framework for Decision Theory (1954)
2
, a decision maker has 

to have three elements: (1) a set of beliefs about the world; (2) a set of action 

alternatives; and (3) a set of preferences over the possible outcomes of alternative 

actions. The set of beliefs in the tool of this study are the decision makers’ beliefs 

about decision alternatives impacting the construction project. These beliefs are not 

only the current beliefs about the risk event being evaluated, but also the knowledge 

and experience the decision maker has about project risks and risk allocation. Stage I 

of the tool allows decision makers (project owners, project professionals and 

practitioners) to collaborate in the identification and assessment of project risks and 

enhances their information and beliefs about the identified and assessed project risks 

in Stage I.   

 

You are being asked to participate in the Delphi study of the third section of the study. 

This summary provides background to the Delphi study. A more detailed discussion of 

the third, and current, section of the study follows. 

 

SECTION THREE OF THE STUDY: 

Section three will develop and verify, through Delphi study, a decision support tool 

consisting of two stages.  The first (initial) stage of the decision support tool is used 

for major risks only, testing for joint risk evaluation, and establishing joint 

identification and assessment of project risks. The second stage provides guidance for 

all project risks in terms of what to allocate, to whom should risk be allocated, when 

to re- allocate, and how to share risks. These two stages are detailed below.  

 

Stage I of the tool: The purpose of this stage is to set the initial task for construction 

project participants for rational decision for the allocation of project risks. It 

determines whether risks should be considered for joint evaluation, and creates a 

cooperative environment for the project participants even before the final contractual 

agreement. It promotes joint risk assessment for risks exceeding certain thresholds of 

risk probabilities and magnitudes. Stage I of the model is a simple flow diagram and it 

asks five simple questions requiring Yes or No answers; which result in actions for 

each of the five questions, as shown in Figure 2 below. 

  

                                            
2 Savage, L. J. (1954). The Foundation of Statistics. New York: John Wiley. 
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Note: the value of xx%, probability yy% and the magnitude zz% values require Delphi input. 

Figure 2- Stage I of the model 

No

Joint risk event evaluation

NoYes

Make aware

Are all parties 
aware of the risk?

Is the risk 
assessed?

Is the probability or 
magnitude of either 

party's assessement 
> yy %/ >zz%?

Yes

Assess the risk

Move to stage IIJoint risk assessment

NoYes

Is the risk major?
Expected value > 

xx % of the 
contract?

Yes

No need for joint risk 
evaluation

No
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Stage II of the model 

The second stage will evaluate project risks in terms of what to allocate?, whom to 

allocate to? when to re-allocate?, and how to share?. The second stage sets 

alternatives for risk allocation, evaluates the expected utility for alternatives and 

guides rational decision making for risk allocation. Components, alternatives, 

questions, and the criteria of the model are shown in Table 1 below. The purpose of 

this stage is to evaluate alternatives and make rational decisions on the above four 

questions of what, whom, when, and how pertaining to project risks.  

Elements of Stage II  

Stage II provides for a set of action alternatives used in the model based on the four 

main questions of 1)what to allocate?; 2)to whom should risk be allocated?; when to 

re-allocate? and; how to share? The Delphi panel is asked to validate and rate three 

criteria used in the tool. These four questions and the alternatives are discussed below: 

 

1- What to allocate? 

Usually when risk is transferred or allocated to a construction project participant, the 

project participant accepting the risk is responsible for both managing the risk and 

paying the consequences if the risk event materializes. This might not be the most 

effective way as the project participant might have the management resources (skills 

and experience) to manage the risk but might not have the financial resources to pay 

the consequences of the risk event or pay the insurance premium.  

There are four alternative ways that risk may be allocated. They are: 

a. Management of risks (identification, assessment, mitigation). 

b. Consequences of risks. 

c. Both management and consequences. 

d. Share either or both. 

 

2- To whom should risk be allocated? 

There are three options to answer this question: 

a. Retain. (retain risk event evaluated by the decision maker) 

b. Share. (Share risk with other project party) 

c. Transfer. (fully transfer risk to other project party) 

 

The tool user assigns scores (from 1 – 10) to compare alternatives against each 

criterion (the higher the score, the more the alternative matches the criterion). 

Criterion’s weight can be used to help guide rational score assignments.  

 

3- When to re-allocate? 

The reason for this question is that projects in the construction industry are 

characterized to be dynamic and changing. Risks construction projects are dynamic 

and changing too. Some risks might change, or disappear and new risks might appear 
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during the life cycle of the project while risks are statically allocated at the beginning 

of the project. 75% of the survey respondents agree that static allocation of dynamic 

risks is a barrier to optimal risk allocation. This barrier ranks number 10 in the list of 

barriers identified by this study. The tool allows the decision maker to select his 

options of when to re-allocate by comparing the initial state (when the risk was 

originally allocated to him) to the state at time of evaluation. Delphi expert panel 

members are requested to verify and assign weights to the three criteria to this 

question. The old scores for this question are established by the risk owner (either 

initially retained or transferred to him) at time of ownership. 

There are two alternatives/options for this question. 

c. Immediate 

d. When more reliable information about the risk becomes available. 

 

The tool user assigns scores to compare the current state and the initial (old) state 

against each criterion to help guide the decision answering this question. 

 

4- How to share? 

There are three options for this question: 

d. Partnering (partner in the management and consequences of the shared 

risk) 

e. Pooled contingency (for shared risk consequences). 

f. Cost savings incentives (risk reduction for management allocated risk)  

 

Input from questions 1 and 2 are used to help the tool user answers this question and 

guides the decision. 

 

Criteria for the first two questions have been established through literature review. 

Criteria for the third question are to be identified by the Delphi study. In the first 

round of the Delphi, the expert panel members are requested to verify and rate (by 

assigning weight) the criteria for each of the questions of what to allocate?, whom to 

allocate to?, and  when to re-allocate? The user assigns scores to each criterion to 

calculate and evaluate the utility for the alternatives. The alternative with the highest 

expected utility is the “optimal decision” as evaluated by the decision maker (user of 

the tool). Score in this tool ranges from 1 to 10. Scores are used to compare 

alternatives against each criterion. Score is assigned to match criteria to alternatives. 

The higher the score, the more the alternative matches the criterion.  

 

For simplicity and practicality of the tool to be used by construction project owners, 

construction projects practitioners and construction project professionals, the tool is 

developed as a simple decision matrix. A Microsoft Excel work sheet was developed 

by the author to calculate the expected value for each alternative; calculate the 

maximum expected value; and provide guidance for the optimal decision for each 

alternative.  A copy of the decision matrix is shown in Table 1 below. 
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The decision support tool developed in this third section of the study should provide 

an innovative and useful tool to the construction industry professionals and 

practitioners (Engineers, Project Managers, project owners, contractors and 

subcontractors) by introducing a rational mechanism for developing a better decision 

support aid for risk allocation.  The tool should aid differing parties in the construction 

industry by alleviating problems of the current practice of risk allocation, overcoming 

the barriers to optimal risk allocation identified in this study. It should help in reducing 

adversarial relationships between construction project participants, in initiating trust, 

and in building a cooperative relationship in construction projects.  As a result of this, 

the tool should reduce the total project cost, reduce project delays and improve the 

overall quality of construction project. 

 

Traditionally, risks are allocated by aversion where owners allocate most of project 

risks to contractors who in turns push risks to subcontractors.  Usually when people 

allocate risks by aversion, they are under the illusion that they got rid of the risks 

while in fact they pay premiums for the allocated risks and most often (if risks are re-

allocated to an incompetent project party) the risks might return back to them in forms 

of delays, disputes, sub-quality project, and cost overruns; so, they pay for risks twice. 

 

The purpose of the tool is to establish a paradigm shift from aversion allocation to 

rational allocation of risks in the construction industry. The tool allows the decision 

maker (owner or contractor) to rationally compare against another project party in 

terms of predetermined criteria confirmed and weighted by expert risk professionals 

and practitioners.  

 

Highlights of the proposed rational risk allocation decision support mechanism: 

 

Major features of the proposed rational decision support model can be summarized as 

follow: 

10. The model can be used by project owners and contractors alike.  

11. It segregates and tests for project parties’ risk management capabilities 

and the abilities to sustain the consequences of risks when they occur 

when allocating risks.  

12.  It acknowledges the need for dynamic allocation of risks. Current 

practice of risk allocation is static while construction projects are 

dynamic in nature and risks often change over the lifecycle of 

construction projects. Risks might change, disappear, and/or new risks 

might appear. Research indicates that static allocation of risks causes 

disputes and adversarial relationships.  

13. It creates a cooperative environment for the project participants before 

the final contractual agreement, or upon re-evaluation of a risk. 
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14. It helps ease the risk allocation problems at the root causes of the 

problems (at the barriers level).  

15. It encourages jointly cross checking risk identification and joint risk 

assessments for risks exceeding the thresholds of certain risk 

probabilities and risk magnitudes. Experts’ panel members of this study 

set the initial thresholds values. The threshold values can be adjusted 

by project participants, to meet project-specific risk tolerance beliefs; if 

need to be changed from the values suggested by the expert panel.   

16. It recommends rational decision for sharing the joint risk. 

 

Delphi Study 

As an Expert Panel member, you are requested to: 

4. Suggest a threshold amount of expected value that defines a risk event as a 

major risk and causes it to be considered for joint risk evaluation. 

5. Suggest threshold values for both the probability and magnitude of risk event 

that requires a joint assessment by the project parties involved. 

6.  Verify and rate (assign a % weight) to three criteria for each of the risk 

allocation alternatives. 
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Table 1Optimal Risk Allocation Decision Support Tool  

 

  

Questions Weight Wc(%) Retain Share Transfer Max. EV(Aa)

What to allocate? & to whom?

Foreseeability 40.0% 7.00 2.80 6.00 2.40 6.00 2.40

Controllability 30.0% 6.00 1.80 5.00 1.50 3.00 0.90

Experience 30.0% 6.00 1.80 6.00 1.80 3.00 0.90

Total Weight % 100.0% 6.40 5.70 4.20 6.40

Sustainability 60.0% 2.00 1.20 5.00 3.00 2.00 1.20

Tolerance 25.0% 3.00 0.75 3.00 0.75 5.00 1.25

Resources availability 15.0% 3.00 0.45 3.00 0.45 5.00 0.75

Total Weight % 100.0% 2.40 4.20 3.20 4.20

Total expected utility 8.80 9.90 7.40

Weight Wc(%) Max. EV(Aa)

When to Re-allocate? old score New score Old util. New util.

Risk reduction ability 60.0% 8.00 5.00 4.80 3.00 1.80

Risk magnitude 30.0% 3.00 3.00 0.90 0.90 0.00

Risk probability 10.0% 4.00 6.00 0.40 0.60 -0.20

100.0% 6.10 4.50 1.60 6.10

Weight Wc(%) Partnering Max. EV(Aa)

Foreseeability 40.0% 6.50 2.6 6.00 2.4

Controlability 30.0% 4.50 1.35 5.00 1.5

Experience 30.0% 4.50 1.35 6.00 1.8 Conseq Only Mgt Only Both

5.3 5.7 5.7 Partnering X

Sustainability 60.0% 2.00 1.2 5.00 3 Pooled contingency X

Tolerance 25.0% 4.00 1 3.00 0.75 Incentives X

Resources availability 15.0% 4.00 0.6 3.00 0.45

Total Weight % 2.8 4.2 4.2

Instructions:

This work sheet is protected and only light blue and light green cells can be changed/ input by the decision maker

The weight(%) Wc for each question criteria was suggested by the Delphi Expert Panel.  The weight(%) values can be changed based on the decision maker but the 

total question weight( in column C) must add up to 100.

To change the suggested weights, make sure that they add to 100 (see the Weight Wc column)

Fill out blue cells with scores from 1-10 for each criteria of each alternative

Note score 10 is the highest (the higher the score the more the alternative matches the criteria). Assign scores to compare alternatives against each criteria.

Use rational assigning scores to match criteria to alternatives. Use Weight Wc for each criteria to help guide your score.

The old score in WHEN TO RE-ALLOCATE?  Are established by the risk owner(either initially retained or transferred to him) at time of ownership

Note that as you do, the expected value for each alternative EV(Aa) is shown underneath each alternative.

Maximum Expected Value Max EV(Aa) for each alternative is shown at the left side of each "OPTIMAL" Decision 

The alternative with the highest expected value is the "OPTIMAL" decision judged by the decision maker

Suggested sharing matrix

Utility 

change

Management

Consequences

How to share?

Pooled contengency Incentives

Construction Risk Allocation: Rational Decision Support Model

By: Ali A. Alsalman

If risk is shared, then consider a strategy for sharing the risk. Use the question of "How to share" to guide your decision.

Consequences

Risk Allocation AlternativesQuestions and Criteria Optimal Decisions

Management

Monitor the risk and re-assess periodically (weekly/monthly/ quarterly based on the decision maker's risk 

management style) till the criteria of when to re-allocate change, then consider re-allocation of the risk. Use the 

question of "when to re-allocate" to guide your decision.
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Delphi Round II 
Dear Panelists,  
 
Thank you for completing Round I of the Delphi survey.  A satisfactory group consensus, for 
some threshold values and criteria weighting, was achieved in Round I (see the attached 
summary of Round I results).  
 
The purpose of this Round II is to reach consensus on the input of round I. In this Round II, 
you are given the opportunity to change your response in round I in light of the calculated 
group’s values of Round I and/or provide clarification for your answers.  
 
The raw data collected from Round I survey were analyzed and the group mode, mean, 
range, standard deviation, and coefficient of variation of the threshold values for 
construction project risk and risk allocation decision criteria ratings are calculated. A copy of 
the summary of round I results and your individual input is attached.  
 
Please follow the link to complete the survey. http://www.surveymonkey.com/s/W6KKZXP    
Please complete the survey by October 24, 2012.  The estimated time to complete this 
Round II is approximately 5 - 10 minutes.  
 
 
Directions for completing the round II of the Delphi are provided on the first page of that 
survey. Based on Round I results, this round is anticipated to be the final round.  
 
If you have any question regarding this survey, please contact us at:   
 
alsalmaa@onid.orst.edu  or  David.Sillars@oregonstate.edu.  
 
Thank you for your cooperation. 
 

Ali Alsalman                                                   David N. Sillars, PhD                          
PhD candidate                                                Associate Professor                              
220 Owen Hall                                                201c Kearney Hall (office)                   
School of Civil & Construction Engr.            220 Owen Hall (mail)                           
Oregon State University                                 Oregon State University 
Corvallis, OR 97331                                       Corvallis, OR 97331 
541-231-6719                                                  541-737-8058 (office)                           
E-mail: alsalmaa@onid.orst.edu                      E-mail:  David.Sillars@oregonstate.edu        

 

Attachment to Panelists (sample) 

http://www.surveymonkey.com/s/W6KKZXP
mailto:alsalmaa@onid.orst.edu
mailto:David.Sillars@oregonstate.edu
mailto:alsalmaa@onid.orst.edu
mailto:David.Sillars@oregonstate.edu
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APPENDIX IV 

 

SURVEY PROTOCOL & EXEMPTION NOTIFICATION 
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