
 

 

A SYSTEMATIC RISK MANAGEMENT MODEL FOR CONSTRUCTION PROJECT 

MANAGEMENT: A CASE STUDY OF THE NEW INFRASTRUCTURE PROJECTS IN 

THE UNIVERSITY OF MPUMALANGA  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  T.M. LUKHELE  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

     2023 



ii | P a g e  

 

A SYSTEMATIC RISK MANAGEMENT MODEL FOR CONSTRUCTION PROJECT 

MANAGEMENT: A CASE STUDY OF THE NEW INFRASTRUCTURE PROJECTS IN 

THE UNIVERSITY OF MPUMALANGA 

 

 

 

 

 

 

 

BY 

 

 

 

 

THEMBA MFANAFUTHI LUKHELE 

s217892388 

 

 

 

 

 

 

Submitted in fulfilment of the requirements for the Doctor of Philosophy in Construction 

Management to be awarded at the Nelson Mandela University  

 

 

 

 

 

 

April 2023 

 

 

 

 

 

Promoter: Prof B. Botha 

Co-Promoter: Prof S.L. Mbanga 



iii | P a g e  

 

 

DECLARATION BY CANDIDATE 

         

 

I, Themba Mfanafuthi Lukhele, s217892388, hereby declare that the treatise/ dissertation/ 

thesis for Students qualification to be awarded is my own work and that it has not previously 

been submitted for assessment or completion of any postgraduate qualification to another 

University or for another qualification. 

 

     

                  Themba M. Lukhele  

 

 

 

 

 

 

 

 

 

 

Official Use:  

 

 

 

 

 

In accordance with Rule G5.11.4, I hereby declare that the above-mentioned treatise/ 

dissertation/ thesis is my own work and that it has not previously been submitted for assessment 

to another University or for another qualification. However, material from publications by the 

student may be embodied in a treatise/dissertation/ thesis. 



iv | P a g e  

 

ACKNOWLEDGEMENTS 

         

 

Firstly, I want to thank The Lord of Mount Zion who gave me the power, wisdom, and good 

health throughout the course of this study. This journey has been my testimony that: “Blessed is 

the man who trusts in the Lord, whose trust is the Lord. He is like a tree planted by water, that 

sends out its roots by the stream, and does not fear when heat comes, for its leaves remain green, 

and is not anxious in the year of drought, for it does not cease to bear fruit” (Jeremiah 17:7-8).  

I have been extremely fortunate to have enormous support from many people in the journey of 

my study. Several people and institutions have supported me in terms of academic, 

administrative, and emotional support during this study. Therefore, I would also like to express 

my heartfelt gratitude and acknowledgement of the following individuals for their guidance, 

diligent support, and selfless assistance: 

My Promoters: Thank you to my promoters Prof. B. Botha and Prof. S.L. Mbanga respectively, 

for your patience, guidance, and support throughout the years of this thesis. Your constant 

encouragement helped me to pull through the challenging times during my study. Your wisdom, 

insights, advice, and suggestions are deeply appreciated in this regard. 

My Mentor: Many thanks to Mr. D.M. Mokotedi for mentoring and grooming me in the field of 

Project Management, particularly in the construction industry. You have created an enabling 

environment for me to understand practical application of the Project Management knowledge 

areas in relation to communication and conflict management, contract management, 

documentation management, financial management, stakeholder management, risk management, 

strategic management, and procurement management. Your support is highly appreciated.  

My nGAP Manager: Prof. S. Sommers and your predecessor Prof. R.T.F. Bernard. Thank you 

for your support and encouragement in the journey of this study. You have been a shoulder to 

lean on during the frustrating moments of this study. Thank you for creating the enabling 

environment at the University of Mpumalanga for the pursuing of this study.    

University Librarians: Ms. Funeka Nombande at the Nelson Mandela University and Ms. Shela 

Bopape at the University of Mpumalanga. Thank you for your words of encouragement and 



v | P a g e  

 

support in helping me with the library and information services, particularly regarding the 

facilities of online database and access to search engines for relevant journal articles and 

literature for this thesis. 

Sponsors: This study was supported by the funding from the Department of Higher Education 

and Training (DHET) through its nGAP (New Generation of Academics Programme) in 

collaboration with the University of Mpumalanga and the National Research Foundation (NRF) 

[NGAP_RDG170419227754]. My sincere thanks and appreciation for the scholarship support 

from these institutions, respectively.  

Qualitative Research Facilitators: Prof. Wilhelm van Rensburg, Prof. Louise Vincent, Dr. 

Charmaine Williamson, and Dr. Christel Troskie-de Bruin, respectively. Thank you for 

providing insight and capacity on the applications of the qualitative research methodology. The 

respective training sessions you have offered had enabled me to guarantee the trustworthiness in 

this case study design whereby the qualitative methods and the associated analysis techniques are 

consistently applied throughout the study. You have equipped me with the skills and technique to 

apply the conventional content analysis which has become very instrumental in the enhancing of 

the methodological integrity of this thesis. Moreover, it is through your training that I was able to 

realize the ‘critical filter of thick description’ which involves a balanced approach between the 

deductive analysis and the inductive analysis processes.  

Enabling Systems Facilitators: Thank you to Dr. Michael C. Gizzi, one of the professional 

MAXQDA trainers for providing me with training on qualitative data coding and summarizing 

coded data. It would have been humanly impossible to process all the volume and magnitude of 

empirical data without the assistance of the MAXQDA which has enabled a systematic data 

analysis process. Thank you also to Pascal Bohulu Mabelo (MBA, MSc (Eng), Pr Eng (South 

Africa), Pr CPM (South Africa), PMP) for the training course on Managing Lifecycle in Large 

and Complex Infrastructure Projects in the context of Systems Engineering. The insight gained 

from your training session, Sir, was extremely helpful in strengthening the conceptual and 

theoretical underpinnings in the modelling processes in this thesis.  

 



vi | P a g e  

 

My Family and Relatives: I would also like to thank and dedicate this study to my beloved wife 

and life partner Murendeni Lukhele; my daughters Nomqhele and Sibusisiwe; my son 

Mudumiseni; my mother Ivy Magirlie Motha; my mother-in-law Vho-Lydia Mphaphuli; and my 

brothers and sisters who have encouraged and consistently prayed for my success in this study.  

My Colleagues: My humble thanks to all my colleagues in the Department of Development 

Studies and those in the New Infrastructure Projects Division in the University of Mpumalanga 

for their diligent support and encouragement during the study. My special thanks to Prof. E. 

Boshoff and Dr. T.S. Madzivhandila for your words of wisdom that were very encouraging 

during this study.   

ICT Technician: Finally, I would also like to give a special thanks to Mr Fortune Makgopa for 

the Information Technology (IT) supporting service in the process of data compaction and data 

cleaning. Through your technical support, the data analysis process has been very manageable 

and less cumbersome. I thank you so much for your diligent support.    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



vii | P a g e  

 

LIST OF PUBLICATIONS 

         

In accordance with rule G5.14.4 in the General Prospectus of the Nelson Mandela University, 

hereunder is a list of the research output produced during the study. This list consists of papers 

presented at national conferences and symposium, as well as articles published in international 

and local journals, respectively:  

 

JOURNAL ARTICLES: 

1. Lukhele, T.M., Botha, B. & Mbanga, S. (2022). A Conceptual Framework for Systematic 

Project Planning Towards the Successful Delivery of Infrastructure Development Projects in 

the Public Sector. Journal of Public Administration, 57(3):544-557. 

2. Lukhele, T.M., Botha, B. & Mbanga, S. (2022). Exploring the Nexus between Professional 

Ethics and Occupational Health and Safety in Construction Projects: A Case Study 

Approach. International Journal of Construction Management. Vol. ahead-of-print No. 

ahead-of-print. DOI: 10.1080/15623599.2022.2033498. 

3. Lukhele, T.M., Botha, B. and Mbanga, S. (2022). Content Analysis and Ranking of 

Irregularities in Public Sector Construction Procurement in South Africa. International 

Journal of Construction Supply Chain Management, 12(1):50-71. 

4. Lukhele, T., Botha, B., and Mbanga, S. (2021). Exploring Project Complexity Relations to 

Scope Changes in Construction Projects: A Case Study of NEC Projects in South Africa. 

Construction Economics and Building, 21(:2):18-33. 

 

CONFERENCE PAPERS: 

1. Lukhele, T.M, Botha, B. and Mbanga, S. (2022). Risk Factors Inherent in the NEC Target-

Cost-Contract for Construction Project Delivery: A Case Study Approach. Presented at the 

12th Construction Industry Development Board (cidb) Postgraduate Research Conference: 

10-12 July 2022, East London, South Africa. 

 

2. Lukhele, T.M, Botha, B. and Mbanga, S. (2022). A Conceptual Framework for Systematic 

Project Planning towards the Successful Delivery of Infrastructure Development Projects in 

the Public Sector. Presented at the Conference of the South African Association of Public 

Administration and Management: 26-30 September 2022, East London, South Africa.  

 

SYMPOSIUM PAPER: 

1. Lukhele, T. (2021). A Collaborative Risk Management Model for Construction Project 

Management: A Case Study of the New Infrastructure Projects at the University of 

Mpumalanga.  Presented at the 6th Construction Industry Development Board (cidb) Doctoral 

Research Virtual Workshop, 20 October 2021, Johannesburg, South Africa.  



viii | P a g e  

 

ABSTRACT 

              

 
The construction industry has become the significant player in the economy of many developed 

and developing countries in the world. The industry contributes to the Gross Domestic Product 

(GDP) and employment rate of many nations. As such, the industry is the engine for the 

economic development and growth across the world. Recently, African countries have received 

global attention due to its calls for massive infrastructure development and maintenance thereof. 

Accordingly, the South African government has adopted a National Infrastructure Development 

Plan (NIDP), which seeks not only to transform the economic landscape of the country, but also 

to support the integration of the African economies through infrastructure development. To 

ensure that the execution of these infrastructure projects is successfully delivered in terms of 

time, cost, and scope; project risk management in the construction industry has become an 

important area of interest in the execution and delivery of the infrastructure projects. However, 

the constantly increasing complexity and dynamics in the delivery of construction projects have 

serious effects on the risk management processes during the execution of the project. In practice, 

risk methods and techniques have proven to be unrealistic when using the traditional risk 

management approach in the context of the complexity and dynamic environments wherein 

construction projects are delivered. Worryingly, project management practitioners in engineering 

and construction projects still lack the holistic and systematic insight and understanding of 

construction projects when applying the risk management procedures in the complex and 

dynamic projects environments. As a result, there are growing reports of unsatisfactory delivery 

of construction projects in terms of time, cost, quality, and environmental objectives. In this 

regard, the call for embracing the systems thinking paradigm as the alternative approach that will 

provide more clarity in dealing with the complex management challenges and which will 

gradually substitute the traditional theoretical approach of dealing with construction project 

management, is becoming prominent.  

Against this background, this study uses a multiple case study approach to explore how a 

systematic risk management approach could be developed and applied towards successful 

delivery of construction projects, and subsequently to propose a systematic risk management 

model that is designed to depict and grasp the underlying complexities and dynamics embedded 
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in construction projects. The choice of the case study design is founded on its utility and 

appropriateness for in-depth investigations into phenomena in its context as well as its usefulness 

for exploratory studies. Therefore, to explore the risk management phenomenon in real-life 

settings, the unit of analysis in this study was based on three construction projects built in one of 

the new Institutions of Higher Learning in South Africa during the period between 2017 and 

2019. Notwithstanding the unique characteristics of these projects, the complexity and dynamic 

environments of these projects also emanated from the facts that i) the successful delivery of the 

projects was a predecessor activity to the academic schedule and activities; ii) this was one of the 

first universities to be built by the democratic Republic of South Africa; and, iii) the construction 

contract used for the delivery of the construction projects is relatively new to the professionals in 

the country’s construction industry. This qualitative case study design has its backbone in the 

constructivism philosophical paradigm which is underpinned by the ontology that there are 

multiple realities as conceptualized, experienced, and perceived by the people in their real-life 

situations or natural settings. Accordingly, the construction professionals, projects’ documents as 

well as field work observations were purposively chosen as the essential and reliable methods of 

data collection for this case study. 

For analysis, a conventional content data analysis methodology was applied on the empirical data 

that was obtained from the multiple data sources to provide a clearer understanding of the 

contexts in which the risk management for construction projects is performed. Accordingly, a 

qualitative data analysis software system called MAXQDA was used to enable the performance 

of data coding, managing coding, and eventually the retrieving of the coded segments in a form 

of visual models and summary tables. Ultimately, the qualitative content analysis approach in 

this thesis was performed in terms of a ‘critical filter of thick description’ which involved a 

balanced approach between the deductive analysis and the inductive analysis processes. With the 

assistance of the MAXQDA, performing the multiple levels coding and analysis processes in this 

thesis has not only been efficient, but also more reliable. To shed insight into the empirical 

findings of the study, a hybrid theoretical framework has been applied in the discussion and 

interpretation of the findings.   

The theoretical framework of this study is underpinned by the complexity theory and the theory 

of systems engineering. The applicability of these theories in this study is essential in providing a 
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systematic and logical explanation of the practices of risk management in construction projects 

and further helps to explain why particular events occurred in the processes of risk management. 

Eventually, the theoretical framework has enabled the designing and developing of a systematic 

risk management model that will assist in depicting and grasping the underlying complexities 

while supporting proactive decision making in the delivery of construction projects. To this end, 

this study has made several major contributions in three multiple folds in the body of knowledge. 

Firstly, this study makes theoretical contributions by developing an empirically underpinned 

systematic risk management model which provide more clarity on comprehending the 

multifaceted and complex risk factors embedded in construction projects. Secondly, the 

qualitative case study approach and the associated analysis methods thereof in this thesis 

provides novelty and lays the groundwork for future research and methodological replicability in 

another similar phenomenon elsewhere in the world. Thirdly, this study has gone some way 

towards expanding the understanding and the basis for managerial decision making in relation to 

front-end planning and proactive approach for risk management, and eventually to improve 

projects’ performances on cost, time, scope, and environmental sustainability. In this regard, the 

key practical implication for project management practitioners is that the adoption and 

embracing of the systematic and holistic thinking approach in the risk management processes 

could enhance the successful delivery of construction projects. In the literature, there is paucity 

and need for more research into the exploration and analysis of the integration and interplay 

between the systems engineering and complexity perspectives and the other knowledge areas in 

the PMBOK.  

In conclusion, this thesis therefore argues that to address the deficiencies in risk management 

practices during construction projects’ delivery, the solution requires a paradigm shift from the 

traditional linear approach which, by design, overlooks the complexities, non-linearity and 

interdependences of the elements that are underpinning and characterizing the nature of the 

contemporary construction projects. Therefore, this thesis supports the increasingly emerging 

debate on the discourse that the superior traditional and linear approaches do not solve the 

current problems, and as such they should be replaced with the systems and holistic thinking 

approach that will provide more clarity in dealing with the complex management challenges in 

contemporary construction projects.   

Keywords: Complexity; Construction Projects; Risk Management; Systems Engineering 
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CHAPTER ONE: OVERVIEW AND ORIENTATION OF THE STUDY 

1.1 INTRODUCTION AND BACKGROUND 

The construction industry has become the significant player in the economy of many 

developed and developing countries in the world (Kishan, Bhatt & Bhavsar, 2014; Okoye, 

Ngwu, & Ugochukwu, 2015; Fakhreldin, Abdelgadir & Awaludin, 2017). The industry 

contributes to the Gross Domestic Product (GDP) and employment rate of many nations, and 

for this reason it is considered to be the engine for economic development across the world. 

In Australia, the construction industry generally contributes 6-9% of the GDP (Kurtzer, 

Blackmore, Farrugia & Chileshe, 2018). In Cambodia, the construction industry is one of the 

leading sectors, with a contribution of approximately 30.1% to the country’s GDP (Durdyev, 

Omarov, Ismail & Lim, 2017). In India, the construction industry is worth about $120 billion 

(Subramanyan, Sawant & Bhatt, 2012). In the United Arab Emirates, the construction 

industry is reported to be contributing about 12% of the GDP (Eltyeb, Mahmoud & Shaharon, 

2017). Singapore's construction demand, measured in terms of the total value of construction 

contracts awarded has increased by 16% year-on-year, from $27.6 billion in 2010 to $32 

billion in 2011 (Hwang, Zhao & Toh, 2014), respectively. In Ghana, the construction industry 

is ranked at the fourth position in the government expenditure priorities, and the industry had 

a projected growth of 30.60% in 2016 (Amoah & Shakantu, 2017). In South Africa the 

construction industry, like in other countries, is one of the main economic engines, with a 

contribution of about 12% to the nation’s GDP and was reported to have created employment 

opportunities for at least 1.4 million people in 2017 (Department of Labour, 2017). Whilst 

each construction project is unique in terms of how it is managed, projects are one of the 

major delivery vehicles for products and services in the global economy (Booyens & Folose, 

2018). To this extent, the construction industry has a significant contribution to the economic 

and infrastructure development of any nation (Monyane, Emuze & Crafford, 2016) at the 

international market.  

While the globalization of international construction markets offers tremendous opportunities 

for construction companies to expand into new foreign markets, entry decisions for 

international construction markets are very risky and more difficult when compared to those 

for domestic markets, due to the wide variety of uncertainties and complexities associated 

with the international construction domain (Han, Kim, Jang & Choi, 2010). The changes of 

the global business environment, often associated with shortage of funds, exchange rate 
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fluctuation and political instability increase the construction projects’ financial risks (Purnuş 

& Bodea, 2015). The attributes of international firms, including size, organizational culture, 

relationship with host government and power groups, acceptance of the firm, the level of firm 

localization, internationalization and diversification, experience, technology and technology 

transfer of the firm, leverage ratio, ownership share, dependence on the local market, extent 

of firms’ market dominance, contribution to the local economy, involvement of local business 

interests are all risk factors (Deng, Low, Zhao & Chang, 2018). While the complexity and 

scope of the engineering and construction projects is seen to be increasing worldwide, the 

stakes may endanger the survival of construction firms and threaten the stability of countries 

that approach these projects unprepared (Chihuri & Pretorius, 2010), particularly in terms of 

dealing with the embedded risks in the environments within which the industry is operating. 

Compared with many other industries, projects in the construction industry are initiated in 

dynamic environments which result in circumstances of high uncertainty and risks due to an 

accumulation of many interrelated parameters (Kishan et al., 2014; Taylan, Baifal, Abdulaal 

& Kabli, 2014). That is, construction projects are prone to more risks because of the unique 

features of construction activities, such as complicated processes, abominable environments, 

financial intensity, and dynamic organizational structures (Okoye et al., 2015; Taylan et al., 

2014). The type and number of stakeholders involved, the size, uniqueness, and complexity 

of the actual project itself, combined with the economic climate, all contribute to the level of 

risks (Kishan et al., 2014; Jin, Zhang, Liu, Feng & Zuo, 2017) in the delivery of construction 

projects. The risky situation is further exacerbated by the huge investments, long execution 

processes and massive resources (Gupta, Sharma & Trivedi, 2016) accumulation, which are 

the typical characteristics of construction projects. The risks in construction projects could 

emanate from factors in relation to design, physical, logistics, legal, environmental, 

management, financial, construction, and political dynamics (Kishan et al., 2014). While 

some risks in construction processes can be easily predicted or readily identified (Kishan et 

al., 2014), some may be completely unforeseeable (Gupta et al., 2016), and could not be 

predicted because there are a lot of uncertainty to predict dynamic problems (Kishan et al., 

2014). In construction projects, the reality is that risk is present in all the activities of a 

project during the execution phase, and it is only the risk probability which varies from one 

activity to another (Gupta et al., 2016). Consequently, risks in the construction projects 

adversely affect the project objectives of time, cost, scope and quality (Eltyeb, Mahmoud & 

Shaharon, 2017; Jin et al., 2017; Maseko & Root, 2018).  
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According to the global standard for project management in terms of the Project Management 

Institute (PMI) (2017) guidelines, risk is defined as an uncertain event or condition that, if it 

occurs, has a positive or negative effect on one or more project objectives of scope, time, cost 

and quality. The consensus in the literature is that risks are to be dealt with in terms of the 

combination of the likelihood of something happening, and the impact which arises if it does 

actually happen (Gupta et al., 2016; PMI, 2017). Accordingly, risk management methods 

should intend to increase the probability and impact of positive events, while decreasing the 

probability and impact of negative events in the project (Hashemi, Mousavi & Mojtahedi, 

2011; Hwang et al., 2014). Warningly, risk will continue to emerge during the lifetime of the 

project, and thus, project risk should also be monitored and managed as the project progresses 

to ensure that the project stays on track and that emergent risks are effectively addressed 

(PMI, 2017). To this extent, the traditional project risk management approaches include the 

processes of conducting risk management planning, identification, assessment, quantification, 

response and monitoring of risks on a project (PMI, 2017). Though risk management is 

widely described as “a systematic way of looking at areas of risk and consciously 

determining how each should be treated” (Taylan et al., 2014; Okoye et al., 2015; PMI, 2017; 

Qammaz & AlMaian, 2020), the existing literature does not provide any theoretical 

framework with which the systematic implementation of risk management processes could be 

assimilated, particularly for construction projects. With the increasing complexity of 

construction projects, in recent years there has been a renewed interest in the field of 

construction project risk management.  

The subject of project risk management has been a matter of recent debate in construction 

projects management. Risk management in construction projects has gained more interest and 

attraction of researchers, practitioners, and policy makers in developed and developing 

economies (Hashemi et al., 2011; Iqbal, Choudhry, Holschemacher, Ali & Tamošaitienė, 

2015) around the world. In the context of the inherent complexity in construction projects, 

there is a growing trend towards the replacement of the traditional risk management 

approaches which, by design, overlooks the complexities, non-linearity and interdependences 

of elements underlying and characterizing the nature of construction projects. To this extent, 

scholars such as Maseko and Root (2018) proposed a collaborative risk management 

approach that emphasizes equitable and balanced risk sharing among the contracting parties, 

which would help to eliminate improper or unfavourable risk sharing outcomes resulting in 
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cost and time overrun. Other scholars call for a risk management approach that is proactive 

rather than reactive (Kishan et al., 2014). They maintain that risk management should not be 

seen as a tool which ensures project success, but rather a tool which helps to increase the 

probability of achieving success.  In the opinion of Qammaz and AlMaian (2020), effective 

and successful risk management should be based on dynamic processes and requires the 

involvement of all parties throughout the life cycle of the project. In an articulation of the 

relationship approach to project risk management, Teo and Loosemore (2017) criticized the 

traditional conceptualization, analysis and design of risk management approach for being 

inappropriate to capture the social, relational, and self-organizing aspects of construction and 

engineering projects. They argue that construction projects involve numerous participants 

whose interests and demands need to be considered in the managerial decision making, to 

ensure the success of the project. As a result of overlaying on the traditional risk management 

approaches, a significant number of construction projects still fail to meet the time, cost and 

quality objectives (Mehdizadeh, Breysse, Taillandier & Niandou, 2013), particularly in 

developing regions such as Africa.  

 

The developing countries are on the verge of developmental take-off, most especially the 

African continent with its emerging economies (Anugwo & Shakantu, 2016). These countries 

have embarked on a significant injection in infrastructure investments in response to 

urbanization pressures and Sustainable Development Goals, and inclusive growth (Bwanali & 

Rwelamila, 2016). The Programme for Infrastructure Development in Africa (PIDA) states 

that Africa will have to invest around US$100 billion annually until 2020 for both 

infrastructure investment and projects maintenance thereof (Bwanali & Rwelamila, 2016). 

Remarkably, Africa has enormous infrastructure shortages, and remains behind other 

developing regions (Bwanali & Rwelamila, 2016) in the world. As such, the demand for 

infrastructure is growing and is going to be increasing in great volume in the coming future 

(Subramanyan et al., 2012) of the African continent. Now, in the face of the massive 

infrastructure development projects taking place in many parts of the developing countries in 

Africa, particularly in South Africa (Jimoh, Oyewobi, Ibrahim & Abibu, 2016), risk 

management in construction is an important area that needs closer attention for the smooth 

rollout and completion of the infrastructure projects (Subramanyan et al., 2012). Of particular 

concern is that the track record of risk management in the South African construction 

industry is very poor, resulting in the failure of many projects to meet the time schedules, 

targets of budget and sometimes even the scope of work (Shrosbree, Botha & Cumberlege, 



5 | P a g e  

 

2016; Moodley & Haupt, 2018; Renault, Agumba & Ansary, 2018). As a result, a lot of 

suffering is inflicted on the clients, contractors and the beneficiaries of the development 

infrastructure projects (Kishan et al., 2014) in South Africa.  

While the construction industry contributes significantly to the economy of the country, with 

a contribution of about 12% of the GDP (Department of Labour, 2017), and a total income of 

about R495,5 billion annually (Statistics South Africa (Stats), 2017), there are growing 

reports of unsatisfactory delivery of construction projects (Booyens & Folose, 2018) in terms 

of time, cost and quality objectives. Disputes frequently arise among the parties involved in 

construction projects because of poor risk management, and such conflicts often have a direct 

bearing on the completion of the projects in accordance with the desired deliverable 

objectives (Construction Industry Development Board (CIDB), 2005; Gupta et al., 2016) of 

time, cost and quality. Despite the application of the traditional discrete risk management 

approach in terms of risk identification, assessing, quantifying, responding and monitoring 

(PMI, 2017), many construction projects in South Africa still suffer from cost overruns 

(Saidu & Shakantu, 2016; Mushayi, Botha, Adendorff, Cumberlege & Abrey, 2018), 

schedule delays and failure in the quality of scope (Shrosbree et al., 2016; Renault et al., 

2018), as well as barriers to environmental sustainability (Monama, Simpeh & 

Ndihokubwayo, 2018). The main challenge regarding the poor risk management practice in 

South Africa’s engineering and construction project environment is the lack of knowledge 

and comprehensive understanding of the project risk management procedures (Chihuri & 

Pretorius, 2010) because they lack the holistic and systematic insight on how to manage risks 

in the dynamic and complex project environments.    

As a result, one of the most outstanding problems is that the practice of risk management in 

construction projects is very much based on the traditional quantitative approaches (Goh, 

Abdul-Rahman & Samad, 2013; Cagliano, Grimaldi & Rafele, 2015) which, by design, 

overlooks the complexities underlying and characterizing the nature of construction projects. 

The accuracy of such approaches is quite limited because of its reliance on sophisticated 

statistical models (Jasiukevicius & Vasiliauskaite, 2015) and requires a high certainty of data 

as a prerequisite for effective application (Jimoh et al., 2016) which is also time-consuming 

(Siu, Leung & Chan, 2018) for the contractors who are working under constrained time 

schedules. As a result, the traditional risk management approach is often misunderstood by 

the construction professionals (Chihuri & Pretorius, 2010) because of the insufficient scope 
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of intent with regard to the context of the complexities within which construction projects are 

delivered. That is, the traditional risk management procedure merely provides a generic 

approach that gives a standard description to each step of the process and, as such, is not 

tailor-made for the dynamics and complexities of construction projects wherein the risk 

factors are embedded. The classical approach in risk management has not dealt with the 

interfaces and interdependencies of the various elements and components in the delivery of 

construction projects. That is, the traditional risk management approach has clear limits for 

understanding the inherent complexity of construction projects which are the fundamental 

constraints towards successful risk management. Previous studies suggest that risk 

management practices in construction projects often fail to adequately address the needs of 

risk identifying, analysing, responding to and monitoring risks in a coherent (Goh et al., 

2013) and systematic manner (Fakhreldin et al., 2017) because the interoperability systems 

and components thereof in the performance of risk management in construction projects has 

not been closely examined. That is, the risk factors influencing the scope of each step of the 

process, the needed inputs, and the anticipated output of the steps are not systematically 

articulated. Of particular concern is that, in risk management, the contractors and other 

members of the project management team are to follow a risk management procedure with 

poor planning and implementation thereof because the project complexities that underpin the 

risk factors are not comprehensively understood, let alone integrated in the risk management 

processes. In the processes of risk management, the risk factors originating from the inherent 

dynamic and complex environment are poorly understood, and under such situations the 

practice of project risk management in the construction industry has become a tedious 

managerial task, resulting in the failure of many projects to meet the time schedule, budget 

target and sometimes even the quality of the scope of work (Kishan et al., 2014). Therefore, it 

remains significantly important to understand that risk management performance is not a 

mere discrete process of identifying, assessing, quantifying, responding to and control of 

risks (PMI, 2017) in numerical terms, but is an iterative and interactive exercise influenced 

by dynamic and complex circumstances which characterize the nature of construction 

projects. In this vein, it has to be accepted that the “superior traditional or linear answers do 

not solve the problems, but systemic approach to the problems could lead to the delivery” 

(Cobbinah, Aigbavboa, Thwala, & Banson, 2020) of successful construction projects. To this 

end, it would be a significant contribution to develop and design a systematic risk 

management model that depicts and grasps the underlying and imbedded complexities and 

interdependencies thereof in the delivery of construction projects. 
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1.2 STATEMENT OF RESEARCH PROBLEM 

African countries are receiving global attention due to its calls for massive infrastructure 

development and maintenance thereof that is projected to be worth a capital expenditure of 

approximately US$100 billion annually (KPMG, 2014) on long term investment. 

Accordingly, the South African government has adopted a National Infrastructure 

Development Plan (NIDP) in 2012, which seeks not only to transform the country’s 

economic landscape, but also to support the integration of African economies through 

infrastructure development. The country’s government has planned to invest R827 Billion in 

building new and upgrading existing infrastructure over a period starting from the 2013/14 

financial year (RSA, 2012). In the 2016/17 financial year, it was reported that investment in 

infrastructure development projects has grown with R300 Billion, which was invested in the 

National Infrastructure Plan (NIP) by both the public and the private sectors (RSA, 2012). 

The National Infrastructure Plan outlines eighteen (18) Strategic Integrated Projects (SIPs), 

amongst which is the investment in the Higher Education Infrastructure. Regarding the 

investment in the Higher Education Infrastructure, provision has been made for the building 

of two New Universities in the Northern Cape and Mpumalanga Provinces respectively.  

These Universities are the first institutions of Higher Learning to be built by the Department 

of Higher Education and Training (DHET) since the advent of the democratic Republic of 

South Africa. 

During the inception of the University of Mpumalanga which is one of the New Universities 

in the country, a task team called the New University Project Management Team was 

established by the DHET to facilitate the academic and institutional developments, as well as 

the spatial planning of the University (DHET, 2012). Outstandingly, the academic and 

institutional development of the University of Mpumalanga is primarily dependent on the 

successful delivery of the New Infrastructure Projects (NIPs). As such, to ensure that the 

execution of the infrastructure projects is successfully delivered in terms of time, cost, and 

scope, the New Engineering Contract 3 (NEC) Engineering and Construction Contract (ECC) 

option was adopted as the contractual form for the infrastructure procurement and delivery 

(Siu et al., 2018). This contractual arrangement provides a structured and collaborative 

method of managing risks in the spirit of mutual trust through the use of the early warning 

procedure, compensation of risk event, risks register, and risk reduction meetings in the 

delivery of infrastructure projects. Despite the fact that the NEC has the potential to facilitate 

a sound project risk management practice, in the actual application thereof, particularly in the 
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context of developing economies where the use of the contract is still relatively new, there are 

still significant industry-based challenges and constraints in using the NEC standard forms of 

contracts (CIDB, 2005; Lau, Mesthrige, Lam & Javed, 2019). Moreover, the growing 

complexity in the field of construction projects also has a significant impact on the project 

procurement processes (Lau et al., 2019), and poses substantial management challenges in the 

delivery of the projects (Bosch-Rekveldt, Jongkind, Mooi, Bakker & Verbraeck, 2010; 

Cobbinah & Aigbavboa, 2020; Mabelo, 2020; Ershadi, Jefferies, Davis & Mojtahedi, 2021). 

Notwithstanding that recently the NEC is increasingly becoming the alternative contracting 

method for procuring construction projects because of its emphasis on a collaborative 

working environment, based on the spirit of mutual trust for improving opportunities for joint 

responsibility for risk management (Siu et al., 2018; Lau et al., 2019), there is still no 

standard template, nor a model, to provide the guideline for a collaborative and systematic 

approach (CIDB, 2005; Invernizzi, Locatelli & Brookes, 2018). Under this contract, the risk 

management performances are still founded on and understood from the traditional linear 

approach which does not “account for the interrelationships and interactions among the many 

functions and with the system environments” (Watson, Mesmer & Farrington, 2020) intrinsic 

in the delivery of construction projects. Therefore, the solution requires moving away from 

the traditional linear approach to a systematic and holistic thinking approach which integrates 

and embraces all the risk factors inherent in the technical, social, environmental, economic, 

contractual, and political dynamics within which construction projects are delivered. This 

paradigm shift is also supported by Qammaz and AlMaian (2020), who wrote that “a 

comprehensive and systematic approach to manage the risks during the construction phase 

has not been yet applied in most of the construction projects” mainly because the 

implementation of a systematic risk management approach is unrealistic without a standard 

framework or a model that would serve as a guideline and simulation. To address these 

uncertainties in relation to the application of a collaborative and systematic risk management 

approach for NEC delivered projects, this exploratory study would be of great help in 

providing more clarity on how to deal systematically with the complex management 

challenges and gradually replacing the traditional linear approach of dealing with risk 

management in construction projects (Cobbinah et al., 2020). As complexity increases in 

large infrastructure projects, recent developments in the field of construction project 

management have highlighted the need for updating our thinking and introducing the systems 

thinking application (Mabelo, 2020) in dealing with the contemporary risk factors inherent in 

the delivery of construction projects. The systems thinking is a “new approach to construction 
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project management for enabling more effective selection of key measures, a less arbitrary 

process for setting objectives, and most importantly, creating a true model of the business that 

can be tested and used to support improved decision making” (Cobbinah et al., 2020). 

Against this background, this thesis intends to explore and understand the risk management 

dynamics in the delivery of the NEC based construction projects and eventually to develop a 

systematic risk management model that will assist in depicting and grasping the underlying 

complexities while supporting proactive decision making in the delivery of construction 

projects.  

1.3 THESIS STATEMENT 

The thesis statement that will be addressed in this research study is as follows: A proactive 

risk management approach can be developed and applied through a systematic risk 

management model which provides a holistic and analytic view of the systems, subsystems 

and elements embedded therein in the delivery of construction projects. 

1.4 THE RESEARCH AIM AND OBJECTIVES   

The aim of this study is to explore how a systematic risk management approach could be 

applied towards the successful delivery of construction projects, and subsequently to develop 

a systematic risk management model designed to depict the underlying complexities and 

dynamics embedded in the nature of construction projects.  

1.4.1 Research Objectives 

From the aim of the study, the following objectives have been formulated in relation to the 

New Infrastructure Projects delivered in the University of Mpumalanga: 

❖ To explore the nature of the risks in the construction projects; 

❖ To unveil and cluster the risk factors in the construction projects; 

❖ To assess the risk management methods used in the delivery of the construction projects;  

❖ To examine the influences of the risk factors on the construction project objectives; 

❖ To develop a systematic risk management model for complex construction projects  

towards project management success.  

1.4.2 Research Questions 

The general research question of the proposed study is formulated as follows: How is the risk 

management practice conducted during the construction of the New Infrastructure Projects at 

the University of Mpumalanga? From the general research question, the following specific 
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research questions have been formulated in relation to the New Infrastructure Projects 

delivered in the University of Mpumalanga: 

❖ What is the nature of the risks in the construction projects? 

❖ What are the risk factors in the construction projects?  

❖ What are the risk management methods used in the delivery of the construction projects?  

❖ How does the risk factors influence the construction project objectives? 

 

1.5 THE SCOPE AND BOUNDARIES OF THE STUDY 

The scope and boundaries or the binding of a case study, as defined by Baxter and Jack 

(2008), indicate “what will and will not” be studied in the research project. In essence, 

binding the case will ensure that the study remains reasonable in scope. The establishment of 

boundaries in a qualitative case study design is similar to the development of inclusion and 

exclusion criteria for sample selection in a quantitative study (Baxter & Jack, 2008). 

Suggestions on criteria for binding a case may include time, place, activity, definition and 

context (Yin, 2011; Leedy & Ormrod, 2014; Cho & Lee, 2014). According to Baxter and 

Jack (2008), these boundaries also indicate the breadth and depth of the study and not just the 

sample to be included. Accordingly, this case study is mainly based on three New 

Infrastructure Projects delivered at the University of Mpumalanga in the period between 2017 

and 2019. Moreover, the unit of analysis of the study include the interview transcripts of the 

construction professionals involved in the delivery of the project, the risk management 

documents of the projects, as well as the field notes from site walks and risk reduction 

meetings observations. In the context of the study, the construction professionals are 

classified into three categories, namely the client representatives, consultants, and 

contractors. The selection of this case study was done in accordance with the ethical 

requirements of the institution of higher learning.   

1.6 RESEARCH ETHICS 

For ethical considerations prior to the interview schedules, the permission to conduct the 

study was secured from the designated authorities, and the Research Ethics Clearance 

Certificate was granted (Ref: H18-ENG-CMa-001). To arrange the interview sessions with 

the participants, emails were sent to all the participants to request and schedule appointments 

at times and places that were convenient for them during their working hours. In those 

emails, the consent form as well as the ethical clearance certificate were also attached for 

transparency value. In replicating the procedure followed (Vatandost, Cheraghi & Oshvandi, 
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2020) regarding the possibility to perform the interviews during the participants’ working 

hours was of course of great mutual benefit because the participants did not have to use their 

leisure time to participate in the interviews. Prior to the interview sessions, all participants 

were notified that during the process of the interview, a recorder will be used to ensure 

accuracy and correct capture of the information. In this regard, the participants were assured 

that interview transcripts will be kept strictly confidential and that their anonymity will be 

guaranteed. Similarly, the risk management documents and the notes from fieldwork were 

also kept safe for the duration of the study. During the fieldwork, all relevant research ethics, 

as stated in the University Ethics Policy, were observed in keeping with the values of 

excellence, respect and integrity. Therefore, the issue of ethics in the study was taken into 

serious consideration (Cassim, 2015) to ensure the integrity of the study and the methodology 

thereof. 

1.7 RESEARCH DESIGN AND METHODOLOGY 

The process of research design and methodology are an iterative process through which the 

coherence among all the parts of the study becomes the prime criterion for assessing the 

validity of the research (Gaudet & Robert, 2019). In this regard, this thesis has applied a 

coherent and rigorous research methodology which is qualitative in its approach.  

1.7.1 Research Approach   

In general, there are two different approaches in the process of analysing qualitative data, 

namely the deductive and inductive approaches. The deductive approach uses existing 

theories or propositions to formulate the research questions and data collection instruments. 

With this approach, the qualitative data analysis is guided by a predetermined theoretical 

framework (Yin, 2011; Saldaña, 2013) in a top-down approach. Conversely, in the inductive 

approach the analysis process is a bottom-up approach towards theory development (Leedy & 

Ormrod, 2014). The inductive reasoning tends to let the data lead to the emergence of codes, 

whereas the deductive reasoning tends to let a predetermined conceptual framework define 

the relevant data that need to be collected (Yin, 2011). In the inductive approach, the initial 

coding involves a line-by-line analysis of the data and naming of useful concepts in the 

context of the study. This is followed by a step which involves the grouping of the initial 

codes together into meaningful categories, which is also known as selective coding (Saldaña, 

2013). Subsequently, the integration of categories to produce a theory follows, which may 

consist of layers of constructs (Leedy & Ormrod, 2014).  Though most qualitative research, 

such as case studies, follows the inductive approach (Yin, 2011; Leedy & Ormrod, 2014; 
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Saldaña, 2013), the “deductive approach can also be extremely helpful under certain 

circumstances” and contexts. For example, the deductive reasoning can assist to establish the 

significance of a study (Yin, 2011), and to describe “the index of the data’s contents” 

(Saldaña 2013; Williamson, Van Rooyen, Shittleworth, Binnekade & Scott, 2020). In 

essence, a deductive approach is appropriate to give a reflection of the gist of the purpose of 

the study. However, an in-depth qualitative research design cannot be subject only to a 

deductive approach since this could lead to the risk of premature conclusions and loss of any 

fresh insights and important findings into the real-world events being studied (Yin, 2011; 

Leedy & Ormrod, 2014). Therefore, the desire for interweaving detailed empirical data 

(inductive) with some set of concepts and theories (deductive) is of much benefit in the 

analysis of qualitative research (Yin, 2011). That is, a critical filter of thick description 

requires a balance between the inductive approach – allowing the collected data to speak for 

itself, and the deductive approach – structuring, ordering principles derived from 

predetermined theoretical concepts and models (Baxter & Jack, 2008; Saldaña, 2015; 

Williamson et al., 2020). While this study has applied both approaches at different levels of 

its analysis, this study has a more inductive perspective given that the inductive approach 

lends itself to the interpretivist philosophical paradigm. 

1.7.2 Research Philosophy  

This study adopts a qualitative research approach informed by the constructivism 

philosophical paradigm. The constructivism paradigm is defined as a research approach for 

representing the qualitatively diverse ways in which people conceptualize, experience, 

perceive, and understand various aspects of, and phenomena in, the world around them 

(Partington, Pellegrinelli, & Young, 2005). On one hand, the constructivism paradigm is 

underpinned by the ontology that there are multiple realities (De Villiers, 2005). As such, the 

reality can be explored and constructed through human interactions, and meaningful actions. 

That is, reality can be discovered from how people make sense of their social worlds in the 

natural setting by means of daily routines (Sage, Dainty & Brookes, 2014). On the other 

hand, the constructivism paradigm is centered on the epistemology that “events are 

understood through the mental processes of interpretation that is influenced by interaction 

with social contexts” (Partington et al., 2005). That is, the inquirer and the inquired-into are 

both interlocked in an interactive process of talking and listening, reading and writing 

towards knowledge construction based on their experiences in the real-life or natural settings 

(Partington et al., 2005). According to De Villiers (2005), as such, the constructivism 
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paradigm may be applied in a variety of qualitative research designs such as case study, 

ethnographic research, artifact study, action research, and grounded theory. In a recent action 

research, which focuses on studying the projects’ failure and the application of the project 

management principles, the constructivism paradigm was used to explore professional project 

managers’ ways of conceiving and experiencing their work, as well as understanding their 

competence at the work place (Sage et al., 2014). Remarkably, through the interpretive 

philosophy a researcher can understand phenomena through the meanings that the involved 

people assign to them (Sage et al., 2014). Now, given that the construction professionals are 

experts and vastly knowledgeable of the risk associated with the construction industry, the 

constructivism paradigm was applied in order to understand and draw inferences in relation 

to risk management practice in the successful delivery of construction projects. In this 

context, a case study approach is most appropriate in this study design.  

1.7.3 Research Design 

This study adopts a qualitative multiple-case study research design. A case study approach is 

essentially suitable for learning more about little known or poorly understood situations (Yin, 

2011; Leedy & Ormrod, 2014), as is the case with the risk management practice in the 

context of NEC delivered construction projects in South Africa. The choice of the case study 

design is founded on its utility for the conduct of in-depth investigations into phenomena in 

its particular context (Yin, 2011; Frey, 2018), and its usefulness for exploratory studies 

(Baxter & Jack, 2008; Gaudet & Robert, 2019). Therefore, three construction projects at the 

University of Mpumalanga in South Africa have been identified as the case within which the 

risk management practice could be explored, mainly because this is one of the relatively new 

Universities built by the Department of Higher Education and Training (DHET) in the 

democratic Republic of South Africa. Another critical aspect about this case is that the core 

business of the University in terms of academic and institutional activities and schedules, 

were primarily dependent on the successful delivery of these construction projects. That is, 

the timeous delivery of the construction projects was critical to the proceedings of the core 

business of the University in terms of teaching and learning, and research activities in 

particular. Therefore, in this context, the time, cost and quality objectives were the priority 

performance measures in the delivery of these construction projects, as it is clearly outlined 

in the risk management documents of the construction projects. Moreover, the rationale for 

choosing a multiple-case study instead of a single-case approach, is based on the assertion 

that the ability to zoom into the sub-units that are located within the larger case is a powerful 
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tool in a qualitative case study, considering that it allows data analysis within the sub-units 

separately, between the different sub-units, and/or across all of the sub-units simultaneously 

(Baxter & Jack, 2008). Significantly, the case study design with embedded units has been 

instrumental in grasping the detailed and diverse views, perceptions and experiences of the 

multiple construction professionals involved in the risk management processes during the 

execution of the three construction projects.  

1.7.4 Research Strategy  

The research strategy is a roadmap that provide details of the tactics and methods to be 

applied for sampling, data collection and analysis (Baxter & Jack, 2008; Frey, 2018; Gaudet 

& Robert, 2019). While a research strategy consists of the tactics for operationalizing the 

research structure towards answering the research questions (Babbie, 2010), there is no single 

exiting strategy that fits all situations (Yin, 2011).  The research strategy includes the clearly 

defined objectives emanating from the research questions, the sources that will be used for 

both the primary and secondary data collection purposes and a clear indication of the 

perceived scope and constraints of the study. Therefore, the primary strategy applied for this 

study in order to understand the risk management practice in the construction projects 

involves semi-structured interview sessions, fieldwork observation, and document review.  

1.7.5 Sampling Methods  

In qualitative research, “the samples are likely to be chosen in a deliberate manner commonly 

known as purposive sampling” (Yin, 2011). Though a sample size must be ascertained in 

qualitative research like in quantitative studies (Malterud, Siersma & Guassora, 2016), the 

means to ascertain the sample size in qualitative research differs. The prevailing principle for 

ascertaining the sample size in qualitative research is saturation (Malterud et al., 2016; 

Hennink & Kaiser, 2019; Williamson et al., 2020). That is, saturation is the key principle in 

qualitative research which is used to determine the adequacy of data to develop a robust and 

valid understanding of the study phenomenon (Malterud et al., 2016; Patton, 2015). In this 

regard, the specific study units are purposively chosen with the knowledge that they possess 

the expert opinion and are most in touch with the context (Babbie, 2010; Williamson et al., 

2020) of the phenomenon being investigated. In terms of data quality, such a deliberate 

choice then leads to the yield of not only the most relevant and plentiful data (Yin, 2011), but 

also results in powerful information, depending on the quality of interviews and analysis 

methods (Malterud et al., 2016). The power of quality of information is evident in some 

qualitative studies recently conducted in the construction industry. This includes the study of 
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“sustainable construction and drivers of change” (Manoliadis, Tsolas & Nakou, 2006); 

“community protest from a project management perspective” (Teo & Loosemore, 2017); 

“challenges for integrated design in sustainable buildings” (Leotoa & Lizarraldea, 2019); and 

“project governance practices in urban public housing projects” (Latiff, Jaapar & Isa, 2020). 

Therefore, the power and quality of information in qualitative research can also be 

determined by the elements in the composition of the unit of analysis (Yin, 2011; Malterud et 

al., 2016; Gaudet & Robert, 2019).  

1.7.5.1 Unit of analysis  

The unit of analysis for this study consists of various elements which include the interview 

transcripts, risk management documents, and field notes pertaining to the New Infrastructure 

Projects delivered at the University of Mpumalanga in the period between 2017 and 2019. 

The interview transcripts are from a range of participants which includes the client’s 

representative, consultants and the contractors’ segments. On the other hand, the selected risk 

management documents consist of the early warnings, risk register and minutes of risk 

reduction meetings, as well as the field notes from site walk observations. Taken together, 

these elements of the unit of analysis constitute a theoretical sampling strategy (Gaudet & 

Robert, 2019).  

1.7.5.2 Theoretical sampling strategy 

The theoretical sampling is a strategy to generate theoretical insights by drawing on 

comparisons among samples of data from different activities, population, events, or even time 

periods (Given, 2008; Gaudet & Robert, 2019). The theoretical sampling strategy allows the 

researcher to decide what data to collect next and where to find the data, in order to develop a 

theory as it emerges (Barbour, 2019). For this study, firstly, three (3) construction projects at 

the University were sampled on the basis that they were still at the early stages of the 

construction when the study was conducted and, as such, the researcher was able to observe 

the respective projects throughout the construction phases. Again, the selection of the three 

construction projects was also informed by the profound definition that “every project is a 

unique endeavour” (Burke, 2010;) and, thus, the selection was made with a view to provide 

the basis for comparison (Barbour, 2019; Gaudet & Robert, 2019) between the cases. 

Secondly, the theoretical sampling was also applied in the decision to select the participants, 

early warning and risk registers, minutes of the risk reduction meetings, and site walk 

observation as the critical elements in the understanding of the risk management practices in 

the construction projects. Of note is the theoretical sampling attempts to discover categories 
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and the elements thereof in order to detect and explain the interrelationships between them 

(Gaudet & Robert, 2019). The participants, as one of the key elements of the study were 

therefore sampled purposively. 

1.7.5.3 Purposive sampling procedure  

Construction experts involved in the delivery of the construction project are aware of the risk 

associated with the construction industry (Qammaz and AlMaian, 2020) and, as such, they 

were purposively sampled because of their expert opinion (Babbie, 2010; Williamson et al., 

2020) in the delivery of the construction projects. The process of using “purposive sampling 

first requires establishing the participant profile, and thereafter the researcher selects potential 

participants that best meet the sample profile” (Kolb, 2008). For the purpose of this study, all 

the construction professionals involved in the project management team were purposively 

sampled. The researcher has used the inclusion criteria that all the construction professionals 

who form part of the project management teams with their diverse expertise has been used 

and that their knowledge and responsibilities in the execution of the construction projects are 

to be sampled. Therefore, the sampling size is inclusive and exhaustive of all the construction 

professionals who are responsible for the principal activities in the delivery of the 

construction projects as per the guiding principles of the New Infrastructure Project Design 

and Planning (RSA, 2016). The principal services in the construction works include 

architectural design, civil engineering, electrical engineering, fire safety engineering, 

landscape architectural design, mechanical engineering, structural engineering, and wet 

services engineering. Beyond these key services, there were other professionals who were 

also rendering important construction related services in the delivery of the projects and were 

also part of the project management teams. Accordingly, these professionals have also been 

purposively sampled in the study on the basis of their expert opinions.   

Importantly, most of the participants were involved in more than one of the selected cases. 

Though their responses were sometimes generalized to all the cases which they were 

involved in, more often during the interviews the participants have shared experiences and 

views that were based on specific examples in a particular case. Initially, forty-two (42) 

potential participants were identified by the researcher, however, at the last count, thirty-four 

(34) interviewees participated in the study, and the data was collected from all the key 

participants responsible for the principal services in the delivery of the projects. Although the 

sample size of the participants in the study may be seen to be small in terms of the numbers 

(Cassim, 2015), proponents of qualitative research warn that what matters most in a 
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qualitative case study is the value and the quality of the information shared by the 

participants considering their profile and characteristics in relation to the subject of the study 

(Yin, 2011; Awuzie & Emuze, 2017; Gaudet & Robert, 2019). Moreover, Hennink and 

Kaiser (2019) emphasize saturation as the key principle in qualitative research which is used 

to determine the adequacy of data to develop a robust and valid understanding of the study 

phenomenon. They argue that saturation is reached when the data of the study is collected 

from different components of the case in order to understand the case holistically. In essence, 

the sample size in a qualitative case study primarily depends on the number of data collection 

methods used and the research design employed (Malterud et al., 2016). Accordingly, 

different data collection methods have been applied in this study in order to comply with the 

saturation principle in qualitative research.  

1.7.6 Data Collection Methods 

A case study approach has a value and reputation for enabling the application of a vast range 

of data collection techniques (Yin, 2011; Rapley & Rees, 2018) for the enhancement of data 

triangulation and validity (Babbie, 2010; Cassim, 2015). As such, a combination of semi-

structured interview schedule, projects document review, field notes observation, and 

literature review techniques, were all together applied as the data collection methods for the 

study. In the context of this study, the data from the interview sessions is the most critical, 

given that the other methods of data collection were supplementary to the data from 

interviewed participants.  

1.7.6.1 Interview schedule  

This study has used semi-structured interview schedules because they have proven suitable 

for situations where the researcher is seeking to unravel the interviewees’ worldviews as it 

pertains to the phenomenon being studied (Awuzie & Emuze, 2017). In addition, the 

interviews technique was considered because it is the most credible and reliable technique for 

data collection in a case study considering its utility and strength to provide first-hand and in-

depth information (Baxter & Jack, 2008; Yin, 2011; Gaudet & Robert, 2019) pertaining to the 

phenomenon of the study. That is, through the use of the semi-structured interview schedules, 

the researcher was able to probe and have follow-up questions after the responses of the 

interviewees. One of the common pitfalls associated with the use of interview schedules in a 

case study is that there is a tendency for researchers to attempt to ask a too broad question 

(Baxter & Jack, 2008). In order to avoid such a problem, the interview schedule had semi-

structured questions which, to some extent, has afforded the researcher some degree of 
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consistency relating to the questions posed to the various interviewees (Rapley & Rees, 2018) 

at different times. Moreover, to ensure accuracy in the transcribing of the interviews (Awuzie 

& Emuze, 2017), a voice recorder instrument was used in order to ensure that the information 

is captured and recorded accurately. The participants were made to be aware that the 

recordings will only be used for the purpose of this research, and the same principle applies 

to the documents reviewed. 

1.7.6.2 Documents review 

According to Gaudet and Robert (2019), when using documents for data collection in a case 

study, the fundamental question to be asked when choosing the documents is: “based on what 

criteria will you choose documents and situations to observe?” In response to this question in 

the context of the study, the documents that were selected for review pertains to the risk 

management procedures in the delivery of the construction projects. The risk management 

documents in the projects include the early warning documents, compensation of events 

documents, risk register documents, and minutes of the risk reduction meetings. These 

documents were systematically reviewed through engaging with some aspects of the 

documents in order to support and validate the claims made by the participants (Rapley & 

Rees, 2018) in the interview transcripts, and also to attest the fieldwork observations.  

1.7.6.3 Fieldwork observation 

According to Rapley and Rees (2018), “observational fieldwork can be applied as a precursor 

to developing interview schedules or focus group topic guides” and could eventually lead to 

the development of trust relationships between the researcher and participants. In the context 

of a case study, establishing a rapport with the participants is critically important (Baxter & 

Jack, 2008), because it reduces the anomaly contacts. Establishing trusting relationships with 

the construction professionals and gaining access to reliable and quality data were 

exceptionally intensive and it involved processes of complete immersion in the activities and 

processes of the construction projects over a twelve-month period. During the observational 

fieldwork, detailed field notes of observations were made on a notebook, and twenty 

construction site visits were conducted for the observational fieldwork. The observational 

fieldwork visits would take almost two hours, wherein the construction professionals would 

be moving from one section of the construction project to another. The notebook was 

therefore used to record part of the discussions between the construction professionals during 

the site visit. Discussions on the risks in relation to the interrelatedness of the activities and 

functions of the different construction works were most noted during the observational 
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fieldwork. Moreover, it was during the observational fieldwork visits where the construction 

professionals would be seen explaining and discussing their design information and drawings, 

as well as monitoring compliance with the instructions in the quality reports.  

1.7.6.4 Literature review 

According to Mitchell and Roux (2009), literature review can be seen as a description of what 

has already been published by acknowledged scholars, to show that the new research is built 

on a sound foundation. The literature review becomes a crucial tool to identify the theoretical 

debates within which our question is situated (Gaudet & Robert, 2019), and to underpin what 

is being investigated with what has already been published in the field (Mitchell & Roux, 

2009). Accordingly, Gaudet and Robert (2019) identify three fundamental reasons for having 

a section devoted to a review of the literature in a thesis.  Firstly, the literature review allows 

the research to justify the empirical relevance of the research question by showing the gap 

between what the existing studies teach us and what we should know. Secondly, the literature 

review allows the researcher to situate the research question within the trending debates in 

order to identify the theoretical relevance of the new research. Lastly, literature review assists 

to define the concepts of the research question according to the theoretical framework chosen 

in the study. For this reason, this study has a comprehensive literature review presented in 

chapters 2,3 and 4 of the thesis. The literature review has been conducted in a variety of 

resources which include journal articles, books, government publications, conference 

proceedings, as well as internet resources. Together, this triangulation and blended data 

collection approach has enhanced the data analysis process in this study. 

1.7.7 Data Analysis Methods 

The study has applied a qualitative data analysis approach in the form of a conventional 

content analysis, also known as classic content analysis (Williamson et al., 2020). In this 

regard, the content analysis approach and associated methods of coding, categorizing and 

thematic procedures were followed (Baxter & Jack, 2008; Saldaña, 2013; Williamson et al., 

2020). To perform this exercise, the coding process has gone through multiple coding 

processes (Saldaña, 2013; Postăvaru & Marczak, 2017) at two coding cycles. The initial cycle 

of the coding scheme emerges from the data (Postăvaru & Marczak, 2017; Frey, 2018; 

Gaudet & Robert, 2019), while the second cycle of coding “categorizes the coded data based 

on thematic or conceptual similarity” (Saldaña, 2013). That is, as applied by Leotoa and 

Lizarraldea (2019), “in an exploratory case study, qualitative data analysis involves an 

iterative process” of data coding and interpretation.   
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1.7.7.1 First cycle coding procedures 

The first cycle coding is the initial stage of the data analysis process after the screening, 

preparation and organizing of the interview transcripts and the risk management documents. 

The attribute coding was the stage for identifying the profile and characteristics of the 

participants.  

Attribute Coding: Attribute coding provides essential information in terms of the 

characteristics and/or demographics of the participants as well as the contexts of the study 

and, as such, it is a good method for qualitative data management, analysis and interpretation 

(Saldaña 2013). According to Jin et al. (2017), the execution of a project is likely to be 

determined by participants’ characteristics such as power, interest, and influence based on the 

level of education and work experiences as well as their assigned role in the construction 

project. Therefore, in the context of this study, the characteristics of the participants have 

been profiled in terms of the participants’ work and contract experiences, and professional 

affiliations.  

Descriptive Coding: Descriptive coding is the foundation for qualitative inquiry, and its 

primary goal is to assist the reader to see and hear what the researcher has seen in a general 

face value perspective. This method of coding leads primarily to a categorized inventory, 

tabular account, summary, or index of the data’s contents (Saldaña, 2013). In this regard, this 

coding method was applied to give a reflection to the gist of the purpose of the study in terms 

of the practice of risk management in construction projects.      

In vivo Coding: According to Saldaña (2013), the meaning of in vivo is “in that which is 

alive,” and “as a code refers to a word or short phrase from the actual language found in the 

qualitative data record - the direct terms used by the participants themselves”. Therefore, the 

in vivo coding method was used to capture the codes in the overtly stated words of the 

participants in relation to risk management in the construction works.   

Process Coding: This coding method is primarily used to code human actions ranging from 

the simple observable activities such as talking and working to more general conceptual 

action such as struggling, negotiating, surviving, and adapting (Saldaña, 2013). In this study, 

the process coding method was primarily applied to code the observations made during the 

construction site visits and risk reduction meetings.   
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Emotion Coding: Saldaña (2013) argues that, since emotions are a universal human 

experience, virtually everything we do has an accompanying emotion. As such, our 

acknowledgement of emotions in our research provides deep insight into the participants’ 

perspectives, worldviews, and life conditions. Emotion coding is most appropriate for studies 

that seek to explore intrapersonal and interpersonal participant experiences and actions. 

Given that one cannot detach emotion from action, the emotion coding method was applied to 

code the interactions among the professionals in the construction management team.  

Versus Coding: This coding method is appropriate for qualitative data sets that suggest 

strong conflicts or competing ideas, goals within or among, and between the participants 

(Saldaña, 2013). As such, versus coding was used to identify the contrasts and differences in 

the information from the interview transcripts and the risk management documents. 

Moreover, versus coding was also useful in detecting the ideological differences amongst the 

project management team involved in the delivery of the projects.  

Evaluation Coding: According to Saldaña (2013), evaluation coding can either emerge from 

the evaluative perspective of the researcher or from the qualitative commentary provided by 

participants. For example, the selected coding methods profiled in this study can be applied to 

or supplemental of evaluation coding (Saldaña, 2013). For the purpose of this study, the 

evaluation coding method was applied in order to make a judgement on the implicit nature of 

the risk factors in the delivery of the construction projects. After the initial coding and 

interpretive process, similar patterns in the codes were rationally reduced into categories, and 

eventually into themes through the use of the second cycle coding methods.  

1.7.7.2 Second cycle coding procedures 

The second cycle of the coding methods involved the grouping of the initial codes into 

different categories and eventually into themes based on similar patterns in the data (Baxter 

& Jack, 2008; Yin, 2011; Saldaña, 2013; Gaudet & Robert, 2019; Williamson et al., 2020). 

The second cycle coding is the process of moving from initial cycles of coding into focusing 

the codes towards categories and themes.   

Pattern coding:  The pattern coding method is appropriate for second cycle coding given 

that it enables the development of major themes from the initial codes; facilitates the search 

for causes and explanations in the codes; examines patterns of human relationships, and 

eventually leads to the formation of theoretical processes and constructs (Saldaña, 2013:). 
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Moreover, the pattern coding method organizes the corpus into sets, themes, or constructs and 

attributes meaning to those categorizations.  

Focused coding: The focused coding method was used to categorize the coded data based on 

thematic or conceptual similarity. This method has enabled the searches for the most frequent 

or significant initial codes to develop the most salient categories in the data corpus. The 

focused coding method is suitable for almost all qualitative research for the formulation of 

major categories or themes from the initial codes (Saldaña, 2013). 

Axial coding: Similar to the above-mentioned methods, the axial coding method is applied to 

extend the analytic work from the first coding cycle. This method is used to describe the 

characteristics or attributes of the categories and dimensions such as the contexts, conditions, 

interactions, and consequences of a process (Saldaña, 2013). The axial coding method is also 

used to explore how the categories and subcategories relate to each other.  

Causation coding: The causation coding method is applied in order to extract attributions or 

causal beliefs from participants’ data about not just how, but why particular outcomes have 

occurred. It involves searches for combinations of antecedent and mediating variables that 

lead toward certain pathways. It is “attempts to map a three-part process as a CODE 1 > 

CODE 2 > CODE 3 sequence” (Saldaña, 2013). This method is appropriate for explaining 

processes, interrelationships, and the complexity of influences and effects on human actions 

and phenomena (Saldaña, 2013). This method is used to analyse the causality in the coded 

data by identifying causes, outcome, and links between them (Williamson et al., 2020) - the 

cause-effect relations in the risk events. 

Collectively, these multifaceted coding processes performed through the classical content 

analysis method have facilitated the interweaving of and inference in the qualitative data 

analysis (Yin, 2011) of this study - moving from a real descriptive level (deductive) to a more 

conceptual and abstract level (inductive) (Saldaña, 2016; Williamson et al., 2020). That is, 

these rigorous coding processes have provided the basis of the formulation of “rational and 

logical” (Gaudet & Robert, 2019) meanings that lead to the development of the risk 

management model for construction projects. The formulated meanings were then presented 

into a cluster of broader themes in the discussion chapter of the study. In this regard, the 

complexity theory together with the theories of organizations were therefore applied in order 

to provide a multi-lens theoretical framework through which the inherent dynamic 
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complexities that underpin the performance of risk management practice in terms of risk 

management planning: identifying, assessing, quantifying, responding and monitoring, are 

illustrated and understood in the context of construction projects delivered through the NEC 

contract. Remarkably, this analysis method has enabled the synthesis of a comprehensive, in-

depth and advanced insight (Postăvaru & Marczak, 2017) into the risk management practice 

in the delivery of the construction projects through the NEC risk management procedures. 

Therefore, the rigor in the application of conventional content analysis has been very 

instrumental in enhancing the methodological integrity (Yin, 2011; Saldaña, 2013; Gaudet & 

Robert, 2019; Williamson et al., 2020) of the study.  

1.8 METHODOLOGICAL INTEGRITY 

The methodological integrity in this study is enhanced and validated by the strategies for 

establishing trustworthiness, confirmability, transparency and accountability (Yin, 2011; 

Baxter & Jack, 2008).  

1.8.1 Trustworthiness 

This study has assured the trustworthiness by the consistent application of the qualitative 

methods in the case study design. According to Baxter and Jack (2008), the basic approach to 

achieve the trustworthiness in a case study is to ensure that the research questions are clearly 

written, purposeful sampling strategies are appropriately being applied, data are collected and 

managed systematically, and data are analysed correctly.  

1.8.2 Confirmability 

This study has applied the triangulation principle in terms of various data sources as well as 

multiple cases in order to ensure the confirmability of the findings. That is, interview 

transcripts, risk management documents and field notes in relation to three construction 

projects were collectively used to explore and view the risk management practice from 

multiple perspectives of the case study. Moreover, the review of the literature was extensive 

to provide a broader spectrum of the risks and management methods thereof in relation to 

construction projects in various parts of the world. According to Yin (2013) and Gaudet and 

Robert (2019), the collection and comparison of data from multiple sources in a case study is 

the fundamental strategy to enhance the quality of the data in accordance with the principles 

of idea convergence and the confirmation of findings. As such, all the data sources consulted 

in this study are well recorded and transparent.  
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1.8.3 Transparency  

According to Saldaña (2013), in a case study qualitative research, the researcher must 

describe the research procedures so that other people can review and try to comprehend them 

and, importantly, all the data must be made available for inspection purposes. Accordingly, 

all the procedures associated with the data recording and transcribing in this qualitative 

multiple case study are clearly described and well documented for the purpose of 

transparency and inspection. In this regard, a voice recorder instrument called Digital Voice 

Recorder WS-852 was used in order to ensure that all the data are correctly recorded, and the 

data was also copied and saved as an MP3 file in a designated folder in Computer Software 

for accountability purposes. An Audio-into-Text Transcription Application called Temi was 

used to transcribe all the audio recorded interview sessions held with the participants. On 

average, the Temi Application produces about eighty percent (80%) accuracy of the 

transcription, and about twenty percent (20%) of the textual transcriptions had to be edited 

for textual errors. After the transcription, the textual transcripts were then provided on a 

website link of the Temi Application in an editable format. After each file was textually 

edited, it was then downloaded and saved in a Word document format and titled in 

accordance with the assigned participant’s number. Therefore, both the primary and the 

secondary data used in this study could be accounted for at any point in time.     

1.8.4 Accountability 

Moreover, the analysis procedure in relation to the rigorous processes of data coding and 

interpretive process leading to the rational and logical conclusion for the development of the 

theoretical framework is illustrated in the Annexure section of this study. The general idea in 

the documentation of the research methods and the analysis thereof “is that others should be 

able to scrutinize the evidence used to support your findings and conclusions, and as such, the 

final study should be able to withstand close scrutiny” (Yin, 2011) from the peer review 

processes. Similarly, Saldaña (2013) maintains that in qualitative research, it is important to 

inform the readers of the data analytic methods and processes for replication purpose in other 

research projects in the future. As such, the research methodology used in this study could be 

replicated in other construction projects in different context - beyond South Africa in general 

and apart from the NIPs in the UMP in particular.   
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1.9 SIGNIFICANCE AND CONTRIBUTIONS OF THE STUDY 

The purpose of the study is to provide a comprehensive understanding of the risk 

management practices in the context of a typical construction environment characterized by 

complexities, and subject to circumstances of high uncertainties and risks due to the 

interdependences of activities and processes in the project performance. Eventually, this 

study develops a risk management model which can be universally applicable for enabling a 

collaborative and systematic performance of risk management planning, identifying, 

assessing, quantifying, responding, and monitoring in the delivery of the construction 

projects, particularly in the context of developing economies. Moreover, the research study 

will also assist with the following: 

i. Comprehending and denoting the prevailing complexities as the inherent and defining 

feature that underlie the risk factors in construction projects; 

ii. Understanding the dynamic nature of the interrelations of activities in construction 

projects as having a knock-on effect on other disciplines in the project; 

iii. Understanding the risk management methods in terms of adherence to the rigorous 

timescales and response times, the issuing and monitoring of notices and other 

documents, and the understanding of early warning procedures;  

iv. Noting the extent of the impact which the various risks have in the desired objectives 

of the construction projects; 

v. Equipping the project management team to apply the front-end planning approach in 

dealing with the uncertainties and risks in the construction project; and, 

vi. Scientifically, providing a qualitative research methodology framework which could 

be adopted and replicated in future research in the field of construction project 

management. 

vii. Unveiling infrastructure project complexities through the application of a hybrid 

theoretical framework consisting of the complexity theory and the theory of systems 

engineering.  

1.10 DEFINITION OF KEY TERMS 

The following theoretical concepts in relation to risk management practice in construction 

projects are defined in the context of the proposed study: 

❖ Risk: Is an uncertain event or condition that, if it occurs, has a positive or negative effect 

on one or more project objectives of scope, time, cost and quality (PMI, 2017). The risk 

has to be assessed in respect of the combination of the likelihood of something 
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happening, and the impact which arises if it does actually happen (Gupta et al., 2016). 

The above definition will be adopted because the thesis seeks to explore both the negative 

and positive risk effects on the project objectives.  

❖ Risk Management: Is defined as a systematic way of looking at areas of risk and 

consciously determining how each should be treated (Zou, Zhang & Wang, 2014). Given 

that the proposed study seeks to understand the systematic approach to risk management, 

the above definition will be appropriate in the study.  

❖  Project Risk Management: Is defined as the systematic processes of identifying, 

analyzing and responding to project risk throughout the project lifecycle (Burke, 2009). 

For the purpose of the proposed study, the above definition will be adopted because it 

provides a comprehensive approach of risk management in a project.  

❖ Construction Projects Management: Is defined as a process of planning, coordinating 

and providing monitoring, and controlling of construction processes and activities (Dada 

& Ojo, 2016) in accordance with the project management techniques (Akintoye & 

MacLeod, 1997). The proposed study will adopt this definition because it allows the 

integration of construction activities with the project management principles.  

❖  Project Management: Is defined as the application of knowledge, skills, tools, and 

techniques to project activities to achieve the project requirements (Project Management 

Institute (PMI), 2013). Given that the proposed study seeks to investigate the application 

of risk management methods, the above definition will be appropriate in the research. 

❖ Risk Management Methods: Refers to the procedures and approaches used for risk 

management planning, identifying, assessing, quantifying, responding and monitoring 

towards minimizing the negative impact and maximizing the positive impact on the 

project objectives of time, cost and quality (PMI, 2017). Therefore, the above definition is 

applied in the study.  

1.11 THEORIES INFORMING THE RESEARCH 

There are many theories that can be used to explain the risk management practice in 

construction projects but, for the purpose of this study, the complexity theory, contingency 

theory, bureaucratic theory, and rational choice theory are used to get the full understanding 

of the dynamic complexities underlying the risk management processes in construction 

projects.   
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1.11.1 Complexity Theory 

Complexity is a philosophy of science originating from the natural sciences concerned with 

phenomena and events that cannot be explained by traditional positivistic scientific methods 

(Haynes, 2008). The complexity theory developed from the systems theory (Zhong & Low, 

2009), and recently has been applied to a wide spectrum of disciplines including social 

sciences (Maxwell & Oluwayomi, 2016), and cultural geography (Gregory, Johnston, Pratt, 

Watts, & Whatmore, 2009). Complexity theory offers a systems based evaluative approach 

that keenly focuses on a holistic evaluation of a relatively unstable system (Haynes, 2008). 

The dominant principles of the complexity theory include the interaction and interdependence 

of dynamic elements in a constantly adapting and evolving system (Houston, 2001; Zhong & 

Low, 2009; Cristóbal, 2017); nonlinear processes that depend on a very diverse and varied 

(Houston, 2001) set of elements; dynamics and changeability of the systems (Teisman & 

Klijn, 2008). These characteristics have been generally accepted as the principles underlying 

the application of the complexity theory in various organizational contexts.  

Over the past decades, there has been increasing consensus on the view that construction 

projects are becoming the most complex undertaking (Baccarini, 1996; Kishan et al., 2014; 

Taylan et al., 2014; Jasiukevicius & Vasiliauskaite, 2015; Olatunji, 2016; Khodeir, 2017; 

Hartono, 2018; Qammaz & AlMaian, 2020). Hartono (2018) notes that the construction 

industry has shown great difficulty in coping with the increasing complexity of major 

construction projects. Construction projects are of a very complex nature involving a 

balanced combination of many human, nonhuman and other factors contributing towards its 

success (Qazi, Quigley, Dickson, Kirytopoulos, 2016). From a narrow viewpoint, 

complexities in construction projects could be classified into two dimensions (Khodeir, 

2017). The first dimension is managerial complexities, which refers to uncertainty in terms of 

project goals and methods, or lack of application of proper management tools and techniques. 

The second dimension is technical complexities, which relates to interrelatedness in project 

scope, design and structural features. From a broader perspective, complexities in 

construction projects could be understood in three dimensions, as proposed by Bosch-

Rekveldt et al. (2010), namely, Technical, Organizational, and Environmental (TEO) 

dimensions of complexities. 
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1.11.2 Theory of Systems Engineering  

According to Wingate (2018), the systems engineering philosophy began to emerge upon the 

realization of the limitations of the traditional engineering process when project development 

started overlapping disciplines on a regular basis. As the engineering projects became more 

complex and elegant, there was a growing sense of a need for, and possibility of, a scientific 

approach to problems of organization and complexity in a science of systems (Wingate, 

2018). In this regard, the theory of systems engineering becomes the idea of a middle range 

theory that brings together empirical relationships (Watson et al., 2020). The systems 

engineering philosophy is based on a convergent and deductive way of thinking, which is 

also used in engineering modelling and analysis in many other fields of study (Wingate, 

2018) such as biology, economics, and sociology (Cristóbal, 2017). Accordingly, as outlined 

by the International Council on Systems Engineering (INCOSE) (2011), systems engineering 

is an interdisciplinary approach and means to enable the realization of successful systems. 

Moreover, the systems engineering thinking takes into consideration both the business and 

technical needs of a range of customers with the goal of providing a quality product that 

meets the user needs. On the same note, Wasson (2015) acknowledges the holistic value in 

the application of the theory of system engineering. He sees systems engineering as the 

multidisciplinary application of analytical, mathematical, and scientific principles to 

formulating, selecting, designing, and maturing a solution that has acceptable risk, satisfies 

user operational needs, and minimizes development and life cycle costs while balancing 

stakeholder interests. Therefore, systems engineering is not just a discipline but a thinking 

philosophy that provides a unique multidisciplinary approach which, when properly applied 

and tailored to project needs, in the end significantly increases the potential for success 

(Wingate, 2018). 

Though risk management is widely described as a systematic way of looking at areas of risk 

and consciously determining how each should be treated (Taylan et al., 2014; Okoye et al., 

2015; PMI, 2017), with the traditional project management approach, emphasis has been 

placed primarily on the actual project being developed (Mabelo, 2020). With the application 

of the systems engineering thinking, the implementation of a risk management system in 

projects must be oriented towards the progress of the project and pervade all aspects, 

functions, and processes of the project (Gupta et al., 2016). With this approach, a deeper 

understanding of the holistic risk management system is gained as the system progresses 

through development and operations levels (Watson, Mesmer & Farrington, 2019) of the 
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project. In the same vein, Wingate (2018) emphasizes that projects require careful integration 

of project elements from multiple disciplines to ensure that they achieve the expected results 

within the cost, schedule, and scope anticipated by the stakeholders. In this regard, a 

systematic risk management could only be achieved through complementary responsibilities 

between project manager and the systems engineer. This is mainly because, as indicated by 

Wingate (2018), “the process of risk management is seen somewhat differently from the 

perspective of the project manager versus the systems engineer”. That is, the project manager 

sees risks and opportunities as they are associated with the triple constraints of cost, schedule 

and scope resulting from the operational activities; whereas the systems engineer sees risk 

from a technical point of view, as something that can be reduced through design and 

development activities (Wingate, 2018), that which embrace a holistic and comprehensive 

approach throughout the overall project life cycle (Blanchard & Blyler, 2016). Therefore, the 

theory of systems engineering is also applied in the theoretical framework of this thesis. The 

following section presents the limitations and assumptions of the research.  

1.12 LIMITATIONS AND ASSUMPTIONS OF THE RESEARCH 

The limitations and assumptions of the research are presented in the following section.  

1.12.1 Limitations 

In this study, several limitations have been identified. Firstly, given that each and every 

project is a unique initiative aimed at delivering on specific goals, the findings and results of 

this study could therefore not be generalized to other construction projects taking place in 

different contexts. However, the research methodology of this study could be replicated in 

other different contexts of construction projects delivery. Despite the novelty of this study, 

generalizations of the results must be done cautiously because of the use of a case study 

approach, which in this instance is the New Infrastructure Projects at the University of 

Mpumalanga in South Africa. Notwithstanding this limitation, the theoretical model 

developed in this thesis may be applicable to other similar construction projects in different 

contexts, particularly those that are delivered through the NEC contract. Secondly, in the face 

of the dynamic and constantly changing environment within which the construction projects 

are delivered, the study is in a form of a cross sectional approach. That is, the findings of this 

thesis are based on a snapshot view of the risk management practice in three construction 

projects delivered at the UMP in the period between 2017 and 2019. However, this study lays 

the groundwork for future research into the development of a grounded theory on 

collaborative and systematic project risk management.  
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1.12.2 Assumptions 

An assumption is an assumed circumstance presumed to be true which, if excluded, will 

render a study futile (Leedy & Ormrod, 2005). In this study, the following assumptions are 

presented: 

i. Construction projects by its own nature are characterised by dynamic complexities, 

which often inhibit the successful implementation of the risk management practice; 

ii. Although the New Engineering Contract 3 (NEC) is commended for providing a 

structured, collaborative and systematic risk management procedure which enable a 

comprehensive performance of risk management planning, identifying, assessing, 

quantifying, responding, and monitoring in the delivery of the construction projects, 

in practice, the desired outcomes of the risk management processes have not yet been 

realized in the context of the South African construction industry; 

iii. By focusing on the underlying complexities as an inherent and defining feature of 

construction projects, construction professionals will be able to grasp and comprehend 

the interlinked and interdependent activities and processes which often, directly or 

indirectly, increase the risks in the delivery of construction works; 

iv. By having a comprehensive understanding of the risk factors and the risk management 

procedures thereof, the parties involved in construction projects will be able to plan 

and implement a sound project risk management practice in terms of maintaining 

discipline with rigorous timescales and response times, handling the increased 

documentation and administration, issuing and monitoring of notices and other 

documents, and having a clearer understanding of early warning procedures; and,  

v. Eventually, the comprehensive understanding of the embedded dynamic complexities 

will assist towards achieving the desired goal of a systematic and collaborative 

implementation of risk management processes in terms of risk management planning, 

identifying, assessing, quantifying, responding, and monitoring to realize project 

success in terms of time, cost, quality, and environmental sustainability. 

1.13 OUTLINING CHAPTERS AND STRUCTURE OF THE THESIS 

❖ Chapter One: This chapter provides an overview and orientation of the study. This 

chapter highlights the significant economic contributions of the construction industry in 

different parts of the world. This chapter further introduces the concept of project 

complexity which characterises the environment within which construction projects are 

initiated. With that, the chapter provides support for the main argument embedded in this 
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thesis. These complexities and other dynamics imbedded in the environment wherein 

construction projects are delivered, inhibits the successful implementation of the risk 

management practice. Understanding the risk factors inherent in the complex and 

dynamic environment within which construction projects are delivered is fundamentally 

important for the successful implementation of the processes of risk management towards 

achieving the desired goal of comprehensive, systematic and collaborative risk 

management processes in the construction projects. In this regard, the chapter therefore 

provides a motivation for the implementation and use of a risk management model in the 

delivery of construction projects.  

❖ Chapter Two: This chapter presents the Theoretical Framework within which the Study 

is explained. The theoretical framework applied in this research seeks to provide in depth 

insight and understanding of the risk management practice under the complex 

circumstances. Firstly, the complexity theory is used to get the full understanding of the 

dynamic complexities underlying the risk management processes in construction projects. 

Secondly, the theory of systems engineering is applied to shed light on the processes of 

systematic and holistic thinking approach to study and analyse the individual components 

and elements in construction projects, and the way the components and elements interact 

and connect with each other throughout the project lifecycle.  

❖ Chapter Three: The Conceptual Framework and Literature Review on Construction 

Project Risk Management is contained in this chapter. The literature reveals that 

construction projects are exposed to risk factors in relation to design and technical, 

financial and economic, political and public, contractual and legal, construction, 

managerial, logistical, and environmental factors. This chapter provides the debates on 

the methods of risk management in construction projects which comprise of the 

application of tools, techniques and procedures for risk management planning, 

identifying, assessing, analysing, responding, and monitoring throughout the project 

lifecycle. This chapter also discusses the primary project objectives of time, cost, quality 

and environmental sustainability which defines the core function in construction project 

management. 

❖ Chapter Four: This chapter will focus specifically on the governance and management 

of construction projects in the South African context. The chapter will cover the policy 

frameworks and guidelines provided for the effective and efficient delivery of the 

construction projects in the South African construction industry: The reviewed policy 

frameworks include the Policy and Strategic Frameworks for Guiding Construction 
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Project Management; The Contractual Frameworks for Delivering Construction Projects; 

The Planning and Governance Frameworks of the NIP at the UMP. This chapter also 

discusses the mandate as well as responsibilities of the various regulatory and 

professional bodies for construction project management in the South African 

construction industry. 

❖ Chapter Five: This chapter provides a comprehensive and detailed explanation of the 

methods and procedures used in the investigation of this case study research. This chapter 

provides justifications and detailed explanations in relation to the rationale for using the 

qualitative case study design and the associated methodologies in terms of unit of analysis 

and sampling methods. This chapter also provides an explanation on the philosophical 

paradigm adopted for this thesis. This chapter further provides a tick explanation of the 

data triangulation and saturation processes, and it also discusses the multifaceted, 

rigorous, and consistent application of the analysis procedures in enhancing the credibility 

and integrity of the study. This chapter further explains the application of MAXQDA 

(qualitative data analysis software system) as an enabling tool in the data coding and 

analysis processes of the multiple and magnitude data sources of the study. The ethical 

processes and considerations which were adhered to during the study are also elaborated 

upon in this chapter.  

❖ Chapter Six: In this chapter, the presentations and interpretation of the results has been 

executed with means of thematic approach wherein some illustrative quotations and 

excerpts from the various sources of the empirical primary data have been shown to 

substantiate the claims and discourses presented herein. The data in this chapter is 

presented and analysed in accordance with the overarching research questions posed in 

this thesis. The data presentation and analysis processes in this chapter are performed 

through the conventional content analysis approach which involves multiple levels of 

coding processes and procedures. The qualitative data analysis in this chapter was 

performed through the MAXQDA software which enabled the performance of data 

coding, managing coding, and eventually the retrieving of the coded segments in a form 

of visual models and summary tables. 

❖ Chapter Seven: This chapter provides a theoretical insight on the empirical data through 

applying the complexity and systems engineering theoretical lenses. The discussion of the 

findings and theorizing thereof in this chapter of the thesis is deduced from a 

constructivism philosophy centred on the epistemology that reality can be explored and 

constructed through human interactions, and meaningful actions. Through the complexity 
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theory lens, it has emerged from the empirical evidence of this thesis that complexity in 

construction projects could manifest from three dimensions consisting of numerous 

iterative elements and components. When further applying another theoretical lens of 

systems engineering, new insight has been shed to understand that the dimensions and 

elements thereof in construction project complexity reflect the systems, subsystems, and 

elements embedded in the delivery of the construction projects.  

❖ Chapter Eight:  Conclusions and Recommendations of the Study. This chapter presents 

the accomplishment of the research aim and objectives, and the proposed systematic risk 

management model. This chapter also highlights the major contributions made by this 

thesis in three multiple folds of the body of knowledge in terms of theoretical, 

methodological, and managerial contributions. Notwithstanding the novelty in theoretical 

and methodological contributions of this thesis, this chapter also acknowledges and 

presents limitations thereof. This chapter also presents the recommendations made for the 

industry, policy makers and researchers. Lastly, this chapter provides the conclusion of 

this thesis by indicating and suggesting the implications and significance of the findings 

in the body of knowledge of risk management for project construction projects.  

1.14 CHAPTER SUMMARY  

In summary, this chapter has provided the general overview and orientation of the study. The 

significance of the construction industry at the global level in terms of economic 

development and employment opportunities generation is remarkable in both the developing 

and developed economies. Unlike other industries, projects in the construction projects are 

initiated in dynamic environments which result in circumstances of high uncertainty and risks 

due to accumulation of many interrelated parameters. With consideration of the massive 

infrastructure development projects taking place in many parts of the developing countries in 

Africa, particularly in South Africa, the focus on risk management for the successful delivery 

of those construction projects has become a central issue. This is mainly because the track 

record of risk management in the South African construction industry is very poor, resulting 

in the failure of many projects to meet the time schedules, targets of budget and sometimes 

even the scope of work. Against this background, a risk management model that will provide 

a comprehensive understanding of the project risk management processes in consideration of 

the dynamic and complex environment is therefore critically important. Therefore, this study 

applies a qualitative research design and the associated methodology in order to explore and 

understand the risk management practice in the delivery of the NEC based construction 
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projects in order to develop a model that is designed to deliver a framework that depicts and 

grasp the underlying complexities in the processes of risk management towards achieving the 

desired goal of a comprehensive and collaborative implementation of risk management 

processes in the construction industry. 
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CHAPTER TWO: THE THEORETICAL FRAMEWORK OF THE STUDY 

2.1 INTRODUCTION 

Qualitative oriented studies typically focus on explaining the meaning of real-life events, not 

merely the occurrence of the events (Yin, 2011) at the time. To this extent, theories are 

therefore applied as a scheme or system of ideas and/or principles held for explanation, 

interpretation, and prediction of the phenomenon in a real-life setting (Babbie, 2010; Yin, 

2011; Saldaña, 2013). According to Babbie (2010), “a theory is a systematic and logical 

explanation for the observations that relate to a particular aspect of a phenomenon. In 

essence, theory orientates research methodologically (Yin, 2011), eventually “predicts human 

actions and explains why those actions occur” (Saldaña, 2013). Moreover, Babbie (2011:11) 

refers to the processes of applying a theory to explain a particular phenomenon as the 

“logico-empirical of science”. On this note, the author points out that there are two pillars of 

science, namely logic and observation and, as such, a scientific understanding of the world 

must both make sense and correspond with what we observe. In this regard, the scientific 

findings should demonstrate whether and how the empirical results supported or challenged 

the theory (Yin, 2011) that has been applied. If supported, the researcher then needs to show 

how the theoretical arguments can be generalized to situations other than those examined as 

part of the original study (Yin, 2011). Importantly, the choice of the applicable theories in a 

particular study informs the theoretical argument of the study.    

While there are numerous theories that can be applied to explain the risk management 

practices in construction projects, for the purpose of this study in relation to the development 

of a systematic risk management model, the following theories have been adopted, namely 

the complexity theory and the theory of systems engineering. The applicability of these 

theories in this study is essential in providing a systematic and logical explanation of the 

practices of risk management in construction projects and further “explains why those actions 

occur” (Saldaña, 2013) and eventually enable the designing and developing of a systematic 

risk management model that will assist in depicting and grasping the underlying complexities 

while supporting proactive decision making in the delivery of construction projects. In 

essence, the underlying assumptions of these theories are relevant to the achievement of the 

research objectives of this thesis. That is, the complexity theory provides the explanation of 

the various interdependencies and interactions between the various disciplines in construction 

projects, as well as the prevalence of uncertainties in multifaceted systems such as 

construction projects. The theory of systems engineering provides insight into the processes 
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of decomposition whereby a complex project is conceptually broken down into successively 

smaller and simpler component parts until it is possible to study and analyse the individual 

components and the way the components interact and connect with each other (Cobbinah et 

al., 2020; Mabelo, 2020). Accordingly, this theory assists to unpack the research objectives in 

terms of understanding the risk management methods, as well as explaining the performance 

objectives. In the section that follows, the theories are explained in greater details. On one 

hand, this chapter presents the characteristics of the complexity theory, and the dimensions of 

complexity in construction project. On another hand, this chapter also presents the 

background and postulates of the theory of systems engineering. Accordingly, the complexity 

theory takes precedence.  

2.2 THE COMPLEXITY THEORY 

Complexity is a philosophy of science originating from the natural sciences concerned with 

phenomena and events that cannot be explained by traditional positivistic scientific methods 

(Haynes, 2008). The complexity theory developed from the systems theory (Zhong & Low, 

2009), and recently has been applied to a wide spectrum of disciplines including social 

sciences (Maxwell & Oluwayomi, 2016), and cultural geography (Gregory et al., 2009). 

Complexity theory offers systems based evaluative approach that keenly focuses on a holistic 

evaluation of a relatively unstable system (Haynes, 2008). The dominant principles of the 

complexity theory include the interaction and interdependence of dynamic elements in a 

constantly adapting and evolving system (Houston, 2001; Zhong & Low, 2009; Cristóbal, 

2017); nonlinear processes that depend on a very diverse and varied (Houston, 2001) set of 

elements; dynamics and changeability of the systems (Teisman & Klijn, 2008). These 

characteristics have been generally accepted as the principles underlying the application of 

the complexity theory in various organizational contexts.  Over the past decades, there has 

been an increasing consensus on the view that construction projects are becoming the most 

complex undertaking (Baccarini, 1996; Kishan et al., 2014; Taylan et al., 2014; Jasiukevicius 

& Vasiliauskaite, 2015; Olatunji, 2016; Khodeir, 2017; Hartono, 2018; Qammaz & AlMaian, 

2020). Hartono (2018) notes that the construction industry has shown great difficulty in 

coping with the increasing complexity of major construction projects. 

2.2.1 Characteristics of the Complexity Theory 

Cilliers (1998) outlines ten characteristics of complexity. These characteristics have been 

generally accepted as the principles underlying the application of the complexity theory in 

various organizational contexts. The dominant factor in the principles of complexity theory is 
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the interaction and interdependence of dynamic elements in a constantly adapting and 

evolving system (Houston, 2001; Zhong & Low, 2009; Cristóbal, 2017). In this context, 

considering construction projects with its numerous activities and diverse interests of 

stakeholders (Zou, Zhang & Wang, 2014), huge investments, long execution processes, 

massive resources and instable economic and political environments (Cagliano et al., 2015), 

there is extensive interaction and interdependence among these large number of elements.  

2.2.1.1 Large number of elements in a system 

According to Cilliers (1998), complexity defines not only the systems that have multiple 

elements but also where these elements relate to and depend on each other. The numerous 

elements or components of the systems and their interdependence are considered as 

constituents of structural uncertainty which is regarded as an element of complexity 

(Williams, 1999). In the context of a construction project, the elements of complexity can be 

understood from different perspectives. On one hand, project complexity may consist of 

various elements such as the differentiation of functions in the project between the 

stakeholders such as clients, contractors, consultants, subcontractors, suppliers, and financiers 

(Cagliano et al., 2015; Cristóbal, 2017). On the other hand, complexity may also be 

determined by the extent of indicators such as legal requirements, technical aspects, site 

environmental sensitivity, scale of the project, project value, and diversity of the project team 

(SACLAP, 2011). That is, complexity is defined as the state of being constituted by multiple 

elements, which result in the state of being difficult to comprehend the interaction of the 

elements in the system.  

2.2.1.2 Dynamic interaction among elements  

According to Teisman and Klijn (2008), the complexity theory focuses more on the dynamics 

and changeability of the phenomena or systems that are being examined. In this regard, the 

elements are not static but continuously evolve through the process of self-organization to 

better interact with their internal and external environmental forces (Maxwell & Oluwayomi, 

2016).  Houston (2001) explains that self-organization happens when the interactions and 

information sharing are high, leading to formation of new patterns in the system. Therefore, 

elements such as policy, decision making and institutional leadership are subject to evolve 

(Teisman & Klijn, 2008), and result in better interaction with the influencing factors which 

are constituents of project complexity. In essence, the complexity theory is more concerned 

about explaining how systems develop under a variety of influences (Teisman & Klijn, 

2008), both internal and external.  
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2.2.1.3 Rich interaction among elements 

Several studies indicate that the rich interaction among the elements in a system is realized 

when there is a strong culture of workmanship in an organization. In this regard, Zhong and 

Low (2009) maintain that rich connection among the elements is characterized by iteration 

interactions, sense of trust and reciprocity, high level of integration and collaboration, low 

level of scapegoating, and strong personal ties. On the same note, other scholars state that 

these interactions may not necessarily be physical or perhaps personal, but interactions may 

primarily relate to information sharing, which eventually develops patterns that are formed 

when a number of basic rules are implemented and complied with over many iterations 

(Teisman & Klijn, 2008). Importantly, information sharing is considered as the enabling 

factor for an organization to function more effectively and adaptively (Zhong & Low, 2009). 

That is, the more interdependent and interconnected the elements of a system, the more 

complex the system, and the less likely that its future can be predicted (Cilliers, 1998). The 

significance of rich interaction among elements of the system is further emphasised by 

Maxwell and Oluwayomi (2016) when pointing out that the rich interaction between the 

system’s internal structures and its surrounding environment is the key attribute of the 

complexity theory because it results in progressive learning and behavioural development, 

and that is how the complex systems change and grow over time. In the context of a 

construction infrastructure project, the rich interaction is realized when the system consists of 

diverse individuals, teams, organizations, and industry agencies who constantly communicate 

and interact with each other in a nonlinear approach, through various forms of professional 

rules and contractual relationships (Zhong & Low, 2009).   

2.2.1.4 Interactions are nonlinear 

The complexity theory emphasizes the underlying nonlinear processes that depend on the 

very diverse and varied (Houston, 2001) set of elements. The complexity theory maintains 

that developments in the systems are non-linear and are guided by a variety of internal and 

external forces (Teisman & Klijn, 2008). The complexity perspective highlights the 

importance of understanding the organizing processes that result from experimentation, 

randomness, and under determinism (Houston, 2001). In relation to a study on crisis response 

communication system, Zhong and Low (2009) maintains that the non-linearity approach 

may suggest that exact and accurate communication about the decision-making and human 

behaviour during the crisis response in an organization is impossible and perhaps inevitable. 

Within the complexity theory perspective, the search for linear interrelations is substituted by 
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an assessment of the relationships that look beyond the superficial and obvious order of the 

universe to expose a hidden dimension, one that contains an underlying order and structure 

that is unobservable when reduced to its parts (Houston, 2001). With reference to the project 

management discipline, the complexity theory perspective disproves the fundamental project 

management premise which prescribes rational and orderly approaches to simplify 

phenomena, and it also refutes the outlining of linear procedures in solving project challenges 

(Hazy & Uhl-Bien, 2013). Similarly, Maxwell and Oluwayomi (2016) also argue that the 

success or lack thereof in a project is not just a result of how the triple constraints of time, 

cost and scope are managed, but instead, it is the outcome of the complex interactions among 

individual elements as well as the resultant complex behaviour and relationship structures in 

the project. Therefore, understanding the non-linearity in project processes, activities and 

structures is an important ambition underlying the complexity theory (Teisman & Klijn, 

2008). 

Antoniadis, Edum-Fotwe and Thorpe (2010), state that “complexity in construction requires a 

more structured approach”. They illustrated the level of actions taken for managing the effect 

of complexity characteristics when structuring the project teams, as well as the level of 

actions taken for managing the effect of complexity characteristics by the management style 

adopted (Figure 2.1). 

Figure 2.1: Levels of effort when structuring the project team in complex environments 

  
Source: (Antoniadis, Edum-Fotwe & Thorpe, 2010) 
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Figure 2.2: Levels of effort for team management in complex environment 

 

Source: (Antoniadis, Edum-Fotwe & Thorpe, 2010) 

The authors maintain that the framework allows project managers to ascertain the level of 

managing its effects at a particular point in time, provides guidance for follow-up action(s) 

and allows for sequential actions to be taken to support the monitoring, review and 

improvement (Figure 2.2). 

2.2.1.5 Interactions have a short range  

The complexity theory focuses on understanding the patterns of interaction between the 

components of the system at various levels and times, rather than examining individual 

component in isolation (Tredinnick, 2009). In essence, the complexity theory aims to 

illustrate how small catalytic events that are separated by distance and time can be the result 

of major changes in complex systems (Cristóbal, 2017). A picture just gives information 

about a certain moment and place. In this regard, the complexity theory will be appropriate to 

explain the dynamic environment which often result in circumstances of high uncertainty and 

risks as a result of accumulation of many interrelated activities (Taylan et al., 2014). 

Complex systems are non-linear, interdependent and strongly coupled systems with feedback 

loops, and may exhibit scale-effects, together with sensitivity to initial conditions and path-

dependence.  
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2.2.1.6 Interactions involve feedback loops  

The complexity theory acknowledges the feedback loops that stimulate the interrelations and 

connections of the elements in the systems. To this extent, Zhong and Low (2009) argue that 

the interrelations in a system can bring about unexpected patterns and/or behaviours because 

of the nature of nonlinearity of feedback networks as well as the interconnected and 

interdependent nature of the system. In the complexity theory perspective, the feedback may 

be either positive or negative.  According to Tredinnick (2009), “positive feedback will tend 

to enhance, strengthen and stimulate interaction, while negative feedback will often inhibit, 

weaken or discourage interaction” in the system. No matter how small the feedback may be 

in terms of power, it can still make a significant contribution in the system. On this note, 

Haynes (2008) uses a social related example illustrating the significant contribution of a 

feedback in a system. The author argues that people in a society are often obedient to social 

structures, and it is through these structures that feedback to the society is realized. 

Importantly, Haynes (2008) maintains that however small in power the feedback is, it can 

influence the structures, and eventually the society in an unpredictable way. Another example 

which illustrates the importance of the feedback loop in a system, is the one presented by 

Tredinnick (2009) in relation to an economic cycle. In this regard, the scholar argues that 

economic booms and recessions can be viewed as emergent qualities of the economic system, 

which often result in aggregated behaviour of individuals in terms of positive (boom) and 

negative (recession) feedback effects. To this extent, Cristóbal (2017) warns that the 

traditional approaches of using a static approach may provide project managers with 

inaccurate estimations that may ignore the multiple feedback processes in today’s dynamic 

project environment. Thus, it should be noted that projects, particularly in construction, 

operate in an open and systematic environment.   

2.2.1.7 Systems are open  

The complexity theory holds the view that systems are affected by and can affect the 

environment within which they operate (Tredinnick, 2009). On this note, Vidal and Marle 

(2008) are of the view that systems can be construed as objects which, in a given 

environment, aim to achieve some objectives by performing an activity while its internal 

structure evolves through time without losing its own identity. Accordingly, construction 

projects by nature operate as complex open systems (Mabelo, 2021) which are not static, but 

constantly evolve through the process of self-organization to better interact with their internal 

and external (Maxwell & Oluwayomi, 2016) environmental factors, while focusing on 
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delivering the desired project objectives. It is therefore argued that projects as complex 

systems are defined by these key systematic characteristics (Vidal & Marle, 2008; Maxwell 

& Oluwayomi, 2016) of openness and adaptiveness to the environmental circumstances 

within which they operate. Noticeably, the boundaries of complex systems such as 

construction projects are frequently indistinct (Manson, 2000), and operate under 

circumstances that are not in equilibrium. 

2.2.1.8 Systems operate under conditions that are far from equilibrium  

Complex systems operate far from equilibrium. Complex systems are constantly adapting and 

evolving. They are never static, although they may be stable (Tredinnick, 2009). Based on the 

principle of the elements in the systems being adaptive and evolving, the complexity theory is 

based on the view that innovation can only occur under the state of non-equilibrium 

conditions and circumstances. As mentioned by Zhong and Low (2009), novelty and 

creativity cannot happen within a system’s state of equilibrium. The notion of non-

equilibrium in complex systems is also supported by Teisman and Klijn (2008) when arguing 

that as a result of the multiplicity of contexts, activities, processes and the dynamics of teams’ 

behaviour, the conditions in which project management teams perform will normally change 

constantly. The distinctions in terms of the state of equilibrium in an organization is 

explained by Zhong and Low (2009) when asserting that an organization with a low level of 

diversity among its professional teams, will remain in the equilibrium state, while an 

organization that present too much diversity in terms of more specialized team members is 

regarded as non-equilibrium, and will tend to move toward complexity. Similarly, Stacey 

(2001) presents what he referred to as control parameters that influence and measure the 

distinction between organizations that are functioning at the equilibrium state and those that 

are far from equilibrium. These are namely, the richness of connectivity between agents; the 

rate of information flow; the level of contained anxiety; the level of diversity within and 

between the schemas of the agents of the system; and the degree of power differentials in the 

organization (Stacey, 2001). These control parameters and measures suggest that any 

organization could gradually move from the state of equilibrium to the state of complexity as 

its conditions changes over time.    

2.2.1.9 Systems have histories   

The time dimension cannot be ignored and or excluded from a description of the complex 

theory. In this context, the complexity theory outlines that the interaction of the elements in 

the system unfold and evolve over time (Zhong & Low, 2009). To this extent, Tredinnick 
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(2009) noted that both the current state and the future state of evolution in a complex system 

are, to a large extent, influenced by its history. As the complexity theory believes that the 

existence of complex systems is primarily dependent on how they interrelate with their 

surrounding environment, Maxwell and Oluwayomi (2016) argue that the complex systems 

achieve this by actively anticipating changes and reacting to these changes, as well as shaping 

their environments through lessons learnt, referring to history and using the existing 

relationships and subsystems. With regard to the lessons learnt and historical information in a 

context of project system, Steyn, Carruthers, Dekker, Du Plessis, Kruger, Kuschke, Sparrius, 

Van Eck & Visser, (2016) maintains that in order to avoid the re-inventing of the wheel in 

terms of committing the same mistakes in projects, it is important to learn from previous 

similar experiences. Moreover, the historical information from previous projects is crucially 

important for planning input, especially if the information in relation to the project objectives 

of time, cost and quality have been thoroughly recorded and included as lessons learnt. 

Therefore, the importance of considering the historical experiences in a system is to ensure 

continuous improvement in the performance of the elements in the system, and the system as 

a whole.     

2.2.1.10 Each element of the system is ignorant of the whole system  

From the complexity theory perspective, it is the interaction of the elements of the system, 

rather than the system itself, that is a source of influence, and which learns to change its 

functioning over a certain period of time (Zhong & Low, 2009). This means that it is the 

components of the complex systems that influence the constant evolving and adapting of the 

whole system. This notion is also supported by Maxwell and Oluwayomi (2016), when 

clearly stating that the relationships in complex systems are influenced by its internal 

components in a form of subsystems. Though the capacity of a system is greater than the total 

sum of its constituent elements and subsystems (Mabelo, 2021), each element of a complex 

system is ignorant of the whole and unmotivated by the global needs of the system, but 

instead, reacts just to local conditions (Tredinnick, 2009).  The fundamental principle in this 

instance is that a system is defined primarily by the nature of the relationships among its 

components (Mabelo, 2021). The well connected and aligned components of the system form 

subsystems that can either sustain or destabilize the system as a whole (Tredinnick, 2009). 

Contradictory, Cristóbal (2017) maintains that the complexity theory provides a systematic 

thinking model which assumes a holistic view of the organization in terms of focusing on the 

behavioural trends of projects and their relationship with managerial strategies. Therefore, 
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from the complexity theory perspective, there is no clear meaning in relation to the notion 

that the individual elements of the system are ignorant of the whole system.  

2.2.2 Complexity and Project Management Processes  

Complexity has been widely recognized as a fundamental characteristic of project systems 

(Hartono, 2018). The significance of complexity to the project management processes is 

commonly acknowledged for five fundamental reasons as identified by Cristóbal (2017). The 

first reason is that project complexity assists to determine the planning, coordination and 

control requirements. Secondly, project complexity may hinder the clear identification of 

goals and objectives of major projects. Thirdly, project complexity may affect the selection of 

the suitable project organization form and experience requirements of management 

personnel. Fourthly, the level of project complexity may be used as criteria to determine the 

selection of the appropriate project management methodology. Finally, complexity in a 

project can affect different project outcomes in terms of time, cost, quality, and safety. 

Therefore, while complexity in a particular project may be from a positive perspective, the 

level of project complexity may have a negative impact on the integration of the project 

management processes.  It is in this context that Baccarini (1996) asserts that, as projects 

have become more and more complex, there will be increasing concern about the concept of 

project complexity and its influence upon the project management processes. Moreover, he 

also pointed out that acknowledging a variety of dimensions and levels of project complexity 

could be helpful in determining the appropriate planning, coordination, and control processes 

in project management practice. This situation then resulted in the creation of an operational 

concept of project complexity and integration, which should be assessed in terms of 

correlations between the level of project complexity and the degree of integration of the 

project management processes. There are five project management processes that are 

identified in the project management literature.   

2.2.2.1 Project initiation process 

The project initiation processes pertain to all the interdependent and interlinked activities that 

are conducted as preparations for the start of a project. These processes would usually include 

the issuing of key documents such as the project charter, feasibility study, and stakeholder 

analysis report, and these documents authorize the start of a new project in an organization 

(Burke, 2010). The project’s initial process also includes the development of the initial scope 

of the project which goes along with the associated costs and benefits thereof. On the same 

note, the PMI (2017) maintains that the purpose of the initiating processes is to align the 
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stakeholders’ expectations and inform them about the project scope and objectives thereof. At 

this stage, the stakeholders who will interact and influence the overall outcomes of the project 

are also identified and it is discussed how their participation in the project and its associated 

phases can assist to ensure that their expectations are realized. All these processes will 

eventually overlap into the project planning processes.       

2.2.2.2 Project planning processes 

In the project planning processes, the project manager selects and develops the best course of 

action to achieve the stated deliverables of the project as agreed with the stakeholders. This 

would usually include the development of a detailed project management plan which outline 

how the goals and objectives of the project will be achieved. The planning process should 

include the definition of the project scope, and the development of a detailed project design 

(Burke, 2010). Depending on the complexity of the project, the planning processes may 

require the use of repeated feedback loop for further and detailed analysis. That is, as more 

information on the project becomes available and is clearer understood, further planning is 

likely to be required. According to the PMI (2017), this ongoing refinement of the project 

management plan is called progressive elaboration, which indicates that planning and 

documentation in a project is an iterative and ongoing process. The significant changes that 

occur throughout the project life cycle may result in a need to revisit or revise the initial 

project management plan during the project execution processes.   

2.2.2.3 Project executing processes 

The project execution processes involve the integration, instruction and co-ordination of 

stakeholder engagement and managing resources to perform the activities of the project in 

accordance with the project management plan (Burke, 2010).  The more complex the project, 

the more effort required in the integration and coordination of the various activities and 

procedures during the project execution processes. There should be a balanced approach in 

terms of the level of project complexity and the degree of integration of the project execution 

processes (Baccarini, 1996). This is mainly because a large portion of the project budget, 

resources and time is expended in performing the project execution processes, and often these 

processes may generate change requests in the project scope (PMI, 2017). If the project scope 

change request is approved, that particular change may trigger one or more of the planning 

processes which would definitely result in a modified project management plan, project 

documentation, and possible new baseline plan. Though some scholars, including Maxwell 

and Oluwayomi (2016), maintain that in the context of complex projects, creativity and 
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innovation among project teams are the cornerstones for successful performance as opposed 

to excessive administrative and control processes, the monitoring and controlling processes 

are also regarded as fundamental in the process of project management.    

2.2.2.4 Project monitoring and controlling processes 

The monitoring and controlling processes aim to ensure the project objectives are delivered 

through regularly monitoring and evaluating the progress in the execution of the project 

management plan. According to the PMI (2017), the monitoring and controlling processes 

consist of those processes required to track, review, and regulate the progress and 

performance in the project. These processes involve collecting project performance data, 

producing performance measures, as well as reporting and disseminating performance 

information. The primary objective in the controlling process is to ensure consistency 

between the actual performance and the planned performance, to analyse variances, to assess 

trends to effect process improvements, evaluate possible alternatives, and recommending 

appropriate corrective measures as needed. The key in the monitoring and controlling process 

is that performance in the project is measured and analysed on a continuous basis in order to 

quickly identify and correct variances from the project management plan (PMI, 2017). In this 

regard, construction projects are becoming complex in nature, therefore control is a 

fundamental requirement to avoid overruns of key performance parameters (Olatunji, 2016). 

Moreover, the project monitoring process may also trigger the scope change controlling 

process (Burke, 2010). Notably, the possibility of scope change is much higher in the earlier 

stages of the project execution, and gradually becomes lesser as the project approaches the 

closing processes.       

2.2.2.5 Project closing processes   

The project closing process consists of processes performed to formally complete the close of 

a project, phase or contract. Importantly, this process verifies that the defined processes are 

completed accordingly. At this stage, the project is closed out appropriately (PMI, 2017).  To 

this extent, the closing process formally accepts the project and brings it to an orderly end. 

This involves commissioning the product and confirming the objectives have been met in 

accordance with the desired standard as reflected in the project management plan. The project 

is then handed over to the client for operation. This section would also include the writing of 

a closeout report to document the lessons learnt from the project execution (Burke, 2010). 

Notably, the lessons learnt should cover both the positive as well as the negative experiences 

encountered for the duration of the project life cycle.  
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2.2.3 Dimensions of Complexity in Construction Project  

Construction projects, by its complex nature, have an increased risk of late completion and 

running over budget (He, Luo, Hu & Chan, 2015; Eltyeb et al., 2017; Khodeir, 2017; 

Bjorvatn & Wald, 2018). Therefore, evaluating and understanding the complexities in 

construction projects is critical to the success of the projects in terms of schedule and budget. 

However, there is still a lack of consensus, especially regarding a clear and unambiguous 

definition of complexity of projects in the literature (Bosch-Rekveldt et al., 2010; He et al., 

2015).  In this regard, “there seems to be none single definition of project complexity that can 

capture the whole concept” (Cristobal, 2017). Against this backdrop, Hartono (2018) cautions 

that complexity should be viewed as a subjective, abstract, overarching, and evolving concept 

which covers multitudes of dimensions or attributes that is relevant to construction project 

management. Consequently, in order to gain insight into the broader spectrum and details of 

complexity in construction projects, there are six (6) predominant dimensions to be unpacked 

in this section. The first dimension is the technical complexity.    

2.2.3.1 Technical complexity 

Increasingly, construction projects are characterized with high technological elements, such 

as building type, overlapping of design and construction works, and dependencies of project 

operations (He et al., 2015). According to Bosch-Rekveldt et al. (2011), elements that 

contribute to technical complexity could be unveiled with the following questions: To what 

extent do technical processes in this project have interrelations with existing processes? Are 

there conflicting design standards and country specific norms involved in the project? Did the 

project make use of new technology, such as non-proven technology, which is new in the 

world, not only new to the company? Do the involved parties have experience with the 

technology involved? The technical dimension takes into consideration the increasing trend 

of innovative and green technologies in construction. In this regard, He et al. (2015) refer to 

this trend of innovation as the “three-dimensional technology” which comprises of energy 

conservation, construction technologies, and green construction materials. Moreover, the 

number and nature of dependencies between the tasks in the project could also increase the 

level of complexity in the project (Bosch-Rekveldt et al., 2011). Therefore, the numerous 

interfaces between the project team and project stakeholders (Hanisch & Wald, 2014).  

2.2.3.2 Organizational complexity 

Organizational complexity is primarily related to, amongst others, the organization structure, 

the project team, and other stakeholders involved in the project (Bosch-Rekveldt et al., 2011). 
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As such, organizational complexity is often used interchangeably with structural complexity 

(Bjorvatn & Wald, 2018), and socio-organizational complexity (Antoniadis et al., 2010). On 

this note, Bjorvatn and Wald (2018) maintain that structural complexity encompasses the 

professional and demographic diversity of the project team and the numerous interactions and 

collaborations between the project team and the project stakeholders. In the same vein, 

Antoniadis et al. (2010) argue that understanding the socio-organisational complexity is 

important in understanding the selection and structuring of the project team members, and the 

project management style. That is, the diversity of the cultural software in the human mind-

set, which is manifested by several factors such as team trust, cognitive flexibility, emotional 

quotient and system thinking (He et al., 2015) is the underlying element in the definition of 

organizational complexity. Bosch-Rekveldt et al. (2011) outline several key factors 

encompassing organizational complexity: the number of different nationalities involved in the 

project team; establishment of trust and common norms amongst the project team members; 

weaknesses, and the number of different languages used for communication during project 

works. To this end, organizational complexity clearly raises the demand for information 

processing and coordination (Hanisch & Wald, 2014).  

2.2.3.3 Information complexity 

According to He et al., (2015), “information complexity stems from the complicated 

communication among a great number of project stakeholders under complicated contractual 

arrangements throughout the whole project delivery processes”. Given that construction 

projects encompass a complex net of contracts and other legal obligations, each of which 

must be carefully administered (Hanekom & Strasheim, 2017), information complexity 

increases. On this note, “information complexity is usually influenced by several factors, 

such as information systems, the degree of obtaining information, levels of processing and 

transmission of information” (He et al., 2015). Moreover, complexity is also likely to 

manifest itself in communication challenges between interlocutors and, consequently, in 

dysfunctional collaborative relationships across professions and disciplines (Bjorvatn & 

Wald, 2018) involved in the project. Therefore, as expressed by Pich, Loch and Meyer 

(2002), complexity in construction projects could be in terms of the adequacy of the available 

information. In this regard, Chen, Tsui, Dzeng and Wang (2015) propose a web-based 

information management solution to facilitate information sharing among project 

participants. They argue that the online project communication and management system 
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allows the contractors and other stakeholders to keep up to date with advanced project-based 

change information as the project progresses towards delivering its goal.  

2.2.3.4 Goal complexity 

Goal complexity stems from ambiguity that existed in several potential interpretations of 

project goals and objectives, such as unshared goals and goal paths (He et al., 2015). In the 

literature, the goal complexity is also known as managerial complexity. On this note, Khodeir 

(2017) maintains that managerial complexities relate to uncertainty in terms of project goals 

and methods, or lack of application of proper management tools and techniques. In this 

regard, Bosch-Rekveldt et al. (2011) pose very critical questions to be considered when 

assessing the goal complexity in construction projects: What is the number of strategic 

project goals; Are the project goals well aligned; Are the project goals clear amongst the 

project team? Goal ambiguity and uncertainty (Rolstadås & Schiefloe, 2017) may result in 

“task uncertainty, and could hinder a team's ability to identify and acquire relevant new 

knowledge” (Bjorvatn & Wald, 2018) for the successful delivery of the project. He et al. 

(2015) are of the view that goal complexity is usually caused by several factors, such as 

various project participants' requirements, project task complexity, and limited resources.     

2.2.3.5 Environmental complexity 

Environmental complexity relates to the numerous external environment factors which 

influences the performance and operations of the project. According to He et al. (2015), 

environmental complexity refers to the dynamics of the context and location where a project 

operates, such as the natural-, market-, political- and regulatory environment. In addition, this 

form of complexity could also be influenced by the diversities of the project stakeholders 

whose interests and needs are also affected by the environment (Bosch-Rekveldt et al., 2011; 

Kishan et al., 2014). To determine the elements that contribute to environmental complexity 

in construction projects, Bosch-Rekveldt et al. (2011) probed the following questions: What 

is the number of stakeholders (internal and external) around the table? Do you expect 

unstable and/or extreme weather conditions which could potentially influence the project 

progress? Does the political situation influence the project? Do you expect interference with 

the current site or the current use of the (foreseen) project location? Do you expect unstable 

and/or extreme weather conditions; could they potentially influence the project progress? 

What is the required local content? Is the market environment stable in terms of exchange 

rates, raw material pricing? Do the involved parties have experience in that country; and do 

different stakeholders have different perspectives? To a large extent, the different 
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stakeholders’ perspectives could be because of the cultural diversity amongst the involved 

parties in the project.  

2.2.3.6 Cultural complexity 

As noted by He et al. (2015), “cultural complexity refers to the diversity of the cultural 

software in the human mind-set, which is manifested by a number of factors such as team 

trust, cognitive flexibility, emotional quotient and system thinking”. In this regard, cultural 

complexity could be further categorized into “three levels, namely national culture, industrial 

culture and organizational culture” (Brockmann & Girmscheid, 2008 in He et al., 2015). 

Deng et al. (2018) identified cultural diversity as one of the micro variables contributing to 

political risks in construction projects operating at international level. They argue that the 

attributes of international construction firms such as organizational culture, relationship with 

host government and power groups, acceptance of the firm, the level of firm localization, 

internationalization and diversification are determinants of political risks. Against this 

background, authors like Bosch-Rekveldt et al. (2010) highlight the importance of assessing 

and determining the extent to which “the political situation influence the project” as part of 

project risk assessment. The notion of risk and cultural complexity is further echoed by 

Bjorvatn and Wald (2018), who remarked that stakeholder heterogeneity and cultural 

diversity can easily obstruct the project team's assimilation of knowledge in the delivery of 

the project. Notably, the TOE framework as proposed by Bosch-Rekveldt et al. (2010), 

widely embraces and underpins the vast majority of the interdependencies of the various 

elements in construction project. For this reason, this study will apply the TOE as a 

theoretical framework for project complexity given that it provides a broader spectrum and 

details of the dimensions of complexity in construction projects. What stands out from this 

theoretical framework is that complexity embeds interdependencies of heterogeneous 

elements of a particular system. As such, the theory of systems engineering is 

complementarily applied in the theoretical framework of this thesis.  

2.3 THE THEORY OF SYSTEMS ENGINEERING 

The following section provides the background and postulates of the theory of systems 

engineering; and illustrates the theory’s relations with and or implications for project risk 

management and construction projects. Importantly, “the theory of systems engineering 

consists of many parts derived from the supporting disciplines and system types” (Watson et 

al., 2020). 
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2.3.1 Background of the Theory of Systems Engineering 

The systems engineering philosophy has its roots in a diverse range of sources and emerges 

from several disciplines. Cristóbal (2017) indicated that we can trace it background from J. 

Smuts’ holism in the 1920s to the General Systems Theory that was advanced by Bertalanffy 

in the 1940s and subsequently the cybernetics which was advanced by Ashby (1961) in the 

1950s era. The systems thinking approach was further developed by Forrester, who 

championed the first step towards adapting the principles of system dynamics to the 

behaviour of the forces involved in the transition from growth to world equilibrium 

(Forrester, 1971). In advancing the theory he further observed that “system dynamics 

modelling has come useful guides for working toward a better understanding of the world 

around us” (Forrester, 1993). Given that the theory of systems engineering consists of many 

parts derived from other supporting disciplines, Watson et al. (2020) defines the theory of 

systems engineering as a midrange theory which integrates and embeds several different 

theories. According to Wingate (2018), the systems engineering philosophy began to emerge 

upon the realization of the limitations of the traditional engineering process when project 

development started overlapping disciplines on a regular basis. As the engineering projects 

became more complex and elegant, there was a growing sense of a need for, and possibility 

of, a scientific approach to problems of organization and complexity in a science of systems 

(Wingate, 2018). In this regard, the theory of systems engineering becomes the idea of 

middle range theory that bring together empirical relationships (Watson et al., 2020). The 

systems engineering philosophy is based on a convergent and deductive way of thinking, 

which is also used in engineering modelling and analysis in many other fields of study 

(Wingate, 2018) such as biology, economics, and sociology (Cristóbal, 2017). Accordingly, 

as outlined by the International Council on Systems Engineering (INCOSE) (2011), systems 

engineering is an interdisciplinary approach and means to enable the realization of successful 

systems. Moreover, the systems engineering thinking takes into consideration both the 

business and technical needs of a range of customers with the goal of providing a quality 

product that meets the user needs. In the same vein, Wasson (2015) acknowledges the holistic 

value in the application of the theory of system engineering. He sees systems engineering as 

the multidisciplinary application of analytical, mathematical, and scientific principles to 

formulating, selecting, designing, and maturing a solution that has acceptable risk, satisfies 

user operational needs, and minimizes development and life cycle costs while balancing 

stakeholder interests. Therefore, systems engineering, is not just a discipline but a thinking 

philosophy that provides a unique multidisciplinary approach which, when properly applied 
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and tailored to project needs, in the end significantly increases the potential for success 

(Wingate, 2018). The theory of systems engineering has hypothetical propositions through 

which consistency with facts are known or may be determined.  

2.3.2 Postulates of the Theory of Systems Engineering  

These postulates define the domain of systems engineering as well as the system aspects and 

influences that are of concern to the systems engineer (Watson et al, 2019). A postulate could 

also be referred to as a hypothesis, which according to Wasson (2015 in Webster, 2013) is 

defined as a “proposition tentatively assumed in order to draw out its logical or empirical 

consequences and test its consistency with facts that are known or may be determined”. The 

profound postulate is that systems engineering comes in three systems.  

2.3.2.1 Systems engineering comes in three systems 

The first and foundational statement on systems engineering is that every system design 

involves three systems, that is, the solution-system, the context-system or operational 

environment, and the realization-system or the project environment (Mabelo, 2020). To 

elaborate further on the ‘tripartite nature’ of systems engineering, Watson et al. (2019) 

indicates that there are hierarchical interactions between the three systems which are referred 

to as exhibition of Command and Control (C2) systems that lead, direct, influence, or 

constrain mission system and enabling system actions, behaviour, and performance, and these 

C2 systems are the Higher-Order Systems Domain (Wasson, 2015). This postulate states that 

any application of systems engineering should be organized based on consideration of the 

system being developed or operated. The systems engineering methods applied to a product 

will and should vary in emphasis and application based on the nature of that product, its 

environment, and its context. (Watson et al., 2019). That is, a system will always be subject 

to interact in some way with other relating systems and, as such, each system is a component 

in a wider system. It is therefore necessary to look not only at an individual component, or for 

that matter at an individual system, but also at the way the system (or component) interacts 

with its neighbors. A system interacts with other systems by means of inputs and outputs 

processes (Dandy et al., 2017).  System development that will involve the operational 

environments and/or addressing the project realm alone (such as delivery processes, outputs) 

would be remiss (Mabelo, 2020) because systems interact with and depend on other 

environment systems.  
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2.3.2.2 Subsystems are interactive and dependences with the system environment 

This postulate addresses the system integration aspects of systems engineering. In this regard, 

systems engineering is concerned with combining multiple subsystems, of various physical 

and logical types, into a holistically best-balanced function towards accomplishing the 

mission goals (Watson et al., 2019). That is, systems engineering comprises a complex 

combination of resources (which includes human beings, materials, facilities, information, 

equipment, hardware, software, data, services, etc.) integrated in such a manner as to fulfil a 

specified operational requirement (Blanchard & Blyler, 2016). Dandy et al. (2017) note that 

an engineering system consists of components which in turn are made up of subcomponents 

which, when zoomed in upon closely, it could be seen that each sub-component is also a 

system and is made up of other sub-sub-components therein. When developing a system, the 

systems engineer primarily focuses on the interaction of these subsystems, while the design 

engineer pay attention to the details in the components, sub-components, and sub-sub-

components (Watson et al., 2019).   In this context, we may be dealing with system of 

systems (SOS), a popular term currently being used in describing highly complex systems 

within some higher-level structure (Blanchard & Blyler, 2016). In highly complex systems, 

the authors emphasize that the objective is to be able to adequately define and describe the 

overall boundaries of the system being addressed and its interfaces and interrelationships 

across the board. These system interfaces and interrelationships can potentially create 

unexpected system responses and, as such, the systems engineer must predict and manage 

these responses (Watson et al., 2019). That is, the critical task is to ensure that these various 

elements of a system are directly tied to and supportive in the performance of some given 

mission scenario or series of scenarios (Blanchard & Blyler, 2016).  

2.3.2.3 Integrate engineering disciplines in an elegant manner 

While systems engineering is its own engineering discipline, it is also dependent on other 

engineering and social disciplines. This postulate addresses the discipline integration aspects 

of systems engineering with other disciplines (Blanchard & Blyler, 2016; Watson et al., 

2019). That is, systems engineering seeks to integrate and incorporate the other engineering 

(such as civil, structural, mechanical, electrical etc.), social (management, economics, 

logistic, communication) and ecology (sustainable development) disciplines in an elegant 

manner to produce an elegant system throughout the system life cycle (Watson et al., 2019).  

In this context of complex engineering projects, “the planning and design work can be broken 

down into a number of inter-related tasks and sub-tasks that can be handled separately by 
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individuals or small groups of engineers and other professionals” (Dandy et al., 2017). The 

interaction of the disciplines and detailed understanding thereof is the focus of the systems 

engineering domain. As such, the systems engineer must be cognizant of the organizational 

and sociological influences on the system development and operations thereof, while also 

thoroughly engineering these interdisciplinary collaborations (Watson et al., 2019).  In 

essence, an interdisciplinary collaborative effort (team approach) is required throughout the 

system design and development processes to ensure that all design objectives are achieved in 

an effective and efficient manner (Blanchard & Blyler, 2016). This enables a comprehensive 

understanding of the various design disciplines and their interrelationships, particularly for 

large engineering projects. In this regard, Watson et al. (2019) note that any complex system 

is developed by a team of multiple engineering disciplines with many social aspects 

influencing the integration in a formal and informal manner. The organizational structure and 

culture can influence and be influenced by the systems engineering.  

2.3.2.4 Influences and influenced by organizational structure and culture 

According to Watson et al. (2019), the system under development drives the development 

process which has a corresponding influence on the structure and culture of the system’s 

developmental and operational organizations. Conversely, the structure and culture of the 

organization also influences the engineering of the system. In this regard, Wingate (2018) 

note that organizational structure and culture can have an impact on the implementation of 

systems engineering and the resulting successes or lack thereof. Therefore, the systems 

engineer must be cognizant of the organizational culture and communications as it has a 

potential impact on the design of the system. That is, the systems engineer must understand 

how information flows through the organization, is filtered and interpreted by the 

organization, and is captured by the system design or operational procedures (Watson et al., 

2019). In this regard, Wingate (2018) is of the view that determining the best suitable strategy 

for implementing and performing systems engineering is an organizational leadership 

decision. To implement the System Engineering Management Plan (SEMP) successfully 

requires an organizational structure that will support, promote and generally enhance the 

application of system engineering concepts and principles (Blanchard & Blyler, 2016). In the 

same vein, Wingate (2018) maintain that implementing systems engineering into an 

organization requires an understanding of the governance model, business processes and 

supply chain management. The author further advises that if an organization is new to 

systems engineering, an evaluation of all the interfaces associated with each systems 
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engineering process must be mapped against each process owned by another department or 

division, to ensure that the interfaces between the systems engineer and those departments 

that do the detailed work are known and addressed before the official implementation begins 

in the organization. It is important to also note that influencing the organizational structure 

and culture come with some challenges. Generally, the larger an organization is, the more 

difficult it is to implement significant changes (as influenced by the systems engineering) to 

the structure because the number of stakeholders that are involved increases exponentially 

(Wingate, 2018). That is, obtaining stakeholder buy-in and support becomes a major 

challenge to overcome in big organizations. In addition to size of the organization, the way 

the organization is funded and legally structured may also add additional constraints to 

restructuring (Wingate, 2018) towards systems engineering development and implementation 

thereof. However, in ideal organizational structures the systems engineer should work 

together with the project management and line management to address issues in 

organizational information flow and culture to improve the elegance of the system (Watson et 

al., 2019). This may, to some extent, have an impact on the organization’s budget, schedules 

and policies.    

2.3.2.5 Influences and influenced by budget, schedule, policy, and law 

According to Watson et al. (2019), policies and laws, budgets and schedules factors provide a 

context in which the system is developed and operated (Watson et al., 2019). That is, all 

systems must conform to established organizational and government policy and laws (Watson 

et al., 2019), while achieving the most effective utilization of human, material, and monetary 

resources in accomplishing the functions that are required at the time (Blanchard & Blyler, 

2016). Importantly, the availability of budget and expected duration, as well as existing 

policy and law, can influence choices in the development of a system (Watson et al., 2019). 

In this regard, Wasson (2015) refers to factors as “human induced systems context” which 

exhibits hierarchical authority over lower tier systems through the “chain of command” 

structures, policies, procedures, constitutions, laws, and regulations. Equally, corporate or 

company policy is influenced by the types of systems the corporation or company chooses to 

develop (Watson et al., 2019). For example, organizations in highly regulated fields, such as 

the medical or financial domains, may be required to obtain additional approvals for changes 

to their organizational structure (Wingate, 2018). Moreover, influencing budget, schedule, 

policy, and law may be subjected to more stringent organizational controls in public sector 

organizations than in private sector organizations. In essence, this postulate holds the view 
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that the foundation of systems engineering begins with the integration set of interoperable 

elements of personnel, equipment, procedures, resources, behavioural outcomes, and facilities 

in the organization (Wasson, 2015). Moreover, choices of systems are primarily based on an 

understanding of a system’s abilities to achieve the government and/or company executive’s 

strategic intents.   

2.3.2.6 Inherent within and throughout the entire system life cycle 

To ensure a holistic and comprehensive approach, the system engineering process is inherent 

within and throughout the overall system life cycle (Blanchard & Blyler, 2016). That is, 

systems engineering views a project from the life cycle perspective beginning from 

conception through to closure, disposal, or restoration to its natural or original form 

(Wingate, 2018). In the same vein, Blanchard and Blyler (2016) concurs that a life-cycle 

orientation is applied to address all phases starting from the system design and development 

phase, production and construction, distribution, operation, maintenance, and support to 

system retirement phase.  The life-cycle orientation of systems engineering is seen as a 

holistic and top-down approach as illustrated by Wingate (2018) that, instead of starting from 

a known capability and designing upward to a more integrated capability, with the systems 

approach one must look at the intended purpose of the design and decompose the elements of 

the design into small and manageable components. In practice, this approach includes an 

initial definition of the problem to be addressed and the identification of a client need, 

conducting the feasibility analysis, development of system operational requirements and the 

maintenance and support system, accomplishment of a functional analysis, allocation of 

requirements, and development of the top-level architectural prototype for a given system 

(Blanchard & Blyler, 2016). Unlike the traditional engineering approach, wherein emphasis 

has been placed primarily on system design activities, with little (if any) consideration given 

to their impact on production, operations, support, and disposal (Blanchard & Blyler, 2016), 

the systems engineering approach helps us to identify the elements and components that 

should be incorporated in a project management process in order to deal with the 

contemporary complexity, dynamic, and uncertain environment both at the strategic, tactical 

and operational level (Cristóbal, 2017) of engineering projects. Therefore, systems 

engineering integrates all required design disciplines and specialty teams by creating and 

implementing a structured process that overarches the entire life cycle (Wingate, 2018). 

Importantly, as the system progresses through its life cycle, the requirements for systems 

engineering progressively changes (Wasson, 2015).  
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2.3.2.7 Understanding of the system progression 

A deeper understanding of the holistic system is gained as the system progresses through 

development and operations levels. That is, as the system progresses through development, 

more detailed decisions are needed and as understanding deepens these detailed decisions can 

be made (Watson et al., 2019). Given that the speed at which products are brought to market 

increased exponentially (Wingate, 2018), the deepening of understanding of the system and 

its application drives commercial product upgrades or new models (Watson et al., 2019). That 

is, the technical assessment process shows the need for upgrades and review as systems 

progress from concept review to requirements, review to design, and review to acceptance 

review (Watson et al., 2019). According to Wingate (2018), the system progression processes 

form the basis for movement to the design-build-test method of engineering that is popular in 

this contemporary complex and dynamic environment (Wingate, 2018). In this complex and 

dynamic environment, systems engineers are to develop models to predict system 

capabilities, and then refine these models as testing and operational experience is achieved 

(Watson et al., 2019). The ability to think of an idea, conceptualize a design, develop a 

prototype, test, verify, and validate the performance of the capability, and produce the design 

to specifications (Wingate, 2018) is the fundamental requirement for progresses and 

deepening of understanding in the system engineering. Accordingly, the systems engineer is 

responsible for the various changes and upgrades to the system capabilities (Watson et al., 

2019) while understanding deepens as the system progresses through its development 

processes. Moreover, system models gain reliability as the design progresses and, as such, the 

interaction between subsystem design maturity and system model maturity must be managed 

by the systems engineer (Watson et al., 2019). Collectively, the above presented postulates 

suggest that the systems engineering thinking should be introduced in the project 

management discipline to allow for a design and development of fidelity models for projects 

that can be tested, verified, validated, and applied to support proactive decision making.  

2.3.3 Integrating Systems Engineering in Project Risk Management 

The existing body of research has established that managing risks in projects is a very 

important management process for accomplishing the undertaking goals of time, cost, quality, 

safety and environmental sustainability (Atkinson, 1999; Chihuri & Pretorius, 2010; Taylan 

et al., 2014; Okoye et al., 2015; Gupta et al., 2016; Qammaz & AlMaian, 2020). However, 

“careful management is needed of the entire project, and of its various phases in order to 

bring the project to a successful conclusion” (Dandy et al., 2017) because each main phase is 
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on its own a complex process. That is, risk management requires the decomposition 

approach, wherein the project processes are broken down progressively into many simple, 

inter-related tasks that can be studied and evaluated individually (Dandy et al., 2017). For this 

reason, the application of systems engineering is needed to increase the probability of project 

success in any domain (Wingate, 2018) of the project. Though risk management is widely 

described as a systematic way of looking at areas of risk and consciously determining how 

each should be treated (Taylan et al., 2014; Okoye et al., 2015; PMI, 2017) with the 

traditional project management approach, emphasis has been placed primarily on the actual 

project being developed (Mabelo, 2020). With the application of the systems engineering 

thinking, the implementation of risk management system in projects must be oriented towards 

the progress of the project and pervade all aspects, functions, and processes of the project 

(Gupta et al., 2016). With this approach, a deeper understanding of the holistic risk 

management system is gained as the system progresses through development and operations 

levels (Watson et al., 2019) of the project. In the same vein, Wingate (2018) emphasizes that 

projects require careful integration of project elements from multiple disciplines to ensure 

that they achieve the expected results within the cost, schedule, and scope anticipated by the 

stakeholders. In this regard, systematic risk management could only be achieved through 

complementary responsibilities between the project manager and the systems engineer. 

Mainly because, as indicated by Wingate (2018), “the process of risk management is seen 

somewhat differently from the perspective of the project manager versus the systems 

engineer”. That is, the project manager sees risks and opportunities as they are associated 

with the triple constraints of cost, schedule and scope resulting from the operational 

activities; whereas the systems engineer sees risk from a technical point of view as something 

that can be reduced through design and development activities (Wingate, 2018), that which 

embrace a holistic and comprehensive approach throughout the overall project life cycle 

(Blanchard & Blyler, 2016). The primary objective in integrating the systems engineering 

with project risk management is to address the risks holistically rather than dealing with 

individual risk in different components of the project because the elements and components 

of project have a complex character in terms of interrelatedness and interdependence to each 

other. The complexities are more prevalent in engineering infrastructure projects which are 

delivered in separate but interrelated processes, functions, and disciplines in the planning, 

design, implementation, and maintenance phases (Dandy et al., 2017).  
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2.3.4 Systems Engineering and Infrastructure Projects  

One of the characteristics of our modern infrastructure projects is its complexity (Dandy et 

al., 2017). Large infrastructure projects have a non-linearity development of the 

implementation process in a sense that any minor changes may cause major effects on the 

execution processes of the projects (Mabelo, 2020). Systems engineering thinking 

application, which is a new approach to construction project management, allows for more 

effective selection of key measures, a less arbitrary process for setting objectives and, most 

importantly, creating a true model of the business that can be tested and used to support 

improved decision making (Cobbinah et al., 2020). To deal with complexity, engineers use a 

process of decomposition whereby a complex object is conceptually broken down into 

successively smaller and simpler component parts until it is possible to study and analyse the 

individual components and the way they interact with each other. The systems approach 

provides an effective framework within which the work of planning, design and management 

can be conducted (Dandy et al. 2017). Large Infrastructure Projects in particular are “nested” 

in the socio-economic environment, and their deployment could entail changes (and 

sometimes a cascade of changes) in the broader environment that might not necessarily prove 

positive or beneficial (Mabelo, 2020). This engineering infrastructure is made up of large, 

separate, but interacting, parts, which we call “systems”. Each system has been designed to 

satisfy a specific set of goals that are related to community needs, and consists of many 

interacting components, or sub-systems (Dandy et al., 2017). From a System Development 

perspective, our context of SE practice here focuses on the need for efficient and effective 

problem-solving and solution development methods that apply to all Engineering disciplines, 

not just SE (Wasson, 2015). 

2.4 CHAPTER SUMMARY 

In summary, this chapter has reviewed two theories which all together form the basis of the 

theoretical framework applicable in this thesis. The first theoretical lens applicable in this 

study is the complexity theory, primarily because construction projects are initiated and 

delivered in complex and dynamic environments which result in circumstances and situations 

of high uncertainty and risks.  Considering that the complexity theory is a philosophy of 

science that is concerned with phenomena and events that cannot be explained by traditional 

positivistic scientific methods (Haynes, 2008), this theory becomes relevant for explaining 

the questions of what, how and why in the empirical evidence presented in the previous 

chapter of this study. That is, the complexity theory provides the fundamental assumptions 
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underlying the dynamic nature of construction projects. Secondly, the theory of systems 

engineering thinking is also adopted as a theoretical lens for shedding more clarity on the 

processes of dealing with the complex risks embedded in construction projects and for 

providing deeper insight into how the traditional theoretical approach of dealing with risks in 

construction project management could be substituted. Importantly, the theory of systems 

engineering insinuated itself into complexity theory from its inception on three levels in 

terms of the interrelated of elements, the dynamic processes that interact with many factors, 

and the multifaceted dimensions. Accordingly, as proposed by Bosch-Rekveldt et al. (2010), 

a more systematic perspective and broader spectrum of complexity definition in construction 

projects is manifested in three dimensions which provides accurate segments for clear 

classification of project complexity factors, and which also widely embraces the 

interdependencies of the various elements and components in construction projects. Apart 

from this theoretical framework, the chapter that follows presents the conceptual framework 

and literature review in relation to construction project risk management.  
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CHAPTER THREE: THE CONCEPTUAL FRAMEWORK AND LITERATURE 

REVIEW ON CONSTRUCTION PROJECT RISK MANAGEMENT 

3.1 INTRODUCTION  

Recently, there has been renewed interest in the field of risk management in construction 

projects. The ever-increasing complexity and dynamics in the delivery of construction 

projects have serious effects on the risk management processes during the execution of the 

project (Baccarini, 1997; He et al., 2015; Khodeir, 2017; Bjorvatn & Wald, 2018; Mabelo, 

2020). In practice, risk methods and techniques have proven to be unrealistic through the 

traditional risk management approach in the face of the complexities and dynamic 

environments wherein the projects are delivered. Nowadays, construction project 

management are becoming complex not only because of the extensive use of sophisticated 

modern methods of construction, construction plant and equipment, and the involvement of 

multi-disciplinary and multi-tasked teams and workforce (Cobbinah et al., 2020), but also 

because of the increasing demand for local businesses empowerment as well as 

environmental restrictions on construction projects. Therefore, using the traditional project 

risk management approach, it is often difficult for construction project managers to optimise 

the project success in terms of time, cost and quality objectives given the complexities in the 

construction projects. According to the PMI (2017), “project risk management includes the 

processes of conducting risk management planning, identification, analysis, response 

planning, response implementation, and monitoring risk on a project”. Similarly, the 

Association of Project Management (APM) (2004) summarizes these risk management 

processes into three categories of macro-phases which are based on common goals of the risk 

management performance in projects. This international body of knowledge provide the 

techniques and methods to be adopted in the performance of project risk management in 

various stages of the risk management processes. Although the standard risk management 

process comprises different stages and is generally adopted in the literature of project risk 

management, as it presents a systematic approach of modelling risks, the interdependency 

between risks and complexity is not reflected in the risk management framework (Qazi, 

Quigley, Dickson & Kirytopoulos, 2016). That is, the theoretical risk management processes 

are based on a generic sequential flow of steps toward the management of risks. With the 

complex nature of construction projects, which are delivered through a series of contractual 

documents, throughout the risk management processes, there is a need to accustom the risk 

management approaches based on the complex nature of construction projects. Ironically, the 

traditional risk management approach entails the application of different methods and 
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techniques in the various sequential risk management processes. This chapter therefore 

presents and discusses some of the limitations in the application of the risk management 

methods and techniques in a discrete risk management process. Firstly, this chapter provides 

a rigorous review of the complex factors which imbeds risks and uncertainties in construction 

projects. Secondly, this chapter discusses the risk management methods and techniques in 

accordance with the traditional project risk management processes. Lastly, this chapter also 

discusses the measures of project management success. The following section discusses the 

nature of risk categories inherent in construction projects.  

3.2 RISK CATEGORIES IN CONSTRUCTION PROJECTS 

Construction projects are complex and as a result are subject to a variety of risks (Baccarina, 

1996; Maxwell & Oluwayomi, 2016; Qazi et al., 2016; Cristobal, 2017; Bjorvatn & Wald, 

2018). To this extent, risk is commonly associated with an uncertain event or a condition that 

may lead to a positive or a negative outcome in relation to the project objectives (Panova & 

Hilletofth, 2018) in terms of time, cost and quality. Accordingly, Taylan et al., (2014) note 

that “construction projects are initiated in dynamic environment which result in 

circumstances of high uncertainty and risks due to accumulation of many interrelated 

parameters”. In general, the literature reveals that construction projects are exposed to risks in 

relation to design and technical, financial and economic, political and public, contractual and 

legal, construction, managerial, logistical, and environmental factors (Sharma & Swain, 

2011; Purnuş & Bodea, 2015; Larson & Gray, 2018; Panova & Hilletofth, 2018; Renuka & 

Umarani, 2018). Despite the complex and dynamic nature of construction projects, previous 

studies have mainly used a quantitative approach, and little attempt has been made in the use 

of a narrative qualitative approach in analysing and explaining the risks in relation to the 

objectives of the construction project in terms of time, cost, quality and environmental 

sustainability. One of the key risks that often affect the project objectives is the design and 

technical risk.     

3.2.1 Design and Technical Risks  

The literature on design and technical related risks in construction projects highlights that 

drawing design changes and incomplete design information in the beginning of the project 

are the primary cause of technical and design risks. About the latter, Jarkas and Haupt (2015) 

assert that the lack of coordinated design between the various disciplines such as 

architectural, structural, mechanical, electrical and wet services may result in errors and 

omissions in design drawings. To this extent, Sharma and Swain (2011) also emphasize that 
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delays from the various disciplines in supplying the information required by contractors often 

result in schedule variations, claims and cost escalations, while Dosumu and Aigbavboa 

(2017) point out that those errors and omissions in design drawings, unclear and incomplete 

drawings, as well as lack of technical specifications are the potential risks in the design phase 

of a project. From a green building perspective, it is argued that the insufficient information 

at the design phase of the construction projects is a risk that often result from the architecture 

team being unaware of sustainable drawing design and as a result creating complications in 

the design documents (Sayegh, Manjikian, Ibrahim, Abouelyousr & Jabbour, 2021), while 

when looking from a quality point of view, Sharma and Swain (2011) indicate that design and 

technical risks in construction projects may arise as a result of non-standardization of design 

details, non-standardization of suppliers, and poor quality controls such as inadequate 

inspections and late approval of the drawing design. The literature suggests that the provision 

of detailed and accurate information, and appropriate specifications is critical in the design 

phase of construction projects. Nonetheless, design and technical risk will always arise 

because of the frequent changes during the construction phase of the project. 

The occurrence of frequent changes in construction projects are also regarded as a 

contributing factor to the design and technical risks. To this extent, Sharma and Swain (2011) 

maintain that construction projects are often started with incomplete and poorly defined 

design scope because of the clients’ inability to comprehensively articulate their specific 

needs and the detailed requirements of the project. Other scholars such as Sayegh et al., 

(2021) also share the same sentiment that design risks often arise as a result of the client 

changing his/her mind in terms of the technical specifications of the construction project. 

According to Charkhakan and Heravi (2019), change in construction projects usually occurs 

in two consecutive phases, namely the changes at formation and changes at implementation 

phases respectively. They argue that the changes that occur in the formation phase tend to 

happen because of incomplete information, while at the implementation phase it occurs 

because of a chain of uncertain events which include requests for change, conflicts and 

disputes among the stakeholders, and litigations. Request for change, also known as change 

orders, deviate the work processes from original plans and specifications. The effects of 

change orders in a construction project, as outlined by Jarkas and Haupt (2015), is frequent 

disruptions and redirection of works which result in prolongation in construction schedules, 

labour productivity demoralization, rework, as well as additional procurement activities. 

Against this background, Larson and Gray (2018) caution that the design and technical risks 
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are problematic in a construction project because they can often be the kind that cause the 

project to be discontinued. Apart from the design and technical risks, construction projects 

are also vulnerable to financial and economic risks.    

3.2.2 Financial and Economic Risks 

There is a large volume of published studies outlining the extent of financial and economic 

risks on construction projects. In this regard, the financial risks are more related to internal 

operations in the project organization while the economic risk are more associated with 

external factors. Construction projects are subject to high financial risks due to their 

complexity (Purnuş & Bodea, 2015). Regarding the financial risks, Sharma and Swain (2011) 

in their study of risk management in construction projects, have identified several factors that 

contribute to financial risks. These include factors such as cash flow problems and insolvency 

because of payment delays; inadequate payment for variations; under-pricing; excessive 

claims by contractors; repatriation of funds; and creditworthiness of the contractor. In a study 

on risk assessment in construction projects, Taylan et al., (2014) revealed that delays in 

payments is a critical project financial risk. To remedy such risk the scholars have 

recommended that the clients should prepare a detailed project forecast and strategic financial 

plan as practically as possible and, equally, the project designer should develop the design 

within the financial capabilities of the client. Moreover, they also suggest that a contingency 

fund and secure standby cash flow plan must be readily available in the project. The 

contingency fund is helpful in the event of changes in the external economic environment of 

the project.   

With regard to economic risks, there is general consensus that the construction sector is 

vulnerable to economic circumstances, especially during: the periods of recessions (Sayegh et 

al., 2021); economic instabilities of the country (Szymański, 2017); exchange rate fluctuation 

(Purnuş & Bodea, 2015); and global political instabilities (Deng et al., 2018). To a large 

extent, these economic factors, as outlined by Purnuş and Bodea (2015), have a direct bearing 

on the increase of the cost of construction materials as well as the labour costs in the 

construction industry. The business economic environment is the area covered by the greatest 

risks in the construction industry (Szymański, 2017). It is for this reason that Sharma and 

Swain (2011) recommend that contractors involved in massive construction projects must 

have sufficient insurance, while on the other hand it is also crucially important to have 

competent project managers in terms of skills and knowledge in project financial risks 

management (Purnuş &Bodea, 2015). However, much uncertainty still exists, though, in 
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terms of how the project manager identifies and manages such risks in collaboration with the 

professional team during the execution of the construction projects, especially under 

instances of public and political tensions which becomes another source of risk in 

construction project.   

3.2.3 Contractual and Legal Risks 

The literature indicates that construction projects encompass a complex net of contracts and 

other legal obligations, each of which must be carefully considered. Sharma and Swain 

(2011) give an indication of the complexities of the contracts and legal obligations by stating 

that contractual and legal risks in construction projects may imply a direct liability to the 

contractor, liability to other stakeholders, and compliance with local regulations and codes 

standards. Given the complex nature of the contracts in the construction project, it has been 

noted that stakeholders often misinterpret and/or misunderstand some of the bidding clauses 

and the contractual arrangement (Renuka & Umarani, 2018). The importance of paying 

attention to all the clauses in the contract documents of construction projects has also been 

emphasised by Subramanyan et al. (2012) after identifying that the ignorance regarding 

contract clauses is one of the key risk factors that influence project success. The authors make 

an example that when contractors are not putting the necessary emphasis on the effects of 

contract clauses on performing and non-performing of the other construction parties, this may 

influence the project success. Again, Renuka and Umarani, (2018) maintain that all clauses in 

the contract must be given due diligence before signing of the contract in order to avoid 

conflicts in the later stages of the project, which eventually affect the project budget (Renuka 

& Umarani, 2018). Though a contract in the construction project is perceived as a major 

source of risks (Eltyeb et al., 2017; Renuka & Umarani, 2018), neither a common 

understanding in the handling of contract related risks, nor a best practice has yet emerged 

(Schuhmann & Eichhorn, 2016). For example, Hanekom and Strasheim (2017) in their study 

of risk assessment on road construction projects observe that there is a delay in solving 

contractual issues in the construction industry. They further note that though most contracts 

place emphasis on the fair distribution of risks, in practice this is not always the case and, as 

such, often result in contractual tensions (Hanekom & Strasheim, 2017; ASOCSA) between 

the parties involved in the construction project. Similarly, Subramanyan et al. (2012) point 

out that clauses such as the handling of unrealistic price variation are either missing in the 

contract documents or not spelled out clearly in the contract clause, and as a result such 

contractual defects often cause disputes at the closing phase of the project, and eventually 
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poses a risk to the project schedule. It is for this reasons Sharma and Swain (2011) are of the 

view that legal advisors should be appointed in the beginning of a construction project to 

assist in identifying ambiguities and other potential sources of trouble in the contract 

structure of the construction project, and to suggest options for mitigating the identified 

contractual risks. To ensure effective and efficient use of contract for the purposes of risk 

management, all management processes that refer to the contract’s risk dimension have to be 

fully integrated into corporate management processes (Schuhmann & Eichhorn, 2016). 

However, coping with local laws ranked highest in the construction industry (Jimoh et al., 

2016), especially the environmental management related regulations. Risk factors in relation 

to contracts identified by Polat and Duzcan (2010) include the following: Vagueness of 

contract conditions regarding claims due to delays in payments; strict contract conditions 

regarding delays and cost overruns resulting from design and site conditions; unsatisfactory 

contract conditions regarding claims due to design changes and additional works. 

3.2.4 Political and Public Risks  

The effects of political and public risks on construction projects have been widely reported in 

the literature. To provide the context background, Sharma and Swain (2011) have identified 

the causes of the political and public risks in construction projects. They mentioned risk 

factors including for example, changes in labour law, inconsistency of regulations within the 

country or industry, civil protests and disorder, hiring foreign workers, involvement of joint 

venture with local organizations and suppliers, customs and export restrictions, and 

requirements for building codes permits. From a global perspective, Deng et al. (2018) 

investigated the political risks in the context of international construction projects. They 

classified political risks into three basic categories, that is, macro-, meso-, as well as micro-

risks. They define the macro-risks as those events that are politically motivated and have a 

direct impact on foreign enterprises in general.  The meso-risks are regarded as those 

politically motivated events that have an impact on a specific industry, while the micro-risks 

are the political risk factors affecting only a specific organization or project. About the micro-

political-risks, Teo and Loosemore (2011) have used a relationship-based approach to assess 

the understanding of community protest from a project management point of view. They 

maintain that there is little empirical research to assist project managers in understanding how 

to effectively interact with communities to prevent the development and escalation of 

community protests. Moreover, the result of their study also attests that “dealing with 

community protest is a complex and dynamic challenge for project managers due to the 
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anarchic and self-organising properties of community-based protest groups” (Teo & 

Loosemore, 2011). Regarding the macro-political-risks, Deng et al. (2018) found that the 

most critical risk factors affecting construction projects were poor relationship with 

governments, misconduct of contractors, project desirability to the host country, and public 

opposition to the project. To incorporate the needs and aspirations of the public, Teo and 

Loosemore (2017) has recommended that stakeholder engagement strategies in the 

construction project should embrace the trust-building approach in the early stages of the 

project in order to allow the project manager to understand the community concerns as an 

important project stakeholder. However, the way political and public risks should be resolved 

in construction projects remains unclear, particularly in terms of the contractual and legal 

frameworks.      

3.2.5 Logistical Risks 

Under logistical risks, several studies have highlighted the issue of poor supply chain 

management as the primary cause of logistics related risks in construction projects. To this 

extent, Choudhari and Tindwani (2017) present a logistics optimisation model for sourcing, 

processing and distribution of raw material for a construction project to minimise the total 

logistics cost. They use a quantitative approach to demonstrate that planning material 

logistics of an entire construction project using the optimization model provides substantial 

saving in logistics costs using common sense. Panova and Hilletofth (2018) have introduced 

the use of the dynamic modelling method together with the Monte Carlo simulation at the 

beginning of the construction project to calculate the supply chain risks, which include 

possible delays in the supply of materials and other equipment, overcapacity or deficiency 

warehouse, on-time loading and shipment of goods. Other scholars argue that the selection of 

a right supply chain model and optimisation of logistics decisions can definitely improve the 

financial benefit to the construction project, particularly because of considerable saving in 

logistics cost (Sobotka, Jaskowski & Czarnigowska, 2012). Regarding logistical risks, Jarkas 

and Haupt (2015), draw attention to the fluctuation of prices as a result of the supply and 

demand cycle in the construction industry. They argue that contractors often choose to 

postpone the procurement of materials, particularly large volume orders, until the lowest 

possible price is secured, and such practice result in logistical risk in terms of delays in 

material delivery to sites, and possible schedule overrun in construction. The delays in 

material delivery to sites is also referred to as the risks of shortage of the building materials 

(Sayegh et al., 2021) on site. In this context, Panova and Hilletofth (2018) advocate for the 
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introduction of a “safety stock” of construction materials at the distribution centre in order to 

prevent risks associated with supply chain disruption. Similarly, Choudhari and Tindwani, 

(2017) call for “logistics planning” in project construction to ease the movement of various 

materials and equipment from multiple identified locations to multiple consumption points in 

a cost-effective manner.  

 3.2.6 Construction Risks 

The construction phase of a project is considered to be prone to a number of risks factors as it 

is the stage where the actual delivery of the project takes place. In a study of identifying and 

assessing of key risk factors affecting public construction projects, Tipili and Yakubu (2016) 

found that risk factors spread through the whole project life cycle and many risks occur in 

multiple stages of the projects, and that the construction stage is the riskiest phase. Some of 

the risks which normally occur in the execution phase of the construction project include the 

following:  delay in site handover; possible failure of equipment and machinery; 

unavailability of equipment, spares, fuel; poor inventory management like late ordering of 

materials and components; poor storage practices; unavailability of labour force for both 

technical and management functions; bad weather conditions; poor industrial relations with 

suppliers; labourer’s problems such as sickness and absenteeism; poor management of 

occupational health and negligence; inability to use new technology and methods due to its 

applicability and feasibility; frequent and late changes at critical stages of the construction 

processes resulting in scope modifications and variations (Sharma & Swain, 2011); and poor 

supply of material on site (Jimoh et al., 2016). According to Jarkas and Haupt (2015), the 

unavailability and/or shortage of construction materials to the site may lead to disruption of 

the workforce momentum and progress of activities, and ultimately adversely affect the 

performance of the entire project.  

3.2.7 Management Risks 

Previous research in the field of construction management has indicated that lack of adequate 

management practice can be a risk factor in the execution of construction projects. In this 

regard, lack of proper management practices can manifest in a multifaceted way in 

construction projects. That is, as pointed out by Khodeir (2017), poor management practice 

can result in inaccurate determination of project dependencies, inadequate project planning, 

scope creeping, poor decision making, inadequate cost management and ineffective 

stakeholders' management. Poor management practice may arise because construction project 

managers come from different backgrounds and may, thus, lack the knowledge set currently 
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required in order to be competent and effective in construction management practice (Renuka 

& Umarani, 2018). On this note, a qualitative study conducted by Okoye et al. (2015) 

indicate that the complexity of construction projects and the continuous demand for improved 

and efficient project delivery also put pressure on construction managers and, as a result, 

create a lot of management related risks that require a high sense of management acumen, 

capabilities, skills and strategies. Notably, Khodeir, (2017) points out that the root causes of 

managerial risks lie in uncertainty in management methods and goals. Management 

commitment towards the project goals is the important driving force (Renuka & Umarani, 

2018) in the delivering of construction projects. In a qualitative study conducted by Khodeir 

(2017), it is revealed that management risks were at the top in terms of its probability of 

occurrence, almost ranking in the same place with risks related to design complexities. In the 

study, the management risk and the complexity design risks were found to be the most 

impacting type of risks in complex construction projects. Moreover, the study conducted by 

Khodeir (2017) also identify other management related risks in a complex construction 

project, which include: lack of accuracy in contract duration estimation; poor communication; 

inappropriate project phasing; slow decision making; and lack of knowledge of complex 

project management.       

3.2.8 Environmental Risks  

Recent evidence suggest that environmental risks are a growing and serious concern for the 

construction industry. In a case study conducted by Teo and Loosemore (2011) on 

community‐based protest against construction projects, it was reported that a housing 

construction project proposed to be built in a sensitive coastal area was a threat to the 

endowed natural beauty, ecological, cultural and historical heritage of the local communities.  

Similarly, Sharma and Swain, (2011) highlight that construction activities generate a large 

amount of waste and use massive amounts of energy that cause significant negative 

environmental degradation.  Moreover, Sharma and Swain (2011) identify the effects of 

environmental risks in construction projects. This includes ecological damage, pollution, 

waste treatment, public enquiry, regulations and possible changes, recording and preserving 

historical finds, environmental constraints, geological / topographic limitations, weather, 

working space limitations, etc., and finally the minority interests. To this extent, the practice 

of environmental management in the construction industry is inevitable. Yusof, Awang and 

Iranmanesh (2017) studied the determinants and outcomes of environmental practices in 

construction projects. The findings of their study suggest that organizational support, 
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customer pressure, and regulatory pressure have significant positive effects on the adoption 

of environmental practices in construction projects. Remarkably, different studies also 

highlight that to succeed in today’s litigious environment, forward-looking contractors are 

incorporating sound environmental risk management practices throughout their business 

operations (Sharma & Swain, 2011).  Yusof et al. (2017) argue that sound environmental 

practices have a positive effect, not only on the environmental impact, but also on the 

economic performance of construction organization. The management team in construction 

projects neglect the incorporation of environmental practice in the management processes. 

Previous research on sustainable development of the construction sector to reduce 

environmental risks has uncovered that the adequacy of managerial control varies when it 

comes to environmental management in construction projects (Malik, Fatima, Imran, Chuah, 

Klemeš, Khaliq, Asif, Aslam, Jamil, Durrani, Akbar, Shahbaz, Usman, Atabani, Naqvi, 

Yusup & Bokhari, 2019). Therefore, the management of ecological risks is critically 

important for achieving sustainable construction. The following section presents the risk 

management methods applicable in the delivery of construction projects in addressing the 

aforementioned risk factors.  

3.3 RISK MANAGEMENT METHODS IN THE PROJECT MANAGEMENT BODY 

OF KNOWLEDGE 

Methods of risk management in construction projects may comprise the application of a 

combination of multiple risk management tools and techniques at various stages of the risk 

management processes, in different phases of the project life cycle and depending on the risk 

maturity level of organizations (Cagliano et al., 2015). The main challenge highlighted in the 

literature is that there is poor implementation of risk management tools and techniques in 

construction projects due to the lack of skills and expertise (Chihuri & Pretorius, 2010; 

Jasiukevicius & Vasiliauskaite; 2015). On this note, several scholars observe that a number of 

the construction professionals are not familiar with risk management in relation to the project 

objectives of time, cost and quality - instead, risk management practice is often associated 

with safety hazards in the construction site (Tipili & Yakubu, 2016). Again, despite the 

knowledge that risk management is becoming a matter of critical importance to effectively 

deal with the complexity of construction projects (Cagliano et al., 2015), formal risk analysis 

and management techniques are rarely used due due to doubts regarding its suitability to the 

activities of the construction projects (Akintoye & MacLeod, 1997; Chuhuri & Pretorious, 

2010; Tzaveas, Katsavounis & Kalfakakou, 2010; Goh et al., 2013; Muriana & Vizzini, 
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2017). This evidence indicates that the application of risk management methods is not fully 

understood in the construction project management practice, hence the need to explore and 

explain the various tools and techniques used as part of the risk management methods at the 

different stages of the risk management process, and in various phases of the construction 

project life cycle. Notably, risk management methods are applied continuously throughout 

the project lifecycle, and the level of risk exposure is high in the initiation phases of the 

project, and gradually becomes lesser as the project approaches the closing phase (Figure 

3.1). That is, the risks vary throughout the project lifecycle.    

Figure 3.1: Risks variances throughout the project life cycle 

 

Source: (Republic of South Africa, 2016) 

The diagram also illustrates that the opportunities for influencig and changing the design 

without significantly affecting the cost objective are high in the beginning of the project, 

whereas the cost of scope changing is high towards the end of the project. Therefore, this 

illustration may suggest that the provision of adequate tools and techniques for risk 

management planning should be made available during the conceptual and initiation phases 

in order to enable the stakeholders to influence changes in the design of the construction 

project at a lesser cost or at no cost at all.   

3.3.1 Methods and Techniques for Risk Management Planning 

Risk management planning identifies the objectives, the approach and the resources to carry 

out the risk treatment activities (Cagliano et al., 2015).  According to Larson and Gray 

(2018), no amount of planning can overcome risk (risk management is a proactive approach 

rather than reactive). It is a preventative process designed to ensure that surprises are reduced 
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and that negative consequences associated with the undesirable events are minimised. 

Successful management of project risk give the project manager a sense of better control over 

the future and can significantly improve chances of achieving project objectives on time, 

within budget, and meeting the required quality performance. The final risk management plan 

should be incorporated in the project plan and should not be treated as a separate plan (Steyn 

et al., 2016). The diagram below illustrates a linear risk management model which depicts the 

processes and procedures followed in the development delivery of the engineering and 

construction projects (Figure 3.2).  

Figure 3.2: Linear risk management model 

 
Source: (CIDB, 2005) 

Importantly, the establishment of the context in the risk management planning stage should 

take into consideration the complexities and dynamics within which construction projects are 

delivered. Tools and techniques for risk management planning may include the following: 

analytical techniques, expert judgement and planning meetings.   
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3.3.1.1 Analytical techniques 

According to PMI (2013), analytical techniques are used to understand and define the overall 

risk management context of the project in terms of stakeholders’ risk attitude as well as the 

strategic risk exposure of a particular project in relation to the overall context of the project. 

On the same note, Wanga and Li (2011) elaborate that people’s risk attitudes in an 

organization reflect the individuals’ characteristics and experiences, and thus risk attitude 

plays a major role in influencing the decision makers’ behaviour in an organization. In this 

regard, the risk attitude of the project participants has a major influence on decision making 

in relation to risk management. Scholars such as Motokazu, Koichiro and Masahiro (2018), 

have the view that the risk attitude in an organization is subject to change depending on 

various internal and external circumstances. To this extent, Wijayaratna and Dixit (2016) 

maintain that the presence of information in relation to economic, policy and management 

factors has a significant bearing on risk attitudes in an organization. According to the Project 

Management Institute (PMI) (2013), risk attitude could be measured by the organization’s 

response to risks in terms of, a) risk appetite, which refers to the level of uncertainty an 

organization is willing to take on in anticipation of a reward; b) risk tolerance, which is the 

amount or volume of risk that an organization will withstand; and, c) risk threshold, which 

refers to the level of impact at which a stakeholder may have a specific interest on risk 

tolerance. In this regard, a stakeholders’ risk profile analysis should be performed to grade 

and qualify the project stakeholders’ risk appetite and tolerance. Techniques, such as the use 

of a strategic risk scoring sheet, are commonly used to provide an advanced assessment of the 

risk exposure of the project based on the overall project context.  In a study which aimed at 

assessing the risk attitude with the use of a quantitative risk scoring sheet, it has been 

revealed that persons whose risk attitudes are in the medium range survive significantly 

longer in an organization than do persons with particularly low or high-risk attitudes 

(Wijayaratna  & Dixit, 2016). However, such analytical techniques may be biased because 

they are dependent on subjective judgement.    

3.3.1.2 Expert judgement 

The PMI (2013) maintains that, in order to ensure a comprehensive establishment of the risk 

management plan, judgement and expertise should be considered from diverse groups and/or 

individuals with specialized expertise, knowledge and experience in a discipline, including 

construction project management. Despite the value and importance of expert judgement in 

construction projects, in the literature there are still few studies which have used the expert 
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judgement approach as part of the risk management method for construction projects. For 

example, Subramanyan et al. (2012) use a quantitative approach to develop a model based on 

the opinion of construction project experts. In the study they argue that a quantitative model 

gives a crisp value to the otherwise vague subjective judgments. Again, Willumsena, 

Oehmena, Stingla and Geraldi (2019) have also used the empirical approach based on 

interviews, which are analyzed through a qualitative method, to unravel the subjective value 

of project risk management. Their study addresses the issue of how construction 

professionals perceive the relation between project risk management practices and value 

creation. Moreover, they argue that the value creation is affected by what content the 

construction participant perceives as important in the project, and that perception eventually 

determines the effectiveness of the project risk management method in the project. The value 

creation arises as a result of the extensive knowledge and experience of stakeholders such as 

the senior management, contractors, project managers who have worked on similar projects, 

industry consultants, and professional and technical associations (PMI, 2013). Though expert 

judgement is critical in the implementation of the risk management method, particularly in 

construction projects, “care should also be taken in the profile of the experts and the type of 

projects executed by them in the past” (Subramanyan et al., 2012). 

3.3.1.3 Planning meetings 

Risk management planning meetings are important in construction projects because they 

provide a platform for participatory engagement of the different participants. It is during such 

meetings that the project teams hold meetings to develop the risk management plan. 

Participants in such meetings may include the project manager, selected project team 

members and stakeholders, any other persons in the organization with responsibility to 

manage the risk planning and execution activities, and others, as needed (PMI, 2013). 

Scholars such as Tipili and Yakubu (2016) emphasizes that all the project team participants 

must work together from the conceptual stage onwards in order to identify and address 

potential risks timeously. The PMI (2013) outlines the typical activities to be carried out 

during the planning meetings in projects. That is: risk management cost elements and 

schedule activities should be established for inclusion in the budget and schedule of the 

project; risk contingency reserve application approaches are also established or reviewed to 

be accustomed with the scope of the project. Moreover, the risk responsibility is assigned to 

different stakeholders and general organizational guidelines for risk categories and definitions 

of terms such as risk threshold, risk probability and impact in terms of the project objectives, 
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as well as the probability and impact matrix will be tailored to the specific project; and if 

templates for other steps in the process do not exist, they may be generated in such meetings 

(PMI, 2013). Stakeholders such as the contractors and subcontractors with in-depth 

knowledge in construction and managerial activities must also be involved in such meetings 

to make sound preparation in order to deliver the construction project more efficiently (Tipili 

& Yakubu, 2016).  The key output from the planning meeting is the risk management plan, 

which provides details on how the risk will be identified and managed throughout the project 

life cycle.  

3.3.2 Method and Techniques for Risk Identification 

Several studies have shown that there are various tools and techniques used for the risk 

identification process in construction projects. The use and application of the tools and 

techniques will vary from one project to another, depending on the complexity of the project. 

According to Hanekom and Strasheim (2017), it is the responsibility of those involved in the 

risk identification process to give a detailed description of the risks identified. On a similar 

note, Szymański (2017) maintains that to wisely manage risk does not imply avoiding it but 

to identify it accurately and determine all the related opportunities and threats. Eventually, 

when the risks are articulated correctly in the beginning, it will have a large influence on the 

assignment of risk ownership, estimating risks, developing effective risk response strategies, 

identifying the risk causes, and the explaining of the implications of risks (Hanekom & 

Strasheim, 2017). Although extensive research has been conducted on the risk identification 

techniques, much of the studies assume that the risk identification process is a once-off 

activity which only takes place in the initiation phase of the project. One of the popular 

techniques used for risk identification in the construction projects is the documentation 

review.   

3.3.2.1 Documentation review 

Traditionally, it has been argued that a structured review of project documents such as project 

plans, files of lessons learnt from previous projects, agreements, and other relevant 

information is a fundamental step in the identification of risks in construction projects 

(Chihuri & Pretorius, 2010; PMI, 2013; Perera, Rameezdeen, Chileshe & Hosseini, 2014; 

Tipili & 6Yakubu, 2016;). In a study on risk assessment and management, Tipili and Yakubu 

(2016) pointed out that, as a result of complexities in construction projects, risk assessment 

based on historical data has become the prominent and prevailing qualitative tools for risk 

management practice. However, the documentation review technique does not consider the 
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fact that each and every project is unique (Burke, 2010), and information obtained for one 

particular project may not be relevant to other projects. Therefore, obtaining more 

information and use of the other complimentary techniques, such as the brainstorming 

technique, may be essential for identifying the risks in construction projects.   

3.3.2.2 Brainstorming method   

Previous studies have established that the brainstorming technique provides a critical exercise 

to enable collaborative participation among the project participants. In this context, the PMI 

(2013) cites that the project team usually performs the brainstorming exercise in collaboration 

with a diverse team of experts who are not part of the project management team. On the same 

note, Tadayon, Jaafar and Nasri (2012), in a study which focuses on “risk identification in 

large and complex construction projects found that brainstorming sessions is the most popular 

method used frequently to identify the risks in projects as deduced from a questionnaire 

survey from participants in large construction projects”. Accordingly, the PMI (2013) 

outlines that when engaging in brainstorming sessions, the ideas about project risks are 

generated under the leadership of a facilitator, either in a traditional open-end brainstorm 

session or structured mass interviewing techniques. In contrast, Chapman (1998) warns that 

though brainstorming is the most frequently cited technique for risk identification in 

construction projects, it is not a panacea and has severe limitations when compared to the 

nominal group technique. The objective of brainstorming is to acquire a comprehensive list of 

project risks (PMI, 2013) mostly at once in the beginning of the project, omitting the 

unforeseeable risk which may occur in the duration of the project life cycle.  

3.3.2.3 Delphi method 

The Delphi method is a risk identification process which seeks to reach a consensus of 

project risks from a group of experts who participate anonymously in this process (PMI, 

2013). Although extensive research has been conducted on the application of the Delphi 

method in risk management for construction projects, most of the studies could not 

exhaustively outline the key participants regarded as experts in the field of construction 

project management. In this regard, Zou et al., (2017) conclude that the clients, designers and 

government bodies are the risk experts who must work collectively from the initiation phase 

onwards in order to identify and address the potential risks in time in the construction 

projects. In a Delphi study conducted by Perera et al. (2014), only the consultants, project 

managers and contractors are identified as the risk experts responsible for identifying the 

risks that are critical for risk management of road construction projects on a life cycle basis. 
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Similarly, Le Coze, Salvi and Gaston (2006) also advance a vague definition of the risk 

experts in construction projects. They refer to the risk experts as the “people to whom special 

knowledge about specific issues is attributed and from whom it is possible to obtain 

information that is useful for risk investigation”. Though scholars maintain that expert 

knowledge obtained by means of the Delphi method is a critical component of the qualitative 

risk assessment (Le Coze et al., 2006), the participation of the risk experts is limited to risk 

identification in the initiation phase of the project, and they could rarely monitor and review 

their expert contribution during the construction phase of the project due to the anonymous 

participation.  On this note, Chihuri and Pretorius (2010) point that with a Delphi technique, 

several experts on a specific risk category are typically chosen from outside the project and, 

as such, they do not know each other, and the contributed information is then transferred 

electronically or in hard copy. While it is stated that the appointment of external risk 

expertise in a Delphi method helps to reduce bias in the data and limits the undue influence 

the project participants may have on the outcome of the risk identification in the project 

(PMI, 2013), this could also be a weakness, considering that the external experts may not be 

familiar with some contextual circumstances of the project, particularly for complex 

construction projects that operate in a dynamic environment. A more comprehensive study 

would consider the internal project professional team as the risk experts, given their diverse 

expertise and that they are accustomed with the project context. Accordingly, techniques such 

as interviewing techniques are essential in obtaining the views and opinions of the project 

participants on various risk categories in construction projects.     

3.3.2.4 Interviewing  

Interviewing project experts is considered one of the primary sources of risk identification 

and data gathering in the process of project risk management. The application of the experts 

interviewing technique in the construction sector is mainly motivated by the notion that 

“construction experts are aware of the risk associated with the construction industry” 

(Qammaz & AlMaian, 2020) given their extensive knowledge and experience in the sector. 

On this note, Akintoye and MacLeod (1997) maintain that interviewing experienced project 

participants, stakeholders, and experts can lead to identifying the most critical project risks as 

a result of the intuition, judgement and experiences of the project participants. Goh et al. 

(2013) applied the ‘expert interviewing’ technique in a workshop setting, and they argue that 

through such technique, the project team members are able to pay attention to issues in an 

intense, purposeful, and thorough manner, which is especially helpful in situations whereby 



78 | P a g e  

 

the project team is fragmented. With reference to schedule overrun, Bhatt et al. (2012) 

believe that in order to identify factors that influence the smooth completion of the project, 

the interaction with experts in the construction sector, such as government agencies, 

contractors, technical, finance and technological and legal consultants, as well as project 

management experts is critically important. Moreover, they also maintain that such an 

approach will guarantee that a fair cross section of project participants is well covered and 

that their views are reflected (Bhatt et al., 2012) in the risk management plan. Therefore, the 

interviewing of project experts is a useful technique for providing practical information (Goh 

et al., 2013) in relation to not merely the symptoms, but the root causes of the risk events.  

3.3.2.5 Root cause analysis  

Root cause is an analytical technique used to determine the basic underlining reason that 

causes a variance, defect, or a risk in a project. It may also be applied as a technique for 

identifying the root causes of a problem and addressing them (PMI, 2017) in the earlier stages 

of the project. The assumption is that when all the root causes for a problem are resolved, that 

problem will never recur. The root cause analysis technique is primarily used to assess the 

risk factors that may have impacted on the time and cost objectives of the project. In relation 

to the time objective, Prasad, Vasugi, Venkatesan and Bhat (2019) have used a questionnaire 

survey to investigate the root causes of schedule delay in construction projects. Their study 

reveals that the root cause of time overrun in construction projects are the following: “Delay 

in settlement of contractor claims by the owner, contractor’s financial difficulties, delay in 

payment for extra work/variations by owner, late payment from contractor to sub-contractor 

or suppliers, variation orders/change of scope by owner during construction, changes in 

design by owner or his agent during construction, shortage of labour, failure to provide 

construction site by owner, delay by owner in revision and approval of design documents, 

and owner’s slow decision-making process” (Prasad et al., 2019). With regard to the cost 

objective, Durdyev et al. (2017) used a two-stage descriptive survey method to investigate the 

key contributors of cost overruns in residential projects, and the root-cause analysis approach 

was used to illustrate the key contributors. The result of their study shows three principal 

contributors to cost overruns which were extracted from 26 variables, which include poor 

project management, poor cost control, unrealistic contract duration, inaccurate estimation, 

late payment by owner to contractor, mistakes during construction, escalation in material 

prices, and high cost of imported material (Durdyev et al., 2017). In construction projects, it 

is only after the identification and analysis of the root causes by the main contractors, project 
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managers and consultants that effective risk responses and mitigation measures can be 

adequately developed.  

3.3.2.6 SWOT analysis   

Previous studies on the SWOT (Strengths, Weaknesses, Opportunities and Threats) analysis 

technique have mainly focussed on the mere description of the technique, and no attempt has 

been made to examine the application of the SWOT analysis technique, primarily in relation 

to construction projects. Accordingly, the PMI (2013) describe the SWOT analysis as a 

technique that examines the project from each of the strengths, weaknesses, opportunities, 

and threats (SWOT) perspectives in order to increase the breadth of identified risks by 

including internally generated risks. To this extent, the application of the SWOT analysis 

technique could be explained in two folds, the assessment of the internal and the external 

environments of the project. The technique first identifies the internal strengths and 

weaknesses of the organization which focus on either the specific project, organization or the 

business area in general. Secondly, the technique then identifies any external opportunities 

for the project that may arise from organizational strengths, and any threats arising from 

organizational weaknesses (PMI, 2013). Some of the weaknesses in the application of the 

SWOT analysis technique has been observed by Cagliano et al. (2015) when stating that 

“during the uncertain scenarios characterised by a limited amount of information, the project 

execution team may just allow to define the strengths and weaknesses of the project and the 

decision-makers may stop their risk investigation at the identification phase when using a 

SWOT analysis”. In addition, the SWOT analysis technique also examines the degree to 

which organizational strengths offset threats, as well as identifying opportunities that may 

serve to overcome weaknesses (Chihuri & Pretorius, 2010; PMI, 2013). 

3.3.2.7 Checklists analysis  

There is a general view in the literature that the use of the checklist analysis technique is 

primarily dependant on the provision of historical data from previous similar projects 

(Chihuri & Pretorius, 2010; PMI, 2013). In the context of the dynamic and complex project 

environment, some of the historical information may be obsolete and new information may 

be required given the uniqueness of the project to be delivered. Though scholars acknowledge 

that it is impossible to build an exhaustive checklist at the onset of the project (Chihuri & 

Pretorius, 2010), project participants often fail to prune the checklist now and again to 

remove obsolete and archive related risks. The primary emphasis in the use of the checklist 
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analysis technique is that the checklist should be reviewed during project closure so as to 

improve it for use on future projects (PMI, 2013). 

3.3.2.8 Assumption or scenario analysis 

Previous research has established that the assumption or scenario analysis technique are used 

to explore the set of hypotheses and scenarios upon which the project objectives are based 

(Chihuri & Pretorius, 2010; PMI, 2013). Such approaches, however, have failed to consider 

the unprecedented uncertainties and circumstances which often affect the project objectives. 

As indicated by Bruni, Beraldi, Guerriero & Pinto (2011), “the existing methods for 

determining a project schedule are based on assumption of complete knowledge of project 

parameters, while in reality there is uncertainty in construction projects, deriving from a 

multitude of context-dependent sources and often provided as outcome of a risk analysis 

process”. Though scholars such as Ahmadi, Behzadian, Ardeshir and Kapelan (2017) also 

agree that the scenario analysis technique is used to test the likelihood of consequences for 

alternative scenarios in a project, they, on the other hand, acknowledge its limitation in a 

sense that large amounts of statistical data is required for evaluating probability of the risk 

events identified. With construction projects the reality is that not all the information will be 

available, let alone be accurate during the initiation phase of the project. However, in 

practice, construction projects are subject to dynamic circumstances which often invalidate 

the initial assumptions and hypotheses. In this context, Jimoh, Sani, Adoza and Yahaya, 

(2016) note that “risk management in construction is a difficult undertaking as the idea is 

subject to change throughout the execution of the project as a result of the nature of the 

construction process and continuation of large number of parties that are concerned in the 

construction”. Therefore, the assumption analysis technique identifies risks to the project 

from inaccuracy, instability, inconsistency, or incompleteness perspective of assumptions 

(PMI, 2013). In an attempt to achieve accuracy in the risk identification process, techniques 

such as cause-and-effect diagrams are often used.  

3.3.2.9 Cause-and-effect diagrams 

The most popular cause-effect diagram is the fishbone diagram, which is also known as 

Ishikawa. Accordingly, the fishbone diagram is useful for identifying the causes of risks. 

However, most of the study in the field have only focussed on the effect on budget, omitting 

the other objectives of time and quality.  For example, Durdyev et al. (2017) have used the 

fishbone diagram as a model to illustrate the key contributors to cost overruns in construction 
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projects. On one hand, the diagram depicts the project risks as the cause, while on the other 

hand it shows the factors related to project finance as the effect (Figure 3.3).  

  Figure 3.3: Cause-effect diagram for project cost management 

 

Source: (Durdyev et al., 2017) 

With the use of this technique, they argue that identifying and addressing the contributors to 

cost overruns in the construction projects is crucial for improving the cost performance of the 

construction industry in general. Moreover, they maintain that a sound risk management 

practice could attract the highest proportion of investment. Similarly, Khodeir (2017) use a 

qualitative analysis of the case study and applies the cause-and-effect analysis technique to 

investigate the key risks that are experienced in the complex construction project. The study 

reveals that risks related to complexities include the design of complex structure systems, 

sloped and inclined surfaces, and innovative design elements.  

3.3.2.10 System or process flow charts 

Managing construction projects is a complicated and challenging endeavour (Niederman, 

Müller & March, 2018) given the interdependence of activities and processes. Often, 

inexperienced construction project managers become overwhelmed due to the complex 

relations within the components (Ruiz-Martin & Poza, 2015) of construction projects.  In this 

context, systems or flow charts are therefore used to illustrate how various elements of a 

system interrelate, and it becomes the mechanism of causation. In this regard, system flow 

charts such as ‘event trees’ techniques are used for risk identification, particularly in relation 

to risk associated with change requests and change orders in the delivery of the project. 
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Accordingly, Charkhakan and Heravi (2019) argue that when the scope change control is 

analysed using an event tree technique, risks and conflicts emanating from change occurrence 

could be prevented. Similarly, Niederman et al. (2018) propose the use of a process theory for 

the accumulation of knowledge on sequences of activities, their durations, and the intervals 

between them, as well as the specific outcomes (Figure 3.4). 

Figure 3.4: Process theory for the accumulation of information on project risks 

 
Source: (Niederman et al., 2018) 

The scholars contend that conceptualizations from process theory provide a potentially 

valuable addition to formalizing knowledge accumulation in the field of project management. 

Moreover, they also maintain that “the specific risks identified would vary greatly by task or 

goal, but that the process by which management of risk occurs might be more consistent in 

how actions, sequences, and intervals are associated with particular outcomes” (Niederman, 

et al., 2018). In the same vein, Ruiz-Martin and Poza (2015) propose a novel approach to 

determine an appropriate sequence to develop the components of a project management plan 

given that a project plan consists of a set of documents that depend on one another (Ruiz-

Martin & Poza, 2015). Therefore, systems of process flow techniques are based on the input-

output model and is similar to the influence diagram techniques. 

3.3.3 Methods and Techniques for Qualitative Risk Analysis 

There is a large volume of published studies in relation to the use of the qualitative tools and 

techniques for risk analysis. However, very few studies have attempted to explore the 

effectiveness of such tools and techniques in a mutual collaborative team environment for 

construction project management. Studies in the literature mainly highlight the use of 

qualitative tools and techniques from experts’ perspectives, who are not directly involved in 

the works of the project. Such practice often results in challenges as pointed out by some 

scholars when stating that qualitative analysis represented in experts’ opinion could carry 
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serious error based on the respondent’s or the decision maker’s judgement skills (Dada & 

Ojo, 2009; Tipili & Yakubu, 2016). They further highlight those qualitative tools and 

techniques are more reliable but need intensive data collection and rigorous data analysis 

(Tipili & Yakubu, 2016). Other scholars have compared the prevalence between the use of 

quantitative and qualitative tools and techniques in construction projects.   Their study 

revealed that the qualitative risk analysis techniques was found to be more prevalent, 

compared with the quantitative techniques (Chihuri & Pretorius, 2010). In addition, they 

maintain that the prevalence of the qualitative techniques in construction projects could be 

attributed to its relative simplicity and ease of comprehension. Although the qualitative tools 

and techniques are commended for providing a more accurate and detailed description of risk 

events, understanding the different threats may be more cumbersome and complex, especially 

in the face of tight a project schedule (Chihuri & Pretorius, 2010; Jimoh et al., 2016). To this 

extent, qualitative tools and techniques are generally considered to be very subjective.  

3.3.3.1 Subjective risk probability and impact assessment 

According to the PMI (2017), “risk probability assessment investigates the likelihood that 

each specific risk will occur, while risk impact assessment investigates the potential effect on 

project objective of time, cost and quality performance”. However, there is a raging debate 

about the practical application of the risk probability and impact assessment techniques in 

construction projects. In this regard, Dada and Ojo (2009) are of the view that construction 

professionals have difficulty in estimating the intermediate and tail value of probability 

distribution. As per the guidelines of the PMI (2017), the risk probability and impact must be 

rated in accordance with the definitions stated in the risk management plan, wherein the risks 

with low rating of probability and impact must be included within the risk register as part of 

the watch list for future monitoring.  This process makes the probability and impact analysis 

to be a more sophisticated form of risk analysis (Dada & Ojo, 2009), particularly for 

construction projects considering the dynamic and complex environment within which it is 

functioning. However, the benefit of using the probability and impact risk analysis technique 

is that the risk assessment process covers both the negative effects for threats as well as the 

positive effects for opportunities (PMI). Accordingly, Senesi, Javernick-Will and 

Molenaar (2015) have highlighted the benefits applying a risk probability and impact analysis 

in construction projects. The benefits include the ability to better manage project schedules, 

the ability to make risks explicit, the ability to manage project costs, increased confidence in 

project decision making, the ability to better manage risks, and enhanced internal 
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collaboration and discussion among the project team members. To enhance the collaboration 

and discussion, the risks are assessed through interviews and focus group meetings with 

participants selected based on their knowledge of the risk categories in the agenda, and in the 

duration of this process, project team members and knowledgeable external individuals are 

included to participate (PMI, 2017). In this context, Jasiukevicius and Vasiliauskaite (2015) 

argue that it is under the conditions of enough predictive environment that the application of 

the probability and impact risk assessment technique can yield more accurate results. 

Arguably, a risk management model for construction project management could be an ideal 

contribution for enabling the condition for predictive environment for the risk   probability 

and impact assessment technique to provide accurate results.     

3.3.3.2 Probability and impact risk rating matrix 

Several studies have shown that a probability and impact risk rating matrix is very helpful in 

quantifying and prioritizing risk levels, before deciding on the appropriate risk response 

measures. According to the PMI (2017), the risks can be prioritized for further quantitative 

analysis, and risk response planning is made based on the scores in the risk ranking results. 

With the use of the probability and impact matrix, ratings are assigned to each risk based on 

their assessed probability and impact matrix in a form of a heat map (Alrashed, Alrashed, Taj, 

Phillips & Kantamaneni, 2014). The heat map serves as a tool to graphically present the 

probability and impact of the risks in the project. It utilizes the usual risk mapping coded 

colours such as red for extremely unfavourable risk attitude, and green for very favourable 

risk attitude in risk management practice in a project organization (Siu et al., 2018) as 

illustrated in figure 3.5. The heat map is also known for giving a common approach to 

ranking risk in the use of a probability-impact grid where risks are assessed as high, medium 

or low (Dada & Ojo, 2009).   

Figure 3.5: Heat map of probability and impact risk rating matrix 

 
Source: (Siu et al., 2018) 
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However, there are some weaknesses in the application of the probability and impact risk 

rating matrix, particularly in construction projects. In this regard, Dada and Ojo (2009) point 

out that although quantifying the categories used in a probability-impact grid makes the 

classification of risks less subjective, the shortcoming comes in the ranking of a cell in terms 

of multiplying probability and impact scores associated with each category together for each 

cell. In essence, it is not sufficient to determine the risk threshold only on the basis of the 

combination of probability and impact scores that result in rating the risk as low, moderate, or 

high priority (PMI, 2017). On the same note, Senesi et al. (2015) identify the barriers to the 

application of the probabilistic risk analysis on engineering and construction projects. The 

barriers include the following: difficulty interpreting the results; lack of technical expertise; 

lack of organizational support, and lack of policies and procedures for guidelines. In the 

absence of the standard procedural guidelines, descriptive terms or numerical values may be 

used depending on the organization’s preferences (PMI, 2013). Another limitation is that this 

technique of risk analysis specifies a risk analysis distribution for each variable and then 

considers situations where any or all of these variables can change their initial value at the 

same time (Dada & Ojo, 2009).  

3.3.3.3 Risk data quality assessment 

Risk data quality assessment is a technique used to evaluate the extent to which the 

information about the risks is useful for application in the risk management process. This 

process involves the extent to which the risk is understood, the accuracy, the quality, the 

reliability as well as the integrity of the data about the risk (PMI, 2017). The risk data quality 

assessment tool explores the validity of assumptions as they apply to the project, and it 

further identifies risks to the project resulting from inaccuracy, inconsistency, or 

incompleteness of assumptions (Chihuri & Pretorius, 2010). Despite the importance of this 

technique, construction contractors often lack the culture of measuring the quality of data in 

the risk management processes (Kululanga & Kuotcha, 2010), mainly because it is time-

consuming to identify, quantify, and assess the information on project risks based on 

experiences, questionnaires, and simulations (Siu et al., 2018). The evidence of this assertion 

is also concurred in a study conducted by Kululanga and Kuotcha (2010) which revealed that 

construction contractors lacked a culture of measuring risk project management processes. 

Equally, this factor may also be attributed to the provision, or lack thereof, of risk data 

quality assessment in the initiation and planning phases of the project. In this regard, the 
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WBS could be used to break down the project scope into small components to allow for the 

thorough assessment of risks in the different elements of the project.   

3.3.3.4 Risk breakdown structure 

Although extensive research has been carried out on the use of the Risk Breakdown Structure 

(RBS) as a technique for risk assessment for various projects, the studies have failed to link 

the outcome of the RBS to the project objectives of time, cost, and quality. The traditional 

approach in the literature is that the RBS is just a technique that helps to determine the work 

packages, activities, project phases or even roles in the project, which can ultimately lead to 

the development of effective risk responses (PMI, 2013). In this regard, Khodeir and Nabawy 

(2019) used risk breakdown structure for identifying and classifying key risks in 

infrastructure projects based on a case study approach. They argue that the RBS “helps the 

risk management team to understand, identify and assess the risks, where risk categories 

provide a structure that ensures the comprehensive process of systematically identifying risks 

to a consistent level of detail and contributes to the effectiveness and quality of risk process 

identification”. Sigmund and Radujković (2014) present the RBS for construction projects 

which was developed based on historical project experiences and in collaboration with a 

series of experts using existing and infrastructure buildings. Hillson, Grimaldi and Rafele 

(2006) use the combination of WBS and RBS to develop a project risks management model 

called a cross Risk Breakdown Matrix (RBM). “The aim was to demonstrate how to measure 

risk concentration within the RBM using a risk score based on the scale or size of individual 

risk”. They also maintain that the RBM allows the project team to manage the risk at a level 

of detail appropriate to the specific business environment. With regard to the level of detail of 

the risks, Mehdizadeh et al. (2013) present the application of a tailor-made risk breakdown 

structure project, which classifies project risk in terms of internal and external risks (Figure 

3.6).  
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Figure 3.6: Risk breakdown structure technique  

 
Source: (El Sayegh, 2008)  

The key challenge in the use of the RBS is captured in the study which was conducted by 

Sigmund and Radujković (2014;899) on RBS for construction projects on existing buildings. 

As part of the methodology of their study construction experts were presented with the risk 

breakdown structure, and were asked to comment and criticize, and then to suggest 

improvements to the presented risk breakdown structure. The fundamental remarks made by 

the experts was that “the quality control and the execution of construction projects in the past 

time differed from the practice today... nowadays, the construction projects are a complex set 

of triggers and risks”. Therefore, it remains important to link the application of the RBS with 

the project objectives and consider the project complexities.   

3.3.3.5 Risk urgency assessment 

Risk urgency assessment involve an evaluation of the relative importance of the risk event 

(Steyn, et al., 2016), and thereafter priority is given to critical risk events. Indicators of 

priority may include probability of detecting the risk, time to affect a risk response, 

symptoms and warning signs, as well as the risk rating (PMI, 2013). According to Steyn et al. 

(2016), the first action to prioritize the risks is to sort the risks on a spreadsheet, ranging from 

the highest to the lowest in terms of the risk value or expected loss. Taylan et al. (2014) 

developed a Fuzzy AHP (FAHP) that could be used to create favourable weights for fuzzy 

linguistic variables of construction projects’ overall risk in the process of risk prioritization 

and ranking. In contrast, Taylan et al. (2014) commend the use of a Risk Map/ Threshold 

Hybrid which clearly illustrates the areas on the map where risk events can be accepted and 

those that cannot be accepted. In a more comprehensive approach, Gupta and Thakkar (2018) 
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present the application of an integrated approach to prioritize risks using a technique called 

Group Technique for Order Preference by Similarity to Ideal Solution (GTOPSIS). Based on 

this technique, they argue that “risks are highly dependent on project schedule and the 

proposed methodology could give a better risk priority list because it considers slackness 

associated with the project activities”. In some qualitative analysis approaches, the 

assessment of risk urgency is combined with the risk ranking that is determined from the 

probability and impact matrix in order to give a final risk severing rating (PMI, 2013). The 

disadvantage of using the probability and impact matrix for risk urgency assessment is that 

critical risks may be omitted on the basis that high consequence risks are often not given 

much attention if the probability is very low (Steyn et al., 2016). To this extent, expert 

judgement becomes important in identifying and determining the most critical risks in the 

project.    

3.3.3.6 Expert judgement  

Debates continue in the literature about the extent of knowledge and experience the experts 

should have in order to make meaningful judgement in the risk assessment process for 

construction projects. According to the PMI (2017), experts should be those professionals 

that have experience with similar or recent projects in the field. In instances where the experts 

have no sufficient experience and knowledge in the field, Cagliano et al. (2015) lament that 

“decision-makers face either an uncertain scenario characterised by a limited amount of 

information or a context where the source of information is subjective”. As such, the experts’ 

bias should be considered in the processes of information sharing (PMI, 2017). To avoid the 

subjectivity of the experts in the risk management process, it is suggested that “there should 

be a systematic framework to obtain subjective judgements from experts in a clear and 

straightforward way, and that experts should be trained so that they can make good 

judgements” (Cagliano et al., 2015). In a case study approach, Gupta and Thakkar (2018) 

apply a quantitative Judgemental Risk Analysis Process (JRAP) to quantify risks in terms of 

overall project delays. Their study reveals that in the analysis there is a huge difference 

between the risk rankings from the experts. Such disparities may be attributed to the lack of 

special knowledge about specific issues in relation to the risk investigation processes 

(Cagliano et al., 2015). To enhance the knowledge base on risk management in the 

construction sector, Serpella, Ferrada, Howard and Rubio (2014) present a paper that seeks to 

address the problems of risk management in construction projects wherein the knowledge-

based approach applied. The methodology of their study was based on a three-fold 
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arrangement that includes the modelling of the risk management function, its evaluation, and 

the availability of a best practices model. The result of their study is aimed at helping 

contractors and project managers to have a more systematic and formal approach to risk 

management and to make use of their own knowledge and experience as well as international 

best practices (Serpella et al., 2014). Their findings still suggest that there is a lack of a 

comprehensive and systematic approach to risk management in the construction industry.   

3.3.4 Methods and Techniques for Quantitative Risk Analysis 

Quantitative risk analysis is defined as a process of measuring the total impact of risks 

imposed on the project by applying computer simulation techniques to various scenarios 

(Khedr, 2006; Jimoh et al., 2016; PMI, 2017; Etemadinia & Tavakolan, 2018). The key to 

quantitative risk analysis is that it helps the project management team translate these risks 

into time and money (Khedr, 2006; Nurdiana, Wibowo & Hatmoko, 2015; Larson & Gray, 

2018). In the work of Khedr (2006), the objectives of the quantitative risk analysis approach 

are summarized as follows: it assists to establish the basis for the mitigation plan by 

identifying the most critical risk categories, and cost and schedule elements; provides 

estimates of the expected total cost and variance of the project completion; defines the cost 

and duration probability curves; provides indication on the probability that a particular 

activity will fall on the critical path; and establishes the cost and schedule contingency 

required for the total project as well as for each cost and schedule element. The primary focus 

of the quantitative risk analysis techniques is mainly on the schedule and budget objectives of 

the project. The quantitative risk analysis techniques fail to account for the quality objective 

of the project. Quality attainment is one of the most critical aspects in the execution of 

construction projects. The most popular quantitative risk analysis techniques are the decision 

tree analysis: Monte Carlo simulation; expected monetary value analysis; and the sensitivity 

analysis.   

3.3.4.1 Sensitivity analysis 

There is a growing body of literature that recognises the use of sensitivity analysis techniques 

for project risk management (Jasiukevicius & Vasiliauskaite, 2014; Mhatre, Thakkar & Maiti, 

2017; Etemadinia & Tavakolan, 2018). However, none of the reviewed studies have 

attempted to demonstrate the application of the sensitivity analysis techniques in 

consideration of the project complexities context in the construction industry.  Etemadinia 

and Tavakolan, (2018) use the sensitivity analysis to prioritize project risks and identify the 

major risks which have a relatively large influence on project behaviour. Eventually, they 
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propose a SD (System Dynamics) - ISM (Interpretive Structural Modelling) hybrid model 

that will assist to analyse the uncertainties in the design phase of the construction projects. In 

another study, Nurdiana et al. (2015) applied the risk sensitivity analysis method from 

stakeholders’ perception in a case study approach, with which they argue that the risks 

perception of each stakeholder may change dynamically as changes happen in the internal 

and external environment of the project. In their view, the sensitivity analysis can be 

performed in order to predict conditions that may occur if a significant change happens, such 

as changes in risk ranking as a result of changing priorities. Similarly, Larson and Gray 

(2018) argue a sensitivity matrix is useful in providing a basis for prioritizing which risk to 

address, wherein “red zone risks receive first priority followed by yellow zone risks, and the 

green zone risks are typically regarded as inconsequential and ignored unless their status 

changes” over the duration of the project life cycle. Unfortunately, most of the project 

managers in the construction industry have not performed any form of statistical analysis of 

risk, as well as have not used any sophisticated quantitative tools (Jasiukevicius and 

Vasiliauskaite (2014). These authors identify three reasons why there is lack of application of 

the quantitative tools and techniques, including the sensitivity risk analysis. Firstly, the 

unique nature of every construction project due to which it is complicated to apply general 

probabilities; secondly, the difficulties to get reliable inputs; and lastly, the limited 

understanding as well as lack of experience in the use of such methods. Though scholars such 

Mhatre et al. (2017) hold the view that, using the sensitivity analysis, project managers can be 

able to assess various risk responses and the effects thereof on the whole project, the PMI 

(2017) warn practitioners to use the technique with caution stating that “this technique may 

give misleading results, given that the risks in projects are interrelated”. It is impractical to 

assess one risk factor with the assumption that there are no interdependencies between the 

risks in the project. Nonetheless, “the sensitivity analysis helps to determine which individual 

project risk or other sources of uncertainty have the most potential impact on the project 

outcomes. It correlates variations in project outcomes with differences in elements and 

components of the quantitative risk analysis model” (PMI, 2017) like expected monetary 

value analysis.  

3.3.4.2 Expected monetary value analysis 

Expected Monetary Value (EMV) for a project is calculated by multiplying the value of each 

possible outcome by its probability of occurrence and adding the products together (PMI, 

2017). The application of this formula suggests a risk neutral assumption, wherein there is 
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neither risk adverse nor risk seeking circumstances (PMI, 2017). Such assumption may be 

unrealistic in a construction project environment because it is highly impossible to assume a 

risk neutral situation in the dynamic and complex environment wherein construction projects 

are delivered. This technique is appropriate to be used in the initial and planning phases, but 

not during the implementation of the project because it deals with decisions in relation to 

whether someone can invest in a particular project (PMI, 2013). Accordingly, with these 

techniques, the investment opportunities are generally expressed as positive values, while 

threats are expressed as negative values in a form of a decision tree analysis. A decision tree 

is a flowchart-like structure that shows the various outcomes from a series of decisions. This 

analysis technique can be used as a decision-making tool, for research analysis and strategic 

planning of a strategy (Prinsloo & Maritz, 2017) in a project organization. A primary 

advantage of using a decision tree is that it is easy to follow and understand given that it is 

conceptually structured in such a way that enables sequential decision making in relation to 

project investment. The other risk analysis technique that is used in the project planning 

phase is the Monte Carlo simulation.  

3.3.4.3 Monte Carlo simulation  

The Monte Carlo simulation is primarily used in the project planning phase, wherein the 

input information is based on assumptions in a certain environment, disregarding the 

possibility of changes which often come about because of the uncertainties and complexities 

during the execution phase of the project. As alluded by Khedr (2006), the Monte Carlo 

simulation is an analysis tool that enables planners to model many factors that may cause or 

contribute to uncertainties and risks. In the Monte Carlo simulation, project data with 

different input values are calculated over and over many times, with an intention to 

completely represent all possible scenarios that might occur in an uncertain situation during 

the implementation of the project. The same principle is also provided in the PMI (2017) 

where it states that “in a simulation, the project model is calculated many times (iterated) 

with the input values such as cost estimate and activity duration, which are selected at 

random for each iteration from the probability distributions of these variables”. Eventually, 

the results of the Monte Carlo simulation show the logical consequences of a particular set of 

risk assumptions, which may include a range of estimates of project schedule, resource 

variations, and correlations between project categories. The main criticism against the Monte 

Carlo simulation is that it provides quantitative results for decision making and determining 

the key risk factors that may hold us back from meeting the schedule milestones (Khedr, 
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2006). Like most other mathematical models, the Monte Carlo simulation needs to be used 

with caution and with understanding, so as to ensure that it doesn’t give false reassurance 

(Dziadosz & Rejment, 2015; Association of Project Management, 2004. Scholars, including 

Kwak and Ingall (2007), also point out some weaknesses in the application of the Monte 

Carlo simulation. They argue that “although Monte Carlo simulation is an extremely 

powerful tool, it is only as good as the model it is simulating and the information that is fed 

into it. If the project model or network is lacking, the simulation will not reflect real world 

activities accurately. If project task duration distributions used for a project duration 

simulation are incorrect or inadequate, the simulation will be off as well”. In this regard, 

Purnus and Bodea (2014) proposed a model that will allow updates of information to be made 

with observations from project implementation. In their study they provide a practical 

approach to qualitative analysis using the Monte Carlo simulation to highlight the correlation 

between the parameters of time, cost and resource limitation in construction projects. In 

addition, they maintain that the project execution should be analysed not only by the 

probability of the constraints of time and cost together, but also by the trends of them 

combined. However, there is very limited literature to demonstrate how the Monte Carlo 

simulation technique could be effectively applied post the planning phase, particularly in 

construction projects where there is a lot of complexities and uncertainties. This notion is also 

supported by Kwak and Ingall (2007) who stated that the Monte Carlo technique has not been 

used much by project managers in real-world situations unless it is a requirement of the 

organization’s project management practices.   

3.3.4.4 Decision tree analysis 

Several studies indicate that the decision tree analysis technique is useful in supporting 

decision making in relation to the selection of the best alternatives for course of action 

towards risk management and responses (PMI, 2017). However, much of the research up to 

now have paid little attention to the consideration of the project complexities when applying 

the decision tree analysis technique.  Siu et al. (2018) apply a decision tree analysis to 

generate a flowchart-like structure for a particular risk category in which each tree node 

presents how severe the risk rating in connection with the scales of risk likelihood and risk 

consequence is. In the flowchart structure, the higher level of branching is proposed to be the 

one with greater importance to project risk rating. Prinsloo and Maritz (2017) applied an 

action-research, qualitative approach to develop a framework with the use of a decision tree 

analysis to provide guidance for the assessment of delay claims in construction projects. They 
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maintain the framework would assist in providing a platform to standardize the assessment of 

delay claims in construction projects. Dey (2012) proposes an integrated analytical 

framework for effective management of project risks using combined multiple criteria 

decision-making technique and decision tree analysis. He argues that a decision tree analysis 

allows modelling various options for risk response development and optimises selection of 

risk mitigating strategy. From a conflict management perspective, Charkhakan and Heravi 

(2019) have attempted to use the decision tree analysis technique to present an understanding 

of complex relationships among the chain of risks which cause conflict. In their study they 

identify the important players in the conflict management process as well as the different 

conflict types (Figure 3.7). 

Figure 3.7: Decision tree depicting the chain of risks which cause conflicts 

 

Source: (Charkhakan & Heravi, 2019) 

As illustrated by Charkhakan and Heravi (2019), alternative paths through the project are 

shown in the decision tree using branches representing different decisions or events, each of 

which can have associated costs and related individual project risks. The endpoints of 

branches in the decision tree represent the outcome from following that particular path, which 

can be either positive or negative. The decision tree is evaluated by calculating the expected 

monetary value of each branch, allowing the optimal path to be selected (PMI, 2017). The 

decision tree analysis allows modelling various options for risk response development and 

optimises selection of risk mitigating strategy. The proposed risk management framework 
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could be easily adopted and applied in any project and integrated with other project 

management knowledge areas (Dey, 2012). 

3.3.5 Methods and Techniques for Risk Response Planning  

Risk response planning is aimed at developing options and actions that will enhance 

opportunities while reducing threats to the project performance in terms of time, cost and 

quality objectives.  According to the PMI (2017) the primary objective of the risk response 

planning is to devise strategies that will increase the probability and impact of positive risks 

(opportunities), while reducing the probability and impact of negative risks (threats). As such, 

the assessment of risk should be an ongoing process (Subramanyan et al., 2012; Tepelia, 

Taillandiera & Breyssea, 2019) considering the dynamics and complexities in construction 

projects, in particular. The procedure of risk response planning in construction projects is 

clearly highlighted by Hafeth and Rouwaida (2017) when stating that risk response must use 

the information gathered in the risk analysis process in order to inform the decisions of the 

project management team on how to improve the possibilities of completing the project 

within the allocated time and budget and achieving the desired quality objectives. To this 

extent, Kululanga and Kuotcha (2010) stipulate that at the risk response stage, a construction 

contractor must develop a risk response strategy which may include the following methods: 

eliminate the risk by avoiding its occurrence, usually by treating the root causes; accept the 

risk, but have a contingency plan in place; shift the risk to a third party through risk 

transference, and; reduce the likelihood of its occurrence by mitigation. Overall, there seems 

to be consensus to suggest that risk response strategies in any project should equally focus on 

both the positive and negative risks. However, the risk management practice in construction 

projects is generally associated with only the negative risks, neglecting the positive risks 

which should be exploited in enhancing the performance of the project in terms of time, cost 

and quality objectives.   

3.3.5.1 Strategies for negative risks or threats 

In general, there are four broad strategies for responding to negative risks in a project. That 

is, the project management team may decide to completely avoid the risks, transfer the risks, 

mitigate the risks, and/or accept the risk.  Depending on the project complexities, the project 

management team will choose the appropriate and the most effective response strategy to 

address the negative risks. Risk avoidance is considered to be one of the most extreme 

strategies for responding to negative risks in a project.   
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❖ Avoidance 

According to the PMI (2017), risk avoidance is a risk response method whereby the project 

management team act to eliminate the identified threat or to protect the project from the 

impact because of the potential threat. Therefore, the risk avoidance strategy may vary from 

one project to another depending on the prevailing circumstances and complexities. In some 

instances, as indicated by Larson and Gray (2018), the risk avoidance strategy may mean 

changing the project management plan to eliminate the risk or the condition within which the 

risk may occur. This may include, for example, using advanced technology instead of 

experimental technology in order to eliminate technical and mechanical failures. In another 

context, the PMI (2017) highlights that the project manager may consider isolating the project 

objectives from the risk’s impact or modifying the objectives that are exposed to the 

particular risk. In practical terms, such risk avoidance methods may involve extending the 

project duration, changing the strategy, or reducing the project scope. To a large extent, the 

risk avoidance strategy may also be informed by the risk threshold in the project wherein part 

of the risk is prevented to occur above the acceptable level (Szymański, 2017). Some risks 

that arise early in the project can be avoided by, for example, clarifying the project 

requirements, obtaining sufficient information, improving communication among the project 

team members, and acquiring expertise in the project (PMI, 2013).  In a study conducted by 

Mikić, Arizanović and Ivanišević (2012), a Building Information Modelling (BIM) is 

proposed as a risk avoidance technique for infrastructure construction projects. In their study 

they argue that the BIM could improve the performance of project risk management in terms 

of risks associated with project cost, schedule, quality, performance, health and safety 

aspects, environmental aspects but, as well, with other non-tangible factors.  The most 

extreme risk avoidance method is to shut down the project completely (PMI, 2017). 

However, the risk transfer strategy should be first considered before deciding to stop the 

project.   

❖ Transfer  

Risks can also be transferred to a third party on the basis of contractual agreements and 

obligations. Risk transference is defined by the PMI (2017) as a risk response method 

whereby the project management team shifts the impact of the uncertain event together with 

the ownership of the risk response to a third party. With the risk transfer strategy, Du Plessis 

and Oosthuizen (2017) point out that “there should be agreement between the two parties to 

legally bind the contractual relationship, embracing the rights, responsibilities, prerogatives, 

and privileges; and the parties should be at one with regard to the consequences to the 
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agreement”. Notably, transferring the risk simply gives another third person the responsibility 

for the management, as it does not necessarily eliminate the risk impact on the project (PMI, 

2017), but it demonstrates the ability to neutralize risk (Szymański, 2017). Risk transference 

is the strategy which is primarily considered to be the most effective in dealing with financial 

risks, especially in construction projects where there are massive financial investments and 

high-risk exposure. There are several different types of risk transfer methods used in projects. 

Accordingly, the PMI (2017) stipulates that insurance, performance bond, warranties, and 

guarantees are the commonly used methods of transferring risks, while Burke (2010) identify 

the fixed price contract, cost plus contract, unit rates contract, Turnkey contract, and the 

Build-Operate-Own-Transfer (BOOT) as the popular methods of risk transference, 

particularly for construction projects. On one hand, in a study on the risk management 

framework for BOT, scholars have highlighted that “due to the number of parties involved 

and the corresponding number of interlocking contracts required, BOOT projects are 

indisputably complex” (Al-Azemi, Bhamra & Salman, 2014) in nature. On the other hand, in 

a study conducted by Yahaya, Shakantu, Jimoh & Saidu (2016) it has been found that the 

BOOT method is one of the most appropriate risk response measures for different models of 

Public Private Partnership (PPP) Projects. However, the pitfall is that often in construction 

projects where risk transfer methods such as the BOOT method are used, some investors 

usually submit high offers, without realistically considering the risks and opportunities 

involved (Al-Azemi et al., 2014) in the performance of the project.  

❖ Mitigation 

Risk mitigation is a risk response method whereby the project management team act to 

reduce the probability of occurrence, or the impact of the risk on the project objectives (PMI, 

2017; Larson & Gray, 2018). It actually implies a reduction in the probability and/or impact 

of an adverse risk to be within the acceptable threshold limits which is usually informed by 

the risk index of the project. However, scholars including Muriana and Vizzini (2017) have 

reservations that the risk index related to both the entire project and the single phases are 

often neglected in the process of risk assessment and mitigation. It is for this reason that 

Szymański (2017) puts emphasis on the basic principle that risk mitigation methods must be 

introduced at each stage of the project, from the planning period throughout all phases in the 

performance of the project. That is, in order to ensure successful risk management 

performance, there should be various risk mitigation methods at different stages of the 

project. For example, some of the mitigation methods may include adopting a less complex 
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project management process, conducting a detailed feasibility study, and choosing more 

reliable suppliers (PMI, 2017). Mitigation may require prototype development to reduce the 

risk of scaling up from a bench-scale model of a process (PMI, 2013). In the risk mitigation 

process, testing and prototyping are frequently applied to prevent problems from occurring in 

the later stages of the project (Larson & Gray, 2018). Muriana and Vizzini (2017) present a 

“deterministic quantitative technique for risk assessment and mitigation which allows project 

managers to adapt the preventive and corrective actions to the project performance detected 

in progress, considering the impact of already performed phases on those not still 

performed”. In this regard, the key point which should be more emphasised is that taking 

early action to reduce the probability and/or the impact of a risk occurring on a project is 

often the most effective method, rather than trying to repair the damages after the risk already 

occurred (PMI, 2017).   

❖ Acceptance  

The literature indicates that accepting risk may be another strategy for risk mitigation in the 

process of risk response in project management (Burke, 2010; PMI, 2017; Szymański, 2017). 

However, it is cautioned that risk acceptance should be the last option in the process of risk 

response, particularly in construction projects where neither risk events should be ignored nor 

cost overrun be acceptable. The PMI (2017) indicates that the risk acceptance strategy may 

be either passive or active. That is, a passive risk acceptance strategy requires no action other 

than to just document the strategy. That means leaving the project management team to deal 

with the risks as they occur, and to periodically review the threat to ensure that it does not 

change significantly. On the other hand, the most popular active risk acceptance method is to 

establish a contingency plan which include a certain amount of time, money, and other 

resources to handle the risk as it occurs. In this regard, Kululanga and Kuotcha (2010) 

categorically define the risk contingency plan as the predefined actions that the project 

management team should consider if an identified risk event happens, for example, 

contingency plans with provisions held by the project sponsor that can be used to mitigate 

cost or schedule risk if changes in the project scope or quality occur.  Larson and Gray (2018) 

point out that availability of a contingency plan can significantly increase the chances for 

project success, considering that its implementation embodies disruption in the sequence of 

work.  They further allude that those contingency plans should be communicated to all team 

members so that surprise and resistance are minimised in the implementation of the risk 

response process. The most important point, which has received little attention in the 
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literature, is that the risk acceptance method should be applied where it is completely 

impossible or cost ineffective to address a specific risk in any other means. Apart from the 

consideration of risk as a negative phenomenon, some risks can provide an opportunity in the 

project, hence strategies for positive risks should also be considered.   

3.3.5.2 Strategies for positive risks or opportunities 

On a positive note, risks may also present some opportunities in a project, which the project 

management team should capitalize on. To this extent, the common strategies that are usually 

used in responding to the positive risks and/or opportunities in a project are risk exploit, risk 

escalate, risk share, risk enhance, risk accept (PMI, 2017). 

❖ Exploit 

The exploit strategy may be applied for risks with positive impacts on the project objectives 

where the organization wishes to ensure that the opportunity is realized. This strategy aims to 

reduce the uncertainty associated with a particular upside risk by ensuring that the 

opportunity occurs. Examples of directly exploiting risk responses may include assigning an 

organization’s most talented personnel to the project to reduce the completion time of the 

project, or applying new technologies or technology upgrades to reduce the cost and duration 

required to realize the project objectives (PMI, 2017). 

❖ Escalate 

This risk response strategy is appropriate when the project team or the sponsors agrees that an 

opportunity is outside the scope of the project or that the proposed response would exceed the 

project manager’s authority. Escalated opportunities are managed at the program level, 

portfolio level or at another relevant part of the organization, but not on the project level. The 

project manager determines who should be notified about the opportunity and communicates 

the details to the person or the relevant party in the organization. It is important that 

ownership of the escalated opportunities is accepted by the relevant party in the organization. 

Opportunities are usually escalated to the level that matches the objectives that would be 

affected if the opportunity occurs. Escalated opportunities are not monitored further by the 

project team after escalation; however, they are still recorded in the risk register for 

information (PMI, 2017).   

❖ Share  

Sharing involves transferring ownership of an opportunity to a third party so that it shares 

some of the benefits if the opportunity is realized. It is important to select the new owner of a 
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shared opportunity carefully, so they are best able to capture the opportunity for the benefit of 

the project. Risk sharing often involves payment of a risk premium to the party taking on the 

opportunity. Examples of sharing strategies include forming risk sharing partnerships, teams, 

special-purpose companies, or joint ventures (PMI, 2017). Risk sharing is also known as 

transferring risk to another party. In this context, Larson and Gray (2018) identify three 

methods that are commonly used for risk transfer. The transferring of risk from owner to 

contractor, transferring risk in insurance, and provisions for the Built-Own-Operate-Transfer 

contract.   

❖ Enhance 

The enhance strategy is used to increase the probability and/or impact of an identified 

opportunity. Early enhancement action is often more effective that trying to improve the 

benefits after the opportunity has occurred. The probability of occurrence of an opportunity 

may be increased by focusing attention on its causes. When it is not possible to increase 

probability, an enhancement response might increase the impact by targeting factors that 

drives the size of the potential benefit. Examples of enhancing opportunities include adding 

more resources to an activity in order to finish early (PMI, 2017).    

❖ Accept  

Accepting an opportunity acknowledges its existence but no proactive action is taken. This 

strategy may be appropriate for low-priority opportunities, and it may also be adopted where 

it is not possible or cost-effective to address an opportunity in any other way. Acceptance can 

be either active or passive. The most common active acceptance strategy is to establish a 

contingency reserve, including amounts of time, money or resources to take advantage of the 

opportunity as it occurs. On the other hand, passive acceptance involves no proactive actions 

apart from periodic review of the opportunity to ensure that it does not change significantly 

(PMI, 2017).  

3.3.6 Methods and Techniques for Risk Monitoring and Control  

The risk monitoring and control process involves implementation of tools and techniques to 

ensure the effectiveness of the risk response strategies, to track the residual and new risks, 

and to evaluate the effectiveness of the entire risk management processes throughout the 

project life cycle (Mikić et al., 2012). For construction projects in particular, the risk 

monitoring and control activities should be an ongoing process to ensure that the action plans 

are achieving the desired progress, the successful plans are retired, and that any significant 
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new or emerging risks are detected and managed (Chihuri & Pretorius, 2010) as early as 

possible. The outcomes of the risk monitoring and control process must give effect to the 

revisions of the risk register, and the provision of a list of new action plans for risk response. 

Although the risk monitoring and control exercise has been found to be the key function in 

the risk management system in terms of ensuring that the project objectives are successfully 

achieved and that the stakeholder expectations are met (Kissi, Agyekum, Baiden, Tannor, 

Asamoah & Andam, 2019), the management team in many construction projects hardly 

execute the risk monitoring and control function (Kishan et al., 2014; Sun, Man & Wang, 

2015; Taylan et al., 2014; Gupta et al., 2016;). To that extent, the track record of coping with 

risks in the construction industry is, in general, very poor and often result in the failure of 

many projects to meet the time, budget and quality targets (Okoye et al., 2015; Kissi et al., 

2019).  Risk reassessment is one of the methods used for risk monitoring and control.  

3.3.6.1 Risk reassessment 

Risk control should be treated as an on-going process wherein the initial impact of the risk is 

again evaluated and assessed (Kishan et al., 2014). This view is supported by Mehdizadeh et 

al. (2013) who maintain that “since not all risks can be identified at any given point in the 

project, it is essential that risk identification be repeated throughout the project life cycle”. 

That is, as the project matures, risks change, and new risks emerge while some anticipated 

risks disappear. In the same vein, the PMI (2017) highlights that risk reassessment assists to 

understand if the level of risk exposure has changed from its initial state while analysing the 

risks trend in the project.  For consistency, the risk reassessment exercise should be done 

periodically, at a frequency predetermined during the risk management planning 

(Mehdizadeh et al., 2013). Consequently, the constant monitoring will progress the particular 

activities conducted within while improving the efficiency of the whole risk management 

process of the project (Wieczorek-Kosmala, 2014). In all the studies reviewed here, the 

bottom line is that all risk response measures must be monitored and reviewed to ensure that 

they are effective.  In this regard, Kishan et al. (2014) has a strong view that responses taken 

to risks should also be fully documented for future reference while project plans are updated 

in accordance with the changes in the project schedule and budget. The recording and 

documentation of risks and the response measures thereof is a fundamental requirement and a 

prerequisite for the risk response audit in the project.  



101 | P a g e  

 

3.3.6.2 Project risk response audit 

There is a growing body of knowledge that recognises the use of risk response audit as a tool 

and technique for project risk management. Wanga and Li (2011) maintain that the use of 

internal auditing for risk management in engineering projects not only provides opportunities 

for self-development of internal audit capacity, but also gains competitiveness of enterprises 

in markets. They further assert that “internal audit can control risk comprehensively”. The 

risk of engineering enterprises is present in all aspects, posing the need for risk management, 

from an overall perspective, to make a comprehensive evaluation of the degree of impact and 

priorities of risk, and coordinate all courses of action towards risk management. Internal 

audit, with the comprehensive advantage of analysing and judging risk from an overall 

perspective, includes making a systematic and professional supervision, inspection and 

evaluation for risk management of enterprises, weighing advantages and disadvantages of 

executing risk prevention and the cost benefit thereof, and studying the positioning of 

engineering project risk management in comparison between risk and benefit. According to 

the PMI (2017), risk audit may be included during routine project review meetings or may 

form part of a risk review meeting, or the team may decide to have separate risk audit 

meetings. Chihuri and Pretorius (2010) point out that, although risks in construction projects 

are identified, the processes of implementation and risk response audit thereof still needs 

serious attention in the construction industry. Wanga and Li (2011) promote the use of 

Internal Audit in Engineering Project Risk Management. With the increasing complexity of 

the enterprise environment, risk management techniques will develop continuously and, 

simultaneously, internal audit itself and its corresponding audit technique will move forward, 

while involvement of internal audit in the study on risk management will have a broader 

prospect in future. The format for the risk audit and its objectives should be clearly defined 

before the audit is conducted (PMI, 2017).  

3.3.6.3 Periodic project risk reviews/ meetings 

The consistent and continuous review of project risks has been overwhelmingly emphasised 

in the risk management body of knowledge. On this note, the use of risk register as a tool to 

keep track of the identified risks is very important. According to the PMI (2017), the risk 

register captures the details of every identified risk in the project, and it may contain limited 

or extensive risk information depending on project variables such as size and complexity. The 

typical information that is contained in a risk register may include a short risk title, risk 

category, current risk status, risk causes and effects on project objectives, and timing 
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information (PMI, 2017; Kishan et al., 2014). The primary objective for having detailed 

information on the risk register is “to ensure that the action plans are making progress, that 

successful plans are retired, and that any significant new or growing risks are detected and 

managed” (Chihuri & Pretorius, 2010). Importantly, the risk response measures to be 

proposed during the periodic project risk review should also be fully documented for future 

reference and should be updated accordingly in the risk register (Kishan et al., 2014), as this 

may also result in changes to the schedule, cost and quality of the project. Although the use 

of a risk register is considered to be the critical tool in the project risk review process, the 

implementation of the risk register in the construction industry is still ineffective. Several 

scholars have pointed out that the identified risks in the risk register are often not treated and 

resolved and, subsequently, most projects are not successfully delivered in terms of time, 

cost, and objectives (Wanga & Li, 2011; Kishan et al., 2014; Okoye et al., 2015; Dada & Ojo, 

2016). Moreover, risks in the risk register are left unmanaged until it is too late in the 

implementation phase of the project (Kishan et al, 2014; Panova & Hilletofth, 2018).  

3.3.6.4 Earned value analysis 

Although extensive research has been carried out in relation to the use of the Earn Value 

Analysis (EVA) as a risk management technique for measuring project progress, none of the 

studies have taken into cognisance the complex and changing environment within which 

construction projects are operating.  Lee (2015) uses the EVA as a method to demonstrate 

and calculate the effects of cumulative inefficiency on the remaining work as well as on the 

impacted work due to delays in the project schedule. Hanna (2012) presents a case study to 

supplement the notion that using an EVA system can help to detect cost overruns and 

schedule slippages in the early stages of the project, and thus enable the project team to take 

corrective measures in a timely manner. Pajares and López-Paredes (2011) propose two new 

indexes that combine EVA and project risk management for project controlling and 

monitoring. The objective of their study was to just compare earn value management based 

on cost and schedule variances with the deviation the project should have under the risk 

analysis expected conditions. Moradi, Mousavi and Vahdani (2017) propose an earned value 

model with risk analysis for project management under uncertain conditions, and the key 

point about the presumption in EVM systems that expresses the future efficiency of the 

project can be predicted by the past efficiency. Sun et al. (2015) argue that the EVA is a 

project management technique for measuring project performance and indicating what will 

happen to work in the future. Considering the project complexities in the construction 
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industry, it remains a fundamental question as to know how efficient and accurate the use of 

the EVA for risk analysis in construction projects is.  

3.3.6.5 Technical performance measurement 

According to the PMI (2017), technical performance analysis compares technical 

accomplishments during project execution to the schedule of technical achievement. It 

requires the definition of objectives and quantifiable measures of technical performance, 

which can be used to compare the actual results against targets. Tsolas (2013) proposed a 

Range-Adjusted Measure (RAM) based on a Data Envelopment Analysis (DEA) model for 

technical performance measurements in construction projects. The author use completed 

construction projects to evaluate the operating performance in terms of how well the projects 

were managed and executed. Furthermore, Tsolas (2013) also argues that “project 

performance evaluation becomes complicated when applied on a target-by-target basis, and 

as such, becomes necessary to aggregate performance indicators across all targets into a 

single performance indicator”. Such technical performance indicators may include weight, 

transcription time, number of delivered defects, storage capacity etc. and deviation can 

indicate the potential impact of threats or opportunities (PMI, 2017). With reference to the 

monitoring and control of the performance of the technical measures in construction projects, 

the project managers must pay more attention to the critical performance indicators to ensure 

success (Wanga & Li, 2011).  

3.3.6.6 Contingency reserve analysis 

The reserve analysis basically refers to the review of a contingency plan which is the 

allowance that a cost engineer makes to cover for the unforeseen costs or to cater for 

circumstances that may go wrong in the project (PMI, 2017). The contingency allowance is 

allocated to the unforeseen risks, to ensure that the burden of the risks will not totally deflect 

the profit margin of the project (Jimoh et al., 2016). While the PMI (2017) regard the 

contingency allowance as the “additional response planning to control the risk” (PMI, 2000), 

some scholars argue that “providing contingency reserve is not a treatment or a control of the 

risk, instead it provides for the consequences of risk events that were accepted” (Steyn et al., 

2016). Though these authors agree that cost contingency reserves are required and need to be 

budgeted for in a project, they observe that “there is a tendency to offset risk by making large 

contingency allowances so that there will be sufficient funds to be able to rectify things that 

may go wrong without a budget overrun. This practice increases costs unnecessarily and can 

even sink a project because the risk has not been properly identified and quantified to give a 
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realistic cost estimate to make allowance for any risks” (Steyn et al., 2016). Identifying the 

specific risk factors that are likely to require the contingency allocation is critically important 

to avoid unnecessary cost incensements, particularly in construction projects. In this regard, 

Polat and Duzcan (2010) use a questionnaire survey in a longitudinal approach to identify the 

factors affecting cost contingency in international construction projects. The findings of their 

study highlighted fifty-nine risk factors that may affect cost contingency allowances in 

international construction projects. These factors are classified into six groups, which include 

“bidding stage-related factors, construction-related factors, finance related factors, country-

related factors, company-related factors, and contract related factors”. Worryingly, in most 

instances contingency reserves are often included in the project budget without identifying 

the possible risk factors that may affect the deliverable objectives in terms of time, cost and 

quality. 

3.4 SUCCESS MEASURES IN CONSTRUCTION PROJECT MANAGEMENT  

The core function in construction project management is the optimization of project processes 

to satisfy the time, cost and quality constraints (Khedr, 2006; Taylan et al., 2014; Okoye et 

al., 2015; Dada & Ojo, 2016; Tipili & Yakubu, 2016; Fakhreldin et al., 2017). The time, cost 

and quality objectives remain the most significant challenges faced by the contractors and 

professionals in construction project management. In a study conducted by Okoye et al. 

(2015), which had identified the top six management challenges facing construction 

professionals in managing construction projects, the time, cost and quality performance 

objectives had the highest ranking in terms of the Relative Importance Index (RII) for 

management challenges facing practitioners in construction project management.  Based on 

their overall RII, time (Scheduling) Management Challenges ranked (0.932), Quality 

Management Challenges ranked (0.932), and the Cost Management Challenges ranked 

(0.924) respectively (Okoye et al., 2015).  

3.4.1 Project Schedule Management 

Project schedule management includes the processes required in managing the timely 

completion of a project. Project scheduling provides a detailed plan that represents how and 

when the project will deliver the product, services, and results defined in the project scope 

and serves as a tool for communication, managing stakeholders’ expectations, as a basis for 

performance reporting (PMI, 2017). The connections between time management and project 

management are relatively well‐grounded in the core aspects of the project management 

discipline. Project schedule management in the construction industry is meant to speed up the 
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completion of the project in terms of months, weeks and/or days counting from the 

construction starting date to completion date (Dada & Ojo, 2009). In the construction 

industry, project schedule should be understood as the project duration from site handover to 

completion of construction works and handing over the project to the client (Kurtzer et al., 

2018). Though the project schedule is usually specified before the actual construction starts 

(Vukela, Kajimo-Shakantu & Xhala, 2017), there are several circumstances and processes to 

be taken into consideration when managing project schedules in construction projects. The 

sequencing of project activities on network diagrams is one of the critical schedule 

management processes in projects.    

3.4.1.1 Sequence activities and network diagrams 

Sequence activities is the process of identifying and documenting the logical relationships 

among and between the project activities throughout the project lifecycle. The key benefit of 

this process is that it defines the logic sequence of work to obtain the greatest efficiency in 

project schedule management (PMI, 2017). The PMI (2017) further emphasizes that every 

activity in the project, except the first and the last, should be connected to at least one 

predecessor and at least one successor activity with an appropriate logical relationship. These 

connections and relationships, as referred to by Steyn et al. (2016), are activity dependencies 

which could be classified into three types namely mandatory, discretional, and external 

dependencies. When scheduling the project activities, network diagrams are applied to show 

the dependencies in a sense that certain activities will be performed before or after other 

activities (Steyn et al., 2016). Importantly, the logical relationships on the network diagrams 

should be designed to create a realistic project schedule (PMI, 2017). The visual illustration 

of sequence activities on network diagrams is also known as precedence diagram method or 

the activity-on node method (Steyn et al., 2016). The sequence activities process concentrates 

on converting the project activities from a list to a diagram to act as a first step to publish the 

schedule baseline (PMI, 2017). There are critics though that hold that these network diagram 

methods are unrealistic project schedule techniques because are they based on probability 

models. In this regard, Dey (2012) noted that probability models suffer from two major 

limitations, namely that they require detailed quantitative information, which is not normally 

available at the time of planning, and the applicability of such models to real project risk 

analysis is limited, because parties participating in the project have a problem with making 

precise decisions in the beginning of the project.  It may therefore be necessary to use leads 
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and lags time between activities to support a realistic and achievable project schedule (Steyn 

et al., 2016).  

3.4.1.2 Leads and lags 

Leads and lags are refinements applied during network analysis to develop a viable and 

practical schedule by adjusting the start time of the successor activities of the project. 

According to the PMI (2017), leads are used in limited circumstances to advance a successor 

activity with respect to the predecessor activity, whereas lags are used in limited 

circumstances where processes require a set period to elapse between the predecessor 

activities and successor activities without work or resource impact. In this regard, Steyn et al. 

(2016) allude that lag is the amount of time an activity must be delayed for some or other 

technical reason. In this regard, Prinsloo and Maritz (2017) categorizes the types of delays 

that are like to occur in a project.  

Figure 3.8: Types of delays in construction projects 

 
Source: (Prinsloo & Maritz, 2017) 

In essence, leads are the opposite of lag, which implies an overlapping of schedule between 

two activities in the project. Adjusting leads and lags is applied during network analysis to 

find ways to bring project activities that are behind into alignment with the plan (PMI, 2017). 

According to Steyn et al. (2016), lead and lag in project networks are used in computerized 

scheduling systems to provide greater flexibility.  Leads and lags are applied with start-to-

start, finish-to-finish, and start-to-finish relationships (Steyn et al., 2016). According to Wang 

et al., (2007), long lead-time items can be considered as one of the project time delay risk 
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factors. This assertion therefore suggests that leads and lags should be taken into 

consideration when estimating activity duration in the project.   

3.4.1.3 Estimating activity duration 

Estimating activity duration is the process of balancing the project schedule and the resources 

available to perform the activities of the project. To perform the estimating activity duration, 

one will need to have information about the scope of work, required resources, estimated 

resource quantities, and resource calendars (PMI, 2017). Moreover, other factors that may 

influence the duration estimates include risks imposed on the duration, effort involved, types 

of resources as well as the schedule network analysis technique used. The process of 

estimating activity duration is also known as resource planning which also addresses the 

challenges of resource overload when the forecast resources exceed the available resources, 

and resource underload when the resource forecast is lower than the available resources 

(Burke, 2010).  Accordingly, there are two approaches to be used when performing the 

resource planning exercise in a project. Firstly, there is the time-limited-resource scheduling 

approach which implies that the resources must be increased to address any overload if the 

end date of the project is fixed. Secondly, there is the resource-limited-resource schedule 

approach which implies that the resources must be increased to address any overload if the 

maximum number of resources is fixed (Burke, 2010). The ultimate objective in performing 

the estimating activity duration is to ensure that the project delivery is faster and expedited.  

Steyn et al., (2016) warns that it is not necessary that all activities should be done faster, but 

that at least the activities in the critical path should be expedited. In this regard, doing an 

activity faster but at a higher cost is called crashing and, as such, to expedite a project by 

crashing it means one activity on the critical path needs to be crashed (Steyn et al., 2016). 

Moreover, if more than one activity offers the chance of crashing, one should start with the 

cheapest option, that is to start crashing the activity with the smallest cost slope or less steep 

slope (Steyn et al., 2016). In summary, the estimated activity duration process requires an 

estimation of the amount of work effort required to perform and complete the activity and the 

number of available resources estimated to complete the project activity.  Importantly, to 

deliver the project on schedule, priority should be given to project activity on the critical 

path.  

3.4.1.4 Critical path method and float 

The critical path method is used to estimate the minimum project duration and determine the 

amount of schedule flexibility on the logical and sequential network path within the schedule 
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model. The schedule flexibility is also known as the total float which is measured by the 

amount of time that a schedule activity can be delayed or extended from its early start date 

without affecting the project completion date or disrupting a schedule constraint (Burke, 

2010; PMI, 2017). However, this schedule network analysis model computes the early start, 

early finish, late start, and late finish dates for all activities without regard for any constraint 

by performing a forward and backward passes analysis through a schedule network (PMI, 

2017).  That is, the longest path of the network diagram from the beginning of the project to 

the end gives the expected duration, and this is known as the critical path (Burke, 2010). In 

practice, delays such as revising and approving design documents by the owner, as well as 

inefficient decision making, often leads to the consuming of the float time in a construction 

project (Subramanyan et al., 2012). The same view is echoed by Steyn et al., (2016) when 

stating that some people claim that the network methods provide unrealistic due dates 

because often the senior executive make commitments on due dates before sufficient 

planning has been done. In addition, the critical path method is also criticised by opponents 

who feel that all work cannot be anticipated beforehand, and the activities of a project cannot 

be defined thoroughly enough to be put into a network diagram and subsequently determining 

the critical path thereof (Steyn et al., 2016). As also echoed in the systems thinking approach 

that project work evolves as it progresses (Watson et al., 2019), equally one should always 

plan in detail only the phase that will start next, and for the rest of the project there should 

only be a high-level plan (Steyn et al., 2016). Notwithstanding that it is often difficult to 

complete a project on time, the project manager must ensure that all reasonable measures are 

taken to avoid any delay of a critical activity in the project (PMI, 2017), given that any delay 

on the critical path may also affect the cost of the project.  

3.4.2 Project Cost Management 

From a variety of research, it is well established that project cost management is one of the 

critical areas to the successful delivery of a project within the allocated budget. Eltyeb et al. 

(2017) maintain that project cost management is necessary to ensure that the procurement of 

a project is accurate to an extent that the estimated price of the project provides value for 

money and is within the budget limits anticipated by the client.  Burke (2010) points out that 

to ensure that a project is completed within the approved time, the following should be taken 

into consideration in the project cost management process: the techniques for estimating the 

project cost, techniques for allocating budget, as well as the techniques for monitoring and 

controlling the expenditure. Beyond the execution of the project, the PMI (2017) emphasizes 
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that project cost management should also consider the effects of project cost decisions on the 

subsequent recurring costs in relation to the end user, maintenance, and service of the project 

outcome.  Moreover, project cost management is one of the critical areas because it covers 

the cost of the resources needed to perform the project activities (PMI, 2017), and to ensure 

that all work that is done is properly completed (Steyn et al., 2016) within the allocated 

budget (Jasiukevicius & Vasiliauskaite, 2015).  Although the area of project cost 

management is the essential managerial function in ensuring the successful delivery of a 

project, in most instances project managers hardly have a comprehensive view of all the 

factors that affect management of project cost, particularly in construction projects.  As 

outlined by Eltyeb et al., (2017) “construction projects by its complexity nature have an 

impeded risk of running over budget”, because of the overlooking of the crucial factors that 

influence the project cost. The crucial factors to be taken into consideration in the process of 

project cost management for construction projects include the following: cost forecasting, 

lifecycle costing, return on investment, taxation and insurance costs, project contract, cost 

engineering, and cost escalation (Steyn et al., 2016). Therefore, understanding of these 

factors would enable efficiency in the delivery of construction projects in terms of the project 

cost objective.  

3.4.2.1 Cost forecasting 

Accurate and reliable cost forecasting is essential to make an informed decision about the 

economic viability of any project. Cost estimation instruments such as budget and cash flow 

(Burke, 2010) are usually used as “tools to forecast the likely cost of a project or as an 

indication guide of the approximate cost of a project before it can be initiated” (Monyane et 

al., 2016). Alternatively, cost forecasts can also be made from the costs of similar projects, 

which will have to be corrected for cost escalation. Such estimates can be based on whole 

projects or similar parts of another project that can be used as basic cost building blocks 

(Steyn et al., 2016). However, given the complexities within which construction projects are 

operating, the accuracy of cost forecasting remains debatable. Jasiukevicius and 

Vasiliauskaite (2015) note that the assessment of investment costs is more a forecasting 

exercise than a simple calculation of the total investments needed, and numerous researchers 

disclose a diversity of problems related to cost forecasting. They further point out that a 

combination of factors such as misleading assumptions, incomplete designs, technical errors, 

unforeseeable changes in the project, optimistic bias, and the use of new or unproven 

technology, may cause deviations from the initial cost projection leading to initial investment 
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costs variations, either positive or negative, depending on the circumstances. An attempt to 

counter these risk factors has been made by Fragkakis, Lambropoulos and Pantouvakis 

(2010) when proposing a computer-aided conceptual cost estimating system for construction 

projects. The scholar argue that the proposed system can be easily applied to provide a 

variety of cost estimates to the contractor, architecture, and client during the project’s early 

stages, given that all the required input data consists of basic design parameters that are 

known during the preliminary study of the project. In practical term, cost forecasting should 

consider the entire project lifecycle.  

3.4.2.2 Lifecycle costing  

The origins of the concept of lifecycle costing could be traced back from 1965 when the 

United States Logistics Management Institute used the term lifecycle costing in a military-

related document (Eltyeb et al., 2017). Since then, the concept of lifecycle costing in project 

management has been applied in a variety of projects to assist in ensuring that a project 

effectively undergoes all the key phases which include initiation, planning, execution, and 

closure (Burke, 2010; Eltyeb et al., 2017). Noticeably, the application of lifecycle costing in 

construction projects globally is relatively new (Eltyeb et al., 2017). In the context of 

construction projects, Eltyeb et al. (2017) clearly defines “lifecycle costing as a method of 

economic analysis directed at all costs related to constructing, operating, and maintaining a 

construction project over a defined period of time”. On this note, Steyn et al., (2016) assert 

that it is more profitable to spend more capital up front on the project to reduce maintenance, 

or to be able to produce more or better deliverables that will give better returns in the long 

run. However, the greatest challenge in considering the use of lifecycle costing at the 

conceptual phases of construction projects, is the availability of sufficient data, considering 

that lifecycle costing is a data intensive procedure (Eltyeb et al., 2017). Against this 

background, Heralova (2017), proposes that lifecycle costing for construction projects should 

be performed as part of the feasibility study so that the decision maker in the project may 

gain insight. In addition, the author maintains that gathering data, predicting future effects, 

and recognizing environmental aspects to consider during the construction, operation and 

maintenance of the project could be of substantial benefit. To simulate the lifecycle costing 

approach, Zeynalian, Trigunarsyah and Ronagh (2013) have presented a modified Advanced 

Programmatic Risk Analysis and Management (APRAM) model which they claim is an 

appropriate decision-support tool for construction managers. They argue that, when using this 

model, construction project managers can consider not only the risks that occur over the 
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design and construction phases of the project, but also those that would happen over the 

entire lifecycle of the project, including the operating phase. The evidence suggests that to 

achieve the maximum value for money and highest return on investment in a construction 

project, all the costs to be incurred over the entire life span of the project must be considered 

and evaluated accordingly. 

3.4.2.3 Project contract 

While a project contract has a very significant impact on the cost structure of any project, 

some clauses of a project contract may also be ambiguous and inexplicit, resulting in 

inconsistent application.  To this extent, Du Plessis and Oosthuizen (2017) note that project 

contracts, mainly for construction projects, are structured in various forms and are often 

interpreted in different ways. According to Kalyviotis, Kitsios and Naniopoulos (2010), “the 

standard form contract in the construction sector is the kind of contract that does not allow for 

negotiation between the stakeholder…these contracts were drafted either from organizations 

or companies or federations’ perspective”. Steyn et al. (2016) maintain that the nature of the 

project contract and the way cash flows, contract profits, retention money and final close-out 

payments, and penalty clauses are specified all play a crucial role in influencing how cost are 

calculated and controlled in the project. In this regard, Dosumu and Aigbavboa (2017) 

investigate the prevalent types of errors in construction contract documents. Their study 

revealed that the prevalent types of errors in contract documents include conflicting 

information in documents, errors in design, errors in mechanical and electrical symbols, 

dimensional errors, over/under measurement in bill of quantities, ambiguous and wrong 

description in specifications, use of wrong units for measurement, and omissions in bill of 

quantities. Du Plessis and Oosthuizen (2016) lament that “some building contracts equip the 

employer’s agent with the necessary power to control or manage the construction project 

more effectively than other” parties in the project management team. Steyn et al., (2016) are 

critical that the strict time frames and stringent penalty clauses in the project contract may, in 

most instances, place a lot of unnecessary pressure on the project schedule and budget. 

Against this background, they also maintain that a project contract may, for example, 

categorically require for the recruitment of a minimum number of local workers who may not 

even have the required skills and expertise, and those who will need in-service training. 

Therefore, it is important that the project brief and scope be very thoroughly and accurately 

specified in accordance with the project contract to prevent the risk of scope and cost 
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creeping. To this extent, the role of the cost engineer become critically important, ensuring 

alignment between the scope, contract, and cost of the project. 

3.4.2.4 Cost engineering 

A cost engineer is a person who has both financial and technical skills in relation to a 

particular project. Cost engineers are important on projects which have a high technical 

content where the control of costs cannot be left to a person who only has financial skills. The 

cost engineer is skilled in being able to review deliverables, their requirements, 

specifications, controls, and measurement methods in order to monitor both inputs and 

outputs for acceptability. Many final decisions to make final payments to contractors are 

made on the recommendations of the cost and quality engineer. One of the most critical tasks 

of a cost engineer is to monitor the project from both a cost and technical point of view. They 

will need to analyse the outcome and to make suggestions to the management on how to 

solve both cost and technical related problems that are expected to arise during the life cycle 

of the project. The cost engineer is therefore a very valuable member of the cost control team.    

Cost variance are always a concern to any project manager, and the cost control process must 

be able to detect, analyse and understand why the variances from the budget has occurred. 

The clear understanding of why variances occurred must enable the project’s management to 

take corrective and preventative measures (Steyn et al., 2016). The control process is also 

concerned with understanding what is responsible for the changes, or potential changes, of 

the project cost and of influencing these factors for the benefit of the project. This influence 

may result in cost saving, or bringing costs back on to the budgeted baseline, or only 

minimising over expenditure where problems have raised. In the case where unforeseen cost 

overrun occurs, then funds can be formally made available from the contingency budget, by 

ways of a variation order or other formal change control process (Steyn et al., 2016).  

3.4.2.7 Cost escalation 

Construction projects are subject to cost escalations because of the complexity of 

interdependencies and uncertainties within which the industry is operating. The price 

escalations of items such as material, overhead and labour costs are a direct result of the cost 

overrun in many projects (Chihuri & Pretorius, 2010; Taylan et al., 2014; Vukela et al., 

2017). To this extent, Vukela et al. (2017) have a strong view that construction costs should 

not only be confined to the initial contract budget but also take into account costs associated 

with variances and modifications during the project life cycle which often occur as a result of 
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fluctuation in currency and interest rates, and excessive approval procedures and interface on 

project management (Wang et al., 2007; Taylan et al., 2014). A typical example of the cost 

escalation is evidently highlighted in the study conducted by Chihuri and Pretorius (2010) in 

relation to managing risks in the engineering and construction project environment. In their 

study, it is revealed that a construction project that was initially estimated to cost R7 Billion, 

has been finally completed at a budget of over R25 Billion. According to the authors, these 

significant increments have largely been attributed to an escalation in construction material 

costs. A similar example has been illustrated in the research conducted by Alrashed et al., 

(2014) wherein they use a linear decision-making model to demonstrate the escalation of 

construction project cost over a period of three years. In their study, it is reported that over a 

period of 3 years the construction project costs of a particular project had escalated 

enormously at a growth rate of 19.5%. That is, the total project cost was estimated at the 

value of $72 Billion in the first year, $71.7 Billion in the following year, and $122 Billion in 

the third respectively. For conceptualization of these cost escalations, Jasiukevicius and 

Vasiliauskaite (2015) used a case study approach to investigate how to accurately assess the 

risk of cost overrun in construction projects executed by the public sector. Worryingly, their 

study has revealed that, on average, the estimated initial investment budget for the public 

infrastructure projects is overrun by a quarter of the total budget. In this regard, Adafin, 

Wilkinson, Rotimi and Odeyinka (2016) have systematically evaluated the reliability of 

elemental cost plans in traditional procurement of construction projects. They argue that no 

matter how much precaution and effort is put into the preparation of design stage elemental 

cost plans, differences are inevitable between these cost plans and the final tender budget. As 

a result, they conclude that the larger or more complex the project scope, the less reliable it 

becomes to use elemental cost plans to guarantee cost certainty (Adafin et al., 2016). Overall, 

these studies provide the evidence to suggest that accurate cost estimation is rarely certain in 

the beginning of the construction project, especially when there are specific quality standards 

in the delivery of the project.   

3.4.3 Project Quality Management   

Project quality management is the most critical managerial function in the delivery of 

construction projects. To this extent, Acıkara, Kazaz and Ulubeyli (2017) note that project 

quality is one of the key components which determine the scope of a construction project, 

while Yu, Man, Wang, Shen, Hong, Zhang & Zhong (2019) regard quality attainment as one 

of the most important objectives of project management. According to Vukela et al. (2017), 
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project quality should be defined in accordance with the functions and features of products or 

services that will satisfy the client. Therefore, for projects to be delivered within the client’s 

desired quality, it is very important that all the involved project stakeholders clearly 

understand the prerequisite requirements to the realization of the quality objective. Notably, 

achieving quality in a project is never an accident, but it is always the result of careful 

thought, research, planning, and systematic disciplined execution of the plans that have been 

formulated towards meeting, or even exceeding the need of the clients (Steyn et al., 2016). To 

this end, project quality management in construction projects should be understood as a 

cradle-to-grave process that begins with the construction design quality components, 

followed by the construction process quality performance, until the attainment of the desired 

quality product.     

3.4.3.1 Construction design quality  

Planning for quality at the design stage of a construction project is a cornerstone to determine 

the delivery of quality processes and construction activities.  Acıkara et al. (2017) point out 

that “design quality components are the criteria which determine how an activity should be 

performed and show the expected situation after each activity is performed”.  In this context, 

Wang et al. (2007) identify some of the quality risks in relation to construction project 

design: inappropriate design; lack of appropriate design check; insufficient time for design; 

non-availability of experienced design personnel; reduction in design fees, and lack of 

compliance with specifications or standards. To avoid these quality risk factors in 

construction projects, Chen and Luo (2014) propose that the design drawings and 

specifications should be the basis of the quality management plans, so as to easily establish 

the quality of the material and equipment, to determine the acceptance criteria for the works, 

and to establish the inspection and control measures. Equally, Chen and Luo (2014) 

conducted a study to explore the implementation of Building Information Modelling (BIM) in 

quality management and eventually proposed integrated solutions to improve current quality 

management processes in construction projects. They claim that the BIM is “helpful in 

improving design quality by eliminating conflicts and reducing rework” in construction 

projects. In the same vein, Leotoa and Lizarraldea (2019) promote the idea of Integrated 

Design (ID) in construction projects. In their study, they identify the challenges hindering the 

realization of ID in sustainable buildings. Their study reveals that there are three tensions that 

arise in ID practices, namely, between collaboration and process efficiency, between short-

term and long-term goals, and between integrated methods and traditional ones. Overall, 
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there seems to be some evidence to suggest that the realization of quality design in 

construction projects is often affected by the embedded risks, and such a situation may lead to 

a compromised quality process in the delivery of construction projects.  

3.4.3.2 Construction process quality   

Process quality essentially refers to doing the construction works right the first time with 

minimum or no rework, scrap, wastage (Gill, 2008), and defects (Yu et al., 2019). The 

literature present multifaceted and interdependent factors associated with quality in the 

construction process.  Qing, Rengkui, Jun and Quanxin (2014) present a multifaceted quality 

risk management system which consists of a quality risk dynamic tracking model, quality risk 

pre-warning model, and automatically generated quality risk publicity figure model. They 

claim that “the proposed system enables the visualization of the quality associated with the 

risk control, dynamic tracking, automatic pre-warning, and closed-loop management of 

railway construction projects”. Palaneeswaran, Ng and Kumaraswamy (2006) highlighted the 

universal quality performance measure used in different organizations, including the 

construction industry: ISO9000, ISO14000 (International Standard Organization), 

OHSAS18001 (Occupational Health and Safety Assessment Series), Six Sigma, and Total 

Quality Management Systems (QMSs).  Acıkara et al.(2017) identify the key factors which 

may affect the quality of the construction process, namely: lack of procedures and skilled 

builders to interpret the design; lack of provision of the required resources; failure to deliver 

the project in accordance with design and specifications: workforce without appropriate 

skills; unreliability of building materials: unreliable suppliers to the site: poor handling and 

storage of equipment and material: as well as lack of protection on construction site. 

Mashwama, Aigbavboa and Thwala (2017) have assessed the critical success factor for the 

reduction of costs associated with poor quality in construction projects because they believe 

that “errors in construction sites occur frequently and can be costly for the contractors and 

owners of constructed facilities”. Their study reveals that the nature of these errors is quite 

vast and diverse to an extent that 20-40% of all construction defects are primarily linked with 

errors arising during the construction phase of the project”. In addition, they maintain that 

54% of the construction defects can be attributed to human factors like an unskilled 

workforce or insufficient supervision of construction works, while 12% of the defects are 

associated with the use of poor material and system failures during the project construction. 

Though the process quality is regarded as one of the key components which determine the 

scope of a construction project, there has been very limited detailed investigation on how 
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project complexities impact on the quality of the construction process, let alone on the 

construction product quality. 

3.4.3.3 Construction product quality  

There are two different views in the definition of construction product quality. The product in 

this context refers to the outcome from the project in a form of unique physical infrastructure, 

service, or facility (Gill, 2008; Okoye et al., 2015). For some, construction product quality 

may be interpreted as compliance with contractual requirements, while to others it may 

represent the client’s satisfaction (Mashwama et al., 2017) with the project outcome. That is, 

on one hand, as outlined by Chen and Luo (2014), product quality refers to the extent to 

which the stated and or implied needs in terms of construction codes and specifications are 

guaranteed and complied with during the process of construction. On the other hand, Steyn et 

al. (2016) maintain that product quality start with establishing and ultimately satisfying the 

needs of the client. Of particular concern is that the quality of the construction product has 

received little attention mainly because of the tendency that “construction industry 

management focuses mainly on the design and construction process qualities of the projects 

instead of the quality of building” (Acıkara et al., 2017). The quality of the construction 

product is imperative and pivotal to the satisfaction of the client’s needs. Palaneeswaran et al. 

(2006) conducted a survey on client satisfaction and quality management systems in 

contractor organizations. Their study reveals that quality is one of the client’s prime concerns 

in construction projects.  Qing et al., (2014) argue that engineering products delivered by 

construction companies to clients have various quality attributes and, as such, deviations from 

the expected values of these attributes can lead to loss of benefits and uncertainties for the 

client. Acıkara et al. (2017) argue that, regardless of the project scope specifications, the 

desired product quality of the construction project must first be determined by the client’s 

requirements. Some of the customer’s requirements have statutory implications which the 

customer has little or no knowledge about. In such instances, it is the incumbent of the project 

manager and the contractor to find out about such implications and alert the client with the 

possible solutions (Steyn et al., 2016) prior to the procurement stage of the project (Ampofo-

Anti, 2017). Therefore, understanding the requirements of the client is pivotal towards the 

realization of the project quality in terms of the conceptual design as well as the aesthetic 

outlook of the infrastructure delivered.       
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3.4.4 Environmentally Sustainable Construction Projects  

Recently, a considerable body of literature has grown around the theme of environmentally 

sustainable construction projects. To this extent, concepts like sustainable construction, green 

construction, and environmentally friendly construction practice has shown an increasing 

trend in the construction and engineering literature. Scholars like Matar, Georgy and Ibrahim 

(2008) note that sustainable construction is an emerging field of science that seeks to 

integrate the general sustainable development ideas into the traditional construction practices. 

Green construction projects require contractors that have certain skills and expertise in 

addition to the conventional capabilities (Yang, Zou & Wang, 2016). Although there are quite 

a lot of benefits in adopting the environmentally friendly practices in construction projects 

(Yusof & Iranmanesh, 2017), there are still some challenges in the successful implementation 

of environmentally sustainable projects, given the complex nature of the industry.   

3.4.4.1 Environmental constraints in the construction industry 

The construction industry, by its nature, has several embedded environmental challenges 

which are often overlooked at the expense of time and cost constraints. To this extent, 

Chamikara, Perera and Rodrigo (2018) note that construction activities and operations have 

created environmental challenges which are mainly the result of the excessive consumption 

of the global resources and the pollution of the surrounding environment. On the same note, 

Mewomo, Aigbavboa and Thobakgale (2017) also highlight that the construction industry is 

largely dependent on a huge volume of natural and non-renewable resources such as water, 

land, energy, and raw materials during the operation of its activities. Wang et al. (2007) 

classify the environmental challenges caused by the construction industry into direct and 

indirect environment risks. On one hand, the direct environmental risks include pollutions 

such as noise, dust, harmful gases, solid and liquid wastes. On the other hand, the indirect 

environmental risks are those that are influenced by the construction project but are not 

necessarily a direct outcome of the project, and this type of risks may include incidents such 

as the exposure of contaminated materials during the excavation of soil for piling (Wang et 

al., 2007). In summary, the literature suggests that, to a large extent, the environmental 

challenges are intrinsic in the construction industry and, as such, the need for the enforcement 

of the environmental practices in the industry is inevitable. As noted by Yusof and 

Iranmanesh (2017), “the implementation of environmental practice in construction projects is 

necessary to balance the industries effort toward sustainable construction”.    
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3.4.4.2 Environmental practices in construction projects 

Notwithstanding that there are benefits in the compliance with environmental practices in 

construction projects, there are also barriers to the effective implementation of environmental 

practices. Accordingly, Vatalis, Manoliadis & Charalampides (2011) have conducted a study 

to assess the economic benefits from sustainable construction in Greece. Their study reveals 

that complying with environmental practices during project construction reduce energy 

usage, result in the protection of the natural and social environment, and provide a healthy 

comfortable living environment for both the workers and the surrounding communities. 

Yusof and Iranmanesh (2017) identify several reasons for adopting environmental practices 

in construction projects. They argue that environmental practices can enhance the firms’ 

reputation; can be aligned with the standard operations in a construction firm; can be 

designed in line with project planning, design, and construction activities; can optimise the 

process of reducing solid waste, energy and water consumption, and air pollution in 

construction projects. On the same note, environmental practices in construction projects 

contribute to the saving of scarce resources, improvement of the environmental quality and 

reduction of energy consumption (Chamikara et al., 2018). Nonetheless, there are often 

barriers to the successful implementation of environmental practices during the construction 

of a project.  Mewomo et al. (2017) investigates the barriers to the effective implementation 

of sustainable construction. The result of their study reveals factors such as high cost of 

sustainable materials, lack of training/education in sustainable design, lack of knowledge 

where to find information on sustainable building methods, difficulty to obtain financing 

from banks for sustainable projects, non-availability of green construction materials, and lack 

of incentives (funding) for sustainable construction projects. Similarly, Nyamazana and 

Ozumba (2017) explore the challenges to the implementing of Environmental Management 

Plans in Construction project. They found that these challenges include: resistance to change 

habits and old work patterns; general low environmental awareness in the industry; lack of 

trained and experienced staff; high cost of employing environmental consultants; lack of 

client support; complexity and volume of documentation; cost increase due to registration and 

certification; time and cost constraints for adequate implementation of environmental 

protection; lack of supplier cooperation and limited influence of contractors in choosing 

environmental friendly materials; and lack of  the required technologies within organizations. 

Therefore, the literature suggests that there is still reluctance towards the realization of green 

construction projects.  
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3.4.4.3 Green construction projects  

Debate continues about the best strategies and methods for the delivery of green construction 

projects. Chamikara et al. (2018) maintain that green construction involves cradle to grave 

construction processes with the collaboration of a higher number of construction 

professionals which emphasizes a proper balance between the social, economic, and 

environmental benefits. Greyling and Kajimo-Shakantu (2017) concludes that “contractors 

should be included in making suggestions for green construction implementation, and 

lifecycle costing should be included to justify initial capital outlays and strategies which have 

little cost implications, such as passive solar design should be implemented”. Tam, Tam and 

Tsui (2004) introduced the Green Construction Assessment (GCA) tool for construction 

activities in measuring the environmental performance, analysing and foreseeing the 

environmental performance trend as well as providing a consistent basis for comparisons, and 

environmental benchmarking among companies in the construction industry. Hwang and Ng 

(2013) put emphasis on the incorporation of project management knowledge and skills for 

green construction. Moreover, they argue that such integration will help to establish a 

knowledge base for project managers to be competitive and effective in the execution of 

green construction projects. Besides the capacity building for the project managers, green 

construction projects also require, as outlined by Yang et al. (2016), contractors to have 

certain capabilities in addition to the traditional skills. In their study, the key criteria for 

selecting contractors for green construction projects are highlighted. Though green 

construction is generally considered to be more economically efficient than traditional 

construction practices (Konstantinos et al., 2011), other scholars have identified the 

challenges associated with green construction projects. These include higher costs for green 

construction materials; technical difficulty during the construction process; risk as a result of 

different contract forms of project delivery; lengthy approval process for new green 

technologies and recycled materials; unfamiliarity with green technologies; more time 

required to implement green construction practices on site (Hwang & Ng, 2013).  In view of 

all the literature that has been provided in relation to green construction projects, one may 

suppose that the concept of green construction project has not yet been incorporated with 

construction project management knowledge.    
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3.5 CHAPTER SUMMARY 

This chapter has attempted to provide a detailed overview of the literature in relation to the 

prominent risk categories inherent in construction projects. In essence, this chapter illustrates 

that unlike many other industries, projects in the construction industry are initiated in 

complex and dynamic environments which result in circumstances of high uncertainty and 

risks due to accumulation and synthesis of many interrelated parameters. The risks may 

emanate from a wide range of factors including the design and technical components, and 

political and ecological implications. This chapter has also provided literature review on the 

application, implications, challenges, and limitations of the wide range of risk management 

methods and techniques that are used in the different sequential and discrete risk management 

processes. Although risk management is generally described as “a systematic way of looking 

at areas of risk and consciously determining how each should be treated (Taylan et al., 2014; 

Okoye et al., 2015; PMI, 2017; Qammaz & AlMaian, 2020), the application of the risk 

management methods and techniques through the linear and discrete risk management 

procedures does not enable a systematic risk management performance in the complex and 

dynamic environments of construction projects. To this extent, in this chapter the thesis has 

demonstrated that the risk management performance in construction projects can be 

facilitated through the application of a combination of different risk management methods 

and techniques, however, there is still paucity in the literature on the systematic integration of 

the application of these methods and techniques in the different risk management phases, 

particularly in construction projects. Moreover, this chapter also covers the factors, issues, 

trends, and experiences in relation to the literature on project objectives of time, cost, quality 

and environmental as the critical success measures in the delivery of construction projects. In 

this regard, the literature suggests that in general, there is a growing trend of unsatisfactory 

delivery of construction projects in terms of time, cost quality, and environmental objectives, 

mainly because of the inherent complex nature of the construction projects. The following 

chapter focuses specifically on the governance and management of construction projects in 

the South African context. The chapter will cover the policy frameworks and guidelines 

provided for the effective and efficient delivery of the construction projects in the South 

African construction industry.  
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CHAPTER FOUR: THE GOVERNANCE AND MANAGEMENT OF 

CONSTRUCTION PROJECTS IN SOUTH AFRICA 

4.1 INTRODUCTION 

The construction industry has a crucial role in contributing towards South Africa’s economic 

and social development. The South African construction industry is one of the main 

economic engines, with a contribution of about 12% to the nation’s GDP and was reported to 

have created employment opportunities for at least 1.4 million people in 2017 and there was 

an average of 12 500 construction sites across the country in 2016 (Department of Labour, 

2017). Consequently, a total income of R495,5 billion was reported to be generated from the 

construction industry in 2017 (Statistics South Africa (Stats), 2017). The construction 

industry is projected to have reached an annual growth rate of 2.62 percent by the year 2020 

(CIDB, 2017). The industry delivers the physical infrastructure, and it is the cornerstone for 

economic activities by creating massive employment opportunities for the semi-skilled labour 

force (Construction Industry Development Board, CIDB, 2010 in Francoise, Agumba & 

Ansary, 2017). That is, “there is a relationship between socio-economic growth, 

development, and infrastructure delivery. The delivery of basic public services depends as 

much on the people and the institutions delivering the services as on the physical works they 

use” (RSA, 2016). Importantly, it is one thing to build a public infrastructure, but is quite 

another thing to deliver the right public infrastructure within the allocated budget, on 

schedule and to the desired quality, and maintainability thereof. Therefore, to ensure that 

there is effective and efficient management and proper governance in the delivery of the 

public infrastructure projects, the South African government has formulated and adapted 

several policy frameworks and regulations for the industry. In this chapter, the policy 

frameworks and guidelines for the construction industry in South Africa are presented in 

broader categorizations. These policy frameworks range from the Policy and Strategic 

Frameworks for Guiding Construction Project Management; Regulatory and Professional 

Bodies for Construction Project Management; Contractual Frameworks for Delivering 

Construction Projects; to the Planning and Governance Frameworks of the NIP at the UMP.  
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4.2 STRATEGIC POLICY FRAMEWORKS FOR CONSTRUCTION PROJECT 

MANAGEMENT IN SOUTH AFRICA 

There are several policy frameworks which guide and direct the delivery of construction 

projects in South Africa’s public sector. Central to these policy frameworks is the emphasis 

on sound risk management practice to achieve high project performance in terms of time, 

cost, quality, and sustainability objectives. Hereunder are the key policy frameworks which 

give the strategic vision and guidelines in the execution of the construction projects in the 

Republic of South Africa.  

4.2.1 Public Infrastructure Procurement and Delivery Management in South Africa 

The South African government through the National Treasury Department has introduced the 

Standard for Infrastructure Procurement and Delivery Management framework to provide 

guidance for the planning, design and execution of infrastructure projects, as well as the 

monitoring of the performance thereof. This comprehensive framework seeks to enable a 

proactive risk management approach in the delivery of infrastructure projects in the public 

sector. Accordingly, this policy framework maintains that projects involving the construction, 

rehabilitation, and refurbishment of infrastructure are delivered through several phases or 

work stages which are broadly categorized into five phases. That is, planning at a portfolio 

level, planning at a project level, detailed design, site processes and close-out (RSA, 2016).  

The project life cycle stages in the framework are structured in such a manner that the 

viability of a project and risks thereof may be continuously monitored and evaluated as it 

progresses. The following section provides a detailed description of the project life cycle 

stages that are illustrated SIPDM framework (Figure 4.1). The first stage in the construction 

project lifecycle is the initiation stage.   

4.2.1.1 Project initiation: stage zero 

At the initiation stage, the project team develops an initiation report which provides the high-

level business case together with the estimated budget and proposed schedule of the project. 

In essence, the initiation report provides the rationale and justifications in as far as the project 

proposal is concerned. In the context of construction projects delivered in the public sector, 

the project initiation phase should comprise of various stakeholders which includes the 

political, managerial, and technical personnel. Upon the approval of the initiation report, the 

infrastructure stage begins.  
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4.2.1.2 Infrastructure planning: stage one 

At this stage an infrastructure plan is developed to identify and prioritize projects and 

packages against a forecasted budget over a period of at least five years (RSA, 2016). During 

the infrastructure planning stage, the key activities that must be undertaken in order to 

develop an infrastructure plan include the following: the identification of the policy drivers 

and long term objectives of national, provincial and local government which have a bearing 

on the client’s mandate; the formulation of objective decision making criteria relating to the 

selection and prioritisation of projects; the producing of a portfolio infrastructure plan for the 

forecasted long term acquisition, refurbishment, and maintenance of infrastructure which 

provides a projected list of projects described by category, location, type, economic 

classification and function that links prioritised  projects to a forecasted budget for the next 

three to five years; undertaking of specific activities as prescribed by law or by any funding 

requirements including the making of applications for funds; annual updating of the portfolio 

infrastructure plan and updated information obtained from the concept report produced at the 

end of stage 4, and; subsequently, the mapping of projects falling within the MTEF period to 

packages which are identified in the latest construction procurement strategy (CIDB, 2012). 

After the infrastructure planning stage, effort should be devoted to the procurement strategy.  

4.2.1.3 Strategic resourcing: stage two 

At this stage, the procurement strategy must be developed for a portfolio of projects, 

identifying the delivery strategy in respect of each project or package, and where needs are 

met through own procurement system (RSA, 2016). Accordingly, the following key activities 

are to be undertaken at a portfolio level wherein the sequential procedure contained in the 

guideline to produce a construction procurement strategy for executing the infrastructure plan 

over the Medium Term Expenditure Framework period is used: The development of a 

delivery management strategy and deciding on contracting and procurement arrangements; 

documenting the identified construction procurement strategy, preferably using the 

recommended headings as provided; reviewing and updating the construction procurement 

strategy at least on a yearly basis; and lastly, obtaining construction procurement strategy 

acceptance (CIDB, 2012). Subsequently, the preparation and prefeasibility stage will follow.  

4.2.1.4 Preparation and briefing or prefeasibility: stage three 

The prefeasibility stage involves developing a strategic brief. The following key activities are 

required to be undertaken during this stage for the development of the strategic brief: This 

include the defining of the package objectives, business requirements, user requirements, 
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acceptance criteria and client priorities and aspirations; confirming and verifying the scope of 

the package and identify any constraints; where necessary, conducting preliminary 

investigations, stakeholder consultations exercise, site visits to acquire data or to interrogate 

outstanding risks relating to matters such as the site, bulk services, the environment and 

heritage, and safety requirements; identifying procedures, organizational structure, key 

constraints, statutory permissions such as compliance with ecological, heritage, and social  

restrictions and risks thereof; establishing the control budget for the package, ownership costs 

and schedule for the package; and eventually developing, finalising and obtaining acceptance 

of the strategic brief from the client (CIDB, 2012). Then these activities will be followed by 

the conceptual and feasibility stage.  

4.2.1.5 Concept and viability or feasibility: stage four 

The fourth stage of the delivery management framework involves the development of a 

feasibility report which presents sufficient information to determine whether the project 

should be implemented (RSA, 2016). The key activities required to be undertaken during this 

stage in order to develop a concept report which outlines the integrated concept for the 

package includes the following: Obtaining site studies in terms of geotechnical report and 

specialist advice, as necessary; determining the initial design criteria and design options to 

construct the infrastructure or the repair methods and procedures required to maintain the 

condition of infrastructure for the package; exploring alternative solutions and recommending 

the preferred solution; establishing the detailed brief, scope, scale, form and cost plan for the 

package; developing an indicative schedule for documentation and construction or 

maintenance services associated with the package; issuing a site development plan or other 

suitable graphic layouts of the works and obtaining the necessary statutory permissions, and 

funding approvals or utility approvals to proceed with the works associated with the package; 

undertaking studies to determine the life cycle costing and to forecast revenue over the 

lifetime of the infrastructure associated with the project to confirm and verify the financial 

sustainability and return on investment of the project; producing a risk report which 

incorporates the need for further surveys on the identified health, safety and environmental 

risk; producing a logistic support plan in accordance with the provisions of the regulations for 

new infrastructure; and finally, developing and finalising and obtaining the client’s 

acceptance of the concept report (CIDB, 2012). If the client is satisfied with the concept 

report, then approval is granted to proceed to the design development stage.  
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4.2.1.6 Design development: stage five 

This stage involves the formulation of a design development report (RSA, 2016). The 

following key activities are required to be undertaken during this stage in order to develop the 

design development report: developing in detail the accepted concept to finalise the design 

and definition criteria and establish the project character, function and cost plan, defining all 

components in terms of overall size, typical detail, performance and outline specification, as 

relevant; developing, finalising and obtaining the client’s acceptance of the design 

development report. The design development report translates the concept report into a 

document which provides a graphic illustration of what is to be constructed in terms of the 

package. The report needs to describe how structures, services or buildings and related site 

works, systems, subsystems, assemblies, and components are to function, how they are to be 

safely constructed and how they are to be maintained. The report should, as is relevant, 

include, amongst others, the following: a general description of the works; a list of reports 

together with a brief overview of such reports which have informed the design; applicable 

design standards such as international, national or organisational standards; and the schedule 

for implementation and cost plan (CIDB, 2012). Thereafter, all these documents are compiled 

into bundles for thorough examination and confirmation of accuracy.  

4.2.1.7 Design documentation: stage six 

The design documentation stage involves the issuing of the production information which 

provides the detailing, performance definition, specification, sizing and positioning of all 

systems and components enabling either construction (where the constructor can build 

directly from the information prepared) or the production of manufacturing and installation 

information for construction (RSA, 2016). This stage is categorized into two substages, 

which is the production information stage, and the construction, manufacture and fabrication 

information stage.  

❖ Production information: stage 6A 

In order to output the production information, the following key activities are required to be 

undertaken: producing the final detailing, specification, performance definition,  

dimensioning  and positioning of all systems and components enabling either construction or 

the production of manufacturing and installation information for construction, mainly where 

the contractor is able to build directly from the information prepared; and, obtaining the 

client’s acceptance of the production information. On the other hand, “those responsible for 

drafting or providing inputs to the scope of work need to consider the inclusion of 
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requirements for a quality management system or a quality management plan; to indicate as 

necessary, the nature of the tests and inspections that are to be conducted, the timing of tests 

or inspections, where and when the tests or inspections are to be performed, who is 

responsible for conducting the tests, requirements for witnessing of tests, who is responsible 

for providing materials, facilities and samples for tests/inspections, the testing procedures to 

be applied and the standards to be satisfied; and finally, express quality standards in such a 

manner that compliance is capable of being objectively assessed” (CIDB, 2012). The 

documentation stage may also be applicable to projects aimed at manufacturing, fabrication 

and construction.  

❖ Manufacture, fabrication and construction information: stage 6B 

The other category relates to the produce of the manufacture, fabrication and construction 

information by or on behalf of the constructor, based on the production information provided 

for a package which enables manufacture, fabrication or construction to take place (RSA, 

2016). The following important activities shall be undertaken during this stage, by both the 

contractor as well as the client. The “contractor is required to produce the fabrication, 

construction, and manufacture information in relation on the production information, while 

the client’s representative is required to review the fabrication, manufacture and construction 

information prepared by others, based on the production information for design intent and 

conformance with scope of work. Moreover, contract specific requirements may be included 

in the scope of work” (CIDB, 2012). Upon the thorough compilation and detailing of the 

documentation of the project, then the client can approve the commencement of the 

infrastructure delivery.  

4.2.1.8 Construction works: stage seven 

At this stage, the contractor delivers and completes the construction works so that it is 

capable of being occupied or used (RSA, 2016). Certain key activities shall be undertaken 

during this stage of works. The contractor shall provide temporary works to support the 

delivery of the permanent works in accordance with the contract. He will also manage risks in 

relation to health, safety and the environment on the construction site while ensuring and 

confirming that design intent is achieved. Finally, he will rectify all notified defects which 

may prevent the client or end-user from occupying or using the delivered infrastructure and 

others from doing their work. Importantly, “the contract data in a contract identifies the 

applicable conditions of contract which contain terms that collectively describe the rights and 
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obligations of contracting parties and the agreed procedures for the administration of their 

contract” (CIDB, 2012). 

4.2.1.9 Project handover: stage eight 

At this stage, the end-user or the owner takes over the works complete with record 

information (RSA, 2016) for operational purpose. The following key activities shall be 

undertaken during the handover stage: finalising and assembling record information which 

accurately reflects the infrastructure that is acquired, rehabilitated, or maintained; handing 

over the works and record information to the user or the client and, importantly, training end 

user staff in the operation of the works. Remarkably, “there is a difference between achieving 

completion of the works in accordance with the provisions of the contract and the handing 

over of the works to the owner, end user or those responsible for the operation and 

maintenance of the works”. To this extent, a well formulated contract should encompass, 

where necessary, testing and commissioning requirements ahead of completion to enable a 

smooth project hand over. Again, the handover process needs to be planned, and as such, 

prior notice of the expected handover dates must be issued to the stakeholders who are going 

to use, operate and maintain delivered works. The “primary objective of the record 

information is to provide those tasked with the operation and maintenance of a building and 

associated site works with the necessary information to understand how the designers 

intended the works, systems, subsystems, assemblies and components to function; and for 

them to effectively operate, care for and maintain the works, systems, subsystems, assemblies 

and components to function” (CIDB, 2012).  

4.2.1.10 Project Close-out:  stage nine  

The close-out stage is the final step in the project lifecycle for the delivery of infrastructure 

projects. This stage is divided into two substages, namely the asset data and the package 

completion stage (RSA, 2016).  

❖ Stage 9A: Asset Data 

The asset data stage involves the correction of all the notified defects and settling of all 

outstanding accounts in relation to the infrastructure delivery. The key activities that are 

“required to be undertaken during the asset data stage in relation to the works include 

archiving record information; and updating portfolio asset register. Moreover, this stage also 

involves the obtaining of the required information for the asset register, the validation of the 

information and the entering of the information into the asset register” (CIDB, 2012).  
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❖ Stage 9B: Package completion 

During the package completion stage, the following important activities shall be undertaken 

in relation to the works: “Correcting all defects that are identified during the defects liability 

period; complete the contract by finalising all outstanding contractual obligations including 

the finalisation and payment of amounts due after the expiry of the defects correction period; 

evaluate package outcomes; and compile a completion report for the package outlining what 

was achieved in terms of key performance indicators and suggestions for improvements on 

future packages of a similar nature” (CIDB, 2012). A graphical illustration of all the stages 

and processes thereof in the infrastructure procurement and delivery framework is shown in 

detail in Figure 4.1 below.  
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Figure 4.1: Infrastructure procurement and delivery management framework 

 
Source: (RSA, 2016) 

 



130 | P a g e  

 

4.2.2 Policy Measures to Enhance Performance in the SA Construction Industry  

The South African government, through the Department of Public Works, has proposed 

measures to enhance performance in the construction industry of the country. These measures 

are presented in the Department’s White Paper on Creating an Enabling Environment for 

Reconstruction, Growth and Development in the Construction industry of South Africa 

(RSA, 1998). Through this policy framework, the South African Government seeks to ensure 

that construction projects in the country are delivered accurately, precisely, competitively, 

and with less effort. The first and crucial measure proposed in the policy framework is the 

development of partnerships amongst the parties involved in the construction industry.    

4.2.2.1 Establish partnership agreements 

The policy framework proposes the establishment of partnership agreements between the 

stakeholders involved in the construction industry. In this regard, the Green Paper maintains 

that it is through collaboration that improved quality and cost reduction in delivery of 

construction projects could be achieved. Given the historical context of the country because 

of the apartheid government, the policy framework categorically calls for the inclusion of a 

workforce representative in the partnership agreement in the construction industry. The 

importance of such partnering agreements is that it helps to define the communication 

framework for the contract, as it serves as the evaluation procedure to monitor project 

progress and to help in the early identification of potential risks in the project, and it also 

institutes an alternative dispute resolution mechanism. Partnership formations are important 

to enhance maximum and effective participation among the stakeholders involved in the 

industry.   

4.2.2.2 Adopt participative management practices 

Beyond the partnership agreements, the South African construction industry is encouraged to 

introduce procedures to allow participative management practices. The participative 

management approach is regarded as an important practice in resolving the problems in the 

construction industry such as poor workforce relations, skills shortages, less productivity, and 

output quality, as well as unacceptable conditions of health and safety in the construction 

industry. On this note, it is important to consider that the construction sector is one of the 

industries that operate under diverse and tense conditions because of the construction work, a 

situation where a unique and complex project is the order of the day. Under such 

circumstances it is therefore important that the industry recognizes the need for the formation 

of project-based workplace forums in order to foster active participation. As such, a project 
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agreement on participative management will need inputs from all the key partners who will 

be required to hold periodic planning meetings to review and monitor the project progress 

against previously outlined project milestones.    

4.2.2.3 Ensure project monitoring 

In terms of the White Paper on Creating an Enabling Environment for Reconstruction, 

Growth and Development in the Construction industry, the promotion of participative 

management and partnership development requires new monitoring approaches at the project 

level by other independent professionals as well as government agencies (RSA, 1998). The 

public sector agencies are obligated to convene a post project review performed by the 

original participants who participated in the formulation of the project specific agreement.  

Among others, the reviewing process should include a comprehensive report on health and 

safety performance, productivity, and quality performance criteria, with an intention to 

recommend modification on future projects delivered in the public sector. However, “these 

post project evaluation meetings should, to a large extent, be viewed as a learning curve for 

the project participants, such meetings could also help in refining performance standards 

during the time when the accreditation system is being revised” (RSA, 1998).   

4.2.2.4 Apply the alternative dispute resolution approach 

Along with the promotion of participatory management and partnership development in the 

public sector construction projects, it is also advised that the government should assist in 

promoting the use of alternative dispute resolution mechanisms between all the parties 

involved in the construction projects (RSA, 1998). Importantly, it is crucial that only 

acceptable alternative dispute resolution procedures should be introduced between the 

participants in the construction projects. In the South African context, the application of 

alternative dispute resolution in resolving labour disputes has now been legislated in the 

Labour Relations Act.  Moreover, it is also reported that there have been successful cases at 

local and international levels of the use of alternative dispute resolution in dealing with 

contractual disputes between the public and the private sectors. Therefore, this policy 

framework suggests that similar practice should be used in resolving disputes between the 

main and the sub-contract, mainly because unresolved conflicts at the operations level have 

the potential to destroy the trust relations in the partnership arrangement.  
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4.2.2.5 Adopt quality and productivity improvement standards 

The policy framework proposes that the government uses its influence to encourage and 

support the adoption of internationally comparable quality performance standards such as 

International Organization for Standardization (ISO) 9000, which is commended for 

contributing to higher quality performance and productivity in the execution of construction 

projects (RSA, 1998). Considering that the design phase significantly contributes to improved 

project productivity and quality performance, it is therefore proposed that for specific major 

contracts, both the design and delivery agencies be encouraged to obtain accreditation and 

certification in terms of ISO9000 or an equivalent accreditation programme. It is also 

recommended that “the public sector encourages the dissemination and use of productivity 

and quality improvement techniques like a work-study, quality circles, total quality 

management, statistical quality control, and business-process re-engineering” (RSA, 1998). 

The application of these techniques should not be in isolated processes of the project but be 

an integral part of the whole management process of the construction project.   

4.2.2.6 Promote health and safety during project performance 

The policy framework requires that all OSHA requirements be made minimum performance 

standards on all construction projects in the public sector. In addition, it is also recommended 

that additional mechanisms aimed at advancing health and safety performance must be 

defined in accordance with international best practice (RSA, 1998). In this context, it is 

hoped that health and safety compliance could be advanced through the participative 

management approach that is linked to appropriate procurement measures as well as 

monitoring of performance requirements. Moreover, the policy framework also mandates that 

on all construction projects in the public sector, all the workers must have undertaken 

accredited health and safety training.  

4.2.2.7 Promote environmental protection 

This section of the policy framework requires the compliance with local and international 

environmental management guidelines and standards on public sector construction projects. 

To this extent, it recommends that, for example, international standards such as ISO 14000 

should be adopted to provide a guideline for best practice in promoting a locally defined 

environmental management system. In essence, the policy framework emphasizes the 

integration of the international environmental management standards with the existing local 

requirements of environmental protection legislation. Furthermore, it outlines that public 

sector agencies and officials should be encouraged to consistently monitor contracts in 



133 | P a g e  

 

accordance with the prevailing environmental management regulations as a minimum 

performance standard. It also proposes stiff penalties and fines for parties contravening the 

environmental management requirements and standards in the public sector projects (RSA, 

1998).   

4.2.2.8 Integrate the project design and construction works 

This policy framework also proposed specific measures to build synergy between the project 

design and the project delivery phases in the public sector construction projects. In this 

context, the policy suggests the adoption of new delivery models for construction projects in 

the public sector to foster the integration of the design and delivery phases. This may include 

models such as, for example, the design-build-operate-transfer model which is often 

commended for enabling unity between the design and the implementation processes in 

construction projects (RSA, 1998). Again, the policy also calls for the revision of the existing 

training and education programmes for those involved in both design and project execution in 

order to ensure proper compliance with issues such as health and safety, environmental 

protection, productivity and project quality, as well as participative management. The 

delivery of infrastructure projects, particularly buildings in the public sector, should be 

ecologically friendly.   

4.2.3 Strategic Pillars to Promote Green Building in the SA Construction Industry  

The government of South Africa, through the Department of Public Works (DPW), has 

drafted a Green Building Policy framework which seeks to promote sustainability in the 

delivery of construction projects across the country (RSA, 2011). To this extent, this policy 

framework brought forward five strategic intervention pillars towards the promotion of the 

development of green buildings in the country’s construction industry.  The first strategic 

pillar proposed by the policy framework is the adoption of green building regulations, 

standards, as well as best practices from the developed economies.  

4.2.3.1 Adopt green building regulations, standards, and best practices 

The policy framework proposes the adoption of building regulations and standards which 

aims to avoid both indoor and outdoor environmental degradation caused by the construction 

industry. Moreover, the policy framework also suggests the adoption of new building 

regulations and standards which promote the increased use of resources efficiently. The 

policy also make provision for the introduction of a Code for Green Building to address the 

triple challenges of social, economic and environmental sustainability, and also to promote 
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the design, construction and maintenance of buildings that take into cognisance the 

preservation of monuments, open public spaces, landscapes as well as settlement patterns, 

historical, cultural, architectural, natural and spiritual values. In addition, the Green Building 

Policy framework also recommends the introduction of water performance standards in terms 

of a national system for water performance in building construction (RSA, 2011).   

4.2.3.2 Enhance industry performance 

In order to improve the performance and capacity of the construction industry in South 

Africa, the industry must aim above the most recent building construction technologies, 

solutions and delivery methods. In this context, the policy framework proposes several 

interventions and action plans that will enhance environmentally friendly performance in the 

industry. This includes the prioritisation of the construction industry as a tool for delivering 

sustainable development, promoting the principle of lean construction to maximize value and 

minimize waste in the construction delivery process, and promoting education and training 

for participants involved in the construction sector. The policy also promotes the 

implementation of high-performance green building through government’s procurement 

policies, strategies and mechanisms, providing financial incentives for green building 

technologies, and providing certification and accreditation of green contractors and products. 

In addition, it requires the construction participants to encourage innovation in new 

construction building materials, products, and methods, education of the building 

construction sector on any alterations of the building regulations and standards, and support 

to the indigenous building material industry made of locally available natural resources 

(RSA, 2011).      

4.2.3.3 Enhance systems for integrative planning and implementation 

The Green Building Policy framework maintains that cooperative governance is key to the 

successful implementation of green building policies, programmes and actions. Thus, the 

policy emphasis on the integration of economic, social, and environmental concerns into the 

design, construction, operation, maintenance, reconstruction, as well as in deconstruction of 

fixed assets. The policy also presents specific interventions and actions aimed at improving 

integrative planning and implementation of green building policies and programmes. Firstly, 

it calls for intergovernmental coordination to ensure that the national vision for green 

building is achieved across all the departments and spheres of government. Secondly, the 

policy framework suggests integration at policy level in order to harmonise built environment 

public policy challenges in identification, policy design, implementation and the evaluation 
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thereof. Thirdly, the policy framework encourages integrated consideration of quantitative 

and qualitative information to inform better decision making in relation to green building 

development. Lastly, the policy promotes the dissemination and exchange of information on 

the entire scale of environmental and health aspects of green building, including the 

development and free exchange of databases on the negative effects of some building 

materials through collaboration between the public and private sector (RSA, 2011). 

4.2.3.4 Promote new green building industry capacity 

The application and development of green technologies comes with economic opportunities 

in terms of creation of new green jobs to respond to the government’s green economy 

strategy. To this extent, the policy proposes the development of local green manufacturing 

capacity, strengthening of indigenous building material industry and exploitation of the local 

available natural resources, and expanding of technical support and incentive schemes for 

increasing the potential and economic viability of small-scale and informal businesses which 

make use of these materials and traditional construction techniques (RSA, 2011). To support 

capacity building in the green building sphere, the policy proposes the provision of training 

programmes and skills development in green building technologies for the unemployed and 

economically marginalized groups to enable access to the new market and job opportunities. 

Moreover, the policy supports the introduction of legislation and financial incentives to 

promote recycling and reuse of materials in the construction sector (RSA, 2011).   

4.2.3.5 Develop the capacity and the role of the public sector  

Though the government is already involved in the business of the construction industry in 

terms of regulating, facilitating and investing, it is also in the interest of the government as a 

significant investor to take the necessary steps to ensure that there is value-for-money from 

the construction building output, including the social and environmental outcomes. Against 

this background, the policy framework encourages the government to improve its capacity by 

developing specialist training programmes aimed at creating a suitably trained cadre of 

professionals versed in green building practice in all the sectors of the construction industry. 

The policy also calls for the establishment of effective monitoring and evaluation protocols to 

track progress of measures taken in order to enable continuous refinement of policy and 

implementation. According to this policy framework, the government should develop and 

implement a Green Building Construction Procurement System to guide both the public and 

private sectors on how procurement could be used to stimulate the implementation of green 

buildings in the construction sector. In this regard, the regulatory and professional bodies 
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could play a significant role in promoting the implementation of green buildings in the 

construction sector.  

4.3 REGULATORY AND PROFESSIONAL BODIES IN CONSTRUCTION   

The South African government has enacted several Acts to provide for the establishment of 

statutory bodies which are mandated to regulate the functions of the professions and 

disciplines in construction project management. The mandated professional bodies operating 

in the South African construction industry include the following councils: The Council for 

the Built Environment (CBE); the South African Council Project and Construction 

Management Professions (SACPCMP); the South African Council for the Quantity 

Surveying Profession (SACQSP); the Engineering Council of South Africa (ECSA); the 

South African Council for the Architectural Profession (SACAP); the South African Council 

for the Landscaping Architectural Profession (SACLAP); and the South African Council for 

the Property Valuers Profession (SACPVP). There are many overlaps and interactions 

between these professional bodies during the operations in the construction industry, 

especially in terms of cost control and project management (RSA, 2016). In this context, the 

Council for Built Environment is the mother body of all the other professional councils. 

4.3.1 Council for the Built Environment 

The Council for the Built Environment (CBE) is a statutory body established under the 

Council for the Built Environment Act (Act No. 43 of 2000). It is an overarching body that 

coordinates the following six built environment Professional Councils: Architecture, 

Engineering, Project and Construction Management, Landscape Architecture, Quantity 

Surveying and Property Valuation. The mandate of this statutory body is to instil good 

conduct within the construction professions, transforming the professions and advising the 

government on pertinent issues and trends relating to the built environment. The objectives of 

the CBE as mandated in section 3 of the CBE Act of 2000, are the following: Promoting and 

protecting the interest of the public in the built environment; promoting ongoing human 

resources development in the built environment; maintaining and promoting a sustainable 

built environment and natural environment; facilitating participation by the built environment 

professions in integrated development in the context of national goals; promoting sound 

governance of the built environment professions; promoting appropriate standards of health, 

safety and environmental protection within the built environment; serving as a forum where 

the built environment professions can discuss relevant issues, promoting liaison in the field of 

training in the country and elsewhere and to promote the standards of such training in the 
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country; and ensuring uniform application of norms and guidelines set by the Professional 

Councils throughout the built environment (RSA, 2000a).  

4.3.2 Engineering Council of South Africa  

The Engineering Council of South Africa (ECSA) is a statutory body established in terms of 

the Engineering Profession Act (EPA) (Act No. 46 of 2000). The primary role of the ECSA is 

to regulate the engineering profession in accordance with the mandatory requirements as 

provided in the Act. Its core functions include the accreditation of engineering programmes, 

registration of persons as professionals in specified categories, and the regulation of the 

practice of registered persons. Consequently, the ECSA is the only body in South Africa that 

is authorised to register engineering professionals and bestow the use of engineering titles on 

persons who have met the requisite professional registration criteria. The Engineering 

Profession Act also mandates the Engineering Council of South Africa to perform the 

following responsibilities: Determining standards for education and accreditation of 

educational programmes as well as registration of engineering practitioners;  

developing and sustaining a relevant, transformed, competent and internationally recognised 

engineering profession; providing regulatory efforts to ensure environmental protection; 

educating the public on expected engineering quality standards and protecting the interest of 

the public against low-standard quality of engineering work; and engaging with government 

to support national priorities (RSA, 2000b). 

4.3.3 South African Council for the Quantity Surveying Profession   

The SACQSP is established under the Quantity Surveying Profession Act 2000 (Act 49 of 

2000). This Act provides “for the establishment of a juristic person to be known as the South 

African Council for the Quantity Surveying Profession; to provide for the registration of 

professionals, candidates and specified categories in the quantity surveying profession; to 

provide for the regulation of the relationship between the South African Council for the 

Quantity Surveying Profession and the Council for the Built Environment; and to provide for 

matters connected therewith” (RSA, 2000c;). The SACQSP seeks to ensure that the council 

fulfils its mandate in developing and maintaining standards, in the achievement of excellence 

and integrity towards the enhancement of the status of the Quantity Surveying Professional, 

and the protection of the public within the evolving built environment. The core values of the 

Council are integrity, excellence, professionalism, innovation, and respect. Moreover, the 

Council is responsible for promoting highest performance standards, quality of service and 

enforcement of best practice. It is an overriding obligation under the code of conduct of the 
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Council that, “in carrying out their work, registered professionals are expected to discharge 

their duties with care, skill, competency and diligence and in compliance with the laws, rules, 

regulations that apply to the quantity surveying profession and to act with fidelity, honesty, 

integrity and not engage in any act of dishonesty, corruption or bribery” (SACQSP, 2020) 

4.3.4 South African Council Project and Construction Management Professions  

The SACPCMP is a statutory body established in terms of the Project and Construction 

Professions Act (Act 48 of 2000). This policy framework mandates the professional body to 

provide for the registration of professionals, candidates and specified categories in the project 

and construction management professions (RSA, 2000d). Accordingly, the SACPAMP is 

responsible for registering, certifying, and regulating and promoting the Built Environment 

Management Profession. Moreover, the Council also regulates the project and construction 

profession to protect the public by identifying the nature and scope of work, registering 

professionals and maintaining a national register of professionals who adhere to the Code of 

Good Conduct. It also accredits project and construction management programmes at 

institutions of higher learning to ensure that graduates are employable within the industry 

upon completion of their studies, and it also recognises voluntary associations who assist in 

promoting the Construction and Project Management Profession (SACPAMP, 2017). The 

“council is mandated to take any steps it considers necessary for the protection of the public 

in their dealings with registered persons for the maintenance of the integrity and the 

enhancement of the status of the project and construction management professions” (RSA, 

2000d). 

4.3.5 South African Council for the Architectural Profession  

The SACAP is established in terms of the Architectural Profession Act (Act 44 of 2000). The 

SACAP has similar main functions as the other previous Councils in its control of standards 

of education at tertiary institutions for the purposes of professional registration by means of 

visiting boards, the administration of a code of conduct in the public interest, and protection 

of the public interest by identifying the type of architectural work each category of registered 

person is capable and competent to perform (RSA, 2000e). The Council’s primary objective 

is to promote the following values in the architectural profession: Responsibility in terms of 

being accountable for decisions and actions; integrity in terms of ethical behaviour, honesty 

and trustworthiness; excellence in terms of promoting high standards; respect in terms of an 

ethos of dignity, tolerance and collaboration; transparency in terms of appropriate disclosure 
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of information and open debate; and cohesiveness in terms of shared, coherent values and 

aspirations (SACAP, 2019).  

4.3.6 South African Council for the Property Valuers Profession  

The SACPVP is a statutory body established by section 2 of the Property Valuers Profession 

Act (Act 47 of 2000). The SACPVP views itself in partnership with the state and the valuers 

profession to promote a high level of education and training of practitioners in the Property 

Valuers Profession so as to facilitate full recognition of professionalism in the valuers 

profession, both locally and international. This Council enjoys full autonomy, although it is 

accountable to the state, the profession and the public for the fair and transparent 

administration of its business in the pursuit of its goals (RSA, 2000f). The institutional 

mandate of the SACPVP is based on the following primary objectives: Maintenance of 

integrity of the profession; improvement of the academic and other qualifications and of the 

standard of services rendered; enhancement of the professional status; protection of members 

of the public in the dealings with registered persons; and drawing up and keeping up to date a 

register of all registered person (RSA, 2000f). This Council works very closely with 

municipalities. As such, “to implement the legislation, designated municipal valuers had to 

rely on their professional knowledge and expertise together with the application of 

international standards and best practice in the compilation and certification of valuation rolls 

for property rates” (SACPVP, 2021). 

4.3.7 South African Council for the Landscaping Architectural Profession  

The South African Council for the Landscape Architectural Profession (SACLAP) was 

established in 2001 as a statutory Council in accordance with legislative provisions under 

Section 2 of the South African Council for the Landscape Architectural Profession Act (Act 

45 of 2000). Landscape architecture contributes to a vast range of projects within and related 

to the built environment professions. The contribution of this profession in the built 

environment may range from the level of landscape master planning right through to detail 

design and implementation of the landscape works. This includes infrastructure projects that 

are delivered by both the public and the corporate sectors which include, for example, 

recreational and sports facilities, transport facilities, urban planning, landscape restoration 

and rehabilitation, nature and game parks, domestic gardens (private sector) (SACLAP, 

2009). 
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Landscape architects are versed in both environmental and cultural systems and, as such, they 

are uniquely positioned to merge the built environment professions together into new 

alliances amicable to deliver infrastructure projects that does not only focus on the aesthetic 

features of the building, but which addresses the complex social and ecological problems. 

That is, landscape architects bring different and often competing interests together to give 

artistic physical form and integrated function to the ideals of equity, resiliency, sustainability 

and democracy. Currently, the urgent challenge before the built environment profession is to 

redesign our communities in the context of their bioregional landscapes enabling them to 

adapt to climate change and mitigate its root causes (RSA, 2000g). Accordingly, the 

landscape architectures have a critical role in the achievement of ecologically friendly 

buildings.   

4.3.8 Construction Industry Development Board  

The Construction Industry Development Board (CIDB) is a Schedule 3a public entity 

established to lead construction industry stakeholders in construction development. It was 

established in terms of the CIDB Act (Act 38 of 2000). The primary role of the Construction 

Industry Development Board is to facilitate and promote the improved contribution of the 

construction industry to SA's economy and society. In addition, it must also promote the 

following objectives: Uniformity in construction procurement; monitoring the construction 

industry performance improvement, facilitating efficient and effective infrastructure delivery, 

development of the emerging sector, including fostering transformation in the industry; and 

promoting skills development (RSA, 2000). According to the legislative framework that 

makes provisions for the establishment of the CIDB, all contractors that intend to perform 

public sector construction work should be registered with this statutory entity. In essence, the 

CIDB serves as the governing and overseeing body on which tenders and construction 

contracts are based. Moreover, the CIDB further provides some standard forms of contract 

that are recommended for the procurement of the infrastructure projects delivered in the 

public sector. The standard of uniformity published by the CIDB narrows the contracts down 

into four suites of contracts for construction work (CIDB, 2005) in the public sector. The 

following section presents the four forms of contracts that are recommended by the CIDB as 

the governing body in the industry for the procurement of public infrastructure projects. 
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4.4 CONTRACTS FOR THE DELIVERING OF CONSTRUCTION WORKS 

The “increasing complexity in construction projects has a significant impact on the 

procurement system as well as on the forms of construction contracts” (Lau et al., 2019). That 

is, the scope and approach to construction management is, to a large extent, determined by 

the contractual arrangement established between the contractor providing construction 

management services and the client (Okoye et al., 2015). The recommended suites of 

contracts in the South African context are the following: the International Federation of 

Consulting Engineers (FIDIC); the General Conditions of Contract for Construction Works 

(GCC); the Joint Building Contracts Committee (JBCC); and the New Engineering Contract 

(NEC). These standard contracts make provision for the wide range of procurement strategy 

options and arrangements which include works designed by the client, works designed by the 

contractor, and works designed by a management contractor (CIDB, 2005). While these 

standard forms of contract are regarded as the most suitable for use with any contract strategy 

in South Africa (CIDB, 2005), there are some criticisms in relation to its design and 

applications thereof. To this extent, Du Plessis and Oosthuizen (2017) argue “that some 

building contracts equip the employer’s agent with the necessary power to control or manage 

the construction project more effectively than others”. In this regard, Kalyviotis et al. (2010) 

maintain that “some of these standard contracts are the kind of contracts that do not allow for 

negotiation between the parties”. Moreover, they argue that “these contracts were drafted 

either from organizations or companies or federations”. Again, scholars such as Dosumu and 

Aigbavboa (2017) have investigated the prevalent types of error in the suites of construction 

contracts. They found that the prevalent types of errors in contract documents include errors 

in design, errors in electrical and mechanical symbols, dimensional errors, wrong description 

in specifications and conflicting information in documents, use of incorrect units for 

measurement and omission in bill of quantities, as well as over and under measurement in bill 

of quantities. The various forms of construction contracts are discussed in detail hereunder.  

4.4.1 International Federation of Consulting Engineers  

The FIDIC was originated in 1993 by a group of national associations of consulting engineers 

within Europe (CIDB, 2005). The FIDIC is comprised of four forms of contracts which are 

recommended for general application where tenders are invited. The FIDIC standard forms of 

contract provide for different contracting strategies in the construction industry. The forms of 

contracting options provided by the FIDIC include the following: Conditions of Contract for 

Construction; Conditions of Contract for Plant and Design-Build; Conditions for Turnkey 
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Projects; and the Short Form of Contract (CIDB, 2005). Regarding financial risk allocation, 

each of these contractual arrangements has its own risk allocation strategy accustomed for the 

sector the contract is designed to target. For example, for the Conditions of Contract for 

Construction, the employer assumes very minimal risks, whereas with the Conditions for 

Turnkey Projects contract, the contractor is responsible for almost all the risks in the project. 

Importantly, with the FIDIC contracts, the effects on time and cost because of the risks are 

addressed differently based on the nature of the risk event.  Kalyviotis et al. (2010) identify 

both the advantages and disadvantages of the FIDIC contracts. With regard to the former, “it 

is an international contract, as it used in many countries and it is translated in twelve 

languages; the documents are accompanied from a rich literature and case-law; the risks are 

balanced between the stakeholders; it is adopted from European Union and other international 

organizations such as the World Bank, for projects funding”. With regard to the latter, the 

authors identify the following disadvantages: there are disparities between the contract terms 

of private and public sectors; the provisions regarding the subcontracting is very limited; the 

dependency between the terms makes the changes difficult and time consuming; lastly and 

importantly, “the indemnity of the contractor against and from any negligence or misuse of 

goods has many traps, as the term ‘goods’ is not specified and the radius of the possible 

losses is huge, also the term any negligence covers almost everything” (Kalyviotis et al., 

2010).  

4.4.2 General Conditions of Contract for Construction Works  

The GCC was developed and published by the South African Institution of Civil Engineering. 

The SAICE has over a period of several decades published six editions of the GCC for civil 

engineering works (CIDB, 2005). The GCC standard forms of contract are suitable for use in 

procurement documents that are prepared in line with the requirements of the formatting and 

compilation of construction procurement documents. Although the GCC is focused on the 

design by client contracting strategy, it may also be used in building and construction works 

contracts. Regarding risk management, “the financial risk allocation is fixed depending on the 

principle that the risk bearer is best suited to deal with the risk”. During the project execution 

phase, the contractor does the work in accordance with the requirements of the defined scope 

of work, and the client remunerates the contractor for work which has been delivered in 

accordance with the predefined design specifications. With the GCC contractual agreement, 

the designing engineering team must provide upfront all the information which is required for 

the contractor to deliver the construction works. If the design engineers are satisfied with the 
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quality of the work performed by the contractor, the respective engineers from different 

disciplines will then issue an interim payment certificate, usually monthly, for that particular 

work, and the client pays the amount as certified and verified by the engineer (CIDB, 2005). 

4.4.3 Joint Building Contracts Committee  

The Joint Building Contracts Committee (JBCC) was developed in 1972 and is supported by 

the key professional and contracting associations in South Africa’s building industry (CIDB, 

2005). The association and bodies which constitute the JBCC are the following: the 

Association of Construction Project Managers (ACPM); the Association of South African 

Quantity Surveyors (SAQS); the Building Industries Federation of South Africa (BIFSA); the 

South African Association of Consulting Engineers (SAACE); the South African Institute of 

Architects (SAIA); the South African Property Owners Association (SAPOA); and the 

Specialist Engineering Contractors Committee (SECC). The primary objective of the 

stakeholder-based formation was to establish a set of standardized contractual documents 

which would support and promote an efficient and effective building process. The “JBCC 

documents portray the consensus view of the Joint Building Contracts Committee of good 

practice and an equitable distribution of contractual risk. The document is aimed at providing 

a balanced, clear, and enforceable set of rights, obligations, and procedures, which when 

consistently managed and administered, would protect all the parties” involved in the 

construction project (CIDB, 2005). Regarding risk management, the financial risk allocation 

is fixed based on the principle that the risk bearer is best suited to deal with the risk 

accordingly. The FIDIC, GCC, and JBCC are generally considered to be the traditional forms 

of construction contracts. Having experienced numerous shortcomings in these traditional 

contracts, the NEC was then introduced.  

4.4.4 New Engineering Contract 

A major review of the traditional contract strategies was conducted in 1986 by the Institution 

of Civil Engineers (ICE) to establish a new form of contract with a view to address the 

shortcomings arising from the traditional contracts (Lau et al., 2019). This review resulted in 

the first edition of the NEC, which was officially published in 1993, and subsequently 

another revision in 1995, with eventually the publication of the current editions, that is NEC3 

and NEC4 which were published in 2005 and 2017, respectively (Lau et al., 2019). To date, 

the NEC contract has a proven good track record for procuring and delivering excellent 

infrastructure and building projects in several developing countries (Sui et al., 2018). The 

NEC comprises an integrated and multidisciplined suite of contracts for engineering and 
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construction which have been developed from multidimensional areas in the construction 

industry to fulfil the diverse needs of the actors in the sector. Accordingly, the fundamental 

objective of NEC3 Engineering and Construction Contract (ECC) was to improve mutual 

trust and collaboration between the contracting parties and promote fair risk distribution to 

minimize contractual disputes (CIDB, 2005; NEC, 2005) among the contracting parties in the 

project procurement and delivery. The Engineering and Construction Contract (ECC) is more 

than just a contract, since it also incorporates three important components namely, conditions 

of contract, risk management, and project management. In relation to risk management, a 

combination of main and secondary options can provide an almost unlimited range of 

contract strategy risk allocation in any of the traditional industry sectors (Sui et al., 2018). In 

addition, using compensation events the client will only be liable for the compensation of the 

effect of certain risks if they occur, and payments for such events should not be included in 

the initial target price of the project. Importantly, the basis of compensation in the NEC 

contract is the same irrespective of the risk event, with the time and money effect considered 

in the same quotation at the same time. That is, “the contractor must provide a cost and time 

forecast of the effect of the event based on his/her latest accepted programme, and on defined 

items of cost-plus tendered overheads and profit” (Lau et al., 2019). The project manager 

accepts, asks for alternative quotations, or does his own assessment. The contractual options 

provided in the NEC suite of contracts are the following: 

4.4.4.1 Price contract with active schedule  

Option A is a priced contract with an activity schedule where the risk of carrying out the 

work at the agreed prices is largely borne by the contractor (NEC, 2005). Moreover, “an 

activity schedule is a list of activity description by the employer which the contractor expects 

to perform in delivering the works”. When “the bill of quantity has been priced by the 

contractor, the lump sum for each activity becomes the price to be paid by the client for that 

activity” (NEC, 2005). As such, the lump sum becomes the price of the contractor charged 

for delivering the project scope of the construction works, including for all circumstances 

which may be potential risks for the contractor (CIDB, 2005; Lau et al., 2019). The lump 

sum, which is also known as the fixed fee contract, is the form of contractual arrangement 

where the contractor agrees to execute certain work on a fixed price as described in the scope 

of the project. According to Kalyviotis et al. (2010), the fixed fee contract is suitable when 

the project scope and the project planning are well defined upfront - in this way the 

engineering consultant can easily estimate overall cost of the project. Eventually, the entire 
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risk in lump sum contracts lies on the contractor and that’s why usually the risk premium 

allowed for projects delivered on this contractual agreement is higher.  

4.4.4.2 Price contract with bill of quantity 

The price contract with bill of quantity is referred to as Option B of the NEC3 ECC suite of 

contracts. With the priced contract with a bill of quantities option the risk of carrying out the 

work at the agreed prices is borne by the contractor (NEC, 2005). A bill of quantities 

comprises a list of work items and quantities and the standard methods of measurement are 

published which states the items to be included and how the quantities are to be measured and 

calculated (Kalyviotis et al., 2010). Accordingly, tender price items, taking account of the 

information in the tender document and including for all matters which are at the contractor’s 

risk. The bills of quantities are prepared by the employer and the employer pays for work 

done based on actual measurement of these items with quantities (Kalyviotis et al., 2010). 

“Regarding the financial management of NEC projects, open-book accounting is a 

transparent process to audit the finance of a project to help the client and the contractor to 

conduct commercial management jointly” (Lau et al., 2019). That is, the contractor must 

submit all the accounts and financial statements to the project manager and the cost controller 

for verification. The typical allocations of total risk between the two main parties, the client 

and the contractor, on the commonly encountered contracting and pricing strategies are 

illustrated in Figure 4.2 hereunder.  

Figure 4.2: Levels of financial risk exposure in contract pricing strategies 

 
Source: (CIDB, 2005) 
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4.4.4.3 Target contract with activity schedule  

Option C of the NEC ECC is the target cost contract with an activity schedule where the out-

turn financial risks are shared between the client and the contractor in an agreed proportion 

(NEC, 2005). Target contract tenders are sometimes used where the extent of work to be 

done is not fully defined or where anticipated risks are greater. The financial risk is shared 

between the client and the contractor in the following approach: The contractor tenders a 

target price in the form of the prices using either the activity schedule or a bill of quantities. 

The target price includes the contractor’s estimate of defined cost-plus other costs, overheads 

and profit to be covered by his fee. The contractor tenders his fee in items of fee percentage 

to be applied to defined cost (Kalyviotis et al., 2010). This option allows clients to agree the 

total cost of the project works plus an extra amount as the contactor’s profit. This kind of 

contract is used when the type of work is not specified or the risk is too high (Kalyviotis et 

al., 2010; Lau et al., 2019). The disadvantage of this contractual arrangement is that when the 

scope of work is not fully defined upfront, the cost controller and project manager of the 

client could not maintain effective cost control measures because the scope changes and 

amendments during project delivery result in a lot of additional costs which may be difficult 

to verify, unlike with the bills of quantities model where it is much easier to assess and verify 

costs. 

4.4.4.4 Target contract with bill of quantity  

Option D is a target cost contract with a bill of quantities where the out-turn financial risks 

are shared between the employer and the contractor in an agreed proportion (NEC, 

2005). This contractual agreement contains a target cost, a target profit, a price ceiling, and a 

formula by which the parties will share any differences between target costs and actual final 

costs, as negotiated (Kalyviotis et al., 2010). Accordingly, the sharing of risks and 

requirements for indemnities, supporting insurance, sureties, retention money etc. should be 

set out in the contract data (CIDB, 2005). Ideally, responsibility for indemnifying the 

consequences of a risk should rest with the party which has control over that risk. In practice, 

however, it may be preferable that responsibility for a risk is borne by the party best able to 

manage it.  In this contractual arrangement Kalyviotis et al. (2010) indicate that, during the 

contract, the contractor is paid the defined cost plus the fee, which is known as the Price for 

Work Done to Date (PWDD). Then, at the end of the contract, the contractor is paid his share 

of the difference between the final to total of the prices and the final PWDD according to a 

calculation formula stated in the contract data.  
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4.4.4.5 Cost reimbursable contract 

Option E is a cost reimbursable type contract where the financial risk is taken largely by the 

client (NEC, 2005). A cost reimbursable contract should be used when the definition of the 

work to be done is inadequate even as a basis for a target price and yet an early start to 

construction is required - in such circumstances, the contractor cannot be expected to take 

cost risk other than those which entail control of his employees and other resources (CIDB, 

2017). The cost reimbursement incentives contract provides for payment to the contractor of 

allowable costs incurred during project performance; that is, the final amount payable by the 

client and is determined by the contractor's actual cost experience (Kalyviotis et al., 2010). In 

the NEC ECC contractual arrangement, the contractor carries minimum risk and is paid 

defined cost plus the tendered fee, subject only to a small number of constraints designed to 

motivate efficient working (CIDB, 2017). Lau et al. (2019) emphasizes that the 

reimbursement in a form of compensation events should be assessed during the project 

duration, and this process puts more risk on and demands more resources from the employer. 

In practice, the compensation events may be first reported as an early warning by the 

contractor (Figure 4.3).   
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Figure 4.3: Application of early warnings in NEC projects  

 

Source: (CIDB, 2005) 

4.4.4.6 Management contract  

Option F is a cost reimbursable management contract where the financial risk is taken largely 

by the client (NEC, 2005). The conditions of contract applied to management contracts are 

still evolving. In practice there are several different approaches used in relation to, for 

example, scope of services, time of appointment and methods of fee payments. The ECC 

management contract is based on the following framework (CIDB, 2005). The Unit Price 

Contract or Re-measurable Contract is based on rated quantities of the project and the price 

of each unit of these quantities. The final price of the project depends on the required 

quantities for finishing the total project. It is understood this kind of contract can be used in 

cases where the scope of works is defined, but not the exact size/quantities. Contrary to the 

lump sum contracts, the risk here lies exclusively with the client (Kalyviotis et al., 2010). The 

contractor’s responsibilities for construction work are the same as those of a contractor 

working under one of the other options. The project manager has no authority to instruct the 

contractor to carry out further construction work beyond that stated in the contract data and 
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any increase in the extent of the construction work to be carried out by the contractor must be 

the subject of negotiation between the client and the contractor (CIDB, 2017). Having 

defined all the recommended contractual options, “the objective should be to formulate a set 

of standardized contractual documents which would support an efficient and effective 

building processes” (CIDB, 2005).  

Overall, the choice of a particular contractual option in the NEC projects delivery may be 

motivated by different conditions and circumstances in the context where the construction 

projects are procured and delivered. As such, for the delivery of the NIP at UMP the NEC 

ECC target cost contract with an activity schedule option was chosen, probably because the 

extent of the project scope to be done was not fully defined during the planning and design 

phases. Apart from the construction contract, prior to the delivery of the New Infrastructure 

Projects at the University, several policy frameworks for planning and governance of the NIP 

were crafted and put in place.  

4.5 PLANNING AND GOVERNANCE OF THE NIP AT THE UMP 

The UMP at the Mbombela Campus was established in term of the Higher Education Act No. 

101 of 1997 (RSA, 1997). Accordingly, the planning, design and implementation of the New 

Infrastructure Projects at the University is guided by the National Treasury’s Standard for 

Infrastructure Procurement and Delivery Management framework. The SIPDM “establishes a 

control framework for planning, design and execution of infrastructure projects and 

infrastructure procurement” (RSA, 2016). Moreover, the SIPDM also requires the 

establishment of a contract management system as well as the establishment and maintenance 

of a risk management system to enable proactive risk mitigation at the project and contract 

level. Accordingly, the University has established all the required systems for the planning, 

design and implementation of the NIP. The essence of the NIP planning, design, 

implementation, and maintenance thereof is also reflected in the University’s Seven Year 

Strategic Plan. 

4.5.1 UMP Seven Year Strategic Plan: 2022 Vision 

The UMP Strategic Plan is a substantive and direction guiding document that constitutes a 

framework for the development of the University towards 2022. The Strategic Plan outlines 

eight strategic priorities to be pursued towards realizing the vision of becoming an African 

university that leads in creating opportunities for sustainable development (UMP, 2015). One 

of the strategic areas prioritized in the guiding framework is planning and institutional 
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support. Under the planning and institutional support strategic area, the University has 

prioritized building iconic infrastructure, quality estate, and other support facilities and 

services to enhance the institution’s strategic direction in terms of contributing to an inspiring 

and conducive academic and working environment. To this extent, the University has 

established the NIP division to be responsible for the planning and the implementation of the 

built infrastructure projects. Accordingly, this division exercises its functions within the 

perimeters of a Five-year New Infrastructure Development Plan (2015/16 – 2019/20). In 

accordance with this broad vision of the University, the Project Planning and Implementation 

Management System was provided as a framework for the governance in the delivery of the 

infrastructure projects.  

4.5.2 UMP Project Planning and Implementation Management System 

The Project Planning and Implementation Management System is the University’s framework 

which provides an overview in terms of governance, statutory compliance, and organizational 

structure in the planning and management of the New Infrastructure Projects. Regarding 

governance, the framework indicates the various governance instruments which have been 

adopted by the Council of the University to regulate the planning and management of the 

infrastructure projects in accordance with the Five-Year Project Implementation Plan (UMP, 

2016). The instruments include the Mbombela Campus Urban Spatial Infrastructure 

Framework; UMP Supply Chain Management Policy for NIP; Standard for Infrastructure 

Delivery Management, and other related policies such as the Occupational Health and Safety 

Act, 1993 (Act No. 85 of 1993), the Specialization for B-BBEE in Engineering and 

Construction Contracts, the Environmental Specialist, and the Framework for the 

determination of Profession Fee for Consulting Services. Moreover, the risks associated with 

the planning and management of the infrastructure projects are outlined as follows: the 

escalation in the operational budget of the NIP; delays in the provision of infrastructure in 

accordance with student enrolment; non-compliance with environmental requirements; and 

inadequate supply of water and electricity for the construction work.  

Regarding statutory compliance, the policy framework states that the University must comply 

with various statutory requirements so that the planning and implementation of the approved 

Five-Year Programme could proceed in full compliance with the range of regulatory 

provisions in the Republic of South Africa. For example, the establishment of the University 

at the Mbombela Campus has been facilitated in accordance with the Establishment of Public 

University regulations, as stated in Section 20 of the Higher Education Act, 1997 (Act No. 
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101 of 1997). Again, the development of the University as a township at the Mbombela 

Campus was also processed through Urban and Rural Management applicable in section 96 

of the Town Planning and Townships Ordinance, 1986 (Ordinance 15 of 1986). These 

statutory frameworks were key in the spatial planning and development of infrastructure 

projects.  

Regarding organizational structure, the Council of the University has granted the Vice 

Chancellor various delegations to exercise as the authorized person in the management of the 

planning and implementation of the NIP at the University (UMP, 2016). These delegations 

involve accepting ownership of the infrastructure assets on behalf of the University, acting on 

behalf of the Council and the University as client and/or employer with full authority, and 

appointing of professional engineers and architects for approval of engineering and 

architectural drawings. The organizational structure is comprising of both external 

professionals who have previously served in the initial team named New Universities Projects 

Managements Team Programme (NUPMT), as well as internal University professionals 

appointed to serve in the NIP division. The external professionals comprised of the Design 

Engineer, the Contract Development Engineer, and the Urban Spatial Development Architect. 

Given the complex scope and challenging timeframes, the DHET appointed the experienced 

Campus Development and Planning unit at the University of the Witwatersrand in 

Johannesburg to lead the project management team (NEC, 2020). On the other hand, the 

internal University professionals comprised of the Director of NIP, the Deputy Director of 

Infrastructure Supply Chain Management, the Project Managers for the NIP, and the Project 

Management Administrator. Moreover, the University has also contracted a series of built 

environment professionals to provide services in disciplines such as: Town Planning; 

Geotechnical investigations; Land survey; Architectural services; Civil engineering; 

Mechanical engineering; Environmental management; and Occupational Health and Safety 

services. Jointly, these professionals are entrusted with the responsibility for planning and 

implementing the approved Five-Year New Infrastructure Development Plan (UMP, 2016). 

4.5.3 UMP Five-Year New Infrastructure Development Plan 

The Five-year New Infrastructure Development Plan is a comprehensive and detailed 

programme which comprised of a list of all the infrastructure projects and the allocated 

budget thereof to be implemented over the period of five years. The Five-year Infrastructure 

Development Plan classifies the infrastructure projects in the Mbombela Campus into five 

segments which are delivered simultaneously over the duration of the programme. The 
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categories of the infrastructure projects are as follows: the academic infrastructure; site 

infrastructure for lower campus; site infrastructure for south campus; site infrastructure for 

hill campus; and the bulk infrastructure for external services (UMP, 2018). Critically, the 

academic infrastructure has a direct bearing on the progress of the academic programmes of 

the university in a sense that students enrolment depends on the provision of the 

infrastructure. Accordingly, there are twenty-nine construction projects outlined under the 

academic infrastructure section. From this total, only seven construction projects have been 

completed and signed off as per the requirements of the Standard for Infrastructure 

Procurement and Delivery Management framework, while three of them are still under 

construction, as per the cross-sectional view of this study. The three construction projects that 

are currently under construction are the Conference and Wellness Centre, the Science 

Research Facilities, and the Residential, Dinning and Student Support buildings. The 

construction projects are therefore purposively selected for the case study given their critical 

role in the progress of the academic programme provision at the university. These 

construction projects are managed in terms of the NEC family of contracts which binds the 

University, the contractors, as well as the built environment professionals. The NEC contracts 

regulate the agreements between the parties in term of the four project constraints, namely 

scope, time, cost, and quality objectives.  

4.6 CHAPTER SUMMARY 

This chapter has provided a contextual overview in relation to the governance and 

management of construction projects in South Africa. The policy and governance frameworks 

are critical in providing an enabling environment for the effective and efficient delivery of 

infrastructure projects in the construction industry of the country. Firstly, this chapter 

explained and described the phases in the policy framework for infrastructure procurement 

and delivery management in South African. This comprehensive framework seeks to enable a 

proactive risk management approach in the delivery of infrastructure projects in the public 

sector. Secondly, an overview of the policy measures to enhance performance in the 

construction industry in the country has also been explained. It is through this policy 

framework that the South African government seeks to ensure that construction projects in 

the country are delivered accurately, precisely, competitively, and with lesser effort. Thirdly, 

this chapter has also explained the strategic pillars to promote green building in the South 

African construction industry. In this regard, the policy framework seeks to promote 

sustainability in the delivery of construction projects across the country. Fourthly, this 
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chapter has also outlined and explained the different roles of the regulatory and professional 

bodies in the construction industry of the country. These are the statutory bodies which were 

established with a mandate to regulate the functions of the professions and disciplines in 

construction project management. Fifthly, the recommended suites of contracts for the 

delivering construction works in the South African construction industry have been identified 

and described. Lastly, this chapter has also identified and explained the institutional policy 

frameworks which were established for the planning and governance of the NIP at the UMP. 

The planning and governance of the NIP at the institutional level also requires the strategic 

alignment of the infrastructure projects with the institutional long-term goals. The chapter 

that follows explains in detail the context of the infrastructure projects that were sampled for 

the purpose of this study, together with the research methodology thereof.    
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CHAPTER FIVE: RESEARCH DESIGN AND METHODOLOGY 

5.1 INTRODUCTION  

This chapter provides a more detailed description of the methods and procedures used in the 

investigation of this thesis. Of particular importance in the choice of the research design and 

methodology used in this thesis is that the vast majority of the previous studies on risk 

management in construction projects have been quantitative in its approach (Atkinson, 1999; 

Burke, 2009; Cagliano et al., 2015; Okoye et al., 2015; Fakhreldin et al., 2017). While the 

quantitative approach is useful for highlighting the risk factors associated with construction 

projects, most of the quantitative oriented studies have been descriptive in nature. That is, 

such approaches have failed to adequately explore and grasp the underlying complexities 

inherent in the dynamic environment within which construction projects are delivered. 

Against this backdrop, this thesis follows a qualitative case study approach in order to 

conduct an in-depth investigation in exploring the risk factors and management methods 

thereof in construction projects. A case study approach is essentially suitable for learning 

more about little known or poorly understood situations (Yin, 2011; Leedy & Ormrod, 2014), 

as is the case with the risk management practice in the context of NEC delivered construction 

projects, particularly in the South African construction sector. Recently, the “qualitative 

research approach has become the mainstream form of research in many different academic 

and professional fields, and the qualitative approach has demonstrated be an attractive and 

fruitful way of doing research” (Yin, 2011). Moreover, qualitative research has the ability to 

represent the views and perspectives of the participants in real-life events and situations (Yin, 

2011). As such, qualitative studies have become a backbone of the constructivism 

philosophical paradigm which is underpinned by the ontology that there are multiple realities 

as conceptualized, experienced, and perceived by the people in their real-life situations or 

natural settings (Partington et al., 2005). In the context of this thesis, the construction 

professionals are the experts and are well knowledgeable regarding the risks associated with 

the construction industry. Apart from the expert views and opinions, a case study approach 

has a value and reputation for enabling the application of a vast range of data collection 

techniques (Yin, 2011; Rapley & Rees, 2018) for the enhancement of data triangulation 

(Babbie, 2010) and validity (Cassim, 2015). As such, a combination of semi-structured 

interview schedule, document review, field notes observation, and literature review 

techniques were collectively applied as the method of data collection for this thesis. For data 

analysis, a multifaceted and rigorous coding procedure which was performed through the 
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conventional content analysis method was applied to facilitate the interweaving of and 

inference in the qualitative data analysis (Yin, 2011) of this thesis. In this regard, the data 

analysis processes began from a real descriptive level (deductive) to a more conceptual and 

abstract level (inductive) (Saldaña 2013; Williamson et al., 2020) in the performance of data 

reduction and interpretative procedure. That is, these rigorous coding processes have 

provided the basis to the formulation of “rational and logical meanings” (Gaudet & Robert, 

2019), which resulted in the development of the risk management model for construction 

projects. Eventually, the consistent and rigorous application of the conventional content 

analysis method and its associated procedures has been very instrumental in enhancing the 

methodological integrity (Yin, 2011; Saldaña, 2013) of this thesis in terms of trustworthiness, 

transparency, confirmability, and accountability (Baxter & Jack; 2008; Yin, 2011). Moreover, 

issues of ethics in this thesis have been taken into serious consideration (Cassim, 2015; 

Gaudet & Robert, 2019) for enhancing the integrity and credibility of the case study and the 

methodology thereof.    

5.2 RESEARCH DESIGN AND METHODOLOGY 

To explore the risk management practice in the construction projects, an in-depth qualitative 

case study approach will be applied. A case study is an empirical inquiry that investigates a 

contemporary phenomenon within its real-life context, especially when the boundaries 

between phenomenon and context are not clearly evident (Yin, 2011). The significance of the 

case study qualitative approach in the context of the proposed study is that the researcher will 

be able to collect broader and in-depth qualitative information through a triangulation method 

of inquiring. That is, the research methodology of the proposed study will comprise of: a 

comprehensive review of the risk management documents which include the project risk 

register, the early warning notifications, and the minutes of the risk reduction meetings; 

passive observation during the risk mitigation meetings; and interviews with the construction 

professionals involved in the management of the projects.  The key to the adoption of a 

qualitative case study design in the context of the proposed study is that multiple methods 

will be applied to extensively and rigorously study the application of the qualitative risk 

management tools and techniques for planning, identifying, analysing, monitoring and 

responding to risks with regard to time, cost, quality, and environmental sustainability 

objectives of the project.  
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5.2.1 Research Approach   

In general, there are two different approaches in the process of analysing qualitative data, 

namely the deductive and inductive approaches. The deductive approach uses existing 

theories or propositions to formulate the research questions and data collection instruments. 

With this approach, the qualitative data analysis is guided by a predetermined theoretical 

framework (Yin, 2011; Saldaña, 2013) in a top-down approach. Conversely, in the inductive 

approach, the analysis process is a bottom-up approach towards theory development (Leedy 

& Ormrod, 2014). The inductive reasoning method tends to let the data lead to the emergence 

of codes, whereas the deductive reasoning method tends to let a predetermined conceptual 

framework define the relevant data that need to be collected (Yin, 2011). In the inductive 

approach, the initial coding involves a line-by-line analysis of the data and naming of useful 

concepts in the context of the study. This is followed by a step which involves the grouping 

of the initial codes together into meaningful categories, which is also known as selective 

coding (Saldaña, 2013). Subsequently follows the integration of categories to produce a 

theory, which may consist of layers of constructs (Leedy & Ormrod, 2014).  Though most 

qualitative research, such as case studies, follows the inductive approach (Yin, 2011; Leedy 

& Ormrod, 2014; Saldaña, 2013), the “deductive approach can also be extremely helpful 

under certain circumstances” and contexts. For example, deductive reasoning can assist to 

establish the significance of a study (Yin, 2011), and to describe “the index of the data’s 

contents” (Saldaña 2013; Williamson et al., 2020). In essence, a deductive approach is 

appropriate to give reflection to the gist of the purpose of the study. However, an in-depth 

qualitative research design cannot be subject only to a deductive approach. The reason for 

this is that it could lead to a risk of premature conclusions and loss of any fresh insights and 

important findings into the real-world events being studied (Yin, 2011; Leedy & Ormrod, 

2014). Therefore, the desire for interweaving detailed empirical data (inductive) with some 

set of concepts and theories (deductive) is of much benefit in the analysis of qualitative 

research (Yin, 2011). That is, a critical filter of thick description requires a balance between 

the inductive approach – allowing the collected data to speak for itself, and the deductive 

approach – structuring and ordering principles derived from predetermined theoretical 

concepts and models (Baxter & Jack, 2008; Saldaña, 2013; Williamson et al., 2020). While 

this study has applied both approaches at different levels of its analysis, this study has a more 

inductive perspective given that the inductive approach lends itself to the interpretivist 

philosophical paradigm. 
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5.2.2 Research Philosophy  

This study adopts a qualitative research approach informed by the interpretivist philosophical 

paradigm. The constructivism paradigm is defined as a research approach for representing the 

qualitatively diverse ways in which people conceptualize, experience, perceive, and 

understand various aspects of, and phenomena in, the world around them (Partington et al., 

2005). On one hand, the constructivism paradigm is underpinned by the ontology that there 

are multiple realities (De Villiers, 2005). As such, the reality can be explored and constructed 

through human interactions and meaningful actions. That is, reality can be discovered from 

how people make sense of their social worlds in the natural setting by means of daily routines 

(Sage et al., 2014). On the other hand, the constructivism paradigm is cantered on the 

epistemology that “events are understood through the mental processes of interpretation that 

is influenced by interaction with social contexts” (Partington et al., 2005). That is, the 

inquirer and the inquired-into are interlocked in an interactive process of talking and 

listening, reading and writing towards knowledge construction based on their experiences in 

the real life or natural settings (Partington et al., 2005). According to De Villiers (2005), as 

such, the constructivism paradigm may be applied in a variety of qualitative research designs 

such as case study, ethnographic research, artifact study, action research, and grounded 

theory. In a recent action research, which focuses on studying the projects’ failure and the 

application of the project management principles, the constructivism paradigm was used to 

explore professional project managers’ ways of conceiving and experiencing their work, as 

well as understanding of their competence at the work place (Sage et al., 2014). It is notable 

that, through the interpretive philosophy, that a researcher can understand phenomena 

through the meanings that the involved people assign to them (Sage et al., 2014). Now, given 

that the construction professionals are experts and vastly knowledgeable of the risk associated 

with the construction industry, the constructivism paradigm was applied to understand and 

draw inferences in relation to risk management practice in the successful delivery of 

construction projects. In this context, a case study approach is most appropriate in this study 

design.  

5.2.3 Research Design 

This study adopts a qualitative multiple-case study research design. A case study approach is 

essentially suitable for learning more about little known or poorly understood situations (Yin, 

2011; Leedy & Ormrod, 2014), as is the case with the risk management practices in the 

context of NEC delivered construction projects in South Africa. Moreover, as stipulated by 
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Yin (2011), the case study approach is more appropriate to understand complex issues or 

objects that can extend experience or add strength to what is already known through previous 

research. As such, the use of the case study approach is evident in previous research in the 

field of construction projects. For example,  Xie, Xia, Hu, Shan, Le and Chan (2017) use a 

case study to assess the public procurement performance in construction projects. Andelin, 

Karhu and Junnila (2015) apply a case study approach to design strategies for reducing 

embodied impact on construction projects. Ajayi, Oyedele, Akinade, Bilal, Alaka, Owolabi 

and Kadiri (2017) employ a case study design to investigate waste minimization in 

construction projects. Qi, Fourie, Ma and Tang (2018) use a case study approach to develop a 

hybrid method for improved stability prediction in construction projects. Again, a case study 

approach was also used by Pöyhönen, Sivunen and Kajander (2017) to develop a project 

delivery system for construction projects, and lastly, Gaziulusoy and Ryan (2017) also apply 

a qualitative case study method to explore the roles of design in sustainability transition 

projects. Remarkably, far too little attempt, if any, has been made on the use of the qualitative 

case study approach to explore the risk management practice in construction projects, in the 

South African construction industry in general and for NEC delivered projects in particular. 

Having said that, an important step in the development of case studies is defining the case or 

unit of analysis (Knight & Ruddock 2008), in order to justify the rationale for selecting a 

particular study area as a case.  

5.2.3.1 Rationale for the case study approach 

The choice of the case study design is founded on its utility for the conduct of in-depth 

investigations into phenomena in its particular context (Yin, 2011; Frey, 2018), and its 

usefulness for exploratory studies (Baxter & Jack, 2008; Gaudet & Robert, 2019). Therefore, 

three construction projects at the University of Mpumalanga in South Africa have been 

identified as the case within which the risk management practice could be explored. Mainly 

because this is one of the relatively new Universities built by the DHET since the dawn of the 

democratic Republic of South Africa. Accordingly, in order to ensure that the construction 

NIPs are successfully delivered in terms of time, budget, and scope, the NEC 3 was 

introduced as the construction contract that provides a structured, collaborative and 

systematic method of managing risks through the use of the early warning procedure, 

compensation of risk event, risks register, and risk reduction meetings during the delivery of 

infrastructure projects. That is, the early warning procedures, compensation of risk event, risk 

registers, and the risk reduction meetings are increasingly being regarded as the most 
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collaborative and systematic risk management procedures (Meng, 2014; Sun et al., 2015; Siu 

et al., 2018) which enable the comprehensive performance of risk management planning, 

identifying, assessing, quantifying, responding, and monitoring (PMI, 2017) in the delivery of 

the construction projects.  Notwithstanding  that the NEC has a potential to facilitate a sound 

project risk management practice, much uncertainty still exists about the effective application 

of the risk management procedures for NEC delivered projects in the South African 

construction industry given that this contract is still relatively new (CIDB, 2005; Sui et al., 

2018) to most of the construction professionals in the country, particularly to those involved 

in the delivery of building infrastructure projects such as the NIPs at the University of 

Mpumalanga.  

Another critical aspect about this case is that the core business of the University in terms of 

academic and institutional activities and schedules were primarily dependent on the 

successful delivery of these construction projects. That is, the timeous delivery of the 

construction projects was critical to the proceedings of the core business of the University in 

terms of teaching and learning, and research activities in particular. Therefore, in this context, 

the time, cost and quality objectives were the priority performance measures in the delivery 

of these construction projects, as it is clearly outlined in the risk management documents of 

the construction projects.  

5.2.3.2 Characteristics of the multiple case study 

Moreover, the rationale for choosing a multiple case study instead of a single case approach, 

is based on the assertion that the ability to zoom into the sub-units that are located within the 

larger case is a powerful tool in a qualitative case study, considering that it allows data 

analysis within the sub-units separately, between the different sub-units, and/or across all of 

the sub-units simultaneously (Baxter & Jack, 2008). Significantly, the case study design with 

embedded units has been instrumental in grasping the detailed and diverse views, perceptions 

and experiences of the multiple construction professionals involved in the risk management 

processes during the execution of the three construction projects. As mentioned by Yin 

(2011), a case study approach is more appropriate to understand complex issues with an aim 

to extend experience and add strength to what is already known, and construction projects by 

its own nature are complex. Accordingly, the dominant indicators of construction project 

complexity (Bosch-Rekveldt et al., 2011; Kishan et al., 2014) were identified in the multiple 

case study as illustrated in Table 5.1 below:   
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Table 5.1: Characteristics of project complexities in the case study 

Characteristics Case A Case B Case C 

Functionality of the Building Conferencing 

& Wellness Centre 

Science & Research 

Facility 

Residential & 

Dining 

Built area 1182M2 on 2 Floors 8972m2 on 3 Floors  8500m2 on 3 Floors 

Project Duration  10 Jan 2018 to  

31 Jan 2019 

02 Oct 2017 to 31 

Jan 2019 

02 Oct 2017 to 26 

March 2019 

 

Project Value R46 283 367 R279 445 690 R225 278 804 

Number of Disciplines 22 56 22 

Number of Subcontractors 15 73 18 

Number of Contractor’s 

Employees  

95 50 160 

Number of Milestone Activities 12 14 10 

Number of CEs issued during 

construction 

122 160 599 

Number of organizations forming 

the management team 

14 17 18 

Source: (Field work data, 2022) 

5.2.4 Research Strategy  

The research strategy is a roadmap that provide details of the tactics and methods to be 

applied for sampling, data collection and analysis (Baxter & Jack, 2008; Frey, 2018; Gaudet 

& Robert, 2019). While a research strategy consists of the tactics for operationalizing the 

research structure towards answering the research questions (Babbie, 2010), there is no single 

existing strategy that fits all situations (Yin, 2011).  The research strategy includes the clearly 

defined objectives emanating from the research questions, the sources that will be used for 

both the primary and secondary data collection purposes and a clear indication of the 

perceived scope and constraints of the study. Therefore, the primary strategy applied for this 

study in order to understand the risk management practice in the construction projects 

involves semi-structured interview sessions, fieldwork observation, and document review.     

5.2.5 Sampling Methods  

In qualitative research, “the samples are likely to be chosen in a deliberate manner commonly 

known as purposive sampling” (Yin, 2011), which is a form of a nonprobability sampling 

method. Although the sample sizes must be ascertained in qualitative research as like in 

quantitative studies (Malterud et al., 2016), the means to ascertain the sample size in 

qualitative research differs. The prevailing principle for ascertain the sample size in 
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qualitative research is data saturation (Malterud et al., 2016; Hennink & Kaiser, 2019; 

Williamson et al., 2020). That is, saturation is the key principle in qualitative research which 

is used to determine the adequacy of data to develop a robust and valid understanding of the 

study phenomenon (Malterud et al., 2016; Patton, 2015). In this regard, the specific study 

units are purposively chosen with the knowledge that they possess the quality data in terms of 

expert opinion and familiarity with the context (Babbie, 2010; Williamson et al., 2020) of the 

phenomenon being investigated. In term of data quality, such deliberate choice then leads to 

the yield of, not only the most relevant and plentiful data (Yin, 2011), but also results in 

powerful information, depending on the quality of interviews and rigor of the analysis 

methods (Malterud et al., 2016) applied in the study. The power and value of the qualitative 

data is evident in some qualitative studies recently conducted in the construction industry. 

This includes the study of “sustainable construction and drivers of change” (Manoliadis et al., 

2006); “community protest from a project management perspective” (Teo & Loosemore, 

2017); “challenges for integrated design in sustainable buildings” (Leotoa & Lizarraldea, 

2019); and “project governance practices in urban public housing projects” (Latiff et al., 

2020). Importantly, the power and quality of information in qualitative research can also be 

determined by the elements which constitute the composition of the unit of analysis (Yin, 

2011; Malterud et al., 2016; Gaudet & Robert, 2019).    

5.2.5.1 Unit of analysis  

The unit of analysis for this study consists of various elements which include the interview 

transcripts, risk management documents, and field notes pertaining to the New Infrastructure 

Projects delivered at the University of Mpumalanga in the period between 2017 and 2019. 

The interview transcripts are from a wide range of expert participants which includes the 

client’s representatives, construction consultants as well as the contractors assigned to deliver 

the projects. On the other hand, the selected risk management documents consist of the early 

warnings, risks registers and minutes of risk reduction meetings, as well as the field notes 

from site walk observations. Taken together, these elements of the unit of analysis validate 

the theoretical sampling strategy (Gaudet & Robert, 2019) prevailing in qualitative case 

studies (Baxter & Jack, 2008; Babbie, 2010; Yin, 2011; Frey, 2018).  

5.2.5.2 Theoretical sampling strategy 

The theoretical sampling is a strategy to generate theoretical insights by drawing on 

comparisons among samples of data from different activities, populations, events, or even 

time periods (Given, 2008; Gaudet & Robert, 2019) pertaining to a particular phenomenon. 
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The theoretical sampling strategy allows the researcher to decide what data to collect next 

and where to find the data, and to develop a theory as it emerges (Barbour, 2019). 

Accordingly, for the purpose of this study, firstly, three (3) construction projects at the 

University were purposively sampled on the basis that these projects were still at the early 

stages of the construction process when the study was conducted and, as such, the researcher 

was able to observe the projects throughout the respective construction phases. Moreover, the 

purposeful selection of the three construction projects was also informed and motivated by 

the profound definition that “every project is a unique endeavour” (Burke, 2010), and thus, 

the selection was made with a view to provide the basis of comparison (Barbour, 2019; 

Gaudet & Robert, 2019) between these projects. Secondly, the theoretical sampling was also 

applied in determining the selection of the participants of the study as well as the necessary 

risk management documents of the projects which include the early warnings and risk 

registers, minutes of the risk reduction meetings, and site walk observations. The purposive 

selection of these data sources was regarded as critically important for the holistic 

understanding of the risk management practices in the construction projects. Notably, the 

theoretical sampling attempts to discover categories and the elements thereof in order to 

detect and explain the interrelationships between the elements (Gaudet & Robert, 2019). The 

participants, as one of the key elements of the study, were therefore sampled purposively. 

5.2.5.3 Purposive sampling procedure  

According to Qammaz, and AlMaian (2020), construction experts involved in the delivery of 

the construction project are well knowledgeable of the risks associated with the construction 

industry. As such, the members of the construction management teams were purposively 

sampled on the basis of their expert opinions (Babbie, 2010; Williamson et al., 2020) and 

experience in the delivery of the construction projects, particularly with regard to the 

application of the NEC contract and the associated risk management procedures. The process 

of using a “purposive sampling procedure first requires the establishment of the participant 

profile, and it is thereafter that the researcher selects potential participants that best meet the 

sample profile” (Kolb, 2008). For the purpose of this study, all the members of the 

construction management teams involved in the delivery of the projects were purposively 

sampled based on their respective profiles in the construction sector. In this context, the 

inclusion criteria are that all the members of the construction project management team are 

professionals in their respective disciplines, they have diverse expertise and knowledge, and 

are assigned different roles and responsibilities in the execution of the construction projects. 
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Therefore, the sampling size is inclusive and exhaustive of all the construction professionals 

who are responsible for the principal activities in the delivery of the construction projects, as 

stipulated in the guiding principles of the New Infrastructure Project Design and Planning 

(RSA, 2016). The principal activities in the construction projects include the following 

services: architectural design, civil engineering, electrical engineering, fire safety 

engineering, landscape architectural design, mechanical engineering, structural engineering, 

and wet services engineering (Table: 5.2).  

Table 5.2: Key professional services in the delivery of construction projects 

Key 

Professional 

Services  

Principal Responsibility 

Architectural 

Designer 

 

Plan, design and review the construction, extension or refurbishment of buildings, 

spaces, structures and associated site works for the use of people, by the creative 

organisation of materials and components with consideration to mass, space, form, 

volume, texture, structure, light, shadow, materials and the project brief. 

Civil Engineer Plan, design and review the construction of site works comprising a structure such 

as a road, pipeline or sewerage system, or the results of operations such as 

earthworks or geotechnical processes. 

Electrical 

Engineer 

 

Plan, design and review the installation of the electrical and electronic systems for 

and in a building or structure. 

Fire Safety 

Engineer 

Plan, design and review the fire protection system to protect people and their 

environments from the destructive effects of fire and smoke. 

Landscape 

Architectural 

Designer 

 

Plan, design and review the construction of outdoor and public spaces to achieve 

environmental, socio-behavioural, or aesthetic outcomes, or any combination 

thereof. 

Mechanical 

Engineer 

 

Plan, design and review the construction, as relevant, of the gas installation, 

compressed air installations, thermal and environmental control systems, materials 

handling systems or mechanical equipment for and in a building. 

Structural 

Engineer 

 

Plan, design and review the construction of buildings and structures, or any 

component thereof, to ensure structural safety and structural serviceability 

performance during their working life in the environment in which they are 

located when subject to their intended use in terms of one or more of the 
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Source: (Adapted from RSA, 2016) 

In addition to these key disciplines, there are other key services rendered by other 

construction professionals who also formed part of the project management teams and have 

also been purposively sampled in the study based on their expert opinions.  According to Jin 

et al. (2017), the participants’ approach towards the execution of the project is likely to be 

determined by characteristics such as power, interest, and influence based on the level of 

education and experience as well as their assigned role in the construction project. 

Accordingly, in the context of this case study, the characteristics of the participants have been 

profiled in terms of construction disciplines, work experience, experience in the use of the 

NEC contracts, and professional body affiliations (Table 5.3).   

Table 5.3: Profile and characteristics of participants sampled 

following: external and internal environmental agents; maintenance schedule and 

specified component design life; or changes in form or properties. 

Wet Services 

Engineer 

Plan, design and review the construction, within buildings or from a point of 

drainage, installations intended for the reception, conveyance, storage or treatment 

of sewage, and water installations which convey water for the purpose of 

firefighting or consumption, and roof drainage arrangements within a building. 

 Categories  Participants Experiences (Years) Professional Body 

Affiliations Construction 

Profession 

NEC 

Contracts 

 Client     

1  Lead Project Manager 10 4 SACPCMP; PMI 

 Consultants     

2  Design Architecture 43 5  SACAP; KZNIA 

3 Design Architecture 26 11 SACAP 

4 Urban Spatial Development 

Architecture 

46 5  SACAP 

5 Landscape Architecture 30 3  SACLAP 

6 Landscape Architecture 5 2  SACLAP 

7 Landscape Architecture 4 3 SACLAP 

8 Mechanical Engineer  6 2  ECSA 

9 Structural Engineer 5 2  ECSA; SAICE 

10 Structural Engineer 6 3 ECSA 

11 Fire & Safety Engineer 30 5  ALSA; ECSA 

12 Civil Engineer 35 5  ECSA; SAICE 

13 Civil Engineer 7 2  ECSA 

14 Civil Engineer 5 2 ECSA 

15 Electrical Engineer 20 5  ECSA; CISA 
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Source: (Fieldwork Data, 2022) 

Importantly, most of the participants were involved in more than one of the selected cases. 

Though their responses were sometimes generalized to all the cases which they were 

involved in, more often during the interviews the participants have shared experiences and 

views that were based on specific examples in a particular case. Initially, forty-two (42) 

potential participants were identified by the researcher based on the attendance registers, 

however, at the last count, thirty-four (34) interviewees participated in the study, and the data 

was collected from all the key participants responsible for the principal services in the 

delivery of the projects. Although the sample size of the participants in the study may be seen 

to be small in terms of the numbers (Cassim, 2015), proponents of qualitative research warn 

that what matters most in a qualitative case study is the value and the quality of the 

information shared by the participants considering their profile and characteristics in 

association with the subject of the study (Yin, 2011; Awuzie & Emuze, 2017; Gaudet & 

Robert, 2019). As such, the expert knowledge and views of the construction professionals 

involved in the project management are deemed valid and reliable for saturation adherences 

in the study. 

 

16 Electrical Engineer 6 1  ECSA; CISA 

17 Health and Safety Officer 10 10 SACPCMP 

18 Environmental Officer 8 1  IAIASA; EAPASA 

19 Cost Controller 10 3  SACQSP 

20 Cost Controller 9 5  SACQSP 

21 Cost Controller 8 3 SACQSP 

22 ICT Project Manager 3 2  No Affiliation 

23 Audio and Data Engineer 15 4  SACIA 

24 Wet Services Engineer 9 8 ECSA; SAICE 

25  Project Leader 13 7 ECSA 

 Contractors     

26 Construction Project Manager 17 5 SACAP 

27 Construction Project Manager 4 2  No Affiliation 

28 Site Manager 7 4  SACPCMP 

29 Project Manager 2 8/12 No Affiliation 

30 Contractor Managing Director  14 5  SACPCMP 

31 Electrical Technician  17 3  ECA 

32 Quantity Surveyor  6 4  No Affiliation 

33 Quantity Surveyor 6 4 No Affiliation 
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5.2.5.4 Saturation principle 

Hennink and Kaiser (2019) emphasizes saturation as the key principle in qualitative research 

which is used to determine the adequacy of data to develop a robust and valid understanding 

of the study phenomenon. They argue that saturation is reached when the data of the study is 

collected from different components of the case to understand the case holistically. In 

essence, the adequacy of the sample size in a qualitative case study is primarily determined 

by the diversity and variety of data collection methods used (Malterud et al., 2016). 

Accordingly, different data collection methods have been applied in this study to comply with 

the saturation principle of the qualitative research approach. Therefore, saturation was 

achieved by collecting the empirical data from the various critical sources of data for the case 

study.   

5.2.6 Data Collection Methods 

A case study approach has a value and reputation for enabling the application of a vast range 

of data collection techniques (Yin, 2011; Rapley & Rees, 2018) for the enhancement of data 

triangulation (Babbie, 2010; Cassim, 2015). As such, a combination of semi-structured 

interview schedules, document review, field notes observation, and literature review 

techniques were all together applied as the data collection methods for the study. In the 

context of this study, the data from the interview sessions is the most critical one given that 

the other methods of data collection were supplementary to the data from interviewed 

participants.      

5.2.6.1 Primary data collection methods 

The primary data collection methods applied in this study includes interview schedules, 

documents review, and field work observations. Collectively, these primary data collection 

methods constitute a triangulation approach to enhance data credibility and validity.  

5.2.6.1.1 Interview schedules  

This study has used semi-structured interview schedules because they have proven suitable 

for situations where the researcher is seeking to unravel the interviewees’ worldviews as it 

pertains to the phenomenon being studied (Awuzie & Emuze, 2017). In addition, the 

interviews technique was considered because it is the most credible and reliable technique for 

data collection in a case study considering its utility and strength to provide first-hand and in-

depth information (Baxter & Jack, 2008; Yin, 2011; Gaudet & Robert, 2019) pertaining to the 

phenomenon of the study. That is, through the use of the semi-structured interview schedules, 

the researcher was able to probe and pose follow-up questions after the responses of the 
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interviewees. One of the common pitfalls associated with the use of interview schedules in a 

case study is that there is a tendency for researchers to attempt to ask a too broad question 

(Baxter & Jack, 2008). In order to avoid such problems, the interview schedule had semi-

structured questions which, to some extent, has afforded the researcher with some degree of 

consistency relating to the questions posed to the various interviewees at different times 

(Rapley & Rees, 2018). Moreover, to ensure accuracy in the transcribing of the interviews 

(Awuzie & Emuze, 2017), a voice recorder instrument was used in order to ensure that the 

information is captured and recorded accordingly. The participants were made to be aware 

that the recordings will only be used for the purpose of this research, and the same principle 

applies to the documents reviewed. 

5.2.6.1.2 Project documents review 

According to Gaudet and Robert (2019; 21), when using documents for data collection in a 

case study, the fundamental question to be asked when choosing the documents is:  “based on 

what criteria will you choose documents and situations to observe”? In response to this 

question in the context of the study, the documents that were selected for review pertains to 

the risk management procedures in the delivery of the construction projects. The risk 

management documents in the projects include the early warning documents, compensation 

of events documents, risk register documents, and minutes of the risk reduction meetings. 

These documents were systematically reviewed through engaging with some aspects of the 

documents in order to support and validate the claims made by the participants (Rapley & 

Rees, 2018) in the interview transcripts, and also to attest the fieldwork observations. 

5.2.6.1.3 Fieldwork observations 

According to Rapley and Rees (2018), “observational fieldwork can be applied as a precursor 

to developing interview schedules or focus group topic guides” and could eventually lead to 

the development of trust relationships between the researcher and participants. In the context 

of a case study, establishing a rapport with the participants is critically important (Baxter & 

Jack, 2008), because it reduces the anomaly contacts. Establishing trusting relationships with 

the construction professionals and gaining access to reliable and quality data were 

exceptionally intensive and it involved processes of complete immersion in the activities and 

processes of the construction projects over a twelve-months period. During the observational 

fieldwork, detailed field notes of observations were made on a notebook, and twenty 

construction site visits were conducted for the observational fieldwork. The observational 

fieldworks would take almost two hours, wherein the construction professionals would be 
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moving from one section of the construction project to another. The notebook was therefore 

used to record part of the discussions between the construction professionals during the site 

visit.  

  Figure 5.1: Graphic model of the applied research methodology 

 

Source: (Author, 2022) 

Discussions on the risks in relation to the interrelatedness of the activities and functions of 

the different construction works were most noted during the observational fieldwork. 

Moreover, it was during the observational fieldworks where the construction professionals 

would be seen explaining and discussing their design information and drawings as well as 

monitoring the compliance with the instructions in the quality reports. To a large extent, the 
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fieldwork observations were inconsistent with some of the data solicited from the secondary 

data collection methods in a form of literature review.     

5.2.6.2 Secondary data collection method 

The comprehensive literature review presented in chapters two (2), three (3) and four (4) of 

the thesis provides a reflection of the trends, principles, debates, proposals, and paradigms in 

relation to risk management in construction projects. As such, the literature reviewed is an 

integral part of the discussion section in chapter seven (7) of the thesis.  

5.2.6.2.1 Literature review 

According to Mitchell and Roux (2009), literature review can be seen as a description of what 

has already been published by acknowledged scholars, to show that the new research is “built 

on a sound foundation”. The literature review becomes a crucial tool to identify the 

theoretical debates within which our question is situated (Gaudet & Robert, 2019), and to 

underpin what is being investigated with what has already been published in the field 

(Mitchell & Roux, 2009). Accordingly, Gaudet and Robert (2019) identify three fundamental 

reasons for having a section devoted to a review of the literature in a thesis.  Firstly, the 

literature review allows the research to justify the empirical relevance of the research 

question by showing the gap between what the existing studies teach us and what we should 

know. Secondly, the literature review allows the researcher to situate the research question 

within the trending debates in order to identify the theoretical relevance of the new research. 

Lastly, literature review assists to define the concepts of the research question according to 

the theoretical framework chosen in the study. The literature review has been conducted 

using a variety of resources which include journal articles, books, government publications, 

conference proceedings, as well as internet resources.  Together, this triangulation and 

blended data collection approach has enhanced the data analysis process in this study. 

5.2.7 Data Analysis Methods 

The study has applied a qualitative data analysis approach in a form of a conventional content 

analysis, also known as classic content analysis (Williamson et al., 2020). In this regard, the 

content analysis approach and associated methods of coding, categorizing and thematic 

procedures were followed (Baxter & Jack, 2008; Saldaña, 2013; Williamson et al., 2020). To 

perform this exercise, the coding process has gone through multiple coding processes 

(Saldaña, 2013; Postăvaru & Marczak, 2017) at two coding cycles. The initial cycle of the 

coding scheme emerges from the data (Postăvaru & Marczak, 2017; Frey, 2018; Gaudet & 
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Robert, 2019), while the second cycle of coding “categorizes the coded data based on 

thematic or conceptual similarity” (Saldaña, 2013).  With this coding procedures, the study 

maintains the balance between the inductive and deductive approaches. The art of qualitative 

research requires a balance between inductive forces – allowing the collected data to speak 

for itself, and deductive forces – structuring and ordering principles derived from theoretical 

models and concepts Saldaña (2013).  

5.2.7.1 First cycle coding method 

The first cycle coding is the initial stage of the data analysis process after the screening, 

preparation and organizing of the interview transcripts and the risk management documents.  

That is, prior to the initial cycle of coding, the exercise of “reading and re-reading documents, 

and perceiving initial ideas” (Vatandost et al., 2020) was critical for the researcher to be 

immersed with the data (Gaudet & Robert, 2019). The attribute and the descriptive coding 

procedures were the first to be performed in the initial coding cycle.     

5.2.7.1.1 Attribute coding procedure 

Attribute coding provides essential information in terms of the characteristics and/or 

demographics of the participants as well as the contexts of the study and, as such, it is a good 

method for qualitative data management, analysis and interpretation (Saldaña, 2013). 

According to Jin et al. (2017), the execution of a project is likely to be determined by 

participants’ characteristics such as power, interest, and influence based on the level of 

education and work experiences as well as their assigned role in the construction project. 

Therefore, in the context of this study, the characteristics of the participants have been 

profiled in terms of the participants’ work and contract experiences, and professional 

affiliations.  

5.2.7.1.2 Descriptive coding procedure 

Descriptive coding is the foundation for qualitative inquiry, and its primary goal is to assist 

the reader to see and hear what the researcher has seen from a general face value perspective. 

This method of coding leads primarily to a categorized inventory, tabular account, summary, 

or index of the data’s contents (Saldaña, 2013). In this regard, this coding method was 

applied to give a reflection to the gist of the purpose of the study in terms of the practice of 

risk management in construction projects.      
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5.2.7.1.3 In vivo coding procedure 

According to Saldaña (2013), the meaning of in vivo is “in that which is alive,” and “as a 

code refers to a word or short phrase from the actual language found in the qualitative data 

record - the direct terms used by the participants themselves”. Therefore, the in vivo coding 

method was used to capture the codes in the overtly stated words of the participants in 

relation to risk management in the construction works.   

5.2.7.1.4 Process coding procedure  

This coding method is primarily used to code the human actions ranging from the simple 

observable activities, such as talking and working, to more general conceptual actions, such 

as struggling, negotiating, surviving, and adapting (Saldaña, 2013). In this study, the process 

coding method was primarily applied to code the observations made during the construction 

site visits and risk reduction meetings.   

5.2.7.1.5 Emotion coding procedure  

Saldaña (2013) argues that since emotions are a universal human experience, virtually 

everything we do has an accompanying emotion. As such, our acknowledgement of emotions 

in our research provides deep insight into the participants’ perspectives, worldviews, and life 

conditions. Emotion coding is most appropriate for studies that seek to explore intrapersonal 

and interpersonal participant experiences and actions. Given that one cannot detach emotion 

from action, the emotion coding method was applied to code the interactions among the 

professionals in the construction management team.  

5.2.7.1.6 Versus coding procedure  

This coding method is appropriate for qualitative data sets that suggest strong conflicts or 

competing ideas, goals within or among, and between the participants (Saldaña, 2013). As 

such, versus coding was used to identify the contrasts and differences in the information from 

the interview transcripts and the risk management documents. Moreover, versus coding was 

also useful in detecting the ideological differences amongst the project management team 

involved in the delivery of the projects.  

5.2.7.1.7 Evaluation coding procedure  

According to Saldaña (2013), evaluation coding can either emerge from the evaluative 

perspective of the researcher or from the qualitative commentary provided by participants. 

For example, the selected coding methods profiled in this study can be applied to or 

supplement evaluation coding (Saldaña, 2013). For the purpose of this study, the evaluation 
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coding method was applied in order to make a judgement on the implicit nature of the risk 

factors in the delivery of the construction projects. After the initial coding and interpretive 

process, similar patterns in the codes were rationally reduced into categories, and eventually 

into themes through the use of the second cycle coding methods.  

Figure 5.2: Graphic framework applied for qualitative data analysis  

 

Source: Adapted from Saldaña, 2013; Gaudet and Robert, 2019; Williamson et al., 2020) 

5.2.7.2 Second cycle coding method 

The second cycle of the coding methods involved the grouping of the initial codes into 

different categories and eventually into themes based on similar patterns in the data (Baxter 
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& Jack, 2008; Yin, 2011; Saldaña, 2013; Gaudet & Robert, 2019; Williamson et al., 2020). 

The second cycle coding is the process of moving from initial cycles of coding into focusing 

the codes towards categories and themes.   

5.2.7.2.1 Pattern coding procedure  

The pattern coding method is appropriate for second cycle coding given that it enables the 

development of major themes from the initial codes, facilitates the search for causes and 

explanations in the codes, examines patterns of human relationships, and eventually leads to 

the formation of theoretical processes and constructs (Saldaña, 2013). Moreover, the pattern 

coding method organizes the corpus into sets, themes, or constructs and attributes with 

meaning to those categorizations.  

5.2.7.2.2 Focused coding procedure  

The focused coding procedure was used to categorize the coded data based on thematic or 

conceptual similarity. This method has enabled the searches for the most frequent or signifi-

cant initial codes to develop the most salient categories in the data corpus. The focused 

coding method is suitable for almost all qualitative research for the formulation of major 

categories or themes from the initial codes (Saldaña, 2013). 

5.2.7.2.3 Axial coding procedure 

Similar to the above-mentioned methods, the axial coding method is applied to extend the 

analytic work from the first coding cycle. This method is used to describe the characteristics 

or attributes of the categories and dimensions such as the contexts, conditions, interactions, 

and consequences of a process (Saldaña, 2013). The axial coding method is also used to 

explore how the categories and subcategories relate to each other.  

5.2.7.2.4 Causation coding procedure 

The causation coding method is applied in order to extract attributions or causal beliefs from 

participants’ data about not just how, but why particular outcomes have occurred. It involves 

searches for combinations of antecedent and mediating variables that lead toward certain 

pathways. It is “attempts to map a three-part process as a CODE 1 > CODE 2 > CODE 3 

sequence” (Saldaña, 2013). This method is appropriate for explaining processes, 

interrelationships, and the complexity of influences and effects on human actions and 

phenomena (Saldaña, 2013). This method is used to analyse the causality in the coded data by 

identifying causes, outcome, and links between them (Williamson et al., 2020), the cause-

effect relations in the risk events. 
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5.2.7.3 Theoretical coding method 

Adopting from Saldaña (2013), the theoretical coding in this thesis functions like an umbrella 

that covers and accounts for all the other codes and categories formulated in processes of the 

grounded inductive analysis. Therefore, the qualitative content analysis approach of this 

thesis is founded on a ‘critical filter of thick description’ which involves a balance between 

the deductive analysis approach – structuring and ordering principles derived from 

predetermined theoretical concepts and the inductive analysis approach – allowing and 

unpacking the collected data to speak for itself (Baxter & Jack, 2008; Saldaña, 2013; 

Williamson et al., 2020). That is, the application of the theoretical coding method in real-life 

settings of this case study research enabled the unveiling and understanding of the dynamic 

and complex contexts in which the risk management for construction projects is performed. 

Collectively, these multifaceted coding processes performed through the classical content 

analysis has facilitated the interweaving of and inference in the qualitative data analysis (Yin, 

2011) of this study - moving from a real descriptive level (deductive) to a more conceptual 

and abstract level (inductive) (Saldaña, 2013; Williamson et al., 2020). That is, these rigorous 

coding processes have provided the basis to the formulation of “rational and logical 

meanings” (Gaudet & Robert, 2019) that lead to the development of the risk management 

model for construction projects. The formulated meanings were then presented into a cluster 

of broader themes in the discussion chapter of the study. In this regard, the complexity 

theory, together with the theories of organizations, were therefore applied in order to provide 

a multi-lens theoretical framework through which the inherited dynamic complexities that 

underpin the performance of risk management practice in terms of risk management 

planning, identifying, assessing, quantifying, responding and monitoring are illustrated and 

understood in the context of construction projects delivered through the NEC contract. 

Notably, this analysis method has enabled the synthesis of a comprehensive, in-depth and 

advanced insight (Postăvaru & Marczak, 2017) into the risk management practice in the 

delivery of construction projects through the NEC risk management procedures. Therefore, 

the consistent and rigorous application of the conventional content analysis method and its 

associated procedures has been very instrumental in enhancing the methodological integrity 

of the study (Yin, 2011; Saldaña, 2013; Gaudet & Robert, 2019; Williamson et al., 2020). 

The integrity of this study is also sustained by the intense considerations of ethical issues.  
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5.3 ETHICAL CONSIDERATIONS 

Numerical policies and guidelines from various institutions on Research Ethics and Code of 

Conduct have been consulted and adhered to in order to exercise ethical behavior in the 

interaction with the participants and also to enhance the integrity of the case study. That is, 

the issue of ethics in this case study has been taken into serious consideration (Cassim, 2015; 

Gaudet & Robert, 2019). With regard to ethical considerations, Cassim (2015) warns that “if 

you do not follow your institution’s ethics policies and requirements, you can get into serious 

trouble and the Ethics Committee is unlikely to approve your research”. Accordingly, the 

following institutional and professional Code(s) of Ethics and Guidelines were adhered to: 

Namely, the Code of Conduct Policy for Researchers together with the Policy on Research 

Ethics at Nelson Mandela University (NMU); Policy on Research Ethics at UMP; Code of 

Ethics and Professional Conduct at Project Management South Africa (PMSA); and the 

Belmont Report which is one of the Ethical Principles and Guidelines for the Protection of 

Human Subjects of Research commended by the NMU. As stipulated in the Belmont Report 

with regard to capacity building in relation to Research Ethical Principles and Application, 

the researcher has also attended a 2-day course on Ethics Capacity Development which was 

facilitated by the Chairperson of the Research Ethics Committee in one of the Institutions of 

Higher Learning in South Africa. This workshop has benefited the researcher in terms of 

understanding the principles and application of ethical considerations for a Doctoral Study. 

Therefore, in this study, the following ethical issues were fundamentally important for 

consideration:  

5.3.1 Permission to Conduct the Study 

With the support of the researcher’s supervisor, the request for permission to gain access to 

information and to conduct research in relation to the New Infrastructure Projects at the 

University of Mpumalanga was submitted to the Director responsible for the NIPs at the 

institution (Annexure D). In response to the request for permission, the Director for the NIPs 

has advised the researcher to also write a separate memo to the senior authorities of the 

University to request permission to conduct the study (Annexure E). Accordingly, the request 

for permission was then escalated to the higher authorities of the University, and approval 

was granted by the Vice Chancellor of the University to conduct the study on the NIPs in the 

University of Mpumalanga for the duration of the construction projects’ execution. Given the 

nature of the study, the University authorities have acknowledged and noted that “the 

university will be grateful to have a scientific reflection on and lessons learnt from the 
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execution of the New Infrastructure Projects” (Annexure F). The securing of the permission 

to conduct the study is a fundamental ethical requirement in the application for the Research 

Ethics Clearance Certificate at the NMU.       

5.3.2 Research Ethics Clearance Certificate  

Prior “to obtaining the approval of the Research Ethic Board (REB), the board must analyse 

your project, the documentation that will be made available to the participants, as well as a 

form in which you explain how you plan to conform to the principles of integrity and dignity 

of human beings, and the principle of justice, throughout the research process” (Gaudet & 

Robert, 2019). Accordingly, the application for Ethics Clearance Certificate at the Nelson 

Mandela Research Ethics Committee - Human (REC-H) was made through the support of the 

Supervisors of the researcher. The application form for Ethics Clearance Certificate was 

detailed, requiring information such as: the rationale and objectives of the study; research 

methodology; consent of participants; anonymity and confidentiality of data; as well as the 

attachment of the data collection tools. Eventually, the Ethics Clearance application was 

served at and approved by the Faculty of Engineering, the Built Environment and Information 

Technology (EBEIT) Faculty Research Ethics Committee (Human). On 31 October 2018, the 

Ethics Clearance Certificate was granted with Ref: H18-ENG-CMa-001 (Annexure G). In the 

request for participation of the participants of the study, the Ethics Clearance Certificate 

together with the Consent Form was also attached for the information of the participants.   

5.3.3 Informed Consent  

Throughout the research, the researcher has a responsibility to ensure that the participants 

freely and willingly consent to participate in the study. In this regard, “free and informed 

consent requires that the participants be informed of the research objectives and of the 

consequences of their participation. It also requires that they confirm that they understand the 

agreement and are willing to participate” (Gaudet & Robert, 2019). Accordingly, the 

objectives of the study were outlined and explained to all participants, and they were them 

requested to sign the consent form in acknowledgement that their participation in the study is 

voluntary and that they are free to withdraw or refuse to answer any component of the 

questions at any point in time without any prejudice to their position in their respective 

employment. Moreover, the respective participants were also notified that should they have 

any questions about the research and/or the contents of the consent form, they should not 

hesitate to contact the author’s supervisors on their email addresses which were also provided 

on the consent form (Annexure B). In the information sheet (Annexure A), which was 
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attached together with the consent form, the participants were notified that it would be 

necessary to use a voice recorder instrument for the duration of the interview.  

5.3.4 Data Control and Management 

To control and manage the data in accordance with the requirements of the Policy on 

Research Ethics at NMU, two copies of both the textual and the audio data were safely stored 

by the researcher in Computer Software Drives as well as on Microsoft OneDrive Virtual 

Space Facility for the purpose of data analysis and verification. Moreover, after the 

completion of the study, the data will also be stored for a period of five (5) years for 

validation and audit purposes. The researcher must ensure that both the “electronic and 

manual files of the data are safely stored in a locked storage site and a computer hard disk 

drive with a password” (Gaudet & Robert, 2019). Accordingly, all the primary data of the 

study, which include transcripts, photographs, minutes, risk register, quality reports, and 

audio tapes, are stored and kept in a safe place. Regarding the audio tapes of the interviews, 

the authority to record the interviews was obtained from the participants. When making 

recordings, either with a videotape or an audiotape, some sort of permission from the 

participants is required (Yin, 2011). The anonymity and confidentiality of the audio recorded 

data is guaranteed.     

5.3.5 Anonymity and Confidentiality   

In a qualitative case study, in “order to maintain anonymity, care must be taken to use a 

system of symbols or pseudonyms to identify all participants in all of the collected data” 

(Gaudet & Robert, 2019). However, “when the issue of anonymity has been properly 

addressed, listing the persons who were part of a study is desirable and can enable readers to 

gain a much stronger sense of a study and its data” (Yin, 2011). That is, while the profile and 

characteristics of the participants is provided under the section of the sampling method in this 

chapter, pseudonyms are used to identify the participants in the section of data analysis and 

findings of this study. The anonymity of the participants was maintained by ensuring that the 

participants were only asked to mention their profession and responsibilities appointed for in 

the project, years of work experience, as well as their professional affiliations, but not their 

personal identity. In addition, anonymity was also maintained with regard to the names of the 

construction companies responsible for the delivery of the projects. In this instance, the 

photographic images that were recorded to show the projects during its construction phases 

do not reflect any signage bearing the names of the contractor responsible for the building of 

the construction projects. In addition, these photographs have been taken after the working 
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hours at the construction project in order to avoid capturing the images of the construction 

workers in maintaining the confidentiality. In this regard, Yin (2011) strongly advises that 

researchers need to demonstrate an awareness of their own process for deciding how to deal 

with confidentiality in a particular context. As such, confidentiality in the context of this 

study does not merely refer to people’s names but also the identities of the construction 

companies responsible for the delivery of the projects.  The last, but not least, of the ethical 

issues considered in this study is plagiarism.   

5.3.6 Plagiarism and Similarity Report 

With regard to plagiarism, Cassim (2015) strongly warns “do not ‘cook’ nor change any of 

your results”. As such, this study has adhered to the plagiarism policy of the NMU by 

ensuring that the reviewed previous work published in the literature is properly referenced, 

and that the findings of the study are fully and accurately reported, while the limitations 

thereof are honestly being disclosed. In order to guard against plagiarism, the NMU provide 

the Turnitin Similarity Check facility. This facility is applied to detects areas of similarities 

with the stored academic publications in the Standard Repository. Advisably, the author 

should submit the chapters one by one into the software programme Turnitin, to detect 

possible areas of “close similarity” (Cassim, 2015).  In terms of the NMU ethics, a thesis 

document with “similarity of less than or equal to 30% is deemed plagiarism free and is 

therefore acceptable, though this may still depend on the overall page count and the 

supervisors’ formal approval”. In this study, a similarity index of less than 30% was achieved 

with the use of the Turnitin Software (Annexure H). Here the bottom line is, as strongly 

warned by Cassim (2015), “do not plagiarise, as you can lose your credibility as a researcher” 

as well as the integrity of the study.  

5.4 METHODOLOGICAL INTEGRITY 

The methodological integrity in this study is enhanced and validated by the strategies for 

establishing trustworthiness, confirmability, transparency and accountability (Yin, 2011; 

Baxter & Jack, 2008).  

5.4.1 Trustworthiness 

This study has assured the trustworthiness by the consistent application of the qualitative 

methods in the case study design. According to Baxter and Jack (2008), the basic approach to 

achieve trustworthiness in a case study is to ensure that the research questions are clearly 
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written, purposeful sampling strategies are appropriately being applied, data are collected and 

managed systematically, and data are analysed correctly.  

5.4.2 Confirmability 

This study has applied the triangulation principle in terms of various data sources, as well as 

multiple cases, to ensure the confirmability of the findings. That is, interview transcripts, risk 

management documents and field notes in relation to three construction projects were 

collectively used to explore and view the risk management practice from multiple 

perspectives of the case study. Moreover, the literature review was extensive to provide a 

broader spectrum of the risks and management methods thereof in relation to construction 

projects in various parts of the world. According to Yin (2011) and Gaudet and Robert 

(2019), the collection and comparison of data from multiple sources in a case study, is the 

fundamental strategy to enhance the quality of the data in accordance with the principles of 

idea convergence and the confirmation of findings. As such, all the data sources consulted in 

this study are well recorded and transparent.  

5.4.3 Transparency  

According to Saldaña (2013), in a case study qualitative research, the researcher must 

describe the research procedures so that other people can review and try to comprehend them 

and, importantly, all the data must be made available for inspection purposes. Accordingly, 

all the procedures associated with the data recording and transcribing in this qualitative 

multiple case study are clearly described and well documented for the purpose of 

transparency and inspection. In this regard, a voice recorder instrument called Digital Voice 

Recorder WS-852 was used in order to ensure that all the data are correctly recorded, and the 

data was also copied and saved as an MP3 file in a designated folder in a Computer Software 

Program for accountability purposes. An Audio-into-Text Transcription Application called 

Temi was used to transcribe all the audio recorded interview sessions held with the 

participants. This application produces about eighty percent (80%) accuracy of the 

transcription on average, and about twenty percent (20%) of the textual transcriptions had to 

be edited for textual errors. After the transcription, the textual transcripts were then provided 

on a website link of the Temi Application in an editable format. After each file was textually 

edited, it was then downloaded and saved in a Word document format and titled in 

accordance with the assigned participant’s number. Therefore, both the primary and the 

secondary data used in this study could be accounted for at any point in time.     
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5.4.4 Accountability 

Moreover, the analysis procedure in relation to the rigorous processes of data coding and 

interpretive process leading to the rationale and logical conclusion for the development of the 

theoretical framework is illustrated in Figure 5.2 in this chapter of this study. The general 

idea in the documentation of the research methods and the analysis thereof “is that others 

should be able to scrutinize the evidence used to support your findings and conclusions, and 

as such, the final study should be able to withstand close scrutiny” (Yin, 2011) from the peer 

review processes. Similarly, Saldaña (2013) maintains that in qualitative research, it is 

important to inform the readers of the data analytic methods and processes for replication 

purpose in other research projects in the future. As such, the research methodology used in 

this study could be replicated in other construction projects in a different context - beyond 

South Africa in general and apart from the NIPs in the UMP in particular.   

 

5.5 CHAPTER SUMMARY  

In summary, this chapter has provided a detailed description of the methods used in this 

investigation, and it has also outlined the ethical issues considered prior, during and post the 

investigation processes. A multiple case study design has enabled the ability to zoom into the 

sub-units that are located within the larger case. This is a powerful tool in a qualitative case 

study considering that it allows data analysis within the sub-units separately, between the 

different sub-units, and/or across all of the sub-units simultaneously (Baxter & Jack, 2008). 

Equally, the selection of the three construction projects was also motivated by the profound 

definition that “every project is a unique endeavour” (Burke, 2010), and thus, the selection 

was made with a view to provide the basis for comparison (Barbour, 2019; Gaudet & Robert, 

2019) between the cases. These cases were profiled and characterised in terms of the 

dominant indicators of construction project complexity, as measured and defined by Bosch-

Rekveldt et al., (2011) and Kishan et al., (2014).  To achieve the saturation of data from these 

cases, a vast range of data collection techniques in a form of a combination of semi-structured 

interview schedules, document review, field notes observation, and literature review 

techniques were all together applied as the data collection methods for this study. Together, 

this triangulation and blended data collection methods has enhanced the data validity as well 

as the integrity of the study. Moreover, as a matter of a traditional principle in qualitative 

research, the methodological integrity in this thesis is enhanced and validated by the 

strategies for establishing trustworthiness, confirmability, transparency and accountability 
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(Yin, 2003; Baxter & Jack, 2008; Babbie, 2010; Yin, 2011; Saldaña, 2013; Awuzie & Emuze, 

2017; Vatandost et al., 2020). The results obtained from the above-mentioned analysis 

methods and procedures are presented and illustrated in the chapter that follows.  
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CHAPTER SIX: RESULTS PRESENTATION AND DATA ANALYSIS 

6.1 INTRODUCTION 

This chapter presents and analyse the findings obtained from the in-depth empirically 

investigation of the risk management phenomenon in the delivery of the multiple case study 

of construction projects. The data in this chapter is presented and analysed in accordance with 

the overarching research questions posed in this thesis. Following the guidance of Paltridge 

and Stafield (2007), the results in this chapter are not a mere reporting and presentation but 

involve the selection and ordering of the data in a manner that is designated to guide towards 

the understanding and grasping of the significance of the data, the prevailing trends in the 

data, and making meaning from the data and eventually deriving a logical conclusion which 

would lead to the development of a theoretical modelling. The data presentation and analysis 

processes in this chapter are founded on the conventional content analysis approach. 

Therefore, to perform the conventional content analysis exercise, the coding process has gone 

through multiple coding processes (Saldaña, 2013; Postăvaru & Marczak, 2017; Williamson 

et al., 2020) at two coding cycles. On one hand, the first coding cycle involves the in-vivo 

coding procedure which was applied to capture the codes in the overtly stated words of the 

interviewees and in the documents of the projects pertaining to the risk management practices 

and experiences. The evaluation coding which was applied to assign a judgement meaning on 

the implicitly methods and techniques of risk management as observed in the activities, 

processes, purposes and outcomes of the risk management in the project. The versus coding 

procedure which was applied to identify the contrasts and differences in the information from 

the interview transcripts and the risk management documents. On the other hand, the second 

coding cycle involves the pattern coding procedure which was applied to enable the 

development of major themes, constructs and attributes meaning from the initial codes. The 

axial coding procedure which was applied to describes the characteristics or attributes of the 

categories and dimensions such as the contexts, conditions, interactions, and consequences of 

a process. Finally, the theoretical coding which functioned like an umbrella code that covers 

and account for all the other codes and categories formulated in processes of the grounded 

deductive analysis (Saldaña, 2013). Understandably, it could be humanly impossible to 

process this volume and magnitude of data without an assistant of a qualitative data analysis 

software system such as MAXQDA. The MAXQDA program, for example, permits you to 

directly import all sort of different file types such as PDF, JPG .doc and .docx files (Saldaña 

2013;30). Accordingly, the multiple data sources of this thesis which include transcripts, 
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fieldnote memos, early warning notifications, project progress minutes, quality reports and 

images were all imported into the MAXQDA software system. This qualitative data analysis 

software has enabled the performance of data organizing, viewing and coding, managing 

coding, and eventually the retrieving of the coded segments. The coded segments were 

presented using visual tools to perform code modelling for the illustration of the empirical 

evidence emerging from the variety of data sources used in this study. The MAXQDA is 

capable to import and handle multitude of documents which are saved in rich text format, 

which then enables the researcher to apply supplemental cosmetic coding devices such as 

colored fonts, bolding, value, paraphrase and memo, in your data. This becomes vital for the 

coding and retrieval functions in terms of ensuring consistent and reliable data presentation 

and analysis. Moreover, to further enhance validity of the analysis processes the interview 

transcripts were imported into the system with the link to the audio transcribe file which 

make it easy to constantly verify grammatical accuracy in the content of the transcripts. The 

importance of such validation procedure is also commended by Creswell (2011) who stated 

that during the transcription process, the researcher must check the transcription for accuracy 

and then enters it a qualitative data analysis software system such as MAXQDA. The 

presentation and analysis of the data is structured in headings and subheadings, and 

paragraphs which consists of preparatory information and excerpts of evidence from the 

empirical data. The following section of this chapter highlights and presents the metatextual 

information of the data. That is, ‘the data within the data’ is presented as an integral aspect of 

methodology validity and reliability. 

 

6.2 METATEXUAL INFORMATION AND DATA PROFILE 

Presenting metatextual information involves previewing, linking, and providing background 

information and referring to methodology in relation to the data sets presented in the analysis 

of the study (Paltridge & Starfield, 2007). In essence, metatextual information refers to the 

data profile of the data used in the analysis process. The data profile of the data in this thesis 

was derived from the qualitative data analysis system under the section of Report on Project 

Information. The metatextual data includes information about the number of documents 

analysed, coded segments, memos, codes and document variables (Table 6.1). 
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Table 6.1: MAXQDA metatextual data   

Data Presentation.mx20 
 

Data Profile n 

Document 
groups 

19 

Text documents  46 

PDF documents  191 

Image 
documents  

13 

Codes 324 

Coded 
segments  

3324 

Memos 150 

Document 
memos: 

2 

In-document 
memos  

143 

Code memos  5 

Document 
Variables 

172 

(Source: Author, 2022) 

The data analysis of this study was performed on 250 documents (46 text documents, 191 

PDF documents, and 13 image documents) from a variety of data source (Table 6.1) in the 

case study. The data analysis process which was performed through the MAXQDA software 

system enabled the coding processes to move from the raw data to codes and then to 

categories and eventually to themes (Table 6.2).  

Table 6.2: Multi levels coding approach 

Real descriptive coding (deductive)                                       More conceptual coding (inductive) 

Operational questions Evidence of segments 

with code (n) 

Codes 

  (n) 

Thematic categories  

(n) 

Nature and categories of risks  

169 

 

10 

 

3 Design and technical risks 

Economic and finance risks 133 24 6 

Contractual and legal risks 174 17 5 

Political and public risks 131 15 5 

Logistical risks 101 11 4 

Construction risks 313 16 4 

Management risk 309 19 4 

Environmental risks 126 17 5 

Risk management methods    

Risk management planning 60 7 2 
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Risk identification 71 8 2 

Risk assessment 212 8 2 

Risk analysing and quantifying 310 8 3 

Risk response 100 14 3 

Risk monitoring and control 226 16 4 

Measures for project success    

Project cost objective 141 8 2 

Project time objective 279 12 3 

Project quality objective 292 15 5 

Project environmental sustainability  44 15 4 

Total 3 191  240 66 

Source: (Author, 2022) 

In Figure 6.1, a snapshot view of the set of documents and sources of the primary data of 

which were coded in the study are illustrated. The application of a vast range of data sources 

enhances the value and reputation of the study in terms of data triangulation. The multiplicity 

of data sources includes a combination of photograph images, transcripts of interviews, early 

warning notifications, fieldwork memos, project progress minutes, and quality reports from 

various design disciplines.  

Figure 6.1: Documents and multiple sources of data  

 
Source: (Author, 2022) 

The above figure further indicates the frequency of the first level codes that emerged from 

each of the qualitative data sources of the case study. From the figure, the interview 
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transcripts, early warning notifications and minutes of progress meetings are the data sources 

with the highest coded segments respectively in the analysis processes of the study. 

Moreover, Figure 6.1 also shows that data was collected from all the cases of the study. 

Figure 6.2 illustrates the emergence of common codes from the different transcripts of the 

interviewees of the study.    

  Figure 6.2: Codes form the transcripts of the interviewees 

 
  Source: (Author, 2022) 

The above Figure (Figure 6.2) provides a descriptive illustration of the co-occurrence’s codes 

form the transcripts of the various interviewees. Descriptive coding is the foundation for 

qualitative inquiry, and its primary goal is to assist the reader to see and hear what the 

researcher has saw in a general face value perspective (Saldaña 2013). In essence, the above 

figure elucidates the general views amongst the interviewees in relation to their experiences 

and opinions on the performance of risk management in the construction projects within 

which they were assigned different responsibilities in accordance with their respective 

expertise and disciplines in the construction industry. Similarly, Figure 6.3 also shows the 

common emerged codes from the fieldwork memos.   
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Figure 6.3: Co-occurrence codes form the fieldwork memos 

 
Source: (Author, 2022) 

In Figure 6.3, the co-occurrences of codes form the observations during the fieldwork 

exercises is illustrated. The figure illustrates the co-occurrences of codes in different cases of 

the case study. The figure illustrates the coded segments emerging from various fieldwork 

observations in all the cases. The above figure also indicates that the frequencies of the 

respective coded segments as it emerges from the different fieldwork memos of the 

observation conducted in all the cases at different time sessions during the construction of the 

projects.  In figure 6.4, the illustration of common codes that emerged from the project 

progress minutes is shown.  
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Figure 6.4: Co-occurrence codes form the project progress minutes 

 
Source: (Author, 2022) 

In Figure 6.4, illustrates the co-occurrence codes form the project progress minutes. The 

figure illustrates the co-occurrences of codes in different cases of the case study. This figure 

illustrates the coded segments that have emerged in the analysis of the minutes of the project 

progress meetings as observed in different cases of the study.  
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Figure 6.5: Co-occurrence codes form the early warning notifications 

 
Source: (Author, 2022) 

The above figure (Figure 6.5) illustrates the co-occurrences of codes from the early warning 

notifications. Noticeable, the early warnings notifications illustrate risk factors associated the 

Architect (AR) construction discipline. This figure illustrates the main coded segments and 

the frequencies of the codes in the analysis of the early warning documents of all the cases of 

the study. The coded segments from the early warning documents of the projects mainly 

reflects the different risk factors as well as the risk management method thereof applied 

during the delivery of the construction projects. From the illustration of the above figure, it is 

noticeable that the emergence of the coded segment of ‘cost effect risk analysis’ as a risk 

management method was main through the analysis of the early warning notification 

documents of the projects. In the same way, Figure 6.6 illustrate the common coded segment 

that emerged from the quality reports of the different cases and from various disciplines and 

professions involved in the delivery of the projects.  
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Figure 6.6: Co-occurrence codes form the quality reports 

 
Source: (Author, 2022) 

The above figure provides an illustration of the co-occurrence of codes from the quality 

reports of the various cases in the case study. Noticeable, the quality reports illustrate risk 

factors associated the mechanical, electrical, and civil works of the projects (Figure 6.6). In 

essence, this figure shows the number of coded segments from the different quality reports 

from the technical design team. The descriptive coding and in-vivo coding procedure in the 

quality reports were applied to grasp the general face value content as well as to capture the 

codes in the overtly stated words from the quality reports. Closer inspection of the figure 

illustrates that the missing of installations on services points and incorrect installation of 

equipment were the prevalent quality concerns that emerged from the coding of the quality 

reports of the sampled case study projects. What also stands out from the figure is that the 

inaccurate interpretation of drawings has emerged as a common risk factor from the 

electrical, mechanical, and civil works of the projects.  
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Figure 6.7: Codes intersections form transcripts and early warning notifications 

 
Source: (Author, 2022) 

The above figure illustrates the codes co-occurrences and intersections form the transcripts of 

the interviewees and the early warning notifications from the contractors. This illustration 

provides validation of the information from the two different sources of data in the case study 

(Figure 6.6). The codes co-occurrences and interaction that have emerged reflects to the 

overarching research questions posed in this thesis. This section of the chapter has provided 

the descriptive of the common coded segments that emerged from the conventional content 

analysis processes of the study. The descriptive coding procedure then leads primarily to a 

categorized inventory, tabular account, summary, or index of the data’s contents (Saldaña, 

2013). Therefore, a more detailed account of the risk management phenomenon in the 

delivery of construction projects is given in the following section of the data presentation and 

analysis. The following section overtly and precisely respond to the overarching research 

questions poised in this thesis. That is, the first research question was designed to probe in-

depth the nature and categories of risk factors inherent in the delivery of construction projects 

in a context of a real-life construction project.  
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6.3 NATURE AND CATEGORIES OF RISKS IN CONSTRUCTION PROJECTS 

The first question of this study aimed to explore the nature and categories of the risk factors 

imbedded in the delivery of the construction projects. The findings of this study indicate that 

construction projects are subjected to numerous interrelated risks because of the dynamic 

environment within which the projects are delivered. Firstly, the study explored risks in 

construction projects which pertains to design and technical risk factors.   

6.3.1 Design and Technical Risk Factors  

The inductive analysis procedure has led to the emergence of the following factors in relation 

to the design and technical risks in construction projects in all the Cases of the study: 

discrepancies in design drawings; incomplete design information; inaccurate geo-technical 

information; and delays in the processing of the design information as shown in Figure 6.8 

below:  

Figure 6.8: Design and technical related risk factors 

 
Source: (Author, 2022) 

Moreover, design and technical risk factors may also be associated with the alterations of the 

design drawings during the construction phase of the project.  
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6.3.1.1 Design alterations 

From this data, it emerged that the alteration and modifying design information is made in 

relation to the sizes, dimensions, positions, layouts and configuration of the building features 

and elements as well as the variation of the material types. While one interviewee suggests 

that the alterations in the design information were minor:   

Most of the Early Warnings specifically for this building that I've received were for 

changing of materials. Uh so if they, if they have gone from, uh, like still columns to 

concrete columns, we've been able to receive early warnings for changing materials, 

uh, like, um, uh, floor coverings actually. So we went in the Block G we went from 

tiling to carpets [Interviewee CC9].  

 

Another interviewee indicated that the alterations made in the design information were at a 

massive scale: 

We're talking about entire floor layout changing and furniture layout changing, and 

mechanical. And what happens is the architect gives his design and then every, all the 

other consultants give the inputs. Then they do a coordination of service drawing and 

then the mechanical design [interviewee EE20].  

 

The table below illustrates some of the alterations and modifications in the design 

information in relation to various features and elements of the buildings (Table 6.3). The 

evidence has emerged from the early warning notifications as well as project progress 

minutes of the various cases.  

Table 6.3: Design alterations and modifications of design information 

Code Coded segments 

DESIGN AND 

TECHNICAL 

RISKS\Design 

Alterations\Modifying 

design specifications 

Slab line and level revised, lift door position revised, column caps size 

revised, beam number and dimensions added, bar-marks added, grating and 

drip detail added, lift door positions revised, beam depth revised, brick 

retaining wall detail added. [Fieldwork Memos\Case C\Case C Fieldnote] 

 Risk event is Change in Detail of Roof structure on Block D and possibly on 

Block E 

[Early Warning Notifications\Case C\023-EW-ARC] 

 Risk event is New Column (and extra measures/instructions) added to Block B 

at the Lift Shaft 

[Early Warning Notifications\Case C\032-EW-STR] 

 Risk event is Cost and Time Implications due to new detail regarding the 

pelmet electric dropper 

[Early Warning Notifications\Case C\044-EW-ARC] 

  

Risk event is delay in progress/production due to design changes on Block A 

between gridline A1 & Z 

[Early Warning Notifications\Case B\EW-NBP0012-TC-PM] 
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 Risk event is Change in Detail of Windowsills  

[Early Warning Notifications\Case C\022-EW-ARC] 

 Slab levels revised implicating column height changes  

[Project Progress Minutes Case A].  

 Compensation of Event: Additional drilling meters requires to achieve 

the required design working shaft lengths  

[Project Progress Minutes Case A] 

 With significant changes to the kitchen layout to all blocks, the target 

date is unachievable [Project Progress Minutes Case C] 

 …addition of stoves to the kitchenettes, none of the self-contained 

units would be completed by January 2019  

[Project Progress Minutes Case C] 

 Addition of steel ventilator to roof and aluminum louvre  

[Project Progress Minutes Case C] 

 …has issued a WI for the replacement of the existing Dinning Hall 

doors and windows. 

[Project Progress Minutes Case C] 

Source: (Author, 2022) 

What stand out in the information in the above table is that the alterations and modifications 

of the design information does not only relate to the Furniture, Fixiture and Equipment (FFE), 

but also includes the structural elements of the buildings such as columns and slabs. The 

alterations and modifications in the design information has resulted to some discrepancies in 

the design drawings.   

6.3.1.2 Discrepancies in design drawings 

Several interviewees have expressed concerns on the variations between drawings issued 

during tendering and those that were issued during the construction phase. These disparities 

have, to some extent, affected the cost estimations in the project as stated by the interviewees:  

…because when we prepared the estimates, obviously a while ago, it was based on 

the information that was relevant at that stage. but at the time that we came on site 

that design had changed somewhat, not a lot, but it did change.... The problem is that 

lab equipment is a specialized equipment, so what we, what we had estimated for lab 

equipment [Interviewee CC9]. 

 
I'm going to give something broadly, just a broad overall example that the contactor 

highlighted that when he went to site, the information that we had given him to price 

has changed quite a lot from the time we price to the time he went to construction 

[Interviewee LPM10]. 
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Another interviewee indicated that the initial design of works that was provided during the 

tendering stage had to be changed during the construction phase: 

…the issue we had, um, on building 12 is that I was advised on the fume hood that 

we were going to use, so I design my systems based on that. But actually, when the 

actual fume hood were going out to tender, the specified it different to one, the one 

that I designed for. So I had to change my design [Interviewee ME6]. 

 

Concerns regarding the discrepancies in the design were also raised during the project site 

visits: 

There was a need to rectify the positioning of the HVAC pipe installation for alignment 

with the other equipment. Multiple Discrepancies in the drawings. Subsequently to be 

assessed individually and reflected on a quotation. Discrepancies found from Tender 

Drawing [Fieldwork Memo Case C].  

 

New waterproofing details issued to the Contractor [Early Warning Notifications 

Case C] 

In the biweekly project progress meeting the design team was reminded about the procedures 

in relation to the scope change control:  

…all the Design Consultants that should there be any change between their Tender 

Drawings and Construction Drawings, the Change should be issued via the Project 

Manager as the Contractor would not have priced the change in the Target Price 

[Project Progress Minutes Case C]. 

Several issues regarding discrepancies between the drawings of the various design disciplines 

were also identified as illustrated in the table below:  

Table 6.4: Discrepancies within and between the design drawings 

Code Coded segments 

DESIGN AND 

TECHNICAL 

RISKS\Discrepancies in 

Design 

Drawings\Discrepancies 

between drawings 

Risk event Discrepancies caused by conflict in drawings (Between ARC 

and STR) 

[Early Warning Notifications\Case C\033-EW-ARC] 

 Risk event Discrepancies caused by conflict between drawings (Architects-

AR CO series vs AR DP 

[Early Warning Notifications\Case C\035-EW-ARC] 

 In the coordination of drawings, the wet services drawings do not align 

with the architecture drawings  

[Fieldwork Memo Case B] 

 The multiple discrepancies found between the 2 revisions of the same 

drawing 

[Early Warning Notifications\Case C\039-EW-STR] 
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 Error on Civil Engineers Drawings- The Storm water pipeline has been 

realigned   between junction box JB2.2 and JB4 as indicated on drawings 

NBP0013CESW301   and NBP0013CESW302003 in order to mitigate 

clashes with ground beams and piles 

[Early Warning Notifications\Case C\041-EW-CIV] 

 Off Shutter concrate columns on architect drawing, but not on Structural 

drawing. Those columns have already been casted as Not oof shutter as 

shown on Structural drawings. Refer to RFI no 80 

[Early Warning Notifications\Case B\EW-NBP0012-C-PM] 

 New beams introduced to Block D and E. Drawings shows upstand but this 

is actually a down stand beam. New drawings recieved on 7 May 2018. 

Awaiting re-bar to be delivered  

[Early Warning Notifications\Case B\EW-NBP0012-STR-PM] 

Source: (Author, 2022) 

In all the cases, concerns in relation to noncorresponding drawings because of the 

discrepancies in the design information were also reported:  

The contractor raised a concern that some drawings were not available on the (data 

software) synergy. This includes the architectural drawings. The contractor also 

indicated that there are some incorrect drawings, missing of information, and they are 

struggling to match and to have relevant information during the construction of the 

project [Fieldwork Memo Case B]. 

This caused the plumber to lay pipes in accordance with the AR CO drawing, not the 

new layout found on AR DP, as they do not work of AR DP drawings, and the AR 

CO series drawing was not revised to suit the AR DP series drawing [Early Warning 

Notifications Case C] 

There was a concern among the interviewees that the technical design team is causing 

challenges because of the ad hoc changes in the project details:   

I will also say the biggest thing for me is the consultants, they need to meet prior to 

building the building, the Mechanical, the Audio visual and the Data and the 

Architect and the plumber. I need to bring all the drawings in junction within one 

another and make sure that these everything has been gone through that the drawings 

will correspond with one another. Because that's the most difficult part of the building 

if those things there doesn't correspond [Interviewee SM7].  

So if, the architect changes or make a revisions, they have to clear their drawings and 

then I have to see exactly, cause once they change the drawing I cannot go and check 

each and every element and see if it is this the element they changed for sure for that 

one. It was not clear indicated which columns have to be pile, which once have still to 

remain as pads. So the information came in and then, only to find that some elements 

were supposed to be changed also to pile cap and all that [Interviewee SE5].  

The building levels not aligned with the landscape level. The landscape architecture 

indicated that they were not involved in the initial planning and designing of the 

building. Slab line and level revised, lift door position revised, column caps size 

revised, beam number and dimensions added, bar-marks added, grating and drip 
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detail added, lift door positions revised, beam depth revised, brick retaining wall 

detail added [Fieldwork Memo Case C].  

In all cases, it was evident that the frequent changes in the project design was the effect of the 

incomplete and incorrect design information in the conceptualization and planning stages of 

the project.  

6.3.1.3 Defective design information 

In relation to incomplete design at tender stage, the several interviewees lamented that the 

client did not have enough time with the design team during the planning and development 

stages of the project life cycle. As a result, the contractors had to rely on sketchy drawings to 

deliver the projects. The common view among the interviewees was that the project planning 

processes were not rigorously performed:  

Some of them with the design work with, uh, like sketches; sometime the architect 

will just give you a sketch then to say, we want something like this and this, but we 

still yet to update our drawings then [Interviewee QS6a] 

So a lot of the design, um, actually gets done by the contractor, like I'm saying 

because there are schematics in the drawing at the design stage [Interviewee CPM17]. 

During the designs stage that the, the um, the whole design is not complete let's say, 

and the architect's about 70% complete with these design and um, you know, all the, 

all the um, small nitty-gritty clarification's aren't there because they are still designing 

the building [Interviewee CC8].  

Actually because of the incomplete construction documentation at the time of 

building, that means that we had to manage the contract quite closely, that's where the 

Project Manager becomes absolutely critical. I think the Project Manager did a 

fantastic job [Interviewee DA26]. 

… give the consultant team time to complete the documentation. You know this idea 

of rush, rush, rush, and wait ; rush, rush, rush. And then they will always think that 

we can do everything in the shortest possible period of time [Interviewee DA26]. 

They must have all the correct information, as much information as possible, sizes of 

things, colors of things, plant spices dimensions, everything else that they can built it 

accurately. Something that ensures a better of quality. That's risk if we don't provide 

enough information.... [Interviewee LA5].  

Commenting on the provision of the design information, the interviewees showed to be 

frustrated with the delays in the processing of the design information from the technical 

design team:  

Regarding to design and technical related risks is the delaying of, um, uh, drawings, 

the delaying of response when we have got queries, when we don't understand what's 

going on, they delayed getting back to you to tell you that this is what we exactly 

want [Interviewee QS6b].  

 

The delays in the provision of the design information were also identified and reported as an 

early warning in the risk register of the contractors: 
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Risk event is the delayed issue of information for landscaping. Works information 

no.8 from Civils has to tie with the landscaping drawings. Therefore, civil works 

cannot be completed without landscaping information [Early Warning 

Notifications\Case A\EW-NBP0008-NP-LAN].  

 

The table below illustrates the specific design information that is pending and constraining 

the progress in different disciplines and sections in the various cases:  

 

Table 6.5: Delayed processing of design information 

Code Coded segments 

DESIGN AND 

TECHNICAL 

RISKS\Defective 

Design 

Information\Delay 

processing of design 

information 

…some indicate as additional information; you see yourself performance 

suffered because we still have to provide the same information. We just took 

longer to provide it. 

[TRANSCRIPTS\Interviewee CC9] 

 
We've raised this with the client and we said that, um, this is an issue with the 

design phase. So, there's a bit of a lag time that must pass before we can 

submit our drawings. 

[TRANSCRIPTS\Interviewee EE20] 

 
So if you're requested information from whoever and then they also have been 

find out which equipment they're going to use. Um, so that really will affect 

my time also because I want go ahead and design for something which I, I 

don't know what size the weight or any information I need to complete that. 

[TRANSCRIPTS\Interviewee SE5] 

 Changes to Retaining wall in the back of Block E and F. Still waiting for 

revised drawings in order for the contractor to commence with the works. We 

agreed to get the revised drawing on 13.08.2018, but haven’t received it as yet. 

[Early Warning Notifications\Case B\EW-NBP0012-CIVIL] 

 The following RFI numbers are outstanding (Staircase and roof slabs) 

55/56/57/58/59/60/61/62/63/64/65. Dated 9th April 2018. 

[Early Warning Notifications\Case B\EW-NBP0012-STR] 

 Block F penetrations still awaiting drawings 

[Early Warning Notifications\Case B\EW-NBP0012-STR] 

Source: (Author, 2022) 

The most striking result to emerge from the interviewees in relation to the provision of 

information was that there was also inaccurate Geo-technical information to identify the 

rocky subsurface as well as the old, disconnected services on the construction sites during the 

feasibility study stages. In all cases, the interviewees felt that the geotechnical reports were 
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not reliable considering what they have actually encountered on sites during the construction 

phase:  

…it doesn't really help us, if the structural guy use the geotechnical report to 

determine the piling. So we've used piles and it's also very expensive, so like 20 

meters into the ground [Interviewee CC8]. 

Also we had a big risk at the beginning of the project because the geo-technical report 

wasn't merely accurate as it should have been, which means that the structural 

engineer designed the buildings for certain type of foundations but when we got the 

site, the site was like 90% rock. So I had to go back and redesign the foundations 

which impacted the time and cost because now we had to put pilling [Interviewee 

CC9]. 

The main risks, they were to pertain with the subsurface, the geo-technical area, the 

geology of the area because there is a lot of shallow rock outcrops. And it's difficult 

to assess the expands and the extent of the rocks as well [Interviewee CE7].  

So I think from the start of construction, the always with what be find here is the 

foundation. So all the buildings we have had to get in deep piles because we 

encountered rock, which always encountered rock [Interviewee CC8]. 

Risk event is that a Rock occurred after excavation for retaining wall strip footing and 

instruction required for either blasting or specifications for proceeding.  

Cause Level of rock higher than soffit of footing [Early Warning Notification\Case 

C].  

 

Concerns by the interviewees from different cases were expressed about the discovery of 

unexpected existing and disconnected services during the project construction phases:  

In other cases, the drawings that they issue to us doesn't have the whole information, 

doesn't indicate the certain services. You might think there's no line there, then you 

find the line. It's like in the beginning of this project, I remember, even in building 8 

we have got an asbestos there when we dug... [Interviewee QS6b].  

…existing services which have plagued us and things like that. But those are, those 

are things which most contractors deal with [Interviewee CMD14]. 

it was just disconnected services, it wasn't working anymore, just that when we dug 

for our trenches and stuff like that, our foundations, we got that, uh, asbestos 

[Interviewee QS6b]. 

So sometimes you look at drawings and you start constructing what the drawing is 

showing you and then you pick up discrepancies you can see maybe this can't work 

because of this or there is rocks [Interviewee CPM4]. 

Turning now to the empirical evidence on the financial and economic risks encountered 

during the delivery of the project. The evaluation and processing coding procedures have 

unveiled several risk factors associated with finances and economic in the delivery of the 

projects.  
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6.3.2 Financial and Economic Risk Factors  

The empirical findings unveiled several factors in relation to finance and economic risks. 

These risk factors include payments delays for contractors; unfavorable business 

environment; underestimated budget; claims by contractors; payment structure for 

construction professionals; and operational budget for contractors (Figure 6.9). 

Figure 6.9: Finance and economic risk factors 

 
Source: (Author, 2022) 

6.3.2.1 Payment delays for contractors 

In some cases, there were reported instances of delayed payments of subcontractors. The 

comments below illustrate the instances where the issue of late payments for the 

subcontractors is alluded:  

We've built sometimes four or five months without getting anything. We'll fight for 

months without getting any four or five months without getting a single payment. 

Yeah. Means you have to accommodate, and we have to carry the finances. Yeah. 

Okay. So that was a bit of a problem [Interviewee CMD14].  

...you would find subcontractors would be empowerment, some subcontractors they 

will be coming we haven't been paid, for instance. And sometimes it's not that they 

have not been paid, there's just other issues and you need to spend time trying to 

understand what these issues are [Interviewee LPM10]. 

 

Risk event is that Suppliers and Sub-Contractors are not being paid on time. Cause 

Late payment(s) by the University of Mpumalanga to the Main contractor on a 

regular basis [Early Warning Notifications Case C]. 

The issue of paying the contractors and the construction professionals on time was 

discussed [Fieldwork Memo Client Briefing].   
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The delay payments of the subcontractors have a bearing on the delivery of the project 

because as it is illustrated in the observation that other suppliers of specialized equipment 

require upfront payment prior to the delivery:  

Suppliers need upfront payments in order to speed up the delivery processes of the 

various equipment. The contractor couldn’t procure some of the critical equipment on 

time given that the suppliers required an upfront payment [Fieldwork Memo Case B].  

Concerns on the instances of payments delays were also noticeable to the main contractors as 

it is illustrated in the table below. In one case as indicated in the table, the client has forfeited 

that discount allowance because of the late payment of the contractor:  

Table 6.6: Payment delays for contractors 

Code Coded segments 

FINANCE AND 

ECONOMIC 

RISKS\Payment 

Delays for 

Contractors\Late 

payment to main 

contractor 

Risk event is that the Suppliers and Sub-Contractors are not being paid on 

time.  

Cause Late payment(s) by the University of Mpumalanga to the Main 

contractor on a regular basis.  

EARLY WARNING NOTIFICATIONS\Case C\EW-NBP0013-NP-PM 

 Risk event is that the Late payment by the UMP to the main contractor on a 

regular basis as this may result to cost and time implication as suppliers and 

sub-contractors are not being paid on time. Early settlement discounts are 

also being forfeited 

EARLY WARNING NOTIFICATIONS\Case A\EW-NBP0008-NP-AR 

 The issue of paying the contractors and the construction professionals on 

time was intensively discussed in the meeting. 

FIELDWORK MEMOS\Client Briefing\Client Brief Meeting 

There was a request that the consultants have to provide the correct invoices 

and make timeously submissions in order to process the payments on time. It 

was indicated that it is not in the interest of the client to not pay the 

contractors and the consultants on time. 

FIELDWORK MEMOS\Client Briefing\Client Brief Meeting  

 Under the Purchase Order and Payment section of the agenda it was 

indicated that “No late payment were noted for the Contractor and the 

Professionals”. 

 

PROJECT PROGRESS MINUTES\Minutes Case A\Case A 22 February 

2018 

Source: (Author, 2022) 
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Though it was indicated that it is not in the interest of the client to delay the payments of the 

contractors and the consultants, this risk factor could be seen to be exacerbating the 

unfavourable business economic environment within which the contractors operate. 

 6.3.2.2 Unfavourable business economic environment 

One participant has illustrated the practical instances of the small subcontractors who end up 

getting bankrupt because of unsustainable financial position in the duration of the project: 

What happened in this building was we've ordered, um, external seating and 

landscaping equipment and stuff. And the company that, that was doing that for us 

they went bankrupt, if you call that a risk, because it's now something that you've 

ordered and you've paid for it and you're waiting for the, but they close the doors and 

now we couldn't get it [Interviewee CPM4].  

we bought the landscaping stuff from all the material. So if you look at your 

landscape drawings, it will show you the unit, so many benches, so many drinking 

felonies, so many stepping stones and some of those items were available at that 

specific company. So we've, we've ordered that material from the company and we 

paid it and it was just a matter of waiting for it to be delivered. And then they notified 

us, listen, they no longer operation...local company...financially we had a loss 

[Interviewee CPM4]. 

 

Another participant illustrated the issue of less profit margins in the construction business in 

relation to the pricing for the construction works during tendering: 

…small margins that you price, in several years ago you could price 10, 15, 20% 

margins. A lot of companies at this stage are pricing 2%, 3%, margin. So if something 

goes wrong, you've got absolutely no buffer, it's a straight loss for the company 

[Interviewee CPM17]. 

…the clients increasingly, um, want work to be done, be more feasible to get out of 

the budgets that they've got. So one, and then because of the amount of work 

contractors are pricing with small margins. So, um, from, from project cost, um, one 

need to keep a control of it quite extremely to make sure that you procure the right 

quality of material, the right amount, there's no excessive wastage [Interviewee 

CPM17]. 

 

In one instance, the procurement processes of a specialist equipment had to be re-done 

because the initial one quotation were very expensive: 

Architect and Laboratory Consultant to issue a comprehensive specification to the 

contractor to obtain at least three (3) quotes as the initial laboratory documentation 

did not result in competitive pricing form various suppliers [Project Progress Minutes 

Case B 30 May 2018].  
 

Another interviewee alluded that because of the low margins the contractors have accepted 

when tendering, during construction the contractor will always try to find means to make 

additional pricing:  
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But if you don't come to that agreement, then the risk is that the contractor will come 

back and say that it's actually law that if somebody works in a public holiday they get 

paid double. So normally anybody expected you swap the one day for the other that 

there would be no cost implications, but we know that contractors are not like that, 

they will find a way to price something into it. [Interviewee CC9].  

Exchange rate fluctuations was highlighted as another adverse economic risk factor in the 

construction of the projects as illustrated in table 6.7. A common view among the 

interviewees was that exchange rate in terms of our weak currency, is not in favor of the 

construction business given that most of the specialist equipment and material are imported 

from other countries, and as a result are bought at a higher cost.  

Table 6.7: Unfavorable business economic environment 

Code Coded segments 

FINANCE 

AND 

ECONOMIC 

RISKS\Unfavo

rable Business 

Economic 

Environment\E

xchange rate 

fluctuations 

So, part of the thing that really affects us is dollar because all of our kit 

comes from oversees. So if the dollar, so sometimes it's positive or 

sometimes it's negative. we capitalize on the positive, but sometimes they 

will have to go back to the client and say hey, because the design was done 

maybe in April when the dollar was like, let's say 10 rand, and now we in 

November and the dollars at 50 and now they want to order now 

[TRANSCRIPTS\Interviewee ADE15] 

 
the trade war happening in import, export, Texas and all that sort of stuff. 

Now I see that time that a project 

[TRANSCRIPTS\Interviewee PM2] 

Especially when specked by the architect. Maybe they want something from 

Europe or America. Yeah, I do see it as well If they, if they spec one certain 

items 

[TRANSCRIPTS\Interviewee PM2] 

 
The HVAC system is most imported. So it has to do a lot with the 

Rand/Dollar fluctuation.... then the Rand dollar exchange rate has a huge 

impact from say your instrument stage to procurement and to um, what up 

to the point where they ordered the material. So if there, it does drop against 

the dollar becomes more expensive for you. saving if the Rand strengthens 

against the dollar. 

[TRANSCRIPTS\Interviewee CC10] 

 
so maybe what I can, um, just also, um, highlight is that for equipment such 

as the lift, because remember their are pricing in is linked always to the 

market cause they are imported. An example of the lift. So what you want to 

do when you agree or depending on which contact you are using, but for us 

because we have to agree with the target price at the beginning, you then 

include forward cover in terms of that, to make sure that um, there isn't a 

price increase for the lift whenever the contractor decides to procure. 

[TRANSCRIPTS\Interviewee LPM10] 
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another kind of financial economic risk is Forex, so it's, the Rand value 

against the dollar sometimes. Yeah. Sometimes we have, um, imported 

items that we need from America or wherever. Um, that's also affected by 

Forex. So, so those, those costs can go up and down as well. 

[TRANSCRIPTS\Interviewee ME6] 

Source: (Author, 2022) 

In the face of the expensive costs of the equipment for the building, several interviewees also 

raised concerns about the vulnerability to theft and vandalizing of assets and equipment on 

sites, particular during labor unrests:  

I mean the strike action, I mean because we've got high value equipment, they steal 

our stuff. They steal it, ...the one time they stole some of our speakers and uh, just in 

general, the kit is a risk cause it's high value and we can't install that unless that 

building can be locked or is handed over to the university security because they still it 

[Interviewee ADE15] 

…what I have heard was it was a lot of cables, electrical. So what's happened in on 

building 12 for example was we would work during the day and then suddenly there's 

a community strike and everyone leaves site and we close and lock everything. And 

then the next morning when we get there, the electrical cables were stolen and stuff 

like that [Interviewee CPM4]. 

…a lot of wastage where you waste in costs… because you didn't lock up your 

geysers and they stole it or for various reasons that you've got over the expenditure, 

the cost becomes, problematic [Interviewee CPM17]. 

It emerged that the contractors have the responsibility of providing adequate security 

measures on sites to mitigate the risk of theft of the equipment and assets: 

The contractor was instructed to ensure that security measures are provided to the 

building to safeguard the special equipment in the new building. There was a risk of 

theft of the equipment such as microwaves and TV sets. [Fieldwork Memo Case B].  

One interviewee indicated that as a contractor they are not compensated for the theft and 

vandalizing of their assets and equipment in the event of labor unrests on sites: 

…there's always costs the university will not cover this… time they break through, 

bash things, burn overalls (PPE). We don't get compensated. So there's, there's 

obviously costs that we can claim and costs that we as contractors just have to bear 

ourselves [Interviewee CMD14].  

 

Possible outcome Time implications as work was lost and cost implications due to 

material losses [Early Warning Notifications Case A]. 

 

Concerns regarding the no compensation for the loss of construction assets and tools were 

raised for the notification of the client as illustrated the following report: 

Risk event is that the sub-contractors have raised concerns over the UMP stance of 

‘no work no pay’ as well as re-imbursement for tools and PPE which went missing 

during the recent student protests. We therefore request a risk reduction meeting asap 

[Early Warning Notifications Case A]. 
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Another critical issue that emerged in relation to the finance and economic risk in all the case 

was the risk of underestimated budget during the planning phases of the projects. 

6.3.2.3 Underestimated budgeting 

A common view among the interviewees was that there were inaccurate price estimations of 

the project cost during the development and feasibility stages of the projects because the 

estimations were made on incomplete designs:    

First the design and then you estimated the cost around that design and see what the 

client can accommodate, what has been allocated towards that project....There is 

always challenges, because the design only comes at an extreme and then you have to 

say, but look, we really have to reduce some of the costs, we want to take certain 

elements of the design out...it's too expensive, it's too costly [Interviewee CC10].  

…because when we prepared the estimates, obviously a while ago, it was based on 

the information that was relevant at that stage. but at the time that we came on site 

that design had changed somewhat, not a lot, but it did change...The problem is that 

lab equipment is a specialized equipment, so what we, what we had estimated for lab 

equipment [Interviewee CC9]. 

and we base our initial estimates cost estimates of the building is based on that 

design. So I think the risk involved is um, it's not a complete design but the estimate 

is based on so things can change and when they change it can be an extra cost to the 

estimated [Interviewee CC8]. 

when a bill of quantities is not reduced, but tender documentation is produced and the 

tender documentation has not been finalized from a quantity point, it becomes 

extremely difficult because you've got a budget, something you've priced, but now the 

scope it's too much not going to be able to finance it with what you've priced. 

[Interviewee CPM17]. 

In all cases, the interviewees indicated that the frequency of the works information which 

came because of the incomplete designs had resulted to additional costs on the initial budget 

of the projects:  

works Information's changes are the once which can cause those risks, because you 

remember the project cost, it's estimated from the tender drawings from, and then 

only to find that from the get-go, changes are coming in [Interviewee SE5]. 

Though it was not on the drawings, the architecture made a request for the provision 

of the handrail on the roof-top of the building for safety purposes. [Fieldwork Memos 

Case B]. 

if we don't have the latest information and we draw something at the incorrect size 

and there's a cost implication when we correct it and say, for example, we designed 

the walkway at two meters, but then we hear, um, no, we must actually did a 2.5 

meters and we've already costed for that to me to walk away. Then there's a cost 

implication with ordering more material [Interviewee LA5]. 
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One interviewee expressed dissatisfaction about the submission of the final pricing of works 

in the early stages of the project, citing that the initial budget will always be lower than the 

actual budget of the project: 

…if you go out on tender, I have the tender price, you then put in 25% additional for 

contingencies, then VAT and then that's how I go out on tender. But on this, they 

want the final product, the final amount, and not all buildings they ended up with 

final amount, it doesn't work, it just doesn't work. [Interviewee FSE30].  

There was a need to coordinate the design changes and additions as the projects progress with 

the construction, because this changes from the different design disciplines affected the initial 

budget of the project:  

The Project Manager informed all Design Consultants that should there be any 

change between their Tender Drawings and Construction Drawings, the change 

should be issued via the Project Manager as the Contractor would not have priced the 

changes in the Target Price [Project Progress Minutes Case C 16 May 2018]. 

Coupled with the frequent design changes, the initial budgeting was also affected by the 

unintended use of expensive construction methods during the delivery of the projects. The 

excerpts in the below table (Table 6.8) point to a common factor in terms of the expensive 

construction method for the foundation design of the buildings in all the projects: 

Table 6.8: Evidence on expensive construction methods  

Code Coded segments 

FINANCE AND 

ECONOMIC 

RISKS\Underestimated 

Budgeting\Expensive 

construction methods 

We have to change that to a more expensive unit that is going into the wall....it 

depends how you do it. But yes it can actually be the other way around as well, 

depending what the requirements are. 

[TRANSCRIPTS\Interviewee ADE15] 

 
most of them [risks] would increase the cost.... it's all really case by case...it 

varies... Because you now need something that's more specific that's pertaining 

to that situation, like what I have mentioned, using an earth mixture for concrete 

in the wall waterproof that's is far much expensive than just using a crane at the 

back.... cost implication. 

[TRANSCRIPTS\Interviewee CE7] 

 
it’s a whole lot of money went into blast that rock which is things we didn’t' 

account at the beginning of the project because that geo-technical report did not 

say there was rock on site...our estimates were based on the information that was 

given to us, so the estimate wasn't incorrect...we didn't estimate wrong, we got 

the information, but the information was wrong by somebody else. You see what 

I mean? 

[TRANSCRIPTS\Interviewee CC9] 
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 it doesn't really help us, if the structural guy use the geotechnical report to 

determine the piling. So we've used piles and it's also very expensive, so like 20 

meters into the ground 

[TRANSCRIPTS\Interviewee CC8] 

 
we had a scenario where we had columns on ground floor... It end up to a second 

floor. And then which, the second floor is the roof. so, from ground floor since 

it's at a conference center they wanted and a very huge open. And then, uh, given 

that we already, we submitted everything to tender for costing. When, when we 

start removing columns, it's, it's going to add a huge cost on the project costs, of 

which if we remove columns, we need beams, transfer beams for long spence or 

much deeper beams so we can then be able to transfer the load into the 

foundation. 

[TRANSCRIPTS\Interviewee SE5] 

Source: (Author, 2022) 

Another important finding in relation to the finance and economic risks during the delivery of 

the construction projects was issues in relation to the claims by the contractors for the 

additional works as it was widely expressed in the empirical evidence in all the cases.  

6.3.2.4 Claims by contractors 

There was a sense of dissatisfaction among the interviewees in relation to the claims and 

compensations for the additional works which was delivered through the issuing of works 

information by the technical design team from different disciplines as illustrated in the 

following excerpts:   

So continuing with the construction work on site itself is a very big risk cause you 

don't know if you're going to be paid for it. Yes. Cause it's not part of your initial 

scope of work [Interviewee SM7].  

You get compensation of events gets approved through some book. Because you 

issue an early warning put it to compensation events and then get, once it's approved, 

that's when you get the purchase order, then you can claim. So before all this process 

is completed, you can't claim for any other work you have done over and above....so, 

that's a risk on our side [Interviewee CE7]. 

So we're waiting for the event to happen, has to build first and then we go back and 

make sure these are the proven cost do that sort of. It's more accurate but it's more 

risky because a client doesn't know what it's going to cost. And secondly, we don't 

know whether we're going to get compensated [Interviewee CMD14]. 

 

Concerns were also raised by the interviewees in terms of the difficulties experienced to 

prove and verify the additional works:  

…. which is doing something that you're not sure that you're gonna be paid for as 

what you have claimed…. It’s been approved, they have approved for a quotation, 

but they haven't approved the cost. It's not a guarantee that have quoted for 50,000, 

they're gonna pay me 50,000.... we normally get granted the opportunity to submit a 

quote [Interviewee QS6b]. 
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The number of issued Compensation of Events by the contractor were seventy-two, 

and the concern was that not all the CE have been considered for approval [Fieldwork 

Memo Case B]. 

Also keeping check of the costs is much easier with Bills of Quantities other than 

Proven Cost, this is the major suggestion...Bills of Quantities within the NEC. it's 

much easier to keep track of the cost and to assess any additional expenditure.... They 

will be standards in place. It's easier to assess preliminary.... and it makes the entire 

project being measurable in terms of cost [Interviewee CC10].  

There were some concerns on the processes of pricing and verifications of claims for the 

additional works as several interviewees expressed the following discontents:   

We find them a bit difficult, they cut on most of our costings. The previous 

consultants that was used for buildings were I would say a bit more specific about the 

work. Some of the submitted Quotes not paid. Yes, exactly. That's one. Whether the 

business made themselves, I think most of the reasons is because, it's not proven cost, 

but some of the things you can't prove, maybe you get the works information to put 

up a column. You can prize the foam or you can price the column, but the labor that's 

going around that you can't, there is nothing to proof it. So that's the difficult part 

[Interviewee SM7]. 

In other words, adjudicated or the sign price to them, the PM should adjudicate that 

and say, okay, fits within the budget, please proceed. But because we've got so many, 

because it's constantly changing, we can't wait. Firstly, we don't have the resources to 

price everything as in when it comes because a lot of it is unknown [Interviewee 

CMD14]. 

When responding to the question of what the lessons are learnt from the risk management 

practice during the project delivery, one interviewee indicated that:  

the biggest part of the risk I can say I've learnt is to make sure that your costing is 

100%. So when you submit the costing for the additional work that it is 100% correct 

so that you don't lose money at the end of the day. and also when you're doing the 

additional work for the CEs, you must make sure that you include everything in your 

pricing because if you forget something then you don't get compensated for that 

[Interviewee SM7]. 

The risks in the pricing and verification of claims for the additional works was also 

evident in the observations during the fieldwork where it was stressed that the WI and 

CE that the information therein should be detailed, clear and specific, and that the 

submission should be on time [FIELDWORK MEMOS Case B]. Moreover, the table (Table 

6.9) below shows detailed evidence from the interviewees concerning the risk factors 

and challenges in relation to the pricing and verifications for the additional works in 

the projects: 
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Table 6.9: Evidence on claims verifications by contractors 

Code Coded segments 

FINANCE AND 

ECONOMIC 

RISKS\Claims by 

Contractors\Verification 

of claims 

when a bill of quantities is not reduced, but tender documentation is 

produced and the tender documentation has not been finalized from a 

quantity point, it becomes extremely difficult because you've got a budget, 

something you've priced, but now the scope it's too much not going to be 

able to finance it with what you've priced. 

[TRANSCRIPTS\Interviewee CPM17] 

The clients not gonna have enough money from a feasible to give you to 

give you more money. And, um, so from a quantifying pointed, it's difficult 

because yes, once you've set the right, um, you can play with it a bit of 

saving, a bit of increase. But, um, on the bottom line of the project, if you 

get it wrong, um, if there's a lot of design that happens after the tender 

documents or BOQs that change, uh, it can have extreme financial 

implication for both the contractor and for the client. 

[TRANSCRIPTS\Interviewee CPM17] 

 
you need to have a purchase order in place. Um, but in order to have a 

purchase order, you have to have an agreed target price. And once again, 

because of the, I would say perhaps, I don't want to call it a poor time 

management, but perhaps that they didn't plan enough. So what happened 

was you actually started building before we had a target price. 

[TRANSCRIPTS\Interviewee CMD14] 

 
From a protection point of view, I would rather say to use the NEC with bill 

of quantities cause then have a fixed rate for certain items other than the 

activity schedule...the Activity Schedule normally with delays and extension 

of time on the program it creates a lot of additional costs, and it's hard to 

verify those costs in this activity in this type of contract whereas if you use 

the same NEC with Bills of quantities is much easier to assess and verify 

costs. 

[TRANSCRIPTS\Interviewee CC10] 

 
you must make sure that you include everything in your pricing because if 

you forget something then you don't get compensated for that. 

[TRANSCRIPTS\Interviewee SM7] 

Source: (Author, 2022) 

Turning now to another risk factor in relation to finance and economic, the payment packages 

and structure for the construction professionals was another risk that has emerged from the 

content analysis.   

6.3.2.5 Payment structure for professionals 

There were several issues that were raised concerning the payment structure and packages for 

the construction professional which include the consultants and the skilled labourers. 

Regarding this issue, one interviewee expressed the concern as illustrated:  
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…how it is that our fees are based on the contract's construction value?. So once the 

construction value goes up above 15% that's the only time we can actually get our 

fees adjusted, so that' the only time we can get more paid. So can actually do work for 

some few months without getting an income for ourselves, until we can put in an 

early warning and compensation of event when the value goes above the 15% ratio 

[Interviewee CE7]. 

The same view on the payment and compensation of the consultants was echoed by another 

interviewee on the following illustrative evidence: 

…draw wire is a galvanized 2.5 millimeter draw wire that must be extended now to 

where the equipment is moved that way....the university they say that we can take the 

money of the material value or the installation value of that conduit. That conduit is 

R3 a meters or so. So for all the air-con points that we have to coordinate, it's maybe 

20,000 Rand on a, on a project like this. it's maybe 20,000 Rand for all the control 

points that must be installed. And then they say, no, we can take 10% of that R2000 

to coordinate that... So then we say, no, no, no, we can't, they must accommodate us 

with time and costs by making these changes because it's a tedious task to get that 

coordinated, WI, changing of drawings, all of that. Just for the R20,000 Rand 

installation [Interviewee EE20]. 

The interviewees, as indicated by Interviewee CE7, felt that the payment structure should be 

constantly revised as the contract value was changing continuously.  

…there is a fixed one based on the target price at the beginning of the contract, then 

we are paid according to that. But then obviously the contract value doesn't remain 

the same [Interviewee CE7]. 

 

Another interviewee indicated that they should be compensated accordingly for their extra 

effort in the coordination of the works during construction because that is not part of their 

scope in the contract:  

We actually had to appoint a Site agent to coordinate that on site... Yeah. So it's um, 

you know, we had to accommodate the university because we do want to provide 

them with a good service and we decided that we have to appoint somebody capable 

of coordinating these services and he can tell you it's a hectic task....we didn't budget 

for it Um, it wasn't budgeted for, but we just saw the need ... all the changes and the, 

you know, the client that's requiring us to coordinate these services, it just, it's too 

much. It's too much for one for me alone [Interviewee EE20]. 

Apart from the payment structure of the consultants, the evidence further pointed out the lack 

of structured wage packages for the employees in the construction industry as another risk 

factor. For example, one interviewee overtly mentioned that:  

…. there’s no minimum wage in Mpumalanga the construction industry, there's no 

bargaining council. So it would be a sort of an accepted market rate between the local 

market forces within the industry. And so what would happen here is now these 

people are at a higher level. So our employees are permanent employees at the 

university. They're actually getting a higher level and, a higher pay than some of our 

other employees out on other projects because we local, and that's a problem 

[Interviewee CMD14].  
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The lack of a uniform wage package among the employees in the construction sector was also 

evident in a situation where employees in one contractor intimidate the other contractors as 

reported in the early warning below:  

Risk event is the Violent Intimidation by what appeared to be the other main 

Contractors and their sub-contractors, threatening the other Contractor and its sub-

contractors and forcing them off site. The total extent of work stoppage is still to be 

determined [Early Warning Notifications Case A]. 

As a result of the situation of the violent intimidation from the employees of the other 

contractors, the comment below illustrate that some contractors were obliged justify the 

wages and salaries for their employees though this was beyond what they have budgeted for 

in terms of labor costs:  

So as soon as these employees are now finish with the university (projects) and we 

placed them with other projects, they go back to the reduced rates...We have to, we 

don't have a choice. We can't just increase the rates whenever we get another job in 

the country. We have to be realistic about what market forces are willing to pay. At 

the end of the day it's a tender process, so we have to bide for prices out in the 

market..., So if your labor is too high, you don't get any jobs, it goes down a 

company. [Interviewee CMD14]. 

 

The above evidence suggests that labor costs is one of the critical operational expenditures of 

the construction contractors which may cause financial instability for the contractors.    

6.3.2.6 Operational expenditure of contractors 

When asked about the financial risks, most of the interviewees from the contractor category 

expressed the view that in the construction business they are experiencing situations of 

unsustainable financial cashflow, as alluded in the following excerpts:  

…your margins in construction these days are priced extremely low, so there's very 

little opportunity for rework. the economic and the construction industry since 2008. 

Um, you've had extreme fluctuation with, um, availability of work. Um, and because 

there's such a small amount of work available in such a big amount of companies, uh, 

the margins that you pricing is extremely low and, um, I think that makes it 

increasingly difficult from a financial point um, that will also be one of the main 

reasons why you've got these big companies [Interviewee CPM17]. 

I will say that the challenges we have currently is there is some companies, 

subcontractors which is doing work for us, which is now financially in problems. 

Okay. Which then obviously has an effect on us as well cause they can't, they don't 

have money to buy materials they still need for the site [Interviewee CPM4]. 

So you need to have accounts for all people because you won't get paid if the 

materials are not outside. So that's a fine line. So you need to do some work, you have 

to invest some money, get material on site so they can pay you for that. So you can’t 

just show up on site without any money [Interviewee ET17].  
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In Case B, two interviewees illustrated with an example the unsustainable financial situation 

of a particular subcontractor which was unable to deliver as per the contractual agreement: 

What happened in this building was we've ordered, um, external seating and 

landscaping equipment and stuff. And the company that, that was doing that for us 

they went bankrupt, if you call that a risk, because it's now something that you've 

ordered and you've paid for it and you're waiting for the, but they close the doors and 

now we couldn't get it [Interviewee CPM4]. 

…those guys construction, those guys that's liquidating and closing down, so that 

from a financial and economic risk, um, margins extremely thin. So any mistake 

comes at a loss [Interviewee CPM17].  

In the situation of unsustainable financial position of the subcontractors, the main contractors 

are liable to provide financial assistance for the sake of completing the projects on time, as 

evident from the interviewees and fieldwork observation:   

… as the main contractor can always try to help the subcontractors and then just later 

deduct that amount that we've paid the materials for. And then sorted out at the end of 

the project. [Interviewee CPM4]. 

Suppliers need upfront payments in order to speed up the delivery processes of the 

various equipment. The contractor couldn’t procure some of the critical equipment on 

time given that the suppliers required an upfront payment [Fieldwork Memo Case B].  

The risk of weak financial capacity of the subcontractors was also reported in the early 

warning notifications by the main contractor as indicated below: 

Risk event is that the appointment of subcontractor (S) was based on an undertaking 

by the directors of Subcontractor (C), that they would provide the necessary expertise 

and financial muscle to complete the project.  [Early Warning Notifications Case C]. 

Some of the above highlighted risk factors on financial and economic could be associated 

with the contractual and legal risk factors which were also extensively explored in this case 

study.  

 

6.2.3 Contractual and Legal Risks 

Through the content data analysis method, the contractual and legal risks that were identified 

during the construction of the projects include the following, as illustrated in the below figure 

(Figure 6.10): Target price agreements; claims for additional work; liabilities; the nature of 

the contract; and construction contract management. 
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Figure 6.10: Coding of contractual and legal risk factors  

 
Source: (Author, 2022) 

6.2.3.1 Nature of the construction contract 

There was a common view among the interviewees that the NEC construction contract is 

administration intensive. Most of the interviewees as indicated in the below table (Table 

6.10) indicated that there is a lot of paperwork and administration when delivering projects 

through the NEC contract.  

Table 6.10: Evidence on the administration intensiveness of the contract 

Code Coded segments 

CONTRACTUA

L AND LEGAL 

RISKS\The 

Nature of the 

Contract\Adminis

tration intensive 

You get compensation of events gets approved through some book. Because you 

issue an early warning put it to compensation events and then get, once it's approved, 

that's when you get the purchase order, then you can claim. So before all this process 

is completed, you can't claim for any other work you have done over and above....so, 

that's a risk on our side. 

[TRANSCRIPTS\Interviewee CE7] 

 
So a nice contract to work with, uh, not properly implemented in South Africa. And, 

um, it's extremely administrative intensive; a lot of paperwork… then like I said, it's 

extremely administrative, is a lot of paperwork, a lot of work that needs to go in. 

[TRANSCRIPTS\Interviewee CPM17] 
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that contractually the was going to be a lot of paperwork that was going to be on. So 

in terms of that, it just means that we have received a lot of Early warnings in terms 

of finalizing of the details for the project. 

[TRANSCRIPTS\Interviewee CC9] 

So what it means is there a lot of information, in the beginning it was even more now 

is less because we nearing the completion, but it just meant that there were a lot of 

information that was continuously flowing... for pricing, pricing estimates, for things 

that needs to be done. 

[TRANSCRIPTS\Interviewee CC9] 

 
the paperwork between us and the main contractor that’s not up to date, You leave 

yourself open. The paperwork, like the early warnings. Early Warnings needs to go 

in, the works information needs to be done on time. The site instructions, all the 

paperwork needs to go in on time. Otherwise they see it as there's a non-payment 

factor there. So we've got the works information and if you don't price, as I said. So 

zero cost there. 

[TRANSCRIPTS\Interviewee ET17] 

 
For me the contract works, and it works very well it's just on the administrative, and 

administration in terms of the actual number of papers that you have to produce and 

the time that you have to do it. Yeah. Particularly when it comes to the change or 

compensation event process. 

[TRANSCRIPTS\Interviewee LPM10] 

 
Then you need to procure three quotations and then after you get to go away from the 

project manager, then you might proceed with the Work. I'll call you today. NEC is 

putting to the NEC for the project manager to tell you that you can go ahead with the 

work. the cost controllers, must approve the cost first. The cost first three, the 

process. It's a big process take long time. According to the contract. 

[TRANSCRIPTS\Interviewee SM7] 

Source: (Author, 2022) 

Though there were consensus among the interviewees that the NEC contract is relatively new 

to the construction professionals in the South African construction industry, particularly for 

the delivery of buildings, opinions differed in relation to the effectiveness and efficient of the 

contract management:  

I think from a contractual point and legal risks, uh, my personal opinion as the NEC 3 

contract, is a contract that is originally based and designed in Europe and, um, it is 

possible to work of the NEC contract in South Africa [Interviewee CPM17].  

…here's a lot more wastage cost and time on site because of it. the process just 

doesn't work. we're just not as efficient as the construction projects in the UK 

[Interviewee ME6].  

The NEC contract is still new in the South African construction industry. most 

contractors are still not familiar with some of the procedures and processes 

[Interviewee DA43]. 
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we asked a lot of questions the whole time. So, we had to catch up quite 

quickly...because in this project, it's not a common project this, we used to the JBCC, 

but, this time we are using the NEC… I think over time, we would experience around 

it, but I still don't think I know enough, I am learning... It is a major risk if you don't 

know the contract, you might dig yourself a whole [Interviewee LA4]. 

There were some suggestions that to ensure the effective application of the NEC Contract in 

the SA context, the contract should be take into consideration the local circumstances such as 

the requirements for empowerment procurements:  

In the application of the construction contract, there is a need to consider the 

empowerment factor and requirement in the risk management practice in the context 

of the NEC contract as per the requirements of the labor regulations in the 

construction industry in South Africa [Fieldwork Memo Case B].  

Despite all the uncertainties expressed in the evidence, one interviewee maintains that the 

NEC provides a good contractual environment by stating that:   

…we've got a good system; the NEC projects, the NEC four or three that we are 

using, uh, and the fact that we introduce very good contractual procedures, um, 

certainly that, uh, deals with contractual risks… [Interviewee CE35]. 

Ironically, there were some negative comments about the application of the contract as other 

interviewees referred to it as a flawed contractual system with complicated and inflexible 

guidelines:  

If you look at NEC contract, cause that's what I'm focusing on now it's a flawed 

system If you don't have perfect drawings in the beginning because if you have 

drawings that are not really detailed properly in the beginning, then you'll find 

yourself sending out multiple CEs and having to wait four to six weeks for each one 

and it doesn't just affect what it pertains to [Interviewee PM2]. 

you have this contract that NEC is, is very, very administrative leave orientated. So 

there's a lot of paperwork, a lot of red tape, which makes it difficult to flexing. It's 

not, it's not look at, I think it works, but I don't know if it works within the building 

environment. I think it would work better for roads where you've got fewer 

milestones [Interviewee CMD14]. 

The evidence, as indicated by some of the interviewees shows that the risk factors and 

uncertainties inherent in the contract are seen to be even more in a contractual situation where 

the scope of work to be delivered was not fully defined prior to the execution of the projects:   

But then again in fairness to the consulting team is that the NEC relies on the fact that 

all documentation will be completed upfront, and it didn't always happen like that. 

Again, the consultants were simple not given enough time to complete the document 

100% and then move to the next phase. That's why we also had some lot of Works 

Information, because the technical documentation actually were not complete before 

we started construction. So, we started building before the technical documentation 

actually it's complete.... So that's was definitely a risk to the project, a huge risk 

[Interviewee DA26].  
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When the contractor prices for this, the design should be 100% complete. So that 

eliminates the risk of changes or extras or whatever. So if this design is not complete 

at this stage, when we do the target, then there is quite significant risk, that increases 

the risks, because it's not an measurable risk, this, this contract doesn't allow us to go 

re-measure afterwards and paying for remeasure [Interviewee CC8]. 

…my experience I would just say that the target price and activity schedule, the 

process of the NEC that we working on has a big risk because it's all based on proven 

cost and there's no, there's always a target price as you're working towards 

[Interviewee CC10]. 

The time to send an early warning and then get a response and then send a CE and 

then get a response and then send a Quote, can be four to six weeks. If the architect 

changes something small, four to six weeks it takes contractually to get that approved. 

So it affects us quite a lot [Interviewee PM2]. 

Another risk factor that has emerged from the empirical study in relation the contract and 

legal issues was the liabilities incurred by the main contract.  

6.2.3.2 Liabilities 

Form the contractors’ category, several interviewees from different cases have expressed 

dissatisfaction about the liabilities that are imposed to them for the incomplete designs during 

project execution, as illustrated that: 

…a lot of the design, um, actually gets done by the contractor, like I'm saying 

because there are schematics in the drawing at the design stage because of the amount 

of budget that is available these days to consultants… it's a very big risk in that 

relation, whereas the contractor has very little design intent… the contractor has got 

no design responsibility [Interviewee CPM17].  

 

This contact places, most of the risks on the contract. So, the contract takes 

responsibility for his pricing, all the quantities, all the changes [Interviewee CC8]. 

Though the contractors do not have the design responsibility, one interviewee illustrated how 

the contractors get involved in the design processes and liabilities thereof:  

we always do our building as a guideline; you can build anything through different 

means. so, we want to build a building to look like that. We've done some drawings. 

We think that you can build that thing like this, but you then say hum, you know what 

you're drawings are very difficult, can't we do it like this? It'll look the same, it will 

do the same, but I believe my system will suit me better. Then it's fine. Then you 

need to first say, I agree with you or you go to think and say, jah we've actually 

haven't thought of this thing and that's why your system might work, but you don't 

necessarily say no. You can't just reject the idea. You have to engage with the idea 

and say, actually, you know, with your idea, it's actually better or it's not, but you 

have to engage. You can't say, I 've designed it, and you going to build it like this, and 

end of the discussion, that doesn't work [Interviewee DA26]. 

There was a sense that the contractors also have the advisory responsibility on the on the 

architectural design, as noted in the following documentation:  
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The Contractor advises you (The Architect) that the waterproofing will not be 

sufficient, and we as the Contractor do not claim any responsibility for waterproofing 

detail issues, such as leaks over time etc...  [Early Warning Notifications Case C]. 

With this form of collaborative and participatory approach, the contractors end up being held 

liable for the designs of the buildings as indicated by one participant in Case C that:  

…the difficult side and then because we take some of the consultant, architect, project 

responsibility, the uh, legal risk becomes problematic for us as well. It's a risk that we 

need to manage. Um, because at the end of the day, the consultant or project manager 

might turn it on and said, but this was your suggestion, this was your design 

[Interviewee CPM17]. 

According to the contractual arrangement, one interviewee from the contractors’ category felt 

that they should not be held liable for decision making in relation to the building design 

because they take instructions from the design team:  

The project management needs to tell us how to handle the risk. we send them all the 

information then they need to assess themselves and instruct us on how to proceed, 

we not really, we can't be held liable for making decisions. project management needs 

to tell us what to do. Contract says, tell us what to do before we do anything 

[Interviewee PM2]. 

Another important finding in relation to the contractual and legal risk factor in the delivery of 

the construction projects was pertaining to agreements on the target price between the parties 

involved in the project delivery.  

6.2.3.3 Target price agreements 

Risk factors in relation to projects’ scope revisions after the target price were evident in 

response of the interviewees. The following evidence illustrated by the interviewees shows 

how and why the initial target price was then agreed to be changed into a provisional sum 

instead:   

…some of the things in terms of details were not quite clarify. So we then took a 

decision to say, okay, can everyone review their drawings, um, from the design team 

side, took some time to say please review your drawings. And they did that. And in 

terms of items where we didn't dissolve them in time, we were going to um, you have 

problems. We decided, okay, those were going to be provisional sums and the target 

price [Interviewee LPM10].  

 

So if you get a concept, you go onto a works information that design the level of 

information that you have proposed to base your costs on is much more clarified. So 

there's less risk in a, in a complete design than uh, then, uh, but then, um, if you want 

to go past the design phase, let's say we now have agreed at cost based on total or 

rough final design, the financial risk after that would be any changes to the building 

[Interviewee CC8]. 
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The table below (Table 6.11) illustrate the scope revisions in Case B and C which were made 

after the target prices of the projects were agreed. The scope of work which was not part of 

the initial target price come from the various design disciplines which include structural, wet 

services, architect, civil and mechanical services.  

 Table 6.11: Evidence on revised drawings after target price 

Code Coded segments 

CONTRACTUAL 

AND LEGAL 

RISKS\Target Price 

Agreement\Revised 

drawings after target 

price 

So, if I can just give you an indication since my target price, obviously on 

your target price you've got structural drawings, you've got architects 

drawings, fire drawings, mostly on the architect's drawings since revised since 

the target price we had some other drawings. 

[TRANSCRIPTS\Interviewee SM7 Case A] 

 Brickwork column stiffeners added to building, not allowed for in the Target 

Price 

[EARLY WARNING NOTIFICATIONS\Case C\024-EW-STR] 

 No Wet Services Drawings released beyond the Target Price Drawings (NO   

CONSTRUCTION DRAWINGS RELEASED) 

[EARLY WARNING NOTIFICATIONS\Case C\042-EW-WETSERV] 

 New details shown on the new drawing issued by the Architect that has not 

been included in our Target Price measurements.  

[EARLY WARNING NOTIFICATIONS\Case C\043-EW-ARC] 

 Risk event Cost and Time Implications due to possible changes, not allowed 

for in target price, brought forward by the new Works Information received 

[EARLY WARNING NOTIFICATIONS\Case C\045-EW-CIV] 

 Risk event Cost and Time Implications due to possible changes, not allowed 

for in target price, brought forward by the new Works Information received 

[EARLY WARNING NOTIFICATIONS\Case C\046-EW-HVAC] 

 Risk event Cost and Time Implications due to possible changes, not allowed 

for in target price, brought forward by the new Works Information received 

[EARLY WARNING NOTIFICATIONS\Case C\047-EW-STR] 

 Risk event Cost and Time Implications due to possible changes, not allowed 

for in target price, brought forward by the new Works Information received  

[EARLY WARNING NOTIFICATIONS\Case C\048-EW-STR] 

 Risk event Cost and Time Implications due to possible changes, not allowed 

for in target price, brought forward by the new Works Information received 

[EARLY WARNING NOTIFICATIONS\Case C\049-EW-STR] 

 Risk event Cost and Time Implications due to possible changes, not allowed 

for in target price, brought forward by the new Works Information received 

[EARLY WARNING NOTIFICATIONS\Case C\050-EW-STR] 

 All Consultants to confirm their acceptance of the Contractor’s Drawings   

Registers and RFC schedule utilized to agree the Target Price. 

[PROJECT PROGRESS MINUTES\Minutes Case B\Case B 30 May 2018] 

Source: (Author, 2022) 
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Another important risk factor which emerged from the empirical data in relation to contract 

and legal issues was the risk associated with the actual contract management during project 

construction.  

6.2.3.4 Construction contract management  

There was a common view among the interviewees in relation to the risks in relation to the 

nonadherence to the contractual guidelines as stipulated in the NEC contract: Interviewees 

from all the categories, as illustrated below, attests that the construction management team 

seldomly follow the contractual procedures.  

The contractual and legal later to risks, um, that I see is maybe I'm not following 

contractual procedures properly. Also, you see NEC contracts, it's very, very binding, 

sometimes when the contractor doesn't follow all the steps, he is liable to not get paid 

for compensation and work [Interviewee PM2].  

So, I think it's related to the contract. Um, and the, the protocol for how to issue 

things. …I think it is to do with the specific contract people are using for this project. 

There are risks and making sure that each consultant adheres to the protocol 

[Interviewee LA5]. 

Even on the contractor side, remember they are builders and normally builders are not 

so great at administration sometimes... like the two, for NBP eight and NBP thirteen, 

on the contractor side, their documentation is always great, but on NBP 12 for 

instance, it was quite a struggling in terms of documentation for the contractor... 

[Interviewee LPM10]. 

The NEC is very specific in its outlines, um, with regards to your procedures on how 

things should be handled. And I don't think anyone is sticking to the book, um, from 

the contractor side as well as from the PM side. Um, so these are definite risks if 

something goes sour and you have to end up in court. I think both sides are going to 

get hurt. Um, I think luckily there's been a mutual trust between both parties, both the 

client and the contractor and we've worked through all the issues [Interviewee 

CMD14].  

 

Two interviewees provide an example to illustrate the extent of the nonadherences to the 

contractual procedures and guidelines by the project management team:    

I think the contractors is seven days to submit an early warning, and then the project 

manager has seven days to issue the contractor with the notification to submit the 

quotation, and then the contractor has 14 days to submit the quotation. And then the 

quotation needs to be assessed and responded to within seven days.... instead of 

submitting on two weeks, it is submitted in three months...It has an impact on the 

current status of budget wise of the building [Interviewee CC10]. 

…normally with all these quotations and stuff like that, you just need to, to send it to 

them. They evaluated. They tell you what they think. And then you also tell them 

what you, you believe it's entitled to. So just that in the correct way, we were actually 

meant to carry on with the work when equitation is already approved, not to get on 

with the work and wait for a quotation to be approved because every time there's 

always those arguments and stuff like that with the NEC [Interviewee QS6a]. 
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In several instances, the project team members were constantly reminded and warned about 

the consequences and implications of nonadherence to the contractual guidelines of the 

construction contract.  

The contractor was warned that the Compensation of Events must be submitted on a 

continuous basis, not to keep them until the last end of the project to submit them all 

at once. This was the reason why some of the CEs were rejected because it was 

difficult to measure and proof the costs of works which was delivered a while ago, 

and had to be compensated now [Fieldwork Memo Case B]. 

The risk of not documenting the project risks in terms of the NEC contract is that 

inspectors can impose fines because of not complying with the contractual 

requirements [Fieldwork Memo Case C].  

The construction professionals were remaindered on the effective and efficient use of 

the Compensation of Events document as per the guidelines in the NEC Contract 

[Fieldwork Memo Case B]. 

Another critical risk factors observed in all the cases during the delivery of the construction 

projects were in relation to political and public issues.   

6.2.4 Political and Public Risks 

The political and public risk factors that emerged from the findings of the study include the 

following: strikes and protest actions; labour legislations; processes of appointing 

subcontractors; unemployment conditions; and stakeholders’ engagements (Figure 6.11).  

Figure 6.11: Coding of political and public risk factors 

 
Source: (Author, 2022) 
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6.2.4.1 Strikes and protest actions 

In all cases, the interviewees and the project documents indicate that protest actions and 

strikes by the labour forces of contractors and subcontractors were a major risk factor and 

have severely affected the projects’ progress. The table below (Table 6.12) illustrates the 

some of the notifications that were documented in relation to the labour unrests on different 

dates and in various cases of the study.    

Table 6.12: Evidence on strikes and protest actions on sites 

Code Coded segments 

POLITICAL AND 

PUBLIC 

RISKS\Strikes and 

Protest 

Actions\Protest 

action on site 

The risk which I have seen is that you cannot confirm the finishing and all that 

due to issues which come unexpected, like strikes, you see, and rains and all that. 

That cause delays…the community protests and students. 

[TRANSCRIPTS\Interviewee ICTPM3]  

 Risk event is the Disruption on site due to protest action on Monday 29 January 

2018. Cause is the Protest action 

[EARLY WARNING NOTIFICATIONS\Case C] 

 Risk event is the Disruption on site due to protest action from Monday 29 

January 2018. Cause is the Strike action 

[EARLY WARNING NOTIFICATIONS\Case A] 

 Risk event is the Sub-contractor’s notification of an early warning due to work 

stoppage on site. Caused is Strike action 

[EARLY WARNING NOTIFICATIONS\Case A] 

 Risk event is the Disruption on site due to protest action from Monday 12 March 

2018. Cause is the Strike action 

[EARLY WARNING NOTIFICATIONS\Case A] 

 Risk event is the Disturbance on site due to Contractor’s strike action occurred 

on the 20th of March 2018. We were unable to work from 8:00 am to 9:30am. 

All our people and plant were forced to stand. Cause is Strike action 

[EARLY WARNING NOTIFICATIONS\Case A] 

 Risk event is Disturbance on site due to Contractor’s strike action occurred on 

the 10th of September 2018. Cause is Ump Stance of ‘no work no pay 

[EARLY WARNING NOTIFICATIONS\Case A] 

 Risk event is Pending work stoppage due to labour unrest 

[EARLY WARNING NOTIFICATIONS\Case A] 

 Risk event is Violent Intimidation by what appeared to be the Contractors and 

their sub-contractors, threatening other Contractor and sub-contractors, and 

forcing us off site. The total extent of work stoppage is still to be determined 

[EARLY WARNING NOTIFICATIONS\Case A] 

 Risk event is Contractor’s labour protests putting other Contractor and our Sub-

Contractors at risk with violent intent, and causing a delay as our site was 

stopped from the 17th April 2019 (full extent of the time implication to be 

determined) 
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[EARLY WARNING NOTIFICATIONS\Case A] 

Source: (Author, 2022) 

The labour unrests were coupled with Protests action by the University students which have 

also caused huge setbacks in the project schedule and costs. The table below (Table 6.13), as 

reported, illustrate how the various students’ protests have affected the progress in the 

construction projects at the University.  

Table: 6.13: Evidence on University students’ protests delaying construction 

Code Coded segments 

POLITICAL AND 

PUBLIC 

RISKS\Strikes and 

Protest 

Actions\Students' 

strike action 

Since it's a university, the students were always on strikes then a delay our 

progress, you find most of it. Actually, none of the buildings were completed on 

time because of strikes 

[TRANSCRIPTS\Interviewee SE5] 

 
…I mean obviously what we witnessed there was some, I wouldn't call it public 

interference, regarding the community strikes and regarding the students 

[TRANSCRIPTS\Interviewee SE6] 

 Risk event is Overall Construction progress halted. Resulting in a loss of Time and 

serious Cost implications. Cause Student Protest Strike Action 

[EARLY WARNING NOTIFICATIONS/Case C] 

 Contractor at risk of not meeting targets as set out in the program due to restricted 

accesses to all Contractor’s sites due to UMP student strike action 

[EARLY WARNING NOTIFICATIONS\Case B] 

 Risk event is Student strike at the University of Mpumalanga, not allowing us 

access to the construction site. Cause This will have a cost and time implication 

due to an unforeseen strike by a group of students (Of the UMP) blocking our 

access to the construction site.  

[EARLY WARNING NOTIFICATIONS\Case A] 

 Risk event is No meeting held with Subcontractor as per invite Cause Student 

strike blocked access to site and working day lost 

[EARLY WARNING NOTIFICATIONS\Case A] 

 Risk event is Cost and Time Implications due to delay caused by a student strike 

at the University of Mpumalanga, not allowing us access to the construction site.  

Cause This will have a cost and time implication due to an unforeseen strike by a 

group of students (Of the UMP) blocking our access to our construction site. The 

start date of the strike is the 5th March 2019, we have no means of knowing for 

how long this strike will continue- The total monetary and time implications to be 

quantified on a CE to follow 

[Early Warning Notifications Case A] 

 Project progress was not in line with the site construction program. The amended 

completion date of the project was set to be the 1st July 2019 as a result of the 
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disruptions from student’s protest which had occurred at the institution. 

[Fieldwork Memos Case B] 

The main contractor has reported to have received a number of quotations from 

the sub-contractors as a result of the disruptions caused by the student’s protest. 

The main contractor forwarded the quotations to the attention of the client. 

[Fieldwork Memos Case B] 

 The previous student’s protests have disrupted the proceedings of the project 

progress meeting. 

[Fieldwork Memos Case A]  

Source: (Author, 2022) 

In addition to the evidence on the protests action caused by the construction employees and 

University students, the empirical evidence shows that there were also some forms of 

interference and intimidation from a concern group of local businesses who demanded to be 

subcontracted and appointed in the construction of the projects.  

6.2.4.2 Processes of appointing subcontractors 

A common concern and frustration were raised by several interviewees about the interference 

of the local political leaders and contractors who demand to be contracted by the main 

contractors despite the appointment processes and the required expertise and qualifications in 

the performance of the construction works:  

…you must employee Mr So and So and then you don't have a choice. Even though 

Mr So and So can't do the work, he's never done it. He just makes up a company, um, 

just to start doing the work. It's not at competitive rates. The system is not working 

[Interviewee CMD14]. 

 

Whereas like the way we understand it should be people, they negotiate; they do the 

right thing, follow the exact construction procurement and stuff like that. But in this 

case they, they don't do it like that. They come in such environments and tell you, we 

want you guys to employ these people and these people [Interviewee QS6a]. 

They have got all different types of subcontractors. At the end of the day, you might 

find that there's a company that is operating whatever, but they don't have that 

experience to operate to this standard that we looking for [Interviewee QS6b]. 

And, um, in our case, the construction mafia forced us to use certain subcontractors 

that were not a hundred percent qualified to do the work. And that led to some 

contractual risks [Interviewee PL13]. 

They need to have a structure where we will include them into the thing, but, that we 

sort of oversee them and look after them, if you know what I mean. I'm talking about 

the empowered contractors, the new contractors. But the guy's just coming in and 

they just... The community leaders pushing their friends and their people on to us, it's 

not a, it's not a transparent, clear system [Interviewee CMD14]. 
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The threat of violence and intimidation for the demand of contracts from the local political 

leaders and contractors was evident in the early warning notification documents in Case A 

and Case C, respectively: 

Risk event is that Community intervention by a (Political leader) prescribing 

Companies that MUST be used during construction of the project. Please see attached 

a list presented to us [Early Warning Notifications\Case A].  

Threat to the safety of our sub-contractors, our staff and the completion of our 

project- Through the disruption by the community leaders [Early Warning 

Notifications Case C]. 

 
The following message was conveyed by the staff: “If they refuse to stop, and are   
found on site tomorrow, they will be beaten. [They] already chased (another 

subcontractor) off site and now they want (another subcontractor) gone because they 

are not local” [Early Warning Notifications Case C]. 

 

Instructions given by local political leaders to terminate certain existing sub-

contractor contracts and to replace with new. Instruction given by local government 

and municipal authorities to STOP construction with immediate effect [Early 

Warning Notifications Case C]. 

The demand for tenders and contracts by the local leaders and business owners is motivated 

by some provisions that are made in the South African legislative frameworks in relation to 

the promotion of Black Economic Empowerment and benefiting of the local people from 

construction projects that are delivered in their locality.   

6.2.4.3 Labour legislations 

Several issues were identified in relation to the application of the legislations in relation to 

the Broad Base Black Economic Empowerment in the construction sector. One interviewee 

was of the view that there is a lack of clarity and understanding among the local business 

forums about the mandatory thirty percent benefits for the local businesses in the construction 

projects as part of the BBBEE policy:   

…in the construction industry these days, what they've got is the construction mafia 

or more recently they've stopped calling themselves, um, uh, community forums, 

which some of these communities don't fairly understand that when the government 

gazette stipulates a 30% spend on triple BBBEE, related empowerment, it doesn't 

mean that that 30% from a financial value from the contract [Interviewee CPM17]. 

 

The appointment of thirty percent of subcontractors as part of the mandatory requirements of 

the BBBEE policy in the construction projects was indicated to unsuccessful and hindered by 

the lack of subcontractors dealing with specialist and technical services in construction. This 

challenge was reported in all the Cases as illustrated in following excerpts:  
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we are going to have difficulty achieving our 30% Targeted Procurement – clause 5 

of the contract. The reason for this is that almost 50% of the contract value should be 

defined as “specialist trades” which should be excluded from the total cost price of 

the project. Procuring these specialist trades through an “empowered” company will 

have a significant cost implication to the contract both in terms of time and cost 

[Early Warning Notifications Case A]. 

Risk event is Having difficulty reaching the 30% Targeted Procurement (Clause 5):  

Because almost 50% of the contract value should be defined as “specialist trades”   

which should be excluded from the total cost price of the project [Early Warning 

Notifications Case C]. 

It was confirmed that the Contractor’s contractual target of 30% excludes the 

Furniture, Fixtures & Equipment and Specialist Installations [Project Progress 

Minutes Case B 16 May 2018]. 

 

In Case B, the empowerment procurement of subcontractors was considered for the 

construction of bulk earthworks which does not require much technical and specialist skills:  

The Contractor has to date appointed one (1) Empowerment subcontractor for the 

construction of bulk earthworks [Project Progress Minutes Case B]. 

Though most of the local contractors were reported to be unqualified for the specialist 

services, there were a sense of compromising from the contractors to cater for the local 

subcontractors and compliance with the BBBEE requirements thereof, as illustrated by some 

of the interviewees:   

…because the contractor overall took responsibility for the subcontractor, but in a 

sense, it, um, it was forced onto them by the construction mafia to use certain 

contractors. And then, um, yeah, it led to some cost overruns and some quality issues 

[Interviewee PL13]. 

….some of them, when you look at their documentations and experience, it might be 

someone who's doing logistics but is fighting for tiling tender or brick works; those 

are the kind of things that we normally deal with [Interviewee QS6b]. 

It was evident in the account of the interviewees that the lack of technical and specialist 

service providers in the local area where the projects were delivered have a bearing in the 

logistics of the construction activities and processes.    

6.2.5 Logistical Risks 

In all Cases of the study, several logistical risks were identified during the delivery of the 

projects. The logistical risks were categorised as follows: scarcity of resources and material; 

delivery of equipment and material; insufficient construction information; and the provisions 

of construction machineries and plants (Figure 6.12).  
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Figure 6.12: Coding of logistical risk factors 

 
Source: (Author, 2022) 

6.2.5.1 Deliveries of equipment and material 

As shown in the table below (Table 6.14), there were several instances that were reported in 

the early warning notifications in relation to the risks of delivery delays of equipment and 

material for various technical services of the buildings as observed mostly in Cases A and 

Case C, respectively.  

Table 6.14: Evidence on equipment and material delays on site 

Code Coded segments 

LOGISTICAL 

RISKS\Deliveries 

Equipment and 

Material\Delivery delay 

Risk event Delay on the delivery of lift 

[Early Warning Notifications\Case A] 

 Subcontractors’ canopies only to be delivered on the 21st of February 2019, 

this will delay completion on the Ceiling, Paintwork and Detections.  

[Early Warning Notifications\Case A] 

 Risk event is No confirmed date for the delivery of fire suppression. The 

Cause is Delivery of fire suppression not confirmed 

[Early Warning Notifications\Case A] 

 Risk event Delay in the delivery of fire seals from supplier. The Cause This 

will have a time implication due to the following: There is a delay in the 

delivery of fire seals from suppliers. Still, we have no confirmed delivery date 

on the seals. The seals were ordered and paid for on the 25th June 2019 and 
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supplier was committed on a three weeks lead-time which is lapse already 

[Early Warning Notifications\Case A] 

 Suppliers need upfront payments in order to speed up the delivery processes of 

the various equipment. The contractor couldn’t procure some of the critical 

equipment on time given that the suppliers required an upfront payment. 

[Fieldwork Memos\Case B] 

 There were tensions between the main contractor and the HVAC subcontractor 

as a result of the delayed delivery of material and equipment. The main 

contractor stated that the HVAC backlog have an impact on the proceedings of 

the project as it affects the installation of other service, and subsequently the 

beginning of pre-commissioning of the project. The outstanding material to be 

delivered includes the piping stuff on the roof-top and diffusers. 

[Fieldwork Memos\Case B] 

The delivery of the audio and data equipment from the suppliers was also 

delayed, as a result, the concern parties were required to expedite the delivery 

order of the equipment. 

[Fieldwork Memos\Case B] 

 At the Site Visit, the HVAC Subcontractor confirmed that the ducting for the 

kitchen had been slightly delayed and will be delivered to site before the end 

of the week.  

[Project Progress Minutes\Minutes Case A\Case A 13 November 2018] 

Source: (Author, 2022) 

Another reported risk factor in relation to construction material deliveries was the problem of 

delivering of wrong material on site which was main noticed in the construction material in 

relation to the structural engineering and ICT works as illustrated in the below excerpts:  

Block E Drawings shows upstand beam, this actually a down stand beam. New 

drawings received on the 7 May 2018. Awaiting re-bar to be delivered [Early 

Warning Notifications\Case B]. 

other things that I picked up were the delivered steel bending sketches, um, where the 

marks are correct. And you know, we Mark stuff you, we Mark the steel AA or AB or 

AC depending on the size of it and the dimensions of it. And they would bring AA as 

we scheduled it, the right quantity but the wrong diameter. So the contractor could 

not always pick that up because they, I think they see the label on the steel is AA and 

they see is the correct length and they install it. And only I mean I picked up that the 

steel size is actually not the correct size [Interviewee SE6]. 

Block D Drawings shows upstand beam, this actually a down stand beam. New 

drawings received on the 7 May 2018. Awaiting re-bar to be delivered [Early 

Warning Notifications\Case B ]. 

Block D & E beam no 46 & 47 are incorrect, awaiting new bending schedules [Early 

Warning Notifications\Case B]. 

…because you find that they have quoted things they don’t have, they cannot fit those 

things. When those things arrive on site then they get confused, so all that. we look 

first that what do they say, we don’t just take what they say… [Interviewee ICTPM3]. 
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Apart from the delivery of wrong construction material, concerns were also raised in relation 

to the risks associated with the delivery of substandard construction material for the casting 

of structural elements such as slaps and columns in Case B and Case C, respectively. The 

table below (Table 6.15) shows some of the reports and notifications regarding the inferior 

quality of concrete supplied during the construction projects: 

Table 6.15: Evidence on defective material deliveries on sites 

Code Coded segments 

LOGISTICAL 

RISKS\Deliveries 

Equipment and 

Material\Supply of 

defective material 

…contaminated cement It wasn't doing what it's supposed to. We picked it up 

straight away because we could see there was a problem. We notified in the 

service provider, they came, they checked, and they said, no, we must demolish. 

[TRANSCRIPTS\Interviewee CMD14] 

 
We actually had a major risk... So one of our concrete suppliers for the residences, 

they um, uh, gave us concrete that was contaminated. Their mound was 

contaminated 

[TRANSCRIPTS\Interviewee LPM10] 

 
There wasn't one of the, you know, both of the buildings on all of the buildings. It 

was just, there was problems regarding concrete quality in the beginning. 

[TRANSCRIPTS\Interviewee SE6] 

 Risk event is Concrete was supplied from (the supplier) (21st February 2018 to 

27th February 2018) and when set, Contractor’s Foremen identified possible weak 

and affected areas of concrete. 

[EARLY WARNING NOTIFICATIONS\Case C] 

 Contractor at risk not meeting targets as set out in the program due to concrete 

failure. Elements affected to be demolished.  

[EARLY WARNING NOTIFICATIONS\Case B] 

 Delay caused by sub-standard concrete – 13 March 2019 

[PROJECT PROGRESS MINUTES\Minutes Case C\28 May 2019] 

Source: (Author, 2022) 

Closer analysis of the reports and notifications in the above table shows that the 

contamination and faults in the quality of the concrete were discovered after the concrete has 

been used which led to the demolishing of casted elements thereof.  Another risk factor in 

relation to logistics in the projects was the scarcity of resources and material.  
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6.2.5.2 Availability of resources and material 

There was a common view amongst the interviewees in acknowledging the scarcity was of 

technical and specialist skills in the industry, particular in the local area where the projects 

were delivered.  

But the reality is, um, in South Africa we have to use, um, unskilled labor and labor 

from the [local] area. And what I've picked up is that,, due to the requirement of using 

unskilled labor and enabling and creating jobs in such a manner that there are 

sometimes [Interviewee SE6].  

When you go to the drawing, do these people qualified to do such work?, And then 

it's just basically they just push for political power, whereas some of the things they 

really don't have the capacity to do [Interviewee QS6a]. 

…Subcontractor not being able to provide the required performance guarantees, and 

the fact that they do not have the expertise or experience to complete the project 

without the support... [Early Warning Notifications\Case C]. 

This will result in delays in appointments of sub-contractors as these companies may 

or may not have experience in the construction industry, have certificates of good 

standing or be VAT registered. Quality and performance issues will be unavoidable. 

[Early Warning Notifications\Case A]. 

they installed a subcontractor which come from Johannesburg, uninterrupted power 

supply, you know, for computers. And then maybe it doesn't work. Then you've got to 

get the technician from Joburg to fix the waterproofing. We've had lots of issues with 

waterproofing [Interviewee CMD14]. 

One interviewee indicated that the skills shortage in the industry is a problem in every 

management level and discipline pertaining to construction works. The most interesting part 

in the opinion of the interviewee is the assumption that the highly skilled professionals would 

assist to mentor the unskilled workers.    

…range just down from construction managers, contract managers, your general 

foreman, your former and your site engineers, all of those. Um, so on technical 

buildings like this, you, you require the higher skills and then sometimes from a 

management point and money availability, you tend to have only a certain level of 

high management skill balanced out with a lower level of management skill. Um, 

where you hope that the higher-level skill guys will assist the lower-level skills 

[Interviewee CPM17]. 

Ironically, in their accounts in relation to ensuring skills development in terms of mentoring 

and skills transfer, the interviewees indicated that there is lack of willingness from the 

experienced construction professionals to transfer skills, as illustrated below:  

…not one of our professional team is a person that's going to feed somebody else 

with a teaspoon. If I've got to feed all information how to do this, then he shouldn't be 

in there first place [Interviewee FSE30]. 

the biggest problem we have us in our industry is the lack of trained individuals. But I 

also blame the contractors for using that as an excuse... [training in] Any area, be it 

from a highly developed skill to a very simple skill of holding a hammer. You know, 

I think the enthusiasm is there, but we just don't have enough skill and a transfer of 
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skills. And, I think that has had a huge impact on the quality of our buildings 

[Interviewee DA26]. 

 

Another important risk factor identified in relation to the logistics in the delivery of the 

projects was the provision and access to site of the construction machineries and plants.   

6.2.5.3 Provisions of machineries and plants 

Concerns regarding the movement and access of the machineries and plants to the 

construction sites during the construction of the projects were expressed by several 

interviewees. What is striking in the views and experiences of the interviewees in relation to 

this risk is that the difficulties in the movement and access of the machineries was because of 

geographical factors such as existing buildings, mountainous location, and considerations of 

vegetation.   

the logistics of actually getting equipment up there to do the back filling, to do the 

pouring of the concrete, to do the construction of the form work for the concrete. We 

explored options of opening up a rout by the back to the top of the back, but then they 

got to take the machine channel [Interviewee CE7]. 

So we've got to make sure that we can still get a crane to where we need to get a 

crane to the and things. And obviously with the building being built up around, it's 

getting access to these kinds of things is going to be difficult [Interviewee ME6].  

Some of the things during construction like they normally tell don't remove such a 

tree, just protect the three. But when you look at it, sometimes it just affects 

accessibility and the construction process because every time when you construct you 

need to take that tree into consideration [Interviewee QS6a]. 

the main contractor would've made sure that there would have been access for a crane 

to take to, to get, so where it needs to be able to lift on the air and onto the roof. But 

obviously if it late, then the building work is still happening and then the access for 

that crane there may be restricted because there may be other stuff in the way 
[Interviewee ME6]. 

Similar to the logistical risk factors, the analysis processes in the case study have also unveil 

that there were a number of constructions related risk factors which were identified as 

obstructions to the actual building processes of the projects.  

6.2.6 Construction Risks 

Regarding the question on what are the construction related risk factors experienced during 

the delivery of the projects?, this study unveiled the following risk factors: poor coordination 

of project activities; uncertainties in project scope; lack of construction information; as well 

as occupational health and safety risks (Figure 6.13).   

 

 



231 | P a g e  

 

Figure 6.13: Coding of construction risk factors 

 
Source: (Author, 2022) 

Closer inspection of the above figure under the lack of construction information, the results 

shows that the contractors were encountering the risk of working without drawings because 

of the delayed response when requesting for information. Equally, contractors were also 

facing the risks in the coordination of the services because of the inaccurate interpretation of 

information.   

6.2.6.1 Construction information 

In all the Cases, the interviewees have expressed concerns in relation to the problem of 

inaccurate interpretation of drawings in the process of project construction as illustrated in 

the following excerpts:   

In many instances the contractor had misreading of our designs and the information 

on the drawings [Interviewee DA43]. 

 

if we don't know who the subcontractor will be, in a tender process and we will have 

to work with somebody that's maybe done a few houses before. Now he's got to do a 

laboratory. So our risk will be high... He must be able to read a drawing at least 

understand it and understand that that will, that will almost be quantification, that 

assessment.... Yes, yes, definitely. That will increase your quantity of risks and the 

number of wrong installations [Interviewee EE20]. 

regarding technical risks, the way they interpret, um, interpret the drawings 

differently than what it is actually is. Um, and by my function is, uh, you know, it's, 

it's a requirement of resident engineer to go through all these things; all the structural, 

all the civil who ever it is because I've witnessed firsthand that, um, unfortunately the 
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people don't follow up the design details precisely through to the construction files 

and it is a requirement to identify those issues and things [Interviewee SE6]. 

Apart from the contractors’ uncertainties in the interpretation of design information, 

conflicting views between the members of the design team emerged on whether a special 

electrical point should be alike with a normal one, as observed during a site visit in Case B:  

There were conflicting views between the architecture and the electrical engineer on 

the color a dedicated electrical plug. The electrical maintains that they have used a 

red color plug because is a standard for a special located plug, in contrary, the 

architecture had prescribed and preferred a white color electrical point for aesthetic 

purpose [Fieldwork Memos\Case B].  

As illustrated in the below table (Table 6.16), there were several defects to be rectified which 

could be associated with the risk of inaccurate interpretation of the drawing information by 

the contractors during the projects’ construction:  

Table 6.16: Evidence on inaccurate interpretation of drawing information 

Code Coded segments 

CONSTRUCTION 

RISKS\Construction 

Information\Inaccura

te interpretation of 

drawings 

There was then a need to do inspection by the electrical engineer and the 

architecture to ensure that all the lights in the building are positioned in 

accordance with the drawings. 

[FIELDWORK MEMOS\Case B Fieldnote]  

 During inspection, it was identified that the contractor has omitted one of 

the dividing doors as outlined in the drawings. 

[FIELDWORK MEMOS\Case A Fieldnote]  

 The 450x400 supply duct in the risers is internally lined. This duct should 

be externally wrapped as indicated on WI-NBP003-MECH-03 

[QUALITY REPORTS\Case A Mechanical] 

 Retaining wall excavations Rejected- Excavation width not as specified  

[QUALITY REPORTS\Case B Civil Engineer] 

 not installed. UG/FF- conduits linking from the floor box to the ceiling must 

be implemented as per drawing. 

[QUALITY REPORTS\Case B Electrical] 

 

UG- Data points must be reticulated as per the latest drawing 

[QUALITY REPORTS\Case B Electrical] 

 Containment Routes around fan coil units not installed as per co- ordination 

drawings and will compromise diffuser positions and flex routes to 

diffusers. This need to be addressed 

[QUALITY REPORTS\Case B Mechanical] 

 

Access panels need to be positioned so to access equipment. Sometimes on 

site the equipment gets installed in different positions as per design, so 

access panels positions need to be adjusted to suit 

[QUALITY REPORTS\Case B Mechanical] 
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Duct to be open on both sides and end of duct as per design. All openings to 

have WMS 

[QUALITY REPORTS\Quality Report B\Case B Mechanical] 

 The ductwork from the hideaways on the lower ground floor are not 

internally lined as per design. Please internally line the transformation piece 

from hide way, the bend and the first straight section of duct  

[QUALITY REPORTS\Case C Mechanical] 

 

There may be issues positioning diffusers on the lower ground floor due to 

hideaway or duct being installed incorrectly. Contractor to investigate and 

advise of solution 

[QUALITY REPORTS\Case C Mechanical] 

 Warden's apartment, TV points must be installed as per the drawing 

[QUALITY REPORTS\Case C Electrical] 

 

All kitchenet plug points are inconsistent and not according to the drawings, 

please rectify. 

[QUALITY REPORTS\Case C Electrical] 

Source: (Author, 2022) 

From the table above, it is noticeable that, to a large extent, the risk of inaccurate 

interpretation in the design drawing have impact on the quality and coordination of the 

services as reflected in the electrical and the mechanical works.  

6.2.6.2 Coordination of project activities 

Another risk factor which affected the construction processes was in relation to the 

sequencing of construction activities among and between the various construction disciplines. 

This sentiment was echoed by several interviewees during the interview sessions as 

illustrated below: 

…sometime you find that in some other parts of the building they work and close, 

while we still need to work on the ceiling, you see. You find that they didn’t know 

because our plans are not the same. You find that they work and close the roof 

whereas we still need to do some work, now they need to reopen it again [Interviewee 

ICTPM3]. 

…we need to be the last guys moving into that room because if somebody comes in 

there and they're painting, they, they sometimes drop their ladders onto our kit and 

they scratch it, then they bump it [Interviewee ADE15]. 

So ideally that retaining wall had to be built first...That's the thing the design kept 

changing when the contractor gets constructed [Interviewee CE7]. 

it was a big going back and forth between the civil engineer and us to figure out what 

we're going to do with the storm water there and that that creates the massive 

economic because could have been resolved earlier [Interviewee LA4]. 

Some of the interviewee attributed the non-sequencing of the construction activities and 

processes to the lack of project planning as illustrated in the following excerpts:  
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I would say planning in the construction activities itself. Have your sequence of doing 

your activities in the correct order [Interviewee CPM4]. 

But I think it's a question of let's rather documents everything completely and then let' 

s get the contractor to build something, he will also build it quicker. I also believe that 

the entire time frame would actually be foster, approach the whole design process, in 

a form of linear process. We approach it in a very cyclical way. we continuously 

trying to catch up, catch up, catch up, putting up this file, putting up the next file. 

Ideally, it's leaner, it' s you do this, is everything done? All the boxes ticked? yes. 

Next step, finish that? Yes, next right, done, we build on it. Whereas the way we do it 

kind of we almost like 80% and then we move on to the next step, now we trying to 

play catch up [Interviewee DA26]. 

Another interviewee in Case A was of the view that the non-sequencing of the project 

activities and processes was because of being undecisive on the features and elements of the 

building while is under construction. The interviewee used an example of the procurement of 

furniture in the building to illustrate this view:    

So the furniture has been ordered, but that's quite long lead times, and it puts us under 

pressure to procure all the furniture. I think, the thing what happened with this it's 

only when you are done with the building, then you can actually make a decision on 

what furniture is gonna work where. Because if you look on the drawing and you see 

a photo of a chair, you don't know if it's gonna work. But if you walk into a building 

and you see the building, and then you see the picture of the chair then you can match 

it, so it's a difficult process...To see the building complete and then make the 

recommendations [Interviewee SM7]. 

It was evident that the non-sequencing of the activities and processes of the construction 

project were creating unnecessary additional costs. To mitigate such risk, an instruction was 

issued in Case A in relation to the correct sequencing of the activities of the construction 

project as noted in the documents of the project:  

The PM proposed to the contractor for some of the landscaping works around 

the building to be done in parallel with the building completion in order to 

avoid abortive landscaping construction costs  

[Project Progress Minutes\Minutes Case A\Case A 4 October 2017].  

Another risk factors which were identified in the processes of project construction were in 

relation to occupational health and safety issues on sites.  

6.2.6.3 Occupational health and safety 

The table below (Table 6.17) illustrate some of the occupational health and safety concerns 

which were observed and reported on the construction sites of all the Cases. This table is 

quite revealing in several ways. First, it shows the health and safety risks in relation to the use 

of the construction tools and equipment. Secondly, the table indicate the risk factors 

associated with the unsafe of temporal electrical connections that are used during the 

construction.   
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Table 6.17: Evidence on health and safety risks concerns 

Code Coded segments 

CONSTRUCTION 

RISKS\Occupation

al Health & 

Safety\Health and 

safety concerns 

We always find something wrong [on site] with scaffolding, on one way or the other. 

[Sometimes] someone will use a damaged scaffolding ledger, so it might be truck 

comes in and drove over it, it [might also] get damaged because of weather and 

transport. Now they put that damaged piece inside the scaffolding, now they have got a 

week point in the scaffolding, and that makes the scaffolding unsafe to use. So if you 

find damaged ledger or any part of the scaffolding which is damaged, cracked or 

broken you have to remove it immediately, because that’s a week point in the 

scaffolding and that can cause the scaffolding to collapse, and if there are 20 or 30 

people on top of it their lives is on risk…I believe that scaffolding is one of the highest 

risk in the construction site… 

[TRANSCRIPTS\Interviewee HSO10] 

Main holes which are not covered, because you walk, you step on an open main hole, 

your break your leg…that’s also a risk on all the sites which is ongoing… 

[TRANSCRIPTS\Interviewee HSO10] 

 
Although we normally encounter just minor injuries, make sure that we are people that 

just make him again, they're required the expectation they comply to safety. Yeah. 

Although we normally just encounter minor injuries there, and there… 

[TRANSCRIPTS\Interviewee QS6a] 

 The was an emphasis on the conducting of a compulsory health and safety induction 

before getting to the construction site. The safety officer on site was not consistent in 

the conducting of the health and safety induction when the construction professional 

team was visiting on site. 

[FIELDWORK MEMOS\Case B Fieldnote]  

 The was an emphasis that health and safety inductions should always be conducted 

prior to the site visit of the construction management team. The health and safety 

officer was not consistent in conduction the inductions when the construction 

professional team was on site visit. 

[FIELDWORK MEMOS\Case A Fieldnote]  

 The was a concern on and caution with regard to the recurring problem of exposed 

electrical cables at the construction site. 

[FIELDWORK MEMOS\Case A Fieldnote]  

 The Safety Officer requested the contractor to do the following: Trafic Management 

Procedure; Construction safety signage around the site; barricading around the site.  

 

[PROJECT PROGRESS MINUTES\Minutes Case A\ 5 April 2018] 

 The Safety Officer highlighted the following issues for the Contractor’s attention: 

General housekeeping; Safe use of scaffolding; Open edges; Exposed rebar; Inadequate 

Personal Protective Equipment (PPE) 

[PROJECT PROGRESS MINUTES\Case B 30 May 2018] 
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 The Safety Officer requested the Contractor to attend the following health and safety 

concerns which were identified during Site Visit: Some workers not wearing dust 

masks; usage of damage hand tools; working at heights without safety harnesses.  

[PROJECT PROGRESS MINUTES\Case C 14 November 2018] 

Source: (Author, 2022) 

Thirdly, the content in the table indicates the inconsistences in the use of Personal Protective 

Equipment during project construction. Lastly, the information presented in the table also 

illustrate the health and safety risks in relation to the inadequate provisions of danger 

signages and barricades on main holes and deep excavations on sites.  

6.2.7 Management Risks 

The inductive analytical procedure led to the emergence of the following risk factors in 

relation to the management of the project: decision making processes; project planning; 

project team management, and project change management as illustrated in Figure 6.14 

below:  

Figure 6.14: Coding of management risk factors 

 
Source: (Author, 2022) 

One of the risk factors that stands out in the above table is that remote location of the project 

management team as well as the communication shortfalls were hindering the effectiveness 

of the project team management.  
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6.2.7.1 Project team management 

In all the Cases, there was a common concern among the interviewees in relation to the poor 

coordination of the project management teams during the delivery of the projects. A variety 

of perspectives were expressed by the interviewees in relation to their experiences on the 

ineffective teamwork in various cases as illustrated hereunder:    

you have a team which is set out to do a specific task and if one guy doesn't perform 

his responsibility or his duty, it will make that thing doesn't happen the way it should. 

I think it's a thing of working as a team. Like you have your QS and a project 

manager and the construction manager and foreman, everyone needs to work as a 

team to be successful at the end of the day [Interviewee CPM4].  

 

…sometimes you see people, we are not the same…sometimes you see people not 

getting along affecting the project, so, and then later, they are right, but it’s late. So, 

bad communication actually. I can say like that [Interviewee ICTPM3]. 

my overall experience was that the construction management side of things was not 

the, the construction management was okay, but the, um, the coordination of the 

various role players on site. Yeah, there could have been some improvement that 

could have been done there [Interviewee LPM10]. 

In one Case where the interviewee responds to the question of what measures would you 

suggest for improving the risk management practices in the project? The response of the 

interviewee was narrated as follows:   

I will say teamwork, it includes the site staff and also the professional team and also 

the project manager. If all those people can work as one team and help one another, I 

think it will be a much better environment. I would say that's the most important 

aspect.... [Interviewee CPM4].  

There was also a sense of miscommunication among the project management team during the 

delivery of the projects. This sentiment was strongly emphasized on several occasions as 

illustrated in the following excerpts from the various sources of the primary data:  

Clear communication! Very good communication! Um, I'd say your project manager 

and your, your consultants and the contractor need to be in the same office. they need 

to work very, very closely together...they need to be living in the same house. SO 

they must communicate very regularly at least five times a week, every single day. 

That's the only way that these projects should be planned [Interviewee PM2]. 

All consultants to copy the Project Manager and the Contractor when issuing the 

Monthly Progress Reports/Certificates in order for the Contractor to be made aware 

of the quality sign-off and concerns noted in the Consultants’ reports [Project 

Progress Minutes Case A 17 May 2018]. 

It was emphasized that all the members of the construction management team should 

participate in the site visits session in order to interact with the contractor and check 

the quality of works. This was in response to the situation where some of the 

construction professionals were staring to not show up in the site visit sessions and 

progress meetings [Fieldwork Memo Case B]. 
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It was emphasized that collaboration and trust among the parties involved in the 

delivery of the project are the key principles in the proceedings of the construction 

works. This also includes the collaboration of works as per the drawings [Fieldwork 

Memo Client Brief Meeting].  

The evidence presented in relation to the risk factors associated with the poor coordination of 

the project management team suggests that these risk factors had inevitable manifested in the 

project scope management and changes thereof.   

6.2.7.3 Project scope change management 

A variety of discontentment were expressed by various interviewees in relation to the 

frequent occurrences of late request for scope changes from the client in all the Cases.  The 

empirical evidence clearly indicates that the late requests for scope changes in one discipline 

of the project resulted to a knock-on-effect to other various disciplines and services in the 

project as illustrated in the following excerpts:   

The architect decides now he wants this table to sit like that and then everything 

changed, everything it has got a knock on effect and... needs to be chased and 

changed....all of those disciplines that we need to coordinate, they have all have 

changes, and we have to make sure that we've got the latest drawing from them and 

then overlay it on our drawings [Interviewee EE20].  

I had to put it on the drawing to help me. But this also happened at a stage where we 

already issued for construction and it was too late, that should have happened 

earlier...there was just not enough time to workshop all of these items [Interviewee 

LA4].  

 

having to Core Drill 3 x 160mm Dia penetrations on roof slab Block D, at the 

expense of the Structural Engineer- because of a late drawing issue (As well as new 

details added to the drawing, not previously shown on drawing.) [Early Warning 

Notifications Case C\040-EW-STR]. 

Drawings AR DP 014 Rev 07 doors were added after were completed require works 

information to made the changes. Refer to RFI no 84 [Early Warning Notification 

Case B]. 

Cost and Time Implications due to new detail regarding the curtain rail in the pelmet, 

and other details added [Early Warning Notifications Case B]. 

 

In the face of these frequent and late requests for scope changes, on one hand there was a 

view that says all changes should be made prior to the project construction phase and no 

changes should be made during the construction phase until the closeout phase, as illustrated 

by one interviewee:  

…under management, one can maybe say that the client should sign off, um, the stage 

six design or five design, um, so that you have it on record that this building will look 

like this, and these are the finishes, and then they shouldn't be able to make changes 

to the designs after stage six or five signed off [Interviewee PL13].  
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On the other hand, another divergent view was that the request for changes in the middle of 

the construction phase is necessary because the contractor is obliged to accommodate the 

specific need of the clients as they are constantly raised by different end-users of the 

buildings. This view was echoed other interviewee and observed during the project progress 

meeting:  

To accommodate the changes as instructed by the clients. There was a strong warning 

to the contractors that they must respect, cooperation and collaboration in terms of the 

orders and instructions made by the client [Fieldwork Memo Case C]. 

the contractor they adhere to strictly to the design and specifications from the 

professional team and those designs and specifications from the team, obviously they 

take into account the client expectations. Um, so, and it's my responsibility to or the 

project manager's responsibility to make sure that whatever the client defined as 

quality it is incorporated into the design, one way or the other. So, for instance, um, if 

the client does not think that a pink one is nice, they would have prefer green, it's my 

responsibility and the design team to make sure that we meet or match that 

expectation. And if we are not for whatever reason able to, we need to be able to 

come forth...., we need to be able to come forth and rather manage the client 

expectations [Interviewee LPM10].  

 

What stands out in the evidence above is that the decisions in relation to the request for scope 

changes occurred within the phases of the construction stage rather than to happen between 

the phases and stages of the project.  

6.2.7.4 Decision making processes 

Concerns regarding inefficient and slow decision-making processes were more widespread 

among the interviewees in all the Cases. Several views were expressed on how the inefficient 

decision-making processes of the project management team affect the schedules delays of the 

projects during construction. As illustrated in Table 6.18, challenges that emerged in relation 

to the slow and inefficient decision-making processes in the projects relates to the 

appointment of subcontractors; request for information; decisions on choice of Furniture, 

Fixture and Equipment (FFE) of the buildings.   

Table 6.18: Evidence on slow decision-making processes 

Code Coded segments 

MANAGEMENT 

RISKS\Decision 

Making 

Processes\Slow 

decision-making 

process 

…they didn't appoint the contractors... the subcontractor. I've given that 

instruction last year, November and they only appointed them early this year, 

which put a delay on the order and all of that. 

[TRANSCRIPTS\Interviewee ADE15] 
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Management risks, decision making is a problem to get quick and concise 

answers. I'd say in the private sector it's a lot easier because generally a client 

knows exactly what they want and, it's generally a business decision… 

…we pick up something today, it might take us a week or two weeks to get a 

reply, which when you're building, and you can see the speed at these things 

again, it's very, very frustrating… 

[TRANSCRIPTS\Interviewee CMD14] 

 
If I submit documents to the project manager and they don't respond to me, 

they don't follow the procedures and then the whole system just doesn't work. 

[TRANSCRIPTS\Interviewee PM2] 

 
I think like would help is like we say, if they could make a decision in 

appointing the subcontractor in time because it causes many more risks and 

delays to not appoint. so, I think they could make a decision quicker for that 

one... 

[TRANSCRIPTS\Interviewee LA5] 

 
we were only appointed at quite a late stage, there was a big gab where the 

previous landscape architect appointment ended. And then I think it was three 

months they waited before that went to us. So it was quite difficult to come in 

at that stage and we had to issue for construction within a month time 

[TRANSCRIPTS\Interviewee LA4] 

 
Things that you can encounter It's um, for example, if there's a consultant 

you've been requesting for something for more than four months and still be 

waiting to construct something and the other contractors they want to move 

on with their work and they can't because of that particular person... an 

example can be flow of information... 

[TRANSCRIPTS\Interviewee QS6b]  

 
So we prepared a document, we advertise and when all the documents come 

back, it goes to the tender committee and that committee, and then the tender 

evaluation committee, and then the tender committee until the 

recommendation is made to the VC. And that process is sometimes very long. 

[TRANSCRIPTS\Interviewee PL13] 

 
Another suggestion maybe be that client can be a bit more involved with 

furniture because we find it difficult. Most of the buildings are completed 

100% and then only the furniture gets decided on. And that puts us under 

tremendous pressure because those things there are long lead time. As you 

can see, this building is finished, but there's no furniture… 

[TRANSCRIPTS\Interviewee SM7] 

Source: (Author, 2022) 

From the evidence presented in the above table, it is apparent that different actors in the 

project team were not complacent and inconvenienced with the slow decision-making 

processes in the appointment of subcontractors, especially those who are to deliver the 
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specialist installations in the buildings. Turning now to another risk category, this study also 

unveils risk factors in relation to the natural and built environment.  

6.2.8 Environmental Risks 

As shown in Figure (6.15), there were numerous risk factors that emerged from the inductive 

approach of the study. In the second level coding of this study, the environmental risk factors 

were categorized as follows: interferences with the existing infrastructure and services; 

unfavourable weather condition; obligations on nature preservation; environmental pollution; 

unforeseen geo-technical conditions on sites.  

Figure 6.15: Coding of environmental risk factors 

 
Source: (Author, 2022) 

With a closer look of the above table, it can be seen from the evidence that the environmental 

risks factors are in relation to both the built as well as the natural environments. One of the 

widespread environmental risks in relation to the natural environment was the pollution 

resulting from inappropriate waste disposal, and cement and oil spillages on the construction 

sites during the delivery of the projects.  

6.2.8.1 Environmental pollution 

Concerns regarding poor waste management on sites were highlighted in various documents 

of the project and testified by several interviewees during the data collection processes. From 

this evidence it emerged that cement and oil spillages were so widespread in the sites of all 

the Cases as expressed by the interviewees and noted in the project documents respectively:    
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…your wet concrete spillages because cement is hazardous when it's still wet. So 

what I advise them on site is just to let it desiccated and then dry up. Then you can 

dispose of it just as building rabbles. But other than that, if it's still wet it hazardous… 

[Interviewee EO8]. 

Environmental problems such as cement spillages on the construction site. The 

contractor was advised to mix their cement on some hard plastics to avoid the 

problem of spillages [Fieldwork Memos Case A]. 

…so one of the things that the Environmental management is always concern about is 

wastage and all those things, how are you planning to clean your waste on site? How 

are you planning to clean your cement? how are you planning to clean spillages on 

site? [Interviewee LPM10]. 

…and again you have contaminated water, contaminated to paint that is 

hazardous…Can you imagine the amount of litters? they wash their paint brushes and 

all stuff like that with water, you cannot just dispose that, you need to put it in a 

container and dispose it as a hazardous waste [Interviewee EO8]. 

The subcontractors were reported to be the most polluters in all the Cases of the construction 

projects.  One interviewee indicated that the more subcontractors on the site, the higher the 

level of non-compliance with the environmental regulations:   

…your used oil that come from their machinery…oil and diesel spillages… because 

they're the largest at the moment, the largest building and they have a lot of 

subcontractors, and they use a lot of plants [Interviewee EO8].   

Though the main contractor is trained on how to comply with and observe the 

environmental regulations during the construction of the project, the subcontractors, 

who are also working on a number of construction activities, are often not considered 

for such training, despite that the operations of the subcontractors have a huge 

negative impact on the environment [Interviewee EO8].   

The Environmental Officer identified the following areas of concerns: 

management/avoidance of spillages; waste management; management of hazardous 

materials [Project Progress Minutes Case B 30 May 2018]. 

…we train the people who drive plants on site that you do not drive water courses, 

you do not cut trees, you do not park under trees, wherever you are parked there is 

drip pan so you won’t have spillages…but then you have these subcontractors that are 

local people, that are political people who bring their plants…and we in some way 

feel like we do not have control over them, it’s their area, they will do as they 

want…but we are sharing the same servitude. So if there is noise pollution or dust 

pollution, we are also affected by their pollution, and vis a versa…There is that bit of 

a grey area [Interviewee EO8]. 

management/avoidance of spillages waste management [Project Progress Minutes 

Case B 16 May 2018]. 

Apert from the spillages of cement, oils and contaminated water; problems of improper 

disposal of waste material such as cement papers and plastics on site was also expressed in 

Case B as one interviewee comments that:  
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…copper and wires and they might be like plastic, the plastic environmental risk in 

there. So plastic when the lights come out of, we don't dispose that properly. It's 

gonna allow all of your disposal, disposal needs to be done [Interviewee ET17]. 

The challenge of improper waste disposal was also noticeable in Case A where the contractor 

was compelled to provide waste bins on the site to keep the site clean:    

The Environmental Officer stated that the Contractor should provide waste bins at the 

site. [Project Progress Minutes Case A 5 April 2018]. 

Some of the interviewees felt that complying with the environment management rules in the 

construction is very difficult and some of the environmental problems caused by the 

construction activities are not manageable as narrated by one interviewee:  

…difficult this one is oil spills, you work in construction, there is always all spills, 

TLBs they all waste oil And it's difficult to control it. But there is a system in place 

but from the environmental side, I think it's been managed well. So the risks are very 

limited [Interviewee SM7]. 

In contrary, there was also a sense that contractors in construction turned to be reluctant in 

complying with the environment regulations because the processes and requirements in the 

compliance thereof are very expensive as illustrated by one interviewee:   

…the typical example of waste management and if you go to dispose of hazardous 

waste, it's a lot of money because we have limited centers or facilities for the disposal 

of hazardous waste. So you can imagine the amount that the contractor has to spend 

to dispose of hazardous waste in order to comply with environmental legislations. So 

there's a lot of financial implications to comply [Interviewee EO8]. 

 

Another risk that emerged from the content analysis in relation to risks associated with the 

built environment was the constant interferences with existing infrastructure and services on 

the sites.  

6.2.8.2 Interference with existing infrastructure and services 

In all the Cases, concerns on the existing underground services and infrastructure were 

expressed by several interviewees. There was a common view among the interviewees that 

the existing underground services and infrastructure were imposing a risk as they were 

hindering the project activities during construction:   

Other things are like electrical and stuff like that, because everywhere here, we have, 

um, running services...Some of them are just permanent connections....You might 

find that maybe they've issued you drawings they want you to dig for a storm water 

pipe there, and then our TLB guy there just, when he just excavate he finds an electric 

line, that goes there just, maybe hit the electric line, then we gonna stay without 

electricity. We gonna have to get a guy to come and fix it [Interviewee QS6a].  

…and you also have to consider that it's next to an existing building. So you can just 

go and blast. Okay. Yeah. I think this one's very critical [Interviewee CE7]. 
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So once you, once you minimize that risk of hitting the existing services or constructs 

using the wrong construction material because it can affect how the job is done 

[Interviewee CE7]. 

In Case C, some of the existing underground and overhead services and infrastructure were 

recommended to be removed because they were obstructing the activities of the project as it 

is illustrated in the following passages. Examples where the existing services and 

infrastructure were removed are illustrated as follows:  

Risk event is Water line to be relocated between the existing sewer line and the road 

edge: Irrigation line to be rerouted around the NBP0013 (in the same area as the data 

sleeves). The grey water will be rerouted along with the water between the sewer line 

and the road edge [Early Warning Notifications Case C]. 

Contractor requests dates on when the overhead cable and poles will be removed 

[Early Warning Notifications Case C]. 

Project Team member Stated that he has contacted Eskom to de-commission and 

remove their equipment in the old station. The member added that he has been in 

contact with Eskom since July 2017 regarding the matter [Project Progress Minutes 

Case C 4 October 2017]. 

In some instances, the contractors had to navigate and explore the existing underground 

services as they deliver the construction works because they were not in possession of the 

accurate and detailed geo-technical information:   

I thinks it's important for us to get the correct information as to where the existing 

buildings are and where the new buildings are proposed. So that usually comes from 

the architect or the engineer. So they must always provide us with that information 

first so we can know where we must work and if they change the position of the 

building and if something changes, we must be informed and so we can adjust our 

drawings. So we always have their drawings as a reference [Interviewee LA5]. 

Risk event is that a leak was picked up on the 200mm main water line which runs 

through the site establishment (N W corner next to the road leading to Building 6). 

Wet spot was noticed, and excavation required to investigate [Early Warning 

Notifications Case C]. 

The lack of adequate and accurate geo-technical information imposed major risks in the delivery of 

the construction projects considering that the locations of the buildings were found to have had 

unfavorable geographical conditions.  

6.2.8.3 Geo-technical conditions on sites 

The inductive data analysis approach unveiled a common concern from the empirical data 

regarding the unfavourable geographical conditions in terms of the discoveries of rock 

outcrops on sites. As shown in Table 6.19, concerns regarding the geotechnical conditions on 

sites were widespread in all the Cases.  The evidence in the table is quite revealing in several 

ways. Firstly, the scattered rock outcrops were not anticipated prior to project construction. 
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Secondly, more expensive construction methods had to be implemented to counter the 

unfavourable and unanticipated geographical conditions on the sites. 

Table 6.19: Evidence on the discovery of rock outcrops on sites 

Code Coded segments 

ENVIRONMENTAL 

RISKS\Geo-technical 

Conditions on 

Sites\Rock outcrops 

on sites 

They say to you put rock outcrops scattered is that you'll need to implement 

more expensive methods to creak that rock. So,.. it's the unpredictable nature 

of the ground. 

...because the rock just deepens down. So yeah it does impact on time 

because now you have to the bring a jackhammer to break the rock that you 

didn't anticipate, so it increases the construction time 

[TRANSCRIPTS\Interviewee CE7] 

 
So we have concrete stirs between block and block B, which is going up and 

it shows the top part is so many steps and then you have a landing and then 

the bottom part is another of steps. So we couldn't do the number of steps in 

the top side because there was a rock on the landing. So we needed to hide 

the landing in order for us to make it work. just to avoid bringing back the 

guys braking the rock because it's time consuming 

[TRANSCRIPTS\Interviewee CPM4] 

 
And it also delays the construction program because you have to get the rock 

out. Um, and uh, specifically here they don't want us to blast the rock 

because we are in a contained university environment. 

[TRANSCRIPTS\Interviewee CC8] 

 
So we make also make an allowance for the rock, like a 5% or 10% of all 

excavations for rock. But that's an allowance. But we the actual extent until 

we actually go into the ground and expose it, then we can actually just, uh, 

only determine what the magnitude of that rock will be. 

[TRANSCRIPTS\Interviewee CC8] 

 Risk event is Rock occurred after excavation for retaining wall strip footing 

and instruction required for either blasting or specifications for proceeding 

[EARLY WARNING NOTIFICATIONS Case C] 

 Risk event is Delays in progress due to unsuccessfully breaking of rock, 

chemical method not being successful.  

[EARLY WARNING NOTIFICATIONS Case B] 

 The wet services drawings have not been updated showing the revised 

layout due to the rock formation on the west side of the project 

[Early Warning Notifications Case B] 

 Project team member to other members to programme the construction 

works is such a manner that any blasting of hard rock is done in mass and 

not small portion.  

[Project Progress Minutes Case B 4 October 2017] 

 Retaining wall reinforcing Approved - wall stepped and shifted forward due 

to rock. 
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[Quality Report Case B Civil Engineer] 

 Source: (Author, 2022) 

Lastly, in Case B, the single most striking observation to emerge from the empirical data as 

illustrated in the second top column of the table was the integration made between the built 

and the natural environments wherein a walkway feature of the building was blended with the 

rock surfaces for aesthetic and nature preservation purposes.     

6.2.8.4 Nature preservation 

Another important finding in relation to the environmental risks as expressed by the 

interviewees was the obligations and responsibilities to protect and preserve the indigenous 

trees on sites. Concerns were expressed on how the preservation of the indigenous trees is 

obstructing and inconveniencing the construction activities as well as the actual final 

buildings as illustrated by several interviewees in various Cases below:   

…you've got some indigenous trees that you try to protect them that sometimes might 

get in the way of a building footprint or a machine that needs to turn or something, 

something big [Interviewee CPM17].  

Protected trees are in the platform and working around them will cause severe 

damage to the lateral root system [Early Warning Notifications\Case C].  

we initially designed the buildings to be quite sensitive to the environment, like trying 

to protect the endangered species, protected species uh like Marula trees. Um, but like 

all civil engineers that are bootleggers come along and flatten everything, that's a 

problem. [Interviewee DA26]. 

According to me, there's a tree that side there. That tree at a later stage, it will affect 

the roof of this building, so because the environmental officer doesn't want to trim or 

to cut that tree, there is nothing else we can do as a contractor.... because these 

branches are growing bigger and bigger every time. So, it's growing to the roof... 

[Interviewee QS6b]. 

An example of one of the protected indigenous trees in the vicinity of the construction site is 

shown in the following graphic image which was captured in Case B (Figure 6.17):  
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Figure 6.16: Graphic image of protected indigenous tree on site    

 
[Photographic Image CASE B _ 12/09/18] Source: (Author, 2022) 

Remember the Archive building is between the conference and wellness center and 

the and if you look at that, um, uh, the, the corner on the site of the Admin building 

there is actually even a tree that is sort of encroaching to the building [Interviewee 

LPM10]. 

Another expressed view by the interviewees was the dilemma in relation to the obligation of 

nature preservation in terms of the responsibilities and costs associated with the replacement 

of one tree with five trees in instances where the avoiding of the indigenous tree is 

completely inevitable on the construction site. Interviewees have commented that:     

Environmental risks, I think the biggest risk is conserving the area that is around, 

existing trees [Interviewee SM7].  

Project team member stated that he has marked out on site the trees which should not 

be removed [Project Progress Minutes Case B 4 October 2017]. 

what happened was when we've done with our concrete structure behind the building. 

there was a lot of trees and plants and stuff which we had to identify with the 

environmental consultant, and he told us, listen, please don't take out this, leave this. 

You might take out this if it's necessary that.... on the back of that main building. He 

came to site and identified all the plants which we should protect [Interviewee 

CPM4]. 

it was a requirement from the environmental consultant to take one or two trees on 

the site that was indigenous, and it had to be protected, but the design of the building 

and the construction, the way it was faced didn't allow for us to keep those trees, so 

those trees had to be removed... So we had to remove the tree...the cost for that tree 

weren't allowed for because they will always going to be kept [Interviewee CC9]. 
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Taken together the empirical evidence in this section illustrates the multifaceted and 

interdependent nature of the risks that prevail during the delivery of the construction projects. 

The next section of the empirical data presents the methods and techniques thereof that were 

applied to address the identified risks during the delivery of the construction projects.   

6.3 RISK MANAGEMENT METHODS AND TECHNIQUES FOR THE NEC 

DELIVERED CONSTRUCTION PROJECTS  

The second objective of the study sought to assess and understand the application of risk 

management methods and techniques in the delivery of the construction environment. This 

section of the empirical data presents the risk management methods and techniques thereof 

and further illustrates how these methods and techniques were applied to address the risk 

factors that were explored in the previous section. This empirical data on the applied risk 

management methods in the construction projects were deductively guided by the theoretical 

constructs of risk management processes.  However, the techniques used thereof have 

emerged from an inductive coding approach which was presented six thematic segments. The 

first theme in this empirical data presentation is in relation to the methods and techniques 

used for project risk management planning.    

6.3.1 Project Risk Management Planning Methods and Techniques 

There was an agreement amongst the interviewees regarding the methods and techniques that 

are used for project risk management planning. From the interviewees, it emerged that the 

provision of all relevant information pertaining to the project prior to the construction phase 

was critical because it allows for the scrutinization of the details of the information by 

individual experts as well as the collective project management team. This observation is 

illustrated in the figure below (Figure 6.18): 
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Figure 6.17: Coding of risk management planning methods 

 
Source: (Author, 2022) 

What stands out in the data presented in the figure is that the critical required information in 

relation to the project risk management planning processes includes documents such as the 

construction programme; drawing information; project budget; and the geotechnical 

investigation reports.  

6.3.1.1 Construction documents scrutinization 

When asking the participants on how they conduct the project risk management planning in 

the project, most of the participants indicated that scrutinizing the construction program is the 

critical technique. In this regard, the view was that scrutinizing the construction program is 

critical in enabling the construction professional to visualize the whole project and 

subsequently identify the possible risk factors thereof. This view was echoed by several 

interviewees as illustrated in the following excerpts of the empirical data:  

…so the planning risk basically comes down to do proper programming of your 

works [Interviewee CPM17]. 

I think by giving a detailed, so when you're planning is the most important thing is to 

have obviously all the information at your disposal and then to do a very concise 

construction program detailing every item that you can possibly think of [Interviewee 

CMD14]. 

well I think it's a question of planning. Having a program, seeing if the program is 

realistic. Um, identifying the risk in a sense of some items have lead times. How do 

those lead times tap into the planning program? [Interviewee DA26].  
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It was highlighted that the total budget of the project is therefore proportionally 

allocated in accordance with the activities in the construction programme [Fieldwork 

Memos Client Brief Meeting].  

Some interviewee referred to the construction program as a guideline as illustrated in 

the following passage:  

Firstly for myself to do a proper planning. I need guidelines. Guidelines will be a 

program from the contractor… The contractor's program is the one which guides me, 

because also when it comes to designing my slaps and everything, I can, I can 

properly plan and say okay the contractor wants to cast this phase before he goes to 

that phase. So there's no need for me to firstly detail and design all the foundation 

[Interviewee SE5]. 

Planning, we normally get draft the program, the construction program that, normally 

work as a guideline towards our committed date, because all these buildings we are 

doing here in due time they need them [Interviewee QS6a]. 

There was a view that the construction program enables the construction professionals to 

schedule and sequence all the project activities in accordance because the prior evidence of 

this study has indicated that the non-sequencing of project activities leads to poor 

coordination and delays in the installations of the services. This view was echoed by several 

interviewees:   

…if you're not managing it, it may be a timeous exercise. because get projects can get 

stopped, delayed, you know, so, uh, uh, it certainly had an impact on time, but I think 

by making sure that you can keep the program and what was key risk in your 

program, you know, as a specific item, you know, keep risk in mind when you 

develop a program and if you manage it properly, it should not have a impact on 

project time [Interviewee CE35]. 

…it might be program wise and strategies to meet our deadlines because we normally 

work with deadlines. We commit ourselves to a certain program [Interviewee QS6a]. 

 

6.3.1.2 Project planning meetings 

During the project planning meetings, the various project experts in different disciplines 

brainstorm to identify and unpack the potential risks in the proposed project. Several 

interviewees allude that they depend on their previous work experiences when break down 

the project into small components for risk management planning purposes:  

The risk management planning is a rigorous thoughtful process. We have meetings 

with the various construction professionals and design team to have a comprehensive 

discussion on the project design [Interviewee DA43]. 

So, in the planning phase, we lay all our problems on the table and say, please look 

out for this… [Interviewee EE20].  

We get together with the full team of all the consultants together with a client 

representative... the architects would prepare a client brief or so they get a client brief 

from the client to say, I want the building more or less like this, the size and the 

function and what it, what the purpose of the building would be. And then we start 

with the planning [Interviewee PL13].  
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Apart from the ideas of the construction professionals in the project planning meetings, the 

end users’ inputs are also valued in the project planning as announced in one of the project 

progress meetings of Case B:   

The Architects and the Audio-Visual Consultant stated that they require End User 

input prior to finalizing the FFE for the GIS and mapping laboratory [Project Progress 

Minutes Minutes Case B]. 

Two interviewees illustrate with a specific example on how the breaking down of project 

components in particular disciplines were performed as part of the risk management 

planning: 

Together with that it's also the size of the building, the square meters as well. The 

bigger the building goes, the more I have to put in; the higher the floors, the more I 

have to put in. If I go to a building higher than 50 meters, I need to put in sprinkler 

systems. If the square meters are more than 2,500 squares, I need you to put in 

sprinkler systems. Different systems for different occupation spaces with different 

sizes [Interviewee FSE30]. 

I can just maybe start with a small portion of the foundation and then that's when I 

can go for the columns and the slaps and then up to the roof. And then when is time 

to jump onto the next phase I can also use follow his program and then prior, to his 

program. I can issue information [Interviewee SE5]. 

 

The project planning meetings also provide an opportunity for the team of experts to share 

the lessons they have learnt from previous project as illustrated by two interviewees in the 

following excerpts:  

You must get involved with the detail in order to identify risk and then of course 

previous experience also assist you to identify risk...That is why the system where 

we've got key personnel with the necessary experience you naturally you already 

pulled a risk protection into your designs, into responsibility [Interviewee CE35].  

The risk management planning relay, it's stems from experience, from an experience 

level because you can only plan for things if you have the experience about things 

that may possibly or not possibly happen on site of construction in this case 

specifically for a science research building. So that that comes from experience level. 

I mean if you are new, you can't plan because you don't have experience [Interviewee 

CC9]. 

The views that surface in this evidence suggest that without any previous experiences on 

construction project risk management, it could be difficult to perform the risk management 

planning and identification thereof.   

6.3.2 Project Risks Identification Methods and Techniques 

The empirical evidence unveils several methods and techniques that were applied in the 

processes of risk identification in the construction projects. The inductive approach in the 
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first level coding processes uncover the following methods and techniques for risk 

identification: construction site walks; expert judgements; assumptions and constraints 

analysis; project meetings; contract document analysis; lessons learnt from similar previous 

projects; project conceptualization; and scrutinizing the construction programme (Figure 

6.19).   

Figure 6.18: Coding of risk identification methods 

 
Source: (Author, 2022) 

A closer inspection of the figure shows that project document analysis in terms of the 

contract documents is an important technique in the process of risk identification for the 

construction projects.  

6.3.2.1 Project document analysis 

Contractual documents analysis is used to identify the potential risks in the project, and also 

drawing from lessons learnt from previous projects. In this regard, the early warning 

notification is one of the main contractual documents that is thoroughly analyzed to identify 

the risk factors therein:  

I would say that any change, any change in the project that we picked up would 

indicates a risk. any change could be identified as a cost risk [Interviewee CC10]. 

Then from the identifying of risks, um, coming back to the planning and you're along 

schedule or you need to give the consultant adequate time to make sure that you've 

got all your contractual information to construct the building [Interviewee CPM17]. 
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The table below illustrates some of the risk factors which were identified through the 

contractual documents analysis method.   

Table 6.20: Evidence on the analyzing of contractual documents  

Code Coded segments 

RISK 

IDENTIFICATION\P

roject Documents 

Analysis\Contractual 

Document analysis 

 

New waterproofing details issued to the Contractor 

 

[EARLY WARNING NOTIFICATIONS\Case C\019-EW-ARC] 

 Risk event Cost and Time Implications due to possible changes, not allowed 

for in target price, brought forward by the new Works Information received 

[EARLY WARNING NOTIFICATIONS\Case C\045-EW-CIV] 

 Risk event Cost and Time Implications due to possible changes, not allowed 

for in target price, brought forward by the new Works Information received 

[EARLY WARNING NOTIFICATIONS\Case C\046-EW-HVAC] 

 Risk event Cost and Time Implications due to possible changes, not allowed 

for in target price, brought forward by the new Works Information received 

[EARLY WARNING NOTIFICATIONS\Case C\047-EW-STR] 

 Risk event Cost and Time Implications due to possible changes, not allowed 

for in target price, brought forward by the new Works Information received  

[EARLY WARNING NOTIFICATIONS\Case C\048-EW-STR] 

 It was outlined that microwave equipment is very expensive with the 

laboratory supplier, when comparing with the local retailers. 

[FIELDWORK MEMOS\Case B\Case B Fieldnote]  

Source: (Author, 2022) 

The contractual document presents the possible changes which may impose risk in the 

various disciplines of the projects which include structural, mechanical, civil and architecture 

related risks. There was a common view among the interviewees on the reliance on work 

experiences and lessons learnt from previous project as a fundamental technique which 

enable the construction professionals to identify risks in the projects. The table below (Table 

6.21) shows illustrate the confidence of the interviewees on how easy they have found to 

identify the risks when one has previous working experiences.  
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Table 6.21: Evidence on lessons learnt from previous projects 

Code Coded segments 

RISK 

IDENTIFICATION\

Project Documents 

Analysis\Lessons 

learnt from previous 

projects 

I've just got a lot of experience and we've been doing this for a while, you know, 

so we already know the processes of doing this, so there's nothing really new… 

So, those are sort of, how can I say, identification. 

[TRANSCRIPTS\Interviewee ADE15] 

 
…and then you think to yourself What did I do in the past to avoid all this risks. 

so that you pick up in your experience. So basically, the more experience you 

have, the less risk they will be almost there… 

[TRANSCRIPTS\Interviewee CPM4] 

 
So, um, from experience that is picked up and, in the industry, one tends to more 

readily available, um, identify and assess risks, because to a large extent it's the 

same items or activities that in generally, uh, tends to pop up in giving 

difficulties. 

[TRANSCRIPTS\Interviewee CPM17] 

 
Could just note that previous experience are mistakes made, lessons learned, 

implicate that with new projects. 

[TRANSCRIPTS\Interviewee EE20] 

 
we basically use lot of that specifications that the previous landscape 

architecture implemented throughout the previous work. So it was items that 

local or that suppliers have been supplying to the university since the beginning. 

[TRANSCRIPTS\Interviewee LA4] 

Source: (Author, 2022) 

The empirical data also reveal that the construction professional constantly have information 

sharing sessions either through site walks or in project meetings. Through these sessions the 

project team members are able to identify some of the risks in the projects.  

6.3.2.2 Information sharing sessions 

In all the Cases, a common view amongst the interviewee was that the regular site visits are 

an essential method of identifying risks during the construction of the projects.  Some of the 

interviewees indicated that it is through the site visits where the construction professionals 

obtain the first-hand information for compiling progress reports of the projects:    

So when we do this site walks, when we are on the site, so we look at the progress, 

we must point out things to the subcontractor that don't look right or that are 

potentially risk on what the building want [Interviewee LA5].  

I think it's, you know, just walking over across the site, you must get onto site in 

order to identify risk [Interviewee CE35]. 
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So while are you guys doing our walk on site, we' keep our heads up and then while 

we see something and then we put it on our next addition for that report [Interviewee 

SE5]. 

…you got to spend time on site, you walking around and you can't rush it. You need 

to spend time on the site and just, and think about your design [Interviewee ME6]. 

 

In Case B, it was noticed through the site visit exercise that the contractor has not performed 

as per the agreements made in a previous meeting. This observation is explained in the 

following passage:     

The contractor previously notified that they are approaching the finishing phase of the 

project, and as such there will be no scaffolding to be seen any more on site during 

the next site visit session. In contrary, in the next site visit session there were still a 

lot of scaffolding on the construction site. This was an indication that the contractor 

couldn’t meet the set project schedule [Fieldwork Memos Case B]. 

The importance of information sharing amongst the construction professional during the site 

visit sessions was highlighted in several observations of the empirical data as illustrated in the 

following excerpts:  

It was emphasized that all the members of the construction management team should 

participate in the site visits session in order to interact with the contractor and check 

the quality of works. This was in response to the situation where some of the 

construction professionals were staring to not show up in the site visit sessions and 

progress meetings [Fieldwork Memos Case B].  

If people do not communicate on the team and if people are not paying attention, it's 

not going to work. We are not going to identify the risks. We are not going to manage 

the risks. We are literally going to, you know, find ourselves in a very difficult 

predicament. And it's important also that the team, when they do their site visits, 

when they do their inspection, they record what they are finding, whether good or 

bad, either way. So that it's important [Interviewee LPM10].  

In Case C, one interviewee illustrates how the information sharing has transpired as a means 

of risk identification amongst the different professionals during a site visit:  

you walk on to site and you, you can see the progress of the building. So, um, that's a 

very site specific thing to risk identify. So you need to see where the builder is far 

enough so that you need to get your lights in, plugging in, DBS in, All that stuff in. 

And then you need to follow the, econ guy, and made sure that you follow him and 

communicate with him that we've got, um, that he doesn't have any power related 

issues so that if he's maybe installing air corn unit [Interviewee ET17]. 

From the empirical data presented in this section, it evident that different methods and 

techniques are used for identifying different types of potential risks in the project. The 

document analysis methods are primarily used to identify risks factors associated with the 

finance and economic as well as managerial risks, while the site visits methods focus mainly 
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on the design and technical as well as the construction risk factors. The empirical data also 

identify the risk assessment methods and techniques.   

6.3.3 Project Risks Assessment Methods and Techniques 

The inductive approach in the first level coding has uncovered numerous risk assessment 

methods and techniques that were applied during the construction of the projects. This 

includes the use of checklists on milestones; risk reduction meetings; interpersonal and 

teamwork; risks reports; experts’ judgements; brainstorming; risks categorization; and worst-

case scenario analysis (Figure 6.20). 

Figure 6.19: Coding of risk assessment methods 

 
Source: (Author, 2022) 

As shown in the figure, when moving to the second level coding of the empirical data, the 

check listing on key deliverables and the expert assessment and judgement emerged as the 

prominent risk assessment methods and techniques during the construction of the projects.  

6.3.3.1 Check listing on key deliverables 

Another risk assessment method that was used in the project was the check listing of the 

project milestones. The milestones activities are outlined as part of the agenda items that are 

assessed and discussed by the project management team during the project progress meetings. 

The comments below illustrate some of the check listing exercises in different projects:  
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…we've got a date whereby certain Milestones should be finished, so your structure 

should be finished in a sense... Set them off man, show brick, your HVAC. You're 

never saying every critical item has a milestone, whereby it should be done 
[Interviewee SM7].  

let's say for example, we've painted this wall, we have a, we have a document and the 

foreman are responsible to walk through to see and like tick it off and they sign as 

just internal quality control measure. so to me it's a, it's a, it does have a positive thing 

on, on the, on the, on the company because then you eliminate, double work or re 

redoing of work. [Interviewee CPM4]. 

There were some negative comments about the use of the check listing method on the key 

deliverables. Some of the interviewees see as a useless exercise which is merely done for the 

purpose of compliance as illustrate in the following excerpts:  

We just have ticking box kind of meetings for the purpose of compliance. Most of the 

parties involved in this project does not have a clue of what really going on. During 

the meetings we are not rigorously dealing with the objectives of the project 

[Interviewee DA43]. 

We approach it in a very cyclical way, we continuously trying to catch up, catch up, 

catch up, putting up this file, putting up the next file. Ideally, it's leaner, it' s you do 

this, is everything done? All the boxes ticked? yes. Next step, finish that? Yes, next 

right, done, we build on it. Whereas the way we do it kind of we almost like 80% and 

then we move on to the next step, now we trying to play catch up [Interviewee 

DA26]. 

The interpersonal and teamwork approach has also emerged as one of the fundamental risk 

assessment techniques performed through the method of risk reduction meetings. As shown 

in the below table (Table 6.22), several interviewees have illustrated how the risk reduction 

method has been applied in various Cases for the purpose of assessing risks identified by 

different parties in the project: 

Table 6.22: Evidence on risk reduction meetings to assess risks 

Code Coded segments 

RISK 

ASSESSMENT 

\Risk Reduction 

Meetings 

we have like management meetings. We sit around, we discuss the drawings. Um, 

we interrogate the drawings, property, we give RFIs. That is all reducing or 

reducing risks with the teamwork experience, which the team was two more days. 

[TRANSCRIPTS\Interviewee CMD14] 

 
We use this set out procedures if there problem. the NEC contract based has it's 

ought If you see a problem, you do a risk reduction meeting, if then that it doesn't 

work, then you go on from there… 

[TRANSCRIPTS\Interviewee PM2] 
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… we'll have an early warning register and it's what's supposed to happen is that the 

project manager will then call for the risk meeting at this stage to see what we can 

sort out without the compensation event or to, to, to confirm what we'll actually 

have a compensation 

[TRANSCRIPTS\Interviewee CC8] 

 
…the person identifying the risk will say, can we have a risk reduction meeting? We 

request from the project manager, can we have a risk reduction meeting? Um, 

probably give a date. Um, and that date will be aligned to try and minimize the 

impact of that risk if it happens.... So one of those strategies will be employed 

through that risk reduction meeting. 

[TRANSCRIPTS\Interviewee LPM10]  

 
…to make sure it all come to these meetings, and we utilize our time down here 

effectively when we all here. What should happen is it should be a risk reduction 

meeting. So, so whenever we've addressed a risk, we've found there is a risk, the 

proper way to sit down in the meeting and discuss it and find the most cost effective, 

time effective solution. ...Those meetings are critical in terms of quantifying a risk, 

what happens is if there is a risk on site which we need to find a solution to 

[TRANSCRIPTS\Interviewee ME6] 

Source: (Author, 2022) 

What is striking about the empirical data in the above table is that the part that have identify 

the particular risk in the project is the one responsible to send a request for the risk reduction 

meeting with the other parties affected by the identified risk. It also emerges that the insight 

and judgment thereof of experts is valued as an important technique in the processes of risk 

assessment.   

6.3.3.2 Expert assessment and judgement 

The empirical data unveiled that the expert assessment and judgement methods and 

techniques were applied to foresee the worst-case scenarios which are likely to occur if the 

risk event is not addressed. One interviewee indicated that through the worse-case scenario 

method, they are able to mitigate the cost implications which may come as a result of the 

identified potential risks:      

when we identify that there is going to be a cost implication that specific item that 

identified and assess it, yes, we would turn to assess the risk on the worst possible 

scenario.... We would assess it on the worst-case scenario, they would guide us into 

where that worse case is [Interviewee CC9]. 

The worst-case scenario approach in assessment of potential risks in the projects was 

demonstrated by various interviewee relation to several risk factors such as financial risks as 

reported in the following passages:  
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Project Manager proposes for some of the landscaping work around building NBP008 

to be done in parallel with the building completion in order to avoid abortive 

landscaping construction cost [Project Progress Minutes Case A 4 October 2017]. 

 

The fact that no tiling orders can be placed since we (as Contractor) have not received 

any final approval regarding the tiling specifications. Most of the orders for the tiles 

need to be placed several weeks before they are needed for construction, due to the 

fact that many of the tiles need a well enough lead time as to not hold up the overall 

process [Early Warning Notifications Case C]. 

 

In Case A, the worst-case scenario technique was also demonstration when assessing the 

potential risk in relation to occupational health and safety on site as illustrated below:   

…. advising him that there was a potential threat from the community who were 

allegedly on their way to site on busses. He further advised that we should take the 

necessary H&S precautions by preventing staff from working on scaffolding at 

heights until the threat sub-sides. Possible outcome There would be a time and cost 

delay due to work stoppage. There will be a definite delay in the progress on site due 

to staff not working on scaffolding at heights due to the threat [Early Warning 

Notification Case A]. 

In Case C, the worst-case scenario was applied to assess the potential technical risks in the 

installation of services in the building, as illustrated below:  

We do sit down as management to assess all risks, how do we avoid these risks when 

they come, all those things…most of the time it it’s with regard to quotations, 

because that’s where things start from, because you find that they have quoted things 

they don’t have, they cannot fit those things. When those things arrive on site then 

they get confused, so all that [Interviewee ICTPM3]. 

The empirical data of the case study also uncovered the methods and techniques used for risk 

analysis and quantification in the construction projects.  

6.3.4 Project Risks Analysing and Quantifying Methods and Techniques 

As illustrated in the below figure (Figure 6.21), the methods and techniques for risk analysis 

and quantifying that emerged from the first level coding of the empirical data are as follows: 

cause-effect analysis; identifying sources of uncertainties; cost-schedule risk analysis; areas 

of risk warrant a response; risk prioritization; critical path analysis; evaluating influences on 

time and costs.   
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Figure 6.20: Coding of risk analysing and quantifying methods  

 
Source: (Author, 2022) 

Moving to the second level deductive coding, the risk analysis and quantifying techniques 

and methods that emerged were the following: risk causes and effects analysis; risk ranking 

and prioritization; and the evaluating impact on project constraints. It is important to bear in 

mind that the findings in relation to the cause-effect risk analysis technique were mainly 

sourced from the Early Warning Notifications as one of the sources of the primary data.  

6.3.4.1 Risk causes and effects analysis 

In all the Cases it emerged that the cause-effect risk analysis technique was used to illustrate 

the risk event causes and the implications thereof on the total of the prices, the project 

completion, the performance of the works in use, meeting a key date.  The excerpts hereunder 

illustrate how the cause-effect analysis technique was applied through the use of Early 

Warning Notifications in the various Cases. This technique identifies the cause of the risk, the 

actual risk event, and the implications thereof in relation to the project constraints. The cause-

effect analysis in relation to technical and logistical risks respectively as shown below:  

Risk Cause is New waterproofing details issued to the Contractor. This will have a 

definite time and cost implication because; Work has already begun; therefore extra 

time and resources will have to be utilized to update work on site to correlate to new 

drawings provided. There will be a definite cost implication.  Progress will be lost, in 

terms of Time. Possible outcome There will be a definite cost and time delay [Early 

Warning Notifications Case C]. 
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Risk event is the Demolition of beam (Section) interrupting access to stairs, as well 

as structurally reinforcing the to-be removed beam section. This will have a definite 

time and cost implication due to the demolition of the beam section. Structurally 

reinforcing the remaining beam by “Install[ing] a 230x230 column on the beam 

below to pick up the beam that has been cut. Dowel[ing] 4Y12 into the beam below 

and 4Y12 into the beam above…. [Early Warning Notifications Case C ]. 

The empirical evidence also reveals the cause-effect analysis in relation to the delays in the 

provision of the construction information by the technical design team:  

The following RFI number are outstanding 79. Can you please indicate on drawing 

where we should use lumber boards on the roof slabs and what thicknesses they 

should be. Possible outcome is delay to project [Early Warning Notifications Case B].  

 

Risk event Delayed issue of information for landscaping. Works information no.8 

from Civils has to tie with the landscaping drawings. Therefore, civil works cannot be 

completed without landscaping information. Possible outcome Delay and Cost 

implication [Early Warning Notification Case A].  

The NVivo coding also shows the cause-effect analysis in relation to public and political risk 

in terms of protests action:  

Risk event is the Disruption on site due to protest action from Monday 29 January 

2018. Possible outcome. Possibly delay and cost implications [Early Warning 

Notification Case A].  

Risk event is Disturbance on site due to other contractor’s strike action occurred on 

the 20th of March 2018. We were unable to work from 8:00 am to 9:30am. All our 

people and plant were forced to stand. Possible outcome is Delay and cost implication 

[Early Warning Notification Case A].  

 

The cause-effect analysis in relation to the compliance with the labor regulations of Black 

Economic Empowerment has also emerged from the coding procedures:  

Risk event is ...we are going to have difficulty achieving our 30% Targeted 

Procurement – clause 5 of the contract.  The reason for this is that almost 50% of the 

contract value should be defined as “specialist trades” which should be excluded from 

the total cost price of the project. Procuring these specialist trades through an 

“empowered” company will have a significant cost implication to the contract both in 

terms of time and cost. Possible outcome is there will be a Cost Implication and Time 

Delay [Early Warning Notifications Case A]. 

Risk event is contractor at risk of not meeting empowerment targets due to 

number of specialist contractor requirements. Possible outcome is delay in 

project [Early Warning Notifications Case B]. 

 

Another important method that has emerged in the inductive coding in relation to the analysis 

and quantification processes of risks in the construction project was the use of risk ranking 

and prioritization.  
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6.3.4.2 Risk ranking and prioritization  

In response to the probing question on how the analysis and quantification of risks is 

performed as part of the risk management processes during the construction of the projects, 

several interviewees indicated that risks are ranked and prioritized based on how the risk 

factor affects the critical path in the construction programme. This discourse was observed in 

the different documents of the project and confirmed by the interviewees as noted:   

Anything that's deemed to be really important, let's put it that way and it fits our 

critical path. ...We keep adding to the project and it's all based on how it influences 

your critical path on your program [Interviewee CMD14].  

Drawings to be shared with the structural engineer. The structural engineer indicated 

to not have all the latest drawings from some of the disciplines such as the 

mechanical works. It was indicated that having all the mechanical drawing upfront is 

critical in enabling the structural engineer when designing the structural elements 

with the consideration of the equipment load on the top of the building [Fieldwork 

Memos Case B].  

It was highlighted that the installation of the laboratory equipment is critical to the 

schedule of the project. The concern was that this installation was not in accordance 

with the schedule of the project performance [Fieldwork Memos Case B]  

Critical information required on site: revised roof layout; terrazzo tile specialization 

[Project Progress Minutes Case C 16 May 2018]. 

Luckily for fire design, um, the QS [Quantity Surveyor] must find the money. if 

there's a change in design. I need to put extra still stuff in, they've got to find the 

money, otherwise the building will not be declared safe. So ... I give a good 

motivation, I need to add another hose reel, find another R10 000, otherwise you will 

not get a sign off [Interviewee FSE30].  

It has also emerged from the fieldwork observations that logistical related risks such as the 

delivery of construction material and equipment are always highly prioritized because they 

are on the critical path of the construction schedule because of the lead time prior to the 

delivery:  

There were tensions between the main contractor and the HVAC subcontractor 

because of the delayed delivery of material and equipment. The main contractor 

stated that the HVAC backlog have an impact on the proceedings of the project as it 

affects the installation of other service, and subsequently the beginning of pre-

commissioning of the project. The outstanding material to be delivered includes the 

piping stuff on the roof-top and diffusers [Fieldwork Memos Case B].  

Suppliers need upfront payments in order to speed up the delivery processes of the 

various equipment. The contractor couldn’t procure some of the critical equipment on 

time given that the suppliers required an upfront payment [Fieldwork Memos Case 

B].  

Another important observation in relation to the prioritization of risk factors was the 

provision of completion certificates by the construction professional. This was identified as a 
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risk factor on the critical path given that the building could not be occupied for use without 

the submissions of all the necessary completion certificates:  

The Project Manager indicated to the team that handing over of the building without 

necessary documentation such as the completion certificates is a resinous risk. The 

Project Management Team was under pressure to hand over the project to the client 

given the academic schedule and planning of the University [Fieldwork Memos Case 

B]. 

The inductive empirical approach of the case study further uncover that the practice of risk 

analysis and quantification also involves the use of the evaluating-impact-on-project 

constraints method.  

6.3.4.3 Evaluating impact on project constraints 

In all the Cases, there was a common discourse amongst the interviewees that risks are 

analysed and quantified in the context of how they influence or impact the project cost 

constraints. Accordingly, the interviewees have illustrated with specific examples on how 

they perform the evaluation of risks impact on the project costs. It should be bear in mind that 

the evidence presented in the table is mainly in relation to the evaluation of impact on project 

constraints of risk factors which came as a result changes and additions in the project scope. 

Examples of how this method have been applied during the delivery of the projects is 

illustrated in the Table 6.23 below: 

Table 6.23: Evidence on the quantifying of risk impact on costs 

Code Coded segments 

RISK 

ANALYSIS\Ev

aluating Impact 

on Project 

Constraints\Eva

luate influence 

on costs 

And then obviously quantify it and say, okay. And then at that instance 

there was no cost to anybody. So there was no real, just a little bit of labor, 

but I mean it's nothing that we charged extra for. 

[TRANSCRIPTS\Interviewee ADE15]  

 
we've got a big register and next to each of those we put a cost, so that 

they can see where the, like basically the statement, you know what I 

mean? you say to them okay, you want us to add that extra doors, it cost 

another five thousand Rand. You told us to remove this toilet, minus three 

thousand Rand, you asked us to add this room, it's ten thousand Rand then 

that's how we do it comes very easily to provided your cost up to date. 

[TRANSCRIPTS\Interviewee CMD14] 
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the quantification of your risks that's done on the CE document or the QC 

actually follows the CE document. It's just quantifies what happens on 

your CE document. So it's just a quote. Basically it's just a quote for your 

CE. It provides the quotations in terms monetary value and time value, 

two big factors. 

[TRANSCRIPTS\Interviewee PM2] 

 
…and then we have to assess that quotation and advise that project 

manager with a response on amounts that we approved for that standing 

time due to the strikes....Using all these, that is all of them have to be 

approved, myself as a cost control that I have to assess every single 

quotation And then, um, I do advise the project manager of the amount to 

be approved on each quotation. 

[TRANSCRIPTS\Interviewee CC10] 

…also keeping check of the costs is much easier with Bills of Quantities 

other than Proven Cost, This is the major suggestion...Bills of Quantities 

within the NEC. it's much easier to keep track of the cost and to assess any 

additional expenditure.... They will be standards in place. It's easier to 

assess preliminary.... and it makes the entire project being measurable in 

terms of cost. 

[TRANSCRIPTS\Interviewee CC10] 

 
they want to have, um, fancy tilling for example, which would be 

specified by the architect in terms of design, Um, we cost that, but then we 

find that that those specific tiles outside of the client's budgets. Then we 

had input in regard to that. 

[TRANSCRIPTS\Interviewee CC9] 

 
So that risk reduction meeting essentially you want to try and also 

quantify what would be the impact of this particular risk if it does happen 

and then how are we going to find this additional cost? So that is the 

essentially the agenda of that risk reduction meeting. …And then so to 

give the example of the extraction, so you will quantify the cost; you will 

estimate the time, or let's say the contractor will give input in that 

[TRANSCRIPTS\Interviewee LPM10] 

Source: (Author, 2022) 

In the event where there are changes in the project scope, the evidence shows that the 

contractor would perform the Evaluation of Impact on Project Constraints by compiling a 

quotation which reflect and measure the impact caused by the scope changes in terms of 

monetary value. In response, the Project Manager will also analysis the quotations submitted 

by the contractor to determine if it’s the correct reflection of the additional works or scope 

changes. A clear illustration in relation to the application of the Evaluating Impact on Project 

Constraints method is narrated by Interviewee LPM10 in the bottom last column of Table 

above.  
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6.3.5 Project Risks Response Methods and Techniques 

As shown in the below figure (Figure 6.22), various methods and techniques have been 

applied to deal with the identified risks during the construction of the projects. Through the 

first level coding of the empirical data the following risk response measures have emerged: 

risk mitigation; risk avoidance; decision matrix; issuing of works information; identification 

of the best possible courses of action; design change request; contingency response; remedial 

work; risk transfer and risk acceptance.  

Figure 6.21: Coding of risk response methods 

 
Source: (Author, 2022) 

In the second coding level these risk response measures were categorized into three sets, 

namely risk reduction; best possible cause of action; risk escalation techniques and methods. 

6.3.5.1 Best possible courses of action 

A variety of perspectives were expressed by the interviewees on how they have applied the 

best possible courses of action and alternative analysis techniques when dealing with the risks 

in the construction projects. Form the empirical data it is evident that the alternative risk 

response options, as illustrated by the interviewees, had led to decision under wherein the 

chosen responses are the most appropriate methods of addressing the risks under certain 

situations. In all the Cases, several interviewees attested that a collaborative effort among the 

project team members is key in the determination of the best possible courses of action and 

alternative risk response thereof:   
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Our response is to call a meeting with the relevant people. So we identified the risk, 

our response to that is we get the right people involved so that we can, uh, either 

mitigate it or have a work around...so that everybody's happy because the problem is 

sometimes we are happy but the architect doesn't like it, or the HVAC guy says, guys 

we can't move it to there for this reason. And we need you to try and find the balance 

where everybody's happy. [Interviewee ADE15]. 

we are actually having conversations with architect and environmental and landscape 

architect to say that can we at least trim the tree because we are not, the trimming is 

not going to be, you know, just a little trim, it'd going to be a little bit of an intrusive 

trimming according to them. So yeah, we are having those discussions [Interviewee 

LPM10].  

Design workshop for the northern loffelstein retaining wall was held between the 

Contractor, Civil Engineer, Structural Engineer and Subcontractor on 03 May 2018. 

The Civil Engineer to issue a Works Information a design for the aforementioned 

loffelstein retaining wall. The design to also be circulated to the Architect, Structural 

and Wet Services Engineer [Project Progress Minutes\Minutes Case B].  

I think for me the vert important part of risk assessment is to um, always, you know, 

once you've got a risk situation that you identify the risks, use experience, listen to 

what people say because usually when we sit around the table dealing with risk, 

you've got people out of their corner or angles looking at the same problem, you 

know, uh, that for me is important, you get input, especially from experience people, 

and then come to a best solution [Interviewee CE35].  

The alternative risk response techniques are ideal in situations where a quick decision had to 

be made, as indicated by some of the interviewees in some instances during the project 

delivery:  

So let's say something was not properly designed in at design stage. Now we are 

sitting in construction, the contractor has to build that particular thing, you always 

found a way to resolve it much quicker [Interviewee LPM10]. 

… so then we can input in terms of alternative, in this case it'd be alternative material 

that affects the design. That's where we have input there [Interviewee CC9].  

Another important view from the interviewees regarding the alternative risk response 

technique is that the project team members should be flexible and adapt to the different 

circumstances as they constantly prevail during the execution of the project.  

projects are not perfect; projects are unique and you have to adapt and you have to be 

flexible. You can imagine if like myself as the project manager if they say that um, 

this software equipment is on site, it had it lead time of three months and now it 

arrives on site and it requires the extraction and I say no! Engineer, you should have 

designed! No! Supplier you should have, you know, Mr contractor I am not interested 

you need to finish within your program. Can you imagine? It would make everyone 

uncomfortable number one, the work will not be professional and number two; and 

then also the end user will sit with a piece of equipment that does not work optimally. 

you need to adapt, you need to respond to the environment all the time [Interviewee 

LPM10].  

Another risk response technique that was used during the execution of the projects was the 

risk reduction technique.  



267 | P a g e  

 

6.3.5.2 Risk reduction 

During the risk reduction meeting the project management team discuss and identify 

measures for risk mitigation. As shown in Table 6.24, the empirical evidence illustrates that 

the risk mitigation technique and methods were primarily applied to address the risks in a 

form of replanning the project; changing the scope and boundaries of the projects; modifying 

project priorities; changing resources allocation; and adjusting delivery schedules.   

Table 6.24: Evidence on the application of risk mitigation measures  

Code Coded segments 

RISK 

RESPONSE\Risk 

Reduction\Risk 

mitigation 

We find that there's a problem we raise an early warning, we say hey guys, there's not 

gonna be enough time or whatever we do communicate that to them and they take note 

of it and then obviously we will see how we can mitigate it or what's going to be the 

implication 

[TRANSCRIPTS\Interviewee ADE15] 

 
With the geo-technical, it could be there is a rock crop, it could be the whole area is 

clay, it could be a lot of ground water sea-patch. So once you've identified those risks, 

then you can design accordingly to mitigate...So all that speaks to your design aims to 

mitigate those things. 

[TRANSCRIPTS\Interviewee CE7] 

 
So from timeframes and time bars in the NEC contract and what's physically 

happening on site, it's, uh, which has been forced through the system at least by 50% 

we reduce the timeframe, um, in, in also, uh, risk control as a lot of attention to detail 

that needs to go into management to mitigate the risk. 

[TRANSCRIPTS\Interviewee CPM17] 

 
So in terms of that example, when there is a discussion around anything that may 

happen on the project or is currently happening that we may need to mitigate in terms 

of risk… 

[TRANSCRIPTS\Interviewee CC9] 

 
meeting will be held with all the parties and relevant parties from the project. Um, and 

you know, normally with risk management process, you trying to mitigate it; you 

trying to avoid it; you trying to transfer the risk 

[TRANSCRIPTS\Interviewee LPM10] 

 
we're having to use quite large practical units and in few of the spaces, um, and the 

risk is these faculties can be quite noisy. Um, well it's noisy as I can't be quite noisy. 

So I've had to really think about, um, what we're going to do about that noise and how 

are we going to mitigate that. So I can, I can, I can look at that In the design of my 

duck work. You're not going to stop. It's just another risk. 

[TRANSCRIPTS\Interviewee ME6] 

 
So to mitigate that one would rather design it up to a hundred percent and then, uh, got 

out on tender, get the contract, and then you'll have a lot of, uh, lots of smoother 

project or construction. ...during construction, obviously that's the next phase, stage 
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seven to nine, we would then mitigate the risks differently. 

[TRANSCRIPTS\Interviewee PL13] 

 The Storm water pipeline has been realigned between junction box JB2.2 and JB4 as 

indicated on drawings NBP0013CESW301 and NBP0013CESW302003 in order to 

mitigate clashes with ground beams and   

piles. 

[EARLY WARNING NOTIFICATIONS\Case C] 

 As a risk mitigation measure, an additional sub-contractor was appointed to speed up 

the fitting of windows and shopfront in the building. 

[FIELDWORK MEMOS\Case B\Case B Fieldnote]  

 BM confirmed that Works Information was issued to the Contractor for a storm water 

overflow system to be constructed as indicated on drawing NBP008CESI207 and 

NBO008CESWA303 in order to mitigate the risk of floading the lower ground floor.  

 

[PROJECT PROGRESS MINUTES\Minutes Case A 13 November 2018] 

 UG - Data points not installed!  Contractor to issue a mitigation plan for not installing 

sleeves in screed 

[QUALITY REPORTS\ Case B Electrical] 

 

Source: (Author, 2022) 

In all the Cases, Though the risk mitigation methods and techniques were applied in order to 

enhance the chances of completing the projects on time, some of the applied mitigation 

methods have necessitated additional cost in the projects. In such instance, the risk escalation 

technique had become inevitable in the process of dealing with the risks.  

6.3.5.3 Risks escalation  

There was a common view amongst the interviewees, particular the contractor segment of the 

respondents that the risk escalation method of risk response is performed through the raising 

of the Early Warning notification. The empirical evidence shows that escalations of risks 

method was most applicable in situations where the potential risks, such as the risk of design 

changes, may affect the time and schedule of the project as illustrated by several interviewees 

in the below excerpts:     

… if there's something else that's not um, applicable to a design but the contractor 

becomes aware of it, he will arise an early warning, a change in most information or 

any other circumstance that the contractor knows will have an effect he will raise it. 

So, uh, then the contractor will assess if this event that happened here [Interviewee 

CC8].  

So if you see the risk, and then as I sent out the early warnings, I'll say, okay, what's 

going to happen because maybe we hit the rock, that's going to cost us a week. In this 

respect, and that and that, so you sort of on the early warning you can assess your risk 

[Interviewee PM2].  
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we find that there's a problem we raise an early warning, we say hey guys, there's not 

gonna be enough time or whatever we do communicate that to them and they take 

note of it and then obviously we will see how we can mitigate it or what's going to be 

the implication [Interviewee ADE15].  

Other interviewees when explaining the application of the risk response measures indicated 

that the escalation of risk is a collaborative responsibility among the parties involved in the 

project delivery:   

because it's a collaborative contract, if any of the team members, they become aware 

of a risk, they could notify the project manager through an early warning. It doesn't 

have to be the contractor only, it doesn't have to be the PM only. It can be any 

member of the project team, yes, its a collaborative [Interviewee LPM10].  

Once you see a risk immediately do an early warning, you start picking up phones 

you don't wait, um, you start coordinating saying there's problems. You raise your 

documentation, um, you push it through, uh, um, try and at the university for 

instance, give a quote for the compensation rate prior to the, uh, representative client 

representative giving you instruction [Interviewee CPM17]. 

 

From the emperical data it also emerged that the risk escalation method is a continoual risk 

response measure as the parties in the projects constantly detect the variences between the 

project plan and the actaul execution thereof:   

managing it and looking at it on a continual basis, updating it. Is it still realistic? Has 

something else cropped out? If there's something that's cropped up, bring it to the 

program timorously so that you can make plan for it and manage it [Interviewee 

DA26].   

every time there's an issue we send to what they call an early warning. So we've seen 

an early warning and early warning is just a red flag. We just read, raise it from you. 

Say, yeah, we see there's going to be a problem, we're going to hit rock or we're going 

to do say so that's just a warning and it goes onto the risk register [Interviewee 

CMD14]. 

So what we usually do is you send an RIF list out and then if they don't respond, you 

send an early warning and you follow the whole procedure [Interviewee PM2].  

If we now turn to the monitoring and control measures of the risks during the construction 

project, several methods and techniques have emerged from the content analysis of the 

empirical data.  

6.3.6 Risks Monitoring and Control Methods and Techniques 

The empirical data analysis has unveiled a number of techniques and methods used for 

monitoring and controlling the risks in the projects. In the first cycle coding the study unveil 

the following methods and techniques: revision of the construction programme; project 

documents upgrading; risk register upgrading; target progress vs actual progress; project time 

recovery plan updating; technical performance analysis; identification of risk variances; 
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quality reports; defects monitoring; period project progress review; and progress meetings 

(Figure 6.23).  

Figure 6.22: Coding of risk monitoring and control methods 

 
Source: (Author, 2022) 

A closer inspection of the empirical data captured in the figure shows that the use of the 

target progress vs the actual progress method was prominent in the monitoring of risks in all 

the cases. It is important to note that the target progress vs the actual progress method was 

presented in the periodic project progress meeting in monitoring the performances of the 

project in terms of deliverables and schedule.    

6.3.6.1 Project progress meetings 

The empirical evidence presented in the Table 6.25 below illustrates the discourse on how the 

routing project review meetings and periodic project review meetings are used as methods of 

risk monitoring and controlling during the delivery of the projects. A common view that was 

shared by the interviewees is that the periodic project review meetings were important for 

assessing the effectiveness of the applied risk response measures, primarily in relation to risk 

factors which may have been identified to be affecting the project progress and the intended 

quality of the projects.   
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Table 6.25: Evidence on periodic project progress review 

Code Coded segments 

RISK CONTROL AND 

MONITORING\Project 

Progress Meetings\Periodic 

project progress review\Routine 

project review meetings 

I think you went there in the progress meeting, some of the things you 

may have picked them up. Um, so yeah, that, that then did have 

challenges in terms of overall construction management. Um, but the 

not the physical construction, the coordination of the various teams 

that were there on the site doing the installations. 

[Transcripts\Interviewee LPM10] 

 
I think we do have especially at the beginning, we do risk assessments 

on a continuous basis, it's not something we plan ahead and we know 

a certain risks are coming so we plan for those.  

[Transcripts\Interviewee SDA46] 

 To ensure the completion of the project within the revised schedule, 

the arrangement was that the weekly meetings to be held will assist to 

expedite the contractor’s performance on the construction site. 

[Fieldwork Memos\Case B\Case B Fieldnote]  

 It was emphasis that the engineer must issue quality certificate as a 

mechanism to certification and acceptance of various works 

throughout the phases of the project life cycle. 

[Fieldwork Memos\Client Brief Meeting]  

 All Consultants to issue quality reports to the Contractor (accepting/ 

not accepting the quality) for all the bi-weekly site visits, particular if 

there were works done which affect their discipline of work.  

[Project Progress Minutes\Minutes Case A\Case A 17 May 2018] 

...from the contractor side. Um, we did give the contractor a lot of 

support and even when pick this up we increase our level of support; 

instituted weekly meetings you will recall that process. 

[Transcripts\Interviewee LPM10] 

 TM reiterated on the importance of the bi-week and monthly 

progress/quality reports by the Design Consultants as a method of 

confirming certification of the quality of work carried out by the 

Contractors on an ongoing basis.  

[Project Progress Minutes\Minutes Case A\Case A 13 November 

2018] 

 The Progress meeting was preceded by the Professional Team Site 

Visit lead by the Contractor to ascertain works progress and quality 

achieved to date.  

[Project Progress Minutes\Minutes Case C\Case C 14 November 

2018] 
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In Case A and Case C as noted in the bottom last columns of the Table respectively, the bi-

week project progress meetings are the essential methods for risk monitoring in the projects 

because that is where the entire work performances and risks thereof are reviewed, and new 

risks identified.    

6.3.6.2 Work performance information 

Form the observation it emerged that work performance information analysis in terms of the 

project information on technical performance were used to monitor how the project risk 

management was performing regarding risks such as discrepancies between the drawings of 

the various design disciplines. The example of work performance information used in the 

projects include the quality reports and completion certificates for the respective construction 

works and services. A variety of experiences by the interviewees were shared to narrate the 

discourse on how the work performance analysis method was applied in relation to risk 

monitoring and control during project construction. The following passages illustrate how the 

Performance information analysis technique to detect the corrective action is required:  

So that's what I've picked up. A lot of concrete quality issues for one of the buildings 

where there was unbecoming and, and columns were not constructed correctly in 

terms of concrete quality and I have to correct it. And that was quite a tedious time 

related issue and that it relates to financial costs. [Interviewee SE6].  

Risk event is Concrete was supplied from Supplier (21st February 2018 to 27th 

February 2018) and when set, The Contractor’s Senior Foremen identified possible 

weak and affected areas of concrete. The Contractor informed the supplier 

immediately. And a full investigation was scheduled. The Cause [Possible] Cause of 

problem was that there was an identifiable contamination of one of cement silos with 

fly ash [Early Warning Notifications\Case C].  

The empirical evidence also shows that through the performance information analysis 

technique, the risk of discrepancies in drawings was also determined:  

The contractor should have a inspection register, make sure that he logs all the 

inspections he wants us to carry out and then when it come to areas of inspections we 

have got a checklist that we accomplish to make sure everything is constructed 

according to the drawings [Interviewee CE7].  

Structurally reinforcing the remaining beam by “Install[ing] a 230x230 column on the 

beam below to pick up the beam that has been cut. Dowel[ing] 4Y12 into the beam 

below and 4Y12 into the beam above. Pour[ing] concrete as high up as practically 

possible and then install[ing] non-shrink grout up to the soffit of the beam [Early 

Warning Notifications\Case C\021-EW-STR]. 

That's a daily thing that you need to, you need to monitor that on a daily basis. So 

we're able to devise work, like say for instance, the guys are installing these lights, so 

before they install they need to mark because mark, mark all the positions then they 

call me and I come and check to ensure that the markings are right and I get the guys 

to cut the lights. And once I took that, we started doing the lighting electrical wiring 
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and then again I'd come in and see lesson, everything done according to what we need 

to do. Then they can start fitting the lights [Interviewee ET17]. 

During construction is that you find that the installation has been done but, you find 

that the routing and cables does not function optimally…we have to go back and 

check [Transcripts\Interviewee ICTPM3].  

The constructor was requested to also advise the client on the functionality of the 

equipment and facilities in the building, not just relying and applying as indicated in 

the drawings of the architecture. This was in reference to the additional requirements 

and change of space by the end-user [Fieldwork Memos\Case B\Case B Fieldnote].  

Work performance information for controlling the quality of works by certifying the technical 

works and services:  

As I mentioned the time and the cost, quality obviously we've got all the consultants 

here. They need to sign off their specific work whether it's architectural, structural, 

mechanical, HVAC, Data. All the consultants need to issue you works completion 

certificate and with that works completion certificate [Interviewee SM7].  

The Laboratory Consultant to prepare a Technical Evaluation Report based on the 

quotes received from various suppliers for Laboratory Equipment [Project Progress 

Minutes\Minutes Case B\Case B 30 May 2018].  

Pipework to be pressure tested [Quality Reports\Case A Mechanical].  

The other important method and technique that was used for risk monitoring and control in 

the project is the revision and reviews on the construction planning documents.   

6.3.6.3 Revisions of construction planning documents 

Several revisions on the project management plan were made as a method to control and 

monitor the risks which impaired on the project schedule and budget. The review and 

updating of completion dates had affected various components of the project management 

plan. The empirical evidence shows that the revisions on the project management plan were 

mainly as a result of the design and technical risk as well as the public and political risks: 

The Architect to issue the Project Manager with the revised Stage 5 Design 

Development for Client for sign-off following omission of the ICT Data Centre and 

Security Control Room [Project Progress Minutes\Case B16 May 2018].  

Revision 12b – Including the Civil Contractor unrest (as per CE 501) Revised 

Northern Road dates, new completion date for the Blocks (A-E) is 5th June 2019, the 

landscaping completion date is 11th July 2019 and the Northern Road completion date 

is the 8th July 2019 [Project Progress Minutes\Minutes Case C\Case C 28 May 2019].  

In the progress meeting of Case A and Case B respectively, it was noted that delays in the 

provision of drawings information was the reason for the revisions made on construction 

planning documents: 

Rev 5A (Road Construction), Rev 5B (Late information 1st floor slab), Rev 5C Bulk 

excavation delay and Rev 6 Strike Action 14th of August will be provided at the next 
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meeting. Please note that the will be a P&G cost implication from the 15th of January 

2019 onwards [Project Progress Minutes\Minutes Case A\Case A 4 February 2019]. 

Revision 9a: Including new scope of work foe landscape Phase 2 submitted. New 

completion date 15 April 2019 (if all necessary information is received) [Project 

Progress Minutes\Minutes Case A\4 February 2019]. 

So literally every change that we have approved, we could have 600 compensation 

events and they could all have um, cost applications, some of them not, some of them 

will have a time implication, some will not have. But all of those, they fall within the 

approved construction program and that construction program in terms of the client 

template, it's only 10 to15 activities [Interviewee LPM10].  

The construction programme was revised as a result of the delays in the delivery of 

the project, with a new completion date of 28 October 2019. The design team has 

confirmed the new completion date [Fieldwork Memos\Case B Fieldnote].  

It has also emerged from the empirical evidence that the protests by the University students 

have also led to the revisions of the construction management plan as observed in Case B: 

Project progress was not in line with the site construction programme. The amended 

completion date of the project was set to be the 1st July 2019 as a result of the 

disruptions from student’s protest which had occurred at the institution [Fieldwork 

Memos\Case B].  

It was confirmed that the status of work progress on the last day of the project 

completion should be in line with the revised construction programme schedule. 

There was a risk that the completion day of the project will not going to be within the 

revised construction programme [Fieldwork Memos\Case B].  

Overall, the results in the above section indicate different risk management methods and 

techniques have been applied to address the known and unknown risks which have emerged 

during the project execution. In relation to the research question which aimed at 

understanding the risk management methods used in the delivery of the construction projects, 

it has emerged that the risk management performance in the construction projects is 

conducted through iterative methods and techniques. The following section of this chapter 

presents the influences of the risk factors on the project objectives in terms of time, cost, 

quality and environmental sustainability.  

 

6.4 PROJECT MANAGEMENT OBJECTIVES FOR MEASURING PROJECT 

PERFORMANCE 

The third objective of the study sought to examine how the risk factors identified in the first 

section of this chapter influence the performance objectives in the construction projects in 

terms of costs, time, quality as well as environmental sustainability. Accordingly, the first 

theme presented in this section is on the implications on project cost objective.  
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6.4.1 Implications on Project Cost Objective 

In all Cases, evidence on the implications of the risk factors on the project cost performance 

were more widespread in the empirical data of the study. In the first level coding of the 

empirical evidence, it emerged that additional costs on the projects were incurred; 

contingency cost was depleted; labour costs increased; claims on standing time increased; 

provisional sums were added with extra funds; target price was exceeded; and eventually the 

total of the projects increased (Figure 6.24).   

Figure 6.23: Coding of risks implications on project cost objective 

 
Source: (Author, 2022) 

6.4.1.1 Increments in total price of the project 

A common discourse emerged from the empirical data regarding the exceeding of the target 

price as a result of the risks associated with the changes in the initial designs and scope 

thereof in all the Cases. Several interviewees in different Cases have alluded to the discourse 

of increments in the initial target price because of various risk factors which include labour 

related and design changes risks:  

…but the chances of kind of under that price is very scaled. We as you always 

exceeding the target price due to changes in the design changes in, like labor 

increases and so [Interviewee CC10].  

we prepared the estimate on which the budget was based on...at that stage with the 

information that we have the impact on the project cost was big. We had a big impact 

on the costs because of the cost at estimate stage wasn't within the whole pack of the 

client's intended budget… …we have to advise the consultants they need to bring 

design and bring the project back in line with that...but once the target price was 

agreed we've got a lesser impact in terms of cost [Interviewee CC9]. 
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And then there was one that was a little bit over the target price. So is it quite safe 

contract for the employer knows that the target that the contact is say is based on a 

designed building and, it should be more or less accurate [Interviewee CC8].  

While most of the interviewees provided generic examples in the illustration of the discourse 

of increases in total price of the project:  

…so I'm going to give something broadly, just a broad overall example that the 

contactor highlighted that when he went to site, the information that we had given 

him to price has changed quite a lot from the time we price to the time he went to 

construction. 

[Interviewee LPM10]. 

But in most cases, it normally just takes our budget high every time. In fact, I can say 

with my experience since I got here in this university, there's not even a single 

building that we competed less than the targeted price or estimated cost. We Always 

went above [Interviewee QS6a].  

One interviewee provided a very specific example in relation to the experiences on cost 

increase in Case A as stated in the following excerpt of empirical evidence:  

On this project the contract value was 43 million, we gonna go about 9 million over 

the target price. So if you take that percentage wise, that's a big, that's a big 

percentage of the actual target price [Interviewee SM7].  

 

Another important finding in relation to the implications of the risks of the risks on the 

project cost performance, the analytical category of project cost overrun has emerged 

throughout the various sources of data in the interpretive repertories of the study.  

6.4.1.2 Project cost overrun  

In a vertical interpretative approach, it emerged that the contingency allowance of the 

projects seems to have depleted, and additional costs to have been incurred as an implication 

of the risks associated with design changes as well as the protests actions during the delivery 

of the construction projects:   

We do have a contingency allowance, that is to the client's disposal, but normally the 

contingency isn't sufficient. Uh, because of scope changes and design changes that 

have happened through the project life [Interviewee CC10].  

 

Two divergent views emerged in explaining the proportion of the contingency allocation in 

the projects. One interviewee indicated that:  

These buildings are different because we have significant protest actions. So there is a 

lot of standing time claims that comes in and the contingency hasn't been enough, we 

have actually also already finished it. So the contingency we allow for 10% percent of 

the construction [Interviewee CC8]. 

While another interviewee in relation to the contingency allocation believed that:  
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The design team doesn't take into consideration that there is only 5% contingency 

then, and what they do they just carry on with designs that are unmanaged throughout 

the project. Then normally the contingency isn't sufficient [Interviewee CC10]. 

Overall, the common view among the interviewees was that the risks in terms of the frequent 

changes may have contributed to the cost overruns in the projects as illustrated hereunder:  

If there were unplanned changes, then when there are changes there are additional 

costs, so we are affected by that way because the whole budget changes [Interviewee 

ICTPM3].  

I mentioned that sometimes, um, the actual construction costs will be higher than 

those provisional sums, um, which obviously means the project cost goes up... well 

there's sometimes it goes down, but in my experience on these projects, that cost has 

gone up. 

[Interviewee ME6].  

But in most cases it normally just takes our budget high every time. In fact, I can say 

with my experience since I got here in this university, there's not even a single 

building that we competed less than the targeted price or estimated cost. We Always 

went above [Interviewee QS6a]. 

One interviewee illustrates the cost overrun because of the geotechnical risk factors encounter 

on sites during the construction phase. It was indicated that more expensive construction 

methods had to be considered to counter the unfavorable conditions on site:  

it's an additional cost that wasn't officially there. Then is also where we had to put in 

storm water and pipes but there was rock, we had to blast, breaking it that using 

jackhammer... it's at a cost because usually you price for just using a TLB 

[Interviewee CE7]. 

  

In relation to the question on how the risk factors influence the project performance in terms 

of time, there were more widespread evidence that have emerged from the horizontal 

analytical procedure.  

6.4.2 Implications on Project Time Objectives 

With references to the implications of the risks on the project time objective, the results of 

this study unveiled a wide range of empirical evidence which point to the influences the risk 

factors had on the projects performances in terms of schedules. As illustrated in the below 

figure, through the first code analytic procedure the following implications have emerged: 

delay in completion dates; delays in project time; delays in the provision of drawing 

information; revised completion dates; extension of project duration; longer construction 

time; running behind time; working overtime; work stoppages; losing working days; and 

more standing time (Figure 6.25).     
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Figure 6.24: Coding of risks implications on project time objective 

 
Source: (Author, 2022) 

When moving to the second level analytic coding in terms of axial and pattern coding, 

three analytical categories which include project schedule delays; extension of project 

completion time; and frequent disturbances and standing time have emerged.   

6.4.2.1 Project schedule delays 

Concerns were expressed about the impact associated with the risk of delaying in the 

processing of design information and delaying in responding to clarity seeking inquiries 

during the project construction. One interviewee expressed concern on the late provision of 

drawing in relation to the wet services design as illustrated below: 

Even wet services, the pumps, geezers, in this building, we have still haven't got the 

finality of the wet services design; heat pumps and geezers. So then we go ahead and 

we, you know, we submit drawings to the manufacturers and then we have to 

coordinate that the whole time [Interviewee EE20]. 

In Case C, another interviewee has illustrated how the risk of delayed construction 

information had influence the scheduling of the project activities:  

Landscaping usually comes at the end, and generally those services on the top, so like 

now we asking for them to say, listen, tell us about landscaping because we need to 

put sleeves in for irrigation and all of those types of things. Again, they've lefted very 

late, we all known that we need to do landscaping. to this day on building 13, we've 

just been told now that I've just put in a program last week to say, okay, they want us 

to do the landscaping, but now then we need to extend the project by another six 

weeks to finish that. Whereas if we'd known about it and they appointed it 

beforehand, we could have finished it in the same time [Interviewee CMD14].  
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In Case A, another interviewee and project documents have also alluded to the notion 

regarding the influences of the delays in provision of information on project schedule delays:  

Things that you can encounter it's um, for example, if there's a consultant you've been 

requesting for something for more than four months and still be waiting to construct 

something and the other contractors they want to move on with their work and they 

can't because of that particular person... an example can be flow of information 

[Interviewee QS6b]. 

Risk event is we await final scope on the internal stacking doors, which to be omitted 

and which to remain.  We await updated floor finish layouts in order to proceed with 

the procurement of tiles and thus we are also unable to submit the costing for CE-015 

and CE-017. We await final details on the joinery design (kitchen and bathrooms, bar 

counter) [Early Warning Notifications\Case A]. 

In Case B, another interviewee has illustrated how the risk of lack of information for one 

discipline could implicate schedule delays in other disciplines:   

…some disciplines will delay other disciplines. For example, I need a certain 

information to complete a design. It could be for a slaps for example. It could be 

lecher slap uh, for lecher slap, we require lifting hook. So once you don't know the 

material, you're going to use, the equipment you're going to put in. And also for roof 

slap, if we have equipment on top, we don't know the sizes. We need to plinths those, 

those are all external load on the building and then, uh, we need that information to 

complete our design [Interviewee SE5]. 

Coupled with the project schedule delays caused by the design and technical risk, the 

empirical evidence also shows how political and public risks have implicated on the project 

schedule in terms of having frequent disruptions and standing time during project execution.  

6.4.2.2 Disruptions and standing time 

In all the Cases, a common view from the interviewees and project documents thereof was 

that the construction projects have experience several work stoppages and more standing time 

as a result of public and political risks such as University students protests and labour unrests 

on sites.  The table (Table 6.26) below illustrate how the political and public risks have 

impacted on the project performance in terms of project schedule.  

Table 6.26: Evidence on disruptions and standing time during construction 

Code Coded segments 

PROJECT TIME 

OBJECTIVES\Disru

ptions and Standing 

Time\More standing 

time 

…downtime because of, of, of protesting actions from communities, from labor 

teams, from, from uh, construction mafia business forums and then late issue of 

information. 

[TRANSCRIPTS\Interviewee CPM17] 

 
I'll just say is the students strikes to happen on all Yas. Yeah. That creates big 

time standing 
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[TRANSCRIPTS\Interviewee CC10] 

 
in terms of the financials, the same, the, uh, because of the, all the changes on 

the projects had a lot of additional compensation events and the, uh, the unrest, 

you know the unrest on site led to a lot of additional costs in terms of standing 

time. ...The biggest standing time was due to the unrest. 

[TRANSCRIPTS\Interviewee PL13] 

 
We also quantify, um, downtime, some of these actions would result in 30 days 

downtime of the entire building contract, which then has to be mitigated in 

terms of program, so you quantify those things into today's costs. 

[TRANSCRIPTS\Interviewee SDA46] 

 

 
Just that in this environment, has got this political issues and stuff like that 

normally just leading to us work stoppages and stuff like that 

[TRANSCRIPTS\Interviewee QS6a] 

 
…we had very little, um, delays from the contractor's side it's community 

strikes. That's the cause of the bulk of the delay 

[TRANSCRIPTS\Interviewee PL13] 

Source: (Author, 2022) 

The photographic images below show the instances and situation during the standing time 

which occurred as a result of the public and political risk factors in Case A (Figure 6.26) and 

Case B (Figure 6.27) respectively. Form the image below, it could be seen that construction 

material and plants were being deserted on site during protest action at the University.  

Figure 6.25: Graphic image of evidence on standing time 

 
[Photographic Images\Case A _ 13/09/18] Source: (Author, 2022) 
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The same situation is evident in figure 6.26 where construction plants and equipment such as 

cranes were left without operating because of the standing time caused by the political 

disruptions which happened at the sites of the various construction projects.  

Figure 6.26: Graphic image of evidence on standing time 

 
[Photographic Images\Case C _ 12/09/18] Source: (Author, 2022) 

One of the interviewees has provided a practical example to illustrate and narrate the 

tremendous implications and effects thereof of the protest action risks on the project schedule 

performance in the context of work stoppages and standing time:   

Last year in 2018 we had 52 working days that we lost...That's two months. almost 

two months of work that we didn't work and that's just the actual days when we didn't 

work. I remember it's like a machine, once it stops, you got to get the wheel starting 

up. So when they come in, just because they're stopped today, now tomorrow will be 

Friday and it's a strike on a Thursday now its Friday the guys them three hours to 

clean up everything that they left when they ran out on site, all of those type of stuff. 

That doesn't take into account the actual work. One of the time the guys were 

clustering while there were plastering chain, the guys would run through, and they 

would run away and therefore the next day we have to come back down and chip-off 

all that plaster. They were buckets of concrete that were left... [Interviewee 

CMD14]. 

Another important empirical finding regarding the implications of the risks on the project 

performance in terms of schedule was the extension of the completion times of the respective 

projects.  

6.4.2.3 Project completion time extended 

From the empirical evidence it emerged that the various and complex form of risks in the 

projects have inevitable resulted to the extension of the duration of the project and the 

revisions on completion dates of the projects. The risks associated with the requests for scope 
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changes during the project execution phase have been seen to be the prominent discourse 

throughout the vertical and horizontal analysis procedures in all the Cases as illustrated 

hereunder:  

…if there's any changes from the client side or operational requirement for instance, 

either from our side as the project team or from the client's like operationally this is 

not going to work or the buildings or the infrastructure is not going to perform to it's 

intended use. Um, we obviously if we decide to make that particular change, there 

will be a time implication, remember it was never part of scope. if it is a huge time 

implication… [Interviewee LPM10]. 

Electrical Engineers issued extremely late Electrical Drawings that was, and is 
always, needed several days before the Contractor plan to cast any and all slabs. 

Leading to a cost and time implication [Early Warning Notifications\Case C]. 

The was a concern that the consultant should agree with the contractor before issuing 

the Works Information. The project was behind schedule as a result of the late issuing 

of the WI at the very late stage of the project [Fieldwork Memo \Case B]. 

Like on building 13 and if I can be specific, what they've added to the scope a month 

ago is all the landscaping and road North of the building that now has fallen into the 

scope of the contractor's work. So that will be an additional cost and it will have a 

two-month fixed on the program [Interviewee CC8]. 

There's always a time implication, it could be ranging from a week to six 

months...week to a month [Interviewee PM2]. 

Regarding the extensions on the completion dates on the project schedule, one interviewee 

felt that there is lack of consistent commitment towards the respect of time schedule among 

the teams of construction professionals:    

We need to respect time that if they say the project should be completed by this time. 

Like this one for instance, it was supposed to be completed but it’s still not 

completed. It will be completed in October, but it was scheduled to be completed in 

July [Interviewee ICTPM3]. 

It also emerged that the risks associated with the request for design changes eventually 

caused the contractors to work under severe pressure. This observation was echoed by one of 

the interviewees:  

…but you're supply more pressure to the main contractor because we asking them to 

do more um, and invariably that leads to extension of time claims and that kind of 

stuff [Interviewee ME6]. 

The deductive analytical processes of the study also uncover that the risk factors experienced 

in the projects have also caused the need for some amendments and revisions in the 

construction management plan in terms of the construction programme.  As shown in Table 

6.27, some of the revisions made on the construction programme were also confirmed during 

the project progress meetings.  
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Table 6.27: Evidence on revised projects’ completion dates 

Code Coded segments 

PROJECT TIME 

OBJECTIVES\Project 

Completion Time\Revised 

completion date 

Revision 9a: Including new scope of work for the landscaping Phase 2 

submitted. New completion date 15 April 2019 (if all necessary 

information is received) 

[PROJECT PROGRESS MINUTES \Case A 4 February 2019] 

 

Revision 8: CE… Strike Action 29 November 2018 – New Completion 

date 21 Feb 2019 

[PROJECT PROGRESS MINUTES \Case A 4 February 2019] 

 

Revision 4a – Additional compensation events relating to excavations 

and ground works in foundations and further protest action in March- 

Completion date 28 Feb 2019 

[PROJECT PROGRESS MINUTES \Case C 28 May 2019] 

 

 

Updated Construction Programme Rev 6 introduced on previous 

meeting, Rev 6 with completion date on the 15th of February deemed to 

be accepted.  

[PROJECT PROGRESS MINUTES \Case A 4 February 2019] 

 

Rev 5a (Road Construction), Rev5b (Late information 1st floor slab), 

Rev 5c Bulk excavation delay and Rev 6 Strive Action 14th August will 

be provided at next meeting. Please note that there will be a P&G cost 

implication from the 15th of January 2019 onwards  

[PROJECT PROGRESS MINUTES \Case A 4 February 2019] 

 

Revision 3 – Protest action in January (26 to 6 Feb) – new completion 

date 11 Feb 

[PROJECT PROGRESS MINUTES \Case C 28 May 2019] 

 

 The construction programme was revised as a result of the delays in the 

delivery of the project, with a new completion date of 28 October 2019. 

The design team has confirmed the new completion date  

[Fieldwork Memos\Case B] 

 

Source: (Author, 2022) 

The risks emanating from the technical and political factor were seen to have caused 

detrimental implications on the project performance in terms of the project schedule. Turning 

now to the empirical evidence on the question of how the risk factors implicates the project 

quality objective.     

6.4.3 Implications on Project Quality Objective  

Regarding the question on implications on the project quality objective, the deductive 

analytical approach in the first level coding procedure has uncover the following 

implications: Inappropriate construction methods; incorrect installation of equipment; 
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unsupported installations of equipment; rework on installations of services; incorrect 

installation of services; demolishing of construction works; use of damaged equipment; 

inconsistent quality inspection; defect lists; working under pressure; clashing of services; 

knock-on-effects of changes; and non-sequencing of project activities (Figure 6.28).  

Figure 6.27: Coding of risks implications on project quality objective 

 
Source: (Author, 2022) 

When advancing with the content analysis procedure in terms of axial coding, the 

implications on quality performances of the projects were categorized in the following 

dimensions: Deviations from standards and specifications; impaired the performance of the 

works; reworks and wastages; poor workmanship; and defective coordination of activities. 

The empirical evidence suggests that risk factors such as the unavailability of technical skills 

in the local area; discrepancies between design information; poor supply of construction 

material; frequent request for scope changes; tight construction schedule may have impacted 

on the quality performance of the projects.    

6.4.3.1 Deviations from construction standards and specifications 

The grounded approach in the vertical and horizontal analysis procedures have uncovered the 

use of inappropriate construction methods and incorrect installation of equipment as another 

implication on quality project performance during the construction phase. In this regard, 

concerns were expressed about the deviations from construction standards and specifications 

as demonstrated by two interviewees in Case A and Case C respectively:  
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it's part of my responsibility to oversee the site, to see if the contract is doing the 

work according to the program or, the way we have specified it. I can give you an 

example of the propping of the slabs. So normally what happened is we find at some 

site, they don't have enough propels. I don't know the reason why, maybe it's 

expensive, I don't know the reason behind that. But then, it takes days for the slab to 

curve. And then it's, it's not culvert, It's cannot support itself. we do need props. So 

from our, uh, general notes, when you start first floor you need 100% of your props to 

support the slap when it hasn't reach its strength [Interviewee SE5].  

…the main issue will be that we'll be on the construction itself of the building. Some 

you will find that to bridge the standard, like in for an example, if they have to use 

conduit on the ceiling void. they only run a cable instead of putting those conduits... 

it's a risk to us because if we are not around, they will simply breaching all those and 

do as they pleases because they believe you won't be able to see them [Interviewee 

EE6].  

Several quality reports from the various design disciplines have also confirmed these 

implications on the project quality performance in association with some of the risk factors 

such as the risk of delays in the provision of information, working without drawings, 

inaccurate interpretation of drawings and the modifications of design specifications. In case B 

and Case C respectively, the deviations from construction standards and specifications were 

noted to be a prominent phenomenon as far as the project quality performance is concern as 

illustrated in the following excerpts from the projects’ documents:  

There may be issues positioning diffusers on the lower ground floor due to hideaway 

or duct being installed incorrectly. Contractor to investigate and advise of solution 

[Quality Reports \Case C Mechanical Works].  

 

Containment Routes around fan coil units not installed as per co-ordination drawings 

and will compromise diffuser positions and flex routes to diffusers. This need to be 

addressed [Quality Report \Case B Mechanical Works].  
 

Rejected- Constructed pipe not sufficient to detain subsoil water [Quality Report 

\Case B Civil Works]. 

 

Rejected - sleeves installed in footing thereby compromising strength [Quality Report 

\Case B Civil Works]. 

 

Data points on the inside of the auditoriums must be reticulated with conduits in the 

ceiling void [Quality Report \Case B Electrical Works].  

 

no circuit will be accepted with two difference colors code for the return wires, we 

have noticed at front side downlighters [Quality Report \Case B Electrical Works].  

 

There were numerous issues identified on site where the steel was not fixed correctly 

[Quality Report \Case B Structural Works]. 

 

With regard to the wet services installation, a dissecting table in the laboratory 

facilities was not appropriately positioned to allow for the washing and flushing of 

the wastewater into the main drainage system of the building [Fieldwork 

Memos\Case B].  
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The evidence shows that the quality concerns were common as they were noticeable in 

various services of the projects which include civil, mechanical, structural, electrical, and wet 

services. Consequently, any inconsistence and inappropriate installation in one service would 

inevitably affect the coordination and sequencing of the other services.  

6.4.3.2 Defective coordination of construction activities 

From the empirical data analysis, a common concern has emerged pertaining to no 

sequencing and overlaying in construction activities as well as the clashing of services 

thereof during the delivery of the projects. In all the Cases, interviewees have illustrated the 

discourse on project quality performance in relation to the sequencing and overlaying of 

various construction works:  

The sequencing of activities during construction it has been quite challenging. One 

discipline will be done with his work, and the next thing another discipline will come 

to want to do reworks which affect the other construction works which have been 

completed… [Interviewee DA43].  

our biggest risk is that, you know, sometimes we pull in our cables still in 

construction and then the guys who grind through the floor and will grind off our 

cables. Yeah, because our conduits are running under the cement, and they are 

chasing a new thing and now are chasing right through. …we had a situation where 

the projector ended up directly on the HVAC works [Interviewee ADE15].  

a lot of the overlaying of services became problems when you run services. for 

instance, the HVAC services in the ceilings, and when you get the ceiling and you 

tried to fit the light, you realize, but the light doesn't go into the ceiling because 

there's no space because of the duck (HVAC equipment) [Interviewee CPM17]. 

Another interviewee in Case A has used a specific example to illustrate the quality 

implications on the overlaying and alignment of services during construction:   

…we only had a risk on the quality not of cost, there was no cost implications. It was 

obviously just the uh, the quality of what it would look like with the HVAC and stuff 

where we would have put the projector because that could affect the quality of 

works.... Because if we just make changes and we maybe used the arch bracket or 

something... our quality would have look terrible, you know, because now we've got 

this funny part bending, it would work, it will be practical, but it won't look as nice. It 

will be acceptable but not the way we want, not the way I really wanted… 

[Interviewee ADE15]. 

The quality implications in terms of the overlaying and clashing of services during the 

construction of the projects was also noted and observed in the project documents and during 

site visit fieldwork as shown in the following excerpts of empirical evidence:  

Brickwork might need to be demolished (if instructed) and the Brickwork might 

change to suite the radius indicated on the drawing (ARC). There is a conflict when 

the brickwork hits the Concrete beam above, as the beam is not curved [Early 

Warning Notifications\Case C]. 
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There was a clashing of the installed services between the mechanical and the 

electrical works. As a result, the HVAC services have overlapped to the position of 

the electrical work, which resulted in a situation where a light was not installed in the 

cycling [Fieldwork Memo\Case B]. 

Pressure differential equipment blocking access to wet shaft. Please raise up so access 

can be achieved underneath [Quality Report A\Case A]. 

Ceiling constructed before fume hood ductwork installed [Quality Report\Case B 

Mechanical Works]. 

 

It was noted with concern that some of the updates on drawings and specification could have 

an adverse quality implication on the performance of the other disciplines as illustrated in the 

instance of a structural work in following observations:   

The contractor having to Core Drill 3 x 160mm Dia penetrations on roof slab Block 

D, at the expense of the Structural Engineer- because of a late drawing issue (As well 

as new details added to the drawing, not previously shown on drawing.) [Early 

Warning Notifications\Case C]. 

The Contractor was warned that they must first consult with the structural engineer 

before drilling any part of the slap and or concrete surface. There was a concern that 

some of the disciplines in the project they penetrate the structural elements of the 

building without consulting with the structural engineer for consensus [Fieldwork 

Memo \Case B]. 

The evidence suggests that the risk of working on incomplete design information may have 

causes some of these quality implications. This notion was also echoed by several 

interviewees who cited the lack of proper project planning and the tight construction 

schedule:  

Time pressure led to uncequencing of activities in the delivery of the project. This 

result to poor quality of work in some instances [Interviewee DA43].  

…if you've got the same amount of time, left with late information, if you try to pick 

up the pace too much, the quality drops. Um, so from a time point those. if you're 

getting late information, trying to finish them original time frame, that quality will 

drop because you're working quicker [Interviewee CPM17]. 

…well look, every delay, I think has a quality issue to it, um, like anything. My gut 

feel is if you fail to plan, you plan to fail, bottom line [Interviewee CMD14]. 

Form this empirical evidence, it appears that the risk of incomplete design information in the 

beginning of the projects may have contributed to these project quality implications in terms 

of conflicting and clashing services during the construction of the projects. Equally, another 

important finding on the project quality performance was the poor workmanship observed in 

the construction works of the projects.  
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6.4.3.3 Poor workmanship  

The empirical analysis also unveils more widespread evidence which points to the 

implications on project quality performance in terms of poor workmanship. The evidence 

shows that defect lists were issued to highlight some quality issues on works delivered by the 

contractor jointly with the subcontractors. The evidence further indicates instances of quality 

concerns in relation to the using of damaged equipment in the installation of the services.   

If, um, if the quality is not up to standard so the architect or the design guys will walk 

through the building and then we'll issue with defects list. So all the things that they 

see that the contractor hasn't done in accordance with what they specified, they would 

issue with defect lists and the contractor needs to um, rectify any defects and that 

defects does not get compensated for [Interviewee CC8].  

…at the end of the project. Most people turn to use the defect list but it's actually not 

the defect list. You get issued the snag list; the snag list are items that is complete but 

they not happy with it. A defect is something that is not working [Interviewee SM7].  

The implications on project quality performances in relation to defects and substandard 

services were also identified in the regular quality reports issued by the members of the 

project design team. As shown in the Table 6.28 below, the quality reports highlight in detail 

every aspect of the project which is unsatisfactory in terms of building standards and clients’ 

expectations.  

Table 6.28: Evidence on defects works in technical services 

Code Coded segments 

PROJECT QUALITY 

OBJECTIVES\Poor 

Workmanship\Defects 

on works 

No wires (fire, suffix etc) will be accepted outside proper containment. 

[Quality Reports C\Case C Electrical Works] 

 

Please install glands where drilling of holes into trunking took place 

 

[Quality Reports C\Case C Electrical Works] 

 

Ensures all P8000 is closed with cover no open trunking will be accepted. 

[Quality Reports C\Case C Electrical Works] 

Ensure that where the insulation is damaged it is either replaced or   

repaired 

[Quality Report A\Case A Mechanical Works] 

 

Canvas Damaged 

[Quality Report A\Case A Mechanical Works] 

 

Duct support Damaged 

[Quality Report A\Case A Mechanical Works] 

 

Comb damaged fins  

[Quality Report A\Case A Mechanical Works] 

 

Repair damaged insulation and cladding. Pipework to be clad to 2m   
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above ground level 

[Quality Report A\Case A Mechanical Works] 

 

Damaged RA blade in office 

[Quality Report A\Case A Mechanical Works] 

Source: (Author, 2022) 

It is certain that poor workmanship in relation to defects and the use of inappropriate material 

for works would cost the contractor in the sense of reworks and material wastages. This view 

was echoed by one interviewee who commented that “…product quality performance, we 

spoken about the defects list. That's got a huge impact on the contractor” [Interviewee 

DA26]. 

6.4.3.4 Reworks and wastages 

Another important finding that emerged in relation to the implications of the risks on project 

quality performance was the occurrences of incorrect installation of elements in the services; 

rework on the installation of services; and in some instances, the demolishing and rebuilding 

of the construction works in the building process. Concerns on the project quality 

performance in terms of construction reworks were expressed by several interviewees as well 

as noted in the projects’ documents as illustrated in the following excerpts of the empirical 

data:  

… because of the tight budgets that these guys function on, um, more and more you 

get the design challenges and overlay challenges and uh, linking of the stuff and, um, 

where workers construct it, and then when you tried to overlay work on site, uh, 

doesn't function which cost you money and time and um, because you have to redo 

the work [Interviewee CPM17].  

Risk event is Additional drilling metres required to achieve the required design 

working shaft lengths. The Cause is Design pile lengths differs from received 

platform levels [Early Warning Notifications\Case A].  

The Subcontractor need to be re-positioned so that they line up with access panels 

positioned in the plasterboard margins. … Penetrations in plantroom wall will need to 

be made bigger to allow for the routing of the ductwork [Quality Report A\Case A 

Mechanical].  

…wet services has always been a problem...plumbing and drainage. you know the 

obvious thing is you've got something in the plumbing and drainage hasn't been 

thought through. Very typical one, wet services is rework, lots of rework [Interviewee 

CMD14]. 

 

While most of the interviewees have attributed these quality performance implications to the 

risk of using divergent and discrete design information, another interviewee felt this was 

because of the risks associated with project team coordination as noted that: 
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Sometimes is that others do not communicate with us…those are the problems we 

encounter. It’s a problem because you have to go back and forth doing the work 

[Interviewee ICTPM3].  

Another interviewee in Case A expressed how frustrating to receive an instruction on rework 

on services which were already installed and fitted. The interviewee refers to such 

occurrences a counterproductive exercise:     

…an example it's on building eight, but I want to give you an example that, upfront 

you say people we gonna to have services, meaning pipes and things getting into the 

building it's gonna to be here, what do you want us to do and we tell them about this 

and then at the end of the project, then all of a sudden everyone wakes up and says, 

okay but we need something here, so now we've got to go dig through all the stuff we 

were already done that type of stuff is, it's counterproductive. It's just, I don't know 

how to explain it [Interviewee CMD14].  

In some instances, as observed in Case B and Case C respectively, the rework would require 

the demolishing of the entire section of a specific works, particular in the civil and structural 

works as illustrated in the following examples from the empirical data:  

 
Brickwork might need to be demolished (if instructed) and the Brickwork might 

change to suite the radius indicated on the drawing (ARC). There is a conflict when 

the brickwork hits the Concrete beam above, as the beam is not curved [Early 

Warning Notifications\Case C].  

 

So once we see that, no, the problem it cannot be rectified. The element just need to 

be broken down, that's have to be done [Interviewee SE5]. 

 

Risk event Demolishing and Rebuilding the perimeter brickwork on GL AI between 

28a & 23. Due to the brickwork in progress that had been adjusted to suit the level 

684 370 (see drawing AR DP 012 Rev 4), the perimeter brickwork on GL AI between 

28a & 23 needs to be demolished to suit the correct levels [Early Warning 

Notifications\Case C].  

So we had an entire slap, which we had to demolish in the building. it set us back. We 

lost about six weeks to eight weeks [Interviewee CMD14].  

… so yeah, but that was really major. You can imagine we are working with a fast-

paced program, um, in terms of construction, we literally don't have the time to 

demolish. …so there were colons and beans that were demolished [Interviewee 

LPM10]. 

Regarding the demolishing of the structural elements, the empirical evidence of the study 

found that logistical risks in terms of the delivery of defective material had an implication in 

such quality performances in the buildings. This view was also echoed by one of the 

interviewees who illustrated the poor quality of cement in the casting of some of the 

structural elements:  

A lot of concrete quality issues for one of the buildings where there was unbecoming 

and, and columns were not constructed correctly in terms of concrete quality and I 
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have to correct it. And that was quite a tedious time related issue and that it relates to 

financial costs [Interviewee SE6].  

Turning to the risk’s implications and influences on the environmental sustainability of the 

projects, the study unveiled several positive implications in relation to the project 

environmental sustainability in all the Cases.  

6.4.4 Implications on Project Environmental Sustainability 

On the question related to the implications of the risks in the project performance in terms of 

environmental sustainability, the focused coding as a second cycle analytic process content 

analysis has developed the four categories which are sharing a common set of features in 

reflecting environmental sustainability in the project performances. These analytical 

categories include the use of green technological features in the buildings; providing liveable 

and social spaces in the building environment; nature conservation and stormwater 

management (Figure 6.29). 

Figure 6.28: Coding of risks implications on environmental sustainability objective 

 
Source: (Author, 2022) 

6.4.4.1 Liveable and social spaces 

The empirical data shows that the project performance in the context of the risks associated 

with the geotechnical conditions on sites in terms of the rock out crops and the existence of 

environmental features on the construction sites had positive implications on environmental 

sustainability. In this regard, the findings of the study illustrate that innovative measures and 

designs were used to integrate the built and natural environments during project construction 
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in all the Cases. Several interviewees have illustrated how the geotechnical circumstances on 

sites have led to environmental sustainability in terms of the integrating and interlinking the 

existing rock surfaces and adjacent infrastructure buildings to the projects:    

The Architecture stated that they will investigate the incorporation of the hard rock 

which is located on the western side of the building as part of the building feature 

[Project Progress Minutes Case B 4 October 2017]. 

So things like that. Um, we make such inputs, you can't always bring your problem. 

You always have to try to bring a solution as well. ...we cannot remove this tree, let's 

just put paving around so that it can be a feature and you may put maybe benches so 

that the students can sit during the day. So we are able to say the tree…, we are 

helping with the landscape of the area. So we both helping with the design and 

actually preserving the environment as well [Interviewee EO8]. 

You have to keep a balance between, there has to be place to sit, there has to place to 

move and there has to be the green part of it. The spaces need to work in relation to 

the building and in relation to the circulation of what's happening in the precinct... It's 

not just making it pretty, it's also functional and creative space [Interviewee LA4]. 

There was also another observation made in relation to environmental sustainability 

performances in terms of the provision of walkability and access between Case building and 

other adjacent buildings infrastructure as noted in the following passage:  

TM clarified to the Architects that the link between NBP0005 and NBP0008 is not in 

the scope of works. Design and Operation of the works building are independent of 

each other [Project Progress Minutes Case A 5 April 2018].  

The environment performance in the project also took into consideration the local climate 

conditions in a sense that the choice of vegetation to be planted on sites were those that 

would be resilient to the risk of the hot weather conditions in the local area. This discourse on 

sustainable environmental performance is further illustrated in the following empirical data:  

So they guide us into what we specify in terms of the plants, the new plans we bring 

on to sides. So I think we've also tried to acquire local materials and um, things that 

don't have to be imported or so that it's here in the right time, but it's also 

sustainable....we can also decide, we use our knowledge of the area we are in of the 

climate, what grows well... [Interviewee LA5]. 

Though in one instance there were concerns from some members of the construction 

management team in relation to the landscaping and appropriateness of certain species in the 

precinct of the building as observed during one of the site visit fieldworks in Case B, 

Interviewee LA4 maintains that:  

We didn't choose trees has aggressive roots... It's not both in the plants or anything. 

There is sufficient space made for the tree, if [the roots] come, it will not come out 

up, it will go down. Roots don't come out for water, but go down for water. We keep 

that in mind that if the roots, like say parking trees, the is certain trees that you can 

use in parking lots and certain trees that you can plant close next to a building or not 

[Interviewee LA4].  
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Project environmental sustainability also entailed the rehabilitation of the site layoffs in the 

context of the risks on biodiversity and protected indigenous trees, as well as the risk of 

stormwater and soil erosions in the long term post the construction stages. This view was 

illustrated in various sources of the empirical data as shown hereunder:   

… when a contractor sets up site establishment, you will see on building 13 next to 

the road by the bridge on the left-hand side, the contractor is setting there, there is 

always offices there, there is always staffs. The rule of thumb is that whenever the 

contractor leaves, they must reinstate that site establishment to the same level, 

whatever that it was, before you start building. So you must, if they was plants there, 

then they must replant, stuff like that. So you can't just leave and not clean up the site 

where the site establishment was [Interviewee CC8].  

PV presented the intended landscaping design for discussion at the Progress Meeting 

which include Embankment; rehabilitation of site camp; courtyards within the 

building [Project Progress Minutes \Case C 14 November 2018]. 

…in overall we are still quite lagging behind, but I think there's a rehabilitation, um, 

overall rehabilitation program that will come in and to make sure that we do comply 

to authorization. It has not yet been implemented [Interviewee LPM10]. 

Again, in consideration of the local climate conditions, there was a notion that the 

rehabilitation exercise at the site layoff should be done during the summer season irrespective 

of the completion schedule of the project:  

For environmental sustainability, the contractor was instructed to rehabilitate the 

layoff site in summer season considering the sensitivity of some of the species in the 

winter season. The project was scheduled to be completed during the winter season, 

and such instruction had time implications to the contractor [Fieldwork Memo\Case 

B].  

Another important finding on environmental sustainability was the use of environmentally 

friendly technology in the buildings.  

6.4.4.2 Environmentally friendly technologies 

The empirical data shows that the use of energy and water efficient technologies and 

environmentally friendly material was also considered during the construction of the project. 

The table below illustrates some of the environmental sustainability implications in the 

project performances of all the Cases. What standing out in the table (Table 6.29) is the 

demonstration of the application use of green technologies for water and energy efficiency in 

the buildings.   
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Table 6.29: Evidence on the use of energy efficient technology 

Code Coded segments 

PROJECT 

ENVIRONMENTAL 

SUSTAINABILITY\E

nvironmentally 

Friendly 

Technologies\Energy 

efficient technology 

…is solar panels, um, led lights. Yeah. All of that…motion sensors that if you 

move into a room there's no switch, just picks up your move, your body move 

also. Then once you move out there's no switch to forget, it switches off again. 

…which means you're not wasting the energy. 

[TRANSCRIPTS\Interviewee ET17] 

So, so you're saving all the energy to do 30 and 100%. You're saving on energy, 

you know, using it is., That's for a typical pump, there's a few other measures like 

that that we can do which assist with the environmental sustainability. 

[TRANSCRIPTS\Interviewee ME6] 

But We strongly feel that it shouldn't be implemented in any university. So that’s 

why we changed the few spaces, also thought to be more water wise 

[TRANSCRIPTS\Interviewee LA4] 

It allows, um, you can vary the speed of the pump, so you're only providing the 

amount of water which the actual building is requiring. Um, so, you're not over 

providing water, 

[TRANSCRIPTS\Interviewee ME6] 

…a normal pump without a variable speed drive, it either off or does 100% on, 

which is using a lot of energy. but if you're with a variable speed drive, it can be 

50% or it could be 60%, you get adjusted it. Um, which means …you're only 

providing the amount of water to the building, which the buildings actually 

required. 

[TRANSCRIPTS\Interviewee ME6] 

I think issues of water for instance, managing water, water last, this capacity to 

do more than 20,000 genes. Mitigate that by way of design, design proposals. If 

you do building, how do you mitigate the climate conditions within those.  

[TRANSCRIPTS\Interviewee SDA46] 

environment, using, uh, friendly materials 

[TRANSCRIPTS\Interviewee CPM17] 

So, if I make divisions, divisions means I put in a firewall, the firewall gives me 

the two hour waiting and in two hours’ time the fire won't go past. But now the 

wall, they want to put door on it. So that means I put in a glass bead fired door. 

That's how I control the risk. 

[TRANSCRIPTS\Interviewee FSE30]  

Source: (Author, 2022) 

Apart from the green technology for water and energy utilities, the study also unveils that 

environmentally sustainable considerations on the building fittings such as doors are also 

made to mitigate the risks of fire breakouts in the buildings. This observation is noted in the 
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last bottom column of the above table.  Another remarkable finding that emerged in relation 

to the projects’ performances in terms of environment sustainability was the conservation of 

nature and the biodiversity in the precinct of the buildings.   

6.4.4.3 Nature conservation 

Through the content analysis procedures of the study, it emerged that the planting of 

additional trees and the protection of the indigenous trees was another implication which can 

be associated with environmental sustainability in the projects. In this regard, several 

interviewees have indicated that the contractors we obligated to plant five trees for every 

indigenous tree that will be removed:  

In my projects there were trees that had to be removed. So now later on in the project 

kind of places to the end of doing the landscaping, we have to replace those trees, 

where it's five per one tree [Interviewee CC10].  

I think the challenges that we always, um, perhaps encounter besides the waste that 

just that I've mentioned in the normal site, um, issues is, um, the issue around 

protected trees and not protected trees. Actually, maybe this is a, a good, um, 

example, so in terms of the environmental authorization, for every protected tree that 

we remove we must plant five [Interviewee LPM10].  

One interviewee indicated that there is budget provision for reinstating the environment and 

planting of the additional trees as alluded hereunder:   

Green Stating of the areas that the contractor is working, the cost involved in 

reinstating those areas... Normally we would make an allowance for the removal of 

trees and planting additional trees but sometimes the environmental consultant will 

say at the end of the project this area has to be reinstated [Interviewee CC10]. 

The replanting of trees post the project delivery is also referred to as an exit plan and or 

environmental sensitivity plan as alluded by Interviewee QS6a and Interviewee SDA46 

respectively:  

Here it think It's just the way this guys are just designing because in most cases when 

we just do construction, they just issue you an existing plan, and then they issue you a 

new plan to say before you construct we want you to remove these trees and these 

trees and these trees which some of them if the architects are not considerable enough 

they might remove trees that might be having in future just affect the environmental 

sustainability [Interviewee QS6a]. 

… things like natural habitat trees, indigenous trees protection of those. And there's a 

heritage, an environmental sensitivity plan that they are, there's a whole series of 

environmental controls [Interviewee SDA46].  

Lastly, the empirical data also show that project environmental sustainability involves the 

provision of efficient stormwater management infrastructure in the vicinity of the buildings.  
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6.4.4.4 Stormwater management  

Efficient storm water management system was highlighted as a critical service in ensuring 

environmental sustainability post-construction phase considering the risks in relation to 

stormwater and flooding considering the mountainous elongation of the buildings as well as 

the prone to excessive sessional rainfalls in the area where the buildings are located. One 

interviewee illustrated how an efficient stormwater management system should be designed 

in the context of environmental sustainability:    

…because once you puts storm water into pipes, they Increasing the flow, they 

increasing the velocity, which is a big impact downstream. So we want to keep it on 

the surface as much as possible.... we are trying to avoid pipes as much as possible 

because the pipes as well, if they are not maintained right, they end up blocking, that's 

another problem [Interviewee CE7]. 

In Case A, an example of the risks in terms of having other buildings adjacent to the 

construction sites was illustrated in the issuing of an early warning by the contractor when 

notifying other parties on how the stormwater from the other building if affecting the project 

progress on their site:  

Storm water system from Building 5 ends 1 meter past the site. It is not linked to the 

main storm water system and because this is above our site, our site was flooded and 

will be continuously flooded every time it rains. The storm water system from 

Building 5 must be linked asap [Early Warning Notifications\Case A]. 

 

The problem of efficient stormwater management was also discussed during the project 

progress meetings as noted: Storm water control measures implementation [Project Progress 

Minutes\Case C 16 May 2018]. In Case B, sophisticated technologies had to be used for 

ensuring project environmental sustainability in relation to efficient stormwater management 

as illustrated by one of the interviewees:  

So now you need to, uh, special chemicals [in the concrete] to make the retaining wall 

waterproof as well. So, you have to put some second [inaudible] because you got 

your concrete retaining wall then you've got rock. Usually, we put in a subsoil drain 

behind the retaining wall if it rain, but now that you've got the rock there, you don't 

have enough space to do that. Okay, so the best thing you can do is put something in 

the concrete to make it waterproof [Interviewee CE7]. 

Taken together these empirical findings provide important insight into the understanding of 

the complex and dynamic nature within which these construction projects were delivered. 

Through the rigorous content coding analytic procedure applied in this thesis, the 

multidimensional form of risks in the delivery of construction projects have been explored; 

the various risk management methods and techniques were uncovered; and eventually the 

implications of the risk factors thereof on the project performance objectives have been 

examined.  
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6.5 MOVING FROM SECOND LEVEL CODING TO THEORIZATION 

In this thesis, the rigorous conventional analysis towards the development of the proposed 

empirically underpinned model has not only ended on the first and second level coding 

procedures as presented in the previous sections of this chapter but has also advanced beyond 

and apply the theorization coding (Table 6.30). Adopting from Saldaña (2013), the theoretical 

coding in this thesis functions like an umbrella that covers and account for all the other codes 

and categories formulated in processes of the grounded inductive analysis. Therefore, the 

qualitative content analysis approach of this thesis is founded on a ‘critical filter of thick 

description’ which involves a balance between the deductive analysis approach – structuring, 

ordering principles derived from predetermined theoretical concepts and the inductive 

analysis approach – allowing and unpacking the collected data to speak for itself (Baxter & 

Jack, 2008; Saldaña, 2013; Williamson et al. 2020). The ‘critical filter of thick description’ 

which embrace both the deductive and inductive thinking in this thesis is illustrated in Table 

6.30.   

Table 6.30: Transitioning from coding levels to theorizing   

 

THEMATIC AND CONCEPTUAL                                  THEORETICAL AND ABSTRACT 

(Deductive) (Inductive) 

Second level coding Theoretical coding 

 

Risk factors 

 

• Design alterations 

• Discrepancies in design drawings 

• Defective design information 

TECHNICAL DESIGN 

INFORMATION 

• Payment delays for contractors 

• Unfavourable business economic 

environment 

• Underestimated budgeting 

• Claims by contractors 

• Payment structure for professionals 

• Operational expenditure of 

contractors 

BUSINESS AND MARKET 

CONDITIONS 

• Nature of the contract 

• Liabilities 

• Target price agreements 

• Claims for additional work 

• Construction contract management  

CONTRACT DEVELOPMENT AND 

MANAGEMENT 

• Strikes and protest actions 

• Processes of appointing 

subcontractors 

• Labor legislations  

• Stakeholders’ engagements 

POLITICAL AND REGULATORY 

INFLUENCES 
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• Delivery of equipment and material 

• Availability of resources and material  

• Insufficient construction information 

• Provisions of machinery and plants 

RESOURCES AND SKILLS 

AVAILABILITY  

• Construction information 

• Coordination of project activities 

• Occupational health and safety 

• Uncertainties in scope 

INTEGRATIVE MANAGEMENT FOR 

DELIVERABLES 

• Project team management 

• Project planning 

• Project scope change management 

• Decision making processes 

STRATEGIC GOAL ALIGNMENT  

• Environmental pollution 

• Interference with existing services 

• Geo-technical conditions on sites 

• Nature preservation  

ECOLOGICAL RESTRICTIONS  

Risk Management Methods 

 

• Construction documents 

scrutinization 

• Project planning meetings 

PLANNING MEETINGS 

• Project document analysis 

• Information sharing sessions 

BRAINSTORMING SESSIONS 

• Check listing on key deliverables 

• Expert assessment and judgement 

 

EXPERTS’ JUDGEMENTS 

• Risk Causes and effects analysis 

• Risk ranking and prioritization  

• Evaluating impact on project 

constraints 

RISK CAUSES AND EFFECTS 

ANALYSIS 

• Best possible courses of action 

• Risk reduction  

• Risk escalation  

RISK REDUCTION MEASURES 

• Project progress meetings 

• Work performance information 

• Revisions of construction planning 

documents 

WORK PERFORMANCE ANALYSIS 

Measuring Project Performance and Success 

 

• Increments in total price of the project 

• Project cost overrun  

COSTS 

• Project schedule delays 

• Disruptions and standing time 

• Project completion time extended 

TIME 

• Deviations from construction 

standards and specifications 

• Defective coordination of 

QUALITY 
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construction activities 

• Poor workmanship  

• Reworks and wastages 

• Liveable and social spaces 

• Environmentally friendly 

technologies 

• Nature conservation 

• Stormwater management 

SUSTAINABLE 

Source: (Author, 2022) 

These analytical procedures applied on the empirical data obtained from multiple data 

sources in real-life settings of a case study design provide clearer understanding of the 

contexts in which the risk management for construction projects is performed. Therefore, this 

rigorous analysis would enable the development of a systematic risk management model that 

is underpinned on empirical evidence on the context and environments of construction 

projects. As Watson et al., (2020;5) warn that “the systems engineer must clearly understand 

the context for the system application and the defining integrating relationships of the system 

because one cannot approach systems engineering generically but must consider the unique 

characteristics and intended outcomes for the system”.  

6.6 CHAPTER SUMMARY 

In this chapter, the presentations and interpretation of the results has been made with means 

of thematic approach wherein some illustrative quotations and excerpts from the various 

sources of the empirical primary data have been shown to substantiate the claims and 

discourses presented herein. In this chapter, the thesis has optimized it validity by applying a 

multiple case study approach which provided the ability to zoom into the sub-units of the 

larger case and which also allowed data analysis within the sub-units separately, between the 

different sub-units, and or across all of the sub-units (Baxter & Jack, 2008) of the case study 

simultaneously. Accordingly, these case study approach with embedded units has been 

instrumental in grasping the detailed and diverse views, perceptions and experiences of the 

multiple construction professionals involved in the risk management processes during the 

delivery of NEC based construction projects. Moreover, the empirical evidence obtained 

from the project documents which include the early warning notifications, project quality 

reports, and minutes of project progress meetings were crucial in the supporting and 

validating the claims made by the interviewees (Rapley & Rees, 2018) while also attesting to 

the fieldwork observations. As such, the combinations of the interviewees’ transcripts, 

projects’ documents, and fieldwork memos have enhanced the conventional content analysis 
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processes in this study. With the assistant of a qualitative data analysis software system called 

MAXQDA, the coding and analysis processes of this thesis has not only been efficient but 

also more reliable. Reason being the multiple sources of data were easily imported and 

organized into the MAXQDA software system. This qualitative data analysis software further 

enabled the performance of data coding, managing coding, and eventually the retrieving of 

the coded segments in a form of visual models and summary tables. Ultimately, the 

qualitative content analysis approach of this thesis was performed in terms of a ‘critical filter 

of thick description’ which involved a balance approach between the deductive analysis and 

the inductive analysis processes. The analysis approach of the empirical findings in this 

chapter lays a firm groundwork towards the development of a theoretical model as it is the 

ultimate objective of this study. Therefore, the discussion of findings and theorization thereof 

is articulated in the next chapter wherein theoretical lenses have been applied.  
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CHAPTER SEVEN: DISCUSSION OF FINDINGS AND THEORIZING 

7.1 INTRODUCTION  

Though it is widely acknowledged that the meaning of risk management in projects refers to 

a “systematic way of looking at areas of risks and consciously determining how each should 

be treated (Taylan et al., 2014; Okoye et al., 2015; PMI, 2017; Qammaz & AlMaian, 2020), 

the existing literature does not provide any theoretical framework with which the systematic 

implementation of risk management processes could be assimilated, particularly for 

construction projects. Traditionally, the practice of risk management in construction projects 

is still very much based on the linear and primitive approaches (Goh et al. 2013; Cagliano et 

al., 2015) which, by design, overlooks the complexities, non-linearity and interdependencies 

of elements underlying and characterizing the nature of construction projects. Therefore, this 

thesis establishes a systematic risk management model underpinned on sound theoretical and 

empirical foundations that should assist to improve our understanding on how we could carry 

forward the risk management processes in the context of the inherent complexities in 

construction projects. Considering that the complexity theory is a philosophy of science that 

is concerned with phenomena and events that cannot be explained by traditional positivistic 

scientific methods (Haynes, 2008), this theory becomes relevant for explaining the questions 

of what, how and why in the empirical evidence presented in the previous chapter of this 

study. That is, the complexity theory provides the fundamental assumptions underpinning the 

dynamic nature of construction projects. Complimentary, the “systems engineering thinking 

is also a relevant and necessary theoretical lens for shedding more clarity on the processes of 

dealing with the complex risks embedded in construction projects and for providing deeper 

insight into how the traditional theoretical approach of dealing with risks in construction 

project management could be replaced” (Cobbinah et al., 2020). Importantly, the theory of 

systems engineering insinuated itself into the complexity theory from its inception on three 

levels in terms of the interrelatedness of elements, the dynamic processes that interact with 

many factors, and the multifacetedness of dimensions. Accordingly, as proposed by Bosch-

Rekveldt et al. (2011), a more systematic perspective and broader spectrum of complexity 

definition in construction projects is manifested in three dimensions (Technical; 

Organizational; Environment (TOE)) which provides accurate groups for clear classification 

of project complexity factors, and which widely embraces the interdependencies of the 

various elements and components in construction projects. Equally, the systems engineering 

theory postulate that every system design involves three systems. That is, the actual system 
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being designed (System of Interest (SOI)); context system (Operating Environment System 

(OES)); and realization system (High Order System (HOS)) (Mabelo, 2020). The deductive 

thinking and the theorization thereof in this chapter of the thesis is modelled and drawn from 

the blended synergy of the systems engineering theory and complexity theory wherein the 

technical complexity dimension is also referred to as the HOS, the organizational complexity 

dimension is equal to the SOI, and the environment complexity dimension is equal to the 

OES. In line with the risk management structure of the Association for Project Management 

(APM) (2004), which have summarized the risk management processes into three macro-

phases based on common goals of the risk management performance in projects, this thesis 

hypothetically elucidates that the posture of these macro-phases has the interoperability 

function between the systems and components thereof in the performance of risk 

management in construction projects. The first interface (P-Interfaces) of these processes is 

aimed at understanding the characteristics and objectives of the project and planning the risk 

management effort by deciding its level, scope, and purpose. The second interface (I-A-A-

Interfaces) is intended to identify risks together with their causes, effects and how they 

influence each other, assess their likelihoods of occurrence and impacts on the project, 

prioritize the risk, develop risk response measures, and establish contingency plans. The third 

interface (R-M-Interfaces) is dedicated to carrying out the identified risk response measures, 

monitoring and evaluating the risks and treating new emerging risks as well as to 

communicating the results of the risk management processes, and recording all the 

experiences and lessons learned during the implementation of the risk management. 

Therefore, the rationale for adopting both the complexity and systems engineering theories in 

the discussion and theorizing of the findings in this thesis has foregrounded and engendered 

the philosophical proposition that risks in construction projects are multifaceted and complex 

and, as such, a proactive risk management approach requires a holistic and analytic view of 

the systems, subsystems, and elements embedded therein in the delivery of the construction 

projects.  

7.2 MULTIFACETED AND COMPLEX RISK FACTORS 

The first and second research questions in this thesis sought to identify the risk factors and to 

understand the nature thereof in the delivery of construction projects, respectively. 

Accordingly, the empirical evidence of this study unveil that construction projects are 

characterized with multifaceted and interrelated risk factors which emanate from the three 

dimensions of complexity. The findings of this study comfirm the notion that construction 
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projects are initiated in complex and dynamic environments resulting in circumstances of 

high uncertainty and risks (Kishan et al., 2014). The findings of this study extend this further 

by identifying the environments which propels the conditions of uncertainities and risks 

during the delivery of the construction projects. Drawing from the systems engineering 

perspective, the findings of this study show that risks and uncertainities may not only 

emanate from the operating environment, but also could emerge from the organizational as 

well as the technical environments respectively. While this study support the work of Anfara 

and Mertz (2006) who argued that the more interdependent and interconnected the parts of a 

system, the more complex the system becomes, however, this study is in contrast with the 

notion that the more interdependent and interconnected the elements of a system, the less 

likely that its future could be predictable. This study maintains that the more the 

interdependentness and interconnectedness of the elements of a system are understood, the 

better a proactive risk management approach could be developed and applied for the 

attainment of the project objectives. In accordance with the work of Cristóbal (2017), which 

states that a definition of complexity starts by describing the number of different elements in 

a system alone as its complicacy and then the possible relations among these elements as 

complexity, the empirical findings of this study extend on this work by indicating that in 

construction projects risk complicacy is embedded in the HOS (Technical information, 

Contract develoment and management, and Strategic goal alignment); OES (Business and 

market conditions, Political and regulatory influences, and Ecological restrictions); and in the 

SOI (Resources and skills availability and Integrative management for deliverables). On the 

other hand, risk complexity emanates from the interactions between the systems and within 

the subsystems and elements thereof during the project delivery (Figure 7.1).  
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Figure 7.1: Empirical conceptual framework for multifaceted and complex risk factors  
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(2020) who argued that innovative solutions to complex problems requires first the 

understanding of the situations of the construction projects. The findings of this thesis further 

illustrate that a comprehensive and systematic approach for project risk management during 

the construction phase requires the understanding of the different components and their 

interactions. The findings of this study are consistent with those of Blanchard and Blyler 

(2016) who argue that, because of the interactions among the systems’ components, it is 

unlikely to produce an effective design or model by considering each component separately. 

As such, “one must view the system as a whole, break down the system into components, 

study the components and their interrelationships, and then put the system back together as an 

integrated whole” (Blanchard & Blyler, 2016). Though management of risk is a crucial 

determinant factor of project success (Cagliano et al. 2015), without a systematic and holistic 

approach, the effectiveness of risk management performance is minimized. The traditional 

risk management approach developed by the PMI just include activities related to risk 

identification, qualitative and quantitative analysis and response (PMI, 2017), and do not 

present specifically the different goals of the methods and techniques within and between the 

phases, processes, activities and elements of projects. To the contrary, the findings of this 

study identify the importance of considering the specific aspects and elements when applying 

the methods and techniques for managing risk in construction projects. The systems 

engineering theory sheds new light for understanding that the interactions and interfaces 

between and within the systems and elements thereof in construction projects may require 

different methods and techniques to enable the risk management processes to give the 

expected benefits. The findings of this study support the discourse that “interfaces are more 

than lines connecting boxes, but interfaces have transfer functions that model the 

performance-based outcome of an event” (Wasson, 2015). The thesis has therefore provided a 

deeper insight in expanding our understanding of how a systematic risk management 

approach could grasp the dynamics of project complexity and eventually enhance project 

success in terms of cost, time, quality, and project sustainability. The technical complexity is 

the high order system domain in the performance of risk management in construction 

projects.  

7.3 TECHNICAL COMPLEXITY DIMENSION 

By integrating the theoretical foundation of complexity and systems engineering 

perspectives, the results of this study provide novelty and much needed evidence to support 

the widely anecdotal claim that the technical complexity dimension is explicitly the main 
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category of project complexity in construction projects because it consists of the key and 

fundamental technical elements of the project such as the project goals alignment, largeness 

of scope, number of tasks, and dependencies between activities (Bosch-Rekveldt et al. 2011; 

He et al. 2015). The findings of this study extend this further by indicating  that the geo-

technical information and contract management aspects are also some of the fundamental 

elements in the technical complexity dimension of construction projects. Furthermore, the 

engineering systems lens shed new light on how the elements in the technical complexity 

dimension influences the other dimensions and elements  of complexity in the construction 

projects. In particular, the study elucidate that in the absence of adequate geotechnical 

information, complete scope design information, contextualized contractual arrangement, and 

strategic goal alignment, the delivery of the construction projects may result in cost and 

schedule overrun. This observation corroborate the notion of command and control authority 

of the HOS over the operating environment systems and the mission system (Wasson, 2015) 

which is interfaced through the P-Interfaces. These findings provide some support for the 

conceptual premise that risk management planning should be discharged from the HOS 

wherein planning meetings are collaboratively held to ascertain the adequacy and acurracy of 

the technical elements while also taking into consideration the elements in the operating 

environment system of the projects. The effort in the risk management planning processes are 

aimed at understanding the characteristics and objectives of the project at issues related to 

design information, contractual arrangements and the strategic goal alignment of the projects. 

Drawing from the systems engineering insight, it has emerged that project goal alignment to 

the strategic planning of the institution is one of the technical elements to be thoroughly 

considered in the project planning meetings. As refered by Blanchard and Blyler (2016), 

considering the strategic goal alignment of the projects is the implementation of a top-down, 

life-cycle-oriented, and integrated approach in system design and development.   

7.3.1 Strategic Goal Alignment 

Adding the complexity theory together with the theory of systems engineering to the large 

body of research on project alignment with strategic goals, the findings of this thesis 

elucidate that the organizational strategies are implemented by means of projects and that the 

projects are the building blocks of corporate and organizational strategies. However, poor 

planning (Okereke, 2020) and implementation has been the nemesis of many brilliant 

strategies (Mabelo, 2020), particularly in public organizations and institutions. Therefore, the 

theoretical lens of the study provides a systematic understanding that strategic planning, as a 
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function of the senior executive management (Steyn et al., 2016) in the higher-order systems 

domain is entrusted with the hierarchical authority of command and control (C2) over the 

lower tier systems in the operating environment system (Wasson, 2015). Therefore, the 

findings of this thesis indicate that the programme of the infrastructure projects and the 

scheduling of the institutional strategic intent, in terms of the teaching and learning as well as 

research activities, could not have a synergic schedule alignment because of the non-

equilibrium state in the operating environment of the projects. This is in accordance with 

previous findings, which suggest that project planning in alignment with the strategic goal 

during the early stages of a project is important in achieving the project objectives 

successfully (He et al., 2015). Our findings extend this further by indicating that the 

alignment and scheduling of the infrastructure projects, along with the strategic intent of the 

institution of higher learning, creates a dilemma when the potential risks and uncertainties in 

the operating environment of the project are not comprehensively addressed during the 

project planning phase. This deduction can be further explained through the systems 

engineering theory which postulates that the system under development drives the 

development process from the influence of the structure and culture (Watson et al, 2019) of 

the organization entrusted with realization of the project.  Drawing on the theoretical lens of 

systems engineering, the findings of this study also show that the C2 of the hierarchical 

authority in the infrastructure planning processes could be unmeticulous when constrained 

with the pressure from the institution’s operational schedule and activities. The findings of 

this study concur with those of Mashwama et al. (2017) which suggest that, despite having a 

strong strategic intent, when the tactical plans are weak there is a great potential for creating 

strong and well-intended projects that never get off the ground. The findings of this thesis 

extend this further by illustrating that weak project tactical plans, with less rigor and details 

of constraints in the operating environment systems, is prone to excessive revisions and 

amendments during the construction phase of the project.    

“The systems engineering domain consists of subsystems, their interactions among 

themselves, and their interactions with the system environment” (Watson et al., 2019). 

Adding to this theoretical lens, the findings of this study indicate that the elements in the 

technical information system and those in the operating environment systems are seen to have 

impaired on the tactical plans and scheduling of the construction programme, and 

subsequently resulted in revisions and amendments of the project management plans of the 

construction programme. Ideally, “infrastructure planning requires the development an 
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infrastructure plan in the initiation phase which identifies and prioritises projects and 

packages against a forecast budget over a period of at least five years” (RSA, 2016). Drawing 

from the complexity theory, the findings of this study suggests that the uncertainty from 

interest groups and other stakeholders of the construction projects could make it impossible 

to accurately predict the completion schedule of the construction programmes, and 

subsequently affect the strategic intent of the organization. The findings of this study further 

indicate that the progress in the construction projects has been inconsistent with the 

construction programme schedule and that numerous amendments and revisions on the 

construction programme schedule were implemented for the extension of the completion time 

of the projects. From the systems thinking perspective, a possible explanation to this finding 

is that the extensions of the construction programme schedule which arises because of the 

uncertainties and risks from the operational environment of the system could also affect the 

operational readiness of the mission system which must support the execution of the primary 

business of the institution. In accordance with Mabelo (2020), who maintains that “successful 

delivery of infrastructure projects ultimately relies on the extent of their readiness to 

transition into operations”, the findings of this study support this notion by showing that 

because of the eminent strategic intent of the institution, the project management team could 

be under tremendous pressure to hand over the buildings for operations prior to the 

certification of completion of the projects. That is, the dilemma emanating from the tension 

between the construction programme schedule and the strategic intent of the institution could 

be reduced in a situation where the project management team consider obtaining a temporary 

occupation certificate for the interim partial hand-over of part of the facilities of the building 

that were critical to the academic activities and processes of the institution.    

7.3.2 Technical Design Information 

The Standard for Infrastructure Procurement and Delivery Management outlines that the 

value-for-money proposition could be established at the time that a decision is taken to 

proceed with the implementation of an infrastructure project based on sets of assumptions 

and the available data (RSA, 2016). The findings of this study shows that insufficient 

technical design information prior to the decision taken to execute the construction projects 

could lead to enormous design changes during the construction phase. Drawing from the 

complexity theory, this study supports the assertion by Pilehchian, Staub-French and Prasad 

(2015) that changes in design are inevitable because of the iterative and exploratory nature of 

design. This study also expands this work by demonstrating that the non-static structure of 
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design and continual changes on fast-track projects will result in enormous issuing of works 

information during the construction phase.  In accordance with the findings of Zou et al. 

(2007), which maintain that design changes arise in construction projects as a result of the 

clients’ change of mind, this study extends this further by indicating that the diverse end-

users’ inputs during project planning and conceptualization should be exhaustively explored 

in order to mitigate the risk of design changes during the construction phase. A systematic 

approach in enabling a comprehensive identification of the clients’ specification in the 

planning and design work in a complex engineering project would require a breaking down of 

the project scope into several inter-related tasks and sub-tasks that can be handled separately 

by individuals or small groups of engineers and other professionals (Dandy et al., 2017). 

Another important finding was the provision of inadequate geotechnical and spatial 

information during project construction. Technical decision-makers, if they do not have the 

right information and insight at the right time to support informed and proactive decision-

making, could not ensure effective and efficient project planning, management, and execution 

thereof (Wasson, 2015). The findings of this study support this observation by illustrating the 

extent of unproductive decision making on structural engineering works in terms of 

redesigning the initial building foundation which was designed based on an inaccurate 

geotechnical report. The evidence suggests that there were discoveries of rock outcrops on 

sites which were not predetermined on the geotechnical report prior to project construction. 

The technical team could not make a proactive decision in relation to the appropriate 

foundation type and construction methods that would be compatible with the geological 

conditions on site. As a result of the unfavourable and unanticipated geographical conditions 

on the construction sites regarding the rocky outcrops conditions, it was discovered during 

the construction phase that the foundation type of the buildings could not be as anticipated, 

and instead a more expensive construction method in relation to the use of deep pilling had to 

be implemented to counter the rocks on site. Expanding on the work of Qammaz and 

AlMaian (2020), who argue that adequate planning requires the comprehensive 

understanding of project scope, this study adds that adequate planning also requires a 

comprehensive site investigation to obtain reliable geotechnical data.   

The findings of this study have also established that a comprehensive site investigation is also 

critical for the identification of existing underground services, particularly when the 

construction projects are delivered in a confined space adjacent to existing buildings.  In 

accordance with the observation that damage to existing infrastructures or subsidence may 
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occur during the construction stage (Siu et al, 2018), from the theory of systems engineering, 

the findings of this study have unveiled the implications of the elements associated with the 

space constraints and complicated site characteristics in the execution of the mission system. 

The findings show that in the absence of adequate geotechnical and spatial outlook, the 

contractors had to randomly explore and expose all the existing underground services before 

commencing with the construction works. Given that this is not the perfect method of 

exposing the existing underground services, during construction the contractors have 

unwittingly damaged some of the underground existing infrastructure services such as sewer 

and water pipelines and electrical lines. The severity of such damages could be enormous to 

an extent that some of the activities at the construction site would be on hold until the 

damages are accordingly attended and fixed.  This would include, for example, interruptions 

of electricity power and flooding of the site because of the damaged water pipeline in the 

vicinity of the construction site. From the systems engineering perspective, this finding shed 

insight to understand that a construction project is a system that is made up of many different 

components, including the geotechnical component, that these components interact with each 

other, and these interactions must be thoroughly understood (Blanchard & Blyler, 2016). 

Similarly, the contractual arrangements within which the construction projects are delivered 

is another component to be considered in the risk management planning.   

7.3.3 Contract Development and Management  

In line with the literature, this study found that construction projects are delivered through a 

complex net of contracts and other legal obligations, each of which must be carefully 

considered (Renuka & Umarani, 2018). Given the complexities imbedded in the construction 

contracts, the findings of the study elucidate how some of the stakeholders often misinterpret 

and misunderstand some of the profound contractual principles of the construction contracts 

during project execution. While the NEC ECC is known to be a suite of partnering contracts 

that promote a collaborative working environment based on the spirit of mutual trust and co-

operation (Siu et al., 2018), the findings of this study suggest that many uncertainties still 

exist about the interpretation and meaning of collaborative risk management practices in 

construction projects delivered through the NEC contract. Though the contractors have no 

design responsibility in the execution of construction projects, the findings of this thesis 

suggest that detailed design of the projects tend to be shifted to the contractors because the 

technical design team only produces sketchy drawings at the design stage due to the amount 

of budget that is available these days for the technical design consultants. The findings of the 
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study further show that the lead designers provide design information which work as a 

guideline with which the contractors are also invited to be collaboratively responsible in 

providing inputs on how best particular features of the buildings could be executed. Though 

this approach is carried out in the spirit of collaborative responsibilities, the findings of the 

study demonstrate that the contractors are often sceptical of such arrangements because 

eventually they carry the design responsibility and equally become liable for the design 

defects which could occur in the later stage of the construction project.   

Drawing from the definition that “complexity is the property of a project which makes it 

difficult to understand, foresee and keep under control its overall performance” (Qazi et al., 

2016), the findings of this thesis unveil that the contractors could not understand the 

contractual basis which compels them to be held liable for decision making in relation to the 

building design because they merely take instructions and information from the design 

engineer team. Extending on the work of He et al. (2015) which asserts that information 

complexity stems from complicated communication among a great number of project 

stakeholders under complicated contractual arrangements throughout the whole project 

delivery process, this study shows that design changes information that is communicated 

without following the proper contractual procedures could exacerbate further contractual 

complications.   

Another important finding in relation to complexities emanating from the management of the 

construction contract was the misinterpretation of the principle of “working in good faith” in 

fast-tracking the execution of the projects. In accordance with Sharma and Swain (2011) who 

found that complexities of the contracts and legal obligations in construction projects may 

imply a direct liability for the contractor, the findings of this study extend on this by showing 

that contractors are often held in a contractual dilemma wherein they have to make decisions 

between complying with the contractual administrative procedures and fast-tracking project 

delivery within the allocated timeframes. From the systems engineering view, the findings of 

this study suggest that the contractors could not have assessed how much flexibility is 

acceptable (Watson et al., 2019) in terms of the trade-offs between the project schedule and 

contract adherences. In this context, the findings of this study indicate that the contractors 

would execute the works information from the technical design team prior to having the 

authorization from the project manager in terms of agreements on the bills of quantity and 

compensation for the additional works thereof. The findings further suggest that the 

contractors would perform in the spirit of acting in “good faith” wherein they would just 
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carry on with the construction works in order to meet the project deadlines, hoping that 

whatever claims are made thereafter will be compensated accordingly, only to find that most 

of the claims are disputed because there was no prior authorization for such work.  

In accordance with the literature, the findings of this study concur that construction contracts 

could be a major source of risk in the delivery of construction projects (Polat & Duzcan, 

2010; Subramanyan et al., 2012; Du Plessis & Oosthuizen, 2017; Renuka & Umarani, 2018). 

Adding to the complexity theory, this study highlights that there could be numerous 

uncertainties in relation to the application of the construction contract particularly where the 

contract is relatively new to most of the construction professionals responsible for the 

delivery of the project. In this regard, the findings of this study highlighted the importance of 

contextualizing the contractual arrangement as it has emerged that the construction 

professionals in developing countries like South Africa seem to be uncomfortable with the 

processes and procedures entailed in the NEC contract. The findings indicate that the 

intensive administration responsibility on the construction professionals constrained the 

performances of the projects, particularly in a contractual situation wherein the scope of work 

was not fully defined upfront.  Drawing from the systems engineering perspective which 

postulate that “both policy and law must be properly understood to not overly constrain or 

under-constrain the system implementation” (Watson et al., 2019), the findings of this study 

suggest that the choice of the construction contract may be a constraint in the performance of 

the project. In the findings of this thesis, it emerged that with the target-cost contractual 

condition of the NEC, a lot of additional costs were inherent because of the additional works 

which arose through the works information which was not part of the initial scope when the 

target price was agreed, and which resulted in difficulties when quantifying and verifying the 

claims thereof.  

7.4 ENVIRONMENTAL COMPLEXITY DIMENSION  

By integrating the theoretical lens from the complexity and systems engineering perspectives, 

the findings of this thesis indicate that the environmental complexity dimension imbeds 

operating environment systems (Wasson, 2015) which include the human system elements 

(business and marketing conditions), induced environment system (political and regulatory 

influences), and natural system environment (environmental restrictions at location). In 

accordance with the work of Tredinnick (2009) in arguing that adaptive complexity describes 

the iterative behaviour of large scale and highly dynamic systems such as the economy, the 

ecology, and society, wherein each, although driven by the aggregated behaviour of 
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individual elements, seems to function in coherent and motivated ways, the findings of this 

thesis illustrate that coherent interaction of these systems and elements thereof provide for 

interface (I-A-A Interface) capability for facilitating the risk identification, assessment and 

analysis process in delivering the construction projects. The findings of this thesis further 

illustrate that the quantity and kind of information imbedded in the operating environment 

system could allow risk identification and eventually risk assessment and analysis thereof. 

According to Cagliano et al. (2015), all the techniques for risk management can be used in 

this project stage based on the type of information available for the identification, analysis 

and response to risk. Instead, the findings of this study suggest that brainstorming sessions, 

experts’ judgements, and risk cause-effect analysis could be most effective risk management 

techniques for interoperability of components in the operating environment system and the 

enabling system. The findings of this study support the discourse that causality cannot be 

looked at in a restricted microenvironment but must be assessed in a wider systems context. 

Therefore, interactions that happen in the operating environment system of the project have a 

direct interloop with the organizational complexity elements in the SOI – that is the actual 

project execution processes (Haynes, 2008). Though previous research has merely related the 

business and market conditions with the level of competition in the construction sector 

(Bosch-Rekveldt et al., 2011), this study also found that financial instabilities in the 

construction business is the crucial element of the business and market conditions in the 

environment complexity dimension.   

7.4.1 Business and Market Conditions 

The operating environment system consists of human system elements which, as referred to 

by He et al. (2015), is the complexity of a context wherein a project operates, such as the 

market and regulatory environment. In accordance with Wasson (2015), the findings of this 

study have shed new light on the extent to which the business and market conditions as 

elements of the human systems environment influences and controls human decision-making 

and actions thereof in the delivery of the construction projects. The findings of the thesis 

extend this further by indicating that in the context of the unfavourable markets and business 

conditions in the economy of the country, the suppliers of specialized equipment could not 

deliver the orders on time as they required upfront payment from the main contractor prior to 

the deliveries. Contrary to the  expectation that principal contractors would establish long-

term relations with the original equipment manufacturers to benefit from their high-quality 

equipment and improve their brand recognition (Ershadi et al., 2021), the suppliers of 
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specialist equipment, under the difficult economic situation, seem to have little regard to 

collaborative mutual relations with the contractors when insisting on upfront payments in 

order to speed up the delivery equipment that are on a critical path of the construction 

schedule. The findings of this thesis reflect those of Cobbinah et al. (2020) who also found 

that currently, the industry is faced with a lot of challenges including delayed payment which 

leads to cash flow problems that threaten the sustainability of construction firms and banks, 

and unwillingness of banks to advance credits due to high levels of unpaid debts (Cobbinah et 

al., 2020) by the construction companies.  

By drawing on the insight of the complex adaptive systems which maintains that 

organizations are sensitive to their environments and, as such, should be co-evolving with 

(Cunha & Cunha, 2006) the changes in the human system environment, the findings show 

that adjusting to the influences of the business and market conditions is a predicament to the 

principal contractors. This finding is contrary to previous studies which suggest that specific 

items on the price list must be closely examined in the construction services market because 

often the price is the only selection criterion for tender awarding (Dziadosz & Rejment, 

2015). The findings of the thesis show that the financial capability to deliver in accordance 

with the contractual agreement is critically important as it has emerged in the findings that a 

particular local subcontractor that was awarded a tender to deliver landscaping material was 

unable to deliver due to bankruptcy and financial incapability, despite the upfront payment 

made by the main contractor. Arguably, the complexity theory sheds new light on 

understanding that the business and market conditions in the operating environment system 

may exhibit emergent properties through causal, spontaneous and unpredictable patterns and 

performances (Aaron & Smith 2006).   

Another finding that emerged was in accordance with previous studies which have also found 

that “the prices offered by suppliers or subcontractors at the tender stage are usually higher 

than the prices settled after the tender has been concluded” (Dziadosz et al., 2015). The 

findings of the thesis expand this further by indicating that the changing economic situation 

has lessened the profit margins for contractors in the construction industry. This situation has 

caused the contractors to be exposed to high financial risks and losses for the company 

considering the pricing for the construction works during tendering yields lower profit 

margins which do not provide any financial buffer and contingency to cover the unexpected 

costs which often emerge during the construction stage. Given that complex systems are an 

interplay between instability and stability (Haynes, 2008), the contractor bears all the risks as 
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it is quite difficult for everything to be accurately predicted (Dziadosz et al., 2015) in the 

constantly changing environment wherein construction projects are delivered. The findings of 

this study have also shown that in the absence of clear regulations on wages and salaries in 

the construction market, contractors tend to be obliged to adjust and increase the salaries and 

wages of the workers on the basis of comparison with other workers of different contractors, 

even though those adjustments would not be in accordance with the remuneration policies of 

the contractor and was beyond what they have budgeted for in terms of labour costs during 

tendering.  The findings of this study suggest that the contractors tend to increase and reduce 

the labour remuneration rates based on the nature of the projects and the induced socio-

political circumstances in the operating environment of the projects. That is, the pressure to 

increase the remuneration rates is seen to be interlinked with the political and regulatory 

elements that are embedded in the induced system environment of the operating system 

environment.  

7.4.2 Political and Regulatory Influences 

The findings of this thesis support those of Mabelo (2020) who found that “construction 

projects are perceived by many stakeholders as an opportunity to secure anticipated local 

economic benefits, whether through favourable compensation arrangements, direct or indirect 

(part-time) employment opportunities, using temporary construction works to support local 

infrastructure development projects”. Drawing on the theory of systems engineering, the 

findings of this thesis extend this further by indicating that events occurring from the induced 

environment system may cause discontinuities, perturbations, or disturbances (Wasson, 2015) 

in the performance of the construction projects. There was evidence to suggest that the 

influences of the local political leaders contributed to the disturbances and interruptions 

during the delivery of the construction projects. Although the findings of this thesis are 

consistent with those of Jin et al. (2017) who found that external stakeholders, such as local 

communities, may seek to influence a project through campaigning and political lobbying, 

the findings of the thesis extend this work by showing that the influences of local 

communities and business forums may cause disruption and turmoil in the delivery of the 

construction projects. Complexity is associated with the process of self-organization, where 

the system becomes poised between chaos and order (Aaron & Smith 2006). The complexity 

theory sheds new light on the edge of chaos conditions in situations where the local political 

leaders coerced the principal contractors to appoint and subcontract particular local 

contractors, and to terminate certain existing subcontractor contracts to replace them with the 
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ones of their own preference. The findings of the thesis also expand the work of Ershadi et al. 

(2021) who point out that commitment to the requirements of supporting the local and small 

suppliers and contractors are quite challenging and is posing further constraints for private 

construction organizations. It has been found that the main contractors are compelled to work 

with the local emerging contractors even though they do not have the required expertise and 

experience to performance the construction works. Furthermore, it emerged that the main 

contractors subsequently bear the responsibility for the substandard works that have been 

performed by the incompetent subcontractors imposed on them by the local business forums 

and political leaders.  

“Project complexity is the property of a project which makes it difficult to understand, 

foresee, and keep under control its overall behaviour, even when given reasonably complete 

information about the project system” (Qazi et al., 2016). The findings of this thesis show 

that the various stakeholders involved in the delivery of the project had difficulties to 

understand, let alone to implement, the preferential procurement regulations for the execution 

of the construction projects. It emerged that there was a lack of clarity and understanding 

among the local business forums about the mandatory thirty percent benefits for the local 

businesses from the construction projects in the context of the preferential procurement 

policy, as some parties regard the thirty percent to be discounted from the financial value of 

the contract. The local contractors seem to have a sense of entitlement for being appointed in 

the context of the preferential procurement policy as the findings show that the local 

subcontractors practice as “jack of all trades and master of none” as they would be competing 

for a specialist contract such as the tiling tender or brick works while they are mainly dealing 

with logistics.  Therefore, the findings of the study have established that technical complexity 

in terms of strict quality requirements regarding the project deliverables (Bosch-Rekveldt et 

al., 2010) may restrict the implementation of preferential procurement policies in building 

projects that requires special design considerations due to space constraints, complicated site 

characteristics and specialist innovative building (RSA, 2016). With these technical 

complexities, the findings suggest that the contractors had difficulties to achieve the thirty 

percent targeted procurement because almost half of their contracts’ value were defined as 

“specialist trades” which, by default, is excluded from the total cost price of the construction 

projects.  As “all systems must conform to established organizational and government policy 

and laws” (Watson et al, 2019) the findings of this thesis indicate that ambiguities in 

understanding of public policies could lead to constraints in the project performances. The 
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findings of this study further show that although it is the regulatory requirement at outset in 

the construction package order that the contractors should provide the empowerment plan for 

preferential procurement of the local labour, suppliers and subcontractors, the procurement of 

local contractors was seen to be mainly for services such as bulk earthworks, excavations, 

brickwork, and concrete placing and formwork.  

7.4.3 Ecological Restrictions  

By integrating the theoretical insight from the complexity theory with the theory of systems 

engineering, the results of this thesis provide the much-needed evidence to contribute to the 

growing trend in the regulations and pressure on contractors to integrate ecologically friendly 

practices and environmental standards into their construction processes for the delivery of 

sustainable construction projects (He et al., 2015; Ershadi et al., 2021).  As postulated in the 

theory of systems engineering, construction projects are attached to the ecological system and 

dependent on the natural environment (Watson et al., 2020) for execution. Adopting this 

theoretical posture, the findings of this study are consistent with the observations of Ershadi 

et al. (2021) who indicated that environmental and ecological impacts associated with 

construction activities have become an ever-increasing concern, especially regarding the 

considerable amount of waste generated on construction sites. The findings of this thesis 

extend this further by elucidating that land pollution such as spillages of wet cement, paint 

contaminated water and oils from machines are the result of inadequate housekeeping and 

poor waste management procedures at the construction sites. Drawing on the theory of 

systems engineering which assumes that a system entails subsystems, the findings of the 

study also unveil that the requirement for compliance with ecological regulations are seen to 

be focusing on the principal contractors given that the inductions on environmental 

compliance are conducted mainly for the principal contractors, whereas the findings suggest 

that the culprits of ecological infringement are the subcontractors who operate in the same 

servitude with the principal contractors.  

The findings of this study further show that complying with the ecological restrictions during 

the delivery of construction projects comes with hefty financial implications for the 

contractors. In accordance with Nyamazana and Ozumba (2017), who found that the high 

cost of employing environmental consultants is one of the challenges to the implementing of 

EMP in construction projects, the findings of this study extend this by elucidating that the 

high cost may also include the costs associated with the disposal of hazardous waste and 

substances such as the contaminated water discharged from washing paint brushes. This may 
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include fees for waste management and disposal of hazardous waste which should be 

transported to a particular designated hazardous waste facility for safe disposal of the waste. 

The findings further indicate that because such facilities are very limited in the country, 

contractors become liable for the transportation and logistical costs associated with the 

hazardous waste removal from their sites to the designated facilities. Drawing from the 

systems thinking (Haynes, 2008) which postulates that interactions that happen in the 

operating environment system of the project have a direct interloop with the organizational 

complexity elements in the SOI, a possible explanation to the reluctant attitude on ecological 

compliances during the construction phase of the project could be the difficulties in the 

economic and business environment in the construction industry in the country. Another 

finding that emerged was that ecological preservation also come at the cost of the contractors.  

The findings of this thesis support those of Ershadi et al. (2021) who found that prior 

environmental sustainability in construction projects is more concerned with construction 

waste, recyclability of construction materials, noise pollution, and natural resource depletion. 

The findings of this study expand this by indicating that the destruction of species and 

biodiversity is also of particular concern during the construction and post construction phases 

of the infrastructure projects. In this regard, the findings of this study show that the contractor 

should at all cost protect the indigenous trees found on sites, and failure to comply would 

mean that for every indigenous tree removed prior to the construction phase, it must be 

replaced with five trees post the construction phase of the project. From the systems 

engineering insight, this finding may suggest that if the project management team overlook or 

choose to ignore a key attribute of the natural environment systems that impacts human life 

and property, there may be severe consequences and penalties (Wasson, 2015). 

Another important finding that emerged was in contrary to the study of Nyamazana and 

Ozumba (2017) who found that in the implementation of EMP there is limited influence of 

contractors in choosing environmentally friendly materials. Instead, the findings of this thesis 

found that the landscape architecture consultants of the construction projects prioritised the 

use of environmentally friendly material in terms of taking into consideration the local 

climate when choosing flora species for the soft landscaping activities. The findings of the 

study show that to optimise the benefits of the ecological outcomes in the buildings, the local 

climate condition is taken into consideration when choosing the vegetations to be planted in 

the precinct of the buildings. The findings show that preference is given to vegetation that 

would be resilient to and coping with the risk of the hot weather conditions in the local area, 
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and considerations are also made to avoid choosing trees that have aggressive roots, 

particularly in the parking lots as well as in areas closer to the building. Adding to the 

systems engineering theory, this study shed new insight to comprehend that the risk 

identification and analysis process in the context of ecological restrictions in the operating 

environment system “helps decision makers to make judgment before problem occur” (Tipili 

& Yakubu, 2016) in the mission system. That is, the decision to use the non-aggressive roots 

type flora assists to mitigate the risk of damages on the buildings structures and surfaces post 

the construction phase.  

7.5 ORGANIZATIONAL COMPLEXITY DIMENSION  

The execution of a project is conducted by a project organization, which involves project 

staff and various teams, project management methods and tools, and the various disciplines 

(Cagliano et al., 2015). Consequently, project complexity is also manifested by the 

organizational complexity dimension (He et al., 2015).  Through the systems engineering 

perspective, the findings of this thesis extend this further by indicating that the organizational 

complexity dimension is the SOI which consists of the enabling system and the mission 

system. The findings of this study also show that the lack of resources and skills, as well as 

the scarcity of construction material, could result in detrimental risks in the performance of 

the SOI. In accordance with the work of Bosch-Rekveldt et al. (2011), which recognizes 

elements such as trust, availability of resources and skills, work experience, and interfaces 

between disciplines as the softer aspects of the organizational complexity dimension, the 

findings of this study extend this assumption by indicating that the interfaces (R-M Interface) 

between these softer elements and components perform a function coordinating, monitoring 

and controlling the performance in the mission system (construction projects). Drawing from 

the systems engineering perspective which assumes that two or more systems, elements or 

components can exchange information and use the information that has been exchanged 

(Wasson, 2015), it is possible to hypothesise that the interoperability of components in the 

enabling system and the mission system could determine the appropriate risk reduction 

measures and how “to carry[ing] out the identified responses to risk, monitoring and refining 

them, identifying, evaluating and treating new emerging risks as well as to communicating 

the results of the risk management process and recording all the knowledge, experience and 

lessons learned during its implementation” (Cagliano et al. 2015). As the system mission 

progresses through with the scope of work, more detailed decisions are needed and as 

understanding deepens, these detailed decisions can be made (Watson et al., 2019) for the 
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purpose of risk monitoring. With this understanding, the risk monitoring and control phase 

becomes an ongoing process of identification and management of new risks that become 

known during a project, tracking of already identified risks, implementation of planned 

responses and review of their effectiveness, development of additional actions, if needed, and 

formalization of lessons learned about risk (PMI, 2017). Drawing from the complexity 

theory, the findings of this thesis extend this work by emphasizing the existence of a 

feedback loop within and between the systems in the delivery of the projects. The availability 

of resources and skills is one of the critical elements in the enabling system of the 

construction projects.   

7.5.1 Resources and Skills Availability 

Drawing on the theory of systems engineering, the findings of the thesis show that the supply 

of adequate resources and skills during the delivery of construction projects is a critical 

element for the enabling system which support the mission system in the SIO. In the 

perspective of the theory of systems engineering, which maintains that the resources system 

elements such as the physical raw materials sustain and support the operations of the mission 

system (Wasson, 2015), the findings highlight that project performance in terms of schedule 

could be severely affected when there are logistical deficiencies in the organizing of the 

resources system elements such as the deliveries of physical raw material. The findings of the 

thesis are contrary to previous studies which highlight the costs and lead-time as the only 

logical aspects in the delivery of material in construction projects (Sobotka et al., 2012). The 

findings of this study indicate that the delivery of incorrect and substandard quality of 

construction materials, such as steel bending material and cement, could be a tremendous 

logistical risk emanating from the business and market environment system. Furthermore, the 

findings of the thesis also demonstrate the critical support role of the enabling system to the 

mission system wherein some outstanding material deliveries of mechanical works has 

caused tensions between the main contractor and the mechanical subcontractor because the 

delivery delays had an impact on the proceedings of the project as it was affecting the 

installation of other services and, subsequently, the beginning of the pre-commissioning 

phase of the project.   

Other findings that emerged support those of Cobbinah et al. (2020) who also found that, 

currently, the industry is faced with a lot of challenges including the lack of capacity of local 

contractors to deliver big projects in accordance with the desired quality requirements. The 

findings of the study extend this further by indicating that project complexities in terms of 



321 | P a g e  

 

dependencies between tasks and uncertainties in scope seems to have contributed to incorrect 

interpretations of the design information, which has eventually resulted in numerous reworks 

in the installations of services such as electrical, mechanical, and wet services. The findings 

of the thesis further suggest that the challenge of inaccurate interpretation of design drawing 

as a result of skills and capacity deficits may have contributed to the defective works in the 

construction of the projects. In contrast to Qammaz and AlMaian (2020), who maintain that 

“construction project team members come from diverse business cultures and backgrounds, 

yet to succeed in a given project, they must embrace the same business strategies and perform 

under the same business standards”, the findings of this thesis show some deviations from the 

standard methods and specifications which caused reworks, wastages and poor workmanship 

in the installation of services in the buildings. The complexity theory recognises that 

organizational elements such as the labour force enable the delivery of the project and, as 

such, the project resource management processes must identify and bring in the resources that 

are appropriate to the needs of the project (Wingate, 2018). In contrast, the findings of the 

study suggest that the recruitment of human resources for infrastructure development projects 

in South Africa is based on empowerment and job creation for the local communities instead 

of appointing the best qualified and skilled workers.  

The findings of the thesis raise the possibility that the disparities and skills deficit in the 

South African construction industry is a serious problem which exists in every discipline 

pertaining to construction works. The study found no evidence to support the views of 

Qammaz and AlMaian (2020) who assert that “to create an organizational culture that accepts 

the risk management process, awareness and skills must be spread and shared starting from 

the upper management through team leaders to individual team members”. Instead, the study 

found that there is no willingness to transfer the skills and knowledge from the highly skilled 

and experienced workers and professionals to the unskilled and inexperienced workers and 

professionals for the improvement in the delivery of the construction projects in accordance 

with the design information. The theory of systems engineering appreciates interactions in 

systems elements and connections among system functions at multiple peer relationships that 

support interactions and couplings not seen in hierarchical structures, but which generally 

indicate parent/child relationships (Watson et al., 2019). The findings of this study unveil that 

the highly experienced and skilled professionals seem to have no appreciation to the support 

and mentoring relationships with the lower and unskilled workers and professionals. Instead, 

there was a sense that none of the highly skilled professionals is a person that's going to feed 
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somebody else with a teaspoon because if one would need to feed all information on how to 

do the works, then it will be a matter of saying that person should not have been offered the 

contract to deliver that particular task in the first place. The present study raises the 

possibility that the provision of adequate resources and technical skills elements are critical in 

the enabling system towards the integrated and coordinated delivering of the infrastructure 

projects (mission system).  

7.5.2 Integrative Management for Deliverables  

The theory of systems engineering postulates that integrative management occurs on 

activities that rely on and interface with many disciplines or multiple organizations to 

perform the necessary tasks within the project (Watson et al., 2019). The findings of the 

thesis expand on the discourse that “integrative management is an incredibly important 

process that, if neglected or implemented without the appropriate level of rigor considering 

the risk of the project, will impact the final outcomes of the project” (Wingate, 2018). 

Drawing from this theoretical posture, the findings of this study ascertain with evidence that 

negligeable effort on project planning certainly result in the incorrect order of sequencies of 

the activities during the execution phase of the project. In the context of interdependencies 

and interfaces of the multiple disciplines during the execution of the project, the findings 

have illustrated the risks in relation to the quality outcomes in the project execution. The 

findings of the study show that while one discipline may be completed with the installation of 

its services, another discipline has come to want to do reworks and installations which 

certainly affect the other discipline which was completed earlier. For example, in one 

instance the contractor had to core drill penetrations on roof slabs at the expense of the 

structural engineer works because of a late drawing which was issued with new details added 

to the drawing, which were not shown on previous drawings. A possible explanation for these 

results may be the lack of adequate sequencing of integrative activities in the project planning 

phase. Moreover, another possible explanation could be drawn from the complexity theory 

which asserts that the behaviour of complex systems results from the interactions of many 

elements at multiple levels through following simple rules (Cunha & Cunha, 2006). From this 

theoretical insight, the thesis infers that appropriate sequencing of the activities in the mission 

system is fundamentally important for the optimal behaviour and/or performance of the 

construction project and, subsequently, the attainment of the desired outcomes.  

Another important finding was the coordination and overlaying of the interrelated activities 

of the project during the construction phase.  The theory of systems engineering shed light to 
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understand that systems composed of many intricate parts are merely complicated, unless the 

interaction of those parts is rich and coherent (Tredinnick, 2009). Drawing from this 

theoretical insight, the findings of this thesis show that the interaction of the elements in 

construction projects could only be rich and coherent when the design information of the 

projects provide detailing, specifications, performance definition, sizing, and positioning of 

all systems and components (RSA, 2016) in the performance of the mission system. The 

findings of this study further support the idea that “living systems are composed of 

interacting elements that enable the whole to accomplish more than the individual elements, 

and each element has its own unique identity, capabilities, and characteristics, integrated into 

a purposeful framework specifically arranged to accomplish the system's mission” (Wasson, 

2015). From this theoretical position, this thesis postulate that when there are clashes and 

inadequate overlaying of services in the delivery of the construction projects, one discipline 

may compromise the capabilities and performances of the other disciplines in the process of 

project delivery. The observations from the study show that in several instances the 

overlaying and coordination of services have been problematic in the running of services in 

the buildings. For instance, there were clashes of services between the mechanical and 

electrical works. The HVAC services would have overlapped to the position of the electrical 

work and have caused a situation where a light point could not be accordingly installed in the 

cycling. Therefore, the complexity theory in the context of this study provides insight to 

understand that project complexity measurement is a function of many factors, each of which 

can affect another factor (He et al., 2016). The findings of the thesis expand this further by 

showing the inevitable knock-on effects on other elements emanating from changes made in 

one element of the mission system.  

The findings of the thesis further expand on the work of Invernizzi et al. (2018) which 

indicates that the processes of communicating scope changes between contractors and pivotal 

stakeholders such as the clients and sponsors can be a lengthy, complex and thorny topic 

between those parties. Adding the systems engineering theoretical lens to this discourse, the 

findings of this study unveil that scope changes during construction may be disruptive to the 

performances of the mission system. To this extent, the theoretical insight shed light on the 

knock-on-effects on other disciplines because of the scope changes made in one of the 

principal design’s services, and which eventually also caused discontentment and frustrations 

among the various design disciplines. From the complex theory perspective which 

appreciates that the elements of a system operate under dynamic and non-liner circumstances, 
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the findings of this study support the notion that all scope changes in a project are meant to 

benefit the project outcomes (PMI, 2017) and for the satisfaction of the clients’ needs (Burke, 

2010). However, this thesis has also found evidence which is consistent with those of 

Khodeir (2017) who found that the root causes of scope changes in relation to managerial 

complexities in construction projects are as a result of uncertainties in management goals and 

methods. Apart from the knock-on-effects in the processes of scope changes, the findings of 

this study also add to the lack of evidence about why the request for scope changes turned to 

be a thorny topic between the contractor and the clients. To address this gap of knowledge, 

the findings of this study show that thorny discussions and tensions in the clients-contractor 

communications on scope changes emanates because of the disagreements in the quantifying 

and verifying of the claims pertaining to scope changes, especially when it involves 

additional works and alteration of construction methods.  

7.6 CHAPTER SUMMARY  

Thus far, the thesis has argued that a proactive risk management approach can be developed 

and applied through a systematic risk management model which provides a holistic and 

analytic view of the systems, subsystems and elements embedded therein in the delivery of 

construction projects. Unlike the traditional risk management approach, which explains risk 

management practice from a positivistic scientific method which assumes nominative and 

linearity in the environments wherein the construction projects are delivered, the discussion 

of the findings and theorizing thereof in this thesis is deduced from a constructivism 

philosophy centred on the epistemology that reality can be explored and constructed through 

human interactions, and meaningful actions. That is, reality can be discovered from how 

people make sense of their social worlds in the natural setting by means of daily routines 

(Sage et al., 2014). Through the complexity theory lens, it has emerged from the empirical 

evidence of this thesis that complexity in construction projects could manifest from three 

dimensions (Technical, Organizational and Environmental) consisting of numerous iterative 

elements. When further applying another theoretical lens of systems engineering, a new 

insight has been shed to understand that the dimensions and elements thereof in construction 

project complexity reflect the systems, subsystems, and elements embedded in the delivery of 

the construction projects. Therefore, the proposed systematic risk management approach 

unfolds within these systems and elements thereof which are broadly identified as the actual 

system being designed (SOI), the context system (OES), and the realization system (HOS). 

Moreover, from the systems engineering perspective in accordance with the risk management 



325 | P a g e  

 

structure of the APM, which summarizes the risk management processes into three macro-

phases based on common goals of the risk management performance in projects, this thesis 

hypothetically elucidates that the posture of these macro-phases has the interoperability 

function between the systems and components thereof in the performance of risk 

management in construction projects. Drawing from this theoretical perspective, this thesis 

provides new insight to help in the understanding of a systematic risk management 

performance that is centred on P-Interface, I-A-A-Interface, and R-M-Interface, which 

ensures integrated and holistic consideration of all elements and components in the 

performance of risk management. In the chapter that follows, the proposed systematic risk 

management model is presented.  
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CHAPTER EIGHT: CONCLUSIONS AND RECOMMENDATIONS 

8.1 INTRODUCTION 

Thus far, the thesis has argued that projects in the construction industry are delivered in 

dynamic environments which result in circumstances of high uncertainty and risks due to an 

accumulation of many interrelated parameters. The growing complexity in the field of 

construction projects poses substantial management challenges (Cobbinah et al. 2020; 

Mabelo, 2020) particularly in terms of risk management. With the current risk management 

practice, which is still very much based on mere discrete processes of identifying, assessing, 

quantifying, response and control of risks (PMI, 2017), many construction projects, 

particularly in developing countries, continue to fail to meet the time schedule, budget target 

and sometimes even the desired quality of the scope of work (Kishan et al., 2014). In the face 

of the growing complexity in the field of construction projects, the track record of risk 

management in the construction industry remains very poor and unsatisfactory as many 

construction projects are unsuccessful to deliver in accordance with the project objectives. 

The thesis therefore argues that to address this problem, the solution requires a paradigm shift 

from the tradition linear approach which by design, overlooks the complexities, non-linearity 

and interdependences of elements underpinning and characterizing the nature of the 

contemporary construction projects. The thesis supports the increasingly emerging debate 

that the “superior traditional or linear answers do not solve the problems, but systemic 

approach to the problems could lead to the delivery of the accurate management policies” 

(Cobbinah et al., 2020). Unlike the traditional risk management approach, the systematic 

approach embraces the iterative and interactive processes that are influenced by the dynamic 

and complex environments within which the construction projects are delivered. The key 

premise of systems design thinking is that people are an integral part of the system alongside 

technology, social, environment, economic and politics and should be regarded as such 

through the entire design process (Cobbinah et al., 2020). Accordingly, the philosophical 

orientation of this thesis is drawn from the constructivism philosophy which is centered on 

the epistemology that reality can be explored and constructed through human interactions and 

meaningful actions in the natural setting by means of daily routines (Sage et al., 2014). The 

constructivism paradigm embraces the qualitatively diverse ways in which people 

conceptualize, experience, perceive, and understand various aspects of, and phenomena in, 

the world around them (Partington et al., 2005). As such, the proposed systematic risk 

management model is underpinned on empirical evidence emerging from the iterative and 
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interactive processes of risk management as observed during the delivery of three 

construction projects. The grounded theory approach of the thesis is validated on the basis 

that construction experts involved in the delivery of the construction project are aware of the 

risk associated with the construction industry (Qammaz & AlMaian, 2020) and, as such, they 

were purposively sampled because of their expert opinion (Babbie, 2010; Williamson et al. 

2020) in the delivery of the construction projects. Moreover, the proposed systematic risk 

management model is also underpinned on a sound theoretical foundation of complexity 

theory and systems engineering theory which combined holds the potential of shedding better 

insight on how the risk management practices is performed in the context of the inherited 

complexities in construction projects.  Accordingly, as proposed by Bosch-Rekveldt et al. 

(2011), a broader spectrum of complexity definition in construction projects is manifested in 

three dimensions (Technical; Organizational; Environment (TOE)) which widely embraces 

the interdependencies of the various elements and components in construction projects. 

Equally, the systems engineering theory postulates that every system design involves three 

systems. That is, the actual system being designed (System of Interest (SOI)), context system 

(Operating Environment System (OES)), and realization system (High Order System (HOS)) 

(Mabelo, 2020). The deductive thinking and the theorization thereof in this chapter of the 

thesis is modelled and drawn from the blended synergy of systems engineering theory and 

complexity theory wherein the technical complexity dimension is also referred to as the HOS; 

the organizational complexity dimension is equal to the SOI; and the environment complexity 

dimension is equal to the OES. In line with the risk management structure of the Association 

for Project Management (APM) (2004), which have summarized the risk management 

processes into three macro-phases based on common goals of the risk management 

performance in projects, this thesis hypothetically elucidates that the posture of these macro-

phases has the interoperability function between the systems and components thereof in the 

performance of risk management in construction projects. The first interface (P-Interfaces) of 

these processes is aimed at understanding the characteristics and objectives of the project and 

planning the risk management effort by deciding its level, scope and purpose. The second 

interface (I-A-A-Interfaces) is intended to identify risks together with their causes, effects 

and how they influence each other, assess their likelihoods of occurrence, and impacts on the 

project, prioritize the risk, develop risk response measures, and establish contingency plans. 

The third interface (R-M-Interface) is dedicated to carrying out the identified risk response 

measures, monitoring and evaluating the risks and treating new emerging risks, as well as to 

communicating the results of the risk management processes and recording all the 
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experiences and lessons learned during the implementation of the risk management. This 

approach is useful in expanding our understanding that a proactive risk management 

approach can be developed and applied through a systematic risk management model which 

provides a holistic and analytic view of the systems, subsystems and elements embedded 

therein in the delivery of construction projects. 

8.2 ACCOMPLISHMENT OF THE RESEARCH AIM AND OBJECTIVES 

The following section of this study provides a more detailed account on how the research aim 

and objectives of the thesis have been accomplished.  

8.2.1 Research Aim  

This thesis was undertaken to explore how a systematic risk management approach could be 

developed and applied towards successful delivery of construction projects, and subsequently 

to propose a systematic risk management model designed to depict the risk factors and 

underlying complexities and dynamics embedded in construction projects. The proposed 

model does not only enable a proactive risk management approach, but also lays the 

groundwork for advancing the systems thinking philosophy as the recent literature has 

highlighted the need for a paradigm shift from the traditional mere discrete approaches of risk 

management to more holistic and analytic approaches that embrace the complexities and 

dynamics in the environments within which construction projects are delivered.   

8.2.2 Research Objectives 

The thesis was undertaken to fulfil five research objectives. The following section highlights 

how the empirical grounded theory approach has enhanced the realization of the research 

objectives of this thesis. The first research objective was to explore the nature of risks in 

construction projects. 

8.2.2.1 The nature of risks in construction projects 

With reference to the first research objective which focused on exploring the nature of the 

risks in construction projects, the empirical evidence has confirmed and maintain the 

following discourses:  

❖ Construction projects are subjected to numerous interrelated risks because of the dynamic 

environments and interdependent activities which characterize the construction projects. 

A potential risk in one discipline of the construction project has knock-on-effects on other 

disciplines of the project.   
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❖ The multifaceted and interdependent risks emanate as elements and components from 

within the complexity dimensions in terms of technical, environmental, and 

organizational which are the inherent and defining features of construction projects.  

8.2.2.2 The risk factors in construction projects 

The second research objective of this thesis was to unveil and cluster the potential risk factors 

inherent in construction projects. The first and the second levels’ coding procedure on the 

empirical data has led to the emergence of the cluster of concepts of risk factors which 

inductively emerged from specific risk events that occurred during the delivery of the 

construction projects.    

❖ This study was able to explore and cluster the design and technical risks experienced in 

the construction projects. The inductive approach has unveiled the following risk factors 

in relation to the design and technical risks: Incomplete design at tender stage, delayed 

processing design information, inaccurate geotechnical information, changes in 

foundation designs, modifying design specifications, design exceeding the budget, 

noncorresponding drawings, variations between tender and construction drawings, and 

discrepancies between design drawings. 

❖ Through the grounded theory approach, the empirical findings of the study were able to 

unveil several risk factors in the cluster of finance and economic risks in construction 

projects. The second level coding of these risk factors includes payments delays for 

contractors, unfavourable business environment, underestimated budget, unverifiable 

claims by contractors, payment structure for construction professionals, and operational 

budget constrains for contractors.  

❖ The inductive data analysis approaches have led to the emergence of the cluster of the 

contractual and legal risks which include the following factors: Target price agreements; 

claims for additional work; contractors’ liabilities; the nature of the contract; and 

construction contract management.  

❖ The study was able to elucidate the cluster of the political and public risks as they 

emerged from the empirical evidence of the study. The cluster of political and public risks 

that emerged in the second level coding includes factors such as strikes and protest 

actions; labour legislations; processes of appointing subcontractors; unemployment 

conditions; and stakeholders’ engagements. 

❖ The study was able to explore and illustrate the cluster of logistical risks from the case 

study. At the thematic and conceptual level of analysis, the study unveiled the following 
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risk factors in relation to logistical risks in construction projects: The scarcity of specialist 

suppliers, unavailability of technical skills in the local market, scarcity of construction 

material, delays of equipment and material deliveries, delivery of wrong and defective 

material, access to site by machineries and plants.  

❖ Regarding the question on what the construction related factors experienced during the 

delivery of the projects are, the empirical evidence in the second level coding of the study 

has unveiled the following risk factors: poor coordination of project activities; 

uncertainties in project scope; lack of construction information; as well as occupational 

health and safety factors.  

❖ The inductive analytical procedure led to the emergence of the following factors in 

relation to the management related risks in the projects: ineffective decision-making 

processes, delayed approvals of clarity seeking enquiries from contractors, project 

strategic goal alignment, imprecise project planning, inefficient project team 

coordination, communication shortfalls, remote location of management teams, late 

request for scope changes, and administration intensive management processes.   

❖ The study was also able to explore and cluster the environmental risks which emerged 

from the qualitative analysis in the second level coding in the study.  The environmental 

related risks were categorized as follows in the second level coding: The interferences 

with the existing infrastructure and services; unfavourable weather condition; obligations 

of nature preservation; environmental pollution; unforeseen geo-technical conditions on 

sites. 

8.2.2.3 Risk management methods 

The third research objective was to assess the risk management methods applied during the 

delivery of the construction projects. The results of the thesis show that the current risk 

management procedures in the delivery of the construction projects are oriented on the 

discrete processes of risk management which involves the management planning, 

identification, assessment, analysis, response and monitoring of risks.  

❖ The findings in the case study suggest that the performance of risk management planning 

in construction projects requires the provision of all the technical information pertaining 

to the project prior to the construction phase. It has emerged from the empirical evidence 

that the project risk management planning processes requires the provision of technical 

information such as the construction programme; drawing information; project budget; 

construction contract and the geotechnical investigation reports. An implication of this is 
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the possibility that the technical information enables the planning team in the project to 

understand the characteristics and objectives of the project, and subsequently to determine 

the level, purposes, and scope of the risk management performance.  

❖ The inductive analytical procedure led to the emergence of the methods used for risk 

identification in the construction projects. The inductive approach in the first level coding 

processes uncover the following methods and techniques for risk identification: 

construction site walks; expert judgements; assumptions and constraints analysis; project 

meetings; contract document analysis; lessons learnt from similar previous projects; 

project conceptualization; and scrutinizing the construction programme. The results of 

this study provided certainty that these methods and techniques are set to discover and 

explore the various sources of the risks in the environments within which the construction 

projects are delivered. 

❖ The inductive approach in the first level coding has uncovered numerous risk assessment 

methods and techniques that were applied during the construction of the projects. This 

includes the use of checklists on milestones; risk reduction meetings; interpersonal and 

teamwork; risks reports; experts’ judgements; brainstorming; risks categorization; and 

worst-case scenario analysis. The empirical evidence of the study shows that these 

methods are dedicated to examining the risks causes, effects and how they relate to each 

other in the organizational and environmental facades of the projects.  

❖ The inductive analytical procedure led to the emergence of the following risk analysis and 

quantification methods and techniques: cause-effect analysis; identifying sources of 

uncertainties; cost-schedule risk analysis; areas of risk warranting a response; risk 

prioritization; critical path analysis; evaluating influences on time and costs. These 

findings confirm the observation that risk analysis involves the evaluation of the 

probabilities of occurrence and impacts of the risks, the prioritization of risks, the 

development of risk response strategies and the establishment of contingency plans 

(Cagliano et al., 2015) to address the potential risks identified in the environmental and 

organizational dimensions of the projects. 

❖ Through the first level coding of the empirical data the following risk response methods 

have emerged: risk mitigation; risk avoidance; decision matrix; issuing of works 

information; identification of the best possible courses of action; design change request; 

contingency response; remedial work; risk transfer and risk acceptance. One key issue 

that emerged from this finding is that a variety of risk response methods could be applied 

to address the identified risks resulting from various dimensions of project complexities. 
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The evidence of this study further suggest that the appropriateness of risk response 

measures could only be tested during the actual execution of the project.   

❖ With the first cycle coding procedure, the study was able to unveil the following methods 

and techniques for risk monitoring and control: Revision of the construction programme; 

project documents upgrading; risk register upgrading; target progress vs actual progress; 

project time recovery plan updating; technical performance analysis; identification of risk 

variances; quality reports; defects monitoring; period project progress review; and 

progress meetings. The results of this study indicate that risk monitoring is a continuous 

process of refining, evaluating, and treating new emerging risks and recording the lessons 

learned during the implementation of risk management measures. 

8.2.2.4 Project performance objectives   

The fourth research objective was to examine the influence of the risk factors on the 

construction projects performances in terms of the cost, time, quality, and environmental 

sustainability objectives. The empirical evidence of the study confirms the notion that risk 

factors in construction projects could result in cost and time overrun.  

❖ From the empirical evidence of the study, it emerged that the risk factors would seem to 

have adverse influences on the project cost objective. In the first level coding of the 

empirical evidence, it emerged that additional costs on the projects were incurred; 

contingency cost was depleted; labour costs increased; claims on standing time increased; 

provisional sums were added with extra funds; target price was exceeded; and eventually 

the total of the projects increased. The evidence from this study suggests that the risk 

factors that has led to these adverse effects have predominantly emerged from the 

technical complexity as well as the operating environment dimension of complexity.   

❖ The results of this study unveiled a wide range of empirical evidence which point to the 

influences the risk factors had on the projects performances in terms of schedules. As 

illustrated in the below figure, through the first code analytic procedure the following 

implications have emerged: delay in completion dates; delays in project time; delays in 

the provision of drawing information; revised completion dates; extension of project 

duration; longer construction time; running behind time; working overtime; work 

stoppages; losing working days; and more standing time. These findings highlight the 

significance of the induced systems environment in the performance of risk identification 

and assessment.  

 



333 | P a g e  

 

❖ The deductive analytical approach in the first level coding procedure has uncovered the 

following implications: Inappropriate construction methods; incorrect installation of 

equipment; unsupported installations of equipment; rework on installations of services; 

incorrect installation of services; demolishing of construction works; use of damaged 

equipment; inconsistent quality inspection; defect lists; working under pressure; clashing 

of services; knock-on-effects of changes; and non-sequencing of project activities. These 

findings suggest that the enabling environment and the political and regulatory elements 

had influenced the project schedule performance.  

❖ On the question related to the implications of the risks in the project performance in terms 

of environmental sustainability, the focused coding as a second cycle analytic process 

content analysis has developed the four categories which are sharing a common set of 

features in reflecting environmental sustainability in the project performances. These 

analytical categories include the use of green technological features in the buildings; 

providing liveable and social spaces in the building environment; nature conservation and 

stormwater management. The findings indicate that the technical dimension element of 

strategic goal alignment had a positive influence on the sustainability performance of the 

projects.  

Taken together, these findings have significant implications for understanding the 

complexities, non-linearity and interdependences of elements underlying and characterizing 

the nature of construction projects, which eventually influence the project objectives. This 

empirical case study has been one of the first attempts to thoroughly explore and examine 

how a systematic risk management model that depicts the underlying complexities and 

dynamics embedded in construction projects could be designed and implemented as a 

proactive approach of managing risks in a construction project.  

8.2.3 The Proposed Systematic Risk Management Model 

The fifth research objective of this thesis was to develop a systematic risk management model 

for complex construction projects (Figure 8.1). The principal theoretical implication of this 

model is that a proactive risk management approach could be realized through a systematic 

risk management model which provides a holistic and analytic view of the systems, 

subsystems and elements embedded therein in the delivery of construction projects. 

Therefore, the proposed conceptual framework depicts characteristics of a deterministic 

model which assumes that the systems responses are determined through known relationships 

among the conditions, events (Wasson, 2015), and elements embedded in the delivery of 
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construction projects. In this regard, the complexity theoretical lens, offers insight to 

understand that complexity in construction projects could manifest from three dimensions 

(Technical, Organizational and Environmental) which also consists of numerous iterative 

elements therein. When further applying another theoretical lens of systems engineering, a 

new insight has been shed to understand that the dimensions and elements thereof in 

construction project complexity reflect the systems, subsystems, and elements embedded in 

the delivery of the construction projects. Therefore, the proposed systematic risk management 

approach unfolds within these systems and elements thereof which are broadly identified as 

the HOS, OES, and SOI respectively. Moreover, from the systems engineering perspective in 

accordance with the risk management structure of the APM, which summarizes the risk 

management processes into three macro-phases based on common goals of the risk 

management performance in projects, this thesis hypothetically elucidates that the posture of 

these macro-phases has the interoperability function between the systems and components 

thereof in the performance of the systematic risk management approach towards the 

successful delivery of the construction projects. 
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Figure 8.1: Proposed systematic risk management model for construction projects  
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8.5 CONTRIBUTIONS OF THE STUDY 

This thesis makes several major contributions in three multiple folds in the body of knowledge. 

Firstly, this study makes theoretical contributions by developing an empirically underpinned 

systematic risk management model which provide more clarity on comprehending the 

multifaceted and complex risk factors embedded in construction projects. Secondly, the 

qualitative case study approach used in this study provides novelty and comprehensive capture of 

the complexities inherent in risk management practices in construction projects. Thirdly, this 

study has gone some way towards expanding the understanding and the basis for managerial 

decisions making in relation to front-end planning and a proactive approach for risk 

management, and eventually to improve projects’ performances on cost, time, scope and 

environmental sustainability. The primary contribution of this thesis is based on the growing 

concerns regarding the relevance of the traditional construction project management approaches 

in the management of contemporary construction projects characterized by complexities. To this 

extent, there is enormous pressure on the academics to provide an alternative theoretical 

approach which will embrace the complexities underpinning modern construction projects.   

8.3.1 Theoretical Contributions 

❖ This study adds to the emerging trends in the construction project risk management body of 

research which suggests the need for the replacement of the traditional, discrete, and linear 

risk management approaches with systematic approaches that can embrace the iterative and 

interdependences of the components and elements inherent in construction projects.  

❖ By applying the complexity and systems engineering theoretical lens, the results of this thesis 

provide new and much needed evidence to support the widely anecdotal generalization and 

uncertainty around the meaning and implications of risk management as a systematic way of 

looking at areas of risks and consciously determining how each should be treated.   

❖ The empirical findings of this study are useful in expanding our understanding that the 

fundamental reason for the difficulties with modern large engineering and construction 

projects is their inherent complexity. This thesis suggests that understanding the complexities 

is significant for the risk management performance, and ultimately for project success.  
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❖ Prior to this study it was difficult to conceptualize the inherent project complexity. The 

theoretical foundation of this study has therefore shed new insight on how project complexity 

could be comprehended for risk management performance in construction projects.   

❖ The thesis also adds to the lack of evidence on how systematic risk management could be 

comprehended in contexts of complexities and iterative events, processes, and activities 

which characterize the nature of construction projects.  The empirical findings of this study 

provide the much-needed evidence to support the assertion which holds that complexity 

implies that different elements of the system are interdependent so that changes in one part 

may have knock-on effects on other elements of the systems. 

❖ Drawing on the constructivism philosophy which appreciates that the reality can be explored 

and constructed through the experiences and interactions of the actors in real world settings, 

this study provides the first comprehensive exploration and assessment of multifaceted and 

interweaved risk factors emanating from the environments within which the construction 

projects are delivered.   

❖ The findings of this study have expanded the risk management structuring of the APM, 

which summarizes the risk management processes into three macro-phases based on common 

goals of the risk management performance in projects. Based on the empirical evidence, this 

thesis hypothetically elucidates that the posture of these macro-phases has an interoperability 

capability in the accomplishment of the mission system. 

❖ In contrast to the adoption of the traditional linear risk management approach for 

construction projects delivery, this thesis provides a systematic risk management approach 

from a grounded theory which embrace the holistic view of the complexities underlying the 

delivery of construction projects. The systematic risk management model provides insight 

into the iteration processes as well as the importance of the feedback loops in the 

performance of risk management.  

8.3.2 Methodological Contributions 

❖ This study appears to be the first study to thoroughly explore the risk management 

phenomenon in construction projects through the application of a rigorous qualitative 

research methodology (Figure 8.2) which may be replicated in other case studies elsewhere 

in the world.  



338 | P a g e  

 

❖ The triangulation data collection methodology in this exploratory case study design lays the 

groundwork for future research that would seek to understand further complex issues in 

construction projects that would add strength to what has already been unveiled by this 

methodology in this study.  

 Figure 8.2: Conceptual framework for a triangulation data collection methodology 

 
  Source: (Author, 2022)  

❖ Novelty in the application of the hybrid data analysis procedure which include the data 

transcribing software (TEMI) and the qualitative data analysis software (MAXQDA). The 

MAXQDA enabled a systematic importation and storing of the transcripts, project 
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documents, and fieldwork memos which were organized in the document portal of the 

system. The qualitative analysis approach in this study has taken advantage of the number of 

interesting features of data analysis offered in the MAXQDA software. This includes the use 

of the coding system, visual tools, summary tables and project information reports. Future 

research work in a different context can replicate this research methodology to obtain further 

in-depth and analytical insight into complexities of any phenomenon.  

Figure 8.3: Replicable conventional content analysis methodology 

  
Source: (Author, 2022)  
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❖ This thesis offers an illustrative data analysis procedure that is based on a step-by-step 

simulation of the conventional qualitative content analysis which simplifies the data coding 

and thematic analysis procedures (Figure 8.3).  Following the content analysis guidelines of 

coding, categorizing and theorizing, as offered by Saldaña (2013) and Williamson et al. 

(2020), this thesis offers an illustrative conceptual framework for simulation of the steps and 

procedures in the qualitative content analysis method.  

8.3.3 Contributions to Practice 

❖ The growing complexities in the nature of the modern construction projects pose substantial 

management challenges to the construction project managers and other practitioners in the 

field of construction. Therefore, the proposed systematic risk management model in this 

thesis can serve as the basis and framework for assessing and navigating the complexities of 

construction projects for the construction practitioners and project managers, particularly in 

the developing economies.  

❖ Understanding the complexities in construction projects as the underlying factor to the 

continuous failures in the delivery of projects within budget and schedule, and of desired 

quality, could enable the construction practitioners to apply a pro-active and front-end 

planning approach in managing the inevitable risks in the delivery of construction projects. 

❖ Prior to this study construction project managers have been very speculative during the risk 

management planning phase about how to set project risk management objectives because of 

uncertainty around the specifications of information and the context where the relevant 

information could be sourced. This study sheds new insight into understanding that the 

information from the technical complexity dimension is pivotal for the risk management 

planning phase. 

❖ The proposed systematic risk management approach will prove useful in expanding the 

understanding of the project management practitioners of how the feedback loop between 

and within the enabling system and the mission system allows the ability for anticipating new 

risks, tracking of already identified risks, the review of effectiveness of the risk response 

measures, and the development of other response measures, if necessary.    

❖ The empirical findings of this thesis clarify the uncertainty on the vague definition around the 

terminology of ‘collaborative’ risk management practices, particularly in the NEC delivered 

construction projects. The empirical evidence of this study suggests that collaborative risk 
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management in construction projects should be centred around mutual trust in sharing of 

costs and risks between the parties involved in the projects.   

8.4 LIMITATIONS OF THE STUDY 

Despite the novelty in theoretical and methodological contributions presented in the preceding 

section, this study acknowledges and presents several limitations in this section.   

8.4.1 Generalizability of Results 

Like all research methods, there are both strengths and limitations with the case study approach 

adopted in this thesis. While it is recognized that this case is only one of many different 

examples of how project complexities can be understood for the realization of a proactive and 

systematic risk management approach, it is also equally recognized that case study research is 

not as generalizable compared to research design with larger samples of units of analysis. Thus, 

the project complexities unveiled in this thesis may be only applicable under the governance and 

management frameworks of public sector construction projects in South Africa. Notwithstanding 

this limitation, the theoretical model proposed in this thesis may be applicable to other similar 

construction projects in different contexts, mainly those that are delivered through the NEC 

contract.  

8.4.2 Cross Sectional Time Horizon  

In the context of the dynamic and constantly changing environments and circumstances wherein 

the construction projects are delivered, the findings of the study have emerged from a cross 

sectional observation of unique construction projects. Despite its exploratory nature, the findings 

of this thesis are based on a snapshot view of risk management performances that was observed 

in three construction projects delivered at the UMP in the period between 2017 and 2019. 

However, this study lays the groundwork for future research that may adopt longitudinal 

observations on longer term and larger complex projects delivered elsewhere in the world.  

8.5 RECOMMENDATIONS OF THE STUDY 

The following section of the thesis provides the notable recommendations for consideration in 

practice and policy, as well as in advancing of future research in the field of risk management in 

construction projects.  
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8.5.1 Recommendations for Practice and Policy 

❖ Most of the multifaceted risk factors in construction projects emanate from the operating 

environments as well as the enabling environments of the projects. Therefore, there is a 

definite need for Project Managers to devote their effort not only to the actual infrastructure 

deliverables, but also on the realization context and operating environments within which the 

infrastructure projects are delivered.   

❖ Unless a holistic and systematic risk management approach is adopted, the attainment of 

proactive risk management is impossible. Therefore, understanding the complexity and 

elements thereof would enable the project management team to apply a front-end planning 

and proactive approach for the better management of the risk factors inherent in the project 

complexities.  

❖ The project team in the corporate strategic planning should thoroughly scrutinize the 

organizational goal alignment, construction contract development and technical information 

for projects during the conceptual and feasibility phases of the construction projects in order 

to maximize the contributions of the risk management planning to the overall success of the 

institution or corporate organization.  

❖ The contractual development is one of the components which carries the command-and-

control authority in the risk management planning processes in construction projects. 

Accordingly, the application and management of the NEC contract in the construction 

industry should be adaptable to country specific labour and economic empowerment policies 

to avoid the disputes over the processes of appointing subcontractors, particularly in the 

context of developing economies such as the South African construction industry. 

❖ Greater efforts are needed to ensure that the processes of risk response and monitoring 

thereof are dedicated to carrying out the developed risk response measures with an aim to 

enhance the coordination and sequencing of the project activities, while ensuring the 

efficiency in the integrative and scope change management processes of the projects.  

8.5.2 Recommendations for Future Research Work 

❖ In the literature, there is paucity and need for more research into the exploration and analysis 

of integrations between the systems engineering and complexity perspectives and the other 

key knowledge areas apart from the risk management field.  
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❖ This thesis lays the groundwork for future research into the application of the systems 

thinking in the field of project management. That is, with the increasing complexities in the 

delivery of construction projects, further research is needed to understand the integration of 

systems engineering and project management.  

❖ An empirical test of the outcomes of this study is needed to validate and refine the systematic 

risk management model. Therefore, future research efforts should be directed towards the 

implementation of the model in multiple project settings in the construction industry. 

❖ Further quantitative research could also be conducted to explore the influences of the 

operating project environments and the enabling environment on the performance of risk 

identification, assessment, and analysis in construction projects. 

❖ Finally, the findings of this study are based on a cross-sectional and exploratory qualitative 

research of a case study in the South African construction industry. There is a need for 

confirmatory studies using quantitative design approaches with larger sample to compare and 

confirm the findings of this thesis with other studies conducted in different contexts 

elsewhere in the world.  

8.6 CONCLUSION 

This section shall provide some of the major conclusions related to this qualitative case study 

research analysis on construction project risk management. Drawing from the theoretical 

framework consisting of the complexity theory and the theory of systems engineering, this study 

has confirmed that construction projects are characterized with multifaceted and interrelated risk 

factors which are seen to emanate from the three dimensions of complexity (Technical, 

Organizational and Environmental). Moreover, the adopting of both the complexity and systems 

engineering theories in the discussion and theorizing of this thesis has foregrounded and 

engendered the philosophical proposition that risks in construction projects are multifaceted and 

complex and, as such, a proactive risk management approach requires a holistic and analytic 

view of the components, elements and activities embedded therein in the delivery of the 

construction projects. In contrary to previous studies which maintain that the more 

interdependent and interconnected the elements of a system, the less likely that its future could 

be predictable, this study holds the view that project success could be predetermined through the 

application of risk management in a systematic manner. Moreover, the discussions in this study 

confirm that the more the interdependence and interconnectedness of the inherent components 
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and elements of construction projects are understood, the better a proactive risk management 

approach could be developed and applied for the attainment of the project objectives, and 

eventually for project success. In the midst of the traditional discrete risk management approach 

which fail to grasp the interrelationships and interdependences of the components in the risk 

management performance of construction projects, this thesis proposes systematic risk 

management as the alternative approach for ensuring success in the complex environments where 

construction projects are delivered. The discussions in this study maintain that risk management 

processes should be categorized into three macro-phases (P-Interfaces; I-A-A Interfaces; and R-

M Interfaces) based on the common goals of the risk management performance in the 

construction projects. Significantly, with this proposed model the thesis hypothetically elucidates 

that the posture of these macro-phases has the interoperability function between the systems and 

components thereof in the performance of risk management in construction projects. The 

discussions of the study extend the discourse that the first and the profound phase in the risk 

management processes is the risk management planning. In particular, this study uncovers that 

the risk management planning process is the high order systems domain and exhibits the 

command-and-control authority through the use of planning methods and techniques for project 

risk management. Drawing from the systems engineering, the empirical evidence of this study 

shows that organizational goal alignment, contract development and the provision of the 

technical information are fundamental components which provide basis for the project risk 

management methods and subsequent development of a risk management plan for the delivery of 

construction projects. That is, focusing on these components could not only ensure that the 

scope, type, and visibility of risk management in construction projects are appropriate, but also 

could determine the size, complexity and the risk profile of the project and, subsequently, 

provide the basis for detailed and rigorous risk management planning for the various 

stakeholders.  

Drawing from the complexity theory, it has emerged that the operating as well as the enabling 

environments within which the construction projects are delivered, contain components and 

elements which engender the critical risk factors. Accordingly, this study infers that the methods 

for risk identifying, assessment, and analysis thereof in the second phase of the systematic risk 

management approach should be carried out with cognisance of interrelations and connections of 

the elements emerging from the operating and enabling environments of the construction 
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projects. In essence, the risk management methods and techniques in this macro phase should 

have an iterative and feedback intend in the identification of risks together with their causes, 

effects and how they influence each other, and subsequently prioritizing the risks while 

developing the risk response measures together with the contingency plans. Finally, the third 

macro phase of the risk management processes should occur in the mission system during the 

actual delivery of the construction project. The discussion of this study concurs that the methods 

and techniques of risk response and monitoring thereof are dedicated to carrying out the 

developed risk response measures, monitoring and evaluating of the risks and treating new 

emerging risks during project delivery. In addition, this study has extended this proposition by 

indicating that effort of the methods and techniques risk response and monitoring should also 

serve as the bases for communicating the results of the risk management processes and recording 

both the positive and negative experiences and lessons learned during the implementation of the 

risk management for the improvement of the project performance. Eventually, the proposed 

systematic risk management model could not only assist in depicting and grasping the 

interrelations of the underlying complexities, but also could support proactive decision making in 

the delivery of successful construction projects, those delivered under the NEC construction 

contract. In conclusion, this thesis therefore argues that to address the deficiencies in risk 

management practices during construction projects delivery, the solution requires a paradigm 

shift from the traditional linear approach which, by design, overlooks the complexities, non-

linearity and interdependences of the elements that are underpinning and characterizing the 

nature of the contemporary construction projects. Therefore, this thesis supports the increasingly 

emerging debate on the discourse that the superior traditional and linear approaches do not solve 

the current problems embedded in the contemporary construction projects, and as such they 

should be replaced with systems and a holistic thinking approach that will provide more clarity 

in dealing with the complex management challenges in the modern construction projects.  
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