
 

RISK IDENTIFICATION AND RISK HANDLING  

IN CONSTRUCTION: A CONSIDERATION OF  

THE PROJECT LIFE CYCLE IN  

SRI LANKAN ROAD PROJECTS 

 

 

 

 
Balasuriya Arachchige Kanchana Shiromi Perera 

 
(07/9901) 

 

 

 
Degree of Master of Philosophy 

 

 

 
Department of Building Economics 

 
University of Moratuwa 

Sri Lanka 

 

 

March 2012    



 

RISK IDENTIFICATION AND RISK HANDLING  

IN CONSTRUCTION: A CONSIDERATION OF  

THE PROJECT LIFE CYCLE IN  

SRI LANKAN ROAD PROJECTS 

 

 

 

 
Balasuriya Arachchige Kanchana Shiromi Perera 

 
(07/9901) 

 

 

 
Thesis submitted in partial fulfillment of the requirements for the degree of Master of 

Philosophy 

 

 

 
Department of Building Economics 

 
University of Moratuwa 

Sri Lanka 

 
March 2012 



i 

DECLARATION 
 

I declare that this is my own work and this thesis does not incorporate without 

acknowledgement any material previously submitted for a Degree or Diploma in any 

other University or institute of higher learning and to the best of my knowledge and 

belief it does not contain any material previously published or written by another 

person except where the acknowledgement is made in the text.  

  

Also, I hereby grant to University of Moratuwa the non-exclusive right to reproduce 

and distribute my thesis/dissertation, in whole or in part in print, electronic or other 

medium. I retain the right to use this content in whole or part in future works (such as 

articles or books).   

 

  

Signature: …………………..…. Date: ………………….. 

  

  

  

The above candidate has carried out research for the MPhil Dissertation under my 

supervision.  

 

  

Signature of the supervisor: …………………………… Date ……………….. 

  

 
 
 
 
 
 
 
 
 



ii 

ABSTRACT 
 
Risk is  an inescapable dimension of construction projects, particularly in road construction, 

which makes effective risk management crucial in the achievement of project goals with risk 

identification, analysis and handling as important steps in this process. The present study 

aims to identify the severe risk factors and the strategies for handling them at each stage of 

the project life cycle in road construction projects via a three-round comprehensive Delphi 

survey.  It also introduces alternatives to the present risk response measures adopted in road 

construction projects in Sri Lanka, while attempting to develop a risk management model for 

road construction. 

 

The findings of the study reveal that although risks are spread throughout the whole project 

life cycle, the construction phase is the most risky phase followed by the design phase.  

Delays in payment by the client were found to be the most critical risk factor in the 

construction stage while errors in estimated cost and construction period were the most 

critical risk factor in the design stage.  The study revealed that the most commonly used risk 

response measures by the owner/consultant and contractor were the allocation of 

contingency plans and claims for damages.  It was also found that the lack of joint risk 

management mechanisms by parties and shortage of knowledge on risk management were 

the most common barriers to risk management.  A consideration of the life cycle of a project 

makes it clear that critical risks at the conceptual and design stages are mostly apportioned to 

the owner or consultant while at the construction stage a high percentage of critical risk is 

allocated to contractors.  Shared responsibility is more the norm in the operational stage 

although, at all stages, some portion of risk is shared by the other party.  Based on data from 

three rounds of the Delphi survey, the study finally proposes a risk management model 

which has the potential to enhance the identification, allocation and handling of severe risks 

throughout the project life cycle. The study concludes that risk management should be a 

shared responsibility among parties to the contract, and education on risk management is 

needed to ensure quality construction activities at all phases of the project life cycle. 

 
Keywords: Risk management; Severe risk factors; Risk handling; Road projects.  
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Chapter 1 
 

1.0 INTRODUCTION TO RESEARCH  
 

1.1 Background 

“Construction is one of the most dynamic, risky, challenging, and rewarding fields” 

(Kangari 1995, p.422). Construction projects are normally executed in uncertain and 

risky environments (Banaitiene, Banaitis, & Norkus, 2011). The risk and uncertainty 

can affect the proper delivery of the end product (Flanagan & Norman, 1993; Mills, 

2001). The industry as a result is prone to poor performance (Tah  & Carr, 2000). 

Risk management is now a highly discussed topic and an important aspect of project 

management is obtaining a better understanding of risk responsibilities and risk 

management abilities in the construction industry (Wood & Ellis, 2003). However, 

the engineering and construction industry has a poor reputation when it comes to 

coping with risk, with many major projects failing to meet deadlines, cost targets and 

specifications (Dey & Ogunlana, 2004). As construction projects become more 

complex and dynamic, they have resorted to the use of alternative procurement 

methods. This has added to the complex nature of the construction industry forcing 

organizations to rethink the manner in which they treat project risks (Tah & Carr, 

2000; Dey &  Ogunlana, 2004). Therefore, effective management of risk is critical to 

the success of any construction project (Banaitiene et al., 2011). 

 

Edwards and Bowen (1998) identify risk management as a vital tool in coping with 

construction risks. The success of project management depends on the efficient and 

effective handling of the risks involved (Ren, as cited in S. M. Ahmed, Ahmad, & 

Saram, 1999). Hence, controlling the project risk has a positive effect on controlling 

project cost objectives, including on-time delivery and the quality of the completed 

project (Zou, Zhang, & Wang, 2007). In sum, controlling project risks means 

controlling the project itself.  
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Many studies identify  risk identification and allocation as important factors in risk 

management (Raftery, 1994; Shuibo, Le & Yuan, 2006; Zou et al., 2007). According 

to Kerzner (2001), risk management is defined as, the act or practice of dealing with 

the risk. It includes planning for risk, assessing risk issues, developing risk handling 

option and monitoring risk to determine how the risk have changed. Buchan (as cited 

in Baker, Ponniah, & Smith, 1999b) offers a systematic illustration of the risk 

management cycle as identification, analysis, and response to risk. Risk identification 

covers identification of the source and type of risk, and the documentation of their 

characteristics (Flanagan & Norman, 1993). Risk analysis is the vital link between 

risk identification and risk handling (Al-Bahar & Crandall, 1990). Risk analysis is 

defined as the evaluation of the impact of the risk to the project (Wang, Dulaimi, & 

Aguria, 2004).  While Fan, Lin, & Sheu (2008) identify risk handling/response as the 

choice of a proper strategy to reduce the likelihood of the occurrence of risk events 

and/or the magnitude of their negative impact, Akintoye and Macleod (1997) identify 

risk response as risk allocation. A risk shall be allocated to a particular party, which 

has the competence and expertise necessary to assess the risk fairly in order to 

control or minimize the same (Fisk, 1997).  

 

Zou et al. (2007) has suggested that the life cycle of a construction project is 

normally divided into several stages, which include the conception, design, 

construction, and operation stages. They have further argued that more effective 

management of risks would be possible if the risks were identified and considered in 

a more comprehensive and systematic way in a project life cycle. Hence, it is 

important to identify the possible occurrence of risks at each stage and to make 

appropriate arrangements to cope with them. 

 

According to Thompson and Perry (1992), risk involvement is high in road, reservoir 

maintenance and building refurbishment projects. Zayed, Amer, & Pan (2008) assert 

that highway projects entail higher risks than traditional projects as they involve high 

capital outlays and intricate site conditions. Kwak and Dewan (2001) identify 

locations in developing countries as one of the major factors to be considered in the 

planning and implementation of development projects. K.B.D.Perera (2006) supports 
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these findings by concluding in his study that 80% of road projects in Sri Lanka face 

time and cost overruns and that most projects face a high risk. The records of the 

Road Development Authority (RDA) (2006) indicate that there are nearly 11,600 km 

of both A and B class roads in Sri Lanka’s road network. Furthermore, several road 

projects have been implemented in the recent past such as the construction of new 

highways, the upgrading of existing national highways and the rehabilitation of roads 

in tsunami affected areas after taking into consideration the critical need for a good 

road network in a developing country (Central Bank Annual Report, 2006).  

Therefore, this research emphasizes the need to identify and analyse risk and risk 

handling/response, which are the main phases when it comes to the risk management 

process in road projects.   

 

1.2 Research Problem 

What are the severe risk factors in road construction projects and how these severe 

risk factors should be managed at each stage of the project life cycle? 

 

1.3 Research Questions  

The key research questions that this study generates are as follows:   

1. What are the severe risk factors prevalent in each phase of the project 

life cycle? 

2. How are these severe risk factors managed in the existing context? 

3. How these severe factors allocated to contracting parties? 

4. What are the drawbacks with regard to the current handling strategies? 

5. What are the upgraded solutions to the current handling strategies? 

 

1.4 Aim and Objectives 

1.4.1 Aim  

The aim of this study is to identify the critical risks and the strategies for handling 

them at each stage of the project life cycle in road construction projects. 

  



Chapter 1 

4 

1.4.2 Objectives 

Fulfilling above research aim was done by achieving five research objectives. These 

objectives are; 

1. To identify the severe risks associated with each phase of the project life 

cycle of a road project; 

2. To identify how these severe risks are handled at each phase of the project; 

3. To evaluate the allocation of critical risk factors among contracting parties 

each phase of a road project; 

4. To determine bottlenecks and to introduce alternatives to the present risk 

handling methods; 

5. To develop a risk management model to manage the severe risks 

throughout the project life-cycle of a road project. 

 

1.5 Scope and Limitations 

The research is limited to grade A and B class  road rehabilitation projects, which use 

re-measurement contracts in Sri Lanka and assumes that the identified risk factors 

are mutually exclusive. 

 

1.6 Methodology 

The methodological approaches adopted for this study are as follows:  

1. A comprehensive literature survey on risk, risk management, construction 

risk management and research methods.  

2. Preliminary interviews and project document review targeted at identifying 

the applicability of various types of risk factors and their handling strategies 

taken from the literature on road construction projects in Sri Lanka. 

3. A structured questionnaire survey using the Delphi method to identify critical 

risks and the handling strategies for such risks at each stage of the project life 

cycle for road construction projects and to develop a risk management model. 

4. Case studies to test the applicability and effectiveness of the Model.  
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1.7 Research Output/ Dissemination 

Risk management is a topic receiving much attention in construction management 

literature. However, the practicability of risk management techniques in construction 

has received relatively little attention, which is compounded by the lack of 

knowledge with regard to risk management. The present research aims to fill the 

lacunae that exist in relation to this subject. Simultaneously, the research intends to 

provide the following outputs:   

 

1. To raise awareness and understanding of severe risk factors affecting road 

construction projects at each phase of a project life cycle; 

2. To raise awareness of risk management strategies available and their 

application to road projects and to provide solutions to the drawbacks in 

existing risk management strategies; 

3. To develop a risk management model in order to manage the critical risk 

factors at different phases of a project life cycle; 

4. To disseminate knowledge on risk management through publications. 

 

1.8 Structure of the Thesis 

The main purpose of Chapter 1 is to provide the background for the research. 

Chapter 1 discusses the aims, objectives and research problems, and the scope of the 

research, its limitations and research outputs/dissemination. 

 

Chapter 2 gives an overview of risk management practice in the construction 

industry. It introduces the concepts of risk, risk management and the current status of 

risk management in road construction in Sri Lanka. 

 

Chapter 3 sets out the research framework used to guide this research in order to 

achieve its aims and objectives. The chapter outlines the research philosophy, 

methodology and methods adopted and the modes of data analysis used for the study. 

 

Chapter 4 provides the findings of the Delphi study in relation to each phase of the 

project life-cycle by identifying the severe factors at each level and their handling 
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strategies. The findings are further elaborated using some of the results of the 

interviews. The chapter also contains the analysis of the results with the use of 

statistical methods and development of the model. 

 

Chapter 5 summarises the research process and presents the key research findings. It 

presents the conclusions derived from the research findings and recommendations to 

improve risk management in road construction projects in Sri Lanka. It also provides 

limitations and suggestions for further development. 
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Chapter 2 
 

2.0 LITERATURE REVIEW ON RISK MANAGEMENT 
 

2.1 Introduction 

This chapter offers an overview of risk management practices in the construction 

industry as delineated in the existing literature. It focuses mainly on the emerging 

aspects of risk management associated with the different phases of a construction 

project as outlined in the literature. 

 

The chapter begins with a discussion of the current perceptions and understanding of 

risk and uncertainty in the construction industry and how they affect existing risk 

management practices in construction projects. It will then describe strategies which 

can be adopted to tackle risk and undertake an exhaustive review of current risk 

management processes.  The chapter will then engage in a delineation of the risks 

associated with the different stakeholders in the construction industry, their attitudes 

to risk, and their willingness to bear risk.  The chapter will conclude with an 

identification of severe risks and the existing strategies for the management of severe 

risks in each stage of the project life cycle of road construction projects. 

 

2.2 Concept of Risk and Uncertainty 

According to Raftery (1994), the future is largely unknown and, therefore, most 

business decision-making takes place on the basis of assumptions about the future. 

Hence, Raftery argues that making a decision on the basis of assumptions, 

expectations, estimates and forecasts of future events always entails some element of 

uncertainty and risk.  

 
Flanagan and Norman (1993) distinguish between risk and uncertainty.  According to 

them, while the term “uncertainty” can be used to describe situations for which there 

is no historical data, the term “risk” can be used for situations where the success or 

failure of a project is predicated in probabilistic quantities on the basis of previous 
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data.  They further argue that uncertain situations can be converted to risky situations 

by the assignation of subjective probabilities. 

 

Hillson (2003) and Olsson (2007), on the other hand, posit a link between risk and 

uncertainty since, according to them, risk is measurable uncertainty and uncertainty 

is immeasurable risk.  This implies that, when measurable, an uncertainty is to be 

considered as a risk.  Furthermore, Achrol (as cited in Kolltveit, Karlsen & 

Gronhaug, 2004) defines risk as a situation which entails a known probability of 

occurrence or outcome due to a particular activity while uncertainty describes the 

unknown outcome of an event.  Stoner, Freeman, & Gilbert (1995), describe risk as a 

situation where decisions made by decision-makers take into consideration 

probabilities calculated using historical information pertaining to that particular event 

and illustrate using a decision making spectrum as given in figure 2.1. 

 

 

 

 

 

 

Figure 2.1: Decision-making spectrum 
Source: Stoner et al. (1995) 

 

Hence, in the existing literature, risk and uncertainty are more often than not 

distinguished, the distinction being that while risk is usually taken to have 

quantifiable attributes, uncertainty is understood to be non-quantifiable.     

 

Raftery (1994) has moreover argued that risk is at the more assessable end of the 

continuum, with even some statistical data from which to produce an evaluation of 

the likelihood and size of the potential risk (refer Table 2.1).  However, uncertainty is 

at the less assessable end.  Since there will be no ‘data,’ the decision-makers will 

need to rely on informed opinion.  The present study will, therefore, leave out 

uncertainty, confining itself only to risk.   

HIGH LOW 
MANAGERIAL CONTROL

Certainty Risk Uncertainty 
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Table 2.1: The risk-uncertainty continuum 

Risk Uncertainty 
Quantifiable Non-Quantifiable 
Statistical Assessment Subjective Probability 
"Hard" Data Informed Opinion 

 

Source: Raftery (1994) 

 

2.2.1 Risk  

Although risk is widely studied and known, it still lacks a clear and common 

definition.  For Bunni (1997),   

 

Etymologically, the origin of the word ‘risk’ in English, ‘risqué’ in 

French and ‘rischis’ in Italian is uncertain. The Latin word ‘resecum’ 

meaning ‘danger’ or ‘rock’ may throw some light on its origin, but the 

Chinese ‘wej-ji’ with the characters representing ‘chance’ and ‘danger’, 

is more illustrative of the concept of risk as it applies to the construction 

industry. This concept has evolved with these two notion embodied in it. 

It encompasses not only the danger of a loss but also the chance of 

obviating it with a consequent gain. (p.94) 

 

According to the Oxford Advanced Learner’s Dictionary, the word ‘risk’ is defined 

as “the possibility of something bad happening sometime in the future; a situation 

that could be dangerous or have a bad result” (2000, p.1105).  The Australian/New 

Zealand Standard for Risk Management (AS/NZS 4360), on the other hand, defines 

risk as “the chance of something happening that will have an impact upon objectives. 

It is measured in terms of likelihood and consequences” (1999, p.432).  In an article 

published by the Institute of Risk Management (2004), risk is the combination of the 

probability of an event and its consequences according to the ISO/IEC Guide 73.  

Thus, according to the author/s of this article, there is the potential for risk in all 

types of undertakings, which carries a chance for benefits (which can be considered 

the upside) or threats (the downside). 
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Risk, in other words, is an unavoidable component of all activities (M.T. Wang & 

Chou, 2003).  For Cooper, risk is “exposure to the possibility of economic or 

financial loss or gain, financial damage or injury, or delay, as a consequence of the 

uncertainties associated with pursing a course of action (1987, p.238).  According to 

Gupta (2011), on the other hand, risks are potential opportunities.  For Perry and 

Hayes (1985), Barri and Paulson (1992), N.A. Kartam and Kartam (2001) and 

Richardson (2010), risk means an exposure to economic loss or gain but for 

Akintoye and Macleod (1997),  Moavenzadeh and Rosow (cited in N.A. Kartam and 

Kartam, 2001), Mason (cited in N.A.Kartam and Kartam, 2001), Janadi and 

Almishari (2003) and Jha and Deveya (2008) risk is only an economic loss.  Among 

others who have attempted to define risk, Rowe (1977) sees risk as the potential for 

unnecessary or negative consequences of an event or activity while Chicken and 

Posner (1998) consider risk as a combination of hazard and exposure.  Thus, it is 

clear from the discussions in the existing literature that the definitions of risk 

encompass both welcome ‘up-side’ as well as unwelcome ‘down-side’ effects. 

 

Nevertheless, there is still a tendency for practitioners to think of risk in largely 

negative terms (Ward & Chapman, 2003).  Hillson (2002) points out that this is 

because the common usage of the word ‘risk’ only centers on the downside or 

negative outcomes.  In light of Hillson’s point, risk will be defined for the purposes 

of this research as the ‘downside’ consequences of exposure to economic or financial 

loss, physical damage, injury or delay.   

 

2.2.2 Construction project risks 

As Dey and Ogunlana (2004) and Poh and Tah (2006) have pointed out, every 

human endeavor involves risk, the success or failure of any venture depends crucially 

on how we deal with it (Dey, 2001).  The construction industry is more prone to risk 

and uncertainty than most other industries (Flanagan & Norman, 1993; Kim & Bajaj, 

2000; Tah & Car, 2000; Othman, 2008), the element of uncertainty having to do with 

its inherent characteristics (Hayes, Perry, & Thompson, 1986; Kangari and Riggs, 

1989; Bunni, 1996; Bing, Tiong, Fan, & Chew, 1999; Wong & Hui, 2006; Ebrat and 

Ghodshi 2011).  Whether it is building construction or civil engineering construction, 
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risk is unavoidable (Thompson & Perry, 1992). As Wiguna and Scott (2006) have 

pointed out, risk plays a significant part in decision-making and it is generally 

accepted that they may affect the performance of a project.  However, as Thompson 

and Perry (1992) and Mills (2001) have shown, these risks are not always dealt with 

properly by the construction industry. 

   

Among the unique characteristic of the construction industry, which would 

ultimately cause construction to become more complex and dynamic in nature 

(Jamil, Khan, & Mutfi, 2008; Abdul, Jaffar, Lop, & Mohd, 2011), are the overall size 

of each product, the involvement of many stakeholders, the multistage construction 

process with complex technologies, the high exposure to the environment and the 

long duration of the project (Woodward, 1997).  Thompson and Perry (1992) have 

added to these the degree of risk involvement, such as the size of a project, its 

location, project scope, speed of construction and familiarity with the type of work, 

as contributing to risk in construction.  Among the effects of risk, failure to keep 

within the cost estimate or tender, failure to keep within the time stipulated, failure to 

meet the required technical standards for quality and the functional requirements of 

the employer are identified as most critical (Thompson and Perry 1992). 

 

According to Mills (2001), the productivity, performance, quality and cost of the 

project are affected by risk.  Zavadskas, Kaklauskas, Turskis & Kalibatas (2009) and 

Mahamid (2011) consider time and cost overruns as one reason to take risk in 

construction projects seriously.  In addition, Cavignac (2009) has recognized the cost 

incurred in construction as a result of unforeseen risk as one of the biggest expenses 

in a project. Thus, the success of project management depends highly on the efficient 

and effective handling of the risk involved (Ren, as cited in S.M. Ahmed et al., 

1999).  Bufaied (as cited in Akintoye & Macleod, 1997) has described risk in relation 

to construction as a variable in construction projects the variation of which results in 

uncertainty as to the final cost, time duration and quality of the project.  According to 

Dey (2001), such variation is due to the absence of proper risk management 

techniques in project management.  Hence, risk management, as defined by Toakley 

(cited in Uher & Toakelay, 1999), describes a procedure which controls the level of 
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risk and mitigates its effects.  According to Tummala and Schoenler (2011), risk 

management techniques need not stop at mitigating and controlling risks; they should 

preferably work to avoid the identified risk. 

 

Dey (2002) points to the failure to keep to the specified completion time, higher costs 

and the lower quality of projects as examples of the absence of risk management 

techniques in project management.  Therefore, the success parameters of a 

construction project, namely, timely completion, staying within the specified budget, 

and achieving requisite performance would depend upon the capability of each party 

in risk management. Baker et al. (1999b) have argued that risk management is also 

useful in maximizing profits.  The construction industry, however, has been very 

slow in moving towards understanding the benefits of risk management (Flanagan &  

Norman, 1993; Raftery, 1994; Ward, 1999).  But the need for risk management in the 

construction industry is increasing with time due to the increasing complexity, size, 

client-consumer requirements, the political-economic backdrop and the arduous 

environmental and physical conditions of such projects (Oztas & Okmen, 2003).  

Nevertheless, to date, the communication of construction project risks tends to be 

poor, incomplete, and inconsistent. As a result, project participants do not have a 

shared understanding of the risks that threaten a project and consequently are unable 

to implement effective early warning measures and mitigating strategies to 

adequately deal with problems resulting from decisions taken elsewhere in the chain 

(Tah & Carr, 2001). 

 

However, literature has long recognized that the application of systematic risk 

management techniques in construction projects would go a long way towards 

minimizing risk impacts (Lifson, 1982; Crockford, 1986; Cooper, 1987; Thompson 

& Perry, 1992; Flanagan & Norman, 1993; Raftery, 1994; Rejda, 1995; Edwards, 

1999; V.W.Y. Tam, Shen, Tam, & Willy, 2007).  Since risk management is not easy, 

according to these studies, the researchers have argued for a systematic and process-

oriented approach.  
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2.3 Risk Management  

The purpose of risk management is to identify risky situations and to develop 

strategies to reduce the probability of occurrence and/or the negative impact of risky 

events (Fan et al., 2008).  Risk management is “the act or practice of dealing with the 

risk. It includes planning for risk, assessing risk issues, developing risk handling 

options and monitoring risk to determine how the risk have changed” (Kerzner, 

2001, p. 907).  According to Al-Bahar and Crandall (1990), it is a formal orderly 

process for systematically identifying, analyzing, and responding to risk events 

throughout the life of a project in order to obtain an optimum or acceptable degree of 

risk elimination or control. Further, it is a systematic approach to establish the 

context for setting goals and objectives, identifying and analyzing risks, influencing 

decision-making, and monitoring and reviewing risk responses (Edwards & Bowen, 

1998). 

 

The PMI (2008) and ICE (2005) define risk management as a comprehensive and 

systematic process of identifying, analyzing and responding to risks for the purpose 

of achieving project objectives. “It involves processes, tools, and techniques that will 

help the project manager maximize the probability and consequences of positive 

events and minimize the probability and consequences of adverse events” (Project 

Risk Management Handbook, 2004, p.2).  The risk management approach  is used to 

identify potential risks, analyze the probability of risk events, and forecast the 

consequences that are associated with the occurrence (S.Q. Wang et al., 2004).  It has 

also been defined by Toakley as “a procedure to control the level of risk and to 

mitigate its effect” (as cited in Uher & Toakley, 1999, p.161).  According to 

N.A.Kartam and Kartam (2001), managing risks means minimizing, controlling, and 

sharing risks, and not passing them off to another party while Hlaing, Singh, Tiong & 

Ehrlich (2008) have argued that the main purpose of risk management is to match the 

type and level of risk with the appropriate management technique.  Baker, Ponniah, 

& Smith (1999a) however identify the management of risk within the construction 

and oil and gas industries as not straightforward which, according to Buchan (as 

cited in Baker et al., 1999b), leads to the continual and detailed management of risks 
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in these industries, conducted at all stages of the project life cycle from feasibility to 

decommissioning. 

 

Thompson and Perry (1992) explore risk management as having major benefits for 

any enterprise that go beyond helping projects reach completion on time and 

according to the budget.  According to Jaskowshi and Bruik (2011), in order to 

control the level of risk and to mitigate its effects, risk management should be used.  

They see the benefits of risk management as follows: 

• To enable decision-making to be more systematic and less subjective; 

• To match the robustness of projects to specific uncertainties; 

• To make apparent the relative importance of each risk immediately; 

• To give an improved understanding of the project through identifying the 

risks and thinking through response scenarios; 

• To demonstrate company responsibility to customers; 

• To have a powerful impact on management by bringing about a realization 

that there is a range of possible outcomes for a project; 

• To improve corporate experience and communication.   

 

According to Uff and Odams (1995), the usual approach to the management of risk is 

based on intuition and past experience and involves a high degree of judgment.   

 

Flanagan and Norman (1993) mention four ways that have been used to tackle risk in 

the construction industry which have been identified by previous scholars as, 

• ‘the umbrella approach’ where one allows for every possible eventuality by 

adding a large risk premium to the price; 

• ‘the ostrich approach’ where one buries one’s head in the sand and assumes 

everything will be alright and that somehow one will muddle through; 

• ‘the intuitive approach’ that says not to trust all the fancy analysis but to trust 

one’s own intuition and gut feelings; 
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• ‘the brute force approach’ that focuses only on the uncontrollable risk but 

believes that one can force things to be controlled, which of course one 

cannot. 

 

It is therefore clear that managing risk is a well-defined, systematic, and multi-stage 

process where all possible risks have to be identified, analyzed and responded to 

taking into consideration the context within which the risk is applicable.  

 

2.4 Risk Management Process 

According to Taylor (2005), the risk management process consists of five stages, 

which are essential to the success of a project.  These five stages are: risk 

management planning, risk identification, qualitative and quantitative risk analysis, 

risk response planning, and risk monitoring and control.  However, C. Chapman 

(1997) describes the risk management process in terms of nine phases, which 

comprises defining, focusing, identifying, structuring, assigning ownership, 

estimating, evaluating, planning and managing.  The nine phases are discussed in a 

start-to-start precedence sequence. Kululanga and Kuotcha (2010) too saw risk 

management to comprise nine phases: risk identification, risk analysis, systematic 

risk approach, risk exposure, risk prioritization, risk response, risk contingency 

planning, risk monitoring and risk continuous assessment.  However, Baker et al. 

(1999b), citing Buchan, have settled on three processes as identification, analysis and 

response in risk management which they propose to implement in fifteen steps.  

Jaafari and Anderson (1995) also propose that risk management be viewed in three 

stages, risk identification, risk analysis and risk response, while Flanagan and 

Norman (1993) regard risk management as a process of risk identification, 

classification, analysis, attitude and risk response.  On the other hand, the Project 

Risk Management Handbook (2004) defines risk management as “the systematic 

process of planning for, identifying, analyzing, responding to, and monitoring project 

risk” (p.2).  It has also been defined by Toakley (as cited in Uher and Toakley, 1999) 

as “a procedure to control the level of risk and to mitigate its effect” (p.161).  For 

Wysocki (2009), risk management is a process that contains the steps of risk 

identification, risk assessment, risk mitigation and risk monitoring. 



Chapter 2 

16 

According to Wang and Chou (2003), the objects of risk management in construction 

projects include identifying potential risks, analyzing the probability of risk events, 

and forecasting the consequences associated with its occurrence. Further, it is a 

systematic approach, establishing the context of setting goals and objectives, 

identifying and analyzing risk, influencing decision-making, and monitoring and 

reviewing risk responses (Edwards & Bowen, 1998).  Thus Kerzner sees risk 

management as “the act or practice of dealing with the risk. It includes planning for 

risk, assessing risk issues, developing risk handling options and monitoring risk to 

determine how the risks have changed” (2001, p. 907).  But for Kayis and 

Amornsawadwatana (2007), the risk management process includes the three steps of 

risk identification, risk assessment and risk treatment. 

 

The definitions of risk management discussed above enable one to arrive at a more 

precise classification of the risk managing process.  These studies have turned risk 

management in construction industry into a topic worth investigation and study as 

well as an important component in project management requiring the understanding 

of risk responsibilities and risk management capabilities.   

   

Although different researchers have offered different definitions of the risk 

management process, this research has adopted the process proposed by Raftery 

(1994), who divided it into the following three stages:  

1. Risk Identification 

2. Risk Analysis 

3. Risk Response 

 

Among the other researchers whose studies support this particular process identified 

by Raftery are Healy (as cited in Shen, 1997), Al-Bahar and Crandall (1990), Dey 

(1999, 2002), S.Q. Wang et al. (2004), Turnbaugh (2005), Kayis and 

Amornsawadwatana (2007), and Othman (2008).  Figure 2.2 below plots the division 

proposed by Raftery (1994): 
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Figure 2.2: Risk management process 

Source: Raftery (1994) 

 

Of the three stages in the risk management process, risk identification and analysis, 

specify and predict the likelihood and adverse impact of the risks while risk response 

describes the phase when management could take actions to reduce the probability 

and/or magnitude of risks (Fan et al., 2008).   

 

2.4.1 Risk identification 

Risk identification is the first step in risk management process (Andi, 2006; Ling & 

Hoi, 2006; Kayis & Amornsawadwatana, 2007).  According to M.T.Wang and Chou 

(2003) and Marques and Berg (2011), risk identification and risk allocation are 

influential factors in risk management while Hertz and Thomas (1984) define risk 

identification as risk diagnosis.  In addition Skorupka (2008) sees risk identification 

as crucial for the accurate assessment of risk.  According to D.W.M. Chan, Chan, 

Lam, Yeung, & Chan (2010), the determination of key risk factors and the 

assessment of their relative importance are essential in risk management. For 

S.Q.Wang et al. (2004) and Williams (1996), the risk management process begins 

with the identification of the potential risks associated with a construction project. 

The other steps in the risk management process such as analysis and response are 

only successful if potential risks are  identified properly (Toakelay & Ling, 1991; 

S.Q.Wang et al., 2004).  Risk identification includes the recognition of the potential 

risk event, the conditions, and the clarification of risk responsibilities in a 

Risk Identification 

 Risk Analysis 

Risk Response 
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construction project (M.T.Wang & Chou 2003).  However, since it takes up an 

enormous amount of time, effort and resources to attempt to consider every risk in a 

project (Uher & Toakley, 1999, El-Sayegh, 2008), it is important to identify and 

evaluate the critical and important risks in a project (Barkley, 2004; Andi, 2006). 

Thus, for Shen (1997), the purpose of risk identification is not only to identify a list 

of risk factors but to identify the importance of those risk factors, which would 

enable the stakeholders to analyze and manage properly the identified risks within 

the limited time-period of a construction project.  However, according to Flanagan 

and Norman (1993), those identified risks are management problems rather than 

risks.  Therefore, risk identification can be identified as the most important initial 

step in risk management (Ward et al., 1991; Uher, 1993; Zaghloul & Hartman, 2003, 

Banaitiene et al., 2011) and, as discussed earlier, there are a number of methods 

proposed by authors for risk identification.  According to Al-Iabtabai and Diekmann 

(1992), historical data is the primary basis for identifying risks while Bajaj, 

Oluwoye, & Lenard (1997) identifies risk identification as highly dependent on the 

experience and insight of the key project panel. 

 

Thus, Heldman (2005) sees the risk identification process as involving the 

identification and documentation of all the potential risks that might impact the 

project and their characteristics.  This is seen as an important first step since the other 

processes of risk management may only be performed on the identified potential 

risks. Thus the risk identification stage should be very detailed and thorough (Bajaj 

et al., 1997).  As Chapman (2001) sees it, unidentified risks are unchecked threats to 

a project. 

 

Raftery (1994) explains the risk identification stage as the most time-consuming.  He 

further stated that the identification of risks that are internal or external to the project 

requires the analyst to be systematic, experienced and creative.  Bajaj et al. (1997), 

however, identifies this as a difficult task since there are no unerring procedures 

which could be used to identify construction risks. Chapmen and Ward (1997) 

therefore recommended the direct-thinking approach for risk identification which 

consists of activities such as interviewing individuals or groups, brainstorming, and 
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using checklists. Al-Bahar and Crandall (1990) thus identified the steps involved in 

the risk identification process (refer Figure 2.3) as follows: 

• Preliminary Checklist 

• Identification of Risk Events/Consequence Scenario 

• Risk Mapping 

• Risk Classification 

• Risk Category Summary Sheet 

 
Figure 2.3: Risk identification process framework 

Source: Al-Bahar and Crandall (1990) 
 

  

Preliminary Checklist  

The preliminary checklist of potential project risks is the starting point for 

identifying risk.  Perry and Hayes (1985), Toakley and Ling (1991) and Bing, 

Akintoye, Edward, & Hardcastle (2005) have seen the check list as one of the 

common methods for risk identification. Al-Bahar and Crandall (1990) have argued 

that failure to recognize the existence of one or more potential risks may result in a 
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disaster or the foregoing of an opportunity to gain results from proper corrective 

action.  They have further stated that risks of all types that affect productivity, 

performance, quality, and economy of construction should be included in the 

checklist.  The preliminary checklists used during the risk identification process are 

usually developed based on historical information and previous project team 

experience (Heldman, 2005).  Thus, in the case of the present research, the 

preliminary check list was prepared using previous research findings and previous 

project team experience.  

 

Identification of Risk Events/ Consequence Scenario 

The second step in the risk identification process is the definition of a set of credible 

risk events/consequence scenarios.  According to Al-Bahar and Crandall (1990), this 

set represents all reasonable possibilities associated with the realization of each 

primary source of risk included in the preliminary checklist while the consequences 

can include economic gain or loss, personal injury, physical damage, time and cost 

savings or overrun. Moreover, as the authors identify it, since most risks that are 

involved in construction projects are finance-related, the emphasis is on the financial 

consequence criterion as a uniform basis of assessment while any other criteria too 

can be valued in terms of financial gain or loss.  Once scenarios for the risk event 

and its consequences have been developed, risk mapping can be made. 

 

Risk Mapping 

Risk mapping is a tool used in the identification, control, and management of risk. 

Perhaps the most important feature of risk mapping is its low cost and high-impact 

introduction to risk management (Ingram, 2004). According to Al-Bahar and 

Crandall (1990), in event risk mapping, a graph of two dimensions or scales is 

proposed to construct the risk map. In the first dimension, uncertainty will be 

assessed with regard to the probability of occurrence.  In the second dimension, the 

risk will be assessed with regard to its potential severity. They have further argued 

that such a two-dimensional graph is considered an important graphical 

representation, and will enable the project manager to assess the relative importance 

of exposure to a potential risk in the early stages.  
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Risk Classification 

The classification of risks consists of a number of steps such as the identification of 

the consequences, types and impacts of the risk (B.A.K.S. Perera, Danasighe, & 

Rameezdeen, 2009). Edwards and Bowen (1998) suggest two primary categories for 

classifying risks: Natural and Human Risks. Natural risks include events originating 

in weather systems and geological systems while human risks include risks from 

social, political, economic, financial, legal, health, technical, cultural and managerial 

systems. 

 

 Tah (as cited in Tah and Carr, 2000) separated risks into those that are related to the 

management of internal resources and those that are prevalent in the external 

environment. External risks are those which are relatively uncontrollable and, given 

their nature, require continual scanning and forecasting. Internal factors are relatively 

more controllable and vary between projects.  According to Songer et al., “others 

classify risk in more detailed categories as political risks, financial risks, intellectual 

property risks, social risk, etc” (as cited in S.Q. Wang et al., 2004, p. 238). 

 

Tah and Carr (2000), regard risk classification as an important step in the risk 

assessment process, which is useful in structuring risk in a project.  For Wong and 

Hui (2006), categorizing risks can be a useful way to manage them.  According to 

Walke, Topkar, & Matekar (2011), dividing risks into categories is important 

because one may not be interested in the analysis of all risks but only in a particular 

category for various reasons.  

 

Many different classifications of risk have been developed over the years. According 

to Adams (2006), construction project risks can be broadly classified as either 

objective or subjective.  Risks that are purportedly identified via the actual 

observation or calculation of their occurrence and impact on a project are often 

described as ‘objective’ risks.  Risks that are assessed based on people’s perceptions 

regarding the prevalence of a particular risk rather than on ‘objective’ or recorded 

risk data are often referred to as ‘subjective’ risks.  
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Some authors try to classify risk according to their occurrence in the different stages 

of a project life cycle, where the attempt is to identify critical risks at each phase of a 

project and to classify them in terms of their occurrence in and association with 

particular phases of a project.  Flanagan and Norman (1993), in support of this 

approach, suggest three ways of classifying risk.  Zou et al. (2007) argue that by 

identifying the consequence, type and impact of risk as an integrative part of risk 

identification, risk classification attempts to structure the diverse risks affecting a 

construction project. Since the criticality of risk factors differs according to the phase 

of the project life cycle, classifying risks according to the different phases of a 

project is useful in the latter stages of project risk management compared to other 

classifications as it helps to evaluate risk factors according to the specific phase of 

the project. In line with this idea, the present study attempts a classification of risk 

according to the stages of a project life cycle. 

 

Risk Category Summary Sheet 

This is the final step in the risk identification process.  Al-Bahar and Crandall (1990) 

have proposed the integration of all personnel participating in the project 

management team in the summary sheet because such participation is considered 

very important in the risk identification process as judging the significance of any 

risk cannot be delegated to a single person.  They further proposed that the summary 

sheet be updated as information changes or as different risk exposure develops.  In 

this way, it becomes a living picture of the management's understanding of the 

project risks.  

 

It is clear that risk identification is an important process with a number of steps to 

identify the severe risks in a project.  In addition, the risk identification process 

should highlight significant risks, which should be selected for further analysis 

(Adams, 2008b). 
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2.4.2 Risk analysis 

Risk analysis is performed in order to show what happens if the project does not 

proceed according to the plan due to the potential risks and to warn the decision-

maker or manager about the responses necessary to cope with risks.  Furthermore, it 

captures all feasible options and analyses the various outcomes of any decision 

(Oztas &  Okmen, 2003).  

 

Risk analysis techniques are grouped into two parts: quantitative and qualitative 

(Flanagan and Norman, 1993).  Figure 2.4 shows the sequence in risk analysis 

process.  While both groups benefit from the data produced by risk identification, the 

qualitative approach consumes the gathered information through direct judgment, 

ranking options, comparing options, and descriptive analysis (Oztas and Okmen, 

2003). Recently, a number of systematic models were proposed for use in the risk 

evaluation process (Dey, 2001). Kangari and Riggs (1989) identify two different 

types of models:  classical and conceptual.  The use of rigorous analytical techniques 

in construction risk analysis is very common in the existing literature (Pouliquen, 

1970; Bjornsson, 1977; Perry and Hayes, 1985; Cooper, 1987; Ranasighe and Russel, 

1993; Adams, 2008a; Luu, Kim, Tuan & Ogunlana, 2009; J. Zeng, An, & Smith, 

2007; AmirRezak, Neda, Farid, & Sayed, 2011). However, it is evident that these 

techniques are rarely applied as they do not fulfill the needs of the industry (Tah, 

Thorpe, and McCaffer, 1996; Akintoye and Macleod, 1997; Uher and Toakley, 

1999). Moreover, these risks are commonly analyzed, according to Adams (2008b), 

in an arbitrary manner. Therefore, subjective analytical methods which are based on 

the historical information and experience of individuals and companies have been 

used to assess the impact of construction risk (Bajaj et al., 1997). According to 

Tversky (1974), the analysis of such risks is often based on the intuitive judgment of 

the decision-maker.  Therefore, it is clear that results are bound to be influenced by 

the perceptions and biases of those making such analyses.  On the other hand, an 

appropriate method of aggregation of opinions from multiple experts can reduce the 

impact of individual perceptions and biases on the analysis (Adams, 2006). In line 

with this thinking, this study collects data from multiple experts for analysis. 
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Figure 2.4: Risk analysis process 

Source: Flanagan and Norman (1993) 
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Thompson and Perry (1992) have argued that the choice of the risk analysis 
technique to be used should depend on the following factors: 

• The type and size of the project; 

• The information available; 

• The cost of the analysis; 

• The time available to carry it out; 

• The experience and expertise of the analysts. 

 

According to Raz and Michael (2001), risk impact and risk probability assessments 

are frequently used in assessing project risks.  This form of risk assessment is 

accepted in many publications on construction risk management in order to identify 

the most critical risks (Shen, Wu, & Ng, 2001; Santoso, Ogunlana, & Minato, 2003; 

Wiguna & Scott, 2006).  However, Williams (1996) and Ward (1999) argue that the 

ranking of risk simply by multiplying probability by impact is misleading.  But, 

though this method of multiplying probability by impact for risk assessment has 

limitations, it is still a well-known and widely used method (Wiguna & Scott, 2006). 

In addition, the combined use of risk mapping with this method is one way to control 

the limitations of use of multiplying probability by impact for risk assessment since 

risk mapping considers both the impact of risk as well as the probability of risk 

occurrence individually. 

 

Conventionally, risk analysis is performed at the overall project level (Dey, 2001) 

although Cooper, Macdonal, & Chapmen (1985) have shown how systematic risk 

evaluation could be performed by subdividing a project into major elements by 

analyzing the risk associated with each in detail.  Since the severity of the risk 

pertaining to a project varies from one phase of the project life-cycle to another, once 

the risks of a project have been identified and analysed, it will enable the 

stakeholders to adopt appropriate risk response strategies to cope with the identified 

risks.  
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2.4.3 Risk response/ Risk handling 

Fan et al. (2008) have stated that risk response identifies, evaluates, selects and 

implements strategies in order to reduce the likelihood of occurrence of risk events 

and/or to lower the negative impact of those risks to an acceptable level. They have 

further proposed that the risk response process include the documentation regarding 

the risks about which action should be taken, when they should be taken, who is 

responsible and the associated risk response cost.  Risk response is the process that 

allows a risk alleviation strategy to be adopted and for appropriate remedial action to 

be taken (Tah & Carr, 2000; Jamil et al., 2008).  For Wang and Chou (2003), the 

appropriate handling of risks requires a realization of the contents and effects of 

alternative solutions. 

 

Raftery (1994) has proposed four possible techniques for handling risks as follows: 

• Risk retention 

• Risk reduction 

• Risk transfer 

• Risk avoidance  

 

However, according to Mills (2001), the above-mentioned risk response methods 

may be used individually or in combination.  In a survey, Baker et al. (1999a) found 

that, in the construction industry, the risk reduction technique is the one most 

frequently utilized, followed by risk transfer, risk retention and risk avoidance. 

 

Risk retention 

According to Baker et al. (1999a), risk retention describes as ‘the risks, foreseen or 

unforeseen, that are controlled and financed by the company or contractor that is 

fulfilling the terms of the contract’. Al-Bahar and Crandall (1990) have argued that 

risk retention is becoming an increasingly important aspect of risk management when 

dealing with project risks. They have further stated that risk retention is the internal 

assumption, partially or completely, of the financial impact of risk by the firm. 

According to Flanagan and Norman (1993), risks which produce individually small, 
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repetitive losses are the ones most suited for retention. Carter and Doherty (1974) 

identify two retention methods: active and passive. Where active retention is 

deliberate retention after evaluating the consequences of risk, passive retention is 

risks incurred due to negligence, ignorance or absence of decision. S.Q.Wang and 

Chou (2003) too have identified of risk retention as including two conditions:  

1. Unplanned risk retention, where the manager does not take any action for 

some risk whether he or she is conscious of the risk or not; 

2. Planned risk retention, where the manager decides to take no action for some 

et al. risk after cautious evaluation. 

 

Risk reduction 

Baker (1999b) argued that reducing risks is a part of risk retention because the risk 

has to be retained before pursuing actions to reduce the effects of a foreseen risk. 

They have further argued that, alternatively, risk reduction may be an action within 

the overall risk management and that it is because of the possibly broader use of the 

term risk reduction that it has been categorized separately. According to 

B.A.K.S.Perera and Rameezdeen (2008), risk reduction is the most difficult out of 

the risk handling methods for the purpose of ensuring the success of the project. 

 

According to Flanagan and Norman (1993), risk reduction falls into four basic 

categories: 

1. Education and training to alert the staff to potential risks; 

2. Making available physical protection to reduce the likelihood of loss; 

3. Putting systems in place to ensure consistency and to make people ask the 

‘what if’ questions; 

4. Making available physical protection devices and mechanisms to protect 

people and property. 

 

Risk transfer 

According to S.Q. Wang and Chou (2003), risk transfer means switching risk 

responsibility between contracting parties in a project. According to Thompson and 

Perry (1992), risk transfer has two basic forms: (a) transferring the property or 
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activity responsible for the risk; or (b) retaining the property or activity transferring 

the financial risk, i.e., insurance. But according to Uff and Odams (1995), the 

following devises may be used for risk transfer: 

1. Insurance, which is the classic device for transferring risk.  Here, the risk of 

the insured is transferred to the insurer for a premium; 

2. Subcontracting, where a main contractor may sub-let the ground works 

package at a price adjustable if poor ground is encountered but only payable 

if the main contractor’s entitlement to that additional price is proved; 

3. Transferring design obligations, where the design and build contract 

obligations are transferred to the contractor. 

 

Risk avoidance/ Elimination   

Avoidance is a useful, fairly common strategy in managing risks. Al-Bahar and 

Crandall (1990) have argued that the contractor knows that in avoiding risk exposure, 

he will not experience the potential losses that the risk exposure may generate. On 

the other hand, however, the contractor also loses the potential gains that may have 

been derived from assuming that exposure.  Baker et al. (1999a) cited situations such 

as a contractor not placing a bid or the owner not proceeding with project funding as 

extreme examples of risk elimination. In addition, Carter and Doherty (1974) argue 

that there are a number of ways to avoid risks such as tendering a very high bid, 

placing conditions on the bid, pre-contract negotiations and not bidding on the high 

portion of the contract.  

 

Even though the most commonly identified risk response methods in the literature 

are risk retention, risk reduction, risk transfer and risk avoidance, risk allocation is 

also identified as an important risk handling method. According to N.A. Kartam and 

Kartam (2001) and Mills (2001), the most efficient response to risk is to allocate the 

risk to the party that is in the best position to accept it. Further, in responding to each 

type of risk, it is more appropriate to allocate the risk among the parties in the 

contract or to a third party based on their ability to control the risk. Moreover, the 

risk can either be shared with or totally shifted to the employer, contractor, or any 

other third party (S.M. Ahmed et al., 1999).   
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Risk allocation 

According to Bunni (1997), when a risk has been identified, assessed and analysed, it 

must be allocated to various parties in order to keep it either under control or to 

prevent the occurrence of harmful consequences and, thereby, to reduce the risk.  

Andi (2006) however claims that, ‘construction risks can hardly ever be eliminated. 

They can merely be transferred or shared from one party to another through contract 

clauses.’ This idea is also explored by Mak and Picken (2000) who have highlighted 

the fact that contractors are required to accept a certain level of risk due to 

unforeseen costs they incur during construction and that risk is also an issue for 

clients. The above discussion therefore underscores the significance of risk allocation 

and the need to make such risk allocation a part of the risk management process.  

 

Risk allocation seeks to assign responsibility for the definition and division of 

responsibility associated with a possible future loss or gain in a variety of 

hypothetical circumstances should a project not proceed as planned (Uff, 1995).    

This is commonly defined through the contractual documents (Lam, Wang, Lee & 

Tsang, 2007). Sharing responsibilities among the parties involved in a construction 

project is necessary because assigning overall responsibility to one party carries 

some element of danger and would incur more cost should the perceived risky 

situation were to occur (S.M. Ahmed et al., 1999).  Hence, it is customary to shift the 

responsibility for the risk to either the contractor or the client and sometimes to share 

it among both parties. 

 

Thompson and Perry (1992) have proposed that the contract strategy to determine the 

right allocation of responsibilities be arrived at with the same care as that adopted in 

the drafting of the contract and tender procedure for a project. This underscores the 

importance of the role of each constituent in the contract, such as the contract 

agreement, conditions of contract, specifications, preamble notes, and bills of 

quantities and drawings, in the determination of the allocation of risk. However, as 

S.Q. Wang and Chou (2003) have pointed out, risks can also be transferred beyond 

the limits of the contract clauses although with the consensus of both parties. 
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Thus, a party to whom a risk is allocated is considered to have the “ownership of 

risk.”  But, according to Godfrey (1996) and Uff (1995), it has several meanings. 

They are: having a stake in the benefit or harm that may arise from the activity that 

leads to the risk; responsibility for the risk; accountability for the control of risk; and 

financial responsibility for the whole or part of the harm arising from the risk should 

it materialize.  N.A. Kartam and Kartam (2001) have pointed out that responsibility 

for all the risks vest rightfully with the owner and that it should be transferred to 

another party only with fair compensation. However, the common understanding on 

risk allocation is that the receiving party has both the competence and expertise to 

fairly assess the risk and to control or minimize it (Barnes, 1983; Abrahamson, 1984; 

Perry and Hayes, 1985; Thompson and Perry, 1992; Godfrey, 1996; Hartman, 1996; 

Fisk, 1997). In addition, Banaitiene et al. (2011) sees risk management as helping the 

key project participants to meet their commitments and to minimize the negative 

impacts on cost, time, and quality objectives of a construction project. 

 

2.5 Involvement of Stakeholders in Risk Management 

The diverse interests of project stakeholders in a construction project further 

exacerbate the changeability and complexity of the risks (Zou, et al., 2006). 

According Loosemore, Raftry, Reilly & Higgon (2006), effective and frequent 

involvement of stakeholders at all stages of the risk management process will ensure 

both that more risks are identified and that their commitment can be secured for 

managing them. 

 

Thus, the risk inherent in construction should be attached not to one party but to all 

parties involved although problems may be offloaded from one party to another by 

contract agreement.  Figure 2.5 displays how the spectrum of risks in a project comes 

to affect the owner, the professionals, which includes consultants, and the contractor 

(Bunni, 1986). 
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Figure 2.5: Spectrum of risks in construction 

(Source: Bunni, 1986) 
  

With regard to project risk, risks appear different when viewed from the different 

perspectives of the stakeholders (Olson, 2007).  Thus, the willingness of a 

contracting party to bear a risk is dependent on the factors listed below (Ward et al., 

1991): 

• general attitude to risk; 

• perception of project risk; 

• ability to bear the consequences of a risk eventuating; 

• ability to manage the associated uncertainty and thereby mitigate the risk; 

• the need to obtain work; 

• his/her perception regarding the risk/return tradeoffs of transferring the risk to 

another party. 

 

Ward et al. (1991) have further argued that one party may require a higher expected 

rate of return for taking on a given level of risk than another party and that while one 

organization may prefer low-risk, low-expected return opportunities, another may 

prefer high risk, high-expected return opportunities. 
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According to Sawczuk (1996), no matter how small or simple the project, it can still 

go wrong as soon as the two parties, the client and contractor, have signed the 

contract and have taken on board the risk.  It only underscores the need for immense 

involvement from project contracting parties such as client, consultant and contractor 

in order to ensure that risks are managed properly.  However, Martin (1983) stresses 

the special place of clients in any contracting agreement since clients are the life 

blood of the industry.  

 

2.5.1 Involvement of client in risk management 

The client is the key to the success of any construction project. A client may increase 

the risk exposure by applying unreasonable monetary and time constraints, or by not 

implementing the appropriate maintenance or operating procedures once the project 

is completed. The client must thus strike a balance between the degree of perfection 

required and the economic constraints to be imposed (Bunni, 1986). 

 

Thompson and Perry (1992) have argued that unless the client recognizes a risk, the 

other parties to the project will pay attention to or recognize the risk only as far as 

they think it wise to protect their own interests. According to these scholars, the main 

decisions in making which the client can gain from risk management are: 

• Formulating contract terms, particularly in choosing an equitable risk 

allocation; 

• Assessing the opportunities for risk management made possible by different 

types of contractual arrangements; 

• Choosing conditions of contract which define the risk and their allocation. 

 

However, according to Ward et al. (1991), clients may be more willing to take on a 

risk if they have experience of the construction industry and build frequently. 

 

2.5.2 Involvement of consultant in risk management 

Kometa, Olomolaiye, & Harris (1996) have identified that consultants, by virtue of 

their job, give advice to clients as part of their duty under the laws of contract and 



Chapter 2 

33 

tort. They further point out that the risk entailed in any advice given to clients might 

involve substantial financial losses to consulting firms in instances where the client 

sues successfully, leading to a decline in client confidence and the reputation of the 

firm.  

 

In the case of designers, they maybe rushed to complete the design phase by owners 

who are keen to start construction early for the purpose of attaining market 

objectives.  According to El-Sayegh (2008), one of main risks arising from this is 

deficiencies in drawings and specifications, which relates to the quality of the 

drawings and specifications produced by the design professional.  El-Sayegh also 

points to changes made by the design professional during the construction phase as 

another risk.  

 

Thus, while it has been often said that consultants carry very little risk because they 

only give advice, the loss incurred as a result of bad advice can be very significant 

(Flanagan & Norman, 1993). 

 

2.5.3 Involvement of contractor in risk management 

When construction projects are complex and risky, contractors are faced with a 

variety of situations involving many unknown, unexpected, frequently undesirable, 

and often unpredictable factors. In such cases, contractors are subject to cost 

increases that are not seen in construction projects with a relatively low degree of 

risk (Paek, Lee, & Ock, 1993). 

 

Contractors who bear project risk have four basic response options (Ward et al., 

1991): 

• Passing the risk on to a third party; 

• Continuing to bear the risk and managing it for profit while accepting 

liabilities; 

• If a downside risk eventuates, trying to recover costs from other parties, 

including the client; 



Chapter 2 

34 

• If a downside risk eventuates, meeting liabilities reluctantly, walking away 

from the contract, or going bankrupt. 

 

According to Zou et al. (2007), while risks are oriented towards all project stake-

holders, how effectively they will be managed by the different stake-holders in the 

context of a project life cycle is decisive to the success of the project. 

 

2.6 Project Life Cycle 

The project life-cycle is a convenient way of conceptualizing the generic structure of 

a project over time (Ward & Chapman, 1995). According to Heldman (2005), all 

projects are divided into phases and all projects, large or small, have a similar life-

cycle structure. At a minimum, a project will have a beginning or initiation phase, an 

intermediate phase or phases, and an ending phase.  He further stated that the number 

of phases depends on the complexity of the project and the nature of the industry.  

 

Dione, Ruwanpura, & Hettiraatchi (2005) have stated that in the case of most 

medium to large-scale projects, especially in the case of those with complicated 

engineering designs, financing and construction can be divided into distinct phases.  

Moreover, each phase represents an important milestone in the progress of the 

project towards completion. They have further stated that the construction project 

life-cycle involves five phases: Initiation Phase, Concept Phase, Feasibility Phase, 

Planning Phase and Design/Implementation Phase.  Each of these construction 

project phases gives the proponent the opportunity to reflect on the project details to 

date, understand the implications of moving forward, and use the opportunity to 

make changes as necessary. 

 

According to CIDA (as cited in Uher and Toakley, 1999), the conceptual phase of a 

new construction project is the first of a number of sequential phases in a project 

development cycle, the other phases being project planning and design, procurement 

and construction, and commissioning. 
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While many researchers and authors, as discussed above, have offered different 

definitions of the construction project life-cycle, this study has adopted the definition  

of construction project phases offered by Zou et al.  (2007), which divides the 

comprehensive project life-cycle into four stages as follows: 

1. Conceptual stage; 

2. Design stage; 

3. Construction stage; 

4. Operation stage. 

 

Mills (2001) argued for seeing risk management not as a one-off activity but rather 

as something to be applied continuously throughout the life-cycle of the project. Zou, 

Zhang, & Wang (2006) explain more effective management of risks as possible if the 

risks are managed from the perspective of a project life cycle. Hence, it is obvious 

that risk management throughout the life-cycle of a project would give stakeholders 

of a project a more effective and efficient way to manage risk. 

 

2.7 Risk Management and Project Life Cycle 

All project lifecycles consist of a sequence of stages and activities, from origin to 

completion, and there is always a degree of risk associated with each stage. Risk 

identification and the development and implementation of risk management 

strategies therefore must be carried out throughout the life-cycle of a project (Stewart 

& Fortune, 1995). Wiguna and Scott (2006) also argue that the identification and 

analysis of risks should be carried out regularly throughout the process and not 

confined only to the beginning of the project. 

 

However, Walewski and Gibson (2003) point out that understanding the relationship 

between risk management and project phases for capital projects can be a difficult 

task. Chapman (1997) and Smith (2003) suggest that a formal risk management 

process should be applied at all stages of the project life cycle by both clients and 

other parties associated with a project.  They have further stated that implementing a 

risk management process early on in the project life cycle is in general more difficult 

because, at this stage, the project is more fluid and less well defined. However, 
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implementing a risk management process later on in a project life-cycle gives rise to 

somewhat different difficulties without any compensating benefits.  

 

As a project progresses, the nature and extent of foreseeable risks may change, new 

risks may emerge, and existing risks may change in importance or be reallocated 

while influencing other risks (Rahman & Kumaraswamy, 2004).  While these risks 

may arise at different phases of a project life-cycle, some of them may possibly be 

concerned with more than one phase (Zou et al., 2007). 

 

2.8 Trend on Road Construction Projects in Sri Lanka 

In developing countries, the demand for infrastructure and services has created more 

opportunities for those in the construction industry compared to the stagnant 

domestic construction industry (S.Q. Wang et al., 2004).  It is evident that, as a 

developing country looking to accelerated economic growth, there are more 

opportunities for investments in infrastructure development within the Sri Lankan 

context. Government investment or expenditure on public infrastructure is one of the 

components which can accelerate economic growth.  In the case of Sri Lanka, it is 

also used to stabilize the economy. 

 

According to the Road Development Authority (RDA 2009), the development of the 

road network in the country dates back to the British colonial period. The Central 

Bank records for the six years (2000-2006) cited below make it obvious that, from 

the year 2005, there has been a rapid increase in government investment in the road 

network.  

 

As the Central Bank report 2006 states, “in the aftermath of the tsunami devastation, 

public sector as well as private sector investment had been channeled into urgent 

rehabilitation and reconstruction activities in tsunami affected areas”(P. 135).  As 

Table 2.2 makes evident, government investment has been directed to the 

reconstruction of roads, rails and other infrastructure facilities (Central Bank Annual 

Report, 2005). 
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Table 2.2: Government investment on infrastructure 

Source: Central Bank Annual Reports (2000-2006) 
 

In addition, the present government has implemented vast infrastructure development 

projects, especially road construction and rehabilitation projects, such as Maga 

Neguma, which is a part of the “Ten-year Development Framework of the 

Government: 2006-2016” (refer Table 2.3). 
 

Table 2.3: Ten-year development framework of the government: 2006-2016 

Sector and Development 
Thrust/ Vision/ Objective 

Policy Framework/ Policy Direction/ 
Strategies/Key targets 

 

Roads: 
 

To provide accessibility 
to the whole population 
in the country and to have 
a high quality mobility 
road network for the 
transportation of 
passengers and goods. 
  

  
• Giving high priority to the maintenance and 

rehabilitation of the existing road network. 
• Building carefully selected and economically 

maintainable new major roads and expressways. 
• Launching a programme for traffic management 

and for increasing road safety. 
• Continuing the Maga Neguma programme to 

develop the rural road network 
• Introducing traffic management measures such 

as road pricing, construction of flyovers and 
establishment of signal lights etc. 

• Opening investment opportunities for Public 
Private Partnerships (PPPs) for the development 
of expressways. 

Source: Central Bank of Sri Lanka Annual Report (2006) 

Year GDP 
(current market price- Rs. Billon) 

Government Investment 
(percent of GDP) 

2000 1258 3.3 

2001 1407 3.0 

2002 1582 2.0 

2003 1761 2.3 

2004 2029 2.2 

2005 2366 4.2 
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When the above information is taken into consideration, it becomes clear that the 

government has been implementing a vast new construction and rehabilitation road 

project island-wide, which increases the demand for road projects. In addition, it is 

predicted that the demand for road construction will be spiked by the plans in place 

for the rehabilitation and resettlement of people in the Northern and Eastern 

Provinces in Sri Lanka. All of this make it abundantly clear that there is an urgent 

need to come up with a risk management strategy which can be adopted in road 

projects for the purpose of attaining cost, time and quality achievements within 

unpredictable environmental conditions.    

 

2.8.1 Risk management in road construction projects in Sri Lanka 

Risk in the construction industry is inevitable and is associated with every aspect of 

it, be it the construction of a building or any other civil engineering project.  

However, according to Thompson and Perry (1992), the risk is particularly high in 

road, reservoir maintenance work and building refurbishment projects.  

 

It is therefore necessary to find out why road projects are more susceptible to risk 

than many other construction activities. In developing countries such as Sri Lanka, it 

is especially necessary to investigate the high degree of risk entailed in road projects. 

Kwak and Dewan (2001) have suggested that one of the major factors that should be 

considered in the planning and implementation of a development project is the 

location since the project environment, say, in the form of a developing country, can 

post especial constraints.  Among the constraints that they identify as noteworthy 

constraints when it comes to proper project management and for achieving project 

goals are: the availability of the needed technical skills or managerial expertise in 

order to manage complex projects; the shortage of the required material and 

equipment; low human capital productivity; and the lack of political stability which 

may lead to frequent changes in policies and the lack of confidence in the local 

economy.    
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The situation in Sri Lanka is no different from the general prognostication for 

developing countries described above where too political instabilities and resultant 

uncertainties regarding the long-term future of the society and economy make it risky 

to invest in civil projects and in infrastructure development projects such as 

transportation, irrigation, that are more vulnerable than most other development 

projects to sudden upsets in the social and economic environment.  

 

2.9 Approaches to the Research Problem 

Much has been written on risk management in the construction industry (Williams, 

1995; S.Q. Wang et al., 2004).  A great deal of research has been carried out on 

various aspects of risk management worldwide (Wiguna & Scott, 2006) with many 

country-specific models too on how to identify, analyze and manage severe risks. 

These studies have contributed much to adequately covering the perception of 

contracting parties on risk and risk management (Kangari, 1995; Cheung, 1997; 

S.M.Ahmed et al., 1999; N.A.Kartam & Kartam, 2001; Rahman & Kumaraswamy, 

2002) while orienting both researchers and practitioners towards effective risk 

management.  

 

What follows is a list of country-specific studies on risk management in the 

construction industry: Indonesia: Abednego and Ogunlana (2006) and Andi (2006); 

USA: Kangari (1995), McCallum (2000) and Oyegoke (2006); Hong Kong: Edwards 

and Bowen (1998), Ahmed et al.  (1999), Lam and Chow ( 1999), Rahman and 

Kumaraswamy (2002, 2004) and Lam et al., (2007); China: S.Q.Wang,Tiong, Ting, 

& Ashley (1999), Shen,   et al. (2001), Fang , Fong, & Shen (2004), Tang, Oiang, 

Duffield, Young, & Lu ( 2007), Zhang, and Zou (2007),  Zou et al.  (2007), Zayed et 

al. ( 2008) and J. Wang and Yuan ( 2011); Japan: Oyegoke (2006); Australia: Jaafari 

and Anderson (1995); Bangladesh: Al-Bahar and Crandall (1990); India: Dey (2001), 

Thomas, Kalididi, & Ananthanarayan (2003), Jha and Devaya (2008) and Maniar 

(2010); Kuwait: N.A. Kartam and Kartam (2001); South Korea: Kim and Bajaj 

(2000); Sri Lanka: B.A.K.S. Perera and Rameezdeen (2008) and Perera et al.  (2009); 

Taiwan: M.T. Wang and Chou (2003); Tailand: Gosh and Jintanapakanont (2004); 

Turkey: Oztas and Okmen (2003); UAE: El-Sayegh (2008); UK: Akintoye, Taylor, 
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& Fitzgerald (1998), Tah and Carr (2000) and Oyegoke (2006); Poland: Skorupka  

(2008); Lithuania: Zavasdska et al. (2009) and Banaitiene et al. (2011); South 

Africa: Mhachu and Nkado (2007); Nigeria: Aibinu and Odenyinka (2006); 

Mozambique: Baloi and Price (2001); and Finland: Oyegoke (2006). These studies 

are of immense value to those who wish to study the principles and practices of risk 

management in the Sri Lankan construction industry. Since the perception of risk is 

subjective while also being affected by the unique political, economic, environmental 

and cultural conditions of a country (Han & Diekmann, 2001; Andi, 2006; El-sayegh, 

2008 and S. Li, 2009), researchers have argued for paying attention to the manner in 

which these differences in thinking, value systems and living conditions affect the 

construction industry, especially the management of risks. Hastak and Shaked (2000) 

also expose this argument because they identify how the analysis of the project risk 

is impacted by the country’s socio-economic and market environment.  Thus, in the 

case of the Sri Lankan construction industry, the conditions affecting the industry 

have to be understood as particular to the country’s environment.  

 

However, the surveys and case studies mentioned above were typically based on one 

group of project participants.  More often than not, only the perspective of the 

contractor was considered in identifying risk factors (Kangari, 1995; S.M.Ahmed et 

al., 1999; Bing et al., 1999; Kim and Bajaj, 2000; N.A.Kartam and Kartam, 2001; 

M.T. Wang and Chou, 2003; Fang et al., 2004; Wiguna and Scott, 2006).  But risk 

management aims at minimizing risks to all parties irrespective of who bears the risk 

(ASCE, 1979). Therefore, the risks of a project should not be determined on the basis 

of the perceptions of one party.  Risk management moreover considers the total 

project cost due to the perceived risks of the different parties and not just the costs 

borne by individual parties separately (Rahman and Kumaraswamy, 2002). 

Therefore, it is important to understand the combined effort of contracting parties 

towards risk management.  

 

Hence, while there have been many studies on the critical risks in a particular 

project, there is still a dearth of studies that undertake a comprehensive analysis of 

critical risks at each stage of the project life-cycle except for studies by Tomas et al. 
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(2003) and Zou et al. (2006).  According to Rahman and Kumaraswamy (2004), the 

nature and extent of risks can only be appreciated precisely at the stage of project 

execution. They have further argued that “as the project progresses, the nature and 

extent of such project risks may emerge and existing risks may change in importance 

or reallocated” (Rahman & Kumaraswamy, 2004, p.180). According to them, the 

criticality of the risk may differ from one phase to another in the project life cycle.  A 

factor which is very critical at one phase may turn out to be the least important in 

another phase. This makes it important to identify the critical risks at different stages 

of a project life cycle and their management at different phases. 

 

In the case of Sri Lanka, both the demand for and the size and complexity of projects 

are increasing particularly due to attempts at accelerated rehabilitation reconstruction 

in the northern and eastern provinces of the country.  In these two provinces, the 

demand for road construction is particularly high.  There is an urgent need therefore 

to study issues to do with risk management in the Sri Lankan construction industry 

which has to cater to this current demand for roads and other infrastructure 

development.  However, to date, only a few studies have attempted to study the issue 

of risk management in the case of Sri Lanka although it has been found that most 

cost overruns, time overruns and low-quality of projects in Sri Lanka are the result of 

poor risk management (K.B.D.Perera, 2006). Han and Diekmann (2001), for 

instance, have pointed out that risks could be the result of the unique political, 

economic, environmental and cultural conditions of a country.  Hence, it is important 

to arrive at country-specific studies of critical risk factors and their management.  

The present study addresses itself to this lacuna when it comes to the study of risk 

management in the case of road construction projects in Sri Lanka. 

 

The aim of this study is to identify and evaluate the existing risk managing strategies 

from the perspectives of the contracting parties throughout the project life-cycle. To 

achieve this aim, firstly, the critical risk factors prevailing in each phase of the 

project life-cycle will be identified.  Secondly, the significant measures taken to 

manage these risks in each phase of the project life cycle will be highlighted. Finally, 

the barriers and solutions in the way of implementing the risk management strategies 

will be discussed. 
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Although there are a number of studies which identify risk factors in the road 

construction industry for other countries, only a few studies do so in the case of Sri 

Lanka.  Since, as discussed above, risk factors are affected by the culture, politics, 

values, etc., of a country, the list of risk factors identified in B.A.K.S. Perera and 

Rameezdeen (2008) was selected for this study. The choice was further supported by 

the fact that it was a recent study undertaken in the context of a road rehabilitation 

project which covers a wide range of common risk factors.  Further more, that 

research has tried to identify the combined effort of contracting parties towards risk 

management. In this paper researchers have explored the risk factors prevailing in the 

Sri Lankan context with the use of a Questionnaire survey (Full paper is given in 

appendix 01) .Given below is the list of risk factors adopted for this research: 

1. Labour shortage 

2. Delays in payment by the client 

3. Inflation  

4. Variations  

5. Contractor’s cash-flow problems 

6. Labour skill 

7.  Inclement Weather 

8.  Errors in estimated cost and construction period 

9. Shortcomings in tender document (specification, BOQ, drawings, etc.) 

10. Design changes during construction by the client 

11. Traffic 

12. Inadequate early planning 

13.  Design errors by the consultant 

14. Delays in material delivery 

15. Delays in shifting utility lines by the relevant authorities 

16. Poor productivity 

17. Unavailability of a professional and experienced construction management 

team 

18. Lack of project funds  

19.  Equipment-related risk (i.e., their availability and efficiency) 

20. Delays in decision-making by client 

21. Delays in mobilization 
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2.10 Summary  

Most construction projects are consistently exposed to different types of risks due to 

their increasing complexity, size and client requirements.  These risks affect projects 

in terms of cost, duration, quality and safety.  Thus it is obvious that to manage these 

risks, a systematic approach in the form of risk management is needed.  

 

Risk management identifies risky situations and develops strategies to reduce the 

probability of occurrence, or the negative impact, of risky events. Risk identification 

is the first step in the risk management process, which is followed by risk analysis 

and risk response. 

 

Stakeholders in a construction project play an important role in risk management and 

the effective and frequent involvement of stakeholders at all stages of the risk 

management process will ensure that more risks are identified and managed properly. 

Moreover, risk management would be more effective if the risks were identified and 

considered in a more complete and systematic way as they occur in the project life-

cycle. 

 

In this chapter, it has identified the four phases of the project life-cycle and the most 

significant risk factors to be considered in a road construction project when it comes 

to Sri Lanka through a review of the literature on risk factors in the construction 

industry worldwide. The literature review has highlighted the dearth of literature on 

the subject in the case of Sri Lanka and the urgent need to engage in research on the 

subject given the heightened interest in road and other infrastructure development in 

the current socio-economic and political milieu.   The present study will therefore be 

of great relevance to the country. 
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Chapter 3 

 
3.0 RESEARCH METHODOLOGY 
  

3.1 Introduction 

The aim of this chapter is to outline the research methodology and research methods 

adopted for the study. The first part of the chapter outlines the research design and 

how it is applicable to the study. The second part describes the process adopted for 

this particular research.  It consists of three stages overall. The first stage involved a 

detailed literature review and informal interviews. The second stage consisted of a 

detailed Delphi survey of three rounds with a combination of structured interviews at 

each stage. The final stage focused on developing a risk management model and 

testing the practical use of the model.  Chapter three discusses these stages in detail, 

including the methods of data analysis employed for the study and validation 

methods. 

 

 
3.2 Research Design 

Bailey (1997) defines research as the systematic investigation of a problem, area or 

issue, which is undertaken for the purpose of enhancing the knowledge base of a 

particular subject. Although there are many definitions of the term ‘research 

methodology’, for the purposes of this study,  research methodology is defined as the 

system of explicit rules and procedures on which the research is based and against 

which claims for knowledge are evaluated (Frankfort-Nachmias & Nachmias, 1996). 

Choosing a proper research methodology is important as it determines the research 

methods to be used in the study (Liyanage, 2006).  The figure 3.1 gives the different 

types of research methodology as illustrated by Saunders, Lewis, & Thronhill (2004):   
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Figure 3.1: Research methodology illustration 
Source: Saunders et al. (2004) 

 

According to Remenyi, Williams, Money, & Awartz (1998), there are two important 

factors which should be considered in selecting a suitable research methodology: the 

topic to be researched and the specific research questions. 
 

Kagioglou, Cooper, Aouad, & Sexton (2000) identified (see figure 3.2) research 

methodology as complying with three key steps sequentially: identification of the 

research philosophy, research approach and research technique.  While the selection 

of research techniques for data collection and data analysis is based on the research 

approach, the selection of the research approach is based on the research philosophy.  
 

 

Figure 3.2: Nested reseach methodology 
Source: Kagioglou et al. (2000) 
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3.2.1 Research philosophy 

Selection of a research philosophy is the initial step in a research design and its 

determination is dependent on the researcher’s attitude towards the development of 

knowledge. Further, it directs the researcher to select an appropriate research strategy 

from among the following: 

• Positivism: This is a stance often adopted by natural science researchers in 

positivism researchers’ work with an observable social actuality and the 

finished product of the research can be generalized (Remenyi et al., 1998). 

• Interpretivism: Researchers who adopt this approach try to discover the 

details of the situation in order to understand the reality or perhaps the 

reality that is working behind them (Remenyi et al., 1998). 

• Realism: Researchers subscribing to this school of thought believe that 

reality is subjective and interior to the people and shares the views of both 

positivism and interpretivism. 

 

Since the research problem under consideration in this study requires vigilant 

observation and identification of construction project risks for the purpose of 

managing the project risks for the construction parties throughout the project life 

cycle, ‘interpretivism’ is selected as the research philosophy for this research.  

 

3.2.2 Research approach 

The research approach describes the organization of research activities, especially the 

collection of data from the population in a way that meets the aims and objectives of 

the research. The researcher must therefore settle on an appropriate research 

approach to deal with the research question in accordance with the research 

philosophy. According to Saunders et al. (2004), the research approach can be 

divided into two categories (refer figure 3.1), 

• Deductive In this approach, the researcher first develops a theory and 

hypothesis and then designs a research strategy to test the hypothesis.  This 

approach is based on positivism; 



Chapter 3 

47 

• Inductive: Here, the researcher first collects the data and develops a theory 

based on the results of the data analysis.  This approach is based on 

interpretivism. 

 

The present study requires the researcher to identify the severe risk factors and how 

they are handled by the parties to the contract in the construction life-cycle.  The 

deductive approach is therefore selected for the purposes of this study.   

 

According to Kagioglou et al. (2000), the following are the most popular and widely 

used research approaches in the world: 

• Experiments – laboratory, quasi-experiments 

• Surveys 

• Case study research  

• Ethnography  

• Action research  

• Grounded theory  

 

The present study adopts the survey method as the most appropriate approach since it 

was necessary to elicit the perceptions and opinions of building construction 

practitioners. 

 
Survey research approach 

Survey research is one of the most common research approaches.  The main 

characteristics of survey research, according to Pinsonneault and Kraemer (2002) 

are:  

• Obtaining information from a sample, 

• Asking questions from the respondents, 

 

3.2.3  Choice of survey approach 

After developing a feasible research question, it is necessary to design the research 

from a macro to a micro perspective. For the purposes of this research, the survey 
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approach is selected over the case-study approach because it offers a bird’s eye view 

of the whole industry and thus a broader perspective rather than an in-depth analysis.  

Moreover, in identifying risk factors and how they are managed, the survey approach 

provides better access to information through a concise and precisely designed 

questionnaire (N.A.Katam & Katam, 2001). Since, according to Akintoye and 

MacLeod (1997), the analysis and management of construction risk depend mainly 

on intuition, judgment and experience, it is clear that the research can be 

implemented through a questionnaire survey for the purpose of obtaining the relevant 

data under the research topic. 

 

It is also a fact that there is a need to generalize the result to some extent.  Hence, by 

resorting to a survey, the research obtains the following advantages (Saunders et al., 

2004): 

• Surveys are relatively inexpensive (especially self-administered surveys);  

• Surveys are useful in describing the characteristics of a large population. No 

other method of observation can provide this generalizing capability; 

• Surveys make very large samples feasible, thus making the results statistically 

significant even when analyzing multiple variables;  

• Many questions can be asked of a given topic which gives considerable 

flexibility to the analysis; 

• There is flexibility at the creation phase in deciding how the questions will be 

administered: as face-to-face interviews, via telephone, as a group-

administered written or oral survey, or via electronic mail; 

• Standardized questions make measurement more precise by enforcing uniform 

definitions upon the participants;  

• Standardization ensures that similar data can be collected from groups and then 

interpreted comparatively (i.e. between-group study).  

 

3.2.4 Research technique 

Taking into consideration the circumstances of this particular research, especially the 

need to elicit and identify perceptions of construction industry practitioners about 

risk and the strategies for risk handling among contracting parties, the Delphi 
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technique was used in the survey which is a systemic interactive forecasting method 

for obtaining forecasts from a panel of independent experts.  Furthermore, in order to 

fill gaps in results obtained from the questionnaire survey, a semi-structured 

interview was used where a concerted effort was made to determine the actual 

situation.  

 

Kerzner (2001) describes the Delphi method as an expert judgment technique, which 

offers one of the most comprehensive surveying techniques for the purpose of 

identifying risk factors. According to Dey (2001), the Delphi method is one of the 

most effective techniques to identify the various risk factors and an analysis tool 

often used by researchers and practitioners. Therefore, given the nature of the study 

and the techniques in use in similar researches on risk management, the present study 

was conducted via a questionnaire survey, using the Delphi technique, on the basis of 

guidelines proposed by Linstone and Turoff (1975) and Turoff and Hiltz (2006) for 

conducting a Delphi study  and other useful reviews of the technique are offered by 

researchers such as Fischer (1978), Gupta and Clarke (1996), Schmidt (1997),  Rowe 

and Wright (1999), Okoli and Pawlowski (2004) and Keeney, Hasson and McKenna 

(2006), in order to attain the aim and objectives for the research.  

 

3.3 The Delphi Technique 

 
33..33..11  An overview   

The Delphi technique has been used since the 1950s, with the use of Delphi as a 

forecasting method at RAND, Santa Monica, California. But the Delphi technique 

later came to be used in a number of other areas such as business, education, and the 

social sciences for a number of applications, including management decision-

making, policy evaluation, program planning, and prioritization of issues or actions 

(Delbecq, Van, & Gustafson, 1975; Dunham, 1998; Gunaydin, 2004). 

 

According to Chapman (1998), “the Delphi technique is a method for the systematic 

collection of judgments from isolated anonymous respondents on a particular topic, 

through a set of carefully designed sequential questionnaires interspersed with 
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summarized information and feedback of opinions, derived from earlier responses” 

(p.340). Fischer (1978) defines Delphi as a method for collecting and refining expert 

opinions for the purpose of arriving at a consensus. For Linstone and Turoff (1975), 

Delphi is a method for structuring a group communication process so that the process 

is effective in allowing a group of individuals, as a whole, to deal with a complex 

problem. Sackman (1975) defines Delphi as an attempt to elicit expert opinions in a 

systematic manner to produce useful results. According to Dalkey and Helmer 

(1963), the Delphi technique is capable, through a series of questionnaires, of 

producing a reliable consensus among an expert group while Scapola and Miles 

(2006) identify Delphi as facilitating the formation of group judgments.   

 

The objective of the Delphi method is to obtain a reliable response to a problem or 

question from a group of experts. This is done by giving individuals in the group a 

series of questionnaires (or interviews) that reiterate the same questions while 

providing group feedback from previous rounds (Helmer 1983, p.135). Delphi 

experiments tend to produce a convergence of opinion, not just toward the mean but 

toward the true value (Helmer 1983, p. 153). The Delphi technique is based on the 

qualities of ‘anonymity, statistical analysis, and feedback’ (Armstrong, as cited in 

Gunaydin, 2004). Further, in a Delphi study, the participants do not interact with one 

another, their responses being anonymous, while the group results are given in terms 

of means, medians, or standard deviations. However, participants are given the 

opportunity to reconsider their response after receiving group feedback.  

 

Fowles (1978) describes the following ten steps for the Delphi method: 

1. Formation of a team to undertake and monitor a Delphi on a given subject;  

2. Selection of one or more panels to participate in the exercise.  Customarily, 

the panellists are experts in the area to be investigated;  

3. Development of the first round Delphi questionnaire;  

4. Testing the questionnaire for proper wording (e.g., ambiguities, vagueness, 

etc.);  

5. Transmission of the first questionnaires to the panellists;  

6. Analysis of the first-round responses;  
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7. Preparation of the second-round questionnaires (and possible testing);  

8. Transmission of the second-round questionnaires to the panellists;  

9. Analysis of the second-round responses (Steps 7 to 9 are reiterated as long as 

desired or necessary to achieve stability in the results);  

10. Preparation of a report by the analysis team to present the conclusions of the 

exercise. 

 

3.3.2 Delphi method design considerations 

While the Delphi method is flexible and superficially simple, many design 

considerations need to be taken into account in order to successfully use the method 

because if it is poorly applied, like any other research method, the Delphi can yield 

suspect results. The number of rounds again is variable and dependent upon the 

purpose of the research. Delbecq et al. (1975) suggests that a two or three iteration 

Delphi is sufficient for most research.  In this research, it was limited to three rounds 

of the questionnaire survey. The questionnaires are designed to focus on problems, 

opportunities, solutions, or forecasts (Skulmoski, Hartmen, & Krahn, 2007). 

 

Strengths of the Delphi Method 

Gordon, Helmer, & Dalkey (2008) have identified the strengths of the Delphi method 

as follows: 

1. Rapid consensus; 

2. The ability to survey participants resident in different locations;  

3. Coverage of a wide range of expertise; 

4. Avoidance of Groupthink; 

5. Forecasting of a specific, single-dimension question 

 

The advantages of conventional Delphi, at least in this reviewer’s estimation, are its 

primarily low cost, versatile application to virtually any area where “experts” can be 

found, and the ease of administration, the minimal time and effort on the part of the 

director and panellists, and the simplicity, popularity, and directness of the method 

(Sackman, 1975). 

 



Chapter 3 

52 

Weaknesses of the Delphi Method 

Even though the Delphi method possesses several advantages, it has certain 

weaknesses (Gordon et al., 2008): 

1. Neglect of cross impact in the original form; 

2. Inability to cope well with paradigm shifts; 

3. The need to watch out for: 

• Imposing preconceptions or Monitor’s own view; 

• Ignoring and not sufficiently investigating disagreements; 

• Underestimating the demanding nature of the Delphi method. 

 

Delphi is a powerful method for deriving objective opinions in areas given to a high-

level of subjectivity (A.P.C. Chan, Wong, Chan, & Ho, 2000) via controlled opinion 

feedback (Alder & Ziglio, 1996). Even though the Delphi method has some 

limitations, by considering its advantages and the subjective nature of risk 

identification and handling, and the need of coverage of wide range of expertise in 

road construction for this research, the Delphi method was considered to be 

appropriate to achieve the objectives of this study.  

 

3.3.3 Research sample 

Selecting research participants is a critical component of Delphi research since it is 

their expert opinions upon which the output of the Delphi is based (Ashton, as cited 

in Skulmoski et al., 2007). Goldstein (1975) supports this view by demonstrating 

how the success of the Delphi method depends principally on the careful selection of 

a panel of experts. 

 

According to Adler & Ziglio (1996), there are four requirements for “expertise”: 

1. Knowledge and experience with the issues under investigation; 

2. Capacity and willingness to participate; 

3. Sufficient time to participate in the Delphi; 

4. Effective communication skills. 
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Since expert opinion is sought, a purposive sample is necessary where people are 

selected not on the basis of their representativeness of the general population but on 

their expert ability to answer the research questions (Fink & Kosecoff, as cited in 

Skulmoski et al., 2007). The judgemental sampling design is used where the 

collection of specialised insights on the area researched is vital and where the use of 

any other sampling designs would not offer opportunities to obtain the specialised 

information (Sekaran, 2003). Therefore, for the purpose of this research, judgmental 

sampling was selected as the most appropriate method out of the available sampling 

techniques. 

 

Although a panel of seven experts was selected for the original Delphi experiment in 

1953, Helmer (1983) and Turoff (1975) have suggested a panel size of anywhere 

from ten to 50 participants. Wicklein (2000), on the other hand, used a panel of 25 

experts in his study. According to Dalkey (1969), the error decreased rapidly as the 

group size increased from one to about thirteen. Further, the small decreases in error 

continued to a size of about 25 people, at which point, the error rate stabilized.  Since 

Gordon (1994) has stated that most studies use panels of 15 to 35 people, with the 

length of the list anticipating an acceptance rate between 35 and 75 percent, in this 

research, a Delphi expert panel comprising 33 professional members was selected 

from among clients, consultants, project managers and contractors who are involved 

in road construction projects. This panel represents a wide distribution of 

professionals from several disciplines working in public and private sector 

organizations with more than 15 years of experience. Table 3.1 captures the variety 

and mix among the panel of experts and their participation in the Delphi study. 
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Table 3.1: Variety and mix of experts 

Designation Number of Participants 

Round one Round two   Round three

Civil Engineer 03 02 02 

Design Engineer 02 01 01 

Manager Contracts 02 02 02 

Project Accountant 04 03 03 

Project Director 02 02 01 

Project Manager 05 05 03 

Quantity Surveyor 02 02 02 

Senior Engineer 02 02 02 

Senior Manager Roads and Bridges 01 01 01 

Senior Quantity Surveyor 07 06 06 

Site Manager 03 03 03 

Total Responses  33 29 26 

Percentage of Response 100% 87.9% 78.8% 
 
 
The survey was carried out in three rounds, which focused on fulfilling one objective 

in each round as mentioned below.   

 

3.4 Research Process 

The aim of this study is to identify and evaluate the risk management practices of 

road construction projects in Sri Lanka taking into consideration the project life 

cycle. This research adopted the following steps in order to achieve the aims and 

objectives of the research. 
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Figure 3.3: Research process 
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3.5 Data Collection 

Qualitative and Quantitative data were required to establish risk identification and 

handling and a Delphi method was used to collect the empirical data from the 

experts.  The following section briefly explains the activities involved in the three 

rounds of the Delphi survey.  

 

3.5.1 Delphi round one design  

Identification of risk factors prevailing in each phase of the project life cycle 

The first round Delphi questionnaire, accompanied by an invitation letter, explained 

the purpose of the research and the respondents were informed that there would be 

three rounds of questionnaires. In the first round of the questionnaire survey, a list of 

21 risk factors (refer section 2.9) were provided as identified by B.A.K.S. Perera and 

Rameezdeen (2008) and with the use of preliminary interviews. The experts were 

asked to identify the potential risk factor that prevailed in each phase of the project 

life cycle and provision was also made to mention other risk factors which were not 

included in the pre-identified list. In the second part of the questionnaire, a list of 

Risk Response Measures sourced from literature on road projects was provided and 

the Experts asked to review the list and to add new response methods Round one 

questionnaire is given in Appendix 2.  

 

3.5.2 Delphi round one survey and analysis  

The survey duration was four weeks and the survey involved 33 respondents in all. 

The total marking of each risk factor against each phase was counted and taken as a 

percentage of the total number of respondents. The first round of the survey was 

screened on the basis of each factor obtaining twenty five percentage frequency or 

more. Twenty five percent was considered as the cutoff point as Dey (2002) in a 

similar study has used the same cutoff point for screening. The risk factors obtaining 

more than twenty-five percentage frequency were selected for further analysis in the 

second round.  

 

In the second part of the questionnaire, the collected data on risk response measures 

were analysed based on the expert’s responses on the different types of risk response 
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measures that have a common basis or is the same, summarised under one heading.  

Then all the risk response measures were arranged in descending order with respect 

to their importance and listed for further analysis. 

 

3.5.3 Delphi round two design 

Identification of severe risk factors at each phase of project life cycle and risk 

response measures by contracting parties 

This questionnaire consisted of feedback report of the round one questionnaire which 

had been identified and analysed from the round one Delphi survey.  Risk factors 

were grouped according to the phases which had been chosen by the experts.  

Experts were required to review the factors that had been indicated in the round one 

Delphi survey.   

 

In part one of the round two questionnaire (Appendix 3), the respondents were asked 

to indicate the levels of frequency of risk occurrence during each phase of the project 

life cycle, and the significance of risk impact on the project objectives, in order to 

estimate  the severe risk factors. The level of frequency of risk occurrence (α) and 

significance of risk impact (β) were presented for each risk factor according to a 

scale of 1-5 denoting 1=Very Low, 2=Low, 3=Medium, 4=High, 5=Very High.  

 

In part two of the questionnaire and experts were asked to identify the risk response 

measures adopted by contractors and client/consultants at each phase against each 

risk factor.  In part three, the respondents were asked to identify whether the above 

mentioned risk factors were borne by the client/ consultant or contractor at each stage 

of the project life cycle. 

 

In the part four of the questionnaire, a list of barriers to risk response measures and 

solutions to those barriers when managing risk factors was provided. Experts were 

asked to review the list and add new barriers and the solutions to the given list. 
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Nully (1978), in a reliable data set the alpha should be above 0.7. Cronbach’s alpha 

was calculated with the use of SPSS and the calculation of Cronbach’s alpha is 

shown in Appendix 4. 

 

Severity index 

Since the method had been used in similar studies previously of Fang et al. (2004), 

Zou et al. (2007) and Sun, Fang, Wang, Dai, & Ly (2008), it was implemented to 

extract the severe risk factors in this round.  The following formulas (1) and (2) show 

the calculation of the Severity Index for risk factors: 

βα
j

j

j

j

j

jS =                              (1) 

n

n

j

i

j
i

S∑
== 1RS                         (2) 

  

Where n=number of responses, j
iS =evaluation of risk severity by jth respondent, α= 

evaluation of frequency level of risk occurrence by jth respondent, β=evaluation of 

significance of risk occurrence from the ith factor by jth respondent, and iRS =Risk 

Severity Index for the ith risk factor.  The Severity Index calculation was used to rank 

the risk factors according to their criticality to the road project. 

 

Mean weighted rating 

Mean Weighted Rating = (∑ Vi *Fi) / n 

Where, 

Vi - Rating of each factor 

Fi - Frequency of responses 

n - Total number of responses 

Since ratings range between 1 and 5, point 3 is considered as the neutral point. 

 

A mean weighted rating for each factor was computed for the significance of risk 

impact and frequency of risk occurrence to get an indication of the importance of 

each factor for the Delphi round two. 
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In the second part of Delphi round two, the total marking of each risk response 

measure against each risk factor was counted and taken as a percentage of the total 

number of respondents. The risk response methods obtaining 25 percentage 

frequency or moderately against each risk factor were considered as the relevant risk 

response method for that risk factor. In part III, the same method was used for risk 

allocation among contractors and owner/consultants.  Factors which scored more 

than 25% in significance on each party were considered to be borne by that party at 

each phase where 25% was considered as the cutoff point by following a previous 

similar study of Dey (2002). 

  

The collected data on barriers and solutions were analysed based on the expert’s 

responses to the different types of barriers and solutions that had a common basis or 

were the same, summarised under one heading. Then all the barriers and solutions 

were ordered in descending order with respect to their importance, from the most 

significant barriers and solutions to the least significant. The list of barriers to risk 

response measures and the solutions to barriers when managing risk factors were 

listed for further analysis. 

 

3.5.5  Delphi round three design 

Identification of risk allocation to stakeholders and barriers and solutions to 

overcome barrier to risk response measures  

This questionnaire consisted of feedback reports of the round-two questionnaire, 

which gives the severe risk factors at each project phase, response measures  by 

contracting parties, allocation of these severe risk factors among contracting parties 

and a list of barriers and solutions. Experts were required to review the factors that 

had been indicated in the round two Delphi survey. 

 

 In part one of the Delphi round three, experts were requested to identify the 

percentage of the risk borne by the contractor and client /consultant at each phase of 

the project life cycle. Experts were asked to identify what percentage of a particular 

risk lies with the contractor (say x from 0 to 100), thereby implying that (100-x) 

percentage of that risk lies with the client /consultant (Appendix 9).  
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Part two of the third round of the questionnaire was designed to identify the barriers 

to response methods, and solutions to barriers when managing each risk factor at the 

different stages of the project life cycle (Appendix 5). Experts were asked to identify 

the barriers to handling against the risk factors. Furthermore, the experts were 

allowed to mention solutions to overcome these barriers.  

 

3.5.6 Delphi round three survey and analysis 

The survey duration was seven weeks. The questionnaire was distributed among 29 

experts but 26 responses were received only. During this phase, the average 

(arithmetic mean) values of the percentage of all 26 responses allocated to the 

contracting parties was calculated for each factor at each stage of the project life 

cycle. Part two of Delphi round three mainly dealt with identifying barriers for 

implementing risk response measures and the solutions for those barriers against 

each risk factor. The barriers and solutions obtaining 25 percentage frequency or 

more against each risk factor were considered as the relevant barriers and solutions 

for response measures for that risk factor. The 25% was considered as the cutoff 

point by following a previous similar study of Dey (2002). 

 

3.5.7 Case studies  

Ten road rehabilitation projects were selected as case studies. Unstructured 

interviews with selected two persons out of contractors and  clients /consultants from 

selected road rehabilitation projects were conducted to test the practical use of the 

model to evaluate the applicability of the model. 

 

3.6 Summary 

This chapter has described and justified the research process and the methodology 

adopted for the purpose of the research. The questionnaire survey method was used 

for the survey and the Delphi technique with three rounds was adopted for the 

questionnaire survey. Further, a Severity Index was used to identify the severity of 

the risk factors in each stage of the project life cycle. The next chapter will analyse 

and discuss the results obtained from the three-round questionnaire surveys in detail.  
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Chapter 4 

 
4.0 DATA ANALYSIS AND RESULTS  
 

4.1 Introduction  

In the previous chapter, the research process and methodology were discussed. This 

chapter will discuss in detail the results of three rounds of the Delphi questionnaire 

survey in accordance with the aforesaid methodology. The chapter aims at presenting 

the research findings of the empirical investigation. Since the study aims at 

identifying the severe risks associated with each stage of the project life cycle of road 

construction projects in Sri Lanka and the strategies for handling them, the 

discussion of results below will be carried out with that intention in focus. Finally it 

develops the risk management model for road construction projects.  

 

4.2 Analysis and Results of Delphi Round One 

The first round of the Delphi study was aimed at identifying the risk factors prevalent 

in each phase of a project life cycle in Sri Lankan road construction projects. Thus, in 

Round One, 33 questionnaires were distributed among the selected panel of experts 

with a 100% response. The analysis of this round was carried out in accordance with 

the details discussed in Chapter 3 of this study. 

 

4.2.1 Round 1, Part I – Risk factors prevalent in the different phases of the 

project life cycle 

The Delphi Round One questionnaire offered respondents 21 risk factors that had 
been sourced from B.A.K.S. Perera and Rameezdeen (2008) and preliminary 
interviews. The respondents were then asked to indicate the risk factors which, 
according to their experience, were prevalent in each phase of a project life cycle and 
to include, if necessary, other factors that were not included in pre-identified list. In 
response, the participants agreed with most of the factors included in the 
questionnaire while providing some additional risk factors based on their experience. 
On the basis of this survey, factors which were similar in meaning were combined 



Chapter 4 

63 

and rephrased and four new factors added to the list. The four new factors that were 
included in the list were: condition of water-table; errors committed during field 
construction; time taken for the award of the contract (which would increase price 
levels); and increases in the prices of imported machinery and equipment.  
 

The total marking of each risk factor against each project phase was analysed based 
on the percentage of response (see Appendix 6). Factors which scored more than 
25% in significance were considered as noteworthy risk factors prevalent in each 
project phase. Table 4.1 presents the results of Part I of Delphi Round One. At the 
end of Part I of Delphi Round One, three risk factors were identified as prevalent in 
the conceptual stage, nine factors in the design stage, 24 factors in the construction 
stage and 5 factors in the operation stage.   
 

Table 4.1: Risk factors prevalent in each phase of the project lifecycle 
Conceptual Stage Design Stage 

• Errors in estimated cost and construction 
period 

• Delays in client decision-making process 
• Inadequate early planning 

• Design errors made by the Consultant
• Errors in estimated cost and 

construction period 
• Lack of Project Funds 
• Deficiencies in tender document 
• Delays in client decision-making 

process 
• Inadequate early planning 
• Poor productivity 
• Condition of water table  
• Delay in shifting utility lines by 

relevant authorities 

Operation Stage 

• Rainy weather  
• Design errors by the Consultant 
• Traffic 
• Inadequate early planning 
• Errors committed during field 

construction 
  Construction Stage 

• Rainy weather  
• Labour skills 
• Poor productivity 
• Design change during construction by Client 
• Delay in mobilization 
• Contractor’s cash-flow problems 
• Delays in Payments by the Client 
• Errors committed during field construction 
• Delay in material delivery  
• Labour shortage 
• Variations  
• Equipment-related risk  
• Unavailability of professional and 

experienced construction management team 

• Inflation 
• Delays in shifting utility lines by  

authorities 
• Lack of project funds 
• Traffic 
• Condition of water table 
• Price increases in imported 

machinery and equipment 
• Design errors by the Consultant 
• Deficiencies in the tender document  
• Inadequate early planning 
• Delays in client decision-making 

process 
• Time taken for the award of the 

contract (increases in price levels) 
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4.2.2 Round 1, Part II – Risk response measures   

In the second part of the questionnaire, a list of risk response measures was identified 

which was sourced from literature.  The experts who took part in the survey were 

then asked to review the list of nine Risk Response Measures used in road projects.  

They in turn added five new response methods to the list. In addition, measures 

which were similar in meaning were combined and rephrased. The five new factors 

identified by the respondents were: (a) Pre-contract negotiations to determine the 

party that would take responsibility for certain risks; (b) Allocation of contingency 

plan; (c) Physical protection to reduce the likelihood of risk; (d) Physical protection 

of people and property; (e) Using a suitable standard form of contract.  At the 

conclusion of this round, a list of 14 risk response measures was prepared in 

descending order. Table 4.2 presents the results of Part II of Delphi Round One.  

 

Table 4.2: Risk response measures 

Rank Risk Response Measure 

1 Tendering a high bid 

2 Including conditions on the bid 

3 Pre-contract negotiations  

4 Transferring  risk to sub contractor 

5 Transferring risk to insurance company 

6 Transferring risk to main contractor  

7 Claiming for damages 

8 Allocation of contingency plan 

9 Education and training 

10 Physical protection to reduce the likelihood of risk 

11 Brainstorming to identify new risks 

12 Physical protection of people and property 

13 Encourage  team work culture 

14 Using suitable standard conditions of contract  
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4.2.3  Summary - Round one 

The risk factors prevalent at each phase of the project life cycle was identified 

through the data analysis of Delphi round one. three risk factors were identified as 

prevalent in the conceptual stage, nine factors in the design stage, 24 factors in the 

construction stage and five factors in the operation stage. In addition a list of 14 risk 

response measures was identified.  

 

4.3 Results and Analysis of Delphi Round Two  

In Round Two, 33 questionnaires were distributed among the experts, of which only 

29 were returned. Therefore, the analysis was based on the responses of 29 experts 

while the other four were considered non-respondents. The analysis of this round was 

carried out in accordance with the details given in Chapter 3 of this study. 

 

4.3.1 Round 2, Part I - Calculation of severity of risk at each stage 

In Part One, the respondents were asked to indicate the level of frequency of risk 

occurrence (α) and significance of risk impact (β) of the risk factors in each stages of 

the project life cycle according to a scale of 1-5 denoting, 1 - Very Low, 2 - Low, 3 -

Medium, 4 - High, and 5 - Very High.  

 

The collected data was then analyzed under three categories.  First, the Cronbach’s 

alpha was calculated with the use of  SPSS separately for the level of frequency of 

risk occurrence and significance of risk impact for each risk factor at different project 

phases using the formula as explained in Chapter Three (see Section 3.4.4). The 

alpha was above 0.7 and therefore the data set was considered reliable. The 

calculation of Cronbach’s alpha is shown in Appendix 4.  

 

Secondly, the  Mean Weighted Rating (MWR) was also calculated separately for the 

level of frequency of risk occurrence and significance of risk impact for each risk 

factor at different project phases using the formula as explained in Chapter Three 

(refer Section 3.4.4). The MWR for risk occurrence (MWR-O) and impact (MWR-I) 

were as per the Appendix 07.  In addition, the Severity index was calculated for each 
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risk factor with the use of both the frequency level of risk occurrence (α) and 

significance of risk impact (β) together with the formula as explained in Chapter 

Three (see Section 3.4.4). 

 

Table 4.3 presents the results of Part I of Delphi Round Two. With the use of MWR 

and Severity Index, severe risk factors were identified at each phase of the project 

life cycle. Factors which fulfill the following three requirements were identified as 

severe risk factors:  

 

1. With a severity index of 9 or above (Li, 2002; Zhu, 2007; Sun et al., 2008);  

2. With 3 or above MWR-O for the level of frequency of risk occurrence (since 

the rating is 1-5, Point 3 is considered the neutral point) 

3. With 3 or above MWR-I for the significance of risk impact (since the rating is 

1-5, Point 3 is considered the neutral point) 

 

The above analysis brought down the 3 risk factors which were identified in Round 

One for the conceptual stage to two severe risk factors.  Similarly, six severe risk 

factors were identified for the design stage, 15 for the construction stage and two for 

the operation stage at the end of Part One of Delphi Round Two by taking risk 

impact and risk occurrence both together and separately (see Table 4.3). 

 

Table 4.3:  Severe risk factors at each phase of the project life cycle 

Rank Risk Factors MWR – I MWR  - O Severity

  Conceptual Stage       

A1 Errors in estimated cost and construction period 3.28 4.11 14.14 

A2 Delays in client decision-making process  3.34 3.89 12.69 

A3 Inadequate early planning 2.79 2.97 8.03 

       

  Design Stage    

D1 Errors in estimated cost and construction period 4.03 4.15 14.28 

D2 Design errors made by the Consultant 4.11 3.66 13.45 
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Rank Risk Factors MWR – I MWR  - O Severity

D3 Deficiencies in tender document (specification, 
BOQ, drawings, other contractual documents 
etc.) 

3.86 3.93 13.10 

D4 Poor productivity 3.80 3.86 12.97 

D5 Lack of project funds 3.48 3.69 12.07 

D6 Delays in client decision-making process  3.52 3.68 11.86 

D7 Inadequate early planning 2.76 2.96 7.72 

D8 Delays in shifting utility lines by authorities 2.62 2.83 7.07 

D9 Condition of water table  2.59 2.75 6.79 

      

 Construction Stage    

C1 Delays in payment by the Client 4.34 4.77 18.28 

C2 Contractor’s cash-flow problems 4.21 4.52 17.14 

C3 Delays in shifting utility lines by authorities 3.79 4.30 14.79 

C4 Design errors by the Consultant 3.72 4.11 14.17 

C5 Labour shortage 4.14 3.69 14.07 

C6 Rainy weather 3.76 4.07 14.03 

C7 Variations  3.72 4.07 13.97 

C8 Lack of project funds 3.72 4.03 13.83 

C9 Labour skills 3.69 3.99 13.59 

C10 Traffic 3.62 3.94 13.17 

C11 Condition of water table 3.62 3.90 13.07 

C12 Delays in mobilization 3.62 3.93 13.03 

C13 Inflation 3.59 3.96 12.97 

C14 Equipment-related risk  3.59 3.93 12.83 

C15 Errors committed during field construction 3.45 3.52 11.21 

C16 Design change during construction by client 3.07 3.14 8.93 

C17 Delays in material delivery 3.03 3.10 8.83 

C18 Poor productivity 2.90 3.05 8.34 

C19 Time taken for the award of the contract 
(increases in price levels) 

2.76 2.96 7.72 

C20 Inadequate early planning 2.69 2.91 7.45 
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Although “Design errors by the Consultant” has a low MWR for occurrence, it has a 

higher impact since normally the design is undertaken by experienced designers and 

thus there is no design verification process. However, it is clearly seen that due to 

poor coordination among government authorities, there will be less details at the 

design stage. In addition, some part of the work such as surveying is given as a 

separate package to a different contractor. This leads to errors in the design.  

 

“Deficiencies in the tender document” (specification, BOQ, drawings, other 

contractual documents, etc.) is the risk factor which is ranked the third critical risk 

factor by the experts (with a severity index of 13.10). The main reason for this is the 

involvement of the same organization as both client and consultant simultaneously, 

which may result in inadequate checking in some instances, and the inadequate 

involvement of professionals in the preparation of tender documents at the 

government institutions. Furthermore, deficiencies in tender documents may lead to 

delays in the selection of the contractor as well as to the selection of unsuitable 

contractors. Since the BOQ is prepared in relation to the detailed specification, no 

standard method of measurement is used. This causes problems in the BOQ and 

leads to measurement disputes.  

 

“Poor productivity” has almost equal values for occurrence and impact and is ranked 

fourth. The productivity of the design team can cause delays in the preparation of the 

tender document. The above makes clear that at the design stage severe risk factors 

are more related to the consultants or the designers as their involvement in the 

project at this stage is very high.  

 

“Lack of project funds” and “delays in client decision-making process” are the other 

risk factors in the design stage which has medium criticality to the goals of a project. 

 

4.3.1.3  Severe risk factors at the construction stage   

Figure 4.5 shows the occurrence and impact of each risk factor in the construction 

stage (see Table 4.3 for the list of risk factors).  Figure 4.6 illustrates the severity of 

the risk factor at the construction stage. 
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other hand arise due to undue delays in document transmission by the local party 

responsible for liaising with the foreign institution or agency concerned. 

“Contractor’s Cash-Flow Problems” is ranked second because a contractor may find 

him/ herself cash-strapped while carrying out different types of projects 

simultaneously. Since materials such as asphalt, concrete, filling material and steel, 

etc. are supplied by a limited number of suppliers in the industry, they tend to be 

very conscious both of timely payments and whether supplies are to be made on cash 

or credit. More often than not, contractors who expect to receive material on credit 

receive lower priority than those who pay cash and thus would be the last to receive 

material. Therefore, the cash-flow of the contractor is very important.  In addition, 

the financial and cash-flow status of contractors is also a factor considered by banks, 

plant hiring companies and sub-contractors in the industry who render services to the 

contracting party. Therefore, the first two risk factors, namely, “Delay in Payments 

by the Client” and “Contractor’s Cash-flow Problems” are very critical in the 

construction stage. 

 

“Delay in Shifting Utility Lines by Authorities” is one of the most critical risk factors 

in road construction projects. Since utility lines need to be shifted temporarily during 

construction activities in most instances, any delays by the relevant authorities such 

as CEB, SLT, and NWSDB, may have an impact on the schedule of the project. 

Another source of delay is damage to existing service lines such as underground 

water lines which may in turn cause damage to finished overlays of the road. Such 

eventualities lead to inevitable delays because of the need for estimation of damages 

and re-approval for temporary shifting of the concerned water supply lines.  On most 

occasions, the contractor is not provided with a condition report on existing utility 

lines while the risk for damage to utility lines is passed onto the contractor through a 

BOQ item without relevant information.  The next most severe risk factor in the 

construction stage is “Design Errors Made by the Consultant” which carries a 

severity index of 14.17. This factor has a low MWR impact in comparison with its 

occurrence. The reason for the low impact has to do with the fact that most 

contractors, based on past experience, get consultants to correct the design several 

times in order to avoid the said problem. In most road construction projects, the 
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design had to be changed midway during construction due to errors by the consultant 

at the design stage.  Such design-stage errors mean not only a stoppage of work but a 

re-execution of work already completed adding to the cost and time-duration of the 

project. It may also adversely affect the quality of performance of the completed 

road. 

 

“Labour shortage” has a higher impact than occurrence as it can directly affect 

construction. Low salaries are the main reason for the shortage although, in the case 

of the labour force in the Western Province, better wages in other employment 

sectors act as a further disincentive to join the labour force in the construction 

industry. The smooth operation of construction activities is also adversely affected 

by the rural base of most construction-sector workers where agriculture is the major 

livelihood of most families. The seasonally high-intensity labour requirements of 

agriculture draws workers back to their villages during the harvest season as well as 

during major holiday seasons such as the Sinhala and Tamil New Year, Vesak and 

Christmas. Labour shortage thus becomes one of the principal reasons why 

construction cannot be completed according to schedule, which in turn adds to the 

financial burden of the contractor.   

 

Rainy weather is ranked sixth with a value of 14.03. This risk factor becomes critical 

in road construction as projects are exposed to the environment and unexpected rains 

can adversely affect both the actual construction of the roadway as well as the 

schedule for completion of the project. Rainy weather can not only interrupt ongoing 

construction, it can result in material wastage, inferior quality of output and, in some 

instances, total loss of completed roadway due to washing away. Asphalt laying in 

particular is a highly weather-sensitive activity. Although, in Malaysia, tents are used 

to address this problem, this is not in practice in Sri Lanka.    

 

“Variations” rank seventh in risk rating. Road construction projects are vulnerable to 

the effect of variations as they must contend with varying and intricate site 

conditions, adverse weather, and an extensive geographic terrain. “Lack of project 

funds” is ranked eighth and has almost equal values for occurrence and impact.  
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Since most clients for road projects are from government institutions, there is a 

typical government procedure to allocate funds. Hence, temporary suspension of 

projects due to non-availability of funds not uncommon and this may, in some 

instances, lead to a suspension of the project. The dependence on foreign funds is 

one of the main reasons for the lack of project funds. 

 

The next most critical factor is “Labour skills” which has a rating value of 13.59.  

Since no contractor in the road construction sector maintains a permanent labour 

force, ensuring the skilled labour force required by the project remains a constant 

challenge for contractors and is a critical risk factor in road projects. “Traffic” is 

another risk factor which adversely impacts on the schedule of construction work of 

a road project. If construction takes place on a heavily traveled road, the contractor 

may be required to change the schedule for construction activity from daytime to 

night-time in order to accommodate the convenience of those traveling on the 

highway, which would in turn affect the construction programme. In some instances, 

the contractor may be restricted to nighttime. With regard to impact, this particular 

risk factor may require a reduction in the number of machines used and in labour 

productivity with the added danger of both increased road accidents and injury to 

workers. “Condition of water table” ranks eleventh and has a rating of 13.07. Since 

road construction is horizontal in development, there is a higher likelihood that it 

would encounter a varying water-table which would affect type of machinery to be 

used for dewatering and the duration of the construction. 

 

 Risk factors that are considered to carry a medium value in the severity index are 

“Delays in mobilization”; “Inflation”, “Equipment-related risk” and “Errors 

committed during field construction.” “Delays in mobilization” are common due to 

delays in giving possession of the site to the contractor, which in turn is due to delays 

in land acquisition by clients or due to legal problems. In some instances, the 

contractor may encounter objections from the concerned community in acquiring the 

land. In addition getting approval from environmental authorities for installation of 

plants such as crusher  asphalt plant and starting a quarry close to the site may delay 

the mobilization of the contractor. On the other hand, “Inflation” becomes a frequent 
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more than one phase of the project life-cycle and that those factors should be handled 

properly. Of all the phases of the project life-cycle, the construction stage can be 

identified as the most critical phase of the project due to the availability of a very 

high number of severe risks. Moreover, the identified risk factors at the construction 

phase rank high in the severity index. This is understandable considering that the 

construction phase is the most difficult phase exposed as it is to both natural and 

man-made difficulties. The Design Phase is the second most vulnerable phase to 

severe risks. Therefore, proper risk management strategies should be adopted during 

both the construction and design phases. 

 
4.3.2 Round 2, Part II: Risk response measures at each phase by contracting 

parties 

Part Two of Delphi Round 2 was mainly concerned with identifying the risk response 

measures used for each risk factor at different phases of the project life cycle by the 

contracting parties. 

 

Through the data analysis for Delphi Round 2 (see section3.4.5), the appropriate risk 

response for each risk factor at different phases of a project life cycle has been 

recognized by client / consultant and the contractor. 

 

4.3.2.1 Response measures at the conceptual stage 

The following risk response measures have been recognized as response measures 

for each risk factor at the conceptual stage of the project life cycle by both the client / 

consultant and the contractor through the Round 2 data analysis, (see Table 4.4). 

 

Table 4.4: Response measures at the conceptual stage by contracting parties 

Risk Factor Client/Consultant Contractor 

A1. Errors in estimated cost 
and construction period 

1.  Allocation of contingency plan 
2.  Education and training 

1.  Claiming for 
damages 

A2. Delays in client decision-
making process 

1.  Allocation of contingency plan 
2.  Education and training 

1.  Claiming for 
damages 
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At the conceptual stage, the consultant takes most of the responsibility for dealing 

with the risk since most risks originate from the client/consultant. The most common 

response adopted by the client/consultant in order to offload the risk is the 

“Allocation of a contingency plan” and “Education and training.  To retain the risk, 

consultants can create a contingency plan including the required budget as a risk 

allowance, which can be used if and when the need arises. Simultaneously, education 

and training of the professionals can minimize the effect of risk. The most common 

risk response method used by the contractor for the risks which arise at the 

conceptual stage is transferring the risk to the client/consultant in the mean of 

claiming for financial losses and time extension. This may be due to the fact that all 

risk factors at this stage originate from the client/consultant. 

 

4.3.2.2 Response measures at the design stage 

The following have been recognized as Risk Response Measures for the risk factors 

at the design stage of the project life-cycle by both the consultant and contractor 

through the Round 2 data analysis (see Table 4.5). 

 
Table 4.5: Response measures at the design stage by contracting parties 

 

Risk Factor Client/Consultant Contractor 

D1. Errors in estimated cost and 
construction period 

1.  Including conditions on 
the bid 

2.  Allocation of 
contingency plan 

1.  Tendering a high 
bid 

2.  Claiming for 
damages 

D2. Design errors made by the 
Consultant 

1.  Including conditions on 
the bid  

2.  Allocation of 
contingency plan 

1.  Claiming for 
damages 

D3.Deficiencies in the tender 
document (Specification, 
BOQ, Drawings, other 
contractual documents etc.) 

1.  Education and training 
2.  Encouraging Team-

work culture  

1.  Tendering a high 
bid 

2.  Claiming for 
damages 

D4. Poor productivity 1.  Encouraging Team-
work culture 

 2.  Education and training 

1.  Claiming for 
damages 
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Risk Factor Client/Consultant Contractor 

D5. Lack of Project Funds 1.  Allocation of 
contingency plan 

1.  Claiming for 
damages 

D6. Delays in client decision-
making process 

1. Encouraging Team-
work culture 

1.  Claiming for 
damages 

 

In the design stage, most of the responsibility of dealing with risk is with the 

consultant who has control over the design. The common risk-response measures 

used by the client/consultant are team-work culture and education and training.  Risk 

factors such as poor productivity, deficiencies in the tender document and delays in 

client decision-making process can be reduced by working as a team and by giving 

education and training to minimize the risk.  The most common methods used by the 

client /consultant in order to deal with “Design errors by the consultant” and “Errors 

in Estimated cost and the construction period” are to include conditions to that effect 

in the bid and to allocate a contingency plan. 

 

For most risk factors which arise at the design stage, the most common method that 

the contractor use is claiming for damages.  However, the contractor can avoid risks 

when it comes to “Errors in the estimated cost and the construction period,” which 

the contractor might be able to determine when bidding for the projects, by tendering 

a high bid. 

 

4.3.2.3  Response measures at the construction stage 

The following have been recognized as Risk Response Measures for each risk factor 

at the construction stage of the project life cycle by both the client/consultant and 

contractor in the Round 2 data analysis, (see Table 4.6). 
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Table 4.6: Response measures at the construction stage by contracting parties 

Risk Factor Client/Consultant Contractor 

C1. Delays in payments 
by the Client 

1. Encouraging team-work culture 1.  Claiming for 
damages 

C2. Contractor’s cash-
flow problems 

1. Transferring risk to main 
contractor 

1.  Allocation of 
contingency plan 

C3. Delay in shifting 
utility lines by 
authorities 

1. Transferring risk to main 
contractor 

1.  Claiming for 
damages 

C4. Design errors by 
the Consultant 

1. Education and training 
2. Allocation of contingency plan 

1.  Claiming for 
damages 

C5. Labour shortage 1. Transferring risk to main 
contractor 

1.  Transferring risk to 
sub- contractor 

C6.  Rainy weather 
 
 

1. Allocation of contingency plan 
 

1.  Claiming for 
damages 

2. Transferring risk to 
insurance company 

C7. Variations  1. Allocation of contingency plan 
2.Encourage team-work culture 

1. Claiming for 
damages 

C8. Lack of Project 
Funds 

1. Allocation of contingency plan 1. Claiming for 
damages 

C9.  Labour skill 
 
 

1.Transferring risk to main 
contractor 

2. Claiming for damages 

1.  Education and 
Training 

2.  Transferring risk to 
sub- contractor 

C10. Traffic 1. Transferring risk to main 
contractor 

1. Transferring risk to 
sub-contractor  

2.  Claiming for 
damages 

C11.Condition of water 
table 

1. Transferring risk to main 
contractor 

1.  Claiming for 
damages 

2.  Transferring risk to 
sub-contractor 

C12. Delays in 
mobilization 

1. Transferring risk to main 
contractor 

2. Claiming for the damages 

1.  Encouraging Team-
work culture 
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Risk Factor Client/Consultant Contractor 

C13. Inflation 
 

1. Allocation of contingency plan 1.  Claiming for 
damages 

C14.  Equipment-
related Risk 

1. Transferring risk to main 
contractor 

1. Encouraging Team-
work culture 

2. Transferring risk to 
sub-contractor 

C15.  Errors committed 
during field 
construction 

1. Allocation of contingency plan 
2. Claiming for damages 

1.  Education and 
training 

2.  Encouraging Team-
work culture 

 

The measure commonly adopted by the client/consultant to manage inclement 

weather which is beyond the control of the parties is the allocation of contingency 

plans to safeguard the project objectives.  In dealing with risk factors such as Labour 

shortage, Labour skills, Equipment-related risks, Errors committed during field 

construction, Delays in mobilization, Contractor’s cash flow problems, Traffic and 

Condition of water table, the client/ consultant generally transfers the risk to the main 

contractor.  In cases such as Delays in mobilization, Errors committed during field 

construction, etc., the client/consultant can claim for damages. The allocation of 

contingency plans can be used for risk factors such as Design errors made by the 

consultant, Errors committed during field construction, Variations and lack of project 

funds. 

 

The risk response measure adopted by contractors in cases of extensions in project 

time due to Rainy weather is to claim for these time over-runs and in some cases to 

transfer the risk to an insurance company. Further, contractor may also claim 

damages for risk factors that are not within the control of the contractor such as 

Design errors made by the consultant, Variations, Delays in shifting utility lines by 

authorities, and Delays in payment by the client which can all be controlled by the 

client/ consultant while the contractor uses the response measure of team-work 

culture and education and training 
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4.3.2.4 Response measures at the operation stage 

The following are the Response Measures identified by expert panel   in the Round 2 

data analysis by both the consultant and the contractor as the risk factors at the 

operation stage of the project life-cycle (see Table 4.7). 

 

Table 4.7: Response measures at the operation stage by contracting parties 

Risk Factor Client/Consultant Contractor 

O1. Errors committed 
during field 
construction 

1. Physical protection of 
people and property 

1. Physical protection to 
reduce the likelihood of risk

O2. Design errors 
made by the 
Consultant 

1. Physical protection of 
people and property  

1. Physical protection to 
reduce the likelihood of risk

 

Education and training is a measure commonly adopted by the client/consultant 

against the risk of Design errors by the consultant. In cases of Errors committed 

during field construction by the contractor, the client/consultant can claim damages.  

 

The contractor is responsible for risk factors which arise at the operation stage up to 

the defects liability period. In order to safeguard himself against risk during this 

period, he can use the method of physical protection to reduce the likelihood of risk. 

 

4.3.3 Round 2, Part III - Risk allocation among contracting parties  

In Round 2 Part III of the questionnaire, experts were asked to identify the allocation 

of each risk factor against the consultant and contractor (experts were asked to mark 

a tick for each risk factor to indicate whether that risk is born by contractor or 

client/consultant or both the parties) and the percentage of response was calculated 

(see Appendix 8). Factors which scored more than 25% significance on each party 

were considered to be borne by that party at each phase. Table 4.4 presents the 

results of Part Two of Delphi Round 2. The results show that most risks are shared 

by the Client/ Consultant and Contactor jointly other than at conceptual stage. 
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Table 4.8: Risk allocation at each phase of the project life cycle among contracting 

parties 

Rank Risk Factors 
Allocation 

Client/ 
Consultant Contractor 

  A. Conceptual Stage   

A1 Errors in estimated cost and construction period √ - 

A2 Delays in client decision-making process  √ - 

      

  D. Design Stage   

D1 Errors in estimated cost and construction period √ √ 

D2 Design errors by the Consultant √ - 

D3 
Deficiencies in the tender document 
(Specification, BOQ, Drawings, Other 
contractual documents, etc.) 

√ √ 

D4 Poor productivity √ - 

D5 Lack of project funds √ √ 

D6 Delays in client decision-making process  √ √ 

    

  C. Construction Stage   

C1 Delays in payment by the Client √ √ 

C2 Contractor’s cash-flow problems √ √ 

C3 Delays in shifting utility lines by authorities √ √ 

C4 Design errors by the Consultant √ √ 

C5 Labour shortage √ √ 

C6 Rainy weather √ √ 

C7 Variations  √ √ 

C8 Lack of Funds √ √ 

C9 Labour skill √ √ 

C10 Traffic √ √ 
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Rank Risk Factors 
Allocation 

Client/ 
Consultant Contractor 

C11 Condition of Water table √ √ 

C12 Delays in mobilization √ √ 

C13 Inflation √ √ 

C14 Equipment-related risk  √ √ 

C15 Errors committed during field construction √ √ 

      

  D. Operation Stage   

D1 Errors committed during field construction √ √ 

D2 Design errors by the Consultant √ √ 
 

Further, both the drawbacks to the current strategies that are in place to manage the 

risks at each stage of the project life cycle and solutions proposed by the experts in 

place of the current handling strategies were identified. 

 
4.3.4 Round 2, Part IV: Identification of barriers to implementing risk 

response measures and solutions 

In the fourth part of the questionnaire, both a list of barriers and solutions to 

overcome those barriers for the purpose of implementing risk response measures 

sourced from literature was provided.  The experts were asked to review the list of 

ten barriers in the way of implementing risk response measures and ten solutions to 

the identified barriers. The review led to the identification of two new barriers in the 

way of implementing risk response measures: Lack of proper regulations for risk 

management and insufficient on-going project information for decision making (see 

table 4.9). The experts also identified three new solutions: Making policy makers 

aware of risk; Education on consciousness, Predictions by specialist (see table 4.10).   

The survey yielded a list of twelve barriers to response methods and 13 solutions for 

further analysis. Tables 4.9 and 4.10 present the results of Part IV of Delphi Round 2. 
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Table 4.9: Barriers to risk response measures 

Rank Barrier 
1 Lack of joint risk management mechanisms by parties 
2 Deficiencies in knowledge/techniques on risk management 
3 Inadequate recognition/ understanding of risk control strategies

4 Ineffective implementation of risk control strategies 
5 Ineffective monitoring 

6 Lack of formal risk management system

7 Lack of incentives for better risk management  
8 Lack of risk consciousness 

9 Lack of historical data to analyse trends in risks over time 
10 Inappropriate risk allocation

11 Insufficient ongoing project information for decision-making

12 Lack of appropriate regulations for risk management  
 

Table 4.10: Solutions to overcome barriers to risk response measures 

Rank Solution 
1 Allocating contingency plan  

2 Education and training on risk management 

3 Educations on consciousness  

4 Implementing proper monitoring system 

5 Implementing quality management system 

6 Implementing proper record keeping system 

7 Including specific area to price for risk  

8 Raising awareness regarding risk 

9 Making policy-makers aware of risk 

10 Using predictions by specialist 

11 Implementing proper planning and coordination 

12 Using of qualified and skilled professionals 

13 Hiring risk management consultants 
 



Chapter 4 

87 

4.3.5   Summary – Round two 

The severity of the risk factors in each stage was identified through the data analysis 

in Delphi Round 2. Two risk factors in the conceptual stage, six risk factors in the 

design stage, fifteen risk factors in the construction stage and two risk factors in the 

operation stage were identified as the most severe risk factors for each stage using 

the analysis criteria. In addition, the risk response measures for each severe risk and 

the allocation of these critical risk factors among the contracting parties was yielded.  

Finally, a list of barriers to risk response measures and a list of solutions to these 

barriers were identified. 

 

 

4.4 Results and Analysis of Delphi Round 3 

In Delphi Round Three 29 questionnaires were issued to the experts, although only 

26 questionnaires were received from them. The analysis is based on the responses of 

these 26 respondents while the other three are considered non- respondents. 

 

4.4.1 Round 3, Part I:  Risk allocation to contracting parties 

The average (arithmetic mean) values for all 26 responses that identify the risk 

allocations of both contractor and client/consultant was calculated for the critical risk 

factors at each stage of the project lifecycle ( refer Appendix 9). 
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Table 4.11: Percentage of risk allocation among contracting parties at each phase of 
the project lifecycle 

Rank Risk Factors 

Allocation 

C
lie

nt
 / 

C
on

su
lta

nt
 

C
on

tr
ac

to
r 

 Conceptual Stage   

A1 Errors in estimated cost and construction period 100 - 

A2 Delays in client decision-making process  100 - 
      

  Design Stage   

D1 Errors in estimated cost and construction period 90 10 

D2 Design errors by the Consultant 95 05 

D3 
Deficiencies in tender document (Specification, BOQ, 
Drawings, Other contractual documents, etc.) 70 30 

D4 Poor productivity 90 10 

D5 Lack of project funds 70 30 

D6 Delays in client decision-making process  80 20 
      

  Construction Stage   

C1 Delays in payment by the client 60 40 

C2 Contractor’s cash-flow problems 30 70 

C3 Delays in shifting utility lines by Authorities 50 50 

C4 Design errors by the Consultant 80 20 

C5 Labour shortage 15 85 

C6  Rainy weather 35 65 

C7 Variations  65 35 

C8 Lack of project funds 80 20 

C9 Labour skill 10 90 

C10 Traffic 30 70 

C11 Condition of water table 40 60 
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Rank Risk Factors 

Allocation 

C
lie

nt
 / 

C
on

su
lta

nt
 

C
on

tr
ac

to
r 

C12 Delays in mobilization 40 60 

C13 Inflation 80 20 

C14 Equipment-related risk  20 80 

C15 Errors committed during field construction 30 70 

      

  Operation Stage   

O1 Errors committed during field construction 40 60 

O2 Design errors by the consultant 65 35 
 

Table 4.11 shows how important proper risk allocation is to the contractor or client/ 

consultant. However, as risk cannot be handled by one party in some instances, risk 

responsibility is sometimes shared between two parties. Generally, risk should be 

allocated to the party that can handle it or the party which has control over it.  

According to experts, risk is allocated to the above two parties as seen in Table 4.11.  

At the conceptual and design stages, the client/consultant has to bear a higher portion 

of the risk. Delays in clients decision making process and Errors in estimated cost 

and construction period are 100% allocated to the client/consultant at conceptual 

stage. Thus ninety percent of the risk factor, “Errors in estimated cost and 

construction period are allocated to the client/consultant and only 10% to the 

contractor at the design stages. Therefore, it is clear that a high portion of risk control 

vests with the client/consultant at first two phases. Even though tender document 

preparation is the sole responsibility of the client/consultant, only 80% of the risk is 

allocated to the client/consultant. 20% of the risk factor is allocated to the contractor 

because shortcoming in the tender document (such as specifications, BOQ, drawings, 

other contractual documents, etc.) should be evident to the contractor and thus a good 

quality document is the responsibility of the contractor too at the design stage. 

However, poor productivity at the design stage is allocated 100% to the owner/ 
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consultant as it is their responsibility. All the other critical risk factors such as Design 

errors by the consultant, Lack of project funds and Delays in client decision-making 

process are also apportioned more to the client/consultant with some apportionment 

of risk to the contractor. Thus, it is clear that a very high proportion of risk at design 

stage and 100% of risk at the conceptual stage  is assigned to the client / consultant. 

 

Risk allocation at the construction stage is different to the other two stages.  Out of 

the 15 critical risk factors at this stage, a very high percentage of eleven factors are 

allocated to the contractor. On the other hand, the client/consultant is apportioned a 

significant percentage of only four factors: 80% of design errors made by the 

consultant; 80% of Lack of Project Funds; 80% of inflation; and 60% of delays in 

payments by clients. A high percentage of labour shortage and labour skills is 

allocated to the contractor.  In addition a considerable portion of all the other risks is 

allocated to the contractor at the construction stage with smaller percentages to the 

other party. This makes it clear that shared responsibly is visible. Delays in shifting 

utility lines by authorities are shared equally by both parties since this is partly the 

owner’s responsibility although with the use of BOQ this risk is fully transferred to 

the contractor without proper information. 

 

At the operation stage, there are only two critical risk factors. Errors committed 

during field construction is allocated 60% to the contractor as it can be controlled by 

the contractor to a certain extent. However, only 40% of the Design errors is 

allocated to the contractor. 
 

Taking into consideration the life-cycle of a project, it is evident that critical risks at 

the conceptual and design stages are apportioned more to the client/consultant. On 

the other hand, a high percentage of critical risks at the construction stage are 

allocated to the contractor.  In contrast, at the operation stage, shared responsibility is 

the norm. It is also a fact, however, that in all stages some portion of the risk is 

shared by the other party.  
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4.4.2 Round 3, Part II: Barriers and upgraded solutions to current risk 

management practice 

Part II of Delphi round 3 mainly concerned with identifying the barriers to risk 

response measures and solutions to overcome barriers. 
 

Through the data analysis for Delphi round 3 ( see section 3.4.4), the barriers to risk 

response measures and solutions to overcome barriers has been recognized. 

 

4.4.2.1 Barriers and upgraded solutions at the conceptual stage 

The following barriers and solutions to risk management practice in the conceptual 

stage of the project life-cycle were identified by the experts through the data analysis 

(see Table 4.12). 
 

Table 4.12: Barriers and solutions at conceptual stage 

Risk Factor Barriers Solutions 

A1. Errors in estimated 
cost and construction 
period 

1.  Deficiencies in 
knowledge/techniques on risk 
management 

2.  Lack of a formal risk 
management system 

3. Lack of incentives for better 
risk management 

1.  Using qualified 
and skilled 
professionals  

A2. Delays in client 
decision-making 
process 

1.  Lack of joint risk management 
mechanisms by parties 

2.  Lack of risk consciousness 

1.  Education on 
consciousness 

 

Respondents have identified the lack of joint risk management mechanisms by 

parties as one of the common barriers at the conceptual stage. This is due to the fact 

that in the conceptual stage the likelihood of having a joint risk management 

mechanism by parties is less because, at this stage, the involvement of the contractor 

is less. Most of the respondents have identified “Deficiencies in knowledge and 

techniques on risk management” as one of the major barriers to risk management.  

Also in this stage the risk awareness of the consultant is inadequate. As discussed in 

the literature review, identification of risk in the early stages of the project is 
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important to the success of the project. Another barrier was the lack incentives for 

better risk management. Since the client and consultant are semi-government 

organizations, both the personal interest in and the encouragement for risk 

management is lacking among the professionals who work for these organizations.  

 

4.4.2.2 Barriers and upgraded solutions at the design stage 

The following barriers and solutions were identified by the experts regarding risk 

management practices in the design stage of the project life-cycle through the data 

analysis (see Table 4.13). 
 

Table 4.13: Barriers and solutions at the design stage 

Risk Factor Barriers Solutions 

D1. Errors in estimated 
cost and 
construction 
period 

1. Deficiencies in knowledge/ 
techniques on risk 
management 

1.  Using qualified and 
skilled professionals 

D2. Design errors by 
the Consultant 

1. Inadequate recognition/ 
understanding of risk control 
strategies 

1.  Implementing quality 
management system 

D3. Deficiencies in 
tender document 
(Specification, 
BOQ, Drawings, 
Other contractual 
documents, etc.) 

1. Deficiencies in knowledge/ 
techniques on risk 
management 

2. Ineffective monitoring 

1.  Using qualified and 
skilled professionals 

 

D4. Poor productivity 1. Ineffective monitoring 
2. Lack of risk consciousness 
3. Lack of appropriate 

regulations for risk 
management  

1.  Using qualified and 
skilled professionals  

2.  Hiring risk 
management 
consultants 

D5. Lack of Project 
Funds 

1. Ineffective implementation of 
risk control strategies 

2. Inappropriate risk allocation 

1.  Making policy 
makers aware of risk 

D6. Delays in   
decision-making 
process by clients 

1. Lack of risk consciousness 1.  Raising   awareness 
regarding risk  
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According to respondents, ineffective monitoring affects the successful application 

of risk management techniques for the purpose of addressing poor productivity and 

deficiencies in the tender document during the design stage.  The respondents stated 

that problem can be solved by using educated and qualified professionals and hiring 

risk management consultants. Moreover, the preference for different risk control 

strategies was seen as a barrier to manage design errors by the Consultant. 

Implementing a quality management system they thought was the way to manage 

this risk.  

 

The inadequacy of knowledge and techniques on risk management was identified as 

a barrier to managing the risk of errors in estimated cost and construction period 

which was seen as the most critical risk factor (see Section 4.2.1). To overcome these 

problems, skilled professionals they felt needed to be used. The lack of awareness of 

risk is a problem when it comes to Delays in client decision-making process. 

Ineffective implementation of risk control strategies and inappropriate risk allocation 

were identified as barriers when managing the risk relating to the lack of project 

funds. 

 

4.4.2.3 Barriers and upgraded solutions at the construction stage 

The following barriers and solutions were identified by the experts on risk 

management practice in the construction stage of the project life cycle through the 

data analysis (see Table 4.14). 
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Table 4.14: Barriers and solutions at the construction stage 

Risk Factor Barriers Solutions 

C1. Delays in 
payments by the 
Client 

1. Lack of joint risk management  
mechanisms by parties 

2. Lack of risk consciousness 

1. Making policy 
makers aware of risk 

 

C2 .Contractor’s 
cash -flow 
problems 

1.Lack of joint risk management 
mechanisms by parties 

1.Implimenting proper 
record keeping 
system  

2. Implementing proper 
planning and 
coordination 

C3. Delays in 
shifting utility 
lines by 
authorities 

1.Lack of joint risk management 
mechanisms by parties 

2.Ineffective monitoring 

1. Implementing proper 
planning and 
coordination 

C4. Design errors by 
the Consultant 

1.Lack of joint risk management 
mechanisms by parties 

2. Lack of risk consciousness 

1. Using qualified and 
skilled professionals 

2. Including specific 
area to price for risk  

 C5. Labour shortage 1. Insufficient ongoing project 
information for decision making 

1. Using predictions by 
specialist  

 C6. Rainy weather 1.Lack of joint risk management 
mechanisms by parties 

2.Lack of historical data for risk 
trend analysis 

1.Including specific area 
to price for risk 

2.Implementing proper 
record keeping 
system  

C7. Variations  1.Inappropriate risk allocation 
2.Insufficient ongoing project 

information for decision-making 

1. Allocating 
contingency plan 

C8. Lack of Project 
Funds 

1. Ineffective monitoring 
2. Lack of joint risk management 

mechanisms by parties 

1. Making policy 
makers aware of risk 

 C9. Labour skill 
 
 

1 .Ineffective implementation of 
risk control strategies 

2. Ineffective monitoring 

1.Implementing proper 
monitoring system 

C10. Traffic 1. Lack of joint risk management 
mechanisms by parties 

1. Including specific 
area to price for risk 
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Risk Factor Barriers Solutions 

2. Lack of appropriate regulations 
for risk management  

 

C11. Condition of 
water table 

 

1. Lack of formal risk management 
system 

2. Ineffective monitoring 

1. Education and 
training on risk 
management 

C12. Delays in 
mobilization 

 
 

1. Lack of formal risk management 
system 

2. Ineffective monitoring 

1. Education and 
training on risk 
management 

C13. Inflation 1.Inappropriate risk allocation 
2.Insufficient on-going project 

information for decision making 

1.Including specific area 
to price for risk 

 

C14. Equipment 
Related Risk 

1.Lack of risk consciousness 1. Education and 
training on risk 
management 

C15. Errors 
committed 
during field 
construction 

1. Deficiencies in knowledge/ 
techniques on risk management 

1.Education and training 
on risk management 

 
In the construction stage, rain was identified as a common risk factor (see Section 

4.2), which was not within the control of the parties. Lack of joint risk management 

mechanisms by parties and the lack of historical data for risk trend analysis were 

seen as the main barriers to managing the risk of rainy weather. This can be managed 

by including a specific area to price in case of inclement weather and by a proper 

record keeping system. Moreover, ineffective implementation of risk control 

strategies was identified as a barrier to managing risks such as shortage of skilled 

labour. Respondents have stated that these problems can be overcome by 

implementing a proper monitoring system.  

 

Insufficient on-going project information for the purpose of better decision-making 

was identified as a barrier when it comes to managing the labour shortage problem.  

Predictions of specialists are needed to overcome this barrier. The absence of both 

encouragement and incentives for better risk management were identified as a barrier 
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when it comes to addressing the risk of poor productivity. In order to address this 

problem, workers need to be educated and motivated so as to make them aware of 

the adverse consequences of poor productivity. The lack of risk consciousness was 

seen as a barrier when it comes to managing equipment-related risk.  

 

The lack of joint risk management mechanisms by parties and risk consciousness 

were identified as barriers to handling the risk of design errors by the consultant.  

There are two ways to overcome this barrier: the employment of educated and 

qualified professionals and the inclusion of a budget item that factors in the potential 

cost of such design errors inappropriate risk allocation was identified as a barrier 

when managing the risk of variations. In the case of risk factors such as errors 

committed during field construction, respondents saw insufficient knowledge and 

techniques on risk management as the barrier. In order to solve these problems, the 

experts felt that workers needed to be educated and trained regarding the techniques 

on risk management.  

 

The lack of joint risk management mechanisms by parties was identified as a barrier 

with regard to delays in shifting utility lines by the authorities.  It was felt that there 

should be proper planning and coordination to overcome this barrier. With reference 

to the risk of delays in mobilization, respondents identified the lack of a formal risk 

management system as a barrier. In order to solve this problem, it was felt that 

workers had to be educated and trained regarding techniques on risk management. 

  

In the case of risk factors such as contractor’s cash flow problems and delays in 

payments by the client, respondents identified the lack of joint risk management 

mechanisms by parties. Ineffective monitoring was identified as a barrier with regard 

to lack of project funds. In the case of risk factors such as inflation and water table 

condition, inappropriate risk allocation was identified as the barrier. In order to solve 

this problem, the experts felt that a specific area needed to be included in the budget 

to adequately price for risk. In the case of the risk of traffic, the lack of joint risk 

management mechanisms by parties to the contract was identified as a barrier while 

the solution recommended was to include a specific area to price for risk. 
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4.4.2.4 Drawbacks and upgraded solutions at the operation stage 

The following barriers and solutions were identified by the experts as practices that 

should be adopted in the operation stage of the project life cycle through the data 

analysis, (see Table 4.15).  

 

Table 4.15: Barriers and solutions at the operation stage 

Risk Factor Barriers Solutions 

O1. Errors 
committed during 
field construction 

1.  Ineffective monitoring 
2.  Lack of joint risk management 

mechanisms by parties 

1. Implementing proper 
monitoring system 

O2. Design errors 
made by the 
Consultant 

1.  Lack of joint risk management 
mechanisms by parties 

1. Implementing proper 
record-keeping system 

 
 

The lack of joint risk management mechanisms by parties was identified as a barrier 

to managing risk factors such as Design errors by the consultant and Errors 

committed during field construction. This may be attributable to the fact that the 

contracting parties do not consider entering into joint risk management agreements 

once the project is completed.  

 

4.4.3  Summary: Round three 

Through the data analysis of Delphi Round 3, both the existing practices for the 

allocation of severe risk factors among client/consultant and contractor at each phase 

of the project life-cycle and the barriers to the implementation of risk management 

practices were identified. Taking into consideration all the barriers identified by the 

experts, it is possible to settle on the lack of joint risk management mechanisms by 

parties as the most common barrier to risk management. Solutions to the identified 

barriers to risk management have been elicited in Round 3 of the data analysis. 

 

4.5 Risk Management Model for Road Construction Projects 

Models are defined by Rubenstin and Firstenberg (1995) as an abstract description of 

the real world, a simple representation of more complex reality, a construct of the 
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way things are, or a paradigm of the way the world is viewed. The risk management 

model presented in this chapter is a device to manage the severe risk factors at 

different phases of a project life-cycle. The model consists of severe risk factors at 

each phase of the project life-cycle, risk response measures adopted by contracting 

parties, barriers to the implementation of these measures, and solutions to overcome 

these perceived barriers. The chapter also outlines the testing and evaluation of the 

model carried out through the use of case studies of actual projects.  

 

4.5.1 Objectives of the model 

The model is designed for use by clients, consultants and contractors in road 

construction projects for the purpose of managing severe risks throughout the project 

life-cycle. The primary goal of this model is to guide contracting parties on how to 

identify critical risk factors at each phase of the project life-cycle, allocate risk 

factors to contracting parties, and to determine response measures to the allocated 

risks. This will further assist clients, consultants and contactors to identify the 

existing barriers to risk management measures and to come up with new solutions for 

those barriers.  

 

4.5.2 Development of the model 

Through the findings of the questionnaire survey, a model to manage severe risk 

factors in road projects was developed. The model takes into account all four main 

phases of a project: conceptual stage, design stage, construction stage and operational 

stage. This model is presented in Figure 4.9, Figure  4.10 and Figure 4.11. The model 

consists of four rows and four types of nodes. The severe risk factors (R1 to R19) 

which were identified and analysed in the study are represented by circles and are 

sub-categorized based on which of the four main phases of a road construction 

project they are likely to occur most (see Section 4.3.1).  

 

Table 4.16 gives the list of risk factors (R1 to R19). The severe risk factors at each 

phase are identified by a circle. While the shaded area identifies the percentage of 

risk allocated to the each contracting party. 
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The response measures by the client/consultant and contractor (M1 to M14) are 

represented by square boxes on the first row, whereas the identified barriers (B1 to 

B12) to risk management are presented by the rectangular boxes. The triangles on the 

last row (S1 to S13) represent the proposed solutions to the identified barriers. The 

list of response measures (M1 to M14), barriers and solutions are given in Tables 

4.17, 4.18 and 4.19 respectively. The model outlining the identified response 

measures and barriers to those measures in the conceptual and design stages is 

presented in Figure 4.9. The model outlining the response measures and barriers to 

those measures in the construction and operation stages is presented in Figure 4.10 

and Figure 4.11 respectively. It is expected that when a firm encounters a specific 

risk in road construction, it would use the model to find out the appropriate strategies 

for their management by following the arrows to the relevant response measures, 

barriers and solutions. 
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Table 4.16: Model on risk factors 
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R1   C2  Contractor’s cash-flow problems 

R2   C12  Delays in mobilization 

R3   C1  Delays in payment by the client 

R4 A2 D6   Delays  in Client decision-making process 

R5   C3  Delays in shifting utility lines by 
authorities 

R6  D2 C4 O2 Design errors by the consultant 

R7   C14  Equipment-related risk 

R8   C15 O1 Errors committed during field construction 

R9 A1 D1   Errors in estimated cost and construction 
period 

R10   C13  Inflation 

R11   C5  Labour shortage 

R12   C9  Labour skills 

R13  D5 C8  Lack of project funds 

R14  D4   Poor productivity 

R15   C6  Rainy weather 

R16  D3   Deficiencies in tender document 

R17   C10  Traffic 

R18   C7  Variations 

R19   C11  Condition of water table 
 

  



Chapter 4 

101 

Table 4.17: Model on response measures 

Response 
Code Response Measures 

M1 Tendering a high bid 

M2 Including conditions on the bid 

M3 Pre-contract negotiations as to which party should shoulder certain 
risks 

M4 Transferring risk to sub contractor 

M5 Transferring risk to insurance company 

M6 Transferring risk to main contractor  

M7 Claiming for damages 

M8 Allocation of contingency plan 

M9 Education and training  

M10 Physical protection to reduce the likelihood of risk 

M11 Brainstorming to identify new risks 

M12 Physical protection of people and property 

M13 Encouraging team-work culture  

M14 Using suitable standard conditions of contract. 
 
 
 

Table 4.18: Model on barriers to risk management 

Barrier Code Barriers to Risk Management 

B1 Lack of joint risk management mechanisms by parties 

B2 Deficiencies in knowledge/techniques on risk management 

B3 Inadequate recognition/ understanding of risk control strategies 

B4 Ineffective implementation of risk control strategies 

B5 Ineffective monitoring  

B6 Lack of a formal risk management system 

B7 Lack of incentives for better risk management  
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Barrier Code Barriers to Risk Management 

B8 Lack of risk consciousness  

B9 Lack of historical data to analyse trends in risks over time  

B10 Inappropriate risk allocation 

B11 Insufficient on-going project information for decision making 

B12 Lack of appropriate regulations for risk management  
 

 

Table 4.19: Model on solutions to risk management 

Solution Code Solutions to Risk Management 

S1 Allocating contingency plan 

S2 Education and training on risk management 

S3 Education on consciousness 

S4 Implementing proper monitoring system 

S5 Implementing quality management system 

S6 Implementing a proper record-keeping system 

S7 Including specific area to price for risk 

S8 Raising awareness regarding risk 

S9 Making policy-makers aware of risk 

S10 Using predictions by specialist 

S11 Implementing proper planning and coordination 

S12 Using qualified and skilled professionals 

S13 Hiring risk management consultants 
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Figure 4.9 – Risk Management Model for Road Construction- Part I 
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Figure 4.10 – Risk Management Model for Road Construction- Part II
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Figure 4.11 – Risk Management Model for Road Construction- Part III
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4.5.3 Use of the model 

By using this model at the start of the project, the contracting parties to a road 

construction project would be able to obtain a sense of the severe risk factors that 

need address. The model also provides guidelines on how the risk is apportioned 

between the contractor and client/consultant and which party is responsible for the 

risk. In addition, it offers guidelines to contracting parties about suitable risk 

response measures, barriers in the way of implementing such measures and solutions 

to the barriers that stakeholders might encounter throughout the project life-cycle.  It 

is hoped that this model would help contracting parties better manage risks and 

thereby more efficiently achieve project objectives. 

 

4.5.4  Model evaluation 

The next most important step was to assess how relevant and practical the model was 

in order to ensure the consistency and soundness of the model. Unstructured 

interviews with selected contractors, clients and consultants from 10 road 

rehabilitation projects were conducted for this purpose. The details of the projects 

used for case-studies are given in Appendix 10. Two persons from each project, i.e., 

the contractor and client/consultant, were picked to evaluate the applicability of the 

model. The interviewees were asked to give a qualitative assessment of the model 

with regard to the selected project using a pre-determined assessment scheme where  

90-100% = excellent, 75-90% = very good, 60- 75% = good, 45- 60% = moderate 

and less than 45% = poor. First they were asked to evaluate the applicability of the 

model to the selected project under the following sub-categories: 1. Risk factors, 2. 

Risk response measures, 3. Risk allocation, 4. Barriers, and 5. Solutions. They were 

then asked to arrive at an overall rating of the applicability of the model to the 

specific project (refer Appendix 11).  
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Table 4.20: Review of case-studies: matching the results of case-studies with model 

No Overall Assessment 

P1 90 – 100% Excellent 

P2 90 – 100% Excellent 

P3 90 – 100% Excellent 

P4 90 – 100% Excellent 

P5 90 – 100% Excellent 

P6 90 – 100% Excellent 

P7 90 – 100% Excellent 

P8 75 – 90% Very Good 

P9 75 – 90% Very Good 

P10 75 – 90% Very Good 
 

As indicated in Table 4.20, in the overall assessment of the ten case studies, seven 

(or 70%) showed  either 90% or above matching results with the model while the 

other 3 (or 30%) projects gave an above 75% matching result. Therefore, it can be 

stated that the model has an applicability efficiency of 70%.  When considering their 

assessment of sub-categories of the model, the sub-categories of risk allocation and 

solutions to barriers showed 100% matching results with all ten projects although 

some deviations were found in three projects. In the case of the three projects that 

deviate from the model, it is clear that the sub-category risk factors deviate due to the 

risk factor “delays in shifting utility lines by authorities” since that factor was not 

applicable/ those projects.  In these projects, much of the utility lines had been 

shifted before the start of the project.  A different ranking was also given for the 

“water-table condition” and “labour skills” in those projects.  Therefore, it can be 

stated that when implementing the risk management model under consideration in 

this study, some consideration should be given to the risk factor “delay in shifting 

utility lines by authorities” and the rankings of “water table condition” and “labour 

skill.”  In conclusion, the evaluation of the model with the use of case studies 

therefore showed that with the exception of the above-mentioned considerations, the 

model has an acceptable level of applicability and can be a useful guide in risk 

management with regard to road rehabilitation projects.  
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4.6  Summary 

On the basis of the findings of the three rounds of the Delphi Survey, a risk 

management model for road construction projects in Sri Lanka has been developed 

and the model evaluated with the use of ten case studies.  This evaluation showed 

that the model was efficient up to 70% and that the deviations have to do mainly with 

the type and nature of construction projects, which tend to be variable and vulnerable 

to conditions on the ground.  It is therefore hoped that the model developed in this 

study would overcome any drawbacks and inconsistencies in the risk management 

process of road construction projects in Sri Lanka. 
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Chapter 5 

 
5.0 CONCLUSIONS, RECOMMENDATIONS, LIMITATIONS 

AND PATHWAYS TO FURTHER DEVELOPMENT  
 

5.1 Conclusions 

The need for risk management in construction projects has increased with time to the 

increasing complexity, size, client–consumer requirements, problems associated with 

political and economic scenarios, and the arduous nature of such projects. Civil 

engineering construction projects, especially road construction projects, are more 

vulnerable than other projects to risks because of heavy outlays required in terms of 

time, money, quality assurance, construction technology and capital. 

 

This study makes it clear that risk management is a novel concept in the Sri Lankan 

construction industry. Although countries in Europe and United States of America 

have derived considerable advantage by adopting risk management strategies, the Sri 

Lankan construction industry has not paid much attention to this concept in 

construction. Considering its growing significance in the construction industry 

worldwide despite its relative neglect within the local context, the present research 

has attempted to identify the critical risks and the strategies for handling them at each 

stage of the project life cycle in road construction projects in Sri Lanka. 

 

The main focus of the study was to identify the types of risk variables associated 

with the different phases of a road project and to find out the factors that are the most 

critical in each phase and to allocate these critical risk factors among the contracting 

parties. A further attempt was made to identify the risk response measures used by 

both consultant and client/contractor, and to identify the barriers to risk management 

as well as solutions to those barriers. 
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This study adopted the Delphi method to extract data from the selected expert panel 

of professionals who are involved in road construction. The data was collected 

through a questionnaire survey conducted in three rounds.  

 

Through the comprehensive literature survey and preliminary interviews, 21 risk 

factors related to road projects were identified. Based on these 21 risk factors, the 

Round One questionnaire was prepared. According to the data gathered in Delphi 

round one, 25 risk factors were identified as prevalent in the four phases of the 

project life cycle. This finding provided the basis to achieve the first objective, which 

was to identify the critical risks associated with each phase of the project life cycle of 

a road project. From the round one results, further analysis was done during the 

second round in order to fulfill first objective, which was to identify and analyse the 

critical risk factors associated with each phase of the project life cycle. Through the 

data analysis of Delphi round two, two severe risk factors were found to be prevalent 

in the conceptual stage, six severe risk factors prevalent in the design stage, 15 

severe risk factors prevalent in the construction stage and 2 severe risk factors 

prevalent in the operation stage. It was found that errors in estimating the cost and 

the construction period were the most severe risk factors in the conceptual stage, 

followed by delays in the decision-making process by clients. Errors in estimated 

cost and construction period were the most severe risk factor in the design stage too.   

Design errors by the consultant were next in importance.  In the construction stage, 

delays in payment by the client were the most critical risk factor followed by the 

contractor’s cash flow problem.  Errors committed during field construction was the 

most critical risk factor in the operation stage. These findings reveal that risks are 

spread throughout the whole project life cycle and that some risks occur in more than 

one phase. In addition it was found that the construction stage is the most critical 

phase with the most number of severe risks, followed by the design phase. 

 

The second objective of this study was to identify how these risks are handled at each 

phase of the project, which was addressed in part two of the round two of the 

questionnaire survey. The results of the survey were used to identify the risk 

response measure used by the contracting parties. It was found that clients/ 
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consultants often take responsibility for the most severe risk factors that arise in the 

conceptual and design stages. However, contractors often take responsibility for the 

most severe risk factors that arise in the construction stage. The findings indicate that 

allocation of contingency plans and transferring the risk to the main contractor are 

the commonly used response measures of the consultant while claiming for damages 

is the commonly used response measure of the contractor. 

 

The third objective was to evaluate the allocation of severe risk factors among the 

contactor and client/consultant in each phase of a road construction project. This was 

achieved with the third part of the second round and the second part of the third 

round questionnaire surveys. The results revealed that severe risks at the conceptual 

were fully allocated to the client/consultant and at design stage were mostly 

apportioned to the client/ consultant while at the construction stage a high percentage 

of severe risks was allocated to contractors. However, shared responsibility was more 

the norm in the operational stage although, at all stages, some portion of the risk was 

shared by the other party. 

 

The fourth part of the second round and the first part of the third round questionnaire 

surveys were carried out in order achieve the fourth objective of this research, which 

was to determine the bottlenecks and to introduce alternatives to the present risk 

handling methods.  It was found that the lack of joint risk management mechanisms, 

ineffective monitoring, lack of risk consciousness and the deficiencies in knowledge 

on risk management were the most common barriers to risk management. Further in 

this round, solutions to these identified bottlenecks or barriers were identified in 

order to improve the ability of contracting parties to manage risks as using of 

qualified and skilled professionals, including specific area to price for risk and 

education and training on risk management.   

 

Finally, in order to fulfill the final objective of this research, which was to develop a 

risk management model for managing risk in the different phases of a project, a 

model was created based on the findings of the survey.  Case studies, which aimed at 

verifying the content of the model, its applicability and efficiency, revealed that such 
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a model assists the clients in proper risk management. Further, the methods adopted 

in this research were validated as appropriate to achieve the objectives of the study. 

 

Although the study identifies most of the elements of risk management, it was found 

that most organizations have not formally implemented risk management into their 

managerial systems. However, the study makes clear that there is already some 

awareness of the need for risk management in the industry, which is an important 

starting point in any attempt at introducing formal risk management into the road 

construction industry in Sri Lanka. 

 

5.2 Recommendations 

Taking into consideration the findings of this research, recommendations can be 

made to the main stakeholders of the construction industry. Based on this research it 

can be said that road construction projects are consistently exposed to different types 

of risks in different stages of the project life cycle and that these risks adversely 

affect the projects objectives.  Moreover, while these risks can be managed, they 

cannot be ignored.  Moreover, risks should not be transferred to one party but jointly 

handled. Therefore, there should be a joint risk management mechanism which 

currently is lacking in the Sri Lankan construction industry. Further, severe risks 

should be identified from the perspective of a project life cycle and should identify 

the change of the severity of the risk factors according to the project phase. Therefore 

a formal risk management process, which consider the risk severity at different 

phases of project life cycle should be applied at all stages of the project by the 

contracting parties associated with project. 

 

The study also revealed that insufficient knowledge of risk management is one of 

main barriers to risk management. Thus the construction industry should impart 

proper education and training to their professionals. Further, organizations should 

hire risk management consultants in order to manage risk which is not a common 

practice in Sri Lanka.  
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Since the state is one of the major stakeholders in road construction projects, the state 

sector organizations, both as clients and as consultants, should show more concern 

regarding the factors which can be controlled by them such as design errors, errors in 

estimated cost and construction period, delays in the decision-making process, 

shortcomings in the tender document, etc., which are identified as critical risk factors 

with regard to road construction projects in this research. Since the rehabilitation and 

development of the road network is undertaken with public funds at a very high cost, 

it is the responsibility of state sector organizations to ensure that adequate economic 

returns are achieved through proper risk management. The contractor should be more 

concerned about the factors which are controlled by him such as poor productivity, 

errors committed during field construction, delays in mobilization. Since there are 

challenges when it comes to risk management, organisations have to identify proper 

solutions that would help them move towards and achieve the benefits of risk 

management. 

 

5.3 Limitations 

Several difficulties were encountered in carrying out this research. Difficulties 

mainly arose in relation to the conduct of the Delphi survey and case studies.  In 

addition, there were limitations with regard to the model development. 

 

5.3.1 Difficulties in conducting three rounds of the Delphi survey 

The following difficulties were encountered in conducting the three rounds of the 

Delphi survey. 

 

The selection of a panel of experts is central to the success of the Delphi method.  

Panel members must be ‘willing’ and ‘able’ (Robinson, 1991). In the case of the 

present research, it was very difficult to find 33 experts who would take the work 

seriously and devote the time necessary to provide thoughtful and reasoned responses 

to the questions. Secondly, the successful rounds of the Delphi techniques were 

extremely time-consuming, as they consisted of three rounds, the completion of 

which took about 18 weeks. Moreover, the turn-around time for the questionnaire 

survey conducted among the panelists was longer than expected. It was very difficult 
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to get the response from industry practitioners for each round of the Delphi 

questionnaires as they were always busy with work.  Many reminder calls and return 

visits to the organizations had to be made in order to mobilize the non-respondents. 

Although a few respondents dropped out from round two and three, that did not have 

a major impact on the success of the survey. The success rate at each round is 

recorded in Table 3.1.  In addition, in this study, a lot of effort was made to make the 

questionnaire simple and yet sufficient to convey the objectives of the study to the 

panel of experts. As seen from the Table, a relative success response rate of 78.79% 

was achieved, which can be considered acceptable for the purposes of this research. 

Although there was a problem of communication with the experts since the 

respondents requested further verbal explanations regarding the arrangement of the 

questionnaire, this was achieved without too much adverse impact on the response 

rate. 

 

5.3.2 Difficulties in conducting case studies 

Case studies were used to verify the applicability and practical use of the model. 

Hence, it was important to select respondents who were a project client/ consultant or 

a contractor with experience. The study faced some difficulty in finding project 

clients/consultants and contractors who was willing to reveal project details. 

 

5.3.3 Limitations to model development 

This model is subjected to the following constraints and limitations: 

 

1. The model contents were restricted to the road rehabilitation projects (A and B 

class roads) which use re-measurement contracts; 

2. The model assumes that the identified risk factors are mutually exclusive; 

3. Although the definitions of risk encompass welcome ‘up-side’ as well as 

unwelcome ‘down-side’ effects, for the purposes of this research, the risk is 

defined as the ‘down-side’ consequences of  the exposure to economic or 

financial loss, physical damage, or injury, or delay; 
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4. The model development was restricted to the contracting parties as contractor and 

client/consultant. Risk response measures and risk allocations were evaluated by 

considering the client and consultant as one party. Therefore, there were no 

provisions in the study to take them as two different parties. 

 

5.4 Further Research 

The following issues have been identified as areas for further development: 

• It should be pointed out that the research was conducted only for road 

construction projects in Sri Lanka and that therefore the conclusions drawn 

from the study may have purely local applications valid only for Sri Lanka 

and may even have some biases.  It is therefore recommended that a larger-

scale Delphi survey, which captures a larger number of civil and 

infrastructure projects, could be undertaken in Sri Lanka for the purpose of 

enhancing the uses of this model among contracting parties that are involved 

in other types of civil and infrastructure projects. 

• Further this research can be extended on building projects also, where it 

provide client/consultant and contractor to use the model for risk 

Management. 
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Appendix 01 – Research Paper 

Risk identification and risk handling in road projects in Sri Lanka. 

Abstract 

Risks cannot be avoided in construction projects, particularly in road construction. 

Effective risk management is crucial in the achievement of project goals. To make project 

management effective, risk identification, risk analysis and risk handling are important 

steps in the process. 

The investigation, via a comprehensive Delphi survey, identifies and accesses the risks, 

significant in both the occurrence and its impact on the project goals and their associated 

risk handling measures in road projects in Sri Lanka. Twenty one (21) severe risk factors 

were identified. Results showed that the most frequently used risk handling method is risk 

transferring and risk reduction is also commonly used by contracting parties. The analysis 

further  indicates that contracting, nominated sub contracting, exclusion of indemnifying 

clauses in contracts and hiring experts with high skills  are commonly used by 

clients/consultants,  while contractors are more inclined towards insurance, sub contracting, 

claiming and very high bidding. The study assumes that the industry is lacking in new 

handling methods and it is important to implement appropriate handling strategies with 

proper coordination amongst contracting parties for better results. 

 
Keywords: Risk Management, Risk Identification, Risk Handling, Road Projects.  

Background 

Risk management has now become a highly discussed topic and an important aspect in 

project management in order to obtain a better understanding in risk responsibilities and 

risk management abilities in the construction industry (Wood and Ellis2003). Edward and 

Bowen (1998) identifies risk management as a vital tool in coping with construction risks. 

The success of  project management depends highly  on the efficient and effective handling 

of risks involved (Ren 1994 cited in Ahmed, Ahmad & Saram1999). Hence,  controlling 

the project risk has a positive effect in controlling project cost objectives, including on-time 
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delivery and quality of the completed project. In short, controlling project risks  mean the 

controlling of the project itself.  

 

According to a study of Kerzner (2001), risk management is defined as, ‘the act or practice 

of dealing with the risk. It includes planning for risk, assessing risk issues, developing risk 

handling option and monitoring risk to determine how the risk have changed’. Raftery 

(1994), Zou etal (2007), and Buchan (1994) illustrate the risk management cycle in a 

systematic way, including  identification, analysis and response to risk. Risk identification 

covers identification of  the source,  type of risk and documenting their characteristics 

(Flanagan & Norman 1993). Risk analysis is the vital link between risk identification and 

risk handling( Al- Bhar and Crandall 1990) and it is defined as the evaluation of the impact 

of the risk to the project (Wang etal 2004). ‘Risk handling/response is the choice of a 

proper strategy to reduce the likelihood of the occurrence of risk events  and /or the 

magnitude of their negative impact’ (Fan etal 2008, p 700). 

  

Infrastructure of a developing country is essential for its economic growth. In infrastructure 

development, road construction plays a  vital role as it is a  crucial element. The Central 

Bank annual report (2006), shows that an efficient transport system is a prerequisite for 

sustained economic growth. According to the records of the RDA (Road Development 

Authority 2006), there are  nearly 11,600 km of both A and B class roads in Sri Lanka’s 

road network. Implementation of several road projects, such as the construction of new 

highways, upgrading existing national highways and the rehabilitation of roads in tsunami 

affected areas etc. have been initiated after  identifying the critical need for road projects in 

a developing country(Central Bank annual report 2006). It is clearly evident that the 

government has implemented road reconstruction and rehabilitation projects island wide, 

thus emphasising the  demand for road projects.    

 

As per Thompson and Perry (1993), risk involvement is high in road, reservoir 

maintenance  and building refurbishment projects and Zayed etal (2008 p 415) also 

disclosed that, ‘Highway projects entail higher risks than traditional projects as they 

involve  high capital outlays and intricate site conditions’. Kwak and Dewan (2001)  

identifies locations in developing countries as one of the major factors in the planning and 

implementation of development projects. Perera (2006) further concludes in his study that 

80% of road projects in Sri Lanka face time and cost overruns and that most projects are  
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severely exposed to risk. Therefore this research   emphasizes more  on the identification 

and analysis of risk and risk response, which are the main phases in the risk management 

process in road projects.                      

                                                                                                                                                                        

Past Research on risk management 

There is extensive literature in the areas of risk management of the construction industry 

(Wang etal 2004). Research on risk management has been carried out all over the world 

(refer table 1). With these details of past studies, it can be argued that risk, risk 

management and the perception of contracting parties on risk management were covered by 

researchers. In addition, models were proposed by various authors to identify, analyze and 

manage severe risks pertaining to different countries. Past research studies have led 

researchers and practitioners towards effective risk management. Mostly the surveys and 

case studies were typically undertaken on the basis of one group of project participants. 

Most commonly the contractor’s perspective was considered in identifying risk factors. 

However the risk management aims at minimizing risks –whom ever risk it may be ( ASCE 

cited by Rahman and Kumaraswamy 2002)  and the total project cost but not the costs to 

each party separately ( CII cited by Rahman and Kumaraswamy 2002) . So it can be argued 

that risks of a project should not be identified on the perception of one party. However, it is 

evident that risk management in Sri Lanka is  rarely taken into account by researchers. It 

was found that most  cost overruns, time overruns and low quality projects are the result of 

poor risk management in Sri Lanka (Perera 2006). Risks are subjective and as per Han etal 

(2001) risks in a project are affected by unique political, economic, environmental and 

cultural conditions of a country. Hence, it is important to identify critical risk factors and 

their management in relation to a specific country.  Therefore, there is an immense need for 

risk management research in Sri Lanka in order to overcome the aforementioned problems 

arising in road construction projects. 

Aim and Objectives 

The aim of this study is to evaluate the risks in road construction projects and how 

effectively they are managed in  road projects in Sri Lanka. 

6. Identification of risk factors associated with road projects.  

7. Estimation of severity of risk factors. 

8. Identification of appropriate handling methods of these severe risks. 
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Methodology 

The research was conducted by means of a questionnaire survey, with the use of Delphi 

technique, according to the guidelines proposed by Turoff and Hiltz (2006) for conducting  

a Delphi study. Delphi is a powerful and appropriate method of deriving objective opinions 

in rather subjective areas with controlled opinion feedback (Alder and Ziglio, 1996). 

Sackman (1975) further defines Delphi as an attempt to elicit expert opinion in a systematic 

manner in producing useful results. As per Scapola and Miles (2006) , Delphi also 

facilitates the formation of group judgements. For this research, a Delphi expert panel 

comprising of 33 professional members, were selected from road construction projects 

from clients , consultants, project managers and contractors . Table 1 provides a variety and 

mix of  the panel of experts. 

 

Table1 - Variety and Mix of  Experts 

Designation Number of participants 
Round one Round two Round three   Round four 

Design Engineer 02 02 02 02 
Project Director 02 02 01 01 
Site Manager 03 03 03 03 
Civil Engineer 03 03 02 01 
Senior Engineer 02 02 02 01 
Senior Quantity Surveyor 03 03 03 03 
Manager Contracts 02 02 02 02 
Quantity Surveyor 02 02 02 02 
Senior manager Road and Bridges 01 01 01 01 
Project Manager 06 06 04 03 
Project Accountant 04 04 03 03 

Total 30 30 25 22 
Percentage of Response 100% 100% 83.33% 73.33% 

 
The survey was carried out in four rounds, focusing on fulfilling each objective in each 

round as mentioned below. The structure of the four rounds as follows:   

Delphi  Round One 
 
The first round Delphi questionnaire, accompanied by an invitation letter, explained the 

purpose of the research and  the respondents were informed that there would be four rounds 

of questionnaires. In the first round of the questionnaire survey, a list of 64 risk factors 

were provided under nine categories. These categories and risk factors were sourced from 

previous studies. The respondents were asked to review and indicate the potential risk 
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factors they encountered during their recently completed road projects as per the given list 

and a provision was also made to mention  other risk factors which were not included in pre 

identified list.   

Delphi  Round Two 
 
This questionnaire  consisted of feedback reports of round one questionnaire.  Experts were 

required to review the factors that  had been indicated in the round one Delphi survey. 

Experts were further asked to identify the common / important risk factors in the list. 

Delphi  Round Three  
 
The third round questionnaire included a summary of results of round two and the 

respondents were asked to indicate the levels of frequency of risk occurrence during project 

period and the significance of risk impact on the project objectives, in order to estimate  

severe risk factors. The level of frequency of risk occurrence (α) and significance of risk 

impact (β) were presented for each risk factor according to a scale of 1-5 denoting;, 1-Very 

Low, 2-Low, 3-Medium, 4-High, 5-Very High. The method  used by similar previous 

studies  of Fang etal (2004), Zou etal (2007) and Sun etal (2008) was implemented to 

extract the severe risk factors in this round. The Following formulas (1) and (2) show the 

calculation of severity Index for risk factors: 
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jS =                                     (1) 
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== 1RS                         (2) 

 

Where n= number of responses, j
iS = evaluation of risk severity by jth respondent,  α= 

evaluation of frequency level of risk occurrence by jth respondent, β = evaluation of 

significance of risk occurrence from the ith factor  by jth respondent , and iRS  =Risk  

Severity Index for ith risk factor. 
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Reliability testing is also important for a questionnaire survey. The Cronbach Alpha 

Reliability Test Method was selected to assess the reliability of the results of the 

questionnaire survey. The formula shows calculation of the reliability of the survey. 

 

VarCovk
VarkCov

/)1(1
/

−+
=α  

 

 where k  = number of items in the scale , Cov = average variance between items, total 

2/)1( −kk  items. As per Nunally (1978), when α >. 7, the results of the survey are reliable.  

 

 Under the second part of the questionnaire three, respondents were asked to list down the 

commonly used risk response methods against the risk factors and detailed measures of risk 

handling. 

 

Delphi  Round Four  

Fourth round questionnaire was designed to disclose the currently used response methods 

for severe risk factors which were identified, based on occurrence and impact. The 

respondents were asked to reconsider the risk response method, which has been pre-

identified through round three and  respondents are further required to mention  detailed 

measures  of the response methods used by them. 

 

Findings and Analysis 

 

Round one, two, three 
Questionnaires were distributed among the selected panel of experts. All the time the 

feedback of previous round was provided to the panel. At the end of round one , two and 

three, 64 risk factors were  were reduced to 21(Refer table 2) as ‘Severe Risk Factors’ 

which require consideration of both risk impact and occurrence( Williams 1996).The 

severity index was calculated for each risk factor. Factors which scored 9 or above in the 

severity index( SI) were identified as severe risk factors, as they were above the medium 

level (Sun etal 2008)).  

 

Severity of the risk is vital in identifying risk factors as it explains how critical a risk is, 

both in occurrence during the project period and impact on the project goals. It facilitates 
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the ease of identifying more severe risks, which should be focused at the initial stage in the 

development of the  risk handling technique. 

 

Under the second part of questionnaire three, respondents were asked to identify the risk 

handling methods for severe risk factors (out of risk transfer, reduction, retention and 

avoidance) and elaborate on the detailed measures of prevailing handling and proposed 

handling. 

 

Round four 
33 questionnaires were distributed to experts and only 27 were returned, asking 

respondents to review their answers for Questionnaire three, and indicate the risk response 

method used to handle each severe factor identified in questionnaire three. Further, they 

were asked to, indicate detailed measures used by them for each risk response and propose 

appropriate detailed measures which are lacking in  practice. Table 2 shows the common 

risk handling methods used by client/ consultant and contractor.  

 

Table 2 Severe Risk Factors and Risk response of contracting parties 

Rank 
 

SI 

                    Response Method 

Risk Factor 

Transfer Reduction  Retention Avoidance 

  Natural Environmental Risks      

7 13.69 Rainy Weather x  √  

  Technical Risks     

1 18.28 Labour shortage √  x   

4 14.28 Variations (due to unpredictable 
conditions) 

x √   

11 12.14 Traffic √   x 

10 12.59 Design changes during  construction by 
client 

x  √  

9 12.97 Shortcomings of tender document  x √   

13 11.31 Design errors made by the consultant x √   

14 11.17 Delay in material delivery √ x   

19 9.79 Equipment Related Risk (availability 
and efficiency) 

√   x 

  Organizational Risks     

6 13.97 Labour skill √ x   

12 11.48 Inadequate early planning √ x   

21 9.03 Delay in mobilization √   x  

16 10.59 Poor productivity √  x   

17  Unavailability of professional and √ x   
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Rank 
 

SI 

                    Response Method 

Risk Factor 

Transfer Reduction  Retention Avoidance 

10.21 experienced construction management 
team 

  Financial and Economic Risks     

2 17.14 Delay in payments by the client x  √  

5 14.03 Contractor’s cash flow problems √  x  

8 13.14 Errors in estimated cost and 
construction period 

x √   

3 14.79 Inflation x   √ 

18 10.14 Lack of project funds x  √  

  Political and Cultural risks     

15  
10.83 

Delay in shifting utility lines by 
relevant authorities 

x √   

       

 

√ - Response method of Client / Consultant           x – Response method of Contractor 

 

As per  table 2, most popular risk response method was risk transferring by both clients/ 

consultants and contractors while reduction was identified as the second. Table 3 shows the 

detailed measures of risk handling by the contracting parties. Most  risks, which are beyond 

the control of the client, were transferred to the main contractor or nominated subcontractor 

or a third party, through contracts, use of insurance and exclusion or indemnifying the 

clauses in the contract. The most commonly used risk transferring methods by contractors 

were insurance, sub contracting, claming and placing a very high bid in managing risk. 

Risk reduction was also an important action of risk response and early planning with proper 

construction programmes, involvement of experienced professionals, additional resources, 

and maintaining a good relationship with government authorities etc. were considered risk 

reduction strategies in managing the risks in projects. It was found that the use of 

appropriate new handling strategies by contracting parties is lacking in the industry, and a 

set of response measures was proposed for the betterment of achieving project goals.  
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Table 3 – Results of Delphi Round 4 –Detailed Measures of Risk Response of Contracting Parties 
Response 

Method 

Currently  Used Detailed Measures of Response Proposed  Detailed Measures of Response 

Client /Consultant Contractor Client /Consultant Contractor 

Risk 

Transfer 

• Using Insurance  

• Contracting 

• Nominated sub contracting 

• Exclusion or indemnify clauses in contract 

• Hiring employees with higher remuneration 

and high skills 

 

• Using Insurance  

• Sub contracting 

• Claims to owner 

• Placing very High Bid 

• Define  and transfer scope to the contractor  

at the beginning. 

• Develop contingency plans for political 

risks and obtain insurance for political 

risks. 

• Define  and transfer scope to employees at the 

beginning.  

Risk 

Reduction  

• Define each staff member’s scope of work 

with preset dead lines. 

• Predefine the budgetary allocations of the 

Government. 

• Employ experienced staff 

• Conduct feasibility study of the project 

• Maintain good relationship with 

government authorities. 

• Education by experts to introduce new 

methods, procedures and ideas .. etc 

• Incorporate weather impacts into project 

schedules. 

• Incorporate weather impacts into project 

schedules. 

 

 

• Reduce schedule delay or financial losses 

when risk event occurs 

• Define each staff member’s scope of 

work with preset deadlines. 

• Adopt labour retaining strategies. 

• Employ experienced staff 

• Labour training to improve knowledge of 

new machinery and productivity. 

• Maintain good relationship with 

government authorities. 

• Additional resources 

• Organize site properly for maximum 

productivity 

 

• Early identification of risks involved in 

projects and identifying responses to reduce 

the probability.  

• Reduce schedule delay or financial losses 

when risk event occurs. 

• Bonus systems to meet deadlines. 

• Brain- storming to identify new risks and 

pricing those risks. 

• Undertake pre- project planning to 

minimize design errors. 

• Adopt design and built option which 

enables the contractor to design in harmony 

with site conditions thus minimising design 

drawing disputes. 

• Organize appraisal /vetting of drawings and 

design criteria by at least one independent 

consultant. 

• Early identification of risks involved in 

projects and identifying response to reduce 

the probability. 

• Periodic document review 

• Periodic risk status reporting 

• Joint risk management mechanisms by 

contracting parties. 

• Utilize quantitative risk analysis techniques 

for accurate time estimation.  

• Apply innovative production concepts 

(Lean construction, Just- in-time and total 

Quality management) 

• Brain storming to identify new risks and 

pricing those risks 

• Increase manpower and or equipment 

• Increase working hours 

• Change the construction methods 

• Coordinate closely with sub contractors 
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Response 

Method 

Currently  Used Detailed Measures of Response Proposed  Detailed Measures of Response 

Client /Consultant Contractor Client /Consultant Contractor 

Risk 

Retention  

• Unplanned retention ( forget to take any 

action) 

• Planned retention ( purposely ignore the 

risk) 

• Identify risks and move to other response 

methods 

• Allocation of contingency plan. 

• Contingency planning  for prompt 

controlling and pre-evaluated responses to 

risk that materialize. 

• Unplanned retention ( forget to take any 

action) 

• Planned retention ( purposely ignore the 

risk) 

• Set aside a part for unavoidable spending 

in contingencies 

• Absorbing losses as part of  current 

operation cost 

• Develop a clear and appropriate plan and 

control schedule and cost. 

• Undertake probability and sensitivity 

analysis 

• Apply innovative production concepts 

(Lean construction, Just in time and total 

Quality management) 

•  

• Engage an expert project team 

• Strengthen the construction firms 

competitiveness 

• Close supervision of subordinates to 

minimize  erroneous work. 

Risk 

Avoidance  

• Addition of new clauses to contract 

document to avoid risks 

• Use of alternative construction methods 

or programmes  

• Prepare and submit relevant documents to 

relevant authorities in a timely manner 

• Joint evaluation by key parties. 

• Improve the knowledge/techniques  on risk 

management. 

• Depend on subjective judgment to produce 

a proper programme 

• Produce a proper schedule by getting 

updated project information 

• Plan alternative methods/ options stand- by 

• Build up a statistical profile of historical 

risks to allow better modelling for future 

risks. 

• Use of alternative construction methods or 

programme to avoid the risk 

• Maintain good relationship with 

government authorities. 

• Refer to similar projects 

• Get comprehensive technologies from other 

countries 

• Joint evaluation by key parties. 
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Conclusions 
 
This research was mainly focused on assessing  severe risk factors in  road projects, with the use 

of identification of prevailing risk factors and the analysis of their severity. The Delphi 

technique was adopted to extract data from a selected panel  of professionals with a feedback 

from the  previous round results each round, which were provided in order to evaluate their own 

responses with the final outcome, making necessary corrections in their opinions. A total of 

twenty one (21) severe risk factors were ascertained, based on their frequency of occurrence and 

the magnitude of impact. Out of those factors, ‘labour shortage’ and ‘delay in payments by the 

client’ were identified as the main risk factors..  

 

Assessing the appropriate risk handling methods for severe risk, by both consultant and 

contractor, was the third objective of this research. Risk transferring was the most favoured 

handling / response technique, as it is the easiest method needing a lesser understanding of risks, 

although the second highest was risk reduction,  requiring a greater understanding of risk event. 

The use of risk retention and risk avoidance is used less in current practice. Generally, risks are 

transferred to the party who is in the best position to deal with it. The survey indicates that Sri 

Lankan road contractors are often responsible for risk factors such as organizational risks and 

resource-related risks,  whereas  consultants take responsibility for design changes.  

 

The findings in round four indicates that contracting, nominated sub contracting, exclusion or 

indemnifying clauses in contracts and hiring employees through higher remuneration having 

high skills, are  commonly used detailed measures in handling by clients/consultants. 

Contractors are more inclined towards insurance, subcontracting, claiming and very high 

bidding.  Rather than transferring all risks to one party, it is possible to transfer risks partially 

through sharing. Thereby, it is possible to minimize the magnitude of risks borne by one party. 

Defining and transferring scope to the contractor at the inception,  is also vital in this regard.   

 

It was proposed that contracting parties use  handling strategies such as  early identification of 

risks involved in projects and the response in reducing the probability, thereby reducing 

schedule delays or financial losses when the risk event occurs. Defining the project scope to the 

contractor at the outset and the defined scope be transferred to the contractor and design team, is 

also important.  If the insurance premium is too high, it is important to select risk retention 

strategies to overcome it. Education by experts to introduce new methods, procedures and ideas 

.etc will improve the  a company’s  expertise and thus contribute towards other areas apart from 

risk management. 
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With regard to all the facts discussed and identified as per above, the cost, time and quality 

achievements of  road rehabilitation projects are hindered by several risk factors, which are 

uncontrollable or unforeseen by the parties to the contract. All these risks cannot be eliminated 

completely and the best option would be to minimize its occurrence and impact on project 

objectives, by implementing appropriate risk handling strategies from the initial stage with 

proper coordination amongst the parties. 
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Appendix 02 – Questionnaire 01 
 

QUESTIONNAIRE – Round 01 
 
TOPIC  
Risk Identification and Risk Handling in Construction: Consideration of Project Life 
Cycle in Sri Lankan Road Projects 
 
AIM  
The aim of this study is to identify the critical risks and the strategies for handling them 
at each stage of the project life cycle in road construction projects. 
 
Name of the Respondent :….……………………………………………………….. 

Name of the Organization : ………………………………………………………… 

Designation of the Respondent : …………………………………………………… 

Name of the Project : ……………………………………………………………….. 

Working Experience : ……………………………………………………………… 

 
 
Part I 
 
Please mark with “ ”, for the possible time of occurrence of risks at different 
stages of a project life cycle. Please note that some risks may arise in more than 
one phase and hence they need to be considered in more than one time. If there are 
any other risk factors measures, please suggest them. 
 

 Risk Factors Conceptual 
Stage 

Design 
Stage 

Construction 
Stage 

Operation 
Stage 

1 Rainy weather     
2 Delays in material delivery     
3 Labour shortage     
4 Labour skill     
5 Poor productivity     
6 Equipment Related Risk     
7 Deficiencies in tender 

document 
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 Risk Factors Conceptual 
Stage 

Design 
Stage 

Construction 
Stage 

Operation 
Stage 

8 Design errors made by the 
Consultant 

    

9 Errors in estimated cost 
and construction period 

    

10 Design change during the 
construction by client 

    

11 Variations     
12 Delay in shifting utility 

lines by authorities 
    

13 Inadequate early planning     
14 Delays in mobilization     
15 Delays in client decision 

making process 
    

16 Unavailability of 
Professional and 
experienced construction 
management team 

    

17 Contractor’s cash flow 
problems 

    

18 Delays in Payments by the 
Client 

    

19 Lack of Project Funds     
20 Inflation     
21 Traffic     
22      
23      
24      
25      
26      
27      
28      
29      
30      
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Part II 
 

Please fill the following table with “ ”, whether following mention Risk Response 

Measures used in the project. If there are any other Risk Response Measures used 

in the project please suggest them. If there are any other response measures, please 

suggest them. 

 
1. Tendering a high Bid 

2. Transferring risk to sub contractor   

3. Transferring risk to insurance company 

4. Transferring risk to main contractor  

5. Claiming for the damages 

6. Education and Training 

7. Brainstorming to identify new risks 

8. Encouraging team work culture 

9. Including conditions on the Bid 

10. ………………………………………………………..…….. 

11. ……………………………………………………………… 

12. ……………………………………………………………… 

13. ………………………….………………………………….. 

14. ……………………………………………………………… 

15. ……………………………………………………………… 

16. ………………………………….………………………….. 

17. ………………………………..……………………………. 
 
 

 

Thank you very much for your Cooperation 

B.A.K.S.Perera 

  



Appendices 

153 
 

Appendix 03 – Questionnaire 02 
 

QUESTIONNAIRE – Round 02 
 
Name of the Respondent : ………………………………………………………….. 
 
TOPIC  
Risk Identification and Risk Handling in Construction: Consideration of Project Life 
Cycle in Sri Lankan Road Projects 
 
AIM  
The aim of this study is to identify the critical risks and the strategies for handling them 
at each stage of the project life cycle in road construction projects. 
 
ROUND 01 – RESULTS 
After analyzing the results of the Delphi Round One, risk factors are categorized 
according to the possible time of occurrence of risks at different stages of a project life 
cycle. The criteria in categorizing these risk factors were the mode of marked in each 
risk factors in each stages, greater than 25% and identified 25 risk factors. A list of 14 
risk response measures was identified. 
 
 
ROUND 02 
 

Part I 
• Fill the following table with “ ” in front of each risk factor at different phases of the 

project life cycle, considering their frequency of occurrence and impact to the Project 
objectives such as cost, time, quality, safety and environmental sustainability. 

 
• Considering the Frequency of occurrence of each risk factor at different phases of the 

project life cycle, has to be filled in first five boxes whether it is, 
1 – Very Low 
2 – Low 
3 – Medium 
4 – High 
5 – Very High  
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• Considering the impact of each risk factor to the project objectives at different phases 
of the project life cycle, has to be filled in second five boxes whether it is, 

1 – Very Low 
2 – Low 
3 – Medium 
4 – High 
5 – Very High  

 
Part II 
• Considering the Risk Response Measures used for each risk factor at different phases 

of the project life cycle, has to be filled in the last three boxes with the appropriate 
number or numbers for each Risk Response Measures whether it is used, 

Frequently 
Moderately 
Rarely 

 
 

1. Tendering a high Bid 

2. Including conditions on the Bid      

3. Pre contract negotiations as to which party takes certain risks 

4. Transferring risk to sub contractor      

5. Transferring risk to insurance company 

6. Transferring risk to main contractor  

7. Claiming for the damages 

8. Allocation of contingency plan 

9. Education and Training       

10. Physical protection to reduce the likelihood of risk   

11. Brainstorming to identify new risks 

12. Physical protection for people and property 

13. Encourage team work culture  

14. Using suitable standard conditions of contract 
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Conceptual Stage 

Risk Factors Frequency of 
occurrence Impact 

Response measures

Fr
eq

ue
nt

ly
 

M
od

er
at

el
y 

R
ar

el
y 

Errors in estimated cost and 
construction period 1 2 3 4 5 1 2 3 4 5    

Delays in client decision making 
process 1 2 3 4 5 1 2 3 4 5    

Inadequate early planning 1 2 3 4 5 1 2 3 4 5    

Design Stage 

Risk Factors Frequency of 
occurrence Impact 

Response measures

Fr
eq

ue
nt

ly
 

M
od

er
at

el
y 

R
ar

el
y 

Design errors made by the 
Consultant 1 2 3 4 5 1 2 3 4 5    

Errors in estimated cost and 
construction period 1 2 3 4 5 1 2 3 4 5    

Lack of Project Funds 1 2 3 4 5 1 2 3 4 5    

Deficiencies in tender document 1 2 3 4 5 1 2 3 4 5    

Delays in client decision making 
process 1 2 3 4 5 1 2 3 4 5    

Inadequate early planning 1 2 3 4 5 1 2 3 4 5    

Poor productivity 1 2 3 4 5 1 2 3 4 5    

Water table condition 1 2 3 4 5 1 2 3 4 5    

Delays in shifting utility lines by 
authorities 1 2 3 4 5 1 2 3 4 5    
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Construction Stage 

Risk Factors Frequency of 
occurrence Impact 

Response 
measures

Fr
eq

ue
nt

ly
 

M
od

er
at

el
y 

R
ar

el
y 

Rainy weather 1 2 3 4 5 1 2 3 4 5    
Labour skill 1 2 3 4 5 1 2 3 4 5    
Poor productivity 1 2 3 4 5 1 2 3 4 5    
Design change during the 
construction by client 1 2 3 4 5 1 2 3 4 5    

Delays in mobilization 1 2 3 4 5 1 2 3 4 5    
Contractor’s cash flow problems 1 2 3 4 5 1 2 3 4 5    
Delays in Payments by the Client 1 2 3 4 5 1 2 3 4 5    
Errors committed during field 
construction 1 2 3 4 5 1 2 3 4 5    

Delays in material delivery 1 2 3 4 5 1 2 3 4 5    
Labour shortage 1 2 3 4 5 1 2 3 4 5    
Variations 1 2 3 4 5 1 2 3 4 5    
Equipment Related Risk 1 2 3 4 5 1 2 3 4 5    
Unavailability of Professional and 
experienced construction 
management team 

1 2 3 4 5 1 2 3 4 5 
   

Inflation 1 2 3 4 5 1 2 3 4 5    
Delays in shifting utility lines by 
authorities 1 2 3 4 5 1 2 3 4 5    

Lack of Project Funds 1 2 3 4 5 1 2 3 4 5    
Traffic 1 2 3 4 5 1 2 3 4 5    
Water table condition 1 2 3 4 5 1 2 3 4 5    
Price increased in imported 
machinery and equipment 1 2 3 4 5 1 2 3 4 5    

Design errors made by the 
Consultant 1 2 3 4 5 1 2 3 4 5    

Deficiencies in  tender document 1 2 3 4 5 1 2 3 4 5    
Inadequate early planning 1 2 3 4 5 1 2 3 4 5    
Delays in client decision making 
process 1 2 3 4 5 1 2 3 4 5    

Time taken to award the 
contract(increase in price levels) 1 2 3 4 5 1 2 3 4 5    
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Part III 

• Considering the each risk factor at different phases of the project life cycle, identify 

the allocation of each risk factor to contractor and owner/ consultant. Risk factors 

can be allocated to one party or both the parties. 

 

Risk Factors 
Allocation 

Owner/ Consultant Contractor 

Conceptual Stage   

Errors in estimated cost and construction period  

Delays in client's decision making process   

Inadequate early planning   

    

Design Stage  

Design errors made by the Consultant  

Errors in estimated cost and construction period  

Lack of Project Funds  

Shortcoming of tender document  

Delay in clients decision making process   
Inadequate early planning   

Operation Stage 

Risk Factors Frequency of 
occurrence Impact 

Response 
measures

Fr
eq

ue
nt

ly
 

M
od

er
at

el
y 

R
ar

el
y 

Rainy weather  1 2 3 4 5 1 2 3 4 5    

Design errors made by the 
Consultant 

1 2 3 4 5 1 2 3 4 5    

Traffic 1 2 3 4 5 1 2 3 4 5    

Inadequate early planning 1 2 3 4 5 1 2 3 4 5    

Errors committed during field 
construction 

1 2 3 4 5 1 2 3 4 5    



Appendices 

158 
 

Risk Factors 
Allocation 

Owner/ Consultant Contractor 
Poor productivity   

Condition of water table   
Delays in shifting utility lines by Authorities   

    
Construction Stage   
Rainy weather   
Labour skill   
Poor productivity   
Design change during the construction by client   
Delays in mobilization   
Contractor’s cash flow problems   
Delays in Payments by the Client   
Errors committed during field construction   
Delays in material delivery   
Labour shortage   
Variations   
Equipment Related Risk   

Unavailability of Professional and experienced 
construction management team   

Inflation   
Delays in shifting utility lines by  Authorities   

Lack of Project Funds   

Traffic   

Condition of water table    

Price increased in imported machinery and 
equipment   

Design errors made by the Consultant   

Deficiencies in tender document   

Inadequate early planning   

Delays in client decision making process   

Time taken to award the contract(increase in 
price levels)   
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Risk Factors 
Allocation 

Owner/ Consultant Contractor 
Operation Stage   

Rainy weather    

Design errors made by the Consultant   

Traffic   

Inadequate early planning   

Errors committed during field construction   

 

 

Please fill the following table with “ ”, whether following mention barriers are 

occurred in the Risk Management Practice. If there are any other barriers please 

suggest them. 

 

1. Lack of joint risk management mechanisms by parties  [       ] 

2. Deficiencies in knowledge / techniques on risk management [       ] 

3. Inadequate recognition of risk control strategies   [       ] 

4. Ineffective implementation of risk control strategies   [       ] 

5. Ineffective monitoring       [       ] 

6. Lack of formal risk management system    [       ] 

7. Lack of incentives for better risk management   [       ] 

8. Lack of risk consciousness      [       ] 

9. Lack of historical data to analyse trends in risks over time  [       ] 

10. Inappropriate risk allocation      [       ] 

 

……………………………………………………………………….……. 

………………………………………………………………………….…. 

…………………………………………………………………….………. 

………………………………………………………………….…………. 

……………………………………………………………….……………. 

…………………………………………………………….……………….. 
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Please fill the following table with “ ”, whether following mention solutions can be 
taken for the barriers to risk management. Please suggest few more solutions for 
the barriers to risk management. 
  

1. Allocating contingency plan 

2. Education and training on risk management 

3. Implementing proper monitoring system 

4. Implementing quality management system 

5. Implementing proper record keeping system 

6. Including specific area to price for risk 

7. Raising awareness regarding risk 

8. Implementing proper planning and coordination 

9. Using qualified and skilled professionals 

10. Hiring risk management consultants 

 
……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………………………… 

……………………………………………………………………………… 

 
 
 
 
Thank you very much for your Cooperation 
B.A.K.S.Perera 
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Appendix 04 – Calculation of Cronbach’s Alpha 
Rank Risk Factors Alpha Alpha 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 Impact 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 Occurance

Conceptual Stage
1 Errors in estimated cost and construction period 4 3 3 4 4 4 4 3 3 4 3 4 3 4 4 4 4 5 2 3 3 4 4 4 4 4 4 5 4 0.615 4 4 3 4 4 4 4 3 4 4 3 4 3 4 4 4 3 4 3 4 4 4 5 4 3 4 4 4 3 0.108
2 Delays in client decision making process 3 3 3 3 3 4 3 4 4 3 4 3 3 4 4 3 4 3 3 4 4 4 4 4 4 4 4 4 4 0.616 4 4 4 4 4 3 4 2 4 4 3 4 4 4 3 4 4 4 4 4 4 3 3 3 3 3 3 3 4 0.585
3 Inadequate early planning 3 3 3 2 3 3 3 3 3 2 2 2 2 3 3 3 3 3 3 3 3 4 2 3 3 4 3 3 3 0.617 3 3 3 3 3 3 2 3 2 2 3 3 3 3 2 3 3 3 3 3 3 3 2 3 3 3 3 2 3 0.063

Design Stage

1 Errors in estimated cost and construction period 4 4 3 4 4 4 4 3 3 4 3 4 3 4 4 4 4 5 2 3 3 4 4 4 4 3 4 5 4 0.516 4 4 3 4 4 4 4 3 5 4 3 4 3 4 4 4 3 4 3 4 4 4 5 4 3 4 4 5 2 0.147
2 Design errors made by the Consultant 3 3 3 3 3 4 3 4 4 3 4 3 3 4 4 3 4 4 3 4 4 5 4 4 3 4 4 5 4 0.611 4 4 3 4 3 3 4 3 4 4 3 3 3 4 3 4 4 4 3 4 4 4 5 4 3 4 3 4 4 3.66

3
Deficiencies in tender document (Specif ication, 
BOQ, Draw ings, other contractual documents etc.) 3 3 3 3 3 4 3 4 4 3 4 3 3 4 4 3 4 3 3 4 4 5 4 4 3 4 4 4 4 0.427 4 3 3 4 3 4 4 3 4 4 3 3 3 4 3 4 4 4 3 4 4 4 4 4 2 4 4 4 4 0.522

4 Poor productivity 3 3 3 3 3 4 3 4 4 3 4 3 3 4 4 3 4 3 3 4 4 4 4 4 4 4 4 4 4 0.367 4 4 4 4 4 3 4 2 4 4 3 4 4 4 3 4 4 4 4 4 4 4 4 3 3 3 3 3 4 0.315
5 Lack of Project Funds 3 3 3 3 3 4 3 4 4 3 4 3 3 4 4 3 4 3 3 4 4 4 4 4 4 4 4 4 4 0.429 4 4 4 4 4 3 4 2 4 4 3 3 4 3 3 4 3 3 4 3 4 3 3 3 3 3 3 3 4 0.416
6 Delays in client decision making process 3 3 3 3 3 4 3 4 4 3 3 3 3 4 4 3 4 3 3 4 4 3 4 4 4 4 4 4 4 0.521 4 4 4 4 4 3 4 2 4 4 3 3 4 3 3 4 3 3 4 3 4 3 3 3 3 3 3 3 4 0.117
7 Inadequate early planning 3 3 3 2 3 3 3 3 3 2 2 2 2 3 3 2 3 3 3 3 3 3 2 3 3 3 3 3 3 0.432 3 3 3 3 3 3 2 3 2 2 3 3 3 3 2 3 3 3 3 3 3 3 2 3 3 3 3 2 3 0.418
8 Delays in shif ting utility lines by authorities 3 2 2 2 3 3 3 3 2 2 2 2 2 3 3 2 3 3 3 3 3 3 2 3 3 3 3 2 3 0.523 3 3 3 3 2 2 2 3 2 2 3 3 3 3 2 3 3 3 3 3 3 3 2 2 3 3 3 2 3 0.222
9 Condition of w ater table 3 2 2 2 3 3 3 3 2 2 2 2 2 3 3 2 3 3 2 3 3 3 2 3 3 3 3 2 3 2.59 3 3 3 3 2 2 2 3 2 2 3 2 3 3 2 3 3 3 3 3 3 3 2 2 3 3 2 2 3 0.633

Construction Stage
1 Delays in payments by the Client 5 4 5 4 4 4 4 3 4 4 5 4 4 5 4 3 4 5 5 4 4 5 5 3 5 4 4 5 5 0.411 4 4 4 4 4 4 4 3 4 4 5 4 5 4 5 5 4 4 4 5 4 4 4 5 5 5 4 5 4 0.117
2 Contractor’s cash flow  problems 4 5 4 4 4 4 4 4 4 5 4 4 4 5 4 4 4 5 4 3 5 4 4 5 4 4 4 4 5 0.248 4 4 4 4 4 4 4 3 4 5 4 4 3 5 4 4 4 4 4 4 3 4 5 4 5 4 4 5 4 0.418

3 Delays in shif ting utility lines by authorities 3 4 3 4 4 4 4 5 4 4 3 4 3 5 4 3 4 4 3 4 4 3 4 3 4 4 4 5 3 0.413 4 3 5 4 4 4 4 3 4 4 4 4 4 3 4 4 4 4 5 4 3 4 4 4 3 4 4 5 4 0.222
4 Design errors made by the Consultant 4 4 3 4 4 4 4 3 3 4 3 4 3 4 4 4 4 5 2 3 3 4 4 4 4 3 4 5 4 0.522 4 4 3 4 4 4 4 3 4 4 3 4 3 4 4 4 3 4 3 4 4 4 5 4 3 4 4 5 2 0.520
5 Labour shortage 4 4 4 3 4 4 4 3 4 4 3 4 4 4 4 4 3 4 3 4 4 4 5 4 3 4 4 4 3 0.315 4 3 3 4 4 4 4 3 3 4 3 4 3 4 4 4 4 5 2 3 3 4 4 4 4 4 4 4 4 0.421
6 Rainy w eather 3 4 3 3 3 4 3 4 4 3 4 3 4 4 4 3 4 4 3 4 4 5 4 5 3 4 4 5 4 0.416 4 4 3 4 4 2 4 3 4 4 3 4 3 4 4 4 3 4 3 4 4 4 5 4 4 3 3 5 4 0.422
7 Variations 3 4 3 3 3 4 3 4 4 3 4 3 3 4 4 3 4 4 3 4 4 5 4 5 3 4 4 5 4 0.117 4 4 3 4 3 2 4 3 4 4 3 4 3 4 3 4 4 4 3 4 4 4 5 4 4 4 3 5 4 0.623
8 Lack of Project Funds 3 4 3 3 3 4 3 4 4 3 4 3 3 4 4 3 4 4 3 4 4 5 4 5 3 4 4 5 4 0.418 4 4 3 4 3 2 4 3 4 4 3 4 3 4 3 4 4 4 3 4 4 4 4 4 4 4 3 5 4 0.411
9 Labour skill 3 4 3 3 3 4 3 4 4 3 4 3 3 4 4 3 4 4 3 4 4 5 4 4 3 4 4 5 4 0.222 4 4 3 4 3 3 4 3 4 4 3 3 3 4 3 4 4 4 3 4 4 4 5 4 3 4 3 4 4 0.248
10 Traffic 3 3 3 3 3 4 3 4 4 3 4 3 3 4 4 3 4 3 3 4 4 5 4 4 3 4 4 5 4 0.520 4 4 3 4 3 3 4 3 4 4 3 3 3 4 3 4 4 4 3 4 4 4 4 4 3 4 3 4 4 0.413
11 Condition of w ater table 3 3 3 3 3 4 3 4 4 3 4 3 3 4 4 3 4 3 3 4 4 5 4 4 3 4 4 5 4 0.421 4 3 3 4 3 3 4 3 4 4 3 3 3 4 3 4 4 4 3 4 4 4 4 4 3 4 3 4 4 0.522
12 Delays in mobilization 3 3 3 3 3 4 3 4 4 3 4 3 3 4 4 3 4 3 3 4 4 4 4 4 4 4 4 5 4 0.422 4 4 4 4 3 3 4 2 4 4 3 3 4 4 3 4 4 4 4 4 4 4 4 4 3 2 3 4 4 0.315
13 Inflation 3 3 3 3 3 4 3 4 4 3 4 3 3 4 4 3 4 3 3 4 4 4 4 4 4 4 4 4 4 0.623 4 4 4 4 4 3 4 2 4 4 3 4 4 4 3 4 4 4 4 4 4 4 4 3 3 3 3 3 4 0.416
14 Equipment related risk (availability and eff iciency) 3 3 3 3 3 4 3 4 4 3 4 3 3 4 4 3 4 3 3 4 4 4 4 4 4 4 4 4 4 0.424 4 4 4 4 4 3 4 2 4 4 3 4 4 4 3 4 4 4 4 4 4 4 3 3 3 3 3 3 4 0.117
15 Errors committed during field construction 3 3 3 3 3 4 3 3 3 3 3 3 3 4 4 3 4 3 3 4 4 3 4 4 4 4 4 4 4 0.541 4 3 3 4 4 3 4 3 3 4 3 3 4 3 3 3 3 3 4 3 3 3 3 3 3 3 3 3 4 0.418
16 Design change during the construction by client 3 4 2 2 3 3 3 2 3 3 3 2 2 4 3 3 4 3 2 4 3 4 3 4 3 4 4 3 3 0.426 2 3 3 2 3 3 2 2 3 2 3 3 3 2 2 3 3 4 3 3 3 3 4 3 4 3 3 4 3 0.615
17 Delays in material delivery 3 3 3 2 3 3 3 3 3 3 3 2 2 4 3 3 4 3 3 3 3 4 2 4 3 4 3 3 3 0.127 3 3 3 3 3 3 2 3 2 2 3 3 3 3 2 3 3 4 3 3 3 3 2 3 3 3 3 4 3 0.616
18 Poor productivity 3 3 3 2 3 3 3 3 3 2 3 2 2 3 3 3 3 3 3 3 3 4 2 3 3 4 3 3 3 0.428 3 3 3 3 3 3 2 3 2 2 3 3 3 3 2 3 3 3 3 3 3 3 2 3 3 3 3 4 3 0.617

19
Time taken for aw ard the contract (increase in 
price levels) 3 3 3 2 3 3 3 3 3 2 2 2 2 3 3 2 3 3 3 3 3 3 2 3 3 3 3 3 3 0.345 3 3 3 3 3 3 2 3 2 2 3 3 3 3 2 3 3 3 3 3 3 3 2 3 3 3 3 2 3 0.421

20 Inadequate early planning 3 2 3 2 3 3 3 3 3 2 2 2 2 3 3 2 3 3 3 3 3 3 2 3 3 3 3 2 3 0.430 3 3 3 3 3 3 2 3 2 2 3 3 3 3 2 3 3 3 3 3 3 3 2 2 3 3 3 2 3 0.422

21
Unavailability of Professional and experienced 
construction management team 3 2 3 2 3 3 3 3 3 2 2 2 2 3 3 2 3 3 3 3 3 3 2 3 3 3 3 2 3 0.131 3 3 3 3 3 3 2 3 2 2 3 3 3 3 2 3 3 3 3 3 3 3 2 2 3 3 3 2 3 0.623

22
Dificiencies in tender document (Specif ication, 
BOQ, Draw ings, other contractual documents etc.) 3 2 2 2 3 3 3 3 2 2 2 2 2 3 3 2 3 3 3 3 3 3 2 3 3 3 3 2 3 0.432 3 3 3 3 3 3 2 3 2 2 3 3 3 3 2 3 3 3 3 3 3 3 2 2 3 3 3 2 3 0.424

23 Delays in client decision making process 3 2 2 2 3 3 3 3 2 2 2 2 2 3 3 2 3 3 3 3 3 3 2 3 3 3 3 2 3 0.521 3 3 3 3 2 2 2 3 2 2 3 2 3 3 2 3 3 3 3 3 3 3 2 2 3 3 2 2 3 0.541

24
Price increased in imported machinery and 
equipment 3 2 2 2 3 3 3 2 2 2 2 2 2 2 3 2 3 3 2 3 3 3 2 3 3 3 3 2 3 0.333 3 3 3 3 2 2 2 3 2 2 3 2 3 3 2 3 3 3 3 3 3 3 2 2 3 3 2 2 3 0.112

Operation Stage

1 Errors committed during field construction 3 3 3 3 3 4 3 4 4 3 4 3 3 4 4 3 4 3 3 4 4 5 4 4 3 4 4 5 4 0.121 4 4 3 4 3 3 4 3 4 4 3 3 3 4 3 4 4 4 3 4 4 4 5 4 3 4 3 4 4 0.219

2 Design errors made by the Consultant 3 3 3 3 3 4 3 4 4 3 4 3 3 4 4 3 4 3 3 4 4 5 4 4 3 4 4 5 4 0.522 4 4 3 4 3 3 4 3 4 4 3 3 3 4 3 4 4 4 3 4 4 4 4 4 3 4 3 4 4 0.698
3 Rainy w eather 3 3 3 2 3 3 3 3 3 3 3 2 2 4 3 3 3 3 3 3 3 4 2 3 3 4 3 3 3 0.418 3 3 3 3 3 3 2 3 2 2 3 3 3 3 2 3 3 4 3 3 3 3 2 3 3 3 3 4 3 0.090
4 Traffic 3 2 2 2 3 3 3 3 2 2 2 2 2 3 3 2 3 3 2 3 3 3 2 3 3 3 3 2 3 0.521 3 3 3 3 2 2 2 3 2 2 3 2 3 3 2 3 3 3 3 3 3 3 2 2 3 3 2 2 3 0.515
5 Inadequate early planning 3 2 2 2 3 3 3 2 2 2 2 2 2 2 3 2 3 3 2 3 3 3 2 3 3 3 3 2 3 0.322 2 3 3 3 2 2 2 3 2 2 3 2 3 3 2 3 3 3 3 3 3 3 2 2 3 3 2 2 3 0.408

Response Impact Response Occurrence 
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Appendix 05 – Questionnaire 03 
 

QUESTIONNAIRE – Round 03 

 
Name of the Respondent : ………………………………………………………….. 
 
TOPIC  
Risk Identification and Risk Handling in Construction : Consideration of Project Life 
Cycle in Sri Lankan Road Projects 
 
AIM  
The aim of this study is to identify the allocation of critical risks among contracting 
parties and risk response measures (Handling strategies), barriers to handling 
methods and solutions to barriers when managing each risk factor at the different 
stages of the project life cycle. 
 
ROUND 01 – RESULTS 
After analyzing the results of the Delphi Round One, risk factors are categorized 
according to the possible time of occurrence of risks at different stages of a project 
life cycle. The criteria in categorizing these risk factors were the mode of marked in 
each risk factors in each stages, greater than 25% and identified 25 risk factors. A list 
of 14 risk response measures was identified. 

 
ROUND 02 – RESULTS 
In Round 02, the survey was carried out to investigate the significant in occurrence 
and impact of each risk factor, at different stages of a project life cycle. The 
significant in occurrence and impact was collected relevant to the given conditions, 
scaling from 1 to 5. Severity index and Weighted mean rating were calculated for 
each risk factor at different stages of a project life cycle, based on the markings for 
both significant of occurrence and impact, which shows how each risk factor is 
important with respect to their occurrence and impact separately. And finally critical 
risk factors were identified at each phase of project life cycle. Also Risk Response 
Measures used for each risk factor at different phases of the project life cycle were 
identified.  
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ROUND 03 

Part I 
• Considering the each risk factor at different phases of the project life cycle, 

identify the proffered allocation of percentage of risk to contractor and consultant. 
Risk factors can be allocated to one party only or both the parties. 

 

Rank Risk Factors 
Allocation

Client/Consultant Contractor
  A. Conceptual Stage   

A1 Errors in estimated cost and construction period  

A2 Delays in client decision making process   

      

  B. Design Stage   

B1 Errors in estimated cost and construction period  

B2 Design errors made by the Consultant  

B3 Deficiencies in tender document (Specification, 
BOQ, Drawings, other contractual documents 
etc.) 

 

B4 Poor productivity  

B5 Lack of Project Funds  

B6 Delays in client's decision making process    
      

  C. Construction Stage   

C1 Delays in payments by the Client   
C2 Contractor’s cash flow problems   
C3 Delays in shifting utility lines by Authorities   
C4 Design errors made by the Consultant   
C5 Labour shortage   
C6 Rainy weather   
C7 Variations    
C8 Lack of Project Funds   
C9 Labour skill   
C10 Traffic   
C11 Condition of water table   
C12 Delay in mobilization   
C13 Inflation   
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Rank Risk Factors 
Allocation

Client/Consultant Contractor
C14 Equipment related risk (availability and 

efficiency) 
  

C15 Errors committed during field construction   
      

  D. Operation Stage   

D1 Errors committed during field construction   
D2 Design errors made by the Consultant   

 

 

Fill the following table with “ ” in front of each risk factor at different phases 

of the project life cycle, considering the following mention barriers which are 

occurred in the Risk Management Practice. 

 

Barriers 

1. Lack of joint risk management mechanisms by parties 

2. Deficiencies in knowledge / techniques on risk management 

3. Different recognition of risk control strategies  

4. Ineffective implementation of risk control strategies 

5. Ineffective monitoring   

6. Lack of formal risk management system 

7. Lack of incentives for better risk management 

8. Lack of risk consciousness 

9. Lack of historical data to analyse trends in risks over time  

10. Inappropriate risk allocation   

11. Insufficient ongoing project information for decision making 

12. Lack of proper regulations for risk management  

 

• Considering the Solutions for each barrier, has to be filled in the last box with 

the appropriate number or numbers as mention below. If there are any other 

solutions for the barriers please suggest them. 
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Solutions  

1. Allocating contingency plan 

2. Education and training on risk management 

3. Education on consciousness 

4. Implementing proper monitoring system 

5. Implementing quality management system 

6. Implementing proper record keeping system 

7. Including specific area to price for risk 

8. Raising awareness regarding risk 

9. Making policy markers aware of risk 

10. Using predictions by specialist 

11. Implementing proper planning and coordination 

12. Using qualified and skilled professionals 

13. Hiring risk management consultants 
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Conceptual Stage

Risk Factors 
Barriers 

Solutions 
1 2 3 4 5 6 7 8 9 10 11 12 

Errors in estimated cost and construction period              

Delays in client decision making process              
 
 
 
 

Design Stage

Risk Factors 
Barriers 

Solutions 
1 2 3 4 5 6 7 8 9 10 11 12 

Errors in estimated cost and construction period              

Design errors made by the Consultant              

Deficiencies in tender document (Specification, 
BOQ, Drawings, other contractual documents etc.) 

             

Poor productivity              

Lack of Project Funds              

Delays in client decision making process               
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Construction Stage

Risk Factors 
Barriers 

Solutions 
1 2 3 4 5 6 7 8 9 10 11 12 

Delays in payments by the Client              
Contractor’s cash flow problems              
Delays in shifting utility lines by  Authorities              
Design errors made by the Consultant              
Labour shortage              
Rainy weather              
Variations               
Lack of Project Funds              
Labour skill              
Traffic              
Condition of water table               
Delays in mobilization              
Inflation              
Equipment related risk (availability and efficiency)              
Errors committed during field construction              
Delays in payments by the Client              
Contractor’s cash flow problems              
Delays in shifting utility lines by  Authorities              
Design errors made by the Consultant              
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Operation Stage 

Risk Factors 
Barriers 

Solutions 
1 2 3 4 5 6 7 8 9 10 11 12 

Errors committed during field construction              

Design errors made by the Consultant              
 
 
 
Thank you very much for your Cooperation 

B.A.K.S. Perera 
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Appendix 06 – Risk Factors prevailing at Phases of the Project Life 
Cycle 

 
RESULTS OF ROUND ONE PART – I 

 

 Risk Factors 

C
on

ce
pt

ua
l 

St
ag

e 

D
es

ig
n 

St
ag

e 

C
on

st
ru

ct
io

n 
St

ag
e 

O
pe

ra
tio

n 
St

ag
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1 Rainy weather 4% 11% 100% 54% 
2 Labour skill 0% 7% 100% 11% 
3 Poor productivity 7% 50% 100% 11% 
4 Design change during the construction by client 0% 11% 100% 11% 
5 Delays in mobilization 0% 7% 100% 14% 
6 Contractor’s cash flow problems 0% 4% 100% 21% 
7 Delays in Payments by the Client 0% 7% 100% 14% 
8 Errors committed during field construction 0% 7% 100% 28% 
9 Delays in material delivery 0% 4% 96% 11% 
10 Labour shortage 4% 7% 96% 18% 
11 Variations 4% 18% 96% 14% 
12 Equipment Related Risk 0% 7% 93% 18% 

13 
Unavailability of Professional and experienced 
construction management team 21% 21% 93% 18% 

14 Inflation 18% 21% 93% 7% 
15 Delays in shifting utility lines by Authorities 7% 28% 89% 21% 
16 Lack of Project Funds 21% 71% 89% 18% 
17 Traffic 14% 18% 89% 32% 
18 Condition of water table  7% 32% 89% 21% 

19 
Price increased in imported machinery and 
equipment 7% 18% 89% 21% 

20 Design errors made by the Consultant 14% 89% 82% 43% 
21 Deficiencies in tender document 7% 71% 78% 11% 
22 Inadequate early planning 32% 61% 78% 28% 
23 Delays in client decision making process 36% 64% 78% 25% 

24 
Time taken to award the contract(increase in 
price levels) 7% 21% 64% 7% 

25 Errors in estimated cost and construction period 43% 82% 21% 14% 
 
 New factors identified by experts 
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Appendix 07 – Calculation of Severity Index and Weighted Mean Rating(WMR) 

Rank Risk Factors Severity MWR Severity MWR

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 Impact 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 Index Occurance

Conceptual Stage

1 Errors in estimated cost and construction period 14.14 4 3 3 4 4 4 4 3 3 4 3 4 3 4 4 4 4 5 2 3 3 4 4 4 4 4 4 5 4 3.28 4 4 3 4 4 4 4 3 4 4 3 4 3 4 4 4 3 4 3 4 4 4 5 4 3 4 4 4 3 14.14 4.11

2 Delays in client decision making process 12.69 3 3 3 3 3 4 3 4 4 3 4 3 3 4 4 3 4 3 3 4 4 4 4 4 4 4 4 4 4 3.34 4 4 4 4 4 3 4 2 4 4 3 4 4 4 3 4 4 4 4 4 4 3 3 3 3 3 3 3 4 12.69 3.89

3 Inadequate early planning 8.03 3 3 3 2 3 3 3 3 3 2 2 2 2 3 3 3 3 3 3 3 3 4 2 3 3 4 3 3 3 2.79 3 3 3 3 3 3 2 3 2 2 3 3 3 3 2 3 3 3 3 3 3 3 2 3 3 3 3 2 3 8.03 2.97

Design Stage

1 Errors in estimated cost and construction period 14.28 4 4 3 4 4 4 4 3 3 4 3 4 3 4 4 4 4 5 2 3 3 4 4 4 4 3 4 5 4 4.03 4 4 3 4 4 4 4 3 5 4 3 4 3 4 4 4 3 4 3 4 4 4 5 4 3 4 4 5 2 14.28 4.15

2 Design errors made by the Consultant 13.45 3 3 3 3 3 4 3 4 4 3 4 3 3 4 4 3 4 4 3 4 4 5 4 4 3 4 4 5 4 4.11 4 4 3 4 3 3 4 3 4 4 3 3 3 4 3 4 4 4 3 4 4 4 5 4 3 4 3 4 4 13.45 3.66

3
Dificiencies in tender document (Specification, BOQ, 
Drawings, other contractual documents etc.) 13.10 3 3 3 3 3 4 3 4 4 3 4 3 3 4 4 3 4 3 3 4 4 5 4 4 3 4 4 4 4 3.86 4 3 3 4 3 4 4 3 4 4 3 3 3 4 3 4 4 4 3 4 4 4 4 4 2 4 4 4 4 13.10 3.93

4 Poor productivity 12.97 3 3 3 3 3 4 3 4 4 3 4 3 3 4 4 3 4 3 3 4 4 4 4 4 4 4 4 4 4 3.80 4 4 4 4 4 3 4 2 4 4 3 4 4 4 3 4 4 4 4 4 4 4 4 3 3 3 3 3 4 12.97 3.86

5 Lack of Project Funds 12.07 3 3 3 3 3 4 3 4 4 3 4 3 3 4 4 3 4 3 3 4 4 4 4 4 4 4 4 4 4 3.48 4 4 4 4 4 3 4 2 4 4 3 3 4 3 3 4 3 3 4 3 4 3 3 3 3 3 3 3 4 12.07 3.69

6 Delays in client decision making process 11.86 3 3 3 3 3 4 3 4 4 3 3 3 3 4 4 3 4 3 3 4 4 3 4 4 4 4 4 4 4 3.52 4 4 4 4 4 3 4 2 4 4 3 3 4 3 3 4 3 3 4 3 4 3 3 3 3 3 3 3 4 11.86 3.68

7 Inadequate early planning 7.72 3 3 3 2 3 3 3 3 3 2 2 2 2 3 3 2 3 3 3 3 3 3 2 3 3 3 3 3 3 2.76 3 3 3 3 3 3 2 3 2 2 3 3 3 3 2 3 3 3 3 3 3 3 2 3 3 3 3 2 3 7.72 2.96

8 Delays in shifting utility lines by authorities 7.07 3 2 2 2 3 3 3 3 2 2 2 2 2 3 3 2 3 3 3 3 3 3 2 3 3 3 3 2 3 2.62 3 3 3 3 2 2 2 3 2 2 3 3 3 3 2 3 3 3 3 3 3 3 2 2 3 3 3 2 3 7.07 2.83

9 Condition of water table 6.79 3 2 2 2 3 3 3 3 2 2 2 2 2 3 3 2 3 3 2 3 3 3 2 3 3 3 3 2 3 2.59 3 3 3 3 2 2 2 3 2 2 3 2 3 3 2 3 3 3 3 3 3 3 2 2 3 3 2 2 3 6.79 2.75

Construction Stage

1 Delays in payments by the Client 18.28 5 4 5 4 4 4 4 3 4 4 5 4 4 5 4 3 4 5 5 4 4 5 5 3 5 4 4 5 5 4.34 4 4 4 4 4 4 4 3 4 4 5 4 5 4 5 5 4 4 4 5 4 4 4 5 5 5 4 5 4 18.28 4.77

2 Contractor’s cash flow problems 17.14 4 5 4 4 4 4 4 4 4 5 4 4 4 5 4 4 4 5 4 3 5 4 4 5 4 4 4 4 5 4.21 4 4 4 4 4 4 4 3 4 5 4 4 3 5 4 4 4 4 4 4 3 4 5 4 5 4 4 5 4 17.14 4.52

3 Delays in shifting utility lines by authorities 14.79 3 4 3 4 4 4 4 5 4 4 3 4 3 5 4 3 4 4 3 4 4 3 4 3 4 4 4 5 3 3.79 4 3 5 4 4 4 4 3 4 4 4 4 4 3 4 4 4 4 5 4 3 4 4 4 3 4 4 5 4 14.79 4.30

4 Design errors made by the Consultant 14.17 4 4 3 4 4 4 4 3 3 4 3 4 3 4 4 4 4 5 2 3 3 4 4 4 4 3 4 5 4 3.72 4 4 3 4 4 4 4 3 4 4 3 4 3 4 4 4 3 4 3 4 4 4 5 4 3 4 4 5 2 14.17 4.11

5 Labour shortage 14.07 4 4 4 3 4 4 4 3 4 4 3 4 4 4 4 4 3 4 3 4 4 4 5 4 3 4 4 4 3 4.14 4 3 3 4 4 4 4 3 3 4 3 4 3 4 4 4 4 5 2 3 3 4 4 4 4 4 4 4 4 14.07 3.69

6 Rainy weather 14.03 3 4 3 3 3 4 3 4 4 3 4 3 4 4 4 3 4 4 3 4 4 5 4 5 3 4 4 5 4 3.76 4 4 3 4 4 2 4 3 4 4 3 4 3 4 4 4 3 4 3 4 4 4 5 4 4 3 3 5 4 14.03 4.07

7 Variations 13.97 3 4 3 3 3 4 3 4 4 3 4 3 3 4 4 3 4 4 3 4 4 5 4 5 3 4 4 5 4 3.72 4 4 3 4 3 2 4 3 4 4 3 4 3 4 3 4 4 4 3 4 4 4 5 4 4 4 3 5 4 13.97 4.07

8 Lack of Project Funds 13.83 3 4 3 3 3 4 3 4 4 3 4 3 3 4 4 3 4 4 3 4 4 5 4 5 3 4 4 5 4 3.72 4 4 3 4 3 2 4 3 4 4 3 4 3 4 3 4 4 4 3 4 4 4 4 4 4 4 3 5 4 13.83 4.03

9 Labour skill 13.59 3 4 3 3 3 4 3 4 4 3 4 3 3 4 4 3 4 4 3 4 4 5 4 4 3 4 4 5 4 3.69 4 4 3 4 3 3 4 3 4 4 3 3 3 4 3 4 4 4 3 4 4 4 5 4 3 4 3 4 4 13.59 3.99

10 Traffic 13.17 3 3 3 3 3 4 3 4 4 3 4 3 3 4 4 3 4 3 3 4 4 5 4 4 3 4 4 5 4 3.62 4 4 3 4 3 3 4 3 4 4 3 3 3 4 3 4 4 4 3 4 4 4 4 4 3 4 3 4 4 13.17 3.94

11 Condition of water table 13.07 3 3 3 3 3 4 3 4 4 3 4 3 3 4 4 3 4 3 3 4 4 5 4 4 3 4 4 5 4 3.62 4 3 3 4 3 3 4 3 4 4 3 3 3 4 3 4 4 4 3 4 4 4 4 4 3 4 3 4 4 13.07 3.90

12 Delays in mobilization 13.03 3 3 3 3 3 4 3 4 4 3 4 3 3 4 4 3 4 3 3 4 4 4 4 4 4 4 4 5 4 3.62 4 4 4 4 3 3 4 2 4 4 3 3 4 4 3 4 4 4 4 4 4 4 4 4 3 2 3 4 4 13.03 3.93

13 Inflation 12.97 3 3 3 3 3 4 3 4 4 3 4 3 3 4 4 3 4 3 3 4 4 4 4 4 4 4 4 4 4 3.59 4 4 4 4 4 3 4 2 4 4 3 4 4 4 3 4 4 4 4 4 4 4 4 3 3 3 3 3 4 12.97 3.96

14 Equipment related risk (availability and efficiency) 12.83 3 3 3 3 3 4 3 4 4 3 4 3 3 4 4 3 4 3 3 4 4 4 4 4 4 4 4 4 4 3.59 4 4 4 4 4 3 4 2 4 4 3 4 4 4 3 4 4 4 4 4 4 4 3 3 3 3 3 3 4 12.83 3.93

15 Errors committed during field construction 11.21 3 3 3 3 3 4 3 3 3 3 3 3 3 4 4 3 4 3 3 4 4 3 4 4 4 4 4 4 4 3.45 4 3 3 4 4 3 4 3 3 4 3 3 4 3 3 3 3 3 4 3 3 3 3 3 3 3 3 3 4 11.21 3.52

16 Design change during the construction by client 8.93 3 4 2 2 3 3 3 2 3 3 3 2 2 4 3 3 4 3 2 4 3 4 3 4 3 4 4 3 3 3.07 2 3 3 2 3 3 2 2 3 2 3 3 3 2 2 3 3 4 3 3 3 3 4 3 4 3 3 4 3 8.93 3.14

17 Delays in material delivery 8.83 3 3 3 2 3 3 3 3 3 3 3 2 2 4 3 3 4 3 3 3 3 4 2 4 3 4 3 3 3 3.03 3 3 3 3 3 3 2 3 2 2 3 3 3 3 2 3 3 4 3 3 3 3 2 3 3 3 3 4 3 8.83 3.10

18 Poor productivity 8.34 3 3 3 2 3 3 3 3 3 2 3 2 2 3 3 3 3 3 3 3 3 4 2 3 3 4 3 3 3 2.90 3 3 3 3 3 3 2 3 2 2 3 3 3 3 2 3 3 3 3 3 3 3 2 3 3 3 3 4 3 8.34 3.05

19 Time taken for award the contract (increase in price levels) 7.72 3 3 3 2 3 3 3 3 3 2 2 2 2 3 3 2 3 3 3 3 3 3 2 3 3 3 3 3 3 2.76 3 3 3 3 3 3 2 3 2 2 3 3 3 3 2 3 3 3 3 3 3 3 2 3 3 3 3 2 3 7.72 2.96

20 Inadequate early planning 7.45 3 2 3 2 3 3 3 3 3 2 2 2 2 3 3 2 3 3 3 3 3 3 2 3 3 3 3 2 3 2.69 3 3 3 3 3 3 2 3 2 2 3 3 3 3 2 3 3 3 3 3 3 3 2 2 3 3 3 2 3 7.45 2.91

21
Unavailability of Professional and experienced construction 
management team 7.45 3 2 3 2 3 3 3 3 3 2 2 2 2 3 3 2 3 3 3 3 3 3 2 3 3 3 3 2 3 2.69 3 3 3 3 3 3 2 3 2 2 3 3 3 3 2 3 3 3 3 3 3 3 2 2 3 3 3 2 3 7.45 2.91

22
Dificiencies in tender document (Specification, BOQ, 
Drawings, other contractual documents etc.) 7.28 3 2 2 2 3 3 3 3 2 2 2 2 2 3 3 2 3 3 3 3 3 3 2 3 3 3 3 2 3 2.62 3 3 3 3 3 3 2 3 2 2 3 3 3 3 2 3 3 3 3 3 3 3 2 2 3 3 3 2 3 7.28 2.91

23 Delays in client decision making process 6.90 3 2 2 2 3 3 3 3 2 2 2 2 2 3 3 2 3 3 3 3 3 3 2 3 3 3 3 2 3 2.62 3 3 3 3 2 2 2 3 2 2 3 2 3 3 2 3 3 3 3 3 3 3 2 2 3 3 2 2 3 6.90 2.76

24 Price increased in imported machinery and equipment 6.59 3 2 2 2 3 3 3 2 2 2 2 2 2 2 3 2 3 3 2 3 3 3 2 3 3 3 3 2 3 2.52 3 3 3 3 2 2 2 3 2 2 3 2 3 3 2 3 3 3 3 3 3 3 2 2 3 3 2 2 3 6.59 2.74

Operation Stage

1 Errors committed during field construction 13.31 3 3 3 3 3 4 3 4 4 3 4 3 3 4 4 3 4 3 3 4 4 5 4 4 3 4 4 5 4 3.62 4 4 3 4 3 3 4 3 4 4 3 3 3 4 3 4 4 4 3 4 4 4 5 4 3 4 3 4 4 13.31 3.98

2 Design errors made by the Consultant 13.17 3 3 3 3 3 4 3 4 4 3 4 3 3 4 4 3 4 3 3 4 4 5 4 4 3 4 4 5 4 3.62 4 4 3 4 3 3 4 3 4 4 3 3 3 4 3 4 4 4 3 4 4 4 4 4 3 4 3 4 4 13.17 3.94

3 Rainy weather 8.62 3 3 3 2 3 3 3 3 3 3 3 2 2 4 3 3 3 3 3 3 3 4 2 3 3 4 3 3 3 2.97 3 3 3 3 3 3 2 3 2 2 3 3 3 3 2 3 3 4 3 3 3 3 2 3 3 3 3 4 3 8.62 3.09

4 Traffic 6.79 3 2 2 2 3 3 3 3 2 2 2 2 2 3 3 2 3 3 2 3 3 3 2 3 3 3 3 2 3 2.59 3 3 3 3 2 2 2 3 2 2 3 2 3 3 2 3 3 3 3 3 3 3 2 2 3 3 2 2 3 6.79 2.75

5 Inadequate early planning 6.48 3 2 2 2 3 3 3 2 2 2 2 2 2 2 3 2 3 3 2 3 3 3 2 3 3 3 3 2 3 2.52 2 3 3 3 2 2 2 3 2 2 3 2 3 3 2 3 3 3 3 3 3 3 2 2 3 3 2 2 3 6.48 2.74

Impact Occurrence 
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Appendix 08 – Risk allocation among contracting parties 
 

Rank Risk Factors 
Percentage of response 

Client / 
Consultant Contractor

  A. Conceptual Stage   

A1 Errors in estimated cost and construction period 65 15 
A2 Delays in client decision making process  55  
A3 Inadequate early planning 70 16 
      
  B. Design Stage   

B1 Errors in estimated cost and construction period 75 30 
B2 Design errors made by the Consultant 80  

B3 
Deficiencies in  tender document (Specification, 
BOQ, Drawings, other contractual documents etc.) 85 36 

B4 Poor productivity 78  
B5 Lack of Project Funds 65 30 
B6 Delays in client decision making process  60 40 
B7 Inadequate early planning 71 36 
B8 Delays in shifting utility lines by Authorities 65 28 
B9 Water table condition 70 27 
      
  C. Construction Stage   

C1 Delays in payments by the Client 60 50 
C2 Contractor’s cash flow problems 48 70 
C3 Delays in shifting utility lines by Authorities 45 65 
C4 Design errors made by the Consultant 88 40 
C5 Labour shortage 30 76 
C6 Rainy weather 35 65 
C7 Variations  70 55 
C8 Lack of Project Funds 65 50 
C9 Labour skill 45 85 
C10 Traffic 40 70 
C11 Condition of water table  50 50 
C12 Delays in mobilization 45 75 



Appendices 

172 

Rank Risk Factors 
Percentage of response 

Client / 
Consultant Contractor

C13 Inflation 60 45 
C14 Equipment related risk (availability and efficiency) 40 70 
C15 Errors committed during field construction 50 70 
C16 Design change during the construction by client 79 40 
C17 Delasy in material delivery 40 70 
C18 Poor productivity 50 65 

C19 
Time taken for award the contract (increase in price 
levels) 

50 50 

C20 Inadequate early planning 60 70 

C21 
Unavailability of Professional and experienced 
construction management team 

60 60 

C22 
Deficiencies in tender document (Specification, 
BOQ, Drawings, other contractual documents etc.) 

65 56 

C23 Delays in client decision making process 55 50 

C24 
Price increased in imported machinery and 
equipment 

45 60 

      
  D. Operation Stage   

D1 Errors committed during field construction 50 80 
D2 Design errors made by the Consultant 80 50 
D3 Rainy weather 40 55 
D4 Traffic 45 60 
D5 Inadequate early planning 60 60 
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Appendix 09 – Percentage of Risk allocation among contracting parties at each phase of project life Cycle 
 
 

Rank Risk Factors

A. Conceptual Stage

A1
Errors in estimated cost and construction 
period 90 90.2 90 88 92 88 88 90 92 93 94 92 85 88 88 89 90 92 93 94 87 88 88 87 90 92 93 94 10 9.8 10 12 8 12 12 10 8 7 6 8 15 12 12 11 10 8 7 6 13 12 12 13 10 8 7 6

A2 Delays in client's decision making process 100 99.8 100 100 99 100 99 100 100 100 100 100 100 100 100 100 99 100 99 100 100 100 100 100 100 100 100 99 - 0.2 0 0 1 0 1 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 1

B. Design Stage

B1
Errors in estimated cost and construction
period 90 90.2 88 87 90 92 93 94 90 88 92 88 88 90 92 93 94 92 85 88 88 89 90 92 93 94 87 88 10 9.8 12 13 10 8 7 6 10 12 8 12 12 10 8 7 6 8 15 12 12 11 10 8 7 6 13 12

B2 Design errors made by the Consultant 95 94.8 95 96 94 95 98 96 90 94 95 92 93 94 95 96 94 95 97 92 93 97 95 98 93 94 97 97 5 5.2 5 4 6 5 2 4 10 6 5 8 7 6 5 4 6 5 3 8 7 3 5 2 7 6 3 3

B3
Shortcoming of tender document 
(Specification, BOQ, Drawings, other 
contractual documents etc.)

70 69.8 70 71 72 75 66 67 68 68 69 70 71 68 68 70 71 74 73 74 75 65 66 67 68 69 70 71 30 30.2 30 29 28 25 34 33 32 32 31 30 29 32 32 30 29 26 27 26 25 35 34 33 32 31 30 29

B4 Poor productivity 90 90.1 90 88 92 93 92 94 88 88 91 89 91 91 90 88 92 90 88 89 92 91 89 88 87 91 90 90 9.9 10 12 8 7 8 6 12 12 9 11 9 9 10 12 8 10 12 11 8 9 11 12 13 9 10 10

B5 Lack of Project Funds 70 69.8 70 71 74 73 74 75 65 66 67 68 69 70 71 72 70 71 72 75 66 67 68 69 69 66 67 70 30 30.2 30 29 26 27 26 25 35 34 33 32 31 30 29 28 30 29 28 25 34 33 32 31 31 34 33 30

B6 Delays in client's decision making process 80 80.0 85 87 77 80 82 80 75 78 82 78 76 78 76 75 76 77 85 78 77 84 86 87 83 77 82 80 20 20.0 15 13 23 20 18 20 25 22 18 22 24 22 24 25 24 23 15 22 23 16 14 13 17 23 18 20

C. Construction Stage

C1 Delay in payments by the Client 60 59.7 60 61 62 63 64 65 55 56 57 58 59 60 64 65 60 56 57 58 59 64 65 55 56 57 58 59 40 40.3 40 39 38 37 36 35 45 44 43 42 41 40 36 35 40 44 43 42 41 36 35 45 44 43 42 41

C2 Contractor’s cash flow problems 70 70.2 68 69 70 71 72 70 71 72 75 66 67 68 68 69 70 71 72 71 74 73 74 75 65 66 67 72 30 29.8 32 31 30 29 28 30 29 28 25 34 33 32 32 31 30 29 28 29 26 27 26 25 35 34 33 28

C3
Delay in shifting utility lines by relevant
Authorities 50 50.3 50 53 54 51 50 49 47 48 46 50 53 54 51 50 50 53 50 53 54 51 50 49 47 48 46 50 50 49.7 50 47 46 49 50 51 53 52 54 50 47 46 49 50 50 47 50 47 46 49 50 51 53 52 54 50

C4 Design errors made by the Consultant 80 80.0 85 78 77 84 86 87 83 77 82 85 87 77 80 82 80 75 78 82 78 76 78 76 75 76 77 80 20 20.0 15 22 23 16 14 13 17 23 18 15 13 23 20 18 20 25 22 18 22 24 22 24 25 24 23 20

C5 Labour shortage 15 14.7 15 13 13 13 14 15 17 19 16 15 13 19 19 14 15 15 13 12 15 13 12 13 14 15 15 15 85 85.3 85 87 87 87 86 85 83 81 84 85 87 81 81 86 85 85 87 88 85 87 88 87 86 85 85 85

C6 Rainy weather 35 35.1 34 33 35 32 30 38 39 37 35 32 30 38 39 37 39 37 35 32 35 32 30 38 39 37 35 35 65 64.9 66 67 65 68 70 62 61 63 65 68 70 62 61 63 61 63 65 68 65 68 70 62 61 63 65 65

C7 Variations 65 64.7 65 61 64 62 64 66 69 68 65 63 65 65 69 69 68 65 63 63 65 61 63 65 61 63 66 65 53 35.3 35 39 36 38 36 34 31 32 35 37 35 35 31 31 32 35 37 37 35 39 37 35 39 37 34 35

C8 Lack of Project Funds 80 80.0 77 82 78 77 84 61 80 83 79 82 80 84 85 78 79 84 86 80 83 77 82 80 80 77 80 82 20 20.0 23 18 22 23 16 39 20 17 21 18 20 16 15 22 21 16 14 20 17 23 18 20 20 23 20 18

C9 Labour skill 10 9.8 10 12 8 12 12 10 8 7 6 8 15 12 12 11 10 8 7 6 13 12 12 13 10 8 7 6 90 90.2 90 88 92 88 88 90 92 93 94 92 85 88 88 89 90 92 93 94 87 88 88 87 90 92 93 94

C10 Traffic 30 30.2 30 29 26 27 26 25 35 34 33 32 31 30 29 28 30 29 28 25 34 33 32 31 31 34 33 30 70 69.8 70 71 74 73 74 75 65 66 67 68 69 70 71 72 70 71 72 75 66 67 68 69 69 66 67 70

C11 Water table condition 40 40.3 40 42 43 44 45 39 38 40 42 39 44 40 39 38 36 37 40 39 39 38 36 42 44 45 40 40 60 59.7 60 58 57 56 55 61 62 60 58 61 56 60 61 62 64 63 60 61 61 62 64 58 56 55 60 60

C12 Delay in mobilization 40 39.8 39 44 40 39 38 36 37 40 39 39 40 40 42 43 44 45 39 44 40 39 38 36 37 40 39 39 60 60.2 61 56 60 61 62 64 63 60 61 61 60 60 58 57 56 55 61 56 60 61 62 64 63 60 61 61

C13 Inflation 80 80.1 79 84 86 80 83 77 82 80 80 82 80 77 82 78 77 84 61 80 83 79 82 80 84 85 78 80 20 19.9 21 16 14 20 17 23 18 20 20 18 20 23 18 22 23 16 39 20 17 21 18 20 16 15 22 20

C14
Equipment related risk (availability and
efficiency) 20 20.2 15 13 23 20 18 20 25 22 18 22 24 22 15 13 23 20 18 20 25 22 18 22 24 22 20 20 80 79.8 85 87 77 80 82 80 75 78 82 78 76 78 85 87 77 80 82 80 75 78 82 78 76 78 80 80

C15 Errors committed during field construction 30 30.3 30 29 26 27 30 25 35 34 33 30 31 30 29 29 30 29 28 25 33 33 32 31 31 34 33 30 70 69.7 70 71 74 73 70 75 65 66 67 70 69 70 71 71 70 71 72 75 67 67 68 69 69 66 67 70

D. Operation Stage

40.3 39 44 40 39 38 36 37 40 39 39 40 40 40 42 43 44 45 39 38 40 42 39 44 40 42 40 59.7 61 56 60 61 62 64 63 60 61 61 60 60 60 58 57 56 55 61 62 60 58 61 56 60 58 60

D2 Design errors made by the Consultant 65 65 65 61 60 62 64 66 69 68 65 63 63 65 61 63 65 61 63 62 64 66 69 68 65 64 69 68 35 35.4 35 39 40 38 36 34 31 32 35 37 37 35 39 37 35 39 37 38 36 34 31 32 35 36 31 32

D1

% %

RISK allocation 

contractorOwner/ Consultant

Errors committed during field construction 40 60
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Appendix 10 – Details of Projects used as Case Studies 

No Description Consultant Contractor Contract Sum 
Without Vat (Rs.) 

Project 
Duration 
(Months)

Cost
Overrun 

(Rs.)

Time 
Overrun 
(Days) 

P1 
Rectification & AC Overlay on 

Peliyagoda Puttalam Road. 
 (0 - 2.5 km) 

 

Road Development 
Authority 

MAGA 
Engineering (Pte) 

Ltd. 
50,000,000.00 12 8,911,495.00 791 

P2 
Rectification & AC Overlay on 

Peliyagoda-Puttalam Road.  
(2.2-5.5 km) 

 

Road Development 
Authority 

CML Edwards 
Construction Ltd. 50,000,000.00 12 2,461,074.10 791 

P3 Pitakotte-Thalawatugoda Road
(0-4.2km) 

Road Development
Authority

Link Engineering 
Ltd. 51,237,456.00 12 - 6,114575.60 333 

P4 
Widening & Improvements to 
Rathmalana Mirihana Road 

(2.9-6.7 km) 
Road Development 

Authority 
International 
Construction 

Consortium Ltd. 
53,290,143.11 12 6,524,225.00 240 

P5 
Nittambuwa town development 

Stage 2 
 

Road Development 
Authority 

MAGA 
Engineering (Pte) 

Ltd. 
79,784,632.00 18 12,508,876.24 142 

P6 
Widening & Improvements to Jaela - 

Ekala, Gampaha - Yakkala Road. 
(from Ja-Ela to Ekala) 

 

Road Development 
Authority 

Nawaloka 
Construction 

Company Ltd. 
80,174,726.00 12 -2,425,250.00 240 

P7 
Blacks Spot Safety improvement on 

Peliyagoda – Puttalum Road 
 

Road Development 
Authority 

Link Engineering 
Company Ltd 82,325,219.90 6 -24,823,184.36 660 
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No Description Consultant Contractor Contract Sum 
Without Vat (Rs.) 

Project 
Duration 
(Months)

Cost
Overrun 

(Rs.)

Time 
Overrun 
(Days) 

P8 
Rectification & AC Overlay on 

Peliyagoda-Puttalam Road.  
(9–16.4 km) 

 

Road Development 
Authority 

CML Edwards 
Construction Ltd. 85,000,000.00 12 15,120,256.00 240 

P9 Pasyala – Mirigama Road Road Development
Authority Link Eng. Ltd 400,553,956.42 24 -1,445,519.6 510 

P10 Amathale- Kaduwela Road Road Development
Authority Link Eng. Ltd 481,179,245.38 26 37,244,998.79 240 
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Appendix 11 – Model Evaluation By Interviewees 
 

Project no Phase of project life cycle

R1 R2 R1 R2 R1 R2 R1 R2 R1 R2 R1 R2
Conceptual stage Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent 

1 Design Stage Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent 

Construction stage Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent 

Operational stage Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent 

Conceptual stage Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent 
2 Design Stage Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent 

Construction stage Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent 

Operational stage Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent 

Conceptual stage Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent 

3 Design Stage Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent 

Construction stage Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent 

Operational stage Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent 

Conceptual stage Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent 

4 Design Stage Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent 

Construction stage Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent 

Operational stage Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent 

Conceptual stage Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent 

5 Design Stage Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent 

Construction stage Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent 

Operational stage Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent 

Conceptual stage Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent 

6 Design Stage Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent 

Construction stage Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent 

Operational stage Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent 

Conceptual stage Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent 

7 Design Stage Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent 

Construction stage Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent 

Operational stage Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent 

Conceptual stage Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent 

8 Design Stage Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent 

Construction stage Very Good Very Good Very Good Very Good Very Good Very Good Excellent Excellent Excellent Excellent 

Operational stage Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent 

Conceptual stage Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent 

9 Design Stage Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent 

Construction stage Very Good Very Good Very Good Very Good Very Good Very Good Excellent Excellent Excellent Excellent 

Operational stage Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent 

Conceptual stage Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent 

10 Design Stage Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent 

Construction stage Very Good Very Good Very Good Very Good Very Good Very Good Excellent Excellent Excellent Excellent 

Operational stage Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent Excellent 

Severe risk factors % Response measures Barriers Solutions Alocation Overall

Excellent Excellent 

Excellent Excellent 

Excellent Excellent 

Excellent Excellent 

Excellent Excellent 

Excellent Excellent 

Excellent Excellent 

Very good Very good

Very good

Very good

Very good

Very good
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