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Abstract 

Railway maintenance depots in developing countries are characterised by old infrastructure, 

dilapidated machinery and equipment, and a mixture of incompatible systems and 

supportability issues. There is a need to modernise these passenger railway maintenance depots 

taking advantage of technological advancements to support the new rolling stock fleet and 

realise efficiency gains. The modernisation of passenger railway maintenance depots is 

achieved through several objectives to achieve sustainability for rolling stock maintenance 

operations in depots. 

The challenge faced by railway organisations is how to implement a disruptive technological 

transition to technologically transform their passenger railway maintenance depots. Railway 

maintenance depots are a multi-disciplinary environment. This research investigates migration 

strategies and their implementation and the integration of systems to achieve the required level 

of operational efficiency. To help organisations facilitate the transformation, a multi-

disciplinary project management framework was developed. The framework guides the 

organisation through phases and process steps in the process of depots transformation. For the 

modernisation project to be a success at the technical level, the depots must be viewed as large 

technical systems with many interacting subsystems for goal realisation. 

This research study employed a qualitative research design and was split into two phases, the 

contextualising phase and the framework development phase. The contextualisation phase 

distilled aspects relevant to the modernisation of passenger railway maintenance depots from 

literature and input from interviews with industry practitioners. The second phase concerned 

the development of the framework. Major findings from case studies show that for 

modernisation to benefit the organisation, the project must align technologies of railway 

maintenance depots with the technology of new rolling stock fleet for which the depots are 

modernised. A systematic literature review was conducted to identify modernisation themes 

from literature. Face validation of the framework was conducted with railway practitioners to 

affirm its completeness, credibility and usefulness in the modernisation of passenger railway 

maintenance depots in developing countries. 

Using the described research methodology, the Multi-disciplinary Project Management 

Framework (MPMF) was developed. Before the MPMF framework was done, a transitional 

mapping framework was developed that aligned the project objectives with the outputs and 

gave a holistic overview of the project environment. The MPMF framework has four 

overlapping phases, namely; the project ideation and definition phase, project organising and 

preparing phase, project execution phase and the closing phase to realise the project objectives. 

With the developed MPMF framework, the modernisation process becomes integrated and 

facilitate independence of project teams in a closely coordinated framework, the delivery 

performance is improved and Lean methodologies are easily implemented. 

This study contributes to the limited literature on the modernisation of passenger railway 

maintenance depots in developing countries. Moreover, the most important contribution is the 

modernisation framework to guide the disruptive technological transition from old-dilapidated 

railway maintenance depots to the desired state. 
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To conclude the thesis, a summary of research, achieved objectives, research contributions, 

identified research limitations and recommendations for future studies were transcribed. The 

overall perception is that the MPMF framework has great potential for use in modernisation 

projects of passenger railway maintenance depots. 
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Opsomming 

Spoorwegdepots in ontwikkelende lande word gekenmerk deur ou infrastruktuur, vervalle 

masjinerie en toerusting, en 'n mengsel van onversoenbare stelsels en probleme met 

ondersteuning. Daar is 'n behoefte om hierdie passasierspoorwegdepots te moderniseer deur 

gebruik te maak van tegnologiese vooruitgang om die nuwe vloot van rollende materiaal te 

ondersteun en om doeltreffendheid te behaal. Die modernisering van passasierspoorwegdepots 

word bereik deur 'n aantal doelwitte om volhoubaarheid te verkry vir die instandhouding van 

rollende materiaal in depots. 

Die uitdaging wat spoorwegorganisasies in die gesig staar, is hoe om 'n ontwrigtende 

tegnologiese oorgang te implementeer om hul passasierspoorwegdepots tegnologies te 

verander. Spoorwegdepots is 'n multi-dissiplinêre omgewing. Hierdie navorsing ondersoek 

migrasiestrategieë en die implementering daarvan en die integrasie van stelsels om die vereiste 

vlak van operasionele doeltreffendheid te bereik. Om organisasies te help om die transformasie 

te vergemaklik, is 'n multi dissiplinêre raamwerk vir projekbestuur ontwikkel. Die raamwerk 

lei die organisasie deur fases en verwerk stappe in die proses van transformasie van depots. 

Om die moderniseringsprojek op tegniese vlak 'n sukses te maak, moet die depots as groot 

tegniese stelsels met baie interaksionele subsisteme vir doelwitbereiking beskou word. 

Hierdie navorsingstudie is gebaseer op 'n kwalitatiewe navorsingsontwerp en is verdeel in twee 

fases, die konteksualiseringsfase en die raamwerkontwikkelingsfase. Die 

konteksualiseringsfase distilleer aspekte wat relevant is vir die modernisering van 

passasierspoordepots uit literatuur en insette uit onderhoude met vakdeskundiges. Die tweede 

fase het betrekking op die ontwikkeling van die raamwerk. Belangrike bevindings uit 

gevallestudies toon dat die projektegnologieë van spoorwegdepots moet aanpas om voordeel 

te trek uit die modernisering van die organisasie, met die tegnologie van die nuwe vloot van 

nuwe rollermateriaal waarvoor die depots gemoderniseer word. 'n Sistematiese literatuuroorsig 

is uitgevoer om moderniseringstemas uit literatuur te identifiseer. Gesigvalidering van die 

raamwerk is met spoorwegpraktisyns uitgevoer om die volledigheid, geloofwaardigheid en 

bruikbaarheid daarvan vir die modernisering van passasierspoordepots in ontwikkelende lande 

te bevestig. 

Met behulp van die navorsingsmetodologie wat voorheen beskryf is, is die multi-dissiplinêre 

raamwerk vir projekbestuur (MPMF) ontwikkel. Voordat die MPMF-raamwerk ontwikkel is, 

is 'n oorgangsraamwerk ontwikkel wat die projekdoelwitte belyn met die uitsette en 'n 

holistiese oorsig van die projekomgewing gee. Die MPMF-raamwerk het vier oorvleuelende 

fases, naamlik; die projek idee en definisie fase, projek organisering en voorbereidingsfase, 

projek uitvoeringsfase en die of afsluitingsfase om die projek doelwitte te verwesenlik. Met die 

ontwikkelde MPMF-raamwerk word die moderniseringsproses geïntegreer en word die 

onafhanklikheid van projekspanne in 'n nou gekoördineerde raamwerk vergemaklik. Die 

leweringsprestasie word verbeter en die Lean metodologieë maklik geïmplementeer. 

Hierdie studie dra by tot die beperkte literatuur oor die modernisering van passasierspoordepots 

in ontwikkelende lande. Die belangrikste bydrae is ook die moderniseringsraamwerk om die 

ontwrigtende tegnologiese oorgang van ou vervalle spoorwegdepots na die gewenste toestand 

te lei. 
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Ter afsluiting van die tesis is 'n opsomming van navorsing, bereikte doelwitte, 

navorsingsbydraes, geïdentifiseerde navorsingsbeperking en aanbevelings vir toekomstige 

studies gedokumenteer. Die algemene terugvoer is dat die MPMF-raamwerk potensiaal vir 

gebruik in moderniseringsprojekte van passasierspoordepots het. 
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Glossary 

Developing countries 

These are nations with poor diversification in terms of knowledge base and dynamic 

technology frontier activities therefore they trail behind the technology frontiers and use 

technology sourcing as a substitute for frontier activities. 

Modernisation 

The evolutionary technological process of causing conformance to modern methods through 

changing the product by including new functions and/or features or interfaces to meet 

operational requirements. 

Qualitative research 

It is an iterative process that involve the systematic collection, analysis and interpretation of 

textual, verbal or visual data to understand a research question. 

Work Breakdown Structure 

A work breakdown structure is a hierarchical diagrammatic decomposition of a deliverable that 

shows the relationship between work elements and the deliverable thereby defining the scope 

of the work required for the project. 
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Chapter 1: Introduction 

This chapter introduces the research background and presents the research problem that this 

study intends to solve. Moreover, research questions, objectives and contributions of the study 

are described. Figure 1.1 shows how this chapter fits into the thesis. 

 

Figure 1.1: Research design: Chapter 1 

1.1 Research background 

Gradual fundamental changes in transportation facilitated the advancement of the industrial 

revolution (Montagna, 2009). Greece invented freight carts that were moved in carved tracks 

and wooden-railed wagon-ways in Germany and other European countries were also invented 

(Gökçe and Anna, 2013). By the middle of the eighteenth century, wrought iron rail technology 

replaced wooden tracks which reduced rolling friction, increased track durability and facilitated 

the use of machine traction (Steimel, 2014). The development of railway transport progressed 

through a series of economic, social, technological and political changes that included 

integrating individual works over time (Christian, 2007). 

The development of the railway industry was driven by the internal economic dynamics of 

individual countries (Özyüksel, 2014). Capabilities for operating organisations in main or 

central depots were similar to those of manufacturers especially during the steam era (Sanchiz, 

2018) but their business focus was on service provision as opposed to manufacturing. The 

creation of new market structures in the railway sector towards the end of the nineteenth 

century led to the abandonment of vertically integrated railway monopolies which shifted core 

project capabilities to project-based suppliers thereby creating many organisational interfaces 

(Geyer and Davies, 2000). Railway maintenance depots were established differently under the 

most achievable conditions although that may not have been the most satisfactory arrangement 

for work to be done (Soto and Ganges, 2006). 
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The railway industry was conservative in implementing new ideas because the entire transport 

industry was devoid of competition. Modernisation of railway maintenance depots would be 

implemented at the time and under circumstances that would be considered possible, mostly 

when the system became too expensive and inefficient to operate. The forces of change were 

increases in size of the steam engine (Gökçe and Anna, 2013), standardisation of coupling units 

(Steimel, 2014), technological discontinuity (Soto and Ganges, 2006; Wise, 2008), source of 

energy (Soto and Ganges, 2006; Dincer, Hogerwaard and Zamfirescu, 2016), development of 

asset management principles and practices (Jackson and Andrews, 2013; Connor, 2019b), 

improved operational capabilities (Blumenfeld et al., 2019), change of production processes, 

and research and development. These changes occurred over time with overlapping energy 

regimes. Due to the reduced number of railway maintenance depots and their important role, 

modernisation was done by additions and changes on an ad hoc basis without stopping depot 

activities, resulting in the coexistence of old and technologically advanced equipment (Soto 

and Ganges, 2006). Great changes were implemented on completely new facilities designed 

and constructed according to modern methods taking advantage of available technical 

resources. Modernisation was not the best possible solution but the most suitable under 

governing circumstances (Christian, 2007). Redeveloping systems from scratch is a risky and 

expensive process, hence organisations prefer modernising legacy systems (Bakar, Razali and 

Jambari, 2019). Modernisation did not change the kind of work but the resources and methods 

of doing it. New maintenance models were adopted for the replacement of standardised parts 

and the quality of work depended more on technical resourcefulness than skilled labour. 

American and European railways preferred one-stop grand depots for principal work of heavy 

repairs and construction as opposed to many small facilities where there would be duplication 

of machinery (Özyüksel, 2014). The advent of electricity saw the concentration of resources in 

smaller facilities with operations becoming safer, more efficient and reliable. Electricity 

facilitated a great forward step in artificial lighting, overhead cranes and machine tools with 

independent electric motors (Soto and Ganges, 2006). Artificial lighting expanded quicker than 

overhead cranes due to weak civil structures that could not support the lifting of some of the 

heaviest parts. Electricity not only affected processes but the way depots were built and their 

layout (longitudinal layout preferred) because of the technical possibilities (that required 

different space arrangements) offered by electricity (Steimel, 2014). 

The advent of new disruptive technologies in the transport sector such as automobiles in the 

1920s which continued even after World War II marked the tail end of the heydays of railway’s 

monopoly in passenger transport especially railway commuter services (Beaumont, 2019). The 

great depression of the 1930s plunged even well-established railway industries into economic 

chaos and their financial positions were in free fall without any hope of revival. The global 

comeback of the railway industry is witnessed by an increase in traffic units and rail road length 

(Blumenfeld et al., 2019). The bleak prospects in railways after World War II were also 

overcome by harnessing and exploiting the inherent competitive strengths in railway’s genetic 

technologies such as guiding genetic technology to reach speeds as high as 210km/h, 

leveraging high capacity through exploitation of coupling genetic technology and increasing 

axle load through double-deck stacking (InTech, 2012). 

In the 1860s, the first rail was developed in Africa and the developments continued until the 

turn of the twentieth century when large-scale developments began to spread to the rest of the 

continent. African railways initially benefited from economies of scale due to the absence of 

borders (AfDB, 2015). After takeover by local governments following independence, railways 
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began to suffer due to unsubsidised operating costs for passenger transport, high maintenance 

costs, high costs of renewal, incompetence, corruption, lack of strategic planning, political 

instability and conflicts (Blumenfeld et al., 2019). By the turn of the 1960s with the 

development of road networks, the downturn in business became worse (Bullock, 2005). 

Concessions in the 1990s gave some railways a lifeline but not withstanding this, some failed 

to kick-start (Olievschi, 2013). The idea of concessions was affected by poor commercial 

structures, unsupportive institutional frameworks, lack of understating of the fundamentals of 

rail business and its financing, poor decision-making and biased assessments particularly at the 

stages of project identification and preparation. These factors lacked robust and feasibility 

assessments such as cost-benefit analysis, social return on investment and economic impact 

analysis during the evaluation process (Bullock, 2009). 

Africa is still trying to establish itself in modern rail transport and there is a gap between the 

current status and the regional vision of railways in Africa which rank among the worst 

infrastructure assets with the greatest financial and investment gaps (AfDB, 2015). As much 

as investment in railways is essential, projects must be carefully selected especially in 

financially constrained developing countries, although the state of railways is country-specific 

(Blumenfeld et al., 2019). In 2015, passenger rail transport services had a share of 9% in global 

passenger activity expressed in passenger-kilometres (with Europe and Japan contributing 95% 

between them). There is a downward spiral in activity on conventional rail which is attributed 

to a transformation by High-Speed Rail (HSR) in China. In recent years, the activities in HSR 

(as the innovative system within railways) have been proliferating passenger rail service in the 

world (Schuitmaker, 2017). The activity in HSR increased by 70% between the years 2013 and 

2015 with China contributing 170% growth within the same period. 

After years of poor maintenance and low investment, many developing countries have railways 

that are underutilised and which require renewal (United Nations, 2019). For example, 23% of 

railways in Benin and 91% in Uganda are underutilised whereas 60% of the rail network in 

Ghana is not operational. Safety on railways in developing countries is also an issue of major 

concern, with the Democratic Republic of Congo (DRC) topping the list with accidents 545 

times higher than Germany and 32 times the average of the developing world as of 2015. This 

can be attributed to old rolling stock, dilapidated infrastructure, incapacitated depots and 

technological incompatibilities (Blumenfeld et al., 2019). The 2014 statistics show that South 

Africa had 1 056 rail vehicles, 56% of which were electric and 44% were diesel units with an 

average market value of $4.45 million per vehicle, which were supplied by different suppliers 

(AfDB, 2015). Based on these examples, developing countries are nations that are 

technologically trailing behind those participating in rail technology frontier activities. The 

average age of commuter coaches is 40 years and the life expectancy of rolling stock is 54 

years. However, 63% of PRASA’s commuter coaches are more than 40 years of age (PRASA, 

2012). According to PRASA (2012), the rail industry regulation is that coaches must be 

upgraded at the middle of their lifecycle and overhauled after every nine years to maintain 

structural and sub-systems integrity. PRASA is an organisation that is mandated with providing 

passenger rail transport in South Africa and it has been challenged over the years with outdated 

rolling stock technology in their fleet. With the advancement and complexity of modern 

technology, PRASA, among other organisations in Africa are required to renew their fleets for 

passenger rail and currently there are no guidelines or framework that can assist organisations 

in developing countries to transition from the old railway maintenance depots to modernised 

ones that offer efficient technical support to accommodate new rolling stock technologies. 
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1.2 Research problem statement and questions 

Railway systems have a lifecycle of around 20 years and are maintained throughout their 

lifecycle to maximise return on investment. An issue, however, is incompatibility because of 

continuous technological advancements providing new solutions to operational, technical and 

environmental challenges. The slow pace in technological upgrades causes technological 

inhomogeneity, huge technological leaps which are costly and interfacing challenges between 

subsystems, equipment and components even if they coexist. The problem therefore is: 

There is lack of a framework for developing countries to modernise their railway 

maintenance depots for strategic advantage to realise value from technological 

advancements in the railway system.  

Based on the background study of the research and the problem statement, the primary research 

question is: 

How can a modernisation framework for passenger railway maintenance depots 

be constructed to assist developing countries with solving technological 

inhomogeneity and bridge technological gaps within railway maintenance depots 

systems? 

The primary research question can be broken down into secondary research questions for 

further support and these secondary questions are: 

 What does modernisation for railway maintenance depots mean? 

 What are the elements that a modernisation framework should consist of? 

 How can project management principles be utilised to serve as a basis for a 

modernisation framework? 

1.3 Research objectives 

The research aims to bridge a technological gap by addressing technological incompatibility 

between railway maintenance depots and new rolling stock by developing a framework for 

modernising railway maintenance depots. To answer the research questions, the following 

objectives are set: 

1. To investigate the subject of modernisation within the railway industry; 

2. To investigate the causes of technological deficiencies associated with the railway 

system; 

3. To determine the role of railway maintenance depots within the railway system; 

4. To determine the drivers of technology within the railway system; 

5. To identify the elements of a modernisation framework; 

6. To investigate project management principles; 

7. To investigate project management for technical modernisation; 

8. To develop a modernisation framework for railway maintenance depots in developing 

countries using project management principles; 

9. To draw conclusions from results and make recommendations for future research. 
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The objectives focus on the technical aspects of modernisation and the soft issues such as 

political, cultural, economic and administrative are outside the scope of this study. 

1.4 Research design and methodology 

This research study is qualitative due to its reliance on textual data, the involvement of the 

researcher (as the key instrument) to understand the problem under investigation, use of 

primary and secondary data sources, inductive data analysis, the researcher perceiving the 

participants definition of the problem (interpretive), reflexivity and the holistic approach (due 

to the interaction of multiple factors in different ways). The case study qualitative inquiry is 

adopted whereby processes, activities and events are explored at the PRASA railway 

maintenance depots in South Africa as research sites. PRASA is used as a single case of inquiry 

because the project is being sponsored by PRASA, it is currently carrying out modernisation 

of its depots and it is also a representative of the regional status of railway operators. Data 

collection steps include setting boundaries for the study that are restricted to personnel involved 

in the modernisation of passenger railway maintenance depots. The number of participants is 

determined by the point of data saturation. 

Table 1.1: Summary of research questions and corresponding objectives and methods 

Research questions Research objectives Methods 

What does modernisation for 
railway maintenance depots 
mean? 

1. To investigate the subject of 
modernisation within the railway industry 

Systematic literature 
review 

2. To investigate the causes of technological 
deficiencies associated with the railway 
system 

Literature review 

Online interviews 

4. To determine the drivers of technology 
within the railway system 

Literature review 

What are the elements that a 
modernisation framework should 
consist of? 

3. To determine the role of railway 
maintenance depots within the railway 
system 

Online interviews 

Literature review 

5. To identify the elements of a 
modernisation framework 

Systematic literature 
review 

Can project management 
principles form the basis of a 
modernisation framework? 

6. To investigate project management 
principles 

Literature review 

7. To investigate project management for 
technical modernisation 

Literature review 

How can a modernisation 
framework be constructed? 

8. To develop a modernisation framework 
for railway maintenance depots in 
developing countries using project 
management principles 

Triangulation 

9. To conclude from the results and make 
recommendations for future research 

Triangulation 
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Data analysis is conducted parallel with data collection and write-up of the findings. Table 1.1 

summarises the research questions with their corresponding objectives and methods. 

Interpretation of data include summarising the findings, comparing them to literature, stating 

limitations and lessons learnt. A systematic literature review is adopted for literature study on 

modernisation which is the focus of the research. Since the study emphasises the systematic 

inquiry into the research problem and questions, the pragmatic worldview of the study is 

adopted. 

1.5 Research beneficiaries 

Developing economies, particularly in Africa, are on a trajectory of economic growth that is 

influenced by large-scale urbanisation and demographic growth (AfDB, 2015) and this creates 

demand in transportation. The beneficiaries of this research study then are developing countries 

that want to adopt new technology in railways that suits their economic advantage. The 

proposed framework is used for mapping a technological transition in railway maintenance 

depots that are characterised by old and inefficient equipment, tools, components and rolling 

stock. 

1.6 Limitations and delimitations 

The focus of the research study is on the development of a modernisation framework for 

railway maintenance depots in developing countries. To fully focus on the research study, the 

delimitations and limitations are explained. 

Delimitations 

This study addresses the technological deficiencies in railway maintenance depots focusing on 

depot operations to align the depots technology with the technological advancements in rolling 

stock assets. 

A modernisation framework is the output of this research and is intended to address the problem 

statement in section 1.2 with the main focus on railway in developing countries. 

The modernisation framework is not intended to be a new project management plan for 

modernisation but will be developed using project management. 

Railway maintenance depots in developing nations are technologically lagging in comparison 

to those in developed nations with well-established railway industries, hence the solutions from 

developed economies are considered. 

The thesis seeks to understand the definition of modernisation in technical terms, the causes of 

technological deficiencies and the drivers of technology in railway. 

Limitations 

This study is qualitative and is limited by time constraint though techniques will be established 

to gather and process data in time. 
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The availability of interview participants is not guaranteed and the quality of data they will 

provide is out of the control of the researcher. 

1.7 Ethical considerations 

Research is a human endeavour despite the topic of the study or the approach that is used 

(Leavy, 2017). A culture of high ethical standards is encouraged when researchers are 

conducting field work involving corporates for ongoing professional development to preserve 

public confidence in the scientific enterprise (Institute of Medicine National Research Council, 

2002). This research is qualitative and is conducted with the help of corporates such as PRASA 

which are bound by regulations to preserve the corporate image of the organisation. Good 

research ethics protect human subjects that help in the study and the participants must be 

adequately and correctly informed about the study and still have the freedom to participate or 

to withdraw after comprehending the subject matter. 

1.8 Proposed chapter outline 

The research design is based on qualitative methods and the thesis is structured in an analytical 

manner that is conversational involving asking and answering research questions. The structure 

will be made up of main themes that will be used in the study, to shed more light on the concepts 

and how they relate to the research problem and the consulted literature. Figure 1.1 shows a 

structural research story. 

Chapter 1: Establishes the statement of topic and focus that are extracted from the research 

background and how it is located within the broader work. The research thesis is then 

structured. 

Chapter 2: Establish how the most appropriate research strategy is developed. The steps for 

conducting a qualitative case study are further distilled from the reviewed literature and the 

structure for implementation is established then applied for the completion of this study. 

Chapter 3: Is a summary of what has been learnt from previous research and how it is 

positioned concerning passenger railway maintenance depots. It provides evidence that the 

researcher is well informed about passenger railway maintenance depots, the activities and 

systems involved. 

Chapter 4: This chapter provides a systematic literature review on modernisation. A 

systematic literature study explores the main theme and subthemes in the research topic 

interweaving them with methods and findings from other studies in published literature in 

relation to the topic under study. It then explores ongoing dialogue about a topic, fills the gaps 

and provides a conceptual structure for establishing the significance of the study. 

Chapter 5: The design specifications are discussed in this chapter. The findings of Chapter 3 

and Chapter 4 are combined. The requirements, attributes and process selection that facilitate 

the modernisation of a railway maintenance depot according to its unique characteristics are 

explored. The justifications for selecting the design process are stated. 
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Chapter 6: Shows the process of data collection through interviews and fieldwork analysis, 

how data is structured to get themes, headings and establish trends. Data presentation is then 

established to answer the research question. 

 

Figure 1.2: Thesis structure 

Chapter 7: Data and information distilled from previous chapters are compared, analysed, 

categorised into themes and conceptualised into a framework for the modernisation of 

passenger railway maintenance depots in developing countries. The framework is validated by 

a recognised organisation through an interactive process to test for its validity. 

Chapter 8: Gives the final comments on the key points of the argument from every chapter. 

The contribution of each chapter to achieving the objectives is discussed. Recommendations 

are given concerning possible improvements or opportunities for further studies. 

1.9 Chapter summary 

The background of the research study indicates that railway maintenance depots in developing 

countries represent a mixture of equipment and materials of different types that were added on 

an ad hoc basis during piecemeal upgrades. The primary goal of this research study then is to 

develop a modernisation framework for railway maintenance depots in developing countries 

that will help in mapping a technological transition for them. After reviewing the literature, the 

author noticed that there is need to use project management principles in developing a 

modernisation framework. The problem statement was formulated into research questions that 

are answered through research objectives and is bound by the delimitations and limitations of 
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the research. The beneficiaries are also discussed. The research takes the trajectory into 

research design and methodology in the following chapter.  
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Chapter 2: Research design and methodology 

This chapter covers the methods used for developing a framework for the modernisation of 

passenger railway maintenance depots in developing countries. The methods used to answer 

the research questions and to address corresponding objectives are shown in section 1.4, Table 

1.1. The best method to answer each research question is selected according to research 

requirements. Figure 2.1 depicts the position of this chapter in relation to other chapters. 

 

Figure 2.1: Research design: Chapter 2 

A research methodology is a philosophical guideline or general principles or laws of 

conducting a research activity (Dawson, 2009; Novikov and Novikov, 2013). It details the 

research process and its practical applicability to the study. The research design overview of 

this study that outlines the research philosophies, approaches, strategies, choices, and 

techniques and procedures is adapted from the research onion of Saunders, Lewis and Thornhill 

(2007) as shown in Figure 2.2. 

2.1 Research philosophy 

Research philosophy is about the source, nature and knowledge development that form the 

basis for determining the appropriate method to conduct research (Ade, Witt and Lill, 2018). 

Any chosen research philosophy makes assumptions on perspective which support the research 

strategy and methods (Saunders, Lewis and Thornhill, 2007). The research philosophical 

position helps in identifying appropriate research design, methods alternatives and the most 

satisfactory method for conducting research. The research philosophy can be broken down into 

ontology, epistemology and axiology as ways of exploring it. 
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Figure 2.2: Research ‘onion’ 

Adapted from Saunders, Lewis and Thornhill (2007) 

2.1.1 Ontology 

Ontology deals with the nature of reality of assumptions that are made about that reality, the 

assumptions of which can suggest realism or idealism (Ade, Witt and Lill, 2018). Realists view 

reality as independent of human cognition and consciousness but naturally exist. Idealists argue 

that observers may have different views since reality is shaped by the human mind. In support 

of this narrative, Saunders, Lewis and Thornhill (2007) describe the aspects of ontology as 

objectivism and subjectivism. 

2.1.2 Epistemology 

Epistemology deals with how research can be conducted to yield unbiased results (Ade, Witt 

and Lill, 2018). Objective epistemology considers the outside world as hypothetically neutral 

while subjective epistemology argues that we see the world through ourselves. Positivists 

consider the existence of reality independent of the researcher hence the use of quantitative 

methods that can be statistically analysed for hypothesis verification (Saunders, Lewis and 

Thornhill, 2012). Interpretivists or social constructivists view knowledge as a social construct, 

situational and complex so the researcher’s background and experience influence the study 

because they shape the researcher’s interpretation. Realists argue that knowledge is 

scientifically developed. Pragmatists use a dynamic approach to developing knowledge; a 

world view can be influenced or independent of one’s perception (Saunders, Lewis and 

Thornhill, 2007, 2012, 2019). Pragmatists utilise an available research approach, research 
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methods and techniques to understand and solve the research problem (Ade, Witt and Lill, 

2018). 

The aim of this study is to develop a modernisation framework for railway maintenance depots 

in developing countries. From the aim of the study, the researcher seeks to collect and analyse 

data to provide knowledge that brings about modernisation framework development drawing 

from historical, engineering, project management contexts and organisational systems. It is 

against this background that the pragmatic approach is used in answering the research 

question. A pragmatic philosophy can integrate more than one research approach, method and 

strategy within the same study. 

2.1.3 Axiology 

Axiology deals with the innate characteristics of values and the researcher’s basis for value 

judgement (Saunders, Lewis and Thornhill, 2019). Value position axiology can be positivism 

which is value-neutral or interpretivism which is value-laden. Since this research is based on a 

pragmatic approach, both values will be considered depending on the objective. 

2.2 Research approach 

A research approach can be inductive, deductive or abductive (Ade, Witt and Lill, 2018). A 

research approach is a plan used to generate a comprehensive understanding of a complex issue 

in real-world terms (Denzin and Lincoln, 2018). A deductive approach develops a hypothesis 

or hypotheses based on existing theory (Ade, Witt and Lill, 2018). In deductive inference, when 

the propositions are true, the conclusion must also be true. An inductive approach derives 

meaning from data analysis by identifying themes and patterns to formulate a conceptual 

framework at the end of the research process (Saunders, Lewis and Thornhill, 2019). An 

abductive approach systematically investigates a study to test its authenticity (Ade, Witt and 

Lill, 2018). 

A deductive approach takes a ‘top-down’ approach, it begins with an expected pattern that is 

evaluated against observations whereas an inductive approach is the opposite. A deductive 

approach uses verifiable means of testing theory while an inductive approach generates theory 

from data. 

The inductive approach is applied for this study since the study seeks to develop a 

modernisation framework using project management, identify themes and patterns on 

technological modernisation literature and create a conceptual framework. 

2.3 Research strategy 

A research strategy is an action plan for answering the research question(s) (Ade, Witt and Lill, 

2018). The choice of the research strategy is determined by the research constraints (Saunders, 

Lewis and Thornhill, 2019). 

This study explores perceptions, knowledge and experiences through interviews to get in-depth 

opinions of the participants. Interviews are well suited for a small number of participants. 

Patton (2015) argues that the answer to why people do what they do is also shaped by their 
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environment. Qualitative research also inquires into documents and interprets the meaning-

making process. It has a solid foundation of analytic traditions but there is no official executive 

board that mandates exactly how analysis must be conducted so interpretation will be based on 

the researcher’s unique lens and filters (Miles, Huberman and Saldana, 2014). Qualitative 

researchers contribute to what works, what does not work and why. However, qualitative 

research is criticised for being too subjective, lacking transparency, being unstructured and its 

importance hinging on the researcher’s perception. 

Qualitative method research strategy is used in this study as discussed in section 1.4. Lack of 

quantitative evidence and personal resources that could be used to substantiate the investigation 

and development of a modernisation framework also justified the use of this method. 

Qualitative study also answers the ‘how’ part of the research question and gives descriptive 

results to the research question. 

2.4 Research methods 

Research methods are tools used for data collection (Dawson, 2009). The use of a combination 

of methods is desirable because it offsets different weaknesses inherent in all methods. Table 

2.1 discusses some of the research methods. 

Table 2.1: Research methods 

Research method Explanation 

Experiment  

Experiment is a scientific research method that determines the cause of events by 
manipulating one or more variables to predict future events (Merriam and Tisdell, 2016). 
Variables are systematically manipulated to evaluate the impact(s) on the outcome 
(Creswell and Creswell, 2018). 

Survey  
Surveys facilitate the answering of descriptive questions about variables’ relationships 
to provide quantitative description of trends, opinions or attitudes of a population 
(Creswell and Creswell, 2018). 

Case study 

The selected case is used to extensively explore the aspect(s) of an entity or bounded 
system under investigation. Data collection and analysis techniques are open-ended. 
The assumption in case study design is that a single case can provide insight into events 
and situations predominant in a group from where the case is drawn (Kumar, 2011). A 
case study enquires for empirical evidence from a contemporary phenomenon in its real-
life context (Ade, Witt and Lill, 2018). 

Interviews 
Data collection involves presentation of oral-verbal stimuli that get oral-verbal 
responses concerning opinions, beliefs, ideas and views (Kothari, 2004). Interviews can 
be structured, semi-structured or open-ended. 

Continued on next page… 
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Table 2.1: Research methods (Continued from previous page) 

Research method Explanation 

Grounded theory 

It is an inductive/deductive approach that is used for theory building (Saunders, Lewis 
and Thornhill, 2007). Data analysis happens at the textual and conceptual level, it’s like 
the researcher start building a puzzle without a picture then later sort through the pieces 
of data (Janke, 2008). It holds the potential to represent a state of science within a field 
of social theory. 

Content analysis 
It minimises the ambiguity of non-verbal expressions. Content analysis takes place at the 
end of the qualitative data continuum (Dawson, 2009). Qualitative content analysis is 
particularly useful for research involving large volumes. 

Ethnography  

Its emphasis is on analysing cultural behaviour. The researcher participates in the target 
group’s activities whilst observing purposefully and gathering data (Dawson, 2009). With 
this method there is, however, lack of generalisation of results, non-standardisation of 
measurement and it is time-consuming. 

Framework 
analysis 

It is a pragmatic approach that offers rigour and clarity whilst retaining flexibility in 
analysing qualitative data (Cassell, Cunliffe and Grandy, 2018). The method analyses and 
develops theoretical linkages and reveals conceptual implications of different 
viewpoints. Poor conceptual analysis can lead to confusion leading to theoretical 
ambiguities. 

Questionnaire A questionnaire is perceived as more efficient and less time-consuming in gathering 
data. However a questionnaire may not provide the required amount of relevant detail 
(Janke, 2008). 

2.4.2 Data collection and analysis 

In this research, interviews are used to collect data from a single case. According to Yin (2014), 

a case study research is the preferred method for answering the ‘how’ questions of the research 

and investigating the phenomenon (depot modernisation) in its real-world context (Bakar, 

Razali and Jambari, 2019). Five industry practitioners from PRASA are interviewed to give 

their opinions, experiences and expectations on the subject of modernisation. 

The interviews are transcribed and the grounded theory method is used to analyse the interview 

data. The open coding method is employed using a line-by-line technique. Axial coding 

followed this to generate themes from the open coding data. The themes are integrated into a 

story telling theoretical framework. 

2.4.3 Systematic literature review 

The methodology used for conducting the systematic literature review is shown in Figure 2.3. 

Systematic literature review is a secondary data collection method (Jabareen, 2009). Secondary 

sources used for this study are journals, books, reports and conference articles. A systematic 

literature review is a rigid process of identifying, assessing and synthesising secondary data to 

generate a robust and empirically derived answer to a focused research question (Ade, Witt and 

Lill, 2018). The Preferred Reporting Items for Systematic Reviews and Meta-Analysis 

(PRISMA) framework for systematic literature review was used in this study for credibility 
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(Debajyoti et al., 2018). The systematic literature review uses standard methodologies in data 

analysis from secondary data sources (Bryman et al., 2014). The PRISMA framework is used 

to determine the exclusion/inclusion criteria for secondary sources. 

 

Figure 2.3: Systematic literature review methodology 

2.5 Research design 

Research design is a focused plan to answer the research question and give purpose to the study. 

Data is collected using effective strategies that focus on answering the research question. The 

specific guidelines for the research procedure are shown in Figure 2.4. 

 

Figure 2.4: Research design 

Data from the conceptualisation phase is combined to develop a framework. A qualitative 

enquiry is adopted for this study and it begins with exploring the aspects of modernisation that 
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are applicable to passenger railway maintenance depots using systematic review of literature 

followed by fieldwork in the form of case study and interviews with industry practitioners to 

confirm and supplement literature findings. The art of case study research emphasises 

construction and not the discovery of knowledge (Cassell, Cunliffe and Grandy, 2018) 

The problem statement lead to the development of a primary research question and secondary 

research questions. The research aim and objectives are then established. The conceptual 

framework is developed by integrating relevant concepts from literature on railway 

maintenance depots, systematic literature review on modernisation and literature review on 

project management. The conceptual framework gives a description of the relationships 

between modernisation concepts. 

2.6 Research validation 

Validation is the process of ensuring and providing confidence that the research is able to meet 

or achieve the intended purpose (INCOSE, 2016). The research is validated throughout the two 

phases, namely; the contextualisation phase and the framework development phase. 

Triangulation of findings from literature, interviews with industry practitioners and a case study 

is used for validation. A case study uses two aspects of Borenstein’s (1998) validation 

methodology which are face validation and user assessment. Verification is used to test for the 

validity of the framework on three dimensions; feasibility, usability and utility. The framework 

is presented to seven industry practitioners and they later completed a questionnaire shown in 

Appendix D on the aspects of face validation and user assessment. Deductions from combined 

participants’ feedback are made in section 7.5.5. 

2.7 The researcher paradigm fit 

Qualitative researchers are the primary instruments for data collection and analysis (Merriam 

and Tisdell, 2016). Due to an individual’s subjectivities, it is important to monitor these 

subjectivities against guidelines because of the way they may shape the collection and 

interpretation of data. According to Blair (2015), there is a need for participatory consciousness 

which recognises that the researcher is not separate from the world where data is produced. 

The interpretation is partially a function of the researcher’s perspectives, reflexivity about an 

ideology, and theoretical and methodological predispositions (Flick, 2014). To overcome 

subjectivities such as biases, Saunders, Lewis and Thornhill (2019) stress the importance of 

being critically reflective and to engage in reflexivity throughout the research process. 

Reflexivity is described as an area where attention to how power influences attitudes and 

behaviours, and the researcher’s role in shaping the research experience meet (Leavy, 2017). 

The researcher has a work background in the manufacturing industry where he worked as a 

maintenance and projects officer. In terms of qualifications, he holds an honours degree in 

Industrial and Manufacturing Engineering and a postgraduate diploma in Project Management. 

Based on his work experience and academic qualifications, the development of a modernisation 

framework using project management is within the interests and the passion of the researcher. 

This master’s degree programme is an opportunity to further develop and equip the researcher 

in his area of interest. 
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2.8 Role and impact of the researcher 

In qualitative research, the researcher has a significant role in harnessing participants’ insights 

and providing an overview that transcends the voices of individuals or groups (Flick, 2014). 

Qualitative researchers are an integral part of the research under study and the phenomena they 

are interested in (Cassell, Cunliffe and Grandy, 2018). For the research outcomes to be 

trustworthy so that interested parties can use them with confidence, Cassell, Cunliffe and 

Grandy (2018) advocate constantly using reflexive practices. 

Maintaining critical distance between the researcher and the study depends on the philosophical 

assumptions underpinning the research. Critical distance is impacted by research context and 

the researcher’s identity. The issue of critical distance and the choices that the researcher faces 

at different points in the study process require an understanding of three key features of the 

research endeavour, namely; philosophical perspective, context and relationships (Cassell, 

Cunliffe and Grandy, 2018). The philosophical perspective has practical consequences in the 

manner in which we define data, how it is collected and analysed, how we theorise and how 

we write our research account (Cunliffe, 2011). The role of the researcher from a contextual 

perspective is that contextualism provides a pragmatic view of knowledge, the justification of 

which depends on the standards relevant in each context (Cassell, Cunliffe and Grandy, 2018). 

The depth of the relationship between the researcher and participants varies across a spectrum 

from anonymous questionnaire respondents to ethnographic familiarity. Merely by being 

involved in a study, the researcher influences the research in some way. Maintaining critical 

distance is an ambiguous aspect of research in that in seeking to divest its existence, the 

researcher risks losing its rich ambiguity while retaining research integrity. Tools for 

facilitating critical distance include methodological choices, the use of quality criteria, 

reflexivity, using a research diary and peer review (Cassell, Cunliffe and Grandy, 2018). 

There are multiple possibilities of positions that the researcher occupies during research in the 

field and these possibilities enable the researcher to calibrate the way they consciously interact 

with respondents. According to Cunliffe and Karunanayake (2013), these methods include 

insiderness-outsiderness where the researcher is indigenous to the community under study, 

sameness-difference describe the extent to which the researcher is similar to respondents such 

as in gender, ethnicity or culture , engagement-distance concerns level of engagement in 

activities with the respondents and political activism-activity neutrality which refers to the 

politics of personality. It is in the last two that critical distance is more likely to be a conscious 

act. Cassell, Cunliffe and Grandy (2018) argue that the relationship of the researcher and 

respondents varies over time. These relationships can be described as emergent, multiple and 

agentic in that researchers and respondents shape each other’s identities and actions. 

It is important to acknowledge that the researcher has an impact on the phenomenon they study 

so it is important how the critical distance and proximity are managed. The three key features 

of a research endeavour are mutually exclusive and identifying them helps the researcher to 

critique his role and his proximity to research participants. According to Cassell, Cunliffe and 

Grandy (2018), the constant challenge with qualitative researchers is contributing to knowledge 

whilst acknowledging our subjectivity and its impact on the study. However, through reflection 

we can make sense of this subjectivity and complexity of human systems to understand 

different perspectives as data that helps to inform our research. 
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2.9 Ethical consideration 

The most important thing that the researcher has to do is respect the rights, needs, values and 

desires of the participants (Creswell and Creswell, 2018). The issues of permission, 

confidentiality, participation, relationships and transparency invariably influence and affect 

people, hence ethical considerations must be taken into account (Tracy, 2020). 

This case study is conducted in a corporate environment where data from the organisation, as 

well as from participants (that are employed by the organisation) whose opinions, views and 

experiences are part of gathered data. In this study there is no ethical discrimination as far as 

organisational and personal feelings, culture, beliefs and experiences are concerned. No known 

or intentional risks, discomforts, inconveniencies, trauma or stigmatisation are associated with 

this study. 

This study adheres to relevant ethical considerations, policies and standards concerning 

scholarly and scientific research requirements as required by Stellenbosch University. The 

Research Ethics Committee ethical clearance is shown in Appendix C. 

2.10 Chapter summary 

This chapter covers research methodology and design. The research onion is adopted as a 

research design overview. The philosophical approaches concerning ontology, epistemology 

and axiology are discussed. The research approach, strategy and methods that suit this study 

are evaluated, leading to the selection of the most suitable and applicable ones for this study. 

An inductive approach is selected as the most suitable approach to distilling themes of 

modernisation from data. The research design is discussed and a qualitative enquiry approach 

is adopted. Lastly, the framework validation methodology, the researcher paradigm fit, the role 

and impact of the researcher and the ethical considerations of this study are discussed. Chapter 

3 explores the subject of passenger railway maintenance depots to have an in-depth 

understanding of the operations and systems that are found in depots. 
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Chapter 3: Literature review on passenger railway maintenance 

depots 

Reviewing literature is a process of perusing, making notes, structuring the literature content, 

writing the literature review, developing conceptual frameworks, mind mapping and building 

a bibliography through the identification and critical analysis of published literature. Research 

distils information from existing knowledge in a subject area, organises concepts from relevant 

literature and seamlessly leads to research propositions and methodologies (Rowley and Slack, 

2004). This chapter is part of the contextualisation phase of the study. Literature on railway 

maintenance depots is explored to have a background understanding of the operations, systems 

and challenges of passenger railway maintenance depots. Figure 3.1 shows how this chapter is 

positioned in relation to the research process. 

 

Figure 3.1: Research design: Chapter 3 

3.1 Passenger railway maintenance depots 

Railway maintenance depots are sites where the maintenance of rolling stock takes place to 

meet operational and performance requirements to the satisfaction of customers throughout its 

life. The sites may or may not coincide with a station (Giacco et al., 2014). Stations are usually 

designed for different objectives and different traffic flow for crowd management (Kabalan et 

al., 2017) whereas maintenance sites are dedicated with tooling and equipment for undertaking 

specific engineering tasks which include milling, boring, cutting, planning, grinding, cleaning, 

electronic testing and pneumatic testing. Good maintenance practices are key to achieving 

reliability and successful operation of passenger rolling stock for the safety of the public 

(Connor, 2019a). Depots have special facilities to maintain coupled wagons which include the 

stabling lines, scheduled inspection lines and overhaul workshops to perform unscheduled 

maintenance that may include major repairs and wheel profiling for rolling stock. Within the 

depot there is also a section for electricals such as traction and a mechanical section for 
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signalling and telecommunication as well as an automatic fare collection section. The layout 

of some of the depots makes it difficult to modernise them to meet modern maintenance system 

requirements (Connor, 2019a). 

One of the most important features of rail depots is accessibility by both rail and road. Rolling 

stock must be able to get in and out of the depot without disturbing operations within the depot 

or halting trains on the main line. This can be achieved by having a long access track at the 

entrance and exit points of the depot. 

3.1.1 Passenger rail depot facilities and equipment 

Passenger railway maintenance depots are characterised by mechanical components, electrical 

components and civil structures for their operation. Structures like passenger platforms 

facilitate the movement of passengers during entraining and detraining. Foot bridges and 

subways are provided for the safe movement of passengers and light luggage from one platform 

to another. 

3.1.1.1 Material handling equipment 

Cranes are normally found in goods sheds for lifting heavy goods or machinery. They are in 

three different types which are fixed jib cranes, mobile cranes and overhead gantry cranes. 

Workshop lines dedicated for heavy repairs on trains do not have overhead equipment. Instead, 

shunters are used for moving trains on these lines and the underframe can also be attended to 

because the lines are equipped with lifting systems. Electric bridge cranes distribute 

locomotives across longitudinal tracks for repair and maintenance, replacing the traversing 

tables (Sanchiz, 2018). The traditional means of accessing bogies was by lifting the body using 

overhead cranes after separating it from its fellows. Mobile jacks are the commonly used 

method of lifting nowadays and more recent practice is lifting the whole train using 

synchronised jacks without dismantling the train into individual cars (Connor, 2019a). The 

bogie drop table is also found in other workshops where the bogie to be removed is positioned 

on a special section of the track which is lowered into the basement and the bogie is 

disconnected. A variation of the bogie drop table has the train lifted by raising sections of the 

track supported by stands placed under them and the bogies are disconnected. Turntables can 

be installed in other maintenance areas to assist with the removal of bogies and changing the 

direction of travel of a locomotive. The diameter of the turntable must be long enough to 

accommodate the longest locomotive (Connor, 2019a). A traverser is found on the running out 

lines of a rectangular through-shed and is used to transfer locomotives between parallel tracks 

without the use of crossover or a turnout. This device is preferred in workshops with limited 

space where coaches and locomotives need to be shifted from one shop to another on a 

designated line (Connor, 2012). 

3.1.1.2 Locomotive sheds and their layout design 

Running sheds are established for the maintenance and servicing of locomotives. Depending 

on the requirements, facilities may be equipped for inspections, maintenance, overhaul and 

repair of rolling stock. The location and design of the sheds depend on the volume and pattern 

of traffic, terminal station and marshalling yard layouts (Sanchiz, 2018). The sheds are 

classified as homing sheds which are used to house about 80 to 100 locomotives for 

maintenance and servicing and turn round sheds which are used for servicing and minor repairs, 

Stellenbosch University https://scholar.sun.ac.za



21 

 

whereafter locomotives are sent to the homing sheds. The sheds are built with different 

configurations; either round, rectangular or mixed type. The roundhouse shed consists of 

several repair and stabling lines diverging from the turn table in the centre as shown in Figure 

3.2 and the presence of a turntable eliminates the need for shunting. 

 

Figure 3.2: Round-house locomotive shed 

Adapted from Connor (2019b) 

In a roundhouse locomotive shed, locomotives enter and leave using the same point. The other 

type is the rectangular shed that can have either a dead end or a through road. In a dead-end 

scenario, locomotives enter and leave from one end which can lead to conflicts in the movement 

of locomotives whereas in a through rectangular shed, locomotives move in a preferred 

sequence for servicing operations to be performed. These types of sheds save on space needed 

for tracks and turnouts at the rear end; however, they are suitable for holding a small number 

of locomotives. These types of sheds are advantageous in that they offer considerable scope 

for expansion and offer greater flexibility in shed operations (Connor, 2019b). The 

configuration of the rectangular type of locomotive shed is shown in Figure 3.3. 

 

Figure 3.3: Rectangular-type locomotive shed 

Adapted from Connor (2019b) 

Mixed type sheds have the characteristics of both a blind and through type and can be 

expandable if a need arises. The design of the sheds should facilitate the movement of engines 

in one direction because multidirectional movement slows down work and the time taken to 

pass through the shed should be minimum. Due to different maintenance needs and 

requirements of different locomotives, the design of the shed should facilitate the ability to skip 

some stages of servicing. Like every other engineering workshop, there is a need for a tool 

room for general servicing and repair work (Connor, 2019b). At the entrance of locomotive 
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sheds are ash pits that can also be referred to as de-ashing pits. Examination pits are can also 

be referred to as outgoing pits and can be used for de-ashing before the locomotives leave the 

shed and for outgoing inspections and repairs. 

3.1.1.3 Stabling yard 

A stabling yard is an area where trains are parked when not in operation until they are required 

again. The stabling area has exit routes at both ends to avoid delay in case of a blockage on one 

end. Traditional stabling areas are usually outdoors and this has disadvantages due to weather 

effects on the trains so a stabling area with weather proof structures is preferable which also 

gives shelter to the staff working on and around the area. Another added benefit to the covered 

area is a reduction in air conditioning costs in hot climates (Connor, 2019a). 

3.1.1.4 Test track 

A test track is a barricaded track equipped with signalling systems and is used for the testing 

of trains and other systems. It is also used for the purposes of commissioning new trains and 

inspecting the performance of trains after overhauls (Goel, 2010). 

3.1.1.5 Traffic control centre 

The operation of trains is centrally controlled from the traffic control centre (TCC) which is 

equipped with the supervisory control and data acquisition (SCADA) system for traction power 

control and monitoring, traffic, auxiliary power, volts alternating current (VAC) control and 

monitoring, telecommunication, closed-circuit television (CCTV) control and monitoring 

among others. The TCC controls the movement of locomotives within the yard. Operations of 

a railway region are controlled from the TCC where field components are monitored and 

controlled using interfaces between the interlocking system and the dispatchers (Söylemez et 

al., 2011). The TCC is also responsible for logging and monitoring train movement. 

Dispatchers communicate with the interlocking system concerning safety protocols (Durmus 

et al., 2016). 

3.1.1.6 Wheel profiling and re-profiling technology 

The profiling or re-profiling of wheel sets is achieved by lathes to meet the specific needs of a 

railway company. Re-profiling of the wheel sets is done for corrective and conditional 

maintenance concerning wheel profile and surface quality. The improvement of wheel re-

profiling technology is necessitated by the need to reduce maintenance costs and increase the 

potential of high-speed trains to optimally perform under the conditions of reliability and safety 

(Cioboată, Stanciu and Ghionea, 2015). For outdated lathes whose performance no longer 

meets the precision and productivity requirements, modernising by integrating electronics and 

software technology is a cost-effective option. Computerised Numerical Control (CNC) 

technology facilitates the retrofitting and automation opportunity for railway workshop lathes. 

CNC technology can improve running profile measurement, maintain a database of 

benchmarks, profiling optimisation, intelligent machining cycles and operator interface 

(Cioboată, Stanciu and Ghionea, 2015). The lathe is equipped with an automatic wear-

measuring device for measuring the geometrical parameters of the wheel to remove the 

minimum thickness of the layer during wheel re-profiling. The diagrammatical representation 

of reshaping and measurement processes is shown in Figure 3.4. 
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Figure 3.4: Wheel reshaping and measurement processes 

Adapted from (Cioboată, Stanciu and Ghionea, 2015) 

 A double-headed lathe equipped with a CNC machines the treads on each wheelset 

simultaneously and unattached from the train. Cutting is widely used for re-profiling but there 

is a renaissance in the use of milling machines due to their advantages in offering better 

tolerance control on dimensions and longer tool life (Connor, 2019a). The roundness of wheels 

is of great importance at high speeds because an eccentric wheel induces failure. The damage 

on the wheel will require re-profiling otherwise the martensitic fragments will fall off the wheel 

tread. 

3.1.2 Facility layout design 

Facilities are important assets of an organisation whose arrangement can significantly affect an 

objective function (Singh, 2019) that may reflect operational costs (transportation, material 

handling or costs of establishing communication technology) influencing business objectives 

of achieving monetary efficiency in its operations (Hungerländer, 2013). The reconfiguration 

of workstations may be due to changing requirements, opportunities and ever-reducing lifetime 

of machines which prompts adjustment to existing layouts. Facilities (machines, workstations 

and utilities) layout orientation has an impact on business performance since it determines work 

in progress, lead times, productivity and safety (Zha et al., 2017). Costs can be reduced by 

maximising the adjacency of highly interacting work stations (Mulugeta, Beshah and Kitaw, 

2013). 

Organisations face a challenge in improving existing facilities layout for efficient operation. 

Technological advancements in the field of simulation have facilitated the modelling and 

simulation of facilities layout under different scenarios for system performance improvement 

(Garcia et al., 2018). Reconfiguration of facilities layout can be a costly, time-consuming and 
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disruptive process. Discrete event simulation can model systems (that cannot be modelled 

mathematically due to complexity) for different layout scenarios for improvement (Prajapat et 

al., 2016). The most important objective in layout designs is minimising the load distance 

travelled and observing other key performance indicators (Prajapat et al., 2016; Jayakumar, 

Krishnaraj and Raghunayagan, 2018). According to Zha et al. (2017), Vitayasak, Pongcharoen 

and Hicks (2019) and Wang et al. (2019), material handling costs constitute 10-50% of the 

total production cost and facilities layout optimisation can narrow it by 10-30%. Singh (2019) 

highlights that facilities layout is influenced by factors such as factory building, the nature of 

the item, type of apparatus, repairs and upkeep, human needs and equipment condition. If there 

is an assembly unit, the layout may be based on unit design, utilitarian design, area design and 

combined design. Kikolski and Ko (2018) added that equipment placement is also determined 

by process orientation such as nesting systems and flow systems which entail arranging 

machines according to production tasks. 

Facilities layout can be divided into three categories, the first being addressing basic machine 

layout for optimal arrangement in a facility to minimise transport costs and it includes a 

quadratic assignment problem with equal machine sizes (Hungerländer, 2013). Computerised 

relative allocation of facilities technique (CRAFT) and computerised facilities design 

(COFAD) are examples of common modelling software that were developed to improve 

existing layout and computerised relationship layout planning (CORELAP), automated layout 

design (ALDEP) and plant layout analysis and evaluation techniques (PLANET) are 

commonly used to analyse new layouts from the design phase. Arena can be used for simulating 

both the existing layout and the proposed layout. Machine-wise improvement considers 

individual machine arrangement making it more intricate than section-wise improvement. The 

detailed layout performs machine allocations at level (Azevedo, Crispim and Pinho de Sousa, 

2019). The shortcoming of these software packages is that they only exchange equal-sized 

rectangular sections which yields suboptimal layouts. The to and fro movement of workpieces 

between workstations and their quantities are analysed to come up with an activity relationship 

chart that shows the closeness relationship of workstations (Mulugeta, Beshah and Kitaw, 

2013). 

The second category addresses unequal area layouts for real-world applications such as 

dynamic layouts that involve time-dependency issues, conditions of uncertainty and 

optimisation of two or more objectives simultaneously (Hungerländer, 2013). Zha et al. (2017) 

also describe facility layout problems as a combinatorial optimisation problem and as a non-

deterministic polynomial-time (NP) hardness problem that can be solved using heuristics and 

intelligent methods. These problems can be split into static facilities layout problems (SFLP) 

and dynamic facilities layout problems (DFLP). The classification criterion is based on layout 

flexibility during production. For a large product mix or customised demand, the dynamic 

uncertainty of production demand increases (Xiao et al., 2019). SFLP cannot match the 

demands of dynamic production hence the adoption of DFLP because of demand uncertainty. 

DFLP can be further divided into a flexible approach or a robust approach. The DFLP flexible 

approach requires a change in layout with each production phase which becomes costly due to 

rearrangement and interruption costs. The flexible approach gives optimal results at every 

production stage but the rearrangement costs and the difficulty of relocating facilities may 

result in delays and reduced customer satisfaction. On the other hand, a robust approach is 

imperfect for a particular stage but overall it is the most economical and reasonable throughout 

the production cycle without relocation interruption during production (Zha et al., 2017). The 

robustness of a facility layout is described as the frequency by which a layout is within a 
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predetermined percentage range of the optimal solution for different material demands. For 

unequal area robust facilities layout problems, a particle swarm optimisation (PSO) algorithm 

modified with mutation and local search can be used to solve the layout problems (Xiao et al., 

2019). 

The third category addresses specially structured instances of the layout problem for machines 

along a production line; namely, a directed circular facility layout problem (DCFLP) 

(Hungerländer, 2013). Machines in a DCFLP are arranged in a circular shape conforming to 

the shape of the material handling system (that moves in a clockwise direction) thereby 

minimising the total weighted sum of the centre-to-centre distance between pairs of machines. 

Circular handling systems have a low initial investment cost and have the flexibility for 

modernisation. The DCFLP considers machine lengths which makes it an adaptation of the 

single row facility layout problem (SRFLP) as opposed to the unidirectional circular facilities 

layout problem (UCFLP) that considers distance of locations in the assignment of 𝑛 machines 

to predetermined 𝑛 candidate locations. For global optimal solutions for large facilities, the 

SRFLP considers the optimal location of rectangular machines arranged in a row to minimise 

the total weighted sum of centre-to-centre distances between all pairs of machines. SRFLP has 

a special case where machines are of equal length where weighted minimum linear arrangement 

problem is applied (Hungerländer, 2013). 

3.1.3 Rolling stock maintenance 

Traditionally, maintenance of rolling stock was treated as fixed, based on fixed terms of 

mileage, time, the original equipment manufacturer (OEM) maintenance guide, workmanship, 

complexity of the maintenance task and fixed depots with certain equipment (de Vos and van 

Dongen, 2015). A mileage-based maintenance system requires a lot of record keeping and is 

time-consuming unless the system is computerised but it overlooks the fact that rolling stock 

can also deteriorate if stored unused as it would when in service, the only variance being the 

parts that get affected (Connor, 2019a). Improvements on maintenance concepts are based on 

the philosophy of risk-based maintenance (RBM) taking into consideration safety, availability, 

reliability and cost as the rationale for maintenance renewal. Rolling stock operators’ demands 

on performance are dynamic and this directly translates to maintenance as well and can be 

addressed by adopting performance-centred maintenance (PCM) practices that embrace the 

principles of RBM. An investigation into current maintenance practices and risk-based 

improvements can facilitate the modularisation of maintenance into simpler tasks that can be 

performed at local depots during off-peak hours without driving to large depots (de Vos and 

van Dongen, 2015). Modern trains are designed to operate for longer periods before inspections 

unlike the three-day inspection intervals for electric trains of the early twentieth century and 

seven-day inspection intervals on the 1980s models. Due to increased functional requirements, 

the complexity of electronics and software on modern trains, a more dynamic and proactive 

approach to maintenance is needed in planning maintenance and this can be achieved through 

remote condition monitoring of rolling stock (Ceng and Dongen, 2013). Condition monitoring 

information systems and depot maintenance management systems constitute a complete 

maintenance management system. 

Reliability is key to the success of railways and rolling stock must perform and deliver as per 

expectations. Traditional methods for monitoring performance were based on time, such as 

delays which would be aggregated into daily, weekly, monthly and annual statistics with the 

cause of the delay investigated. Maintenance procedures would also be investigated for process 
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compliance and decisions are made whether the system needs modification or not (Connor, 

2019a). Rolling stock performance in failure terms is measured by mean distance between 

failures (MDBF) and mean time between failures (MTBF). Another good measure of 

performance is the mean time to repair (MTTR) although this is determined more by the design 

aspect of the rolling stock. 

The development of train maintenance can be traced to when wheels and axles were vulnerable 

to fracture due to poor manufacturing techniques and they would be inspected daily for visible 

fractures (Connor, 2019a). Traditional visual inspections were later replaced by automatic 

inspection systems in inspection sheds that compare wheel profiles of the passing vehicle with 

computer-based standards. Track side monitoring devices are also used to monitor the 

behaviour of wheels and similar systems are used to monitor brake disks, pads and pantographs. 

Modern rolling stock is equipped with on-board monitoring system for performance 

inspections and reported to the depot at certain time intervals. 

An example of a system architecture for condition monitoring of rolling stock has four main 

components which are the on-train part, mobile communication, database and applications as 

shown in Figure 3.5. However, the life expectancy of these components is different and the 

choice of their standardisation is a key consideration (Ceng and Dongen, 2013). The on-board 

equipment is made up of an intelligence diagnostics system for fault detection, validation and 

interpretation. The design is determined by the OEM and has the provision for integration 

locally by a system integrator in train management systems (TMS). The on-board architecture 

must be designed for upgradability during the life of the system. Another element of condition 

monitoring is mobile telecommunications which has been on a trajectory of rapid development 

in recent years to 3G, 4G and recently 5G. The lifecycle of mobile telecommunications is 

shorter than the life of the rolling stock therefore the system is modularised for ease of 

replacement during upgrades to minimise the impact on the other components. Messages and 

mobile communication technology are standardised by the mobile communications industry to 

provide communications. The third element of the system architecture is the database which 

must have a long-life cycle because stored data is needed throughout the life expectancy of the 

rolling stock and even after that for trend analysis. Standard sequential query language (SQL) 

is used with a generic database model so that data from different rolling stock makes and 

models can be stored in one database independent of the OEMs. The fourth element of the 

modular architecture is the applications used for accessing the generic database which allows 

the user to work with user interface for all rolling stock. Usually, the applications have an 

economic life expectancy from five to seven years (Giacco et al., 2014). 

To implement remote condition monitoring, a train communication handler (TCH) is required 

to query the TMS for required information together with the global positioning system (GPS) 

data and messages to the generic database which present the current statuses of trains. Business 

protocols are then used to prioritise events to prevent overloads of alerts in case some do not 

require urgency. The control room dashboards then advise on how to handle the failure on 

urgency, location to solve the problem and repair advice. Currently, maintenance schedules are 

preventive ones based on time but the ideal scenario is having maintenance conducted based 

on actual performance and condition of individual trains to increase productivity (Giacco et al., 

2014). The midlife modernisation of rolling stock can present an opportunity to implement 

maintenance strategies such as remote condition monitoring. However, integration can be a 

challenge due to many different rolling stock suppliers. For new rolling stock, failure modes, 
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effect and criticality analysis (FMECA) drive the maintenance schedules, diagnostics and 

remote condition monitoring design (Ceng and Dongen, 2013). 

 

Figure 3.5: Condition monitoring system architecture with key consideration for life expectancy and 

standardisation 

Adapted from Giacco et al. (2014) 

FMECA allows for qualitative and quantitative analysis of reliability to identify hazards that 

can impact the normal operation of analysed systems on different levels of system 

decomposition. For interfaced systems, hazard and operability study (HAZOP) method is used 

to identify global hazards (Szmel and Wawrzyniak, 2017). The application of FMECA is 

restricted to specific solutions for independent failure modes and effects and cannot be applied 

to the analysis of dependent failures from sequential events. Fault tree analysis (FTA) and the 

Markov process are applied for dependent failures and sequential events. The process of 

condition monitoring commences with feature identification, their possible failure modes, and 

their criticality and the sensors to measure them. Functional aspects report on diagnostic reports 

with repair advice, events, measurements and meta-information. Performance requirements 

cover the bandwidth, service quality that prioritises urgent messages and a near-real-time 

requirement of 5s from fault detection to control room displays. The application of remote 

condition monitoring requires different approaches depending on the life cycle phases of 

rolling stock (Ceng and Dongen, 2013). de Vos and van Dongen (2015) state that when 

preparing maintenance for a new set of rolling stock, decisions based on expertise and 

availability of tooling and equipment are made on maintenance tasks and their frequency of 

servicing. To increase productivity, investment in maintenance optimisation is important for 

quality service delivery and competitiveness. Due to reduced system performance, 

obsolescence of equipment, requirement of new system capabilities and change of use, 

modernisation is key to addressing those issues (Stiffler and Wells, 2019). 

3.2 Chapter summary 

The fundamental characteristics, roles, maintenance regimes and systems of railway 

maintenance depots are explored in this section. The layout design and their adaptability to 

change are discussed. The chapter provides the appropriate background on railway 

maintenance depots and their functions. This chapter explores how flexible railway 

maintenance depots and systems are to modifications. Their adaptability to change determines 

the extent to which modernisation can be carried out. The chapter give an overview of 
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passenger railway maintenance depots which helps to unearth what modernisation should focus 

on in Chapter 4 thereby generating modernisation concepts. 
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Chapter 4: Systematic literature review on modernisation 

Chapter 3 gives a background to passenger railway maintenance depots covering the systems 

and operations performed to meet the performance demands of rolling stock. The background 

understanding of depots facilitates the exploration of modernisation in terms of the objectives, 

goals, challenges, success factors, strategies and approaches. To gain more insights on 

modernisation, a systematic literature review methodology is used to exhaust what is found in 

literature. A systematic literature study explores the main theme and subthemes in the research 

topic interweaving them with methods and findings of other studies from published literature 

in relation to the topic under study. It then explores ongoing dialogue about a topic, fills the 

gaps, provides a conceptual structure for establishing the significance of the study, and 

identifies weaknesses and shortcomings from prior literature (Denney and Tewksbury, 2012). 

A summary of the push and pull factors for modernisation, goals of modernisation, 

modernisation profile, success factors and criteria are provided. This chapter contributes to the 

understanding of modernisation concepts. Figure 4.1 shows the position of this chapter in 

relation to the research process. 

 

Figure 4.1: Research design: Chapter 4 

4.1 Systematic literature review 

A systematic literature review follows a fixed process involving the identification, assessment 

and synthesis of secondary data or available evidence to generate a robust, empirically derived 

answer to a focused research question (Ade, Witt and Lill, 2018). The Preferred Reporting 

Items for Systematic Reviews and Meta-Analysis (PRISMA) framework for systematic 

literature review is used in this study to address bias, replication and credibility. The systematic 

literature review offers a broader and more accurate level of understanding and adheres to 

standard methodologies in searching, filtering, reviewing, critiquing, interpreting, 

Stellenbosch University https://scholar.sun.ac.za



30 

 

synthesizing, and reporting findings from secondary data on a study (Kumar, 2011). The 

systematic literature review process is illustrated in Section 2.4.3, Figure 2.3. 

4.2 Data collection 

Secondary data sources are used in the systematic literature review. These sources are journals, 

books, reports and conference articles, which are extracted for this study. Four databases are 

searched, namely; Science direct, Web of science, Scopus and IEEE. The literature search 

criteria are shown in Table 4.1. 

Table 4.1: Literature search criteria 

Search terms used Science 
direct 

Web of 
science 

Scopus IEEE 

((technology catch up) AND (modernisation) OR (information 
sharing)) 

54876 679 39 4 

((technology upgrade) AND (modernisation) OR (information 
sharing)) 

92465 6654 606 81 

((technology migration) AND (modernisation) OR (information 
sharing)) 

236251 6686 264 30 

4.3 Data selection 

 

Figure 4.2: Data selection process 
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The data selection process is shown in Figure 4.2. The search engines produced more than 380 

000 results. However, the author did not read all the 381 996 articles but each database’s 

records were sorted according to relevance and the titles were screened from the top for the 

search terms to a point where the search terms did not appear in the titles as the relevance 

became less. 105 articles were topic relevant, and of those, only 79 were accessible. After 

reading the abstracts of the 79 articles, 35 studies were found to be pertinent to systematic 

literature review. The references of these 35 studies were snowballed and 7 more papers were 

added to produce a final dataset of 42 papers. Only studies written in English were used in this 

study. The papers used in this study are transcribed in Appendix A. 

4.4 Data analysis 

This section provides a statistical analysis of the studies that were used. 

Analysis of the literature 

The 42 studies that were used for systematic literature review are analysed in the following 

categories: (i) type of publication (ii) publication year (iii) system type and (iv) modernisation 

concepts. 

(i) Classification by type of publication 

Table 4.2: Publication type and corresponding quantity 

Type of publication Number 

Journal of technology forecasting and social change 7 

Journal of energy for sustainable development 1 

Journal of engineering and technology development 1 

Journal of world development 6 

Journal of development economics 1 

Journal of explorations in economic history 1 

Journal of physics 1 

Journal of industrial and corporate change 1 

Journal of engineering and technology management 1 

European journal of operational research 2 

Asian journal of technology innovation 1 

Continued on next page… 
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Table 4.2: Publication type and corresponding quantity (Continued from previous page) 

Type of publication Number 

Journal of engineering 1 

Journal of world business 1 

Journal of cleaner production 1 

CIRP journal of manufacturing science and technology 1 

Total number of journals 27 

Conference on software maintenance 1 

20th IEEE International Requirements Engineering Conference 1 

International Conference on Research and Innovation in Information Systems, ICRIIS 1 

2016 National Power Systems Conference, NPSC 2016 1 

2006 IEEE PES Transmission and Distribution Conference and Exposition 1 

2016 Transportation Research Arena 1 

2019 Procedia of Structural Integrity 1 

2nd International Through-life Engineering Services Conference 1 

Total number of conference papers 8 

Submarine communication modernisation 1 

Generating and optimising strategies for migration 1 

Optimisation of aircraft maintenance 1 

Technical systems modernisation 1 

Total number of reports 4 

Systems Engineering Handbook: A guide for system life cycle processes and activities 1 

Guide to the Systems Engineering Body of Knowledge (SEBoK) 1 

Dictators, Democrats, and Development in Southeast Asia: Implications for the Rest 1 

Total number of books 3 

Total studies for systematic literature review 42 
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There were 27 journal articles, 8 conference papers, 4 reports and 3 books used in this study. 

Table 4.2 shows the type of publication and the corresponding quantity. The Journal of 

Technology Forecasting and Social Change has the largest number of published studies on 

technical modernisation. 

(ii) Classification by publication year 

Figure 4.3 depicts the studies that were used to discuss the subject of modernisation classified 

by their year of publication. Before 2010, the studies on technical modernisation were limited. 

Technical modernisation gained traction and recognition between 2010 to 2015 and was on the 

rise to 2020 because organisations started to realise the benefits of modernisation. 

 

Figure 4.3: Classification by publication year 

(iii) Classification of modernisation studies by system type 

 

Figure 4.4: Classification of modernisation studies by system type 

The school of thought arising from the rail systems perspective is due to the renaissance of the 

railway transportation system. This renaissance is driven by innovation systems within rail 
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such as high-speed trains and the need to reduce carbon emissions (Fu and Gong, 2011; 

Morimoto, Serizawa and Honda, 2017) Complex systems are affected by obsolescence, the 

availability of challenger units, bottlenecks, maintenance costs, inefficiency and 

incompatibilities (Fu and Gong, 2011; Zolghadri et al., 2018). The manufacturing systems are 

hit by technological advancements such as the Internet of Things, changes in customer 

preferences that affect the production process hence loss of production supportability and 

evolution of manufacturing processes based on ideologies such as Lean to maximise 

productivity (Jung and Lee, 2010) 

(iv) Classification by concepts 

 

Figure 4.5: Modernisation concept 

Figure 4.5 depicts modernisation variables against the number of studies that discuss the 

subject of modernisation. Decision-making, profile, technology transfer and obsolescence 

stand out from the rest of the variables. Table 4.4 shows the most prominent modernisation 

concepts from the systematic literature review. 

For modernisation to be a success, it must be done to address the unique requirements of an 

organisation by making critical decisions at the right time with the right information and 

knowledge. Most systems are affected by obsolescence and due to lack of capabilities, 

organisations acquire assets and systems to meet their technical needs. 
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4.5 Modernisation 

Facilities, equipment and machinery lose their efficiency with time which prompts their 

redevelopment to meet new requirements (Morimoto, Serizawa and Honda, 2017). Lack of 

adequate infrastructure and appropriate technologies stem from lack of investment in 

technology upgrades (Radosevic and Yoruk, 2018b). However, according to Comella-Dorda 

et al. (2000), continuous update or repeated modifications on some systems has a cumulative 

effect on system complexity so that those systems become too sensitive to modifications or too 

important to replace. The benefits of new technologies in helping organisations achieve 

efficiency and productivity in line with global trends cannot be underestimated (Bakar, Razali 

and Jambari, 2019). According to Brinker (2016), technology changes exponentially while 

organisations change logarithmically, so organisations must reset to a new technological 

baseline through a disruptive transition. 

Asset management information systems store data that can be used at the tactical, operational 

and strategic levels in organisations. In many Enterprise Resource Planning (ERP) systems, 

asset data is recorded and stored in the Computerised Maintenance Management System 

(CMMS) at an organisational level. One of the advantages of a CMMS is the ability to 

hierarchically analyse asset data for decision-making, particularly when there is a maintenance 

development need to understand relationships and identify wider problem areas for holistic 

solutions. Investment in modernisation and maintenance effort can reduce total costs by up to 

40% which facilitates business continuity and sustainable operation (Kortelainen et al., 2013). 

Engineering Change Proposals (ECPs) facilitate updates and modifications to the existing 

system. Form, Fit, Function and Interface (F3I) is a modernisation principle in brown field 

upgrade projects where backward compatibility is a requirement (Stiffler and Wells, 2019). 

Modernisation is facilitated by systems engineering processes and principles that employ 

upfront design, development, integration and testing under the constraints of existing system 

architecture and design. 

 

Figure 4.6: Modernisation decision framework 

Adapted from Wallace, Clements and Wallnau (1996) 

Before embarking on a modernisation trajectory, firms must have a modernisation strategy 

based on their unique requirements (Ulrich and Newcomb, 2010). M’Baya, Laval and Moalla 

(2018) assert that valid decisions on modernisation strategy and its evolutionary 

implementation requires addressing a modernisation project life cycle. The parameters to 

evaluate before modernising must be clearly defined to match system requirements (Villa, 
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2006; M’Baya, Laval and Moalla, 2018). A modernisation decision framework is shown in 

Figure 4.6. Modernisation is a transformational endeavour that embraces several dimensions 

that include the goals of modernisation, the technological gap to be bridged, decision making, 

migration strategies, integration strategies, modernisation approach, the objectives and the 

method of implementing it. 

4.5.1 The need for new system capabilities 

Kiamehr (2017) split capabilities into production and technological capability. Technological 

change can be a result of the introduction of new products, plants, systems or optimisation in 

existing production capabilities. The process of capability upgrade is a systematic catch-up that 

starts with component capability to architectural capability then lastly systematic capability 

under open innovation (Guo and Zheng, 2019). Capability upgrading takes various forms such 

as product, process, functional and inter-sector upgrading (He, Khan and Shenkar, 2018). 

According to Kiamehr (2017), the capability upgrading trajectory starts with the operation and 

maintenance of imported systems thereby gaining knowledge then matures into modifications 

and limited design activities through time. Majidpour (2016) narrates an evolutionary theory 

of technology catch-up that does not follow a standardised process but consider the dynamics 

of technology and market regimes together with country-specific factors. 

The resourcefulness of a firm in terms of complementary assets, technology, stakeholders, 

customers and relations with suppliers determines a firm’s position in catching up. Majidpour 

(2016) identifies type of technology, market regimes and fluidity of the product innovation 

phase as barriers to catch up in complex product systems. 

A firm’s capabilities differ from the periphery to the core and the depth of the catch-up lies 

with the ability to perform specialised and sophisticated tasks. Guo and Zheng (2019) state that 

initially firms need project capabilities and manufacturing capabilities to implement existing 

foreign systems then gradually gain higher level capabilities to perform complex engineering 

and design tasks such as engineering of core systems, technical analysis of advanced systems 

and improvement of core systems. Kiamehr (2017) describe it as simple routine, adaptive and 

innovative within the domains of pre-project, project execution, project engineering and 

equipment centred tasks. 

Reverse and forward engineering complement each other in the phases of technology catch-up. 

Capability upgrading has several stages and efficiency is a measure of how long it takes for 

significant changes to occur at each stage (Guo and Zheng, 2019). New capabilities can be 

developed internally or sourced externally through alliances, acquisitions and purchase 

contracts depending on the stage of the catch-up cycle. Outsourcing has low risks and reduces 

the time to production. 

4.5.2 Introducing new rolling stock 

The initial fielding of new rolling stock with different technical specifications from the old 

stock requires right and timely upgrading of the maintenance facilities and services so that new 

technology can seamlessly integrate into the organisation’s practices and methods of doing 

work (Puig, Dongen and Basten, 2013). Introducing new technology into an existing system 

require a migration plan and an integration strategy (Wallace, Clements and Wallnau, 1996). 

From the research conducted by Geyer and Davies (2000), technological changes in railway 
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networks are usually large-scale capital intensive projects and a change of a component in the 

network prompts a change in other components of the system architecture. Critical decisions 

must be made for the maintenance and signalling departments to accommodate newly acquired 

rolling stock to avoid misalignment. Decisions made during this phase can be referred to as 

unstructured due to their once-off nature, complexity and uniqueness that emanate from lack 

of experience and knowledge of the situation since the technology will be new (Kossiakoff et 

al., 2011). These decisions have an important impact on maintenance of capital assets thus 

performance during its life cycle (Mulder et al., 2013). Effective maintenance decision-making 

involve data analysis and data integration to achieve objectives and solve problems, the 

solution of which can be terminated with a satisfactory solution (Kour, Karim and Tretten, 

2014). Maintenance evolved to become a strategic issue as a profit generation function for the 

organisation. The secret of effective maintenance lies within the optimisation of maintenance 

and maintainability to reduce life cycle costs and total cost of ownership (Saranga and Kumar, 

2006). The reduction of those costs can be enhanced by carrying out level of repair analysis 

(LORA) during the initial fielding of rolling stock. Saranga and Kumar (2006) define LORA 

as a systematic methodology for determining the cost of different maintenance options and 

maintenance levels of complex systems concerning cost drivers such as spares, complex 

support facilities, manpower and all resources required during maintenance. The cost of 

ownership of rolling stock in terms of maintenance and overhaul costs is approximately 27% 

of the annual budget and 12% for the acquisition of new rolling stock for Netherlands Railways 

from which the relevance of investing in maintenance is distilled. Collaboration from the 

manufacturer, maintenance service provider and the operators is recommended during 

acquisition of rolling stock. There is need to evaluate the compatibility and fit of new rolling 

stock into existing support infrastructure using appropriate tools and methods to assess the 

ability of existing infrastructure to meet maintenance needs of new assets. Upgrading of 

maintenance facilities within the maintenance function of an organisation is a strategic decision 

because of its long term impact on the supportability of rolling stock during their operational 

phase (Puig, Dongen and Basten, 2013). 

Supportability analysis 

The purpose of analysing the supportability of new rolling stock is for the identification and 

evaluation of the logistics support requirements. The supportability workflow diagram is 

shown in Figure 4.7. Supportability analysis identifies and establish the supportability 

requirements such as input to design, evaluation of design options, provisioning of maintenance 

and support elements and assessment of the existing system support infrastructure. The 

functional breakdown structure, systems requirements and the support and maintenance 

concept are the input to supportability analysis. Supportability analysis uses methods such as 

the FMECA, FTA, reliability block diagram (RBD) analysis, maintenance task analysis 

(MTA), reliability-centred maintenance (RCM) and LORA. 

Functional failure analysis from the functional breakdown structure is used to conduct FMECA 

and/or FTA and RBM analysis which facilitates the identification of functional failure modes 

and their criticality (INCOSE, 2016). FMECA is the starting point of the logic decision map 

for determining functional failure impact where preventive maintenance tasks such as 

functional detection, inspection, timed repair and timed scrap are used. 

RAM and life cycle cost (LCC) modelling and simulation are a part of supportability analysis 

that must be initiated in the development of a support system and maintenance optimisation. 
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Support element specifications and overall system requirements are the benchmark against 

which deliverables are evaluated (INCOSE, 2015). 

The majority of maintenance optimisation decisions can take shape approximately two years 

after the fielding of new rolling stock (Puig, Dongen and Basten, 2013). The purpose of 

maintenance optimisation is to maximise reliability and reduce operational costs (Asekun and 

Fourie, 2015). Many continuous improvement decisions with a long term impact on fleet 

performance are made independent of any particular acquisition program hence these choices 

do not depend on a particular train series (Puig, Dongen and Basten, 2013). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

4.5.3 Service life extension 

Product and service life extension is the extended use of a product or service beyond the end 

of its economic life which involve risk and lifecycle cost assessment versus the cost of system 

replacement (INCOSE, 2016; Khan et al., 2018). Coulon et al. (2019) propose identifying the 

remaining life of an asset to ensure its durability which provide visibility of the structure’s 

future life. Finite element analysis is used to determine sensitive areas of a structure. The 

mechanical structure and joints can be modelled to represent the mechanical behaviour. The 

service life of a system is extended due to reliability issues, safety or performance requirements 

which can be achieved through the replacement of a system or machine components to return 
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Figure 4.7: Supportability workflow diagram 

Adapted from Puig, Dongen and Basten (2013) 
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the system to as new condition within the economic constraints of the upgrade. Factors that 

must be put under consideration during service life extension include; software maintenance, 

warranty policy, lifecycle cost of the system (Vitásek and Měšťanová, 2017), design life and 

remaining useful life, configuration management, safety limits, availability of parts, 

subsystems and their suppliers and the availability of system documentation that support life 

extension. According to INCOSE (2015), service life extension is a subset of modernisation. 

Different life extension strategies are used at different phases of the product’s lifecycle. Due to 

the shortcomings in determining upgrade precedents, lack of competence in decision making 

for upgrades and forming the key purposes of upgrade, Matokhina et al. (2017) developed an 

intelligent platform for technical systems modernisation at different stages of their lifecycle. 

4.5.4 Obsolescence 

At some point in the life of a system, a part, module, component, equipment or system may 

become obsolete (Zolghadri et al., 2018). Clavareau and Pierre-Etienne (2009) postulate that 

technological obsolescence of a unit is characterised by the availability of units with identical 

functionalities but with higher performances, which is a result of knowledge accumulation and 

industrial innovation (Aghion and Howitt, 1992). According to Boucekkine, Rio and Licandro 

(2005), technological progress is driven by modernisation against the opposing force of 

obsolescence but the positive effects of modernisation outweigh the negative effects of 

obsolescence. Before decommissioning a system or subsystem, a plan must be hatched to 

minimise service interruption, an example is the decommissioning an old train control system 

and replace it with a European Train Control System (ETCS) (Wells, 2016). Soltan et al. (2019) 

propose identifying dependencies between system functions and components using system 

architecture modelling before making changes. 

Features of obsolete technology include continuous breakdowns, error-prone, high failure rate 

and high operation cost. Amankwah-Amoah (2017) describe technology obsolescence as a 

mismatch in the life cycles of a system or product and the technology it incorporates leading 

to different degrees and types of technology obsolescence. The inability to replace a part or 

machine component can render a product obsolete since the product partly depend on its 

constituent components such as gears and motors for mechanical equipment and objects and 

modules for software. Sandborn (2007) says software obsolescence management is often found 

at interfaces between operating system and applications, and drivers. Interface problems are 

caused by different data formats and the ever-increasing demand for information or integration 

of new technologies. To overcome these challenges, life cycle modelling strategies such as 

standardised data structures form data containers that are integrated into systems (Stark et al., 

2014). Software obsolescence is mainly caused by functional, technological and logistical 

obsolescence (Rajagopal, Erkoyuncu and Roy, 2015; Alelyani et al., 2019). Huge costs are 

associated with software obsolescence management and mitigation and these include 

mitigation, downgrade, redevelopment, requalifying, re-hosting, media management and case 

resolution. Due to changes in the competitive landscape, firms are forced to modernise their 

technology to compete on the market front. Technology obsolescence is a process that entail 

multiple decision points. 

4.5.5 Technology refresh and insertion 

Technology refreshing and insertion are done during the operation and support phase of a 

system to increase the organisation’s capabilities (Wallace, Clements and Wallnau, 1996). 
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Technology refresh investigates and implements replacement of aging baseline capabilities or 

components with newer form, fit and function alternatives. Unlike technology insertion, 

refreshing is limited to existing capabilities without providing new capabilities and when 

replacement units are scarce, modernisation efforts must make a trade-off between technology 

refresh and insertion (Brawner and Kurak, 2015). Modelling and simulation tools are applied 

to address capability issues and develop testing situations. Road maps can also be used for 

insertion initiatives in a strategic context and identify tactical efforts to achieve the goal. 

Commercial off-the-shelf systems can be considered for technology insertion or refresh after 

an analysis of alternatives. However, commercial off the shelf systems can pose challenges 

such as obsolescence, intellectual property access, integration complexity, system of systems 

compatibility and configuration management (Berteau, 2019). Seven groups of metrics that are 

more likely to contribute to or measure the degree of commercial off the shelf-related 

obsolescence according to Alelyani et al. (2019) are multiplicity, complexity, interdependency, 

platform diversity, product breakdown structure, obsolescence strategy management and 

financial metrics. Due to fast-paced technology lifecycles, the acquisition of replacement 

equipment is faced with a lot of uncertainties during decision making. Khan, West and Wuest 

(2019) propose midlife upgrade strategies of equipment components and subsystems in 

response to the environment, market or new capabilities requirements as opposed to traditional 

equipment replacement form of modernisation. Replacement motivations can be intrinsic such 

as deterioration or extrinsic such as technological obsolescence, changed capacity needs and 

changed regulation (Khan, West and Wuest, 2019). Midlife upgrades can effectively postpone 

equipment replacement by extending the remaining useful life of capital assets and perform 

beyond their initial design specifications. 

4.5.6 Modernisation implementation 

Understanding the strengths and weaknesses of each modernisation technique facilitate the 

selection of the right solution and enhances the impact of the modernisation effort (Comella-

Dorda et al., 2000). The black-box approach or wrapping is a quick, easy, cheap and safe 

solution where changes are restricted to the user interface to improve usability without affecting 

the detailed function of the system and it is beneficial to the final users (Bakar, Razali and 

Jambari, 2019). The white-box approach also referred to as reengineering is a broad concept 

that involve detailed examination and understanding of the system before altering 

functionalities (Comella-Dorda et al., 2000). 

System migration is another technique that is used to move systems from one platform to 

another without disturbing the data and rules of the original system. However, Comella-Dorda 

et al. (2000) argue that codes in systems such as enterprise information systems are likely going 

to remain the same providing the same or similar capabilities after system migration. Within 

the requirement phase of the system migration process, reverse engineering is an important 

process used to recover architecture, for code analysis and extraction of rules for old 

requirements determination. 

Replacement is implemented when systems can no longer keep pace with business needs and 

when modernising that subsystem by modifications (Comella-Dorda et al., 2000). Alexandrova 

(2012) stresses the importance of having a critical stance on requirements analysis so that the 

new system can mimic the features of the old system. Different modernisation profiles were 

used by different nations at different levels of economic development and technological 

capabilities. 
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4.5.7 Modernisation profiles for Brazil, Russia, India, China and South Africa (BRICS) 

economies 

Dominguez Lacasa et al. (2019) propose approaching modernisation on three fronts; the 

intensity of technology modernisation, structural change and global interaction. Radosevic and 

Yoruk (2018a) describe it as intensity (types and levels of innovation), breadth (changes to the 

structure of technological knowledge) and technology and knowledge exchange (global 

interaction). Technological upgrading is then a result of the interaction of these three 

dimensions. The research conducted by Dominguez Lacasa et al. (2019) show that there is no 

specific path that can be followed during modernisation, rather, different paths are used with 

trade-offs between intensity, structural change and the nature of global interaction. Chen, 

Farinelli and Johansson (2010) propose learning from predecessors and importation of 

advanced technology from developed nations in a process they coined technological 

leapfrogging such as the smelt reduction technology that South Africa adopted first. However, 

Majidpour (2016) argue that technology catch up is industry dependent and for complex 

product systems, leapfrogging and path-creating catch up is impossible, rather, path-following 

catch up is the dominant model of technological catch up for complex product systems. 

Wallace, Clements and Wallnau (1996) discuss four factors that must be considered when 

migrating and these are the difference between the existing system and the desired system, 

whether intermediate products can meet the goals of modernisation so that an incremental 

upgrade strategy can be employed, organisational capabilities and lastly, the maturity of the 

chosen technology. Technological upgrading is also understood to be a multidimensional 

process that cannot be quantified by an aggregate index or existing indicators which are mainly 

research and development oriented (Kergroach, 2018; Radosevic and Yoruk, 2018a). The 

intensity of upgrading depends on the position of the host nation within the frontier technology 

activities spectrum. BRICS economies (although technically they may not be put in one basket) 

are short of organisational and complementary capabilities to match the extent of technology 

sourcing from high income countries. Capabilities range from peripheral ones to the core ones 

and for complex product systems many components are patent protected. Outsourcing firms 

start by manufacturing peripheral subsystem components then acquire high level capabilities 

to perform complex engineering and design of the technological blockade which require project 

capabilities to implement (Guo and Zheng, 2019). Existing indicators of technological 

upgrading are not applicable to middle income economies  According to Laurens et al. (2018), 

patents are a measure of knowledge dynamics based on technology inventions, accordingly, 

between the period 2003 to 2005, transport sector had a share of 1.2% patents of 35 technology 

fields. Technology is an important growth factor and as a growth factor, it is a multidimensional 

phenomenon. It is against this background that new metrics were developed to understand 

technology upgrading addressing challenges of middle income countries. Radosevic and Yoruk 

(2018a) proposed composite indicators that measure performances in technological growth, 

competitiveness and innovation and these include global competitiveness index, knowledge 

economy index, world competitiveness report index, index of technological capabilities, 

industrial performance scoreboard, global innovation index, high-tech indicators and 

technological achievement. 

Dominguez Lacasa et al. (2019) postulate that conventional models of technological 

modernisation are based on exogenous models of growth or endogenous growth theory. 

Research and development as a source of innovation and growth is a subset of the endogenous 

growth theory which may not be fully applicable to developing economies hence its 

applicability inadequacies to economic catch up. Guo and Zheng (2019) developed a position-
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depth-scope-efficiency (PDSE) framework for systematic catch up that can be used to analyse 

processes and mechanisms of capability upgrading. The organisation prepares itself or it is 

prepared by external forces to take off during a transition era in its growth (Rostow, 1990). A 

Schumpeterian approach to growth based on the positions of countries from the technological 

frontier facilitates the differentiation between growth that is based on innovation and imitation 

and catching up of developing economies. However, imitation is a component of reverse 

engineering with a potential of breaching intellectual property rights attracting prosecutions 

(Zhang and Zhou, 2016). Catching up is closing the gap between technology adoption and 

creation or improving. 

Technology upgrading is a complementary relationship between production, innovation and 

research and development whose integration determines the intensity of technology upgrading 

(Dominguez Lacasa et al., 2019). Technology intensity in an economy is measured by the 

number of transnational patents. The combined transnational patents for BRICS economies for 

the period 1980 to 2015 were below two per one billion gross domestic product (Dominguez 

Lacasa et al., 2019). However, developing economies can accumulate production capabilities 

at the production frontier if they can produce at world-class levels of efficiency and 

productivity with good technical expertise (Figueiredo, 2014). Economies that operate at the 

production frontier can import machinery and equipment that embody the required technology. 

Nations with technological capabilities have the ability and capacity to absorb, adapt, change 

and integrate existing technologies through systematic innovation processes thereby 

developing new technologies, processes and products. Those with technology capabilities can 

develop products and this development is proxied by international and resident patents. R&D 

is a major component of innovation that drive growth. In developing economies, international 

technology transfer activities and non-R&D based activities enhance domestic technology 

capabilities (Majidpour, 2016). Further down from the technology frontier, technology transfer 

is more important than own research and development and close to the frontier, cooperation 

with universities, own research, highly skilled personnel and intellectual property rights are 

important. Radosevic and Yoruk (2018a) also cite that technology transfer and own research 

and development, even with imitative aims (Figueiredo, 2014), are complementary and their 

level increase in the undertaking firm, even when the hosting country is away from the 

technology frontier, knowledge network intensity increases. Technology, production and R&D 

capacity are not hierarchically structured but involve qualitatively different sets of technology 

and knowledge requirements. 

Technological modernisation goes beyond the intensity or scale of technological activities that 

are observable during catch up. Empirical evidence shows that growth is not correlated with 

the share of high tech sectors (Dominguez Lacasa et al., 2019). There is adoption of high tech 

activities in low tech industries and the adoption of low tech activities in high tech industries. 

Radosevic and Yoruk (2018a) points out that the breadth of technology upgrading is measured 

by technological knowledge diversification, organisational capabilities and supporting 

infrastructure which is mostly measured on firm level organisational capabilities. It can be 

argued that accumulation of innovation and production capabilities in catch up is directly linked 

to the foundations of knowledge intensity. Technological diversification more than 

specialisation significantly contributes to upgrades (Lee, 2019). It is also highlighted that the 

path to technological upgrading by developing economies is based on copying developed 

industries taking advantage of their latent capabilities. Dominguez Lacasa et al. (2019) also 

hypothesise that developing economies strongly rely on imitating foreign technologies and 

focus on a smaller number of knowledge areas with high technological opportunities. 
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Fu and Gong (2011) argue that international technology transfer via foreign direct investment 

has long been regarded as the engine of technology upgrading in developing nations although 

emphasis must be given to indigenous innovation efforts as developing countries cannot 

entirely rely on foreign technology for upgrades. Initially, indigenous capabilities will be 

limited due to inadequate infrastructure and skills to absorb and exploit the potential (Baruch, 

Gerald and Ruina, 1983) but a certain level of social capability or absorptive capacity above 

the threshold can help to apply it to commercial ends (Fu and Gong, 2011). Foreign direct 

investment is a source of technology upgrading and a catalyst for the needed change but on its 

own it cannot drive the technology upgrading. Global value chain literature records that 

technological upgrading comes in various forms such as functional upgrading, product 

upgrading, superior technology introduction and efficiency gains by facilities layout 

optimisation. Cross boarder acquisition is regarded as a fast means of acquiring high tech assets 

from host nations (Guo and Zheng, 2019). Entry into global value chains of developing 

economies offer them opportunities to interact and learn from technology leaders therefore 

facilitating technology upgrading. Nicholas (2011) give an account of Japan’s development as 

attributed to international technology transfer that propelled it to the technology frontier. 

Growth trajectory for developing countries 

The economic growth of developing nations is analysed in consideration with their mutual 

interaction with developed nations. Taking Japan as an example of how it developed, it was a 

result of the advancement of Western Europe capitalism (Akamatsu, 1962). The first phase 

included trading with Western Europe using native products from Japan. The second phase saw 

the establishment of industries in Japan to process raw materials and natives were employed to 

operate machinery. During the second phase, capital goods were imported from developed 

nations and consumer goods were produced locally. In the third phase (industrialisation phase), 

local industries produced consumer goods from raw materials for local markets as well as 

export and the domestic production of some capital goods began (Akamatsu, 1962). These four 

phases profile a wild geese flying pattern. This pattern is made up of three graphs; import, 

export and machinery. This pattern of development is further explained by studies on economic 

situations of individual countries. The economic growth according to Akamatsu (1962), is 

driven by imports, exports and production. However, literature study highlights that nations on 

frontier technology activities have an equivalence of production capabilities to sustain both 

local demands and export demands. Nations on technology frontier activities continue to excel 

in that area as supported by statistical results that manufacturing exports for the four tigers 

catapulted from five billion dollars in 1962 to $715 billion in 2004 (Pietrobelli and Rasiah, 

2012). While it took United kingdom, France, Germany and United States eight years or more 

from the nineteenth century to technologically transform themselves, it took Taiwan, 

Singapore, Hong Kong and Korea three and half decades to technologically transformed their 

economies to relatively modern and affluent economies and Japan took the shortest time 

between 1952 and 1973 (Nelson and Pack, 1999). On what grounds did they do it becomes a 

question of scientific importance. 

Technological knowledge is embodied in equipment and machinery and codified in written 

documents, therefore, for a firm to adopt technology that is new to it (not necessarily to the 

whole world), it must have access to machinery and written documents (Nelson and Pack, 

1999). However, much knowledge is tacit. Tacit knowledge is the enduring basis for 

competitive advantage that help in building firm specific capabilities (Humphrey and Schmitz, 
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2002). Asian late commers did not leapfrog from vintage technology to new one but engaged 

in a cumulative process of learning in the electronics and information sector. 

Table 4.3: BRICS technology modernisation profiles for the years 1989 to 1997 and 2007 to 2015 

Nation Modernisation profile 

Brazil  Limited levels of global interaction 

 Relatively high level of diversification 

 The scale of behind the frontier and frontier activities is low 

Russia  Has high degree of diversification 

 Within BRICS, it is behind the frontier and frontier technology including dynamic frontier 
activities 

 Relies on foreign actors and international collaboration although it is below India 

India  Enhanced foreign-led technology modernisation 

 The scale of domestic and frontier technology activities in high tech is low 

 Rely on foreign actors and international collaboration for frontier activities 

China  Increased the scale of behind frontier and frontier technology activities 

 Gained a high share of patents in high tech areas 

 Diversification of technological knowledge base increased 

 Increased scale of technological activities and structural change 

 The importance of foreign actors and international collaborators in frontier activities was 
reduced 

 China has strong domestic technology modernisation coupled with strategic knowledge 
cooperation and knowledge sourcing 

South 
Africa 

 Poor diversification in terms of knowledge base and dynamic frontier activities 

 Trailing behind in frontier technology activities 

 Large technology sourcing that is not coupled with behind frontier technology activities 
resulting in limited impact 

 Technology sourcing being used as a substitute rather than complementing frontier activities 

 Available foreign knowledge substitutes domestic technology effort 

Adapted from Dominguez Lacasa et al. (2019) 

Interaction of intensity, breadth and global interaction of technology upgrading gives specific 

paths and profiles of technological upgrading (Dominguez Lacasa et al., 2019). It is once again 

important to note that organisations or countries do not follow a standard and uniform 

upgrading process. Table 4.3 gives an analysis of various technology modernisation paths taken 

by different countries in BRICS economies that shape the modernisation profiles of the 

individual countries as shown in Figure 4.8. Technology specialisation patterns depend on 

individual countries. Lee (2019) observed that BRICS specialised in long-cycle technologies, 

Stellenbosch University https://scholar.sun.ac.za



45 

 

that is, sectors with accumulated technological capabilities. China managed to break through 

into short-cycle technologies such as cell phones, computers and other electronic and electrical 

equipment. BRICS economies are much into industries that are closely related to natural 

resources, agriculture and other selected services (Dominguez Lacasa et al., 2019). Catching 

up requires a ‘detour’ to short-cycle firms with low entry barriers and this is exemplified by 

the case of China (Jung and Lee, 2010). From observing the trends, China reduced reliance on 

foreign actors to exploit its inventions. South Africa is characterised by low dynamics in 

modest improvements in frontier technology intensity although the breadth of technology 

upgrading has increased. The behind the technology frontier activities have disappeared in the 

case of South Africa. 

High income economies are characterised by low number of transnational patents that is 

applied by foreigners yet invented by natives as a ratio of the total number of transnational 

patents with at least one national inventor (FANI-rate) as show in Figure 4.8. This shows that 

domestic players are actively participating in the creation of frontier technology and they are 

endowed with complementary assets to exploit, in this case, South Africa has the second lowest 

rate (technology is not domestically controlled). Regarding international collaborations as a 

ratio of patents (CoInv-rate), South Africa has the second lowest because of its low 

engagements in frontier technology activities yet with the highest ratio of exploitation of 

frontier technology inventions from abroad (NAFI-rate). 

r  

Figure 4.8: BRICS technology upgrading profiles for the period 2007 to 2015 

Adapted from Dominguez Lacasa et al. (2019) 

The technological modernisation carried out by BRICS nations did not follow a specific path, 

rather, it is a nonlinear process that depended on their individual capabilities such as 

innovation. From the 1990s, BRICS had irregular and fair growth in the share of high-tech and 

knowledge intensive activities except South Africa that showed increased rate from the 2000s. 

Lee (2019) propose an indicator for measuring the technological knowledge diversification 

whereby the number of International Patent Classification (IPC) subclasses filed by individual 

countries are counted over time. It is evident from Error! Reference source not found.4.8 

that South Africa has a narrower and stable domestic knowledge base. The hypothesis proposed 

by Dominguez Lacasa et al. (2019) is also supported in this argument that middle income 

economies are diversifying their domestic technological knowledge whilst high earners possess 
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diversified technological knowledge structures. Figure 4.9 highlight that middle class 

economies like South Africa slowed down diversification in frontier activities for the period 

1980 to 2015. International patent classification subclasses are a measure of technological 

knowledge diversification of individual countries (Lee, 2019). From the period 200 to 2015, 

South Africa had a narrower but stable domestic knowledge base. The graphs support the 

hypothesis by Dominguez Lacasa et al. (2019) that middle income economies are diversifying 

their domestic technological knowledge whilst high earners possess diversified technological 

knowledge structures. 

 

Figure 4.9: International patent classification subclasses 

Adapted from Dominguez Lacasa et al. (2019)Modernisation is described by Smith and 

Kangaspuro (2006) as catching up with existing technologies or developing new inventions. 

Catching up is facilitated by technology transfer from developed nations, collaborations, 

imitations 

4.6 Modernisation overview 

There is a need for innovative approaches to constructing, modifying, operating and 

maintaining railway transportation for sustainability (Krmac and Djordjević, 2017). 

Organisational sustainability is supported by effective project management (Zaleha et al., 

2014). 

Modernisation of passenger railway maintenance depots is a multidimensional process that is 

influenced by several factors (internal and external). To have a comprehensive understanding 

of the environment, a holistic approach is required to view railway maintenance depots in the 

context of large technical systems. The dimensions that influence modernisation include old 

system characteristics, the goal, decision making, systems migration, systems integration, 

approach, objectives, profile and method of implementation. 

Old railway maintenance depots are characterised by inadequate maintenance resources, old 

rolling stock technology, obsolete long cycle technology, incompatible silo systems, traditional 

maintenance and production loses. The goal of modernisation is to achieve sustainability in the 

Stellenbosch University https://scholar.sun.ac.za



47 

 

maintenance operations of passenger railway maintenance depots.in order to achieve this goal, 

informed decisions and trade-offs are made to support goal realisation. The migration and 

integration strategies are the two parameters that determine the state of the desired system and 

they are at the heart of a modernisation project. Different approaches are used to achieve the 

desired state of passenger railway maintenance depots and these include technology refresh 

and insertion, life extension, design and development and new technology deployment to meet 

the objectives of modernisation, namely; supportability of new rolling stock, productivity 

improvement, maintenance optimisation, system performance improvement and 

interoperability of systems. The modernisation profile is non-linear because the project is in a 

brownfield and multidisciplinary environment. To manage work in such a complex 

environment, a project management approach is required to transform railway maintenance 

depots into a desired state. 

Table 4.3 gives an overview of the systematic literature review of modernisation in terms of its 

various dimensions and their respective variables.
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Table 4.4: Modernisation overview 

Modernisation 
dimension 

Variable Description References 

Old system 
characteristics 

Inadequate 
resources, old 
rolling stock 

Lack of adequate tools, machinery and equipment to carry out maintenance 
tasks or the available resources are no longer fit for purpose due to dilapidation. 
Depots must be well equipped to meet the maintenance requirements of rolling 
stock. 

(Mulder et al., 2013); (Puig, Dongen and Basten, 
2013); (Khan, West and Wuest, 2020); (Berteau, 
2019); (Alelyani et al., 2019); (Sandborn, 2007); 
(Zolghadri et al., 2018); (Satyro et al., 2018); 
(Soltan et al., 2019); (Amankwah-Amoah, 2017); 
(Rajagopal, Erkoyuncu and Roy, 2015); (Baker, 
2013); (Stark et al., 2014); (Clavareau and Pierre-
Etienne, 2009); (Boucekkine, Rio and Licandro, 
2005); (Brawner and Kurak, 2015); (Krmac and 
Djordjević, 2017); (Puig, Dongen and Basten, 
2013); (Saranga and Kumar, 2006); (Nakamura, 
2016); (Oner, Kiesmuller and van Houtum, 2015); 
(Villa, 2006); (Agarwal, De and Rathour, 2017) 

Obsolescence, 
long cycle 
technologies 

Depots are characterised by long cycle technologies that become prone to 
failure, high operation costs, high maintenance costs and frequent breakdowns. 
Obsolescence manifests in three different forms: (i) availability of challenger 
units with better performance (ii) life cycle mismatch between the system and 
its components (iii) the inability of a product to meet its intended purpose. The 
goal is to achieve higher levels of efficiency, accessibility and reliability, 
availability, maintainability and safety (RAMS) 

Incompatibilities, 
silo systems 

Depots have been in existence for decades, standards evolved to meet 
operation and performance requirements. Systems in old depots are monolithic 
or stand-alone which cannot be integrated to improve operation efficiency. 

Traditional 
maintenance, 
asset breakdown 

Traditional maintenance is time based and does not meet the performance 
demands of systems. Rail business thrives on reliability, and to meet the 
reliability demands of rolling stock must perform to requirements and 
standards. 

Loss of 
production 

Production time is lost through machine idleness, breakdowns, bottlenecks and 
waste. 

Continued on next page… 
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Table 4.3: Modernisation overview (Continued from previous page) 

Modernisation 
dimension 

Variable Description References 

Goal Sustainability Systems and technologies are selected for implementation to increase 
sustainability 

(Krmac and Djordjević, 2017); (Satyro et al., 2018);  
(Khan and Wuest, 2019); (Stark et al., 2014); 
(Dimić et al., 2016) 

Decision 
making 

Timing  The timing of decisions with respect to the upgrading of facilities for 
sustainability is important to increase the value of the decision facilitated by 
required information. There is a delicate balance between decision quality and 
decision speed. 

(Mulder et al., 2013); (Puig, Dongen and Basten, 
2013); (Kour, Karim and Tretten, 2014); (Saranga 
and Kumar, 2006); (Berteau, 2019); (Khan, West 
and Wuest, 2020); (Matokhina et al., 2017); 
(Ambrasaite, Barfod and Salling, 2011); (Siciliano 
and Musolino, 2016); (Laumet and Bruun, 2016); 
(Krmac and Djordjevii, 2019); (Dimić et al., 2016); 
(Mardani et al., 2016); (Oner, Kiesmuller and van 
Houtum, 2015); (Wallace, Clements and Wallnau, 
1996); (M’Baya, Laval and Moalla, 2018) 

Knowledge 
required 

The quality and integrity of a decision is determined by the knowledge of the 
decision maker. decision-making involves data analysis and data integration to 
achieve objectives and solve problems, the solution of which can be terminated 
with a satisfactory solution. 

Trade-off Trade-off analysis is an exhaustive and semi-quantitative process of identifying 
requirements that a decision result must fulfil in a complex environment with 
many variables. Project selection models can be financial (payback period, 
internal rate of return and net annuity value among others) or strategic 
alignment models (AHP, utility function, fuzzy theory and goal programming 
among others) for aligning projects with goals. 

Migration  Strategy The strategy is about how the modernisation is carried out depending on 
variations between old and desired system, technology maturity, risk and 
usefulness of intermediate deliverables. Different strategies can be used 
depending on the mentioned factors and these are staged, linear or iterative 
strategies. 

(Wallace, Clements and Wallnau, 1996); (Bakar, 
Razali and Jambari, 2019); (Khan, West and 
Wuest, 2020); (Matokhina et al., 2017); (Mikulčić, 
Ljubaj and Mlinarić, 2020); (M’Baya, Laval and 
Moalla, 2018) 

Continued on next page… 
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Table 4.3: Modernisation overview (Continued from previous page) 

Modernisation 
dimension 

Variable Description References 

Integration Strategy Strategies for integration depend on number of interfaces, availability of 
resources, system architecture, system modularity, activation and utilisation 
order and prevailing conditions. 

(Berteau, 2019); (Hatziargyriou et al., 2017); 
(Comella-Dorda et al., 2000) 

Approach Life extension It is the extension of the life of an asset beyond its economic life. Different life 
cycle extension strategies are used depending on the life cycle phase of the asset 

(Coulon et al., 2019); (Berteau, 2019); (Brawner 
and Kurak, 2015); (Wallace, Clements and 
Wallnau, 1996); (Khan and Wuest, 2019); 
(Mikulčić, Ljubaj and Mlinarić, 2020); (Nguyen, 
Yeung and Castanier, 2017); (Radosevic and Yoruk, 
2018a); (Lee, 2019); (Kemeny, 2010); (Guo and 
Zheng, 2019); (Wong and Goh, 2015); (Figueiredo, 
2014); (Jung and Lee, 2010); (Fu and Gong, 2011); 
(Rock, 2016); (Nicholas, 2011); (Kergroach, 2018) 

Technology 
refresh 

It is the replacement of aging baseline capabilities or components of a system 
during the operation and support phase to maintain existing capabilities of that 
system 

Technology 
insertion 

The functional upgrading of a system to include new capabilities by replacing 
aging components with new challenger components with better performance 

Design and 
development 

Collaborative efforts are made in the design phase of a product so that it aligns 
with the need for which it was developed. Technical specifications and standards 
are fundamentals for integrating the product in brown field projects. 

New 
technology 
deployment 

New technology that was developed without prior consultation with specific 
customers is bought and installed as commercial off the shelf product. 
Technologies are developed according to standards and integration is not a 
challenge. Usually, stand-alone products are bought for installation without 
direct input in their design from the customer. 

Continued on next page… 
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Table 4.3: Modernisation overview (Continued from previous page) 

Modernisation 
dimension 

Variable Description References 

Objectives Supportability The function of a support system is examined for its capacity to meet storage, 
maintenance and repair demands of a dependent system. The design of the 
support system must align with the design of the dependent system for 
efficient maintenance processes. The alignment increases the availability of 
both the support system and the dependent system. The support 
requirements of a dependent system produce a support concept. The 
difference between the support concept and the support system is the 
supportability gap. 

(Puig, Dongen and Basten, 2013); (Sassanelli et 
al., 2016); (Saranga and Kumar, 2006); 
(Morimoto, Serizawa and Honda, 2017); 
(Berteau, 2019); (Wensheng Wang et al., 2019); 
(Brawner and Kurak, 2015); (Berteau, 2019); 
(Khan and Wuest, 2019); (Kabalan et al., 2017); 
(Mikulčić, Ljubaj and Mlinarić, 2020); (Clavareau 
and Pierre-Etienne, 2009); (Krmac and Djordjević, 
2017); (Mikulčić, Ljubaj and Mlinarić, 2020); 
(Stark et al., 2014); (Clavareau and Pierre-
Etienne, 2009); (Wallace, Clements and Wallnau, 
1996); (Hatziargyriou et al., 2017); (Agarwal, De 
and Rathour, 2017); (Saranga and Kumar, 2006); 
(Mulder et al., 2013); (Zolghadri et al., 2018); 
(Lavopa and Szirmai, 2018) 

Performance 
improvement 

The performance of a system is measured by key performance indicators. The 
difference between system performance and the required performance levels 
is the performance gap. The performance of large technical systems is 
facilitated by technical aspects for systems integration such as standards, 
compatibility, interoperable and connectedness. The performance of a system 
is also influenced by RAMS which can be determined from the design stage. 
Systems can be designed for ‘RAMS’. 

Interoperability Complex systems are made of autonomous systems that can provide a service 
independently. Autonomous systems communicate and share information to 
produce complex services during run-time. Technical harmonisation is 
achieved by matching standards of interacting systems to facilitate 
information sharing. Standardisation is the backbone for interoperability. 
Interoperability influences system performance improvement. 

Continued on next page… 
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Table 4.3: Modernisation overview (Continued from previous page) 

Modernisation 
dimension 

Variable Description References 

Objectives Maintenance 
optimisation 

 

Traditional maintenance is static and time-based hence it cannot meet the 
dynamic performance requirements of supported systems. In order to meet 
reliability demands, there is a need to adopt a performance-centric approach to 
maintenance. The performance-centric approach is facilitated by condition 
monitoring. Sensors are used to monitor and report on the condition of an asset 
or the component of concern on the asset. The timing of optimisation decisions 
is important after analysing the failure trends of the critical asset. Different 
methods are used to analyse the failure trends of an asset depending on their 
causes. 

(Puig, Dongen and Basten, 2013); (Sassanelli et al., 
2016); (Saranga and Kumar, 2006); (Morimoto, 
Serizawa and Honda, 2017); (Berteau, 2019); 
(Wensheng Wang et al., 2019); (Brawner and 
Kurak, 2015); (Berteau, 2019); (Khan and Wuest, 
2019); (Kabalan et al., 2017); (Mikulčić, Ljubaj and 
Mlinarić, 2020); (Clavareau and Pierre-Etienne, 
2009); (Krmac and Djordjević, 2017); (Mikulčić, 
Ljubaj and Mlinarić, 2020); (Stark et al., 2014); 
(Clavareau and Pierre-Etienne, 2009); (Wallace, 
Clements and Wallnau, 1996); (Hatziargyriou et al., 
2017); (Agarwal, De and Rathour, 2017); (Saranga 
and Kumar, 2006); (Mulder et al., 2013); (Zolghadri 
et al., 2018); (Lavopa and Szirmai, 2018) 

Increase in 
productivity 

Productivity is a measure of the efficiency of a system where outputs are 
measured in comparison to inputs. Productivity is improved by functional and 
technological upgrades of a system such as automation. Production waste such 
as transportation can be reduced by optimising machine layout and idleness due 
to maintenance can be solved by optimising maintenance practices through the 
adoption of total productive maintenance. Lean methodologies of eliminating 
waste also help increase productivity. Process constraints also affect system 
productivity. 

Profile Non-linear The path of modernisation is non-linear, multidimensional and scenario-based. 
The scenario-based approach facilitates the formulation of decisions and project 
templates that are a direct response to business needs. The evolutionary 
implementation of a modernisation strategy requires a project management 
approach as a driver of the required change. Organisations can learn from their 
predecessors and adjust to suit their unique requirements. 

(Radosevic and Yoruk, 2016); (Dominguez Lacasa 
et al., 2019); (Radosevic and Yoruk, 2018a); (Lee, 
2019); (Rostow, 1990); (Kiamehr, 2017); (Kemeny, 
2010); (Guo and Zheng, 2019); (Choung, 2014); 
(Wong and Goh, 2015); (Figueiredo, 2014); (Jung 
and Lee, 2010); (Fu and Gong, 2011); (Rock, 2016); 
(Lavopa and Szirmai, 2018); (Majidpour, 2016); 
(Chen, Farinelli and Johansson, 2010) 

Continued on next page… 
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Table 4.3: Modernisation overview (Continued from previous page) 

Modernisation 
dimension 

Variable Description References 

Implementation Project 
management 

Project management as a driver of change is also influenced and driven by the 
nature and direction of change in systems and is a response to reverse salient in 
parts of the system. It offers the agility, robustness and flexibility required to 
cope with complex systems. Project management methodology reduces risks 
associated with modifying complex systems.  

(Kiamehr, 2017); (Guo and Zheng, 2019); (M’Baya, 
Laval and Moalla, 2018) 
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4.7 Chapter summary 

The fundamental themes of modernisation are explored in this section and the subject of 

technological modernisation is systematically reviewed. The chapter provides the appropriate 

fundamentals for the development of a modernisation framework for railway maintenance 

depots. The reasons for modernisation are mainly technical. Modernisation is achieved through 

five objectives which are supportability, performance improvement, interoperability, 

maintenance optimisation and productivity improvement for sustainability. Migration 

strategies need to be formulated depending on several factors to achieve the desired system 

characteristics. In order to achieve the desired state of passenger railway maintenance depots, 

the project environment is discussed in the next chapter. 
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Chapter 5: Literature review on project management principles 

To have an in-depth understanding of project management principles and approaches, this 

chapter focuses on exploring such. A discussion is made at the end of the chapter distilling 

from literature the important design requirements of the project management framework for 

technical modernisation of passenger railway maintenance depots. Project management 

facilitates the process of transforming old depots to the desired state. Figure 5.1 shows the 

position of this chapter in the research process. The framework development phase is anchored 

on the design specifications established in this chapter. 

 

Figure 5.1: Research design: Chapter 5 

5.1 Project management 

The methodologies of modern project management were formalised in the international 

organisation for standardisation (ISO), ISO/FDIS 21500:2012 following a traditional waterfall 

approach (Binder, Aillaud and Schilli, 2014). Project management is the application of tools, 

concepts and approaches across disciplines to solve technical problems through operational 

strategies and actions (Battisti, 2018). It is the operational arm and a major tool for problem-

solving aimed to achieve defined objectives (Bernroider and Ivanov, 2011). Albrecht (2016) 

states that projects are triggered by external and internal requirements needs such as business 

and maintenance needs and he outlined the approach to upgrading projects in Figure 5.2. 

According to Geyer and Davies (2000), railways are large technical systems made up of 

complex product systems hence modernisation activities can be comprehended by paying 

adequate attention to the interdependencies between projects and operational railway networks 

in which the projects are embedded. Koppenjan et al. (2011) underline that coupling 

development and operations is a source of complexity in railway projects. 
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Figure 5.2: Approach to upgrading projects 

Adapted from Albrecht (2016) 

Project and operational activities are intertwined, forming a project-system innovation cycle. 

Projects consist of a network of suppliers that include regulatory bodies, system integrators, 

contractors and specialist suppliers that design and integrate subsystem components (Whyte, 

Stasis and Lindkvist, 2016). Furthermore, the operational system is made up of operators, 

regulators and infrastructure owners (Koppenjan et al., 2011). At the railway operators-project 

interface, operators enter the project web and engage in project definition, project management, 

distribution of capabilities and dynamic systems integration. At the project-based suppliers and 

operational railway interface, project-based suppliers are engaged in the integration of 

maintenance capabilities and other network-related capabilities together with innovative 

solutions to reverse salient. 

The common view of project management success is based on accomplishing deliverables 

within time, cost and quality (Geyer and Davies, 2000) which is referred to as the ‘iron triangle’ 

(Zhang and Babovic, 2011), the measurable components of which are the success criteria 

(Mišić and Radujković, 2015; Rodríguez-segura et al., 2016). However, project success is not 

only affected by the iron triangle but there are methodologies, skills, knowledge, tools and 

other capabilities in the mix and their influences on success are different (Rodríguez-segura et 

al., 2016). Figure 5.3 is a diagrammatic representation of how projects and operations within 

large technical systems in rail are interfaced to mitigate integration challenges.  Project 

management success as measured by the triple constraint reflects the manager’s performance 

in achieving the project plan from the owner’s perspective (Musawir et al., 2017). 

The accomplishment of goals can be measured by harnessing the idea of drivers and outcome 

measures where processes supporting the goals are defined and the activities supporting the 

processes are clearly defined as well. Zhang and Babovic (2011) address how project managers 

can embed multiple real options as a way of handling uncertainties in projects and systems as 

opposed to adopting a single scenario with a fixed design. Geyer and Davies (2000) describe 

multiple real options as the dynamism of capabilities that offer ways of responding to changing 

demands in a competitive environment. Real options or dynamic capabilities include the option 

to adjust capacity, the option to implement in stages, the option to momentarily shut down, 

future upgrades and modifications to delay obsolescence (Brawner and Kurak, 2015). Project 

managers and system designers are faced with real options that are complex and unique, to 

solve this problem, Zhang and Babovic (2011) proposed an evolutionary real options 
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framework for optimisation because they argue that changes are inevitable and flexibility can 

be used to address them. Decision trees or influence diagrams can be used to structure the states 

and options of a system. 

 

Figure 5.3: Project-system interface in railway networks 

Adapted from Geyer and Davies (2000) 

Project management in transitional economies requires assessment of global experiences on 

project achievements and changes that have taken place in project environments and their 

influence on project delivery to achieve world-class results (Voropajev, 1998). The project 

environment has features that are caused by changes that are related to development dynamics. 

Dynamic factors on project management depend on the magnitude of change in the host nation 

and its economy. Also, Muriithi and Crawford (2003) state that project management relies on 

the assumptions of economic rationality. Yanwen (2012) cites that project management in 

developing countries faces challenges from the government as the prime mover, lack of 

management infrastructure, lack of project management awareness, resource scarcity, lack of 

public service infrastructure, and bribery and corruption. Project management implementation 

in developing nations must be in line with cultural, economic, political and administrative 

systems which are the soft issues of project management. 

5.1.1 Project-based suppliers 

Project-based suppliers and the operational system are key parts of a large technical system in 

which projects build new components and capabilities thereby reshaping the operational 

system. New technologies are accessed through collaborations such as customer-supplier 

collaborations, research and development alliances and networking (Eslami and Melander, 

2019). Projects and operational systems have overlapping and interconnected technical and 
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organisational components. From the idea of overlap, Geyer and Davies (2000) suggest that 

the buyer-supplier relationship in large technical systems should not be conceptualised as a 

linear supply chain but as a point of intersection that must be established showing how 

organisations can seamlessly integrate into a web. The interaction between the firm, and the 

suppliers is shown in Figure 5.4. 

 

Figure 5.4: Inter-firm software development project 

Adapted from Jiang et al. (2018) 

When it comes to integration mechanisms, Martinsuo and Ahola (2010) suggest that project 

delivery for complex products and systems benefits most from grasping the relationship 

between cooperation and control-oriented integration mechanisms and their 

complementariness. Successful project delivery hinges on the efficient functioning of the 

whole inter-organisational web. Project-operational systems interfaces need to be examined to 

reveal how organisations can be involved in the establishment of a seamless web of 

relationships among suppliers, consultants, users and regulators to provide solutions in the 

evolution of the operational system. 

The contractor often takes the role of a system integrator coordinating the network of upstream 

suppliers and subcontractors (Martinsuo and Ahola, 2010) and managing the project across 

organisational boundaries to ensure its successful completion (Jiang et al., 2018). The system 

integrator facilitates the pooling of resources from different suppliers to create synergistic value 

under the project constraints. The client has an oversight role in a partnership-based project 

collaboration and in a traditional subcontracting approach, the client act as a project manager 

as shown in figure 5.5. According to Shalpegin (2020), designing and supplying a product as 

per the customer’s specifications can meet reasonable expectations but there are high chances 

that the product may fail as in the case of the Dreamliner that was developed by Boeing. 

Boeing, in its quest to reduce the overall weight of its planes contracted Yuasa to supply lighter 

lithium-ion batteries replacing the heavy nickel-cadmium batteries. However, Yuasa produced 

according to the customer’s specifications and a lot of aircraft caught fire resulting in the loss 

of assets and revenue. 
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Figure 5.5: Structure for different project delivery methods 

Adapted from Martinsuo and Ahola (2010) 

Commenting on the investigations, Yuasa’s president said, “instead of merely making batteries 

and following instructions, we could have also studied the instructions, collected data 

ourselves and make recommendations” (Shalpegin, 2020). Another example of a failed project 

is the ExoMars 2016 mission by the European Space Agency where the hardware and software 

components were supplied by different contractors and without prior collaboration before 

launching. The Mars lander crash-landed on Mars (Tolker-Nielsen, 2017). The failure of these 

two projects can be attributed to lack of collaboration between the customer and the supplier. 

However, a close relationship between the supplier and the customer may result in unwanted 

lock-in effects for a specific technology (Eslami and Melander, 2019). Eslami and Melander 

(2019) propose the use of a technological, commercial, organisational and social uncertainties 

framework to analyse the risks associated with collaborative system or product development. 

 

Figure 5.6: Relationship between uncertainties in customer-supplier collaborations 

Adapted from Eslami and Melander (2019) 

There are conflicting views about the degree of customer participation in projects, as to whether 

close collaboration reduces innovation challenges or impedes development efforts. Clear 

organisational boundaries can be difficult to set when a project’s complexity is high especially 
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when the organisation lacks technical knowledge. Elements of technological uncertainties have 

a bearing on how firms conduct their business throughout the phases of the development 

process. Internal collaborations between functions also influence how external collaborations 

are managed. Commercial uncertainties concerning costs influence business strategy and are 

related to single-sourcing decisions (Eslami and Melander, 2019). 

The differences between new software product development and new physical product 

development that involve external suppliers are highlighted by the level of agility, 

communication requirements, knowledge-sharing, specifications and modularity. Newness 

according to Wuang and Yang (2012), from the perspective of customisation of integrated 

systems, is determined by the organisation’s forecast as opposed to the market trend. Upgraded 

products can be viewed as new products because only the original project framework changes 

but the equipment remains to develop products with new functions. New equipment, hardware 

and software technologies are adopted to develop new products. Table 5.1 summarises a 

comparative analysis of the differences between new software product development and new 

physical product development. 

Table 5.1: Physical goods vs software development involving external suppliers 

Attribute Physical product Software system 

Outsourcing 
driver 

Time to market and product cost 
reduction; coupling production and 
design knowledge 

Development cost; be in sync with 
underlying software technology changes 
and meeting operational needs 

Contracting 
nature 

Limited formal specifications; informal 
sharing of specifications and progress 
reports 

Explicit specifications and formal status 
reviews 

Idea generation 
and problem-
solving 

Integral aspects of design not suited for 
collaborative problem-solving 

Modularity allows idea generation and 
testing to spread across the supply chain 

Management 
challenge 

Project management; relying on 
engineering, design and production 
processes knowledge 

Project management; collaboration among 
suppliers on software architecture and 
testing 

Client 
participation 

Minimal  Continuous  

Adapted from Jiang et al. (2018) 

In the case of multiple suppliers, goal interdependence is the extent to which goals are 

commensurate or conflicting and how the interdependence influences cooperation of 

individuals, teams and organisations. Physical assets, information, skills, capabilities and 

knowledge are resources and their interdependence requires coordination of tasks to enhance 

the exploitation and exploration of activities (Jiang et al., 2018). 
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5.1.2 Market structure 

Market structures influence the way railway projects are organised and managed. Effective 

project management is promoted by market structures that give a certain organisation a 

controlling and coordinating role of activities that link projects and operational systems (Geyer 

and Davies, 2000). For highly uncertain, risky situations and symmetrical partnerships, 

hierarchy and formal market-based controls are not sufficient, but rather, decentralised 

cooperation, informal and collaborative forms of organisation are needed (Martinsuo and 

Ahola, 2010). Zhu and Mostafavi (2018) add to that line of thought by stating that due to the 

scale and complexity of modern projects, managerial independence of project subsystems is 

needed. The market economy as opposed to centralised economies (since they do not allow 

project management to be a sphere of professional activity) and transitional economies increase 

the efficiency of project realisation (Voropajev, 1998). However, all economies need project 

management applications. 

5.2 The concept of systems in project management 

Large technical systems facilitate the management of railway projects within the framework of 

railway systems as a unit that brings into perspective technical, organisational, political and 

economic factors that shape and are shaped by the railway system (Geyer and Davies, 2000). 

Complex product systems have an analytical approach and are characterised by systems 

integration, project-based manufacturing, extensive supplier chain, long-term stability, high 

costs and interconnected complex components (Majidpour, 2016). The systems model as 

opposed to the large technical systems model does not embrace a satisfactory description of 

internal dynamics and innovative processes in a given system (Geyer and Davies, 2000). 

Systems are classified according to traits into monolithic, complex and SoS. An SoS is an 

assemblage of complex systems that put their resources and capabilities together to produce a 

more complex system with greater functionality than the sum of its component systems. On 

the other hand, monolithic systems are made up of different elements for a single objective 

with shortfalls such as lack of emergent properties (such as adaptive capacity, agility, 

resilience, vulnerability and absorptive capacity) in project management, consideration of 

micro-behaviours, consideration of interdependencies and evolving nature of project systems 

(Zhu and Mostafavi, 2018). 

Large technical systems are made up of a variety of heterogeneous components that are 

integrated for flexibility, information management and effective decision-making (Agarwal, 

De and Rathour, 2017; Hatziargyriou et al., 2017). These components can be physical such as 

rolling stock, signalling equipment, depots, stations, tracks and energy supply together with 

non-physical components such as regulations, suppliers, operators and authorities. Components 

are linked in a horizontal or vertical architecture and systematically linked such that changes 

in the specifications of one component affect the rest (Geyer and Davies, 2000). Large technical 

systems also have a control component such as signalling, a traffic management system and 

load management techniques to enhance system performance and efficiency and to realise 

economic and social goals such as safety and reliability. The concept of reverse salient is used 

to analyse changes in large technical systems and identify how outdated components affect the 

whole system. Railway projects are set up and implemented in the framework of large technical 

systems. 
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5.2.1 Technology change through projects 

Project execution in railways involves the coordination and cooperation of interlinked 

organisations in the innovation network. Products are renewed through incremental innovation 

(doing what we do but better) building from existing routines, mindsets and thinking or radical 

innovation (doing things differently) exploring, discovering and learning in the context of the 

problem and/or solution (Andersson and Chapman, 2017). Radical front-end projects are 

strategic whereas incremental back-end projects are tactical. Projects within the railway sector 

are synced to the emergence of network enterprise (vertically disintegrated model of 

production) where different sized suppliers link up with the main firm to form innovation 

networks for continuous improvement and adaptation to the changing environment (Geyer and 

Davies, 2000). Koppenjan et al. (2011) describe the innovative nature of projects as the source 

of complexity due to uniqueness in the absence of standard technologies and operating 

procedures in combining technologies, experience and expertise. Complex product systems 

involve systems integration, capital intensive engineering and software goods that are supplied 

through an innovation web (Majidpour, 2016). The innovation path is agreed by users, 

suppliers and other stakeholders based on the forecast in contrast to mass-produced goods. The 

capabilities to compete successfully in the supply and installation of complex product systems 

hinge on project management and system integration. Capabilities can be described as 

distinctive knowledge, skills and experience that enable a firm to adapt, grow and achieve a 

competitive advantage. 

 

Figure 5.7: Technology management framework 

Adapted from Cetindamar, Phaal and Probert (2009) 

Due to the different types of innovation (low-tech, high-tech, radical, incremental, consumer 

goods, services and industrial process innovations), there is no definitive descriptive 

framework that can describe diffusion of technological innovation. Industry users induce 

innovative change among suppliers although governments have direct involvement in 
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technological specifications (Girifalco, 1991). Developed nations have technological 

capabilities to carry out technology management activities that are linked to core business 

processes of strategy, innovation and operations. A technology management framework was 

developed by Cetindamar, Phaal and Probert (2016) that integrate technology management 

capabilities within the innovation system. The framework is applicable to all firms of different 

sizes and projects that turns the technological knowledge into products and processes using 

technological capabilities of a firm. Technology management is supported by activities such as 

project management, knowledge management and innovation management. The technology 

management framework according to Cetindamar, Phaal and Probert (2009) is shown in Figure 

5.7. The technology management framework is based on dynamic capabilities theory that 

makes the organisation competitive in the midst of change. 

5.2.2 Dynamic systems integration 

Dynamic systems integration between project-based suppliers and the operational system is the 

issue of major concern in the management of railway projects (Geyer and Davies, 2000). 

Linkages between different projects must be established so that there is smooth interplay 

between components. In contrast to traditional engineering of systems integration where 

components and subsystems were statically optimised in advance, dynamic systems integration 

adopts a more flexible and incremental approach taking into consideration technical and 

organisational factors in the implementation of railway projects in an evolutionary environment 

(Zhu and Mostafavi, 2018). Roehrich et al. (2018) propose the formation of integrated project 

teams for collaboration thereby promoting interorganisational relationships. Integration 

techniques that can be adopted include global integration, integration with the stream, 

incremental integration, subset integration, top-down integration, bottom-up integration and 

criterion-driven integration depending on system dynamics (Wells, 2016). 

Dynamism is a dimension of project management by which the project is influenced by changes 

in the project environment (Collyer and Warren, 2009). It is also a non-binary dimension 

because every project has a certain degree of dynamism that cannot be approached as 

dichotomic. In support of this line of reasoning, Koppenjan et al. (2011) assert that complexity 

and uncertainty are multidimensional aspects that originate from various sources. However, 

complexity is two-fold, it can be dynamic (interactions are subject to change causing 

uncertainty, unpredictability and emergent behaviour (Zhu and Mostafavi, 2018)) or structural 

(having a large number of interacting components). Different integration techniques can be 

used depending on the level of complexity of the project and these techniques are summarised 

in Table 5.2. 

Structural complexities are measurable, quantifiable and can be prepared for, whereas dynamic 

complexities are subjective. Project Management Institute (2018) define complexity in three 

dimensions as system behaviour (due to interdependencies of components and systems), human 

behaviour (due to the nature of collaborations and ambiguity (due to uncertainties and dynamic 

factors). Geographically dispersed project teams can collaborate through the facilitation of 

communication tools such as building information modelling (Zhu and Mostafavi, 2018). 
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Table 5.2: System integration technique 

Integration 
technique 

Description 

Global integration Suitable for simple systems with few interfaces and without technological risks. The 
integration is done in one step and runs the risk of having localised faults that are 
detected at a later stage. 

Integration ‘with the 
stream’ 

System components are integrated upon availability. This integration technique is 
reserved for well-known and controlled systems whose technological risk is at its 
lowest. 

Incremental 
integration 

New components are added to an already integrated increment of implemented 
components. This technique is suitable for any system architecture although 
simulators may be required for absent implemented components. 

Subset integration Implemented components are assembled to form subsets or aggregates or functional 
chains that are integrated into a system. Allows for concurrent development of 
subsets for a system architecture that is composed of many subsets. Delivery of 
intermediate products is possible. 

Top-down 
integration 

System components are integrated in their activation or utilisation order. This 
technique is common in the software domain. 

Bottom-up 
integration 

System components are integrated in the reverse order of their utilisation or 
activation sequence. This technique can be applied in any system type. 

Criterion driven 
integration 

Critical system components are selected and compared to a certain criterion such as 
risk, interoperability, complexity, dependability among others and integrated first 
based on selected criteria. It is commonly applied to datasets that are difficult to 
define. 

Adapted from Wells (2016) 

Due to the complexity and dynamism of the market-based environment, organisational aspects 

have become equally important as the technical ones in systems integration activities. 

Technology change is pervasive and poses challenges even in firms where it is not a core 

business such as in transportation and mining. Feedback loops are important in coping with 

system integration challenges to meet dynamic requirements due to changing operational 

network. Uncertainties (mostly for projects that use high technologies together for the first 

time) due to the constantly changing environment remain unresolved in project management 

and cause challenges. 
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Table 5.3: Approaches for dynamic projects 

Approach Description 

Environment manipulation (make 
static) 

Develop a static core permitting high rates of change on the 
peripheries 

Scope Make iterations with short cycles and delivering frequently 

Planning approach Emergent exploratory approach 

Controlled experimentation Use low-cost trials with information sharing with fixed scope and 
stage gates. Focus resources into most promising initiatives 

Life cycle Consider iterative development cycles using feedback for planning or 
improvements for the next stages 

Controls Avoid reliance on process controls rather supplement output control 
if measurable and input control 

Culture Use a flat structure that promotes flexibility and experimentation 

Communication Use measures that promote faster, more open and less formal 
communication as a supplement 

Leadership style Leaders with high subject knowledge required and promote fast 
informal and participatory style 

Adapted from Collyer and Warren (2009) 

Projects faced with unknown unknowns are best approached using a learning strategy which 

involves scanning, problem-solving and flexibility whereas well-defined ones are best 

approached using instructionism (Collyer and Warren, 2009). Projects that require high safety 

levels and concern the public are best approached using the make static approach. As the level 

of uncertainty increases, the project environment becomes more dynamic as shown in Figure 

5.7. 

Materials, methods and goals are always shifting making projects riskier, the rate of resolving 

unknowns must equal the rate by which they appear. Different methods can be used to deal 

with dynamic environments such as life cycle strategies, categorisation, manipulating the 

environment, scope control, management controls and planning approaches (Collyer and 

Warren, 2009). 
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Figure 5.8: The race to resolve project unknowns 

Adapted from Collyer and Warren (2009) 

5.3 Project management approaches 

The level of dynamism the project has determines the approach the project manager uses to 

execute the work. Dynamism can be measured by product lifespan, interdependence with the 

environment and other projects, rate of introduction of new materials or methods and rate of 

changing requirements (Collyer and Warren, 2009). Flexibility and control impose 

contradictory requirements to project management and an extreme of each has weaknesses 

(Koppenjan et al., 2011). Projects are unique and project stakeholders (such as decision-

makers, contractors, project managers and operators) may not have previous experience. Tools 

such as risk management, change management and project control are always used so that the 

actual and predicted outcomes are almost symmetrical. Approaches to project management can 

be summarised as predict and control and prepare and commit, the comparison of which is 

shown in Table 5.4. 

Table 5.4: Traditional based versus scenario-based project management 

 

Adapted from Koppenjan et al. (2011) 
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5.3.1 Traditional project management 

Traditionally, projects are executed in a static environment by passively responding to project 

baselines developed at the beginning of the project (Geyer and Davies, 2000; Binder, Aillaud 

and Schilli, 2014). The ‘management-as-planned’ or predict and control as described by 

Koppenjan et al. (2011) is tactical and suits projects with clear requirements, goals and methods 

(front-end analysis) or incremental back-end projects but it can lead to false expectations 

because it is designed to overcome complexity and uncertainty thereby lacking agility and 

interoperability (Collyer and Warren, 2009; Levitt, 2011). The rigidity of the waterfall 

approach is a limitation in the presence of scope change (Godse and Rajiv, 2019). However, 

Mišić and Radujković (2015) say 80% of projects that are characterised by front-end processes 

have a high success rate and those with insufficient front-end phase have a success rate of 35%. 

Projects with high technological uncertainty are characterised by many design cycles, late 

design freeze, high intensity, high frequent and informal communication (Andersen, 2006). As 

an example, Motorola’s multi-billion-dollar iridium project was successful within the 

constraints of time and cost but failure to adjust to changing business environment caused a 

catastrophic commercial failure: whereas the Titanic movie presents the contrary outcome. 

Musawir et al. (2017) conclude that project success is complex and cannot be a binary outcome 

between success and failure. Controlling is a traditional way of causing conformance and it has 

pitfalls in a complex, ambiguous and changing environment (Koppenjan et al., 2011; Binder, 

Aillaud and Schilli, 2014). Levitt (2011) asserts that traditional project management can still 

deliver in the absence of changing assumptions throughout the project. Schedules and budgets 

are frozen and controlled during execution for adherence to plan. The waterfall lifecycle 

approach used in traditional project management has limited overlap between phases and lacks 

responsiveness to change (Hidalgo, 2019). The organisational structure is hierarchical and uses 

standardised information exchange with the project manager acting in the role of interface 

management. In the analysis conducted by Papadakis and Tsironis (2018), off-the-shelf project 

management methodologies remain static in a dynamically changing environment thereby 

becoming a recipe for failure. The template for traditional project management life cycle model 

for a linear and incremental approach are shown in Figure 5.9. 

 

Figure 5.9: Traditional project management life cycle model template 

Adapted from (Wysocki, 2019b) 

5.3.2 Agile project management 

Agile development keeps the scope small and delivers frequently with its main focus on 

communication and not process (Collyer and Warren, 2009). Agile methodologies are driven 

by quality, cost and schedule for process change (Akbar, 2019). The key processes in agile 
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methods are resources management, requirements gathering and the communication process. 

It is a team management approach characterised by responding to change as opposed to 

following a predetermined plan focusing on extensive collaboration with customers (Papadakis 

and Tsironis, 2018; Hidalgo, 2019). The principles of the agile approach are not prescribed in 

the ISO standard because they were formerly seen on the opposite extreme of the waterfall 

approach (Binder, Aillaud and Schilli, 2014). Agile project management practices include 

Scrum, extreme programming (XP), dynamic systems development method (DSDM), Lean 

thinking, hybrid, crystal, FDD, RUP and Kanban. According to Papadakis and Tsironis (2018), 

the agile approach has shortcomings in large-scale and complex projects which prompt the 

need for hybrid approaches. However, according to the Project Management Institute (2018) 

complexity is a perception that is determined by individual experience, skill and observations 

therefore projects must be described as containing complexity. Veneziano, Austen and Haider 

(2014) highlight that overreliance on mainstream approaches such as agile can impair critical 

assessment of the problem, goals, project or organisation benefit from other less commonly 

used approaches. Although models may vary, the concepts of agile remain the same which 

makes it applicable to non-software projects that are highly complex and risky. The process 

groups in the project management body of knowledge (PMBoK) can be applied to agile 

projects in a similar fashion (Uikey and Suman, 2012). The agile project management life cycle 

model template for an iterative and adaptive approach is shown in Figure 5.10. 

 

Figure 5.10: Agile project management life cycle model template 

Adapted from (Wysocki, 2019b) 

Agile provides flexibility in situations where customer needs cannot be clearly defined upfront, 

making the project environment highly unpredictable. Work is broken down into small tasks 

that are completed in fixed time durations (Hidalgo, 2019). 

5.3.3 Progressive elaboration or emergent approach 

Projects with unknown goals and methods have high chances of failure and they are best 

approached using rolling wave planning with the level of detail proportional to project size and 

milestones treated as life cycles (Collyer and Warren, 2009). Successive milestones combine 

into a complete product. The iterative life cycle is also known as spiral or increment and it uses 

feedback as a control mechanism as opposed to planning as shown in Figure 5.10. Project 

steering fancies a horizontal approach of the network of key stakeholders. 
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Figure 5.11: Spiral lifecycle 

Adapted from Collyer and Warren (2009) 

Project management in unstable environments can be best approached by having a simple 

statement of goals, deliverables or milestones and motivation. Koppenjan et al. (2011) 

emphasise the need to manage projects in line with their environment using approaches such 

as concurrent engineering, adaptive planning, learning partnering and process engineering. 

5.4 Agile project management frameworks from literature 

Different project management frameworks were developed and tailored in literature to meet 

the specific needs of a particular project. Projects carried out to modernise existing systems in 

a brownfield environment are carried out to renew, replace and add on to existing equipment 

to meet internal, external and maintenance requirements (Albrecht, 2016). Different tailoring 

criteria and framework development methods were used in literature. Adaptability is used when 

managing complex projects in the face of uncertainty (Wysocki, 2010) which is made possible 

by the use of decision points within the framework, having a baseline plan that facilitate 

centralised planning and decentralised execution by having multiple swim lanes, provide 

agility. Lean methodology are implemented to project processes and allow for replanning to 

absorb the effects of changing project environment (Levitt, 2011), manage change (Whyte, 

Stasis and Lindkvist, 2016), flexibility and adaptivity (Hidalgo, 2019), project environment 

dynamics (Collyer and Warren, 2009), project management in a heterogeneous environment 

(Wysocki, 2019b) and different degrees of complexity. Every project fall in one of the four 

quadrants that are defined by the clarity of goals and solutions (Wysocki, 2010). These four 

quadrants are; Traditional Project Management with linear and incremental lifecycle models 

as shown in Figure 5.9 section 5.3.1 for projects with clear goals and clear solutions, Agile 

Project Management with iterative and adaptive lifecycle models as shown in Figure 5.10 

section 5.3.2  for projects with clear goals and unclear solutions, Extreme Project Management 

with extreme lifecycle models for projects with unclear goals and unclear solutions and lastly 

Emertxe (extreme spelt backwards) Project Management with extreme lifecycle models for 

projects with both unclear goals and solutions. Emertxe projects are projects that are carried 

out such that the project deliverable looks for a problem to solve. Both Extreme and Emertxe 

projects are heavily research and development projects (Wysocki, 2010). Statistically, 20% of 

projects fall under Traditional Project Management, 70% fall under Agile Project Management 

and the remaining 10% is split between Extreme and Emertxe project management landscape. 

Different frameworks have been developed to manage projects that fall under Agile Project 
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Management landscape and these are Adaptive Project Framework, Adaptive Software 

Development, Feature Driven Development, Dynamic Systems Development Method, 

Evolutionary Development Waterfall, Prince 2, Scrum, Rational Unified Process, Microsoft 

Solution Framework, xP and Crystal (Rizwan Jameel Qureshi and Hussain, 2008;Wysocki, 

2010). Since the goals of modernisation are clear then modernisation projects fall under 

traditional projects and/or Agile projects according to Wysocki (2019a). But due to the 

complexity of the project environment that is due to integrated systems, incompatibilities, 

heterogenous technologies and multiple dependencies, the solutions to the problems may not 

be as clear. This then classifies modernisation project projects into an Agile Project 

Management landscape. Therefore, the developed project management frameworks from 

literature are reviewed to evaluate and analyse their suitability for modernisation of passenger 

railway maintenance depots in view of large technical systems characteristics to broaden the 

understanding. The goal of modernisation is achieved through several objectives that are 

distilled from literature and interviews with industry practitioners. The frameworks within 

Agile Project Management landscape are explored in the next sections. The frameworks are 

classified into two categories; adaptive such as SCRUM, Adaptive Software Development and 

Dynamic Systems Development Method and iterative models such as evolutionary waterfall 

development and rational unified process. 

5.4.1 Adaptive Project Framework 

The Adaptive Project Framework is an iterative process that is made up of five phases. The 

phases are version scope, cycle plan, cycle build, client checkpoint and post version review as 

shown in Figure 5.12. There is a need for change in approaches taken for manging projects 

whose solution and goals are not clearly defined. These projects do not fit most of the existing 

practices (Wysocki, 2010). The solution to this is developing models and approaches that 

embrace change due to environmental, market and risk factors. The adaptive project framework 

was developed for business process design project and new product development where the 

goal was clear but the solution was not clearly defined. New product development projects 

have interdependencies that need to be managed to assure mutual compatibility at portfolio 

level (De Maio, Verganti and Corso, 1994). The key characteristic of the framework is that it 

continuously adapts to the changing project environment. The adaptive project framework does 

not follow a recipe but follows a framework to create a recipe. According to Wysocki (2010), 

a project can initially use an adaptive project framework approach and switch to other agile 

project management models depending on project dynamics. The Adaptive Project Framework 

(APF) is described as a maximalist approach because its effectiveness is elaborate when much 

of the solution to the problem is unknown. The main difference between APF and traditional 

approaches is that the project scope is variable, it is adjusted with each completed cycle. 
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Figure 5.12: Adaptive Project Framework (1) 

Adapted from Wysocki (2010) 

APF II in Figure 5.13 is a hybrid framework that spans the gap between traditional project 

management and extreme project management. It is a robust approach that is applicable to both 

software and other types of projects such as process improvement, product development and 

process design which makes it agile (Wysocki, 2014). Due to risks and uncertainty of projects 

in complex environments, the APF II is an ideal approach because it is flexible and thrives on 

learning and discovery. It is made up of the project set up phase and the execution phase.  APF 

II uses just-in-time planning principles because it is understood that some solutions become 

clear as the project progresses, it does not use a passive approach to planning. The benefits of 

AFP II include early finishing time, less expensive than traditional project management, the 

business termination policy is better, the deliverables are of higher quality and delivers 

maximum business value per investment. The AFP II is client focused, client driven, results 

are incremental and produced often, questioning and introspection are continuous, change 

shows progressing to achieving better results and the future is not speculated (Wysocki, 2014). 
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Figure 5.13: Adaptive Project Framework II 

Adapted from Wysocki (2014) 

5.4.2 Adaptive Software Development 

Adaptive Software Development (ASD) whose concepts were derived from complex adaptive 

systems theory provide a framework of concepts, practices and guidelines for high speed and 

dynamic software projects (Highsmith, 2000). It is a collaborative approach to managing 

complex systems with three overlapping phases, namely; speculate, collaborate and learn as 

shown in Figure 5.14 (Wysocki, 2014). The framework support speed in execution and learning 

therefore iteration and concurrency result in high levels of change. Projects that require 

systematic iterative approaches are best approached using an ASD framework which is faster 

than the traditional V-model (Abdelaziz, El-Tahir and Osman, 2016). However, the ASD as an 

agile process has its drawbacks such as poor design, improper documentation and poor product 

quality (Rizwan Jameel Qureshi and Hussain, 2008; Sadiq and Hassan, 2014). The adaptation 

process seeks to bridge the gap between traditional software development and agile process 

model and is made up of main features such as incorporation of analysis phase, merging design 

and development, merging testing and development and it is evolutionary in nature. According 

to Rizwan Jameel Qureshi and Hussain (2008), agile methods are not universally applicable to 

all types of projects and they are not suitable for subcontracting, safety critical projects, 
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development of large and complex projects and distributed development teams. ASD replaced 

the static Plan-Design-Build lifecycle to offer flexibility and robustness to the process 

(Alnoukari, Alzoabi and Hanna, 2008). The ASD model has many variables that include the 

ASD Process which is a modification of extreme programming to include control variable such 

as cost, time quality and scope (Sadiq and Hassan, 2014). Figure 5.14 shows a modified 

approach of extreme programming which is the adaptive process model. 

 

Figure 5.14: Adaptive process model 

Adapted from Wysocki (2014) 

5.4.3 Feature Driven Development 

Feature Driven Development (FDD) is an agile methodology that was developed to alleviate 

the shortcomings of traditional waterfall approach. Agile development methods emphasis is on 

rapid development and quick response to changes to meet customer requirements (Arbain, 

Ghani and Jeong, 2014). In order to control the complexity in agile projects, Hunt (2006) 

highlights the importance of a feature-driven approach. For control purposes, the process must 

be feature-centric, planning must be based on timeboxes and the plan must be adaptive. Existing 

FDD models have limitations in developing secure software, however, modifications can be 

made by adding phases to ensure the model delivers secure software (Firdaus, Ghani and Jeong, 

2014). 
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Figure 5.15: Processes of FDD method 

Adapted from (Rychlý and Tichá, 2008) 

5.4.4 Dynamic Systems Development Method 

The Dynamic Systems Development Method (DSDM) has an incremental approach to 

implementation of a system at the end of each cycle as shown in Figure 5.16. The distinguishing 

feature from other frameworks is that DSDM has iterations for design and build of the 

functional model (Wysocki, 2014). 

 

Figure 5.16: Dynamic Systems Development Method 

Adapted from Wysocki (2014) 
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The pre-project phase is a justification phase for why the project is worth undertaking and has 

support documents such as the project charter and the business case. The main advantage of 

DSDM is that testing is an ongoing process and corrections are made as the project progresses 

(Gall, Svensson and Johansson, 2005). DSDM is based on nine principles, namely; user 

involvement, the team is empowered to make decisions, frequent product delivery, acceptance 

criteria is based on fitness for business use of the project deliverable, iterative and incremental 

development converge to an accurate business solution, change is reversible, high level 

requirements make the baseline, testing is a continuous lifecycle process and a collaborative 

and cooperative approach with stakeholders is key (Mead, Viswanathan and Padmanabhan, 

2008). DSDM prioritises continuous user engagement in an iterative and incremental approach 

for efficiency and effectiveness in project delivery. DSDM is applied gradually from the from 

one phase to another with the flexibility to return to the previous phase in case of unwanted 

outputs. The framework is made up of 5 phases namely; feasibility study, business study, 

functional iteration model, design and build iteration, and implementation phase (Putra Dinata 

and Marlim, 2020). 

5.4.5 Evolutionary Waterfall Development 

Evolutionary Waterfall Development (EWD) is a robust project management framework that 

can be applied to any type of project (Wysocki, 2014). The EWD framework is a minimalist 

agile approach whose effectiveness is more elaborate when much of the solution to the problem 

is known. The solutions to the problem become clearer with the number of iterations. The 

diagrammatic representation of the framework is shown in Figure 5.17. 

 

Figure 5.17: Evolutionary Development Waterfall Lifecycle model 

Adapted from Wysocki (2014) 
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The EWD becomes limited when missing parts of the solution are more significant, a more 

powerful approach in the form of adaptive project management lifecycle model will be needed 

(Wysocki, 2010). 

5.4.6 Rational Unified Process framework 

The Rational Unified Process framework (RUP) is an agile and iterative software engineering 

process that was developed for projects with different degrees of complexity. For RUP to be 

useful, it must be backed by a library of a number of previous projects. The process is reactive 

to the requirements gathering activity (Wysocki, 2010). Figure 5.18 is a diagrammatic 

representation of the framework. 

 

Figure 5.18: Rational Unified Process 

Adapted from Wysocki (2010) 
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5.4.7 PMBoK framework 

The PMBoK framework is a naturally sequential set of activities to ensure successful project 

completion. The framework focuses on three main aspects of the project, namely; planning, 

execution and control with more than two process steps as shown in Figure 5.19. Due to a large 

number of processes (forty-seven), the project manager is recommended to have a bigger 

picture of the PMBoK that consolidate all the processes into five process groups, namely; 

initiating, planning, executing, monitoring and controlling, and closing. The PMBoK 

framework is a systematic approach to the five process groups using an interlocking sequence 

of logical steps that depict a continuous flow of the project from start to finish (Marion, 2018). 

 

Figure 5.19: PMBoK framework 

Adapted from Marion (2018) 

5.5 Tailoring project management 

The PMBoK is the standard project management framework with 49 processes for project 

management across ten knowledge areas. However, not all processes are equally relevant for 

all project types, which prompts the need for tailoring (Rosenberger and Tick, 2019). Tailoring 

is the process for selecting processes, inputs, tools, techniques, outputs and life cycle phases to 

produce combinations that suit the uniqueness of a project (Project Management Institute, 

2017). Pakdaman et al. (2019) state that projects are not managed on a ‘one size fits all’ 

approach but should be tailored to achieve competitive advantage of the business generic 

strategy such as cost leadership, differentiation and focus Srivannaboon (2006). Papadakis and 

Tsironis (2018) and Binder, Aillaud and Schilli (2014) approach the subject by stating that 

tailoring produces a hybrid approach to project management which can be a combination of 

agile and structured traditional methodologies to promote productivity and flexibility. The use 

of the hybrid approach is independent of the organisation’s size but results from natural 

evolutionary developments used by organisations. Papadakis and Tsironis (2018) propose the 

waterfall approach upfront to establish requirements and formulate documents that reduce the 

risk of ambiguities in scope, goals and deliverables and then apply agile methods during design, 

implementation and testing phases which iteratively reduces the risk of rework (this approach 

is most suitable for the build-operate-transfer process). The strategic planning process has 

components with a direct link to project management processes and activities such as 
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organisational structure, internal analysis and control systems. Factors to consider for tailoring 

include project life cycle, complexity, size, benefits, lessons learnt, change, knowledge 

management, management approaches, resource availability, project dimensions, technology 

support and development life cycle (Project Management Institute, 2018). Srivannaboon 

(2006) used a Plan Do Control Act (PDCA) cycle in tailoring a project management framework 

according to business strategy or competitive advantage. Pakdaman et al. (2019) propose the 

use of a project management roadmap to tailor project management framework and processes. 

NASA developed a Novelty-Complexity-Technology-Pace diamond model that lead to 

procedures for tailoring project management framework according to project classifications 

(Shenhar et al., 2005). The model shown in Figure 5.20 lead to the adaptation of project 

management lifecycle models to projects. 

 

Figure 5.20: Novelty-Complexity-Technology-Pace framework 

Adapted from Shenhar et al. (2005) 

Novelty is how new the product is to the market, complexity is how the product interacts with 

other products or systems to deliver a function, pace is how urgent the project is with respect 

to timeframes and technology is the extent of newness of the product to the organisation 

(Shenhar et al., 2005). 

The project management framework and processes are also affected by the internal and external 

environment which are pull factors (new opportunities); and the requirements, priorities and 

limitations of project portfolios and capabilities (resources, skills, knowledge, finance and 

management information systems) which are the push factors. Pairwise comparisons can be 

used to determine the strength of the relationships. Peetawan and Suthiwartnarueput (2018) use 

the analytic hierarchy process (AHP) and the analytical network process (ANP) to evaluate the 

importance of constituents on the same hierarchical level. Rosenberger and Tick (2019) 

analysed the amount of literature on processes for a particular project type and size then 

grouped them into knowledge areas to evaluate the relevance of each knowledge area for a 

particular project type based on published literature. Binder, Aillaud and Schilli (2014) used 
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hierarchical clustering methods to identify relationship patterns between agile principles and 

traditional project management approaches. Industry practitioners and academic researchers 

commonly adopt automatic process tailoring and template-based strategies. According to 

Akbar (2019), critical success factors can be used for tailoring project management processes. 

Due to the evolving nature of the development environment for software projects, it is 

important to note that the tailored processes may not be suitable at a later stage in a practical 

environment but the processes can be tailored when the project is in progress to accommodate 

changes. Akbar (2019) proposed a value-centric approach to tailoring project management 

processes. 

According to Battisti (2018), a project has five logical steps which are context, planning, input, 

process, output and outcome. Weiss and Wysocki (1992) describe the five steps of project 

management as; stating the problem (define), identifying project objectives (plan), determining 

the needs of the personnel (organise), defining management style (control) and obtaining 

customer acceptance (close). Muriithi and Crawford (2003) state these steps as initiating, 

planning, executing, controlling and closing. Common life cycle phases include initiation and 

concept, design and development, implementation, and commissioning and handover (Muriithi 

and Crawford, 2003). There are nine project management functions known as knowledge areas 

and these are the management of scope, time, cost, quality, risk, communications, procurement, 

communications and externalities which are managed through the project life cycle using tools, 

techniques, skills and knowledge in an iterative or rolling wave process (Muriithi and 

Crawford, 2003). 

During the requirements phase of a modernisation project, the old and new requirements must 

be determined, but especially the old because of their business value (Bakar, Razali and 

Jambari, 2019) 

Critical success factors 

The project critical success factors include project strategy, organisation, process, tools, metrics 

and culture (Srivannaboon, 2006). According to Rodríguez-segura et al. (2016), the critical 

success factors are project management, project policies, project management processes, 

external environmental factors and the customer. These factors are context based, qualitative 

and directly or indirectly influence the success or failure of a project (Rodríguez-segura et al., 

2016). Project success is multidimensional hence it should involve a multiple criteria approach. 

The success criteria include efficiency of the project, impact on the customer, business success 

and preparing for the future. Peetawan and Suthiwartnarueput (2018) highlight that the 

development of a master plan has the greatest impact on project success in the railway industry. 

5.5.1 Project management knowledge areas 

According to the Project Management Institute (2017), ten knowledge areas support project 

management during project life but the project management body of knowledge (PMBoK) does 

not rate the relative importance of these knowledge areas to project success. Due to different 

demands at different stages of the life cycle of each project, project characteristics cannot be 

generalised. Planning is regarded as a critical phase in any project and the project manager is 

expected to perform 24 planning processes which represent approximately 49% of all the 

processes. Zwikael (2009) criticises the PMBoK guide for lacking the scope of the ten 

knowledge areas. Using the ‘80/20’ rule, Zwikael (2009) argued that different project 
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management knowledge areas have a different impact on project success; however, the level 

of importance is industry-specific and as was concluded from their research, integration and 

cost are the most important in construction and engineering projects whereas time is key in 

software and services and communication is of high importance in production organisations. 

According to Mittermaier and Steyn (2009), there is a significant difference between the 

current and required maturity levels in the nine knowledge areas within the South African 

mining and engineering industries except for project procurement management. 

Project integration management actions are applied from the start to the end of the project and 

these actions include resource allocation, tailoring, managing interdependencies and decision-

making. These actions are the sole responsibility of the project manager and cannot be 

delegated or transferred whereas other knowledge areas can be managed by specialists (Project 

Management Institute, 2018). Project integration management considers trends and emerging 

practices in project integration management, tailoring considerations and adaptive or agile 

environments. 

5.6 Project management frameworks discussion 

Among the several developed frameworks, the Adaptive Project Framework (I and II) and 

evolutionary waterfall development have demonstrated significant value in a complex project 

environment. The rest of the frameworks discussed in literature are summarised according to 

their strengths, weaknesses and purpose in Table 5.5. The strengths are exploited in the 

development of the modernisation framework whereas the weaknesses are negated to have a 

strong framework that meet the needs of a modernisation project. 

Table 5.5: Analysis of different frameworks from literature with respect to modernisation 

Framework Strengths Weaknesses Purposes 

Adaptive Project 
Framework (I) 

 It is adaptive therefore 
embraces change 

 Suitable for business 
process design and new 
product development 

 Continuously adapt to 
changing project 
environment 

 It can be used to 
create a recipe 

 It is a maximalist 
approach 

 The project scope can 
be varied 

 Does not facilitate 
close coordination with 
other projects for 
integration purpose 

 Suitable for a 
standalone project 

 Adapt project 
management 
approaches according to 
project requirements 

Continued on next page… 
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Table 5.5: Analysis of different frameworks from literature with respect to modernisation 

(Continued from previous page) 

Framework Strengths Weaknesses Purposes 

Adaptive Project 
Framework (II) 

 It is a hybrid 
framework that bridges 
the gap between 
traditional approaches 
and extreme project 
management 

 It is a robust approach 
that is applicable to both 
software and non-
software projects 

 Uses a quality-centric 
approach to meeting the 
customer requirements 

 Flexible and thrives on 
learning and discovery 

 Uses just-in-time 
planning principles 

 Client-driven 

 Early finishing time 

 Made up of just two 
phases, set-up and 
execution  

 The project ideas are 
not well defined upfront 

 Lacks a holistic 
approach to the project 
environment that may 
cause integration 
challenges 

 

 Bridge the gap 
between traditional 
project management 
and extreme project 
management 

Adaptive Software 
Development 

 The approach is 
collaborative in 
managing complex 
systems 

 Support speed in 
execution 

 Offers flexibility and 
robustness to the 
process 

 Only applicable in 
software development 
projects 

 Poor design , improper 
documentation and poor 
product quality 

 Not universally to all 
types of projects and not 
suitable for 
subcontracting and 
safety critical projects 

 The phases are broadly 
defined and lacks 
adequate detail 

 Provide a framework of 
concepts, practices and 
guidelines for high speed 
and dynamic software 
projects 

Continued on next page… 
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Table 5.5: Analysis of different frameworks from literature with respect to modernisation 

(Continued from previous page) 

Framework Strengths Weaknesses Purposes 

Feature Driven 
Development 

 Alleviate the 
shortcomings of 
traditional waterfall 
approach 

 Emphasis is on rapid 
development and quick 
response to changes 

 Planning is feature-
centric 

 There are 
shortcomings in 
developing secure 
software 

 Alleviate the 
shortcomings of 
traditional waterfall 
approach 

 

Dynamic Systems 
Development Method 

 Has iterations for 
design and build phases 

 Testing is an on-going 
process 

 Change is reversible 

 High user involvement 

 Collaborative and 
cooperative approach 

 Continuous testing 
may take more project 
time 

 High user involvement 
can retard the project 

 Dynamism in systems 
development 

Evolutionary Waterfall 
Development 

 Robust, hence can be 
applied to any type of 
project 

 Only effective when 
much of the solution to 
the problem is known 

 Lacks adaptability to 
complexity 

 May require more 
iterations to seek clarity 
of solutions to the 
problem. 

 Solve the problem 
through iterations until 
the solution is found 

Rational Unified 
Framework 

 Suitable for project 
with different degrees of 
complexity 

 Suitable only for 
software engineering 
processes 

 It is reactive to the 
requirements gathering 
process 

 Require a backup 
library for it to be useful 
and applicable in a 
project environment 

 Manage software 
projects with different 
degrees of complexity 

Continued on next page… 
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Table 5.5: Analysis of different frameworks from literature with respect to modernisation 

(Continued from previous page) 

Framework Strengths Weaknesses Purposes 

PMBoK Framework  The approach is 
systematic 

 Follows logical steps 

 It is practically difficult 
to deal with 47 
processes 

 Provide logical steps 
for a continuous flow of 
the project from start to 
finish 

The project management framework must meet certain requirements or attributes to deliver in 

a complex environment. Table 5.6 summarises the key attributes of a project management 

framework that must deliver in a multidisciplinary, complex, dynamic, risky and agile 

environment being executed by different project teams (multi-organisational). Different teams 

may need to apply different development models to their swim lanes therefore the framework 

must accommodate that as well as different delivery methods. It is important to note that 

PRASA is used as a special case in this study and that modernisation is being done to improve 

operations in passenger railway maintenance depots. Different approaches to modernisation 

can be used depending on the magnitude of work, level of complexity, level of uncertainty and 

the type of system being modernised. For a large technical system such as a railway 

maintenance depot, Table 5.5 forms the basis for developing and tailoring the framework using 

already established and universal project management principles. Large technical systems are 

made up of a number of interacting and complex heterogenous systems. For this reason, the 

framework must be tailored to deliver in a multidisciplinary project environment where sub-

projects are carried out by respective project teams to meet the goal of modernisation in a 

closely coordinated decentralised framework that facilitate independence of teams. 

Carmichael (2004) state that there is no agreed upon or standard method of describing project 

phases nor the number of phases. The three ways of looking at the management of projects are 

a classical management approach, a management function approach and a chronological 

approach. A classical management approach is described in general management texts such as 

planning, organising, controlling and closing. A management function approach regard project 

management as a collection and integration of subfunctions such as scope management, cost 

management, quality management, time management and resources management. Lastly, a 

chronological approach is seen as going through different phases where there is no consensus 

in naming respective phases nor their number (Carmichael, 2004). According to Weiss and 

Wysocki, 1994; Muriithi and Crawford, 2003; Battisti, (2018), project management must 

follow logical steps. Project phases are a logical collection of project activities that build into 

the completion of deliverables; however, process groups and project phases are not the same. 

Process groups are independent of project phases (Project Management Institute, 2017). The 

project management phases are based on the assumption that project managers are capable of 

reasoning and are logically sound problem solvers therefore; they apply solution oriented 

processes to projects (Muriithi and Crawford, 2003). The project environment in real-world is 

uncertain and everchanging, therefore there is need to adopt an agile and adaptive method 

without losing control of the project (Hunt, 2006). 
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Table 5.6: Project management framework development criteria 

Attribute References Explanation 

Follow 
logical steps  

(Weiss and Wysocki, 1992; Muriithi and 
Crawford, 2003; Battisti, 2018; Akbar, 
2019) 

A logical sequence of processes facilitates an 
evolutionary transformation of a depot by 
reshaping the operational system, activities 
support the processes that support goal realisation. 

Consider 
feedback  

(Collyer and Warren, 2009; Levitt, 
2011; Hidalgo, 2019) 

For planning and improvement of next cycles, cope 
with integration challenges and meet dynamic 
project requirements, frequent delivery 

Balance 
flexibility 
and control  

(Koppenjan et al., 2011; Levitt, 2011; 
Binder, Aillaud and Schilli, 2014; 
Papadakis and Tsironis, 2018; Hidalgo, 
2019) 

Flexibility facilitates dynamic systems integration 
and is responsive to change or adaptability. There 
is a need to balance flexibility and control  

Scenario-
based  

(Collyer and Warren, 2009; Koppenjan 
et al., 2011) 

Every subproject is unique but contributing to a 
common goal with other subprojects hence the 
need for cooperation and task sharing for 
functional realisation. 

Quality 
driven  

(Levitt, 2011; Akbar, 2019) Having a value centric approach to delivering 
according to project objectives and goals 

Hybrid or 
robust  

(Binder, Aillaud and Schilli, 2014; 
Papadakis and Tsironis, 2018; Zhu and 
Mostafavi, 2018) 

Select between agile and traditional approaches to 
accommodate dynamic and structural complexity, 
facilitate evolutionary development, promote 
productivity and flexibility. The multidisciplinary 
nature of the project does not require a single 
approach. 

Binder, Aillaud and Schilli (2014) postulate that industry practitioners and academic 

researchers commonly use a template-based strategy for developing project management 

frameworks. The templates can be based on sequential iterations or continuous overlapping 

phases. Continuous overlapping phases are motivated by Lean philosophy which recognises 

that change is inevitable (Project Management Institute, 2017). Overlapping phases value speed 

(reduces time to market) and flexibility where teams cooperate and share responsibilities 

(Srivannaboon, 2006; Hidalgo, 2019). A template with continuous overlapping phases is 

represented in Figure 5.11. Phases are established based on project nature, needs, technology, 

industry, organisation, decisions points processes and engineering but they are not limited to 

these (Project Management Institute, 2018). Phase gates are important in projects for review 

purposes or checkpoints and as milestone indications (Wysocki, 2019b). The presumption is 

that similar activities are carried out in a phase before moving over to the next phase (Andersen, 

2006). 
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Figure 5.21: Project management model 

Adapted from (Project Management Institute, 2017) 

According to Rosenberger and Tick (2019), the most important project management processes 

for classical large projects are; develop project charter, collect requirements, define scope, 

develop team, manage team, manage communications and monitor communications. For large 

agile projects, the most important processes are; develop project charter, collect requirements, 

define scope and develop team. These processes had the maximum rating on a Likert scale. 

5.6.2 Project ideation 

This is the planning stage of a project where goals and objectives to achieve them are set, 

specifications are determined and the feasibility of a project is analysed (Weiss and Wysocki, 

1992). The project concept is developed in this phase (Muriithi and Crawford, 2003). Lower 

level activities such as integration and testing must be considered during the ideation phase 

(Wells, 2016). Centralised planning provides a global view of the project (Levitt, 2011). The 

deliverables of this phase are work breakdown structure (WBS), project proposal, business 

case, project network and the critical path. The first document produced is called a project 

overview statement that describes the goal, objectives, project direction, success criteria, the 

problems or opportunities that must be addressed and the responsible project manager (Weiss 

and Wysocki, 1992; Wysocki, 2019b). A project proposal is then written as a transition from 

the project ideation phase to the project setup phase (Weiss and Wysocki, 1992). A project 

proposal is a tool that contains activities, resource requirements and timelines for reporting, 

training personnel, project control and decision-making. The deliverables of this phase are 

business case, project requirements and the project overview statement (Wysocki, 2019b). 

5.6.3 Project setup 

The purpose of the project set-up phase is to create a structure for executing the plan (Weiss 

and Wysocki, 1992). The structure includes the project team, description of work packages and 

assignments. Work packages are then scheduled. The structure for executing the plan is 

determined by the level of project complexity which influences the selection of which project 

management life cycle model to use. The selected project management life cycle template is 

tailored according to the project characteristics (Wysocki, 2019b) 

5.6.4 Project execution 

Project execution is adherence to plans from the set-up phase. Before execution commences, 

the scope of the project must be known (Wysocki, 2019b). The scope is defined in this phase 
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to facilitate independence of project teams in a closely coordinated decentralised execution 

framework (Levitt, 2011) The execution phase must be adaptable to the applicable project 

management life cycle model. The selection of the life cycle model depends on the project 

complexity or landscape (Wysocki, 2019b). The life cycle models for different project 

approaches are discussed in section 5.3. Projects use different lifecycle models depending on 

the level of complexity The focus of this phase is to achieve productivity gains (Geyer and 

Davies, 2000). Sub-projects can be executed simultaneously. The quality checks are carried 

out according to the acceptance criteria. 

5.6.5 Project closing 

Closing the project includes obtaining acceptance, project documentation, conducting a post 

execution audit and delivering the final report (Weiss and Wysocki, 1994). A review of the 

project is conducted to extract lessons learnt. The inputs to this phase include project charter, 

project management plan, accepted deliverables, business documents, agreements, 

procurement documentation and organisational process assets (Project Management Institute, 

2018).The project is terminated by extinction, inclusion or integration. The project is closed 

for different reasons, among them is completion, inadequate funds, fundamental changes to be 

made, change of government policy and disaster (Lock, 2007). Formal documentation is 

required on project closure to terminate project activities.  

 

Figure 5.22: Project closing processes 

Adapted from Weiss and Wysocki (1994) 

A formal project closure document contains the project title, closure date, reason for closure 

and signatures. According to Mishra and Soota (2005), a project close-out phase can be divided 

into four categories, namely; administrative closure, financial closure, financial audit and 

celebration of success. However, Passenheim (2009) highlighted contract closeout and 

administrative closure where the former precede the later. Administrative closure is carried out 

at the end of each phase and is driven by performance measurement documents as well as 
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product documents. Projects that involve the construction or equipment installation have a 

commissioning stage for conducting performance tests and operational trials to prove that the 

project deliverables conform to performance requirements (Lester, 2014). The final stage is the 

handover which involve exchange of documents between the client and the contractor. Project 

based suppliers give the client the final certificate and a warranty with the defects liability 

period (Carmichael, 2004). When a project is successful, it is integrated into the organisation 

in a transformational and transitioning process. Figure 5.22 shows the project-closing 

processes. 

5.7 Chapter summary 

Projects in large technical systems are carried out in a dynamic environment due to different 

levels and types of complexity. The key success factor for brown field projects is establishing 

a projects and operations intersection so that projects deliverables improve operations and 

operational needs drive projects. How projects drive and are also driven by change in the 

context of systems engineering is investigated together with the different approaches to project 

management. The chapter provided the appropriate background for the development of a 

modernisation framework for railway maintenance depots using project management. To 

confirm and add on to literature findings, data collection through interviews with industry 

practitioners from PRASA was conducted in the next chapter, Chapter 6. 
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Chapter 6: Data collection and analysis 

Data collection is used to explore a phenomenon, identify themes and patterns to create a 

conceptual framework (Saunders, Lewis and Thornhill, 2019). This study uses both primary 

and secondary data collection methods. For qualitative primary data collection, case studies 

and interviews are used. The methods used for data collection and analysis promote the 

achievement of valid and reliable results. Figure 6.1 shows the position of this chapter in 

relation to the research process. It forms part of the contextualisation phase. 

 

Figure 6.1: Research design: Chapter 6 

Case study interviews extend existing literature on the subject under study by gathering 

industry practitioner’s opinion (von Bary, Westner and Strahringer, 2018). For this purpose, 

in-depth interviews are conducted with industry practitioners from PRASA. The findings from 

interviews are then compared to the findings from literature study for verification and to 

enhance contributions. 

Judgemental sampling, also referred to as purposive or purposeful sampling, is a non-

probability sampling that is used for selecting participants because it is extremely useful when 

the researcher wants to develop or construct something that only a little is known about (Kumar, 

2011). The selection of a case study site reflects the average situation of the phenomenon of 

interest (Merriam and Tisdell, 2016). A critical or crucial case (single significant case) as a 

purposeful sampling strategy gives the weight of evidence that permits logical generalisation 

of information to other highly similar cases (Patton, 2015). Cassell, Cunliffe and Grandy (2018) 

refer to it as an instrumental case study because it generates insights into an issue or 

generalisable conclusions. Since this research seeks to develop a modernisation framework, the 

sample size is less important but data is collected to a saturation point where no new 

information can be gathered. 
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6.1 Case study 

The case study approach was selected in section 2.4 as the appropriate method for conducting 

this research. A case study must produce a richly descriptive coherent story of a purposefully 

sampled case (Patton, 2015). The unit of study in this research is PRASA and it is being studied 

within the context of modernisation of its passenger railway maintenance depots in real-life 

settings. The use of PRASA as a bounded system is because the researcher has an interest in 

how the organisation is planning to conduct modernisation of its depots. A single case study 

has less constraints and does not require intensive front-end preparation because there will not 

be cross-case comparison (Miles, Huberman and Saldana, 2014). Myers (2013) justify the use 

of a single case by stating that the evaluation of a case study is not based on sampling logic to 

validate it because the sample is small and is not randomly selected. According to Saunders, 

Lewis and Thornhill (2019), case studies are empirical studies that have the capacity to give 

accurate and deep intuitive understanding of a phenomenon in its real-life context leading to 

verifiable descriptions and development of theory. Data is collected from a purposive case 

study by conducting in-depth interviews. 

One important characteristic of a case study is the limited number of people who can be 

interviewed (Merriam and Tisdell, 2016). PRASA as the identified case, is currently carrying 

out modernisation of its passenger railway maintenance depots therefore they have more 

information at hand concerning expectations, challenges, opportunities and objectives of 

modernisation. For this reason, PRASA is identified as a suitable case for data collection. 

Moreover, Yin(2009) justified the use of a single case study in circumstances where the case 

is unique (as in the case of PRASA that it is currently carrying out modernisation work) and is 

representative of railway operators in the developing world. 

6.1.1 Designing the study 

The interview design for this study is adapted from Turner (2010) using a standardised open-

ended interview format. An interview guide is developed and all participants are asked the 

same open-ended questions. According to Charmaz (2006), open-ended interview questions 

are used to elicit a detailed discussion about a subject and give participants the flexibility to 

structure their opinions. However, open-ended interviewing sets no restrictions on participants 

contributing their opinion and this causes difficulties in coding the data (Creswell, 2007). 

Intermediate questions are also asked to encourage the interviewee to expand and elaborate on 

their views on modernisation. According to Yin (2014), case study data collection through 

interviews has no clear cut-off point, rather; there must be enough evidence from more than 

one source for confirmation. The selection of interviewees depended on the participant’s 

involvement in the modernisation of passenger railway maintenance depots to contribute to the 

researcher’s understanding of the phenomenon under study. In support of this, Aberbach and 

Rockman (2002) state that participant selection in a case study depends on what they might 

know about the subject under investigation to contribute to literature or help in aligning themes 

and concepts. The selection of the interviewees targets tactical and/or operational views from 

project managers and end users with different technical backgrounds as well as regional 

representation also taking note of the time needed to transcribe these afterwards. In support of 

this, Merriam and Tisdell (2016) say the selection of qualitative case study participants depends 

on the likelihood of the participant to contribute to the development of knowledge about a 

phenomenon to give a holistic perspective, hence numbers are not a crucial factor. The 
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participants are gatekeepers to the knowledge and insights of the study, therefore their 

contribution adds another perspective to the study (von Bary, Westner and Strahringer, 2018). 

The interview protocol involves a set of substantive questions that are used both as guidance 

to the line of enquiry and prompts to asking further questions during interviews. The interview 

protocol ensures that there is consistency and increased reliability of results. The questions are 

designed to explore the subject of modernisation at an organisational level with respect to 

execution, success factors, goals, implementation strategy and how to overcome challenges 

that are found in brownfield projects. The discussion then focuses on the individual’s 

experience, participation, contribution and expectations in the modernisation of depots. An 

interview guide is used and the questions asked are transcribed in Appendix B: Case study 

analysis 

The prospective participants were contacted through the PRASA liaison office. Invitation 

emails were sent to the prospective participants and carbon copied to my supervisors, to 

indicate that I got their email address through them. Attached to the invitation emails were the 

copies of the informed consent forms and the interview guide. Upon agreeing to be interviewed, 

an online meeting invitation was sent to individuals for interviews to be conducted at their 

chosen date and time. The researcher gave a brief introduction to the study and the purpose of 

the interview. He would then ask for the participant’s permission to record the interview so that 

he could transcribe during his own time to reduce the time that would be spent in the interview. 

Lastly the researcher asked for the participant’s consent to be interviewed, and if agreed, the 

interview would proceed. 

6.1.2 Data collection 

The interviews were conducted online via Microsoft Teams and audio recording was done 

using an inbuilt facility to preserve the discussion for analysis. Yin (2014) emphasised the need 

to integrate real-world situations with the need for which data is collected. The purpose of an 

interview is to gather industry practitioners’ opinion, their interpretation of a situation, having 

an understanding of what and how they have done something or how they are planning to do 

something (Aberbach and Rockman, 2002). Interview results were transcribed and are found 

in Appendix B: Case study analysis. Data is collected through interviews with industry 

practitioners. The interviewees give regional representation, operational and tactical views and 

project managers and end users perspectives. The purpose is to diversify inputs from different 

role players who are involved in the modernisation of passenger railway maintenance depots 

and determine whether the framework will be a success in the wider organisation. The 

interviewees are made up of the Project Manager, Rolling Stock Maintenance Manager, Depot 

Operations Manager, Engineering Manager and Senior Projects and Contracts Manager with 

eleven, sixteen, eight, fourteen and twelve years of experience inrail respectively. The 

participants are from five different provinces for regional representation. 

6.1.3 Coding interviews 

Coding is a non-linear process that involve back and forth movement (to be sensitive to 

theoretical possibilities) between coding phases in the naming of different segments of 

interview data for the purposes of categorising, summarising and accounting for every piece of 

data (Flick, 2014). Codes are created by defining what the data is all about and asking analytical 

questions helps with scrutinising and interacting with the data. Asking questions and making 
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comparisons are the most commonly used analytical strategies by qualitative researchers 

(Corbin and Strauss, 2008). According to Syed and Nelson (2015), the first step in coding 

qualitative data is defining the unit of analysis to ensure the process is consistent with the 

research question and is analytically feasible. Coding has a standard of at least two phases; 

initial coding and focused coding (Charmaz, 2006, 2014). Hruschka et al. (2004) proposed 

analysing the responses then establishing themes. The second step is developing a coding 

scheme either using a deductive (theory-driven) or inductive (data-driven) approach. However, 

according to Blair (2015), the researcher must be aware of his role in the choice of a coding 

method but the bias involved must be seen as beneficial as it allows the researcher to use his 

unique skills and expertise. 

Two approaches to coding can be used, ‘emergent’ coding (an open coding technique that 

generates theory from participants’ data) or ‘a priori’ coding (a template coding technique that 

frames data into a coherent construct by using predetermined language). Emergent themes are 

drawn relative to theoretical perspectives in the study (Cassell, Cunliffe and Grandy, 2018). 

Template coding is used to frame data into a coherent construct using an established framework 

(Blair, 2015; Syed and Nelson, 2015). This study is going to apply open coding because the 

researcher believes that there is information awaiting discovery in the data and by coding, that 

information must be revealed as opposed to imposing theory on data through template coding 

where codes are defined according to the researcher’s perspective that may generate conflict 

between template and data (Blair, 2015). 

Coding data is a pivot that facilitates theory development based on grounded theory (Flick, 

2014). Coding in grounded theory involves pausing and asking questions about the raw data to 

further the understanding about the data and help with defining analytic issues (Charmaz, 

2006). There are two common approaches to grounded theory; the constructivist approach to 

developing concepts according to Charmaz (2006, 2014) and the systematic approach to 

developing concepts into an explanatory scheme according to Corbin and Strauss (2008). The 

constructivist approach has three steps; initial coding, focused coding and theoretical coding 

(Charmaz, 2014). This study is going to use the systematic approach to developing concepts. 

The systematic steps of grounded theory in generating information categories according to 

Creswell and Creswell (2018) are followed and these are open coding, axial coding and 

selective coding. 

6.1.3.1 Open coding 

Open coding (also referred to as initial coding) is the naming of every word, line or segment 

of data and seeks to stay close to data (Charmaz, 2006). Open coding is a grounded theory 

methodology in which the meaning within data is interpreted without preconceptions (Corbin 

and Strauss, 2008). During open coding, data is compared with other data to remain close to 

and exploring the interpretation of that data (Charmaz, 2006). Data contains possibilities and 

potentials which the researcher must interpret into concepts to reduce the amount of data that 

they have to work with (Corbin and Strauss, 2008). Coding helps researchers to have a different 

perspective about a familiar subject without bias (Blair, 2015) or to explore theoretical 

possibilities that can be recognised in the data (Charmaz, 2006). The research study that 

produced this data and the researcher’s explanation are grounded in an interpretivist view 

because I seek to understand the subject of modernisation through my interaction with 

personnel from the railway maintenance depots and also acknowledging the relationship 

between the researcher and the data (Blair, 2015). Clarifying this position (subjectivity) of the 
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researcher shows that they are not purely objective nor scientific as far as the interpretation of 

data is concerned. The researcher also understands that the participants are not separate from 

the world from which the data is produced. A reflexive stance will guide the researcher’s 

perspectives and practices (Charmaz, 2014). However, according to Blair (2015), coding is 

more of a subjective and interpretive process hence the validity of the results becomes an aspect 

of hermeneutics. 

The researcher coded data manually as opposed to using computer software such as Atlas ti or 

NVivo. Due to the nature of this research that sought to uncover basic qualitative themes on 

the subject of modernisation; coding is done manually for the following reasons; 

 Coding qualitative themes only and not looking for quantitative analysis about those 

themes. There was no need to quantify the data as a computer software gives a 

quantitative analysis of the data on top of generating codes (Blair, 2015) 

 Only five interviews were conducted and there was not an overwhelming amount of 

data that warranted the use of software. 

Axial coding follows open coding to draw the initial codes together because open coding was 

never designed to be a stand-alone process. The labelling of categories during initial coding 

can be based on the actual language used by the participant (in vivo) according to Creswell and 

Creswell (2018) or terms preferred by the researcher (in vitro) according to Creswell (2009). 

Initial line by line coding is used to study the data closely and turning ideas into concepts 

(Charmaz, 2014). The codes generated from the open coding of interviews are shown in Table 

6.1.
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Table 6.1: Codes generated from open coding each interview 

Participant A Participant B Participant C Participant D Participant E 

 Project delivery time 

 Technical requirements and 
specifications 

 Project management 

 Pioneer in modernisation 

 Subcontractor with relevant 
experience 

 Accommodate new trains 

 Enhance physical security of 
depot 

 Cleaning facilities 

 Lifting facilities 

 Signalling system 

 Modernisation is determined 
by new trains’ technology 

 Facilities for maintenance 
personnel 

 Same project management 
template for all stakeholders 

 Plenary meetings  

 Awareness of the depot 
systems 

 Clarity of communication 
with the subcontractor 

 Supporting new trains 

 Increase capacity for work 
environment facilities 

 Refurbishments 

 Eliminate bottlenecks 

 PRASA provide supervision 

 Operations continue during 
modernisation 

 System custodians 

 Multistage meetings 

 Collaborative decision 
making 

 Dependent systems follow 
independent systems 

 Subcontracting  

 Consultation 

 Involvement of role players 

 Scope management 

 Benchmark 

 Same project template 

 Engage the end user 

 Maintenance support for new 
trains 

 Modernisation is determined 
by new trains’ technology 

 Work environment perspective 

 Improve maintenance 
efficiency 

 Improve efficiency by 
automating systems 

 Automation 

 Logging faults automatically 

 Refurbishments of in-house 
machinery 

 Learning from predecessors 

 Increase tooling 

 Improve maintenance 
efficiency 

 Upgrade to suit new trains 

 Technology catch up 

 Depot layout changes 

 Automation 

 Delivery time is important 

 New trains determine 
modernisation trajectory 

 Migrating from paper-based 
system to online system 

 Good planning 

 Feasibility study 

 Adherence to plan 

 Establish multi-disciplinary 
teams 

 Projects acceptance and 
handover criteria 

 Support for new fleet 

 Reduce human intervention 

 Automate systems 

 Enhance safety 

 Exploit modern technology 

 Greener fuel such as solar 

 Consultation 

 Subcontracting 

 Regulation boards 

 Establish project delivery 
structure 

Continued on next page… 
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Table 6.1: Codes generated from open coding each interview (Continued from previous page) 

Participant A Participant B Participant C Participant D Participant E 

 Learning from predecessors 

 Key role players 

 Collaborative decision making 

 Storage capacity 

 Project management 
processes 

 Automation 

 Different role player 
involvement during decision 
making 

 Maintain system integrity 

 Target key areas 

 Adhere to the plan 

 Approval of designs 

 Conduct gap analysis 

 Planning meetings for 
realignment 

 Storage of new trains 

 Analyse system relationships 

 Problem interpretation 

 Support infrastructure 
integrity 

  Old and new system 
interfacing 

 OEM guidelines 

 Strategy 

 Collaboration 

 Depots must conform to train 
demands 

 Roadmap 

 Communication 

 Whole network upgrade 
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6.1.3.2 Axial coding 

Axial coding is the selection of some categories of information from open coding and framing 

it into a theoretical model (Creswell and Creswell, 2018). Charmaz (2014) refers to it as the 

selection of the most important or most appearing initial codes from open coding that are 

arranged, coherently combined, integrated and organised in new ways after open coding. Axial 

coding gives answers to who, why, where, when, how and consequential explanations at a 

conceptual level and not descriptive level (Corbin and Strauss, 2008). 

Table 6.2: Axial coding themes and number of participants who contributed 

Theme Contribution Explanation 

Decision-
making 

4/5 Communication made for gathering information concerning solutions at 
various project levels with respect to planning, execution and closing of 
the project or phase. 

Consultation 2/5 Seeking advice from experienced individuals or experts concerning 
modernisation of a depot in their area of speciality 

Learning from 
predecessors 

2/5 Extracting lessons learnt by those who modernised before you, these 
include both the negatives and positives 

Experience 4/5 The knowledge gathered through participation in a modernisation project 

Baseline 3/5 A template or a plan that is used by all role players during modernisation 
of a depot as a point of reference 

Modernisation 
trajectory 

5/5 A modernisation profile that is determined by the modernisation pull (new 
rolling stock and market trends) and push factors (baseline technologies) 

Existing 
system 
pathologies 

3/5 A systematic and methodological approach that seeks to understand 
relationships between integrated systems or components of a system 

Delivery time 3/5 The time it takes to produce a deliverable 

Accommodate 
new trains 

5/5 The maintenance support function of railway maintenance depots is 
modernised to support new rolling stock 

Eliminate 
bottlenecks 

2/5 Bottlenecks are a form of waste in the production process, which can be 
in the form of breakdowns, machine inefficiencies or due to reverse salient 

Improve 
working 
conditions 

3/5 To preserve the health and safety of workers 

Performance 
improvement 

3/5 The improvement of processes to make them more efficient by means 
such as automation 

Continued on next page… 
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Table 6.2: Axial coding themes and number of participants who contributed (Continued from previous 

page) 

Theme Contribution Explanation 

Maintenance 
optimisation 

5/5 The effective use of maintenance systems to reduce asset downtime by 
adopting the principles of performance-centred maintenance 

Emergent 
properties 

2/5 Considering that modernisation is done in a brown field environment, the 
introduction of new systems as new projects results in complexities that 
require new projects to solve 

Target areas 
for 
modernisation 

4/5 Specific equipment, machinery and systems that modernisation seek to 
address 

System 
integrity 

3/5 The state of assurance in the logical correctness and completeness of a 
system 

Gap analysis 1/5 The difference between the existing system and the desired system 

System 
custodian 

1/5 The organisation, department or individual responsible for maintaining or 
operating a system 

Project 
management 

5/5 The process of producing a deliverable under certain constraints through 
the application of knowledge, tools, skills, resources and techniques to 
realise an objective 

On top of helping to explore the data, axial coding helps the researcher by applying an 

analytical framework to the data (Charmaz, 2006). Axial coding facilitates memoing which 

elaborates categories, clarifies relationships between categories and facilitates data 

comparison. Table 6.2 shows themes generated using axial coding of the data from open 

coding. Fifteen categories (themes) were developed during early data analysis. The themes 

generated must fit together (Corbin and Strauss, 2008). The codes generated in Table 6.12 are 

the themes that supplement data that was collected through the literature review in Chapter 3 

and systematic literature review in Chapter 4. 90% of the themes in table 6.12 were repeated 

by at least two participants which is evident that no new information was being gathered at this 

stage hence the saturation point of data collection was reached. 

6.1.3.3 Data triangulation 

Triangulation seeks to combine different sources of data in order to answer the research 

question (von Bary, Westner and Strahringer, 2018). Merriam and Tisdell (2016) discuss four 

types of triangulation and use of multiple sources of data is one of them that is used to confirm 

emerging findings. Miles, Huberman and Saldana (2014) define triangulation as the use of 

three independent sources of data although Merriam and Tisdell (2016) define it as the use of 

more than one data collection method. The use of both the primary and secondary data 

collection methods ensures reliability, and internal validity (credibility) of the data (Creswell 

and Creswell, 2018). Patton (2015) supports the idea of triangulation because it negates the 

concern over the shortcomings of using a single method. 
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6.2 Chapter summary 

A case study approach is used to explore the subject of modernisation of passenger railway 

maintenance depots in developing countries. PRASA is used as a case in this study. In-depth 

interviews are used to gather data. The study is designed to capture opinions of participants of 

different technical disciplines holding different positions within the organisation at a regional 

level. The interviews were recorded and transcribed in Appendix B: Case study analysis. A 

systematic approach is then used to code interviews to generate themes from the interview data. 

The interview data supplemented and confirmed data from literature to generate themes for 

modernisation. The data collection and analysis chapter is part of the contextualisation phase. 

The contextualisation phase produces a modernisation transition framework described in the 

next chapter. 
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Chapter 7: Development of the framework 

The objective of this chapter is to integrate concepts from previous chapters and synthesise 

them into a theoretical framework that can be used by passenger railway organisations in 

developing countries to modernise their depots. The study was contextualised in Chapters 3, 4 

and 6. The design specifications of the framework were discussed in Chapter 5, section 5.6 

which will be referred to iteratively in developing the framework to confirm that the developed 

framework has all the design requirements. The technological gap between the change in 

technology and adoption by organisations can be bridged by a disruptive technological 

transition from the current state of depots to the desired or future state. Projects drive that 

change through a continuum of steps to achieve the desired state with more business value. A 

project management framework was developed in this chapter to facilitate the transition. Figure 

7.1 shows the position of this chapter in relation to the research process. 

 

Figure 7.1: Research design: Chapter 7 

Modernisation at depot level is a multidimensional process that seeks to achieve a number of 

technical objectives through a transitional framework which demand a hybridised approach to 

managing projects that offers productivity and flexibility. Data and concepts from the 

contextualisation phase guided the design specifications of the framework. 

7.1 Modernisation transition framework 

The modernisation transition framework shown in Figure 7.2 gives a holistic overview of the 

passenger railway maintenance depot project environment. This framework is an output of the 

contextualisation phase where data from interviews with industry practitioners confirmed and 

supplemented literature findings. The transitional framework maps the characteristics of old 

passenger railway maintenance depots and the objectives through which old depots are 

transformed in a project environment to achieve the desired state. Different migration strategies 
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are applied depending on several factors. System migration analyses the relationships between 

the old system and the desired system to facilitate the selection of the right approach to bridge 

the gap. 

 

Figure 7.2: Transitional framework for modernisation 

The gap can be bridged in cycles, iterations, stages or linearly in a project environment 

depending on system (gap) characteristics that include complexity, modularity of subsystems, 

number of interfaces, the interdependence between processes whose systems are being 

modernised and fragility. For modernisation to be a success, there is a need to understand the 

target system, migration process and the old system architecture. Spreading the migration 

phases over time reduces downtime into smaller time frames and spreads the cost. However, 

spreading the migration cycles over time runs the risk of obsolescence that must be considered 

timewise. 

The modernisation transitional framework is a roadmap composed of push factors from the old 

state of depots, goals for modernisation, systems migration and integration to facilitate 

modernisation of railway maintenance depots in a project environment to achieve a number of 

modernisation objectives, namely; supportability, system performance improvement, 

interoperability, maintenance optimisation and productivity improvement. 
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7.2 Modernisation objectives 

Modernisation objectives are drawn from the push and pull factors of modernisation to meet 

business needs. These objectives are a result of multiple requirements to meet the goal of 

modernisation. The objectives can be regarded as the high-level requirements for achieving the 

project goal. Further breakdown of these objectives produces functions, features and processes. 

7.2.1 Supportability 

The maintenance support function provided by railway maintenance depots for rolling stock 

ensures the safety and efficient execution of maintenance-related tasks. In a brown-field 

environment, the support requirements are determined by conducting a gap analysis to establish 

the required support services as shown in Figure 7.3. The rolling stock support concept is 

established through a series of steps that start by conducting a supportability analysis of new 

rolling stock through a series of processes as shown in Figure 4.7 in section 4.5.2.1. Support 

resources design requirements are determined by the design attributes of the rolling stock for 

effective and efficient maintenance to enhance the operational availability of rolling stock. This 

makes the support system dependent on the rolling stock although it must be adaptable for 

different train series. The demand for support resources is determined by the failure patterns of 

rolling stock. Acquisition decisions then follow and it is important to know the cost of 

ownership which is influenced by the design characteristics of the capital assets. Cost of 

ownership can be used as part of the selection criteria during the capital assets tendering 

process. 

The role of maintenance is to keep and improve availability of rolling stock, maintain rolling 

stock to required safety levels, provide quality service to customers and maintain operating 

costs at a minimum. Performance demands for rolling stock are dynamic and this directly 

translates to maintenance demands. Maintenance demands can only be met when tooling and 

equipment are available to carry out the work. However, gaps may exist in the system that are 

filled by subcontracting the work depending on trade-offs and/or the organisation’s strategy. 

Rail business thrives on the reliability of rolling stock hence maintenance philosophy must 

evolve around reliability. 

 

Figure 7.3: Support requirements flow diagram 

RCM is a strategy that incorporates the advantages of different maintenance strategies and 

seeks to customise maintenance strategies for different components based on criticality and 

reliability thresholds. The maintenance support system must be adaptive so it can support 

independently evolving dependent systems, in this case this is the rolling stock. 
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7.2.2 System performance improvement 

The performance of depots is measured and benchmarked using key performance indicators 

(KPIs). Different KPIs target different stakeholders such as the company at depot level and 

regulatory boards. KPIs influence organisational decision-making at the strategic levels 

concerning system performance improvement. Performance can be measured at two levels, the 

first being machinery, equipment or a system performance that aggregates to railway 

maintenance depot performance as a large technical system. The performance of a depot is 

determined by technical aspects such as interoperability, interconnections and standardisation 

which facilitate systems integration and harmonisation between rolling stock, Systems, 

Applications and Processes (SAP), infrastructure and signalling for communication or 

exchanging data. Standardisation is the underlying condition for interoperability and 

interconnectedness, hence performance improvement. System performance improvement is an 

iterative process that can be carried out using an optimisation loop. 

Railway maintenance depots are heavy machinery environments with mandatory performance 

targets such as accessibility and safety. Changes are made to the system to improve 

performance and these adjustments should consider the system architecture to maintain system 

integrity and effectiveness. Service life extension through system reconstruction, reliability 

upgrades and component replacement improve the performance of a system. KPIs such as 

operational efficiency, accessibility, reliability, safety, maintainability and availability are 

parameters for performance measurement at machine, equipment or system level. The 

continued existence of long-cycle technologies that characterise railway maintenance depots 

can limit performance and system pathologies can be used to better understand system 

relationships before modifications are carried out. 

Systems performance improvement can be implemented at the design and construction stage 

guided by standard EN50126 which facilitate the implementation of RAMS for railway 

systems. Equipment design has an influence on RAMS hence decisions and trade-offs must be 

made on investment. More than one design team is usually involved during the design phase 

of a modernisation project. It is important to conduct regular plenary meetings for design teams 

to evaluate RAMS for the system(s). A project structure is needed to handle the aspects of the 

project whereby the subprojects are managed independently but in a closely coordinated 

framework. An organisation’s (contractor or supplier) ability to systematically analyse RAMS 

impacts during the life of the system can be used as a selection criterion during the tendering 

process. 

7.2.3 Interoperability 

Interoperability is a systems property and means by which autonomous systems are composed 

to provide a service. Autonomy is a key characteristic of interoperable systems whereby a 

system can function independently but can cooperate interoperably with other systems to 

provide complex services. Interoperable systems facilitate integration and offer flexibility that 

make businesses agile. Addition of new systems or software to existing systems or components 

must ensure that these systems can communicate during run time so that operations are not 

obstructed by technical barriers. Interoperability exploits opportunities for synergies between 

systems by abandoning the traditional silo or monolithic systems which operate in isolation. 

Service-oriented systems can be loosely coupled to achieve interoperability from a holistic and 

systematic perspective at the business and application levels. After systems have been 
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migrated, there is a need to ensure that there is compatibility between different systems. 

Interface standards help different systems to benefit from each other and it becomes convenient 

for black-box migration approach. Elements within an SoS or a large complex system must be 

compatible so that it can work as a large technical system. In order to function as a large 

technical system, constituent heterogeneous components must be able to manage themselves 

locally and autonomously in service provision. Technical harmonisation is a key consideration 

in brown-field projects. The internet provides an efficient interface for net-centric systems but 

rate of evolution of the systems poses obsolescence challenges. Technical standards facilitate 

technical harmonisation to ensure equipment interoperability. Interoperability can be a 

requirement during the design phase or a criterion for selection during acquisition. 

7.2.4 Maintenance optimisation 

Maintenance optimisation is important for railway organisation because of the physical nature 

of rolling stock. The performance demands for rolling stock are dynamic which translates to 

their maintenance demands as well. Traditionally, maintenance was done preventively based 

on time but due to reliability demands which is a key success factor for railway business, 

maintenance must be performance-centred. PCM adopts the principles of risk-based 

maintenance (RBM) philosophy. RBM allows for the modularisation of maintenance into 

simpler tasks that are drawn from the level of system decomposition. The performance-centric 

approach uses condition monitoring to report on the condition and performance of rolling stock. 

The report on the condition of rolling stock is sent to the depot maintenance management 

system which together with the on-board train management system constitutes a complete 

maintenance management system. The depot maintenance management system is made up of 

applications and user interfaces. Algorithms based on business protocols are then used to filter 

information on events from the TMS to prioritise actions to be carried out and also avoid alerts 

overload. This helps to increase the productivity of rolling stock by reducing the time it takes 

to fix in the depot. 

The failure patterns of rolling stock, resource availability and spare parts demands are used to 

determine optimum maintenance requirements. To determine the failure patterns, FMECA, 

HAZOP and FTA and/or Markov processes are used depending on the characteristics of the 

analysed system to perform analysis at different levels of decomposition. Condition monitoring 

is then driven by these methods of analysis. To monitor the condition of the asset remotely, a 

communication system is used to report the condition to the depot in real time and the process 

is then termed remote condition monitoring. The information from the TMS is displayed on 

user interfaces at the depot. The diagnostic reports on functional aspects of rolling stock 

contains repair advice, events, measurements and meta information. The performance of a 

maintenance management system is proxied by bandwidth and the closeness of the reporting 

time to real time from fault detection to depot control room displays. Maintenance optimisation 

is carried out to make effective use of systems while minimising the downtime of rolling stock. 

Decisions to repair or replace faulty components are made based on cost, obsolescence, repair 

effectiveness and availability of spare parts. Some components can be maintained the 

traditional way and trade-off decisions can be made between corrective and preventive 

maintenance for cost minimisation or availability to maximise the support system. Maintenance 

optimisation is normally implemented after studying and understanding the failure trends of 

new rolling stock. The process of optimisation can be implemented in a cycle concept where 

the system is run, performance is monitored and data is collected, the data is analysed, 

information drives decision-making and optimisation procedures are implemented. It is 
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important to note that optimisation can be done in real-time but the focus of this project is on 

long-term optimisation. 

7.2.5 Productivity improvement 

The increase in productivity in railway maintenance depots has a direct effect on the 

productivity of rolling stock. Advanced technology in new rolling stock places increased 

demands for reliability and availability and in order to meet these expectations, the 

maintenance department must keep pace with these advancements. Productivity seeks to 

achieve optimum output from a machine and has ripple effects from the machine level. The 

productivity of single machines compound further to influence system level productivity. In 

like manner, the failure of single machines also has ripple effects and causes loss of 

productivity. Machine productivity (local optimisation) can be enhanced through automation. 

Optimising machine layout increases section productivity by reducing work in progress and 

lead times. However idle losses caused by ripple effects from other machine failures can be 

reduced by designing machine layout for even production flow without compromising 

production flexibility. Taking machines out of production for maintenance causes production 

losses but can be corrected through identifying critical machines and embracing the principles 

of total productive maintenance. Total productive maintenance is, however, an operation 

strategy. Strategic maintenance decisions have an impact on the productivity level of depot 

operations. Productivity of depots can be increased as well by optimising maintenance of the 

production equipment through proper planning and scheduling of work orders. Reverse salient 

in the system creates bottlenecks and this compromises productivity. Systems are restrained by 

bottlenecks which are the process constraints. The control aspect of railway maintenance 

depots such as the signalling system can be a bottleneck in the operations of traffic flow. 

Increase in productivity borrows Lean methodologies in the identification and elimination of 

waste within the system. 

The objectives of modernisation are multidisciplinary, hence, the framework for the 

modernisation of passenger railway maintenance depots must facilitate the conduction of these 

projects in a robust manner. The objectives are also the high-level requirements of 

modernisation therefore the framework must deliver to realise the goals of modernisation. The 

framework was developed in the next section. 

7.3 Project management framework 

The framework is a sequence of overlapping phases with processes that support goal realisation 

in the evolutionary technological transformation of depots. The gates at the end of each phase 

are for review purposes to ensure that project progress is consistent with objectives. The project 

management decision framework has four phases and several stages within each phase that can 

be applied in a multi-disciplinary project environment. Different approaches are used 

depending on project landscape and tailored to suit unique project requirements. The decision 

framework is inspired by Lean principles which acknowledge that change is inevitable hence 

adaptations should be made as and when necessary to cope with integration challenges, meet 

dynamic requirements and deliver frequently. Different project teams can work independently 

and concurrently using the same framework or for task sharing. A value-centric approach 

ensures that the project delivers according to objectives and project goals. The developed 

framework is shown in Figure 7.4. 
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Figure 7.4: Multidisciplinary project management framework
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7.3.1 Project ideation and definition phase 

The purpose of this phase is to systematically evaluate ideas to solve problems or to exploit an 

opportunity. Projects are undertaken to solve problems at a large scale and the way a problem 

is defined determines how the solution will be implemented. The activities for this phase are 

shown in Figure 7.5. A project is proposed at the end of this phase. Information from decision-

making by project stakeholders converges to define detailed project objectives. These decisions 

can be direct or indirect concerning how they influence each other. The classification of 

decision-making processes is elaborated in the context of the organisation’s culture and know-

how. Well-defined project objectives help in developing adequate support for project 

management processes because projects fail at the planning stage and the failure can manifest 

later at other stages of the project. Critical decisions are made to ensure that the project will 

deliver according to requirements. 

A partnership-based project collaboration is used as a delivery method for large technical 

system projects where a client has an oversight role or system integrator. The large technical 

systems thinking is the conceptual framework for developing the project management thinking. 

Since a large technical system can be broken down into subsystems, the project can as well be 

broken down into subprojects that are carried out by project teams that operate independently 

but in a closely coordinated framework to realise the project objectives. The relationship 

between role players is a nonlinear supply chain relationship but a point of intersection where 

organisations seamlessly integrate into a web for successful project delivery. Collaborative 

decision-making is conducted during high-level project planning when the project is 

systematically analysed by knowledgeable participants. A modernisation decision is influenced 

by the state of old depots, goals of modernisation, available technology, target system, resulting 

system, integration strategy and migration strategies as shown in section 4.5, Figure 4.6. 

 

Figure 7.5: Project ideation and definition flow diagram 

The decision-making process defines the qualitative need the project has to meet. To develop 

coherent objectives, the function of railway maintenance depots is viewed systematically. Since 

the modernisation of depots is multidisciplinary, the participants are of different trades, each 

contributing their knowledge and expertise. The participants who include project-based 

suppliers, project managers, systems integrators, rolling stock operators, regulatory boards, 

rolling stock OEMs and depot operators form and inter-organisational web. To enhance the 

quality of the decisions made, consultancy organisations are also brought on board to give their 

expertise concerning the subject matter. The web of organisations engage in decision making 

for idea generation and feasibility study by evaluating options. Decisions are influenced by 
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timing and the quality of information shared during decision-making. Timing decisions 

enhance the quality of the decisions made because it allows the decision-makers to gather 

relevant information, analyse and consider key points. The decision-making process delivers a 

justification for undertaking the project in the form of a business case. 

7.3.1.1 A business case 

A business case is a baseline project business document that defines the problem or the 

opportunity that the project must address. Evaluation plenary meetings are conducted to 

generate possible ideas for courses of action and justifications for selection. The proposed idea 

is decomposed into a WBS and must align with the modernisation objectives discussed in 

section 7.2. The business case and the WBS forms an interactive loop of infinite ideas. 

7.3.1.2 Work breakdown structure 

The objectives are the high-level requirements for modernisation. Figure 7.6 shows a high-

level WBS of a passenger railway maintenance depot modernisation project. The passenger 

railway depot is a single level system from which the modernisation problem is broadly defined. 

The WBS is a work-scope framework that is used to identify project details. 

 

Figure 7.6: Top-level requirements WBS 

This hierarchical decomposition produces work packages when technical solutions are defined 

and updates are made on the WBS. The top-level is static and updates are made on the lower-

level structures upon availability of technical solutions. Different project teams can work 

concurrently on different projects which are then seamlessly integrated into a complete project. 

The integrated WBS becomes the backbone for cost estimates, resource requirements, 

performance planning, scheduling, communication and an integral part of project control. The 

WBS is updated when technical solutions to a problem become clearly defined. The project is 

then defined in terms of what it wants to achieve in non-technical terms. 

7.3.1.3 Project overview statement 

The project overview statement is a descriptive non-technical explanation of the project goals, 

objectives and the problem to be solved or opportunity to exploit. The description also includes 

project assumptions. The requirements documents produced from the WBS are used to draw 

the overview statement. It guides the project team on the work that must be done. A project 

proposal is written for authorisation. 

7.3.1.4 Phase-gate A 

A project proposal is an output of the project ideation and definition phase. It is evaluated for 

approval and once it is approved, the authority is granted to proceed to the project organising 
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and preparing phase. Documents that authorise the project manager to apply resources to 

project activities are prepared. To ensure that the project is clear from the onset, the project 

scope is then defined to facilitate project organising and preparing which give structure to the 

project from a costing, deliverable and time management basis. 

7.3.2 Project organising and preparing phase 

 

Figure 7.7: Project organising and preparing flow diagram 

Project organising and preparing requires the creativity of the project manager to plan, organise 

and prepare for the implementation of the proposal. This phase addresses aspects that concerns 

strategies and tactics that will be followed to do the work. The activities for this phase are 

shown in Figure 7.7. Most responsibilities are for the project manager and cannot be delegated. 

A desired product can be built iteratively through a series of repeated cycles; incrementally by 

successively adding to the product functionality; or linearly using a waterfall approach. The 

project management life cycle model to use is determined by the project landscape tailored to 

suit the project characteristics. 

7.3.2.1 Define scope 

Scope definition is concerned with formulating what the project entails in terms of the product 

specification or the work that must be done to produce a deliverable. Defining scope gives 

structure and clear indication of what to expect from the project. Scope is defined at the cycle, 

stage or iteration level since the scope defined in the projection ideation and definition phase 

is of high-level requirements which are a collective contribution of many subprojects. For 

projects characterised with more than one delivery cycle, there is need to define scope at the 

beginning of every cycle, iteration or stage to keep the scope small and deliver frequently. The 

scope definition determines the project landscape in terms of level of complexity. 

7.3.2.2 Project landscape 

Project landscape is determined by the level of complexity. Figure 7.8: Project landscape shows 

the project landscape. Projects with clear goals, solutions and methods of executing them fall 

under traditional projects and a waterfall life cycle approach is used to manage such projects. 

Projects that are influenced or influence other projects or a combination of this, are classified 

as projects with dynamic complexity. However, complexity is a twofold, it can be structural or 

dynamic. Structurally complex projects can be managed using the waterfall approach or in 

iterations depending on the nature of a deliverable whereas projects that are characterised by 
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dynamic complexity may not be satisfactorily managed using a single approach due the need 

for flexibility. The approaches to managing projects are the traditional approach, agile and 

progressive elaboration as discussed in section 5.3. The need to control projects and flexibility 

are two opposing extremes. Flexibility allows the project to respond to change and dynamic 

factors while control seeks to align the project with requirements. To balance flexibility and 

control, a feedback loop is used to report on project performance. 

 

Figure 7.8: Project landscape 

Modernisation projects for railway maintenance depots are not exclusively non-software 

projects which compels the need to develop a robust project management framework that is 

flexible. Due to the uniqueness of these projects, there is a need to tailor different approaches 

or project templates to suit the unique requirements and characteristics of these projects. The 

choice of the project management life cycle model is determined by the project landscape. 

7.3.2.3 Select project management life cycle model 

Projects are unique, so are the ways of managing them. A project management life cycle model 

is selected to suit the project requirements. The ability to select a life cycle model in this phase 

offers the framework the required level of flexibility and robustness to manage projects in a 

multidisciplinary environment. The selection of the project management lifecycle model is also 

influenced by the system integration strategy. The project management life cycle model is not 

a one-size-fits-all template, it needs tailoring to suit unique project characteristics. 

7.3.2.4 Assess project characteristics 

Project characteristics influence the tailoring of a specific project management life cycle model. 

Projects with nearly perfect information are carried out in a static environment using a waterfall 

project management approach. However, the waterfall approach lacks agility and flexibility in 

the presence of change. Projects with unclear goals are best approached using agile 

methodologies with its variants that deliver frequently in iterations. The next iteration of an 

agile methodology may be a response to change and prompts the need for further tailoring. 

Projects that are characterised by unknown goals and methods are approached using the 

emergent approach where feedback from the completed spiral is used for planning the next 

spiral and these spirals are taken as milestones that build into a complete product. A generic 

project management life cycle model is tailored to suit project characteristics. 
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7.3.2.5 Project management life cycle model tailoring 

Projects are unique and the project environment is dynamic. There is a need to continuously 

review and update the chosen project management lifecycle model when the project is in 

progress so that it can be tailored to adapt to continuously evolving project conditions. 

However, tailoring must be done within the boundaries of project scope, project dimensions, 

resource availability, technology support and development life cycle to avoid ambiguities. A 

tailored project management life cycle model is then used to execute the plan. 

7.3.2.6 Phase gate B 

The tailored project management lifecycle model is evaluated for approval, and once approval 

is given, authority is granted to proceed to the project execution phase. 

7.3.3 Project execution phase 

Once the plan is approved, the work commences. The work done during execution must align 

with the baseline of scope and be within time and cost constraints for performance 

measurement and management. Project execution implements the plan to produce deliverables. 

The performance information generated from this phase is used to monitor project 

performance. Tailored project management lifecycle model(s) templates are used to deliver the 

product and a feedback loop necessitates project control for alignment. The graphic 

representation of this phase is shown in Figure 7.9. 

 

Figure 7.9: Project execution phase flow diagram 

7.3.3.1 Confirm scope 

After more information is gathered through the project organising and preparing phase, there 

is need to confirm the scope of the project to ensure that it remain aligned to the goal or 

objective of the project. The confirmation is also needed in a situation where the deliverable is 

not accepted, the scope is confirmed to maintain aligned before repeating the production 
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process of the same deliverable. A deliverable-oriented approach saves on resources and 

streamlines the efforts of the project team. 

7.3.3.2 Develop mid-level WBS 

The mid-level WBS is produced when technical solutions to modernisation problem become 

available. Due to the dynamic nature of the project environment, the WBS at this level is 

adjustable to suit project requirements but it must remain aligned to the top-level static WBS. 

The functionality to be delivered is used to generate the WBS at this stage. The WBS will help 

in estimating the time and resources required to produce a deliverable or the functionality. The 

work packages are the lowest level of the mid-level WBS. 

7.3.3.3 Produce deliverables 

The deliverables of the cycle, iteration or stage are produced at this stage of the project. It is at 

this stage that the estimated resources are pooled for task completion. A traditional waterfall 

project is delivered linearly in a single cycle. Complex projects may require more than one 

delivery cycle and its duration depends on the level of complexity. 

The deliverables are produced for each cycle and the cycle ends with the production of a 

deliverable or failure to produce. If the deliverables are rejected, the process is reset to confirm 

scope as shown in Error! Reference source not found.. 

7.3.3.4 Quality checks 

The continuous process of ensuring deliverable conformance is concerned with the correctness 

of the deliverable in meeting the prespecified standards. Outputs are continuously measured in 

this phase to validate the scope and check for correctness. Quality control is a process that is 

performed throughout the project for compliance to standards, regulations, requirements and 

specifications. The quality control activities are carried out by all team members in an agile 

project throughout the project whereas in a waterfall approach, it is conducted at the end or 

towards the end of a phase or project by selected quality personnel. 

7.3.3.5 Deliverable acceptance 

The process of deliverable acceptance is concerned with scope validation of verified 

deliverables that meet the project goal and objectives. Since the project may have more than 

one delivery cycle, the scope validation process ensures objectivity in the acceptance process 

to eliminate integration challenges. 

Due to the dynamic nature of the project environment, performance feedback from the 

execution phase is used to realign the project with the right template and necessary tailoring. 

Different delivery cycles may require different project management life cycle models and the 

feedback loop gives an option for making necessary adjustments before the beginning of the 

next cycle. Due to several risks faced during execution of complex projects, a management 

methodology can impede success of a project hence the feedback loop provides the required 

and necessary flexibility to make changes if needs be for the next cycle. In the waste case 

scenario where a chosen project management life cycle model needs to be changed midway 
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through the cycle of the project, a Kanban methodology to finish the cycle or iteration can be 

used. 

7.3.3.6 Plan next cycle 

The plan next cycle step is not applicable when the subproject is a linear traditional project 

with only one delivery cycle. However, linear traditional projects can have a staged delivery 

approach and each stage can be delivered using a waterfall approach. The cycle length is fixed 

(averaged) for each cycle. Planning next cycle concerns analysing performance results from 

project execution with the intention to make necessary adjustments for performance 

improvement. 

7.3.4 Project closing phase 

Closing normally coincides with a customer review point and marks a project milestone. Once 

a deliverable meets the design requirements, the phase or project is closed. The phase or project 

can be closed with the integration of the deliverable into the system for integrated systems. 

Closing a cycle is the same as closing a phase or a traditional project because all the protocols 

will be followed including acceptance criteria. Premature closure is less of a failure risk in agile 

projects because agile prioritises deliverables putting those with the highest business value first. 

The deliverables are signed off and approved by authorised stakeholder, customer or sponsor 

which closes the phase or project. Project closing has the following processes: contract 

closeout, administrative closure, commissioning and handover in the order presented in Figure 

7.10. 

 

Figure 7.10: Project closing flow diagram 

7.3.4.1 Contract closeout 

This process is concerned with verifying (product verification) if the requirements of the 

contract were successfully and satisfactorily met according to the stakeholder’s expectations. 

Records with project’s final details are updated. Documents like the contract, WBS, technical 

documents and quality check results are used as input to the closeout process. All information 

concerning the project is gathered and archived for future reference. Since quality audits are 

performed throughout the project, the customer makes corrections before the closeout stage. 

After an agreement is reached between the client and the contractor, the project is accepted and 

contracts are closed. 
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7.3.4.2 Administrative closure 

The verification and documentation of project outcomes is carried out. The purpose of this 

stage is to ensure that the captured information accurately represent the project results. 

Performance measurement results are used as input to this process to audit if the goal and 

objectives of the project were successfully met. 

7.3.4.3 Commissioning 

Projects that involve the construction or commissioning of equipment have a commissioning 

stage to conduct performance tests and operating trials to ensure that the equipment conforms 

to operating requirements. Operators assist in the commissioning of equipment and in that way, 

they familiarise themselves with the equipment or system. After the client is fully satisfied with 

the operating trials, the equipment or system is handed over to operations. 

7.3.4.4 Handover 

When the project is handed over to the client, documents concerning project completion and 

acceptance are exchanged between the contractor and the client. Signing off takes place where 

the acceptance certificates and payment certificates are exchanged. This then marks the closing 

of the project. 

7.3.5 MPMF steps by project type 

The project is formulated and defined in the project ideation and definition phase. It is 

undertaken to solve a problem or exploit an opportunity. Due to different needs and 

opportunities within a business unit, this phase is unique for every project. The uniqueness also 

emanates from the once off nature of projects. The need or the opportunity to exploit in 

passenger railway maintenance depots falls under one of the modernisation objectives whose 

problem definition is unique. The rest of the steps under each project management phase are 

the same because of the universal applicability of project management principles and practices 

in a project environment. The MPMF steps by project type are shown in Table 7.1. 
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Table 7.1: MPMF steps by project type 

Objective Project ideation and definition phase Project organising and preparing 
phase 

Project execution phase Project closing phase 

Supportability  Conduct supportability gap analysis 

 Draw out maintenance and signalling 
requirements 

 Conduct supportability trade-off 
analysis 

 Prepare a business case 

 Write a project overview statement 

 Prepare project proposal 

 Define project scope 

 Categorise the supportability 
project 

 Evaluate project characteristics 

 Select project management life 
cycle model 

 Tailor the project management 
life cycle model to suit project 
characteristics 

 

 Confirm project scope 

 Develop mid-level 
supportability WBS 

 Produce supportability 
deliverables 

 Conduct quality checks to 
ensure the support resources 
align with the design 
requirements of new rolling 
stock 

 Plan next cycle/close project 

 Verify if the requirements of the 
contract were successfully and 
satisfactorily met 

 Verify if the captured 
information is correct and 
document the project outcomes 

 Conduct performance tests and 
operating trials 

 Sign off and handover to the 
maintenance department 

System 
performance 
improvement 

 Conduct performance gap analysis 

 Gather information concerning 
modifications that can be carried out 

 Conduct system performance 
improvement decision-making 

 Conduct trade-off analysis and 
develop a prioritisation list 

 Prepare a business case 

 Write a project overview statement 

Prepare project proposal 

 Define project scope 

 Categorise the system 
performance improvement 
project 

 Evaluate project characteristics 

 Select project management life 
cycle model 

 Tailor the project management 
life cycle model to suit project 
characteristics 

 Confirm project scope 

 Develop mid-level system 
performance improvement 
WBS 

 Produce system performance 
improvement deliverables 

 Conduct quality checks the 
deliverables meet the design 
requirements 

 Plan next cycle/close project 

 Verify if the requirements of the 
contract were successfully and 
satisfactorily met 

 Verify if the captured 
information is correct and 
document the project outcomes 

 Conduct performance tests and 
operating trials 

 Sign off and handover to the 
maintenance department 

Continued on next page… 
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Table 7.1: MPMF steps by project type (continued from previous page) 

Objective Project ideation and definition phase Project organising and preparing 
phase 

Project execution phase Project closing phase 

Interoperability 
(technical 
harmonisation) 

 Identify technical incompatibilities 

 Gather relevant information 

 Conduct interoperability decision 
making 

 Develop a solutions prioritisation list 

 Prepare a business case 

 Write a project overview statement 

 Prepare project proposal 

 Define project scope 

 Categorise the technical 
harmonisation project 

 Evaluate project characteristics 

 Select project management life 
cycle model 

 Tailor the project management 
lifecycle model to suit project 
characteristics 

 Confirm project scope 

 Develop mid-level 
interoperability WBS 

 Produce deliverables to achieve 
technical harmonisation 

 Conduct quality checks to 
ensure there is compatibility 
between interfaced systems 

 Plan next cycle/close project 

 Verify if the requirements of the 
contract were successfully and 
satisfactorily met 

 Verify if the captured 
information is correct and 
document the project outcomes 

 Conduct performance tests and 
operating trials 

 Sign off and handover to the 
maintenance department 

Maintenance 
optimisation 

 Failure and maintenance trend  

 Develop a maintenance concept 
based on RBM 

 Identify maintenance requirements 
to implement the maintenance 
concept 

 Prepare a business case 

 Write a project overview statement 

 Prepare project proposal 

 Define project scope 

 Categorise the maintenance 
optimisation project 

 Evaluate project characteristics 

 Select project management life 
cycle model 

 Tailor the project management 
lifecycle model to suit project 
characteristics 

 

 Confirm project scope 

 Develop mid-level maintenance 
optimisation WBS 

 Produce deliverables for 
optimising maintenance 

 Conduct quality checks 

 Plan next cycle/close project 

 Verify if the requirements of the 
contract were successfully and 
satisfactorily met 

 Verify if the captured 
information is correct and 
document the project outcomes 

 Conduct performance tests and 
operating trials 

 Sign off and handover to the 
maintenance department 

Continued on next page… 
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Table 7.1: MPMF steps by project type (continued from previous page) 

Objective Project ideation and definition 
phase 

Project organising and preparing 
phase 

Project execution phase Project closing phase 

Productivity 
improvement 

 Measure production efficiency 

 Conduct criticality analysis 

 Identify process 
constraints/bottleneck or waste 
in a production  

 Develop a productivity 
improvement plan 

 Prepare a business case 

 Write a project scope statement 

 Develop a project charter 

 Define project scope 

 Categorise the productivity 
improvement project 

 Evaluate project characteristics 

 Select project management lifecycle 
model 

 Tailor the project management 
lifecycle model to suit project 
characteristics 

 

 Confirm project scope 

 Develop mid-level productivity 
improvement WBS 

 Produce productivity 
improvement deliverables 

 Conduct quality checks 

 Plan next cycle/close project 

 Verify if the requirements of 
the contract were successfully 
and satisfactorily met 

 Verify if the captured 
information is correct and 
document the project 
outcomes 

 Conduct performance tests and 
operating trials 

 Sign off and handover to the 
maintenance department 
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7.3.6 Systems integration 

To realise efficient gains in the operation and use of a product or system, there is a need to 

incorporate many functions in that product or system to meet its operational requirements. 

Railway maintenance depots are complex systems that are made up of a set of interacting 

subsystems. Integration of these subsystems seeks to achieve a holistic and coherent system 

that delivers high levels of performance in terms of capacity, safety, timeliness and resource 

usage optimisation. 

Integration takes place at different levels; physical system integration (for communication) and 

application integration (for cooperation). Systems that are developed in an agile environment 

can be integrated and tested at the sprint level or product increment during development. 

Functional integration is drawn from top-level requirements of a WBS that reflect the 

constituents of a system. Functional integration takes note of functional definitions hence there 

is a need to observe standards. An integrated WBS facilitate successful and timely integration 

of a complex system. 

The integrated system-project approach has a set of project activities from the WBS that 

address a particular system segment, resource requirements and does not overlook pre-existing 

dependencies of the system elements. This approach incorporates project aspects and activities 

into the core system of railway maintenance depots as large technical systems and has 

complementarities on both project activities and systems components and/or capabilities. 

Partnership-based project collaborations allow the client to have an oversight role on project 

activities and act as the system integrator to ensure alignment with the concept from the project 

definition phase for quality compliance. 

System integration may face obsolescence challenges due to rapidly evolving technology if the 

duration of the project spans different technology generations; hence integration will not be 

straightforward. In trying to modernise interfaced systems by modifications and/or new system 

additions, interoperability issues emerge between the ‘new’ system/component and the old 

system interface. 

An integration strategy is determined by a number of system interfaces, resource availability, 

system architecture, system modularity, activation and utilisation order and prevailing 

situations. 

A project management model adopted will be based on the integration technique. The agile 

approach, for example, uses iterations or cycles where each iteration or cycle has a deliverable 

that builds on its predecessor hence integration is continuous and in tandem with the project 

progress. In the waterfall approach, the integration strategy is usually determined in plenary 

meetings before the project start. Feedback helps evaluate and revise integration strategies. 

7.4 Real-world applicability of the framework 

The goal of the modernisation framework is to serve as a guideline for passenger railway 

organisations when modernising their railway maintenance depots. The guidelines for 

modernisation are aggregated into overlapping phases shown in Figure 7.4. The process of 

framework development was iterative, data was extracted from literature and inputs from 
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industry practitioners during seminars shaped the development. During these seminars, the 

framework was not complete hence the need for further evaluation. The validation process must 

be fair, open and transparent (Jenner, 2004). This facilitated the relatability of the developed 

framework by industry practitioners and other researchers (Jabareen, 2009). 

The framework is presented to industry practitioners to assess the results for validity (Jenner, 

2004). The validity of the framework is assessed on three dimensions, feasibility, usability and 

utility to evaluate if the primary goal of the framework was achieved (Platts, 1993). Feasibility 

is evaluated based on the applicability of the framework to railway maintenance depots. 

Usability is evaluated based on how well the process is defined. Lastly, utility is concluded 

from the examination of the usefulness of the output. 

The validation process was carried out via online interviews on Microsoft Teams with industry 

practitioners. This form of communicative validation seeks to report the developed framework 

back to the informants because of their ability to relate to the information (Jenner, 2004). 

The validation methodology by Borenstein (1998) was adopted for the validation of the 

multidisciplinary modernisation framework. The purpose of validation is to test relationships 

between the behaviour of the decision support system and that of the system being modelled. 

Validation is two-dimensional; verification and substantiation. However, for the purposes of 

this study, verification will be used to test the validity of the MPMF framework. Borenstein 

(1998) described four aspects of validation but only two aspects, face validation and user 

assessment will be used for this study. 

Face validation: Facilitates the uniformity of perceptions between the developer’s and 

potential user’s view of the problem. The interaction between the developer and the 

potential user facilitates instant feedback for refining, reformulating and revising the 

framework. 

User assessment: This is the process of assessing the extent of applicability of the 

framework in decision making by potential users who did not participate in the 

framework’s origins, development and implementation. 

The questionnaire feedback from industry practitioners was used to validate the framework. 

The validation interviews were conducted online via Microsoft Teams. The researcher 

presented the MPMF framework to the participant covering a brief background of the study, 

the framework development methodology and the framework itself and how it works. 

Participants were allowed to ask questions during the presentation to have a common 

understanding of all the aspects. At the end of the presentation, the participants were asked 

questions which they answered immediately. The questionnaire that was used in the validation 

process is presented in Appendix D. 

Among the seven participants are the Project-Based Supplier, Project Manager, Systems 

Integrator, Rolling Stock Operator, Regulatory Board member, Rolling Stock OEM and Depot 

Operator. The input from the participants was all encompassing because of the different roles 

that the participants play in the modernisation of passenger railway maintenance depots. Only 

industry practitioners from the railway industry were interviewed because the framework was 

developed specifically for that industry. The feedback from the participants is summarised in 

the following sections. The identification of the participants was purposively done with the 
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help of the Chair in liaison with the Technical Committee who are knowledgeable about people 

in PRASA. 

7.4.1 Feedback from participant one 

The following feedback was provided by participant one with relation to the model, “In 

principle, the framework has the potential to be useful during the modernisation of passenger 

railway maintenance depots. The framework gives the project managers and decision makers 

more options in terms of approaches to choose from in the face of uncertainties, conflicts and 

trade-offs. The principles in the framework are really sound but repackage it to make it a bit 

easier for the average project manager. 

I understand the flow process but if someone tries to follow it without listening to you they 

might get confused. I would propose that you put gaps between the phases for simplicity 

because if you look at it as it is, it might be confusing although my response is subjective. 

With minor adjustments, the framework can be applied to other complex projects. I feel like 

the presentation is very high level and there is need to add more content to simplify it so it can 

be used by a broader audience. What you produced must be useful to the body of knowledge as 

well as the practical side of things. I would have preferred different terminology because there 

seems to be an overlap between phases and cycles. 

The MPMF can influence decision making because from the onset of a project you need to have 

the high-level requirements for the support of new rolling stock such as washing plants and 

lifting equipment. It helps the decision makers to manoeuvre and have a baseline plan and 

flexibility going forward. The usefulness of the framework depends on who is the team player, 

it benefits the high-level planners the most. For the straightforward work packages it is not 

useful because they lack complexity.” 

7.4.2 Feedback from participant two 

The following feedback was provided by participant two with relation to the model, “There is 

need to interface the old system and the new system in order to support old and new rolling 

stock fleet. The framework covers most the things that need to be addressed in railway 

maintenance depots. Carrying out maintenance tasks must be efficient with minimum idle time. 

The transitional framework is very useful in our quest to migrate from the old system to the 

new system. However, the framework must be more visible on how to improve the total life cost 

of rolling stock while ensuring the longest life cycle. 

I think with minor adjustments the framework can be applied to other complex projects because 

the fundamentals are basically the same. The aim of any organisation with assets is to benefit 

the most from those assets in terms of reliability and efficiency. Asset management seeks to 

improve the life cycle of an asset while reducing its life cycle cost and maintaining reliability 

and availability. 

I feel like the framework is of high level. The contents in the project execution phase feel like 

staff you would get from any project management book. How do we integrate with the old 

rolling stock? I think I would use the framework to support the scope of work and to address 

the modernisation objectives. The framework inspires confidence because it helps to address 
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the bottom line. The framework captured a lot of issues to do with the modernisation of 

passenger railway maintenance depots.” 

7.4.3 Feedback from participant three 

The following feedback was provided by participant three with relation to the model, “The 

framework is well presented and organised. However, I feel like it should have covered the 

drivers of modernisation because modernisation starts from what the organisation intends to 

do. We can modernise for anything anyway. Let me give an example of the system such as the 

network coverage, you make a determination on the condition of your fleet that you have 

whether you can improve the service with the current fleet or not. If the organisation decides 

to carry on with the existing fleet, there will not be any need to modernise the depots but there 

will be need to improve the maintenance facilities to keep on maintaining the existing fleet. But 

if the decision is to expand the network to cover new areas where there is population growth 

like in Gauteng North area where the line is supposed to be expanded from Mabopane to cover 

other areas. If the organisation decides to expand the network and looking at the current fleet, 

these two cannot match that growth, we will then have to go with high-speed trains that takes 

a short time to reach those areas. If you choose to retire the existing fleet and bring in a fleet 

that will meet your vision and objectives, it means that you will have to look at the 

maintainability of those trains and systems that will support that. From there you will be able 

to modernise the depots to cater for the new fleet. But I have noticed that the scope of your 

project is the development of a framework which was covered very well. 

The framework has the potential to be useful during the modernisation of passenger railway 

maintenance depots. In my opinion, the framework covered very well the transitional phase, it 

gives clarity on what we have and what we want to achieve. For the purposes that the 

framework was developed to do, I think it can be applied because modernisation applies project 

management tools which was covered in the framework. However, there is improvement for 

everything. The framework is implementable in the modernisation of our passenger rolling 

stock depots. 

We have depots that were developed for a certain fleet which can still be modernised to improve 

the systems to still maintain the existing fleet. On the other hand, we have depots that are 

constructed and modernised for a totally different fleet, so with the new fleet we are sort of 

constructing new depots to support the new fleet in terms of maintenance. There is nothing 

much to evaluate on individual projects that one would have identified to modernise the depot 

meaning that everything will be done at once so there are certain elements within the 

framework that will not be applicable. But if we are improving the system for the very same 

fleet, it means that’s where we can look at the project management life cycle to identify the 

project that we can implement to achieve a certain level of modernisation within the system. 

The approach is generally okay, but it depends on what we will be doing and at what point are 

we doing that. If the trigger is system improvement for the existing fleet, then most of the 

elements in the framework becomes useful but for the new fleet it means we will use only a few. 

The approach is general and covers all the scenarios that can be encountered during 

modernisation. 

I feel like the phases need to be detailed a little bit in terms of what are we responding to. The 

project ideation and definition phase is very good because it’s a stage where we are looking at 
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what we need to achieve. That phase is very important, and it was covered very well. The other 

phases and sections must be expanded on. 

I think I can use the MPMF in decision making concerning the modernisation of passenger 

railway maintenance depots because the migration steps were well defined and offer a 

roadmap to modernise systems at the depot level. The framework steps are detailed and usable. 

The framework inspire confidence because there is logic, the framework gives you the tools 

that you require to make decisions and one can justify why a particular decision has been 

taken.” 

7.4.4 Feedback form participant four 

The following feedback was provided by participant four with relation to the model, “From my 

experience, if I look at the project ideation and definition phase that’s where all your ideas and 

proposals are shared with business. Ways of addressing problems are discussed and you go 

through a process to get buy-in which is normally done using a business case. A business case 

gives you some form of idea of what you want to establish then you start with your integrated 

WBS. The business case and the WBS go together and they are not separated. From the WBS 

you get the details such as cost estimates and the business case becomes a formality to be 

approved. The content in the first three phases is 100% fine. The business case and the 

integrated WBS are like an interactive process which makes it an infinite loop of ideas because 

it is a process of developing something that is usable for the business. 

If you have new assets that you want to maintain you do not upgrade the depot for the sake of 

it, there is an association with new technology that you will be using such as new trains. There 

will be something driving the depot modernisation element. Normally there is something 

triggering the modernisation, if I would like to improve, expedite or leverage on the project 

that I am doing let us also upgrade the depot, that’s a type of interaction that you normally 

have from a depot modernisation perspective. Depot modernisation is not going to happen in 

isolation but in support of an objective outside the depot upgrading. The modernisation is not 

only for the supportability of new rolling stock but also due to different needs. 

Each of the project’s elements and sub elements should be clearly defined in terms of the 

deliverables. The project must be focused on a deliverable and must have a way of addressing 

a need. Before you define scope, you have a lot more on the WBS of the things you must cover. 

There is need to continuously measure the outputs in the project execution phase as the plan 

produces the deliverables. 

What you covered is good project management philosophy which you can use when 

constructing a building, new locomotive or a depot because they use the same principles. Yes, 

the MPMF framework covers the modernisation of passenger railway maintenance depots but 

I can also say its applicable to more than just that. You describe project management principles 

that are well documented that can apply to the modernisation of passenger railway 

maintenance depots. The strength of the framework is that it is generic hence applicable to 

other projects as well. There is an element of chronological order that is a bit of a concern to 

me. The approach you used with the five objectives is very good and covered the intention of 

the project quite well. You must keep in mind what your end goal is, like you need trains to be 

reliable so preventive maintenance must be 100% aligned and if I get a breakdown, I must get 

the train into service as soon as possible. The facilities within the depots must facilitate short 
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turnaround time. The project is driven by a need, hence the framework identified needs earlier 

on and this can make it applicable to any type of project. 

I wish you had a bit more experience in project management, that would have helped you in 

ordering the processes. There are elements I was expecting in different phases and by doing 

fine adjustments, the framework will significantly improve. Look more on what is required 

during a project closing phase like what was initially expected from the business case, typically 

evaluate final deliverables with each one of the initial intended deliverables. 

The biggest influence you can make is in the first phase of project management and that’s 

where decisions can be influenced where you do the motivation and the business case. If you 

want to use this MPMF framework to influence decision-making, you need to be clearer on the 

project ideation and definition phase because that’s where you need to sell the project. The 

framework is a good project management principle model that has distinct phases. In normal 

business you have four phases, namely; analyse, organise, execution and evaluate. The 

elements in your phases need a bit of restructuring.” 

7.4.5 Feedback from participant five 

The following feedback was provided by participant five with relation to the model, “When I 

look at the diagram in your presentation, there are quite a number of aspects that you focused 

on and be careful not to get caught up in too much detail. I think the framework will definitely 

be useful in the modernisation of passenger railway maintenance depots because we were 

struggling for the last six to seven years with putting the project together. 

The way you set out the phases is very well defined, you did not try to overcomplicate or under 

complicate the phases. You focused on four stages and I think that’s very good. However, I am 

little bit worried that you are going to get caught up in too much detail even though it’s a very 

good framework. I also think the framework can be applied to other complex project 

environments like freight rail maintenance depots that’s why I was asking you what your 

definition for a railway depot is. 

I like the focus on interoperability the most. Overall, I can rate the whole framework as very 

good. If there was an option for more than very good, I was going to give the project ideation 

and definition phase that rating because I really liked it. On the project closing phase can you 

consider the decommissioning of old rolling stock because we are focusing on implementing 

the new rolling stock. 

In conclusion, I think we can use the MPMF framework to influence decision making in future. 

I liked the four phases of the framework and the way they were structured.” 

7.4.6 Feedback from participant six 

The following feedback was provided by participant five with relation to the model, “I feel like 

the commissioning and handover in the project closing phase must come before the contract 

closeout process step. My experience from the client side is that you need to know that 

everything is okay before closing the contracts. It can look okay on quality checks and on paper 

but in real life it can be different so I wonder if its wise to close contracts before the 

commissioning. You can close the contracts after handing over the project deliverables because 
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if you pay the money, the person runs away and if you find issues during commissioning and 

handover, the contactor may never get back on cite to fix the issues. That’s why there is the 

scope definition early in the project to define the work that is supposed to be done by the 

contractor hence the project scope must be fully covered. The contractors normally charge for 

the defined scope of work despite the time taken to complete the work. If the work takes longer 

than planned, there must be reason to explain the discrepancy. If it takes more time than 

agreed, the client can claim from the contractor for the lost time. 

Overall, I think the framework can be a good starting point to guide the team in deciding what 

needs to be done. If I look at PRASA as an example, they have big plants and R2 billion budget 

per depot to put in place systems that are not directly linked to the maintenance of the trains. 

The framework will assist in giving an overview of the work to be done and the expected results. 

The framework has its strong points like having a scope definition early into the project and 

its validation through scope confirmation. I can also add that it addresses a lot of huddles 

because of its flexibility. You can also look at the Public Finance Management Act and related 

legislation about how to manage these types of projects that are big and cost so much money. 

There is also need to plan these activities around existing activities at the maintenance depots. 

The best option would have been to construct a new maintenance depot for modern rolling 

stock. A big challenge in depots is health and safety where previously people did not pay 

particular attention to health and safety issues. 

I don’t know if you realised how extremely important your project definition and ideation and 

the project organising preparing phases are. PRASA jumped into modernisation of 

maintenance depots in 2012 and fell flat in the project execution phase maybe because the 

project ideation and definition and the project organising and preparing phases were a total 

mess. If they had continued with modernisation, we would be sited with a huge white elephant 

that would not be suitable to maintain the modern rolling stock. So focusing on the first two 

phases is really important. 

The framework is generic and should be customised for passenger railway maintenance depots. 

A lot of complex project environments have the same issues of continuing to provide some level 

of service while the project is ongoing. There are more specific things that must be considered 

when dealing with railway depots and if you focus on those ones it becomes less generic. 

You can define specifically what type of rolling stock you want to maintain, for example in 

Europe, the one-size-fit-all is often not enough. From the 1960s all trains looked almost the 

same but today they are very different each with its own application from long distance, metro 

and so on. The organisation has to identify the type of trains it need to maintain in a particular 

depot and the types of activities to be carried out. The other issue is warehouse management, 

having the right spares at the right time for reliability and availability purposes. A big part of 

modernisation should be what spares are we going to have on cite so that in case of a 

breakdown, the train can return to service in the shortest possible time. So the objectives should 

include inventory management. 

There can be more focus on scope definition and work around existing activities to avoid 

disruptions. There is need for stakeholder engagement in each phase and keeping them 

onboard throughout the process. There is need to look at the order of the process steps in the 

project closing phase as we discussed earlier on. Systems integration must be well defined 
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during the early stages of the project to make sure there is interface with other systems and 

stakeholders, trying to integrate it last will be too late. 

I did not see words like stakeholder engagement in the framework and it is very important to 

engage stakeholders always. Most people don’t know where to start and this framework gives 

a good starting point. 

The framework inspires confidence because of the gates or review points. The team makes sure 

they don’t proceed unless they meet the requirements of that phase. The flexibility of the 

framework also inspires confidence if used during the modernisation of passenger railway 

maintenance depots.” 

7.4.7 Feedback from participant seven 

The following feedback was provided by participant five with relation to the model, “I was 

very impressed with your presentation. I studied project management myself and I liked what 

I see. You involved a number of aspects in your framework. I guess the framework does not 

highlight the project timeframe or duration. I like the hybrid approach to project management 

that covers different migration strategies such as cycles, iterations, stages and linear. The 

framework gets everybody involved from the start using the concept of simultaneous 

engineering to reduce the project duration. 

It seems you have everything in place in the framework and all you need is money to execute. 

The framework looks good and very promising. I can say yes, the framework has the potential 

to be useful during the modernisation of passenger railway maintenance depots in developing 

countries. I see you have got a plan in the form of framework on how to approach 

modernisation of such a complex system. The continuous and phased approach for review 

purposes seems ongoing and I like it. 

The framework does not prescribe the use of traditional approach only but the best approach 

for the work to be done and its flexibility makes it adaptable to change. At this point I haven’t 

noticed weak points in the framework. I would have to study it carefully to identify the weak 

points. However, your biggest challenge is time which is not a weak point as such. If you have 

to execute in good time then time becomes a weak point but it is not a weak point as yet. It is a 

challenge or risk. 

I would say the framework can be applied to other complex project environments because you 

are taking a new approach to project management. It is a good starting point. 

I can say there is little room for improvement on the framework. I cannot find weak points in 

the framework that need improvement. The multidisciplinary approach is useful and it 

embraces the aspects of simultaneous engineering which is important for quality and time due 

to the dynamism of technology and the project environment. 

I think the framework is a recipe for success and you are on the right track. The framework 

portrays a modern look of old principles.” 
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7.4.8 Deductions from combined participants’ feedback 

The purpose of validation is to get input from potential users of the MPMF framework 

concerning the weaknesses and strengths of the framework. The feedback is used to address 

the weak points of the framework. Different phases of the framework are rated from poor to 

very good with a corresponding scoring from 1 to 5 respectively. The results from the 

participants are represented in Figure 7.11. The consensus from the respondents is that the 

framework is applicable in the modernisation of passenger railway maintenance depots. 

However, the project closing phase scored the lowest while the modernisation objectives has 

the highest scores. The participants’ concern in the project closing phases is that it lacked detail 

on the processes that must be followed during project closing. Three participants highlighted 

that the most important phase is the project ideation and definition phase which gives the 

project direction and failure to plan in that phase can result in project failure. The objectives 

address most of the aspects of railway maintenance depots that are of major concern during 

modernisation. 

 

Figure 7.11: Validation questionnaire: Q5 

User assessment questions were also asked to get input from participants on how they would 

evaluate their experience if they were to apply the MPMF framework in decision-making. All 

participants were satisfied with the potential usability of the framework. The scores given 

concerning three aspects of usability, namely; logical structure of the framework, easy to follow 

and understandable and use of right terminology in the framework are shown in Figure 7.12. 
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Figure 7.12: Validation questionnaire: Q7 

7.5 Chapter summary 

Chapter 7 is dedicated to the development of a MPMF framework that can be used to assist 

developing countries in modernising their passenger railway maintenance depots taking 

advantage of technological advancements.  

 

Figure 7.13: Averages of validation results 

The framework was developed using project management principles that are discussed in 

Chapter 5 taking into consideration the multidisciplinary nature of the project environment and 

different migration strategies. Different concepts were identified throughout the research and 
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they were integrated into the MPMF framework. The framework started with mapping the 

modernisation transition in Figure 7.2 to have a holistic perspective of the whole project. The 

chapter ended with testing the real-world applicability of the framework using two aspects of 

Borenstein (1998) methodology (face validation and user assessment). The average validation 

results from interviews are shown in Figure 7.13. 
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Chapter 8: Conclusion and recommendations 

This chapter summarises the findings of this study from the conceptualisation and framework 

development phase. The summary discusses how the research efforts addressed the research 

objectives in section 1.3. The research contributions, the identified limitations from the 

research study and lastly recommendations for future research opportunities are discussed. 

Figure 8.1 shows how this chapter fits into the research process. 

 

Figure 8.1: Research design: Chapter 8 

8.1 Research overview 

The research overview assesses if the research problem described in section 1.2 is addressed 

and to what extent the primary research question in the same section was answered. To have 

an objective analysis of how adequately the primary research question was answered, the 

findings from the research study are discussed relative to research objectives. 

A gap was identified in research that there is a lack of framework that can assist developing 

countries to modernise their passenger railway maintenance depots taking advantage of 

technological advancements to realise efficiency gains. Rolling stock fleets for many 

organisations have been in operation for decades and these organisations are mandated to renew 

their fleet, however, there is a lack of guidelines that can be followed to modernise their 

passenger railway maintenance depots to offer adequate maintenance support for the new fleet. 

It is against this background that a research question was developed and it states; ‘How can a 

modernisation framework for passenger railway maintenance depots be constructed to assist 

developing countries with solving technological inhomogeneity and bridge technological gaps 

within railway maintenance depots systems?’ 
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8.1.1 Research summary 

The research in this thesis was founded upon Chapter 1 which is an introduction to the study. 

This chapter presented a background on the evolution of passenger railway maintenance depots 

from which the research questions, objectives and research design and methodology were 

derived. This was followed by a summary of research beneficiaries, limitations and 

delimitations of the study and ethical considerations. The chapter outline of the thesis was then 

established. 

Chapter 2 explored different research designs and methodologies. The research was a 

qualitative inquiry into the modernisation of passenger railway maintenance depots in 

developing countries. The qualitative inquiry answers the ‘how’ part of the research question. 

To offer the flexibility required to answer the research question and view it in its broader 

context, a pragmatic approach was used. Chapters 1 and 2 outlined the researcher’s strategy to 

answering the research question in addressing the research problem. The research was 

conducted in two phases, the contextualisation phase and framework development phase. The 

process of validation was included in the framework development phase. 

Table 1.1 in section 1.4 summarised the research questions and the corresponding research 

objectives to answer those questions together with the corresponding methods. 

8.1.2 Phase 1: Conceptualisation 

The research study on the modernisation of passenger railway maintenance depots was 

contextualised through Chapter 3:, Chapter 4:, and Chapter 6:. Chapter 3: explored literature 

about passenger railway maintenance depots concerning facilities, equipment and systems 

found within passenger railway maintenance depots. The contributions of Chapter 3 to the 

study include: 

 Passenger railway maintenance depots are viewed in the context of large technical 

systems with a control element which is the signalling system. Large technical systems 

are made up of integrated systems which require an integrated system-project approach 

during modernisation to avoid overlooking per-existing systems dependencies. 

 Introduction of new machines, equipment or systems require a reconfiguration of the 

machines layout which require optimising machine layout to eliminate waste hence 

improve productivity. 

 Railway organisations thrive on reliability of their rolling stock hence the maintenance 

approach must adopt different maintenance philosophies to enhance performance 

thereby meeting the reliability demands of rolling stock. 

 Maintenance support equipment is customised to meet the design requirements of 

rolling stock. 

Chapter 4: systematically explored the subject of modernisation. This chapter established 

themes of modernisation. The subject of modernisation covered the following areas: 

 The objectives of modernisation (supportability, performance improvement, 

interoperability, increase in productivity and maintenance optimisation) were 
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established through which a disruptive technological transition of railway maintenance 

depots is carried out to achieve sustainability. 

 Different systems demand different migration strategies in a project environment 

depending on relationships between the old and new system, the systems modularity 

and the integration strategy being used. 

 The chapter concluded with a supportability analysis because it is the main reason for 

modernising railway maintenance depots and an analysis of an integrated approach to 

modernisation due to the number of many interacting dimensions. 

 Railway maintenance depots being large technical systems, there is need to integrate 

systems so that the depot functions as a unified whole 

Chapter 6: concerns data collection through interviews with five industry practitioners to 

confirm and substantiate the literature in Chapter 3: and Chapter 4:. Three dimensions were 

established from the interviews, namely; (i) what modernisation of passenger railway 

maintenance depots should achieve (ii) how modernisation must be carried out, and (iii) roles 

of different participants in decision making to enhance decision quality.  

The contextualisation phase produced a modernisation transitional framework which gives an 

overview of the modernisation of passenger railway maintenance depots. The diagrammatic 

representation of the transitional framework is shown in section 7.1, Figure 7.2. 

8.1.3 Phase 2: Framework development 

The framework was developed through Chapter 5 and Chapter 7 in Phase 2 of the research 

design in an iterative process to confirm that the design requirements established in Chapter 5 

were met in the developed framework in Chapter 7. Chapter 5 established the design 

characteristics that the framework must exhibit for it to be useful in the modernisation of depots 

in a multidisciplinary project environment. The framework was then developed for flexibility 

and robustness. Chapter 5 was concluded with the exploration of process steps within each 

project management phase. 

Chapter 7 developed the project management framework and explained the process steps 

within each phase. Railway projects take place in a complex and dynamic environment 

therefore the framework must be sufficiently flexible to adjust to different levels of dynamism. 

The framework follows logical steps made up of four overlapping phases that value delivery 

speed and motivated by Lean philosophy which recognises that change is inevitable. The 

flexibility was facilitated by the ability to use feedback mechanism for improvement on the 

next stage, cycle or iteration of the project. The robustness of the framework facilitated its 

applicability to different project types in a multidisciplinary environment. The users must be 

able to select different project management life cycle models depending on the project 

landscape. The selected project management life cycle model would then be tailored to suit 

project characteristics. Chapter 7 concluded by testing the applicability of the multidisciplinary 

project management framework in a real-world environment by conducting interviews for face 

and user validation. It was evident from the feedback from industry practitioners that the 

framework is useful and applicable to the modernisation of passenger railway maintenance 

depots. 
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The developed MPMF framework was published in International Conference on Competitive 

Manufacturing (COMA) 2021 proceedings and presented in Stellenbosch, Cape Town, South 

Africa. Submitting the paper for publication in the conference proceedings helped with testing 

the validity of the contents of the framework using opinions of reviewers. 

8.1.4 Research validation 

The framework was validated using triangulation. The method of triangulation was discussed 

in section 1.4 addressing objectives 8 and 9. The validity and feasibility of the MPMF 

framework was achieved through the triangulation of literature, feedback from industry 

practitioners during colloquiums throughout the study and validation interviews that were 

conducted with four industry practitioners to test the real-world applicability of the framework. 

Literature findings on railway maintenance depots and modernisation together with input from 

interviews with industry practitioners from PRASA was used in the development of the 

framework. The mapping of the transition of modernisation with respect to modernisation 

objectives, state of old railway maintenance depots, desired state of depots, systems migration 

and integration gave a holistic overview of the project environment. Further literature study on 

project management was used to study the development techniques of the MPMF framework. 

Together with literature, feedback from colloquiums contributed to the development and 

improvement of the framework continuously during the study. 

The real-world applicability of the complete MDPF framework was tested for feasibility, 

usability and utility in section 7.5. Seven industry practitioners were interviewed to gather their 

opinion about the framework which showed positive feedback. The summary of the finding is 

transcribed in section 7.5. Responses from industry practitioners were positive, hence the 

MPMF framework inspires confidence if used during decision-making concerning the 

modernisation of passenger railway maintenance depots in developing countries. Although the 

framework was not widely tested for generalisability in other developing countries, it is 

expected not to vary vastly because project management principles used to develop the 

framework are universal and the context of passenger railway maintenance depots is the same 

(large technical systems). The difference is probably soft issues related to different countries 

being the elements of difference. Nonetheless, future research should focus on identifying such 

differences. 

The developed MPMF framework was also presented at the International Conference on 

Competitive Manufacturing (COMA) 2021 and published in its proceedings. The peer review 

process for being accepted at this conference also support the validity of the research process 

and outcomes achieved. 

8.1.5 Research objectives 

This section gives an overview of the research objectives and the corresponding chapter (s) that 

address that objective as shown in Table 8.1. Conclusions on how the objectives were met are 

transcribed. 
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Table 8.1: Summary of research objectives 

Objective Reference 

To investigate the subject of modernisation within the railway industry Chapter 4, 6 

To investigate the causes of technological deficiencies associated with the railway 
maintenance depots systems 

Chapter 3, 6 

To determine the role of railway maintenance depots within the railway system Chapter 3, 6 

To determine the drivers of technology within the railway system Chapter 3 

To determine elements of a modernisation framework Chapter 4, 5 

To investigate project management principles Chapter 5 

To investigate project management for technical modernisation Chapter 5 

To develop a modernisation framework for railway maintenance depots in developing 
countries using project management 

Chapter 7 

To draw conclusion from result analysis and make recommendations for future research Chapter 8 

1) To investigate the subject of modernisation within the railway industry. 

 Chapter 4: Modernisation is a disruptive technological transition that transform 

organisations by addressing a need or exploit an opportunity within railway 

maintenance depots systems for sustainability through a number of project objectives, 

namely; supportability of new rolling stock, systems performance improvement, 

interoperability, maintenance optimisation and productivity improvement for strategic 

alignment. Modernisation does not change the kind of work but do change the methods 

and resources of doing work therefore the quality of work depends on technical 

resourcefulness of an organisation to improve operational performance. 

 Chapter 6: Modernisation at PRASA is being driven by the introduction of new rolling 

stock. The design of the support resources must therefore align with the design 

specifications of new rolling stock so that operations are not obstructed by technical 

barriers. The depots are viewed in the context of dependent systems that support 

independently evolving systems which are rolling stock therefore they must be 

constructed for adaptability. 

2) To investigate the causes of technological deficiencies associated with the railway 

maintenance depots systems. 

 Chapter 3: Technological deficiencies are caused by obsolescence and rapid evolution 

of technology that is driven by innovative systems in rail. Lack of investment in rail 

result in a technological gap between the rate of evolution of technology and 

organisational change. Furthermore, since railway maintenance depots support the 

maintenance of rolling stock fleet, there is no need to modernise for the existing fleet 

otherwise there will be technological incompatibilities. Depots are characterised by 
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long cycle technologies which make them not agile therefore organisational change is 

not congruent with technological changes. 

 Chapter 6: Long cycle technologies within railway maintenance depots systems have 

a long lifespan yet technology evolve rapidly. Rolling stock fleet have a life expectancy 

of 54 years therefore a technological reset trajectory can only be taken after the end of 

life, midlife renewal of rolling stock and/or during the initial fielding of new rolling 

stock. 

3) To investigate the role of passenger railway maintenance depots in developing countries. 

 Chapter 3: Railway maintenance depots are maintenance sites for rolling stock and 

they also house signalling equipment although the scope of this study is restricted to 

maintenance. The resources to inspect the condition of rolling stock and carry out 

maintenance work must be adequate to enhance the quality of work and avoid delay. 

To increase productivity, the turnaround time must be minimum and it is influenced by 

technical resourcefulness and facilities layout. 

 Chapter 6: The feedback from interviews with industry practitioners confirmed what 

was reported in literature. Passenger railway maintenance depots are a heavy machinery 

environment therefore it is operated and modernised according to regulations for safety 

reasons. 

4) To determine the drivers of technology within the railway system. 

 Chapter 3: Technology is driven by innovation that seeks to exploit opportunities such 

as exploiting inherent competitive strengths in rail’s genetic technologies or address 

problems such as climate change, power consumption and address regulatory 

requirements to enhance safety. Technological change is facilitated by investments. 

5) To determine the elements of a modernisation framework. 

 Chapter 4: A modernisation framework must be adaptable for use in a 

multidisciplinary project environment to fulfil the objectives and goal of modernisation. 

Different systems require different migration and integration strategies that the 

framework must accommodate. The framework must be usable by different project 

teams that work independently but in a closely coordinated framework to facilitate 

project control without losing the necessary flexibility. 

 Chapter 5: The project management framework must follow logical steps that consist 

of a sequence of process steps that support goal realisation. A feedback mechanism is 

necessary for planning and improvement on subsequent cycles to cope with integration 

challenges and address dynamic challenges. Furthermore, the framework must have a 

value-centric approach so that it delivers according to project objectives and goal. 

Lastly, it must be robust for it to be applicable in a multidisciplinary project 

environment described in Chapter 4. 

6) To investigate project management principles. 

 Chapter 5: Project management has general principles that are applicable to all 

projects. However, due to different levels of complexity, different project management 
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lifecycle models are selected depending on project landscape. Lifecycle models are 

generic therefore they must be tailored according to project characteristics.  

7) To investigate project management for technical modernisation. 

 Chapter 5: Technical projects are characterised by dynamic complexity and structural 

complexity. In order to deliver in a complex environment, the approach to managing 

the project must be flexible and robust. Flexibility allows the project manager to make 

necessary adjustments by selecting a suitable lifecycle model and tailor it for each 

delivery cycle without losing control of the project. Robustness is another dimension 

that is required in a multidisciplinary project environment to facilitate the management 

of projects that are delivered to meet the objectives of modernisation. 

8) To develop a modernisation framework for passenger railway maintenance depots in 

developing countries using project management. 

 Chapter 7: The developed MPMF framework follows a logical sequence of process 

steps that are classified into phases to facilitate an evolutionary transformation of 

railway maintenance depots by reshaping the operational system and activities that 

support goal realisation. The development of the MPMF takes into consideration the 

project environment with respect to project complexity and characteristics. To have an 

in-depth understanding of the project environment, a project management transitional 

framework was developed to give a holistic overview of the project environment. 

Different systems’ migration approaches are applied depending on system (both current 

and desired) characteristics. The four main migration approaches used in a project 

environment are linear, iterative, cycle and staged. The selected approach then 

influence the selection of the project management life cycle model to facilitate the 

transformation in a project environment. 

9) To draw conclusion from result analysis and make recommendations for future research 

 Chapter 8: The validation feedback highlighted that the MPMF has generic project 

management principles and can be applied to most complex project management 

environments which create an opportunity for future research into methods for 

customising the MPMF for specific applications. More research is also required to 

establish and refine the relationship between objectives of modernisation based on the 

objectives’ interconnectedness. The framework was validated by means of face 

validation with seven industry practitioners, among them was the Project-Based 

Supplier, Project Manager, Depot Operator, Rolling Stock Operator, Rolling Stock 

OEM, Regulatory Board member and Systems Integrator. Feeback from the validation 

interviews provided evidence in support of the framework and its usefulness in 

decision-making concerning modernisation of passenger railway maintenance depots. 

8.1.6 Research contributions 

The contributions that this study made are discussed in this section of the thesis. 

(i) This study explored the subject of modernisation which is important to fill in the gaps 

in literature and generated concepts relevant to railway maintenance depots systems. 
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(ii) The mapping of a disruptive technological transition through a number of 

modernisation objectives to achieve a desired state of railway maintenance depots 

embraces a holistic view of the modernisation project. 

(iii) The developed framework: 

 Provides railway organisations with project management guidelines on how to 

implement modernisation of their passenger depots based on literature findings and 

interviews with industry practitioners. 

 Puts a systematic structure to the overlapping project management phases to facilitate 

ease of use. 

 Facilitates integration of all modernisation efforts to achieve sustainability in the 

operations of passenger railway maintenance depots. 

 Allows different project teams to operate independently in a closely coordinated 

framework for realisation of the modernisation goal. 

 Gives project managers the flexibility to be creative in managing projects. 

8.2 Research limitations 

Research limitations were identified in four areas of the study, namely; (i) literature (ii) case 

study (iii) interviews, and (iv) the framework. 

Literature: 

The scope of the modernisation of passenger railway maintenance depots is broad because it 

covers depot and facilities layout, infrastructure, civils, signalling, maintenance regimes and 

production equipment. The inclusiveness of all these aspects restrict analysis to a high level 

and reduces the amount of detail concerning each factor. 

Case study: 

A single case was used in this study. Given that the framework was developed to assist 

developing countries in modernising their railway maintenance depots, the situation is not 

universally in all railway maintenance depots for different countries. Railway maintenance 

depots were constructed differently under the governing economic conditions of individual 

countries. Some depots in other countries have never been modernised and this differentiates 

to some extent. 

Interviews: 

One method of data collection was used using semi-structured interviews to supplement data 

from literature as input to the study and to validate the research results. More methods could 

have been used to provide more input that would have potentially been relevant to the 

development of the framework. Also, the industry practitioners who participated in the 

interviews work for the same railway organisation hence their views were almost similar which 

makes the applicability of the framework biased. 

The framework: 
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The validation interviews of the framework were conducted with participants from the same 

organisation although at different levels of the organisation’s organogram. Two challenges 

were noticed from the approach: 

(i) The views of the participants are almost similar hence there are minor differences to 

their judgements of the framework unlike when validation participants were from 

different organisations or countries, the judgements might have contradicted each other. 

(ii) It was highlighted in the feedback that the framework is for high level planning and 

very few aspects are applicable to the lower levels of the project. This is attributed to 

the fact that the lower and dynamic levels of the WBS are only available when technical 

solutions and specifications to problems become available which is beyond the scope 

of this study. 

8.3 Future research recommendations 

This research was successful in developing a framework that would assist developing countries 

in modernising their passenger railway maintenance depots taking advantage of technological 

advancements. The mapping of the transition from the old railway maintenance depots to the 

desired future state (see Figure 7.2) gives a holistic perspective of the project within the context 

of large technical systems. However, there are limitations to the research as alluded in section 

8.2 and there is room for improvement. Based on those limitations and validation interviews 

results, the recommendations for future areas of research, based on this study, will be discussed. 

(i) The objectives of modernisation are interconnected, there is a need for more research 

to establish and refine the relationships between the objectives of modernisation based 

on their interconnectedness to ensure that the project’s interdependencies are mutually 

compatible at depot level; 

(ii) The feedback highlighted that the MPMF framework has generic project management 

principles and can be applied to most complex project management environment which 

create an opportunity to research on methods of customising it for other industries; 

(iii) The framework is of a high level, future research can focus on the details of the process 

steps within each project management phase to be usable on different levels of 

planning; 

(iv) The development of the framework was triggered by the initial fielding of new rolling 

stock, therefore, the framework was developed to help railway organisations to 

transform their depots to facilitate the maintenance of new rolling stock, the scope of 

the study can be broadened to cover other triggers such as network coverage expansion; 

(v) Further research can also be carried out on the best methods of ordering the process 

steps in project phases; 

(vi) The study focused on technical aspects of modernisation but there are soft issues such 

as culture, politics, administrative issues and economics that require further research on 

how they can be integrated in developing a framework. 

8.4 Chapter summary 

This chapter draw conclusions from the research study. Conclusions on how the objectives 

were met through corresponding chapters are made. The research contributions are also 

discussed that reflect the usefulness of the study not only to the body of knowledge but to the 
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industry as well. The limitations of the research with respect to literature, case study, interviews 

and the developed framework are also discussed. The given research recommendations were 

drawn from the conclusions upon the completion of this study and serves as the conclusion of 

this thesis. 

  

Stellenbosch University https://scholar.sun.ac.za



137 

 

References 

Abdelaziz, A. A., El-Tahir, Y. and Osman, R. (2016) ‘Adaptive Software Development for developing safety 

critical software’, in Proceedings - 2015 International Conference on Computing, Control, Networking, 

Electronics and Embedded Systems Engineering, ICCNEEE 2015. Institute of Electrical and Electronics 

Engineers Inc., pp. 41–46. doi: 10.1109/ICCNEEE.2015.7381425. 

Aberbach, J. D. and Rockman, B. A. (2002) ‘Conducting and coding elite interviews’, in PS - Political Science 

and Politics, pp. 673–676. doi: 10.1017/S1049096502001142. 

Ade, A., Witt, E. and Lill, I. (2018) ‘Research methodology for the development of a framework for managing 

post-disaster housing reconstruction’, Procedia Engineering, 212(2017), pp. 598–605. doi: 

10.1016/j.proeng.2018.01.077. 

AfDB (2015) Rail Infrastructure in Africa: Financing Policy Options. 1st edn. Abidjan: African Development 

Bank Group. 

Agarwal, P. K., De, D. and Rathour, H. K. (2017) ‘Modernization of multi location live SCADA system-A case 

study’, in 2016 National Power Systems Conference, NPSC 2016. Institute of Electrical and Electronics Engineers 

Inc., pp. 1–6. doi: 10.1109/NPSC.2016.7858868. 

Aghion, P. and Howitt, P. (1992) ‘A Model of Growth Through Creative Destruction’, Econometrica, 60(2), p. 

323. doi: 10.2307/2951599. 

Akamatsu, K. (1962) ‘A HISTORICAL PATTERN OF ECONOMIC GROWTH IN DEVELOPING 

COUNTRIES’, The Developing Economies, 1, pp. 3–25. doi: 10.1111/j.1746-1049.1962.tb01020.x. 

Akbar, R. (2019) ‘Tailoring Agile-based software development processes’, IEEE Access, 7, pp. 139852–139869. 

doi: 10.1109/ACCESS.2019.2944122. 

Albrecht, J. (2016) ‘Revamp and Upgrade Possibilities in Sulphuric Acid Plants’, in Procedia Engineering. 

Oberursel: Elsevier Ltd, pp. 184–198. doi: 10.1016/j.proeng.2016.02.076. 

Alelyani, T. et al. (2019) ‘A literature review on obsolescence management in COTS-centric cyber physical 

systems’, in Procedia Computer Science. Elsevier B.V., pp. 135–145. doi: 10.1016/j.procs.2019.05.064. 

Alexandrova, A. (2012) ‘Business requirements analysis and development for legacy system replacement projects 

in government organizations’, in 2012 20th IEEE International Requirements Engineering Conference, RE 2012 

- Proceedings, pp. 337–340. doi: 10.1109/RE.2012.6345833. 

Alnoukari, M., Alzoabi, Z. and Hanna, S. (2008) ‘Applying Adaptive Software Development (ASD) agile 

modeling on predictive data mining applications: ASD-DM methodology’, in Proceedings - International 

Symposium on Information Technology 2008, ITSim. doi: 10.1109/ITSIM.2008.4631695. 

Amankwah-Amoah, J. (2017) ‘Integrated vs. add-on: A multidimensional conceptualisation of technology 

obsolescence’, Technological Forecasting and Social Change, 116, pp. 299–307. doi: 

10.1016/j.techfore.2016.10.006. 

Ambrasaite, I., Barfod, M. B. and Salling, K. B. (2011) ‘MCDA and risk analysis in transport infrastructure 

appraisals: The Rail Baltica case’, in Procedia - Social and Behavioral Sciences. Lyngby: Elsevier, pp. 944–953. 

doi: 10.1016/j.sbspro.2011.08.103. 

Andersen, E. S. (2006) ‘Toward a Project Management theory for renewal projects’, Project Management 

Journal, 37(4), pp. 15–30. 

Stellenbosch University https://scholar.sun.ac.za



138 

 

Andersson, T. and Chapman, R. (2017) ‘Project strategy for product innovation: The strategic project management 

framework’, International Journal of Project Organisation and Management, 9(4), pp. 328–349. doi: 

10.1504/IJPOM.2017.088240. 

Arbain, A. F., Ghani, I. and Jeong, S. R. (2014) ‘A Systematic Literature Review on Secure Software Development 

using Feature Driven Development (FDD) Agile Model’, Journal of Korean Society for Internet Information, 

15(1), pp. 13–27. doi: 10.7472/jksii.2014.15.1.13. 

Asekun, O. O. and Fourie, C. J. (2015) ‘Selection of a decision model for rolling stock maintenance scheduling’, 

South African Journal of Industrial Engineering, 26(1), pp. 135–149. doi: 10.7166/26-1-1068. 

Azevedo, M. M., Crispim, J. A. and Pinho de Sousa, J. (2019) ‘A dynamic multiobjective model for designing 

machine layouts’, IFAC-PapersOnLine, 52(13), pp. 1896–1901. doi: 10.1016/j.ifacol.2019.11.479. 

Bakar, H. K. M. A., Razali, R. and Jambari, D. I. (2019) ‘Implementation phases in modernisation of legacy 

systems’, in International Conference on Research and Innovation in Information Systems, ICRIIS. IEEE 

Computer Society, pp. 1–6. doi: 10.1109/ICRIIS48246.2019.9073628. 

Baker, A. (2013) ‘Configurable obsolescence mitigation methodologies’, in Procedia CIRP. Elsevier B.V., pp. 

352–356. doi: 10.1016/j.procir.2013.07.013. 

Baruch, R., Gerald, S. and Ruina, A. (1983) ‘A Quantitative Model of Technology Transfer and Technological 

“Catch-Up”: The Case of Developed Countries’, Technological Forecasting and Social Change, 24, pp. 31–44. 

doi: 0040.1625/83/. 

von Bary, B., Westner, M. and Strahringer, S. (2018) ‘Adding experts’ perceptions to complement existing 

research on information systems backsourcing’, International Journal of Information Systems and Project 

Management, 6(4), pp. 17–35. doi: 10.12821/ijispm060402. 

Battisti, C. (2018) ‘Unifying the trans-disciplinary arsenal of project management tools in a single logical 

framework: Further suggestion for IUCN project cycle development’, Journal for Nature Conservation, 41, pp. 

63–72. doi: 10.1016/j.jnc.2017.11.005. 

Beaumont, T. (2019) ‘Communist Trade Unionism and Industrial Relations on the French Railways, 1914-1939’, 

in Fellow Travellers. 1st edn. Liverpool: Liverpool University Press. (2019), pp. 115–135. 

Bernroider, E. W. N. and Ivanov, M. (2011) ‘IT project management control and the Control Objectives for IT 

and related Technology (CobiT) framework’, International Journal of Project Management, 29(3), pp. 325–336. 

doi: 10.1016/j.ijproman.2010.03.002. 

Berteau, D. J. (2019) Product Support Manager Guidebook. 2nd edn. Washington, D.C.: U.S. Department of 

Defense. Available at: https://www.dau.edu/tools/t/DoD-Public-Private-Partnering-(PPP)-for-Product-Support- 

Guidebook. 

Binder, J., Aillaud, L. I. and Schilli, L. (2014) ‘The Project Management Cocktail Model: An Approach for 

Balancing Agile and ISO 21500’, Procedia - Social and Behavioral Sciences, 119, pp. 182–191. doi: 

10.1016/j.sbspro.2014.03.022. 

Blair, E. (2015) ‘A reflexive exploration of two qualitative data coding techniques’, Journal of Methods and 

Measurement in the Social Sciences, 6(1). doi: 10.2458/v6i1.18772. 

Blumenfeld, M. et al. (2019) ‘Developing a New Technical Strategy for Rail Infrastructure in Low-Income 

Countries in Sub-Saharan Africa and South Asia’, Sustainability, 11(4319), pp. 1–23. 

Borenstein, D. (1998) ‘Towards a practical method to validate decision support systems’, Decision Support 

Stellenbosch University https://scholar.sun.ac.za



139 

 

Systems, 23(3), pp. 227–239. doi: 10.1016/S0167-9236(98)00046-3. 

Boucekkine, R., Rio,  del F. and Licandro, O. (2005) ‘Obsolescence and modernization in the growth process’, 

Journal of Development Economics, 77, pp. 153–171. doi: 10.1016/j.jdeveco.2004.03.004. 

Brawner, M. J. and Kurak, S. (2015) ‘Submarine communications modernisation - Technology insertions for 

interoperability and supportability in the 2015 timeframe’, pp. 1–7. 

Brinker, S. (2016) Martec’s Law: the greatest management challenge of the 21st century, Chief Marketing 

Technologist. Available at: https://chiefmartec.com/2016/11/martecs-law-great-management-challenge-21st-

century/ (Accessed: 1 December 2020). 

Bryman et al. (2014) ‘Formulating a Proposal and Reviewing the Literature’, in Research Methodology, pp. 95–

96. 

Bullock, R. (2005) Results of Railway Privatization in Africa. Washington, D.C.: The World Bank Group. 

Bullock, R. (2009) Off Track: Sub-Saharan African Railways. Washington, DC. Available at: 

www.worldbank.org (Accessed: 16 November 2020). 

Carmichael, D. G. (2004) Project Management Framework, The University of New Wales, Sydney, Australia. 

Sydney: A.A. Balkema Publishers. 

Cassell, C., Cunliffe, A. L. and Grandy, G. (2018) The SAGE handbook of quality business and management 

research methods. Edited by K. Smy, C. Wilson, and S. Nailwal. Los Angeles: SAGE Publications, Inc. 

Ceng, M. and Dongen, L. A. M. van (2013) ‘Application of Remote Condition Monitoring in Different Rolling 

Stock Life Cycle Phases’, in 2nd International Through-life Engineering Services Conference. Utrecht: Elsevier 

B.V, pp. 135–138. 

Cetindamar, D., Phaal, R. and Probert, D. (2009) ‘Understanding technology management as a dynamic 

capability : A framework for technology management activities’, technovatiom: The journal of Technological 

Innovation, Entrepreneurship and Technology Management, 29(4), pp. 237–246. doi: 

10.1016/j.technovation.2008.10.004. 

Cetindamar, D., Phaal, R. and Probert, D. (2016) Technology Management Activities and Tools. 2nd edn. London: 

Macmillan Publishers Limited. 

Charmaz, K. (2006) Constructing Grounded Theory: A practical guide through qualitative analysis. 1st edn. 

SAGE Publications, Inc. doi: 10.7748/nr.13.4.84.s4. 

Charmaz, K. (2014) Constructing grounded theory: Introducing qualitative methods. 2nd edn. Edited by J. 

Seaman and I. Antcliff. SAGE Publications Inc. Available at: https://za1lib.org/book/5739456/6d3245 (Accessed: 

7 June 2021). 

Chen, Y., Farinelli, U. and Johansson, T. B. (2010) ‘Technological leapfrogging - a strategic pathway to 

modernisation of the Chinese iron and steel industry’, Energy for Sustainable Development, 8(2), pp. 30–38. doi: 

10.1016/S0973-0826(08)60457-3. 

Choung, J. (2014) ‘Transitions of innovation activities in latecomer countries : An exploratory case study of South 

Korea’, WORLD DEVELOPMENT, 54, pp. 156–167. doi: 10.1016/j.worlddev.2013.07.013. 

Christian, W. (2007) Fire and Steam: A New History of the Railways in Britain. 1st edn. London: Atlantic Books. 

Cioboată, D., Stanciu, D. and Ghionea, I. G. (2015) ‘The Romanian review precision mechanics, optics & 

Stellenbosch University https://scholar.sun.ac.za



140 

 

mechatronics: Technological system for profiling/re-profiling railway wheel sets’. Bucharest: Researchgate.net, 

pp. 1–6. 

Clavareau, J. and Pierre-Etienne, L. (2009) ‘Maintenance and replacement policies under technological 

obsolescence’, Reliability Engineering and System Safety, 94, pp. 370–381. doi: 10.1016/j.ress.2008.03.033. 

Collyer, S. and Warren, C. M. J. (2009) ‘Project management approaches for dynamic environments’, 

International Journal of Project Management, 27(4), pp. 355–364. doi: 10.1016/j.ijproman.2008.04.004. 

Comella-Dorda, S. et al. (2000) ‘Survey of black-box modernization approaches for information systems’, in 

Conference on Software Maintenance. Software Engineering Insitute, pp. 173–183. doi: 

10.1109/icsm.2000.883039. 

Connor, D. P. (2019a) Home Page | The Railway Technical Website | PRC Rail Consulting Ltd, Railway technical 

blog. Available at: http://www.railway-technical.com/. 

Connor, D. P. (2019b) ‘The Railway Technical Website’. Available at: http://www.railway-

technical.com/trains/train-maintenance/ (Accessed: 27 March 2020). 

Connor, P. (2012) Railway Technical. 1st edn, Railway Technical. 1st edn. Available at: http://www.railway-

technical.com/index.shtml. 

Corbin, J. and Strauss, A. (2008) Basics of Qualitative Research: Techniques and Procedures for Developing 

Grounded Theory. 3rd edn. Edited by V. Knight et al. Thousand oaks: SAGE Publications, Inc. 

Coulon, A. et al. (2019) ‘Life extension approach focusing on industrial and railway applications’, in Procedia 

Structural Integrity. Ecully: Elsevier B.V., pp. 665–673. doi: 10.1016/j.prostr.2019.12.072. 

Creswell, J. W. (2009) Research Design Qualitative, Quantitative, and Mixed Methods Approaches. 3rd edn. 

Edited by V. Knight et al. Los Angeles: SAGE Publications Inc. 

Creswell, J. W. and Creswell, J. D. (2018) Research design: qualitative, quantitative and mixed method 

approaches. 5th edn. Edited by H. Salmon et al. London: SAGE Publications, Inc. 

Cunliffe, A. L. (2011) ‘Crafting Qualitative Research : Morgan and Smircich 30 years on’, Organisational 

Research Methods, 14(4), pp. 647–673. doi: 10.1177/1094428110373658. 

Cunliffe, A. L. and Karunanayake, G. (2013) ‘Working Within Hyphen- Spaces in Ethnographic Research : 

Implications for Research Identities and Practice’, Organisational Research Methods, 16(3), pp. 364–392. doi: 

10.1177/1094428113489353. 

Dawson, C. (2009) Introduction to research methods: A practical guide for anyone undertaking a research 

project. 4th edn. Begbroke: How To Content. 

Denney, A. S. and Tewksbury, R. (2012) ‘How to Write a Literature Review’, Journal of Criminal Justice 

Education, 24(2), pp. 218–234. 

Denzin, N. K. and Lincoln, Y. S. (2018) The SAGE handbook of qualitative research. 5th edn. Edited by H. 

Salmon et al. Los Angeles: SAGE Publications, Inc. 

Dimić, S. et al. (2016) ‘Strategic Transport Management Models—The Case Study of an Oil Industry’, 

Sustainability, 8(9), p. 954. doi: 10.3390/su8090954. 

Dincer, I., Hogerwaard, J. and Zamfirescu, C. (2016) Green Energy and Technology: Clean Rail Transportation 

Options. 1st edn. Oshawa: Springer International Publishing AG Switzerland. 

Stellenbosch University https://scholar.sun.ac.za



141 

 

Dominguez Lacasa, I. et al. (2019) ‘Paths of technology upgrading in the BRICS economies’, Research Policy, 

48(1), pp. 262–280. doi: 10.1016/j.respol.2018.08.016. 

Durmus, M. S. et al. (2016) ‘Modular fault diagnosis in fixed-block railway signaling systems’, in International 

Federation of Automatic Control. Istanbul: Elsevier B.V, pp. 459–464. doi: 10.1016/j.ifacol.2016.07.077. 

Eslami, M. H. and Melander, L. (2019) ‘Exploring uncertainties in collaborative product development: Managing 

customer-supplier collaborations’, Journal of Engineering and Technology Management - JET-M, 53(February), 

pp. 49–62. doi: 10.1016/j.jengtecman.2019.05.003. 

Figueiredo, P. N. (2014) ‘Beyond technological catch-up: An empirical investigation of further innovative 

capability accumulation outcomes in latecomer firms with evidence from Brazil’, Journal of Engineering and 

Technology Management - JET-M, 31(1), pp. 73–102. doi: 10.1016/j.jengtecman.2013.10.008. 

Firdaus, A., Ghani, I. and Jeong, S. R. (2014) ‘Secure Feature Driven Development (SFDD) Model for Secure 

Software Development’, Procedia - Social and Behavioral Sciences, 129, pp. 546–553. doi: 

10.1016/j.sbspro.2014.03.712. 

Flick, U. (2014) The SAGE handbook of qualitative data analysis. 1st edn. Edited by M. Banks et al. London: 

SAGE Publications, Inc. 

Fu, X. and Gong, Y. (2011) ‘Indigenous and Foreign Innovation Efforts and Drivers of Technological Upgrading: 

Evidence from China’, World Development, 39(7), pp. 1213–1225. doi: 10.1016/j.worlddev.2010.05.010. 

Gall, D., Svensson, R. B. and Johansson, J. (2005) ‘Dynamic Systems Development Method and Rapid 

Application Development’, Salvin.Jeancharles.Free.Fr. Available at: 

http://salvin.jeancharles.free.fr/Documents/Projet - Boulot/Suede/Project Management/Process 

Model/DSDM.pdf (Accessed: 29 April 2022). 

Garcia, E. F. et al. (2018) ‘Simulation-based optimization for facility layout design in conditions of high 

uncertainty’, Procedia CIRP, 72(51), pp. 334–339. doi: 10.1016/j.procir.2018.03.227. 

Geyer, A. and Davies, A. (2000) ‘Managing project-system interfaces: Case studies of railway projects in 

restructured UK and German markets’, Research Policy, 29(7–8), pp. 991–1013. doi: 10.1016/s0048-

7333(00)00116-5. 

Giacco, G. L. et al. (2014) ‘Short-term rail rolling stock rostering and maintenance scheduling’, in 17th Meeting 

of the EURO Working Group on Transportation. Sevilla: Elsevier B.V, pp. 651–659. 

Girifalco, L. A. (1991) DYNAMICS OF TECHNOLOGICAL CHANGE DYNAMICS OF TECHNOLOGICAL. 1st 

edn. New York: University of Pennsylvania. 

Godse, M. and Rajiv, B. (2019) ‘Improvement of project management knowledge areas using scrum technique’, 

in Davim, J. P. (ed.) Optimization methods in engineering: Select Proceedings of CPIE 2019. Pune: Springer 

Nature Singapore, pp. 133–149. doi: doi.org/10.1007/978-981-15-4550-4_8. 

Goel, P. P. (2010) Indian Railway Signal Engineering. 4th edn. Allahabad: Astha Publications. 

Gökçe, A. and Anna, D.-C. (2013) ‘Discussions on rail in urban areas and rail history’, Research in Transportation 

Economics, 41(1), pp. 84–88. 

Guo, Y. and Zheng, G. (2019) ‘How do firms upgrade capabilities for systemic catch-up in the open innovation 

context? A multiple-case study of three leading home appliance companies in China’, Technological Forecasting 

and Social Change, 144(2019), pp. 36–48. doi: 10.1016/j.techfore.2019.04.001. 

Stellenbosch University https://scholar.sun.ac.za



142 

 

Hatziargyriou, N. et al. (2017) ‘Towards the modernisation of the supervisory control and data acquisition systems 

of the Hellenic electricity distribution network operator: Considerations and steps forward’, in 24th International 

Conference & Exhibition on Electricity Distribution (CIRED). Athens: Institution of Engineering and Technology, 

pp. 1516–1519. doi: 10.1049/oap-cired.2017.1014. 

He, S., Khan, Z. and Shenkar, O. (2018) ‘Subsidiary capability upgrading under emerging market acquirers’, 

Journal of World Business, 53(2), pp. 248–262. doi: 10.1016/j.jwb.2017.11.006. 

Hidalgo, E. S. (2019) ‘Adapting the scrum framework for agile project management in science: case study of a 

distributed research initiative’, Heliyon, 5(3), p. e01447. doi: 10.1016/j.heliyon.2019.e01447. 

Highsmith, J. A. (2000) Adaptive Software Development: A Collaborative Approach to Managing Complex 

Systems, Journal of Evolutionary Biology. New York. Available at: 

https://books.google.co.za/books?hl=en&lr=&id=CVcUAAAAQBAJ&oi=fnd&pg=PR7&dq=%22Adaptive+So

ftware+Development%22&ots=5tBBazEtzF&sig=vNNyqwIJ_tMwB9SJBq1P_wdoESk&redir_esc=y#v=onepa

ge&q=%22Adaptive Software Development%22&f=false (Accessed: 24 April 2022). 

Hruschka, D. J. et al. (2004) ‘Reliability in Coding Open-Ended Data: Lessons Learned from HIV Behavioral 

Research’, Field Methods, 16(3), pp. 307–331. doi: 10.1177/1525822X04266540. 

Humphrey, J. and Schmitz, H. (2002) ‘How does insertion in global value chains affect upgrading in industrial 

clusters?’, Regional Studies, 36(9), pp. 1017–1027. doi: 10.1080/0034340022000022198. 

Hungerländer, P. (2013) ‘A semidefinite optimization approach to the directed circular facility layout problem’, 

in IFAC Proceedings Volumes (IFAC-PapersOnline). Saint Petersburg: IFAC Secretariat, pp. 2033–2038. doi: 

10.3182/20130619-3-RU-3018.00509. 

Hunt, J. (2006) ‘Feature-Driven Development’, in Agile Software Construction. Springer London, pp. 161–182. 

doi: 10.1007/1-84628-262-4_9. 

INCOSE (2015) Systems Engineering Handbook: A guide for system life cycle processes and activities. 4th edn. 

Edited by D. D. Walden et al. San Diego: John Wiley & Sons, Inc. 

INCOSE (2016) Guide to the Systems Engineering Body of Knowledge (SEBoK). 7th edn. Edited by R. Adcock. 

Massachusetts: Syatems Engineering Body of Knowledge. Available at: 

http://sebokwiki.org/w/index.php?title=System_Verification&oldid=50858. 

Institute of Medicine National Research Council (2002) Integrity in scientific research: Creating an environment 

that promotes responsible conduct. 1st edn. Washington, D.C.: National Academy of Sciences. 

InTech (2012) Infrastructure design, signalling and security in railway. 1st edn. Edited by X. Perpinya. Rijeka: 

InTech. 

Jabareen, Y. (2009a) ‘Building a conceptual framework: philosophy, definitions and procedure’, International 

Journal of Qualitative Methods, 8(4), pp. 49–62. doi: 10.1177/160940690900800406. 

Jabareen, Y. (2009b) ‘Building a conceptual framework. Philopspohy, definition, procedure’, International 

Journal of Qualitative Methods, 8(4), pp. 49–62. 

Jackson, L. and Andrews, J. (2013) ‘Advances in Risk and Reliability Technology Symposium’, in Proceedings 

of the 20th ARRTS. Loughborough: Loughborough University, p. 447. 

Janke, R. A. (2008) The SAGE encyclopedia of qualitative research methods. 1st&2nd edn. Edited by L. M. Given 

and K. Saumure. Thousand oaks: SAGE Publications, Inc. 

Stellenbosch University https://scholar.sun.ac.za



143 

 

Jayakumar, A., Krishnaraj, C. and Raghunayagan, P. (2018) ‘Manufacturing facilities layout design’, 

International Research Journal of Engineering and Technology (IRJET), 5(2), pp. 1003–1007. Available at: 

https://www.researchgate.net/publication/323343122_Manufacturing_Facilities_Layout_Design (Accessed: 30 

June 2020). 

Jenner, B. (2004) A Companion to Qualitative research. 1st edn. Edited by U. Flick, E. von Kardorff, and I. 

Steinke. London: SAGE Publications. 

Jiang, J. J. et al. (2018) ‘Managing multiple-supplier project teams in new software development’, International 

Journal of Project Management, 36(7), pp. 925–939. doi: 10.1016/j.ijproman.2018.07.002. 

Jung, M. and Lee, K. (2010) ‘Sectoral systems of innovation and productivity catch-up: Determinants of the 

productivity gap between Korean and Japanese firms’, Industrial and Corporate Change, 19(4), pp. 1037–1069. 

doi: 10.1093/icc/dtp054. 

Kabalan, B. et al. (2017) ‘Framework for centralized and dynamic pedestrian management in railway stations’, in 

Transportation Research Procedia. Paris: Elsevier B.V., pp. 712–719. doi: 10.1016/j.trpro.2017.12.091. 

Kemeny, T. (2010) ‘Does foreign direct investment drive technological upgrading?’, World Development, 38(11), 

pp. 1543–1554. doi: 10.1016/j.worlddev.2010.03.001. 

Kergroach, S. (2018) ‘National innovation policies for technology upgrading through GVCs : A cross-country 

comparison’, Technological Forecasting & Social Change, pp. 1–15. doi: 10.1016/j.techfore.2018.04.033. 

Kesidou, E. (2008) ‘Do Local Knowledge Spillovers Matter for Development? An Empirical Study of Uruguay’s 

Software Cluster’, World Development, 36(10), pp. 2004–2028. doi: 10.1016/j.worlddev.2008.01.003. 

Khan, M. A. et al. (2018) ‘Review on upgradability – A product lifetime extension strategy in the context of 

product service systems’, Journal of Cleaner Production, 204, pp. 1154–1168. doi: 

10.1016/j.jclepro.2018.08.329. 

Khan, M. A., West, S. and Wuest, T. (2020) ‘Midlife upgrade of capital equipment: A servitization-enabled, value-

adding alternative to traditional equipment replacement strategies’, CIRP Journal of Manufacturing Science and 

Technology, 29(2020), pp. 232–244. doi: 10.1016/j.cirpj.2019.09.001. 

Khan, M. A. and Wuest, T. (2019) ‘Upgradable product-service systems: Implications for business model 

components’, in Procedia CIRP. Elsevier B.V., pp. 768–773. doi: 10.1016/j.procir.2019.01.091. 

Kiamehr, M. (2017) ‘Paths of technological capability building in complex capital goods: The case of hydro 

electricity generation systems in Iran’, Technological Forecasting and Social Change, 122, pp. 215–230. doi: 

10.1016/j.techfore.2016.03.005. 

Kikolski, M. and Ko, C. H. (2018) ‘Facility layout design - Review of current research directions’, Engineering 

Management in Production and Services, 10(3), pp. 70–79. doi: 10.2478/emj-2018-0018. 

Koppenjan, J. et al. (2011) ‘Competing management approaches in large engineering projects: The Dutch 

RandstadRail project’, International Journal of Project Management, 29(6), pp. 740–750. doi: 

10.1016/j.ijproman.2010.07.003. 

Kortelainen, H. et al. (2013) ‘Asset Management Decisions Based on System Thinking and Data Analysis’, in 

Tse, P. W. et al. (eds) Engineering Asset Management - Systems, Professional Practices and Certification: 

Proceedings of the 8th World Congress on Engineering Asset Management (WCEAM 2013) & the 3rd 

International Conference on Utility Management & Safety (ICUMAS). 8th edn. New York: Springer International 

Publishing Switzerland 2015, pp. 1083–1094. 

Stellenbosch University https://scholar.sun.ac.za



144 

 

Kossiakoff, A. et al. (2011) Systems Engineering Principles and Hypotheses. 2nd edn, Insight. 2nd edn. Edited 

by A. P. Sage. Hoboken, New Jersey: John Wiley & Sons, Inc. doi: 10.1002/inst.12233. 

Kothari, C. R. (2004) Research methodology methods and techniques. 2nd edn. New Delhi: New Age International 

(P) Ltd. 

Kour, R., Karim, R. and Tretten, P. (2014) ‘EMaintenance solutions for railway maintenance decisions’, Journal 

of Quality in Maintenance Engineering, 20(3), pp. 262–275. 

Krmac, E. and Djordjević, B. (2017) ‘An evaluation of train control information systems for sustainable railway 

using the analytic hierarchy process (AHP) model’, European Transport Research Review, 9(3). doi: 

10.1007/s12544-017-0253-9. 

Krmac, E. and Djordjevii, B. (2019) ‘A Multi-Criteria Decision-Making Framework for the Evaluation of Train 

Control Information Systems, the Case of ERTMS’, International Journal of Information Technology and 

Decision Making, 18(1), pp. 209–239. doi: 10.1142/S0219622018500451. 

Kumar, R. (2011) Research Methodology: a step-by-step guide for beginners. 3rd edn. New Delhi: SAGE 

Publications, Inc. 

Lackhove, C., Jaeger, B. and Lemmer, K. (2010) ‘Generating and optimising strategies for the migration of 

European Train Control System’, Transactions on The Built Environment, 114, pp. 383–394. Available at: 

https://books.google.com/books?id=43YgMiUx7ooC&pgis=1. 

Laumet, P. and Bruun, M. (2016) ‘Trade-off Analysis for Infrastructure Management: New Approaches to Cross-

asset Challenges’, in Transportation Research Arena. Austin: Elsevier B.V., pp. 422–429. doi: 

10.1016/j.trpro.2016.05.094. 

Laurens, P. et al. (2018) ‘The artificial patents in the PATSTAT database: How much do they matter when 

computing indicators of internationalisation based on worldwide priority patents?’, Scientometrics, 114(1), pp. 

91–112. doi: 10.1007/s11192-017-2578-5. 

Lavopa, A. and Szirmai, A. (2018) ‘Structural modernisation and development traps . An empirical approach’, 

World Development, 112, pp. 59–73. doi: 10.1016/j.worlddev.2018.07.005. 

Leavy, P. (2017) Research design: Quantitative, qualitative, mixed methods, arts-based and community-based 

participatory research approaches. 1st edn. New York: The Guilford press. 

Lee, K. (2019) The Art of Economic Catch-Up Barriers, Detours and Leapfrogging in Innovation Systems. 1st 

edn. Edited by L. Singh et al. Seoul: Cambridge University Press. doi: 10.1017/9781108588232. 

Lester, A. (2014) Project Management, Planning and Control: Managing Engineering, Construction and 

Manufacturing Projects to PMI, APM and BSI Standards. 6th edn. Oxford: Elsevier. doi: 10.1016/C2012-0-

00612-6. 

Levitt, R. E. (2011) ‘Towards project management 2.0’, Engineering Project Organization Journal, 1(3), pp. 197–

210. doi: 10.1080/21573727.2011.609558. 

Lock, D. (2007) Project management. 9th edn, Project Management. 9th edn. Burlington: Gower Publishing 

Limited. doi: 10.5949/upo9781846313905.007. 

M’Baya, A., Laval, J. and Moalla, N. (2018) ‘An assessment conceptual framework for the modernization of 

legacy systems’, in International Conference on Software, Knowledge Information, Industrial Management and 

Applications, SKIMA. Lyon: Institute of Electrical and Electronics Engineers Inc., pp. 1–11. doi: 

10.1109/SKIMA.2017.8294120. 

Stellenbosch University https://scholar.sun.ac.za



145 

 

De Maio, A., Verganti, R. and Corso, M. (1994) ‘A multi-project management framework for new product 

development’, European Journal of Operational Research, 78(2), pp. 178–191. doi: 10.1016/0377-

2217(94)90381-6. 

Majidpour, M. (2016) ‘Technological catch-up in complex product systems’, Journal of Engineering and 

Technology Management, 41(November 2013), pp. 92–105. doi: 10.1016/j.jengtecman.2016.07.003. 

Mardani, A. et al. (2016) ‘Multiple criteria decision-making techniques in transportation systems: a systematic 

review of the state of the art literature’, Transport. Skudai Johor: Taylor and Francis, pp. 359–385. doi: 

10.3846/16484142.2015.1121517. 

Marion, J. W. (2018) Project Management: A Common Sense Guide to the PMBOK, Part One - Framework and 

Schedule. 1st edn. Edited by W. R. Peterson. New York: Momentum Press. 

Martinsuo, M. and Ahola, T. (2010) ‘Supplier integration in complex delivery projects: Comparison between 

different buyer-supplier relationships’, International Journal of Project Management, 28(2), pp. 107–116. doi: 

10.1016/j.ijproman.2009.09.004. 

Matokhina, A. V. et al. (2017) ‘Development of the Intelligent Platform of Technical Systems Modernization at 

Different Stages of the Life Cycle’, in Procedia Computer Science. Elsevier B.V., pp. 913–919. doi: 

10.1016/j.procs.2017.11.118. 

Mead, N. R., Viswanathan, V. and Padmanabhan, D. (2008) ‘Incorporating security requirements engineering into 

the dynamic systems development method’, in Proceedings - International Computer Software and Applications 

Conference, pp. 949–954. doi: 10.1109/COMPSAC.2008.85. 

Merriam, S. B. and Tisdell, E. J. (2016) Qualitative research: A guide to design and implementation. 4th edn. San 

Francisco: Jossey-Bass. 

Mikulčić, M., Ljubaj, I. and Mlinarić, T. J. (2020) ‘Specific features of STM technology application from the 

point of view of railway undertakings’, in Transportation Research Procedia. Zagreb: Elsevier B.V., pp. 145–

152. doi: 10.1016/j.trpro.2020.02.021. 

Miles, M. B., Huberman, M. A. and Saldana, J. (2014) Qualitative Data Analysis. 3rd edn. Edited by H. Salmon 

et al. Arizona: SAGE Publications, Inc. 

Mishra, R. C. and Soota, T. (2005) Modern Project Management. 1st edn. Lucknow: New Age International (P) 

Ltd. 

Mišić, S. and Radujković, M. (2015) ‘Critical Drivers of Megaprojects Success and Failure’, Procedia 

Engineering, 122, pp. 71–80. doi: 10.1016/j.proeng.2015.10.009. 

Mittermaier, H. K. and Steyn, H. (2009) ‘Project management maturity: An assessment of maturity for developing 

pilot plants’, South African journal of Industrial engineering, 20(1), pp. 95–107. 

Montagna, J. A. (2009) ‘The Industrial Revolution’. Yale-New Haven Teachers Institute, pp. 1–12. 

Morimoto, S., Serizawa, T. and Honda, S. (2017) ‘Large depot redevelopment project in central Tokyo’, in 

Transportation Research Procedia. Tokyo: Elsevier B.V., pp. 331–343. doi: 10.1016/j.trpro.2017.05.410. 

Mulder, W. et al. (2013) ‘Work in progress: Developing tools that support the design of easily maintainable rolling 

stock’, in Procedia CIRP. Elsevier B.V., pp. 204–206. doi: 10.1016/j.procir.2013.07.034. 

Mulugeta, A., Beshah, B. and Kitaw, D. (2013) ‘Computerized Facilities Layout Design’, Journal of EEA, 

30(January), pp. 27–32. 

Stellenbosch University https://scholar.sun.ac.za



146 

 

Muriithi, N. and Crawford, L. (2003) ‘Approaches to project management in Africa: Implications for international 

development projects’, International Journal of Project Management, 21(5), pp. 309–319. doi: 10.1016/S0263-

7863(02)00048-0. 

Musawir, A. ul et al. (2017) ‘Project governance, benefit management, and project success: Towards a framework 

for supporting organizational strategy implementation’, International Journal of Project Management, 35(8), pp. 

1658–1672. doi: 10.1016/j.ijproman.2017.07.007. 

Myers, M. D. (2013) Qualitative Research in Business & Management. 2nd edn. Edited by K. Smy et al. Los 

Angeles: SAGE Publications, Inc. 

Nakamura, H. (2016) ‘How to Deal with Revolutions in Train Control Systems’, Engineering, 2(3), pp. 380–386. 

doi: 10.1016/J.ENG.2016.03.015. 

Nelson, R. R. and Pack, H. (1999) ‘The Asian miracle and modern growth theory’, Economic Journal, 109(457), 

pp. 416–436. doi: 10.1111/1468-0297.00455. 

Nguyen, K. T. P., Yeung, T. and Castanier, B. (2017) ‘Acquisition of new technology information for maintenance 

and replacement policies’, International Journal of Production Research, 55(8), pp. 2212–2231. doi: 

10.1080/00207543.2016.1229069. 

Nicholas, T. (2011) ‘The origins of Japanese technological modernization’, Explorations in economic history, 

48(2), pp. 272–291. doi: 10.1016/j.eeh.2011.01.001. 

Novikov, A. M. and Novikov, D. A. (2013) Research methodology: From philosophy of science to research 

design. 3rd edn. Edited by J.-L. Forrest. Moscow: Taylor & Francis Group. 

Olievschi, V. N. (2013) Railway Transport: Framework for improving railway sector performance in Sub-

Saharan Africa. 1st edn. Kampala: SSATP Africa Transport Policy Program. 

Oner, K., Kiesmuller, G. and van Houtum, G. (2015) ‘Decision support on the upgrading policy after the redesign 

of a component for reliability improvement’, European Journal of Operational Research, 244, pp. 867–880. doi: 

0377-2217. 

Özyüksel, M. (2014) The Hejaz Railway and the Ottoman Empire: Modernity, Industrialisation and Ottoman 

decline. 1st edn. New York: I. B. Tauris & Co. Ltd. 

Pakdaman, M. et al. (2019) ‘The Development of a Roadmap for Project Management Framework and Processes’, 

in IEEE International Conference on Industrial Engineering and Engineering Management. Auckland: IEEE 

Computer Society, pp. 810–814. doi: 10.1109/IEEM44572.2019.8978517. 

Papadakis, E. and Tsironis, L. (2018) ‘Hybrid methods and practices associated with agile methods, method 

tailoring and delivery of projects in a non-software context’, in Procedia Computer Science. Elsevier B.V., pp. 

739–746. doi: 10.1016/j.procs.2018.10.097. 

Passenheim, O. (2009) Project Management. 1st edn. Olaf Passenheim & Ventus Publishing ApS. 

Patton, M. Q. (2015) Qualitative research and evaluation methods: Integrating theory and practice. 4th edn. 

Edited by V. Knight et al. London: SAGE Publications, Inc. 

Peetawan, W. and Suthiwartnarueput, K. (2018) ‘Identifying factors affecting the success of rail infrastructure 

development projects contributing to a logistics platform: A Thailand case study’, Kasetsart Journal of Social 

Sciences, 39(2), pp. 320–327. doi: 10.1016/j.kjss.2018.05.002. 

Pietrobelli, C. and Rasiah, R. (2012) ‘Evidence-Based Developmental Economics’, in Evidence-based 

Stellenbosch University https://scholar.sun.ac.za



147 

 

Development Economy. 1st edn. Lumpur: University of Malaya Press, pp. 1–437. Available at: 

https://books.google.co.za/books?hl=en&lr=&id=rxWCDwAAQBAJ&oi=fnd&pg=PA249&dq=Sturgeon,+T.J.,

+Gereffi,+G.,+2009.+Measuring+Success+in+the+global+economy:+International+trade,+industrial+upgrading

,+and+business+function+outsourcing+in+global+value+chains.+ (Accessed: 21 April 2022). 

Platts, K. W. (1993) ‘A Process Approach to Researching Manufacturing Strategy’, International Journal of 

Operations & Production Management, 13(8), pp. 4–17. doi: 10.1108/01443579310039533. 

Prajapat, N. et al. (2016) ‘Layout optimization of a repair facility using discrete event simulation’, Procedia CIRP, 

56(9), pp. 574–579. doi: 10.1016/j.procir.2016.10.113. 

PRASA (2012) ‘Modernising Passenger Rail For Quality Public Transport in South Africa’. Pretoria: Passenger 

Rail Agency of South Africa, p. 130. 

Project Management Institute (2017) A guide to the project management body of knowledge (PMBOK guide) / 

Project Management Institute. 6th edn. Newtown Square, Pennsylvania: Project Management Institute, Inc. 

Project Management Institute (2018) The Standard for Organizational Project Management (OPM). 1st edn. 

Newtown Square, Pennsylvania: Project Management Institute, Inc. doi: 10.1002/pmj.21345. 

Puig, P., Dongen, L. A. M. Van and Basten, R. (2013) ‘Investigating maintenance decisions during initial fielding 

of rolling stock’, in 2nd International Through-life Engineering Services Conference. Enschede: Elsevier B.V., 

pp. 199–203. doi: 10.1016/j.procir.2013.07.033. 

Putra Dinata, C. and Marlim, N. (2020) ‘Application of Dynamic Systems Development Method in WEB-Based 

Promotion Media’, Journal of Applied Business and Technology, 2020(3), pp. 196–204. Available at: http://e-

jabt.org/index.php/JABT/article/view/45 (Accessed: 29 April 2022). 

Radosevic, S. and Yoruk, E. (2016) ‘Why do we need a theory and metrics of technology upgrading?’, Asian 

Journal of Technology Innovation, 24(sup1), pp. 8–32. doi: 10.1080/19761597.2016.1207415. 

Radosevic, S. and Yoruk, E. (2018a) ‘Technology upgrading of middle income economies: A new approach and 

results’, Technological Forecasting and Social Change, 129(December), pp. 56–75. doi: 

10.1016/j.techfore.2017.12.002. 

Radosevic, S. and Yoruk, E. (2018b) ‘Why do we need a theory and metrics of technology upgrading?’, Asian 

Journal of Technology Innovation, 2(6), pp. 1–25. 

Rajagopal, S., Erkoyuncu, J. A. and Roy, R. (2015) ‘Impact of software obsolescence in defence manufacturing 

sectors’, in Procedia CIRP. Elsevier B.V., pp. 197–201. doi: 10.1016/j.procir.2015.04.034. 

Rizwan Jameel Qureshi, M. and Hussain, S. A. (2008) ‘An adaptive software development process model’, 

Advances in Engineering Software, 39(8), pp. 654–658. doi: 10.1016/j.advengsoft.2007.08.001. 

Rock, M. T. (2016) ‘Technological Upgrading’, in Dictators, Democrats, and Development in Southeast Asia: 

Implications for the Rest. 1st edn. Colorado: Oxford Scholarship Online, pp. 1–73. doi: 10.1093/acprof. 

Rodríguez-segura, E. et al. (2016) ‘Critical success factors in large projects in the aerospace and defense sectors 

☆’, Journal of Business Research, pp. 1–7. doi: 10.1016/j.jbusres.2016.04.148. 

Roehrich, J. K. et al. (2018) ‘Management innovation in complex products and systems : The case of integrated 

project teams’, Industrial Marketing Management, (November 2017), pp. 1–10. doi: 

10.1016/j.indmarman.2018.10.006. 

Rosenberger, P. and Tick, J. (2019) ‘Relevance of PMBOK v6 Processes for Tailored Agile Project Categories’, 

Stellenbosch University https://scholar.sun.ac.za



148 

 

in SACI 2019 - IEEE 13th International Symposium on Applied Computational Intelligence and Informatics, 

Proceedings. Timioara: IEEE Computer Society, pp. 87–94. doi: 10.1109/SACI46893.2019.9111477. 

Rostow, W. W. (1990) The stages of economic growth: Non-communist manifesto. 3rd edn. Massachusetts: 

Cambridge University Press. doi: 10.4324/9781315684703. 

Rowley, J. and Slack, F. (2004) ‘Conducting a Literature Review’, Management Research News, 27(6), pp. 31–

39. 

Rychlý, M. and Tichá, P. (2008) ‘A tool for supporting feature-driven development’, in Lecture Notes in Computer 

Science (including subseries Lecture Notes in Artificial Intelligence and Lecture Notes in Bioinformatics), pp. 

196–207. doi: 10.1007/978-3-540-85279-7_16. 

Sadiq, M. and Hassan, T. (2014) ‘An extended adaptive software development process model’, in Proceedings of 

the 2014 International Conference on Issues and Challenges in Intelligent Computing Techniques, ICICT 2014. 

IEEE Computer Society, pp. 552–558. doi: 10.1109/ICICICT.2014.6781341. 

Sanchiz, J. M. C. (2018) ‘Energy and railway workshops: An archaeology of FEPASA complex (Jundiai, Brazil)’, 

The Journal of Transport History, 39(2), pp. 213–235. doi: 10.1177/0022526618774143. 

Sandborn, P. A. (2007) ‘Software obsolescence - Complicating the part and technology obsolescence management 

problem’, IEEE Transactions on Components and Packaging Technologies. IEEE, pp. 886–888. doi: 

10.1109/TCAPT.2007.910918. 

Saranga, H. and Kumar, U. D. (2006) ‘Optimization of aircraft maintenance/support infrastructure using genetic 

algorithms - Level of repair analysis’, Annals of Operations Research, 143(1), pp. 91–106. doi: 10.1007/s10479-

006-7374-1. 

Sassanelli, C. et al. (2016) ‘Design for Product Service Supportability (DfPSS) Approach: A State of the Art to 

Foster Product Service System (PSS) Design’, in Procedia CIRP. Elsevier B.V., pp. 192–197. doi: 

10.1016/j.procir.2016.03.233. 

Satyro, W. C. et al. (2018) ‘Planned obsolescence or planned resource depletion? A sustainable approach’, Journal 

of Cleaner Production, 195, pp. 744–752. doi: 10.1016/j.jclepro.2018.05.222. 

Saunders, M., Lewis, P. and Thornhill, A. (2007) Research methods for business students. 4th edn. Edinburgh: 

Pearson Education Limited. 

Saunders, M., Lewis, P. and Thornhill, A. (2012) Research methods for business students. 6th edn. Edinburgh: 

Pearson Education Limited. 

Saunders, M., Lewis, P. and Thornhill, A. (2019) Research methods for business students. 8th edn. Edinburgh: 

Pearson Education Limited. 

Schuitmaker, R. (2017) Energy consumption and carbon dioxide emissions: Focus on passenger rail services. 6th 

edn. Paris: The International Energy Agency (IEA) and the International Union of Railways (UIC). 

Shalpegin, T. (2020) ‘Collaborative product development: Managing supplier incentives for key component 

testing’, European Journal of Operational Research, 285(2), pp. 553–565. doi: 10.1016/j.ejor.2020.02.003. 

Shenhar, A. et al. (2005) ‘Toward a nasa-specific project management framework’, EMJ - Engineering 

Management Journal, 17(4), pp. 8–16. doi: 10.1080/10429247.2005.11431667. 

Siciliano, G. and Musolino, D. (2016) ‘Economic evaluation of a technological leap in the sector of train control 

and signalling: The case of German regional lines’, in Transportation Research Procedia. Milan: Elsevier B.V., 

Stellenbosch University https://scholar.sun.ac.za



149 

 

pp. 430–437. doi: 10.1016/j.trpro.2016.05.095. 

Singh, D. A. K. (2019) ‘Plant Location and Layout’, Journal of emerging technologies and innovative research, 

6(6), pp. 41–43. doi: 10.1007/978-1-4757-0854-7_17. 

Smith, J. and Kangaspuro, M. (2006) Modernisation in Russia since 1900. 1st edn, Modernisation in Russia since 

1900. 1st edn. Edited by J. Ilmakunnas, A.-L. Siikala, and M. Haakana. Helsinki: Studia Fennica Historica. doi: 

10.21435/sfh.12. 

Soltan, A. et al. (2019) ‘System Engineering for dependency analysis - A Bayesian approach: Application to 

obsolescence study’, in Procedia CIRP. Elsevier B.V., pp. 774–782. doi: 10.1016/j.procir.2019.04.253. 

Soto, J. L. L. and Ganges, L. S. Y. (2006) ‘Exploring the modernisation processes of railway workshops’. Lisbon: 

IRHA International Conference, pp. 1–19. 

Söylemez, M. T. et al. (2011) ‘The application of automation theory to railway signalization systems: The case 

of Turkish national railway signalization project’, in The International Federation of Automatic Control. Milano: 

Elsevier B.V, pp. 10752–10757. 

Srivannaboon, S. (2006) ‘Toward a contingency approach: Tailoring project management to achieve a competitive 

advantage’, in Portland International Conference on Management of Engineering and Technology. Istanbul: 

PICMET, pp. 2187–2194. doi: 10.1109/PICMET.2006.296807. 

Stark, Rainer et al. (2014) ‘Advanced technologies in life cycle engineering’, in Procedia CIRP. Berlin: Elsevier 

B.V., pp. 3–14. doi: 10.1016/j.procir.2014.07.118. 

Steimel, A. (2014) Electric traction - motive power and energy supply : basics and practical experience. 1st edn. 

Munich: The German National Library. Available at: 

https://www.alibris.com/search/books/isbn/9783835631328. 

Stiffler, W. and Wells, B. (2019) ‘Capability Updates, Upgrades and Modernisation’. London: Systems 

Engineering Body of Knowledge, pp. 1–9. 

Syed, M. and Nelson, S. C. (2015) ‘Guidelines for Establishing Reliability When Coding Narrative Data’, 

Emerging Adulthood, 3(6), pp. 375–387. doi: 10.1177/2167696815587648. 

Szmel, D. and Wawrzyniak, D. (2017) ‘Application of FMEA method in railway signalling projects’, Journal of 

KONBiN, 42(1), pp. 93–101. 

Tolker-Nielsen, T. (2017) EXOMARS 2016 - Schiaparelli Anomaly Inquiry, Dg-I/2017/546/Ttn. Available at: 

http://avianews.info/wp-content/uploads/2017/05/ESA_ExoMars_2016_Schiaparelli_Anomaly_Inquiry.pdf 

(Accessed: 19 September 2020). 

Tracy, S. J. (2020) Qualitative research methods: Collecting evidence, crafting analysis, communicating impact. 

2nd edn. Medford: John Wiley & Sons, Inc. 

Turner, D. W. (2010) ‘Qualitative interview design: A practical guide for novice investigators’, Qualitative 

Report, 15(3), pp. 754–760. doi: 10.46743/2160-3715/2010.1178. 

Uikey, N. and Suman, U. (2012) ‘An empirical study to design an effective agile project management framework’, 

in ACM International Conference Proceeding Series. Indore: Devi Ahilya University, pp. 385–390. doi: 

10.1145/2381716.2381788. 

Ulrich, W. M. and Newcomb, P. H. (2010) Information Systems Transformation. 1st edn. Burlington: Morgan 

Kaufmann Publishers and the Object Management GroupTM (OMG). 

Stellenbosch University https://scholar.sun.ac.za



150 

 

United Nations (2019) Economic and Social Council Issue paper Financing railway rolling stock: a new solution 

for Africa Key questions. Marrakech. 

Veneziano, V., Austen, R. W. and Haider, S. (2014) ‘When Agile is not good enough: an initial attempt at 

understanding how to make the right decision’, arXiv.org, 44(0), pp. 1–10. Available at: 

https://arxiv.org/abs/1402.5557 (Accessed: 7 September 2020). 

Villa, G. (2006) ‘Feasibility of the modernization and upgrade of the electrical high voltage substations’, in 2006 

IEEE PES Transmission and Distribution Conference and Exposition: Latin America, TDC’06. IEE, pp. 1–5. doi: 

10.1109/TDCLA.2006.311404. 

Vitásek, S. and Měšťanová, D. (2017) ‘Life Cycle Cost of a Railroad Switch’, in Procedia Engineering. 

Primosten: Elsevier Ltd, pp. 646–652. doi: 10.1016/j.proeng.2017.08.053. 

Vitayasak, S., Pongcharoen, P. and Hicks, C. (2019) ‘Robust machine layout design under dynamic environment: 

Dynamic customer demand and machine maintenance’, Expert Systems with Applications: X, 3, pp. 1–17. doi: 

10.1016/j.eswax.2019.100015. 

Voropajev, V. I. (1998) ‘Project management development for transitional economies (Russian case study)’, 

International Journal of Project Management, 16(5), pp. 283–292. doi: 10.1016/S0263-7863(97)00026-4. 

de Vos, J. I. A. and van Dongen, L. A. M. (2015) ‘Performance Centered Maintenance as a core policy in strategic 

maintenance control’, in The Fourth International Conference on Through-life Engineering Services. Utrecht: 

Elsevier B.V, pp. 255–258. 

Wallace, E., Clements, P. C. and Wallnau, K. C. (1996) ‘Discovering a system modernization decision framework: 

a case study in migrating to distributed object technology’, in Conference on Software Maintenance. IEEE, pp. 

185–195. doi: 10.1109/icsm.1996.565005. 

Wang, Weidong et al. (2019) ‘Joint optimization of dynamic facility layout and production planning based on 

Petri Net’, Procedia CIRP, 81(52), pp. 1207–1212. doi: 10.1016/j.procir.2019.03.293. 

Wang, Wensheng et al. (2019) ‘Research on the Application of Supportability Analysis Technology in Ejection 

Seat’, Journal of Physics: Conference Series, 1215(1), pp. 1–10. doi: 10.1088/1742-6596/1215/1/012041. 

Weiss, J. W. and Wysocki, R. K. (1992) 5-phase Project Management: A practical planning and implementation 

guide. 1st edn. Massachusetts: Perseus Books Publishing, L.L.C. doi: 10.1080/03043799408928325. 

Wells, B. (2016) Guide to the Systems Engineering Body of Knowledge. 3rd edn, Guide to the Systems Engineering 

Body of Knowledge (SEBoK). 3rd edn. Edited by B. Boehm et al. Hoboken NJ: Stevens Institute of Technology. 

Available at: http://g2sebok.incose.org/app/mss/menu/index.cfm. 

Whyte, J., Stasis, A. and Lindkvist, C. (2016) ‘Managing change in the delivery of complex projects: 

Configuration management, asset information and “big data”’, International Journal of Project Management, 

34(2), pp. 339–351. doi: 10.1016/j.ijproman.2015.02.006. 

Wise, Y. (2008) ‘Manchester papers in economic and social history’. Manchester: University of Manchester, pp. 

1–11. 

Wong, C. Y. and Goh, K. L. (2015) ‘Catch-up models of science and technology: A theorization of the Asian 

experience from bi-logistic growth trajectories’, Technological Forecasting and Social Change, 95, pp. 312–327. 

doi: 10.1016/j.techfore.2014.02.005. 

Wuang, M. S. and Yang, K. F. (2012) ‘Study of supplier support through new product development in system 

integration industry - Comparison of case studies based on different product newness’, in IEEE International 

Stellenbosch University https://scholar.sun.ac.za



151 

 

Conference on Industrial Engineering and Engineering Management. Fu Jen: IEEE, pp. 1127–1131. doi: 

10.1109/IEEM.2012.6837918. 

Wysocki, R. K. (2010) ADAPTIVE PROJECT FRAMEWORK: Managing Complexity in the Face of Uncertainty. 

1st edn. Edited by S. CAin et al. Boston: Pearson Education, Inc. 

Wysocki, R. K. (2014) Effective Project Management: Traditional, Agile, Extreme. 7th edn. Edited by B. K. 

Gillingham. Indianapolis: John Wiley & Sons, Inc. 

Wysocki, R. K. (2019a) Effective Project Management: Traditional, Agile, Extreme, Hybrid. 8th edn. Edited by 

V. Mangano. Indianapolis: John Wiley & Sons, Inc. 

Wysocki, R. K. (2019b) ‘Hybrid Project Management Framework’, in Effective Project Management: Traditional, 

Agile, Extreme, Hybrid. 8th edn. John Wiley & Sons, Inc., pp. 405–450. 

Xiao, X. et al. (2019) ‘A robust optimization approach for unequal-area dynamic facility layout with demand 

uncertainty’, in Procedia CIRP. Elsevier B.V., pp. 594–599. doi: 10.1016/j.procir.2019.03.161. 

Yanwen, W. (2012) ‘The Study on Complex Project Management in Developing Countries’, Physics Procedia, 

25, pp. 1547–1552. doi: 10.1016/j.phpro.2012.03.274. 

Yin, R. K. (2009) Case Study Research Design and Methods. 4th edn. Edited by L. Bickman and F. Fowler. 

Thousand oaks: SAGE Publications, Inc. 

Yin, R. K. (2014) Case study Research: Design and Methods. 5th edn. Edited by V. Knight et al. Thousand oaks: 

SAGE Publiications, Inc. 

Zaleha, S. et al. (2014) ‘Assessing Adoption of Project Management Knowledge Areas and Maturity Level : Case 

Study of a Public Agency in Malaysia’, Journal of management in engineering, (30), pp. 264–271. doi: 

10.1061/(ASCE)ME.1943-5479.0000200. 

Zha, S. et al. (2017) ‘Robust Facility Layout Design under Uncertain Product Demands’, in Procedia CIRP. 

Elsevier B.V., pp. 354–359. doi: 10.1016/j.procir.2017.03.079. 

Zhang, G. and Zhou, J. (2016) ‘The effects of forward and reverse engineering on firm innovation performance 

in the stages of technology catch-up : An empirical study of China’, Technological Forecasting & Social Change, 

pp. 1–11. doi: 10.1016/j.techfore.2016.01.010. 

Zhang, S. X. and Babovic, V. (2011) ‘An evolutionary real options framework for the design and management of 

projects and systems with complex real options and exercising conditions’, Decision Support Systems, 51(1), pp. 

119–129. doi: 10.1016/j.dss.2010.12.001. 

Zhu, J. and Mostafavi, A. (2018) ‘Performance Assessment in Complex Engineering Projects Using a System-of-

Systems Framework’, IEEE Systems Journal, 12(1), pp. 262–273. doi: 10.1109/JSYST.2017.2671738. 

Zolghadri, M. et al. (2018) ‘Obsolescence prediction: A Bayesian model’, in Procedia CIRP. Saint-Ouen: Elsevier 

B.V., pp. 392–397. doi: 10.1016/j.procir.2018.02.037. 

Zwikael, O. (2009) ‘Project Portfolio Control and Portfolio’, Project Management Journal, 40(4), pp. 94–103. 

doi: 10.1002/pmj. 

Stellenbosch University https://scholar.sun.ac.za



152 

 

Appendices: 

Appendix A: Papers used in the systematic literature review 

The dataset used for a systematic literature review is shown in Table 1 below. The following search terms were 

used to search for journal articles, conference papers and reports in the databases such as Scopus, Web of Science, 

Science Direct and IEEE. 

 ((technology catch up) AND (modernisation) OR (information sharing)) 

 ((technology upgrade) AND (modernisation) OR (information sharing)) 

 ((technology migration) AND (modernisation) OR (information sharing)) 
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Table A.1 Systematic literature review dataset 

Paper 
ID 

Authors Title Methodology Field of research Type of publication 

01 (Baruch, Gerald and Ruina, 
1983) 

A Quantitative Model of Technology Transfer and 
Technological "Catch-Up": The Case of Developed Countries 

Case study Not specified Journal of Technological 
Forecasting and Social Change 

02 (Chen, Farinelli and 
Johansson, 2010) 

Technological leapfrogging - a strategic pathway to 
modernisation of the Chinese iron and steel industry 

Literature review Manufacturing Journal of Energy for Sustainable 
Development 

03 (Brawner and Kurak, 2015) Submarine communications modernisation - Technology 
insertions for interoperability and supportability in the 
2015 timeframe 

Literature review Submarine 
communication 

Generic 

04 (Kergroach, 2018) National innovation policies for technology upgrading 
through GVCs: A cross-country comparison 

Literature review Not specified Journal of Technology Forecasting 
and Social Change 

05 (Zhang and Zhou, 2016) The effects of forward and reverse engineering on firm 
innovation performance in the stages of technology catch-
up: An empirical study of China 

Case study Not specified Journal of Technology Forecasting 
and Social Change 

06 (Majidpour, 2016) Technological catch-up in complex product systems Literature review Complex product 
systems 

Journal of Engineering and 
Technology Management 

07 (Lavopa and Szirmai, 2018) Structural modernisation and development traps: An 
empirical approach 

Literature review Not specified Journal of World Development 

08 (Boucekkine, Rio and 
Licandro, 2005) 

Obsolescence and modernization in the growth process Literature review Not specified Journal of Development Economics 

Continued on next page… 
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Table A.1: Systematic literature review dataset (Continued from previous page) 

Paper 
ID 

Authors Title Methodology Field of research Type of publication 

09 (Nicholas, 2011) The origins of Japanese technological modernization Survey Not specified Journal of Explorations in economic 
history 

10 (Kesidou, 2008) Do Local Knowledge Spill overs Matter for Development? 
An Empirical Study of Uruguay’s Software Cluster 

Survey Software Journal of World Development 

11 (Agarwal, De and Rathour, 
2017) 

Modernization of multi-location live SCADA system-A case 
study 

Case study Software  Conference proceeding 

12 (Hatziargyriou et al., 2017) Towards the modernisation of SCADA systems of the 
Hellenic electricity distribution network operator: 
Considerations and steps forward 

Case study Software Journal of World Development 

13 (M’Baya, Laval and Moalla, 
2018) 

An assessment conceptual framework for the 
modernization of legacy systems 

Literature review Not specified Conference proceeding 

14 (Wallace, Clements and 
Wallnau, 1996) 

Discovering a system modernization decision framework: a 
case study in migrating to distributed object technology 

Case study Software Conference proceeding 

15 (Villa, 2006) Feasibility of the modernization and upgrade of the 
electrical high voltage substations 

Literature review Power Conference proceeding 

16 (Lackhove, Jaeger and 
Lemmer, 2010) 

Generating and optimising strategies for the migration of 
European Train Control System 

Literature review Rail Transactions on the Built 
Environment 

17 (Rock, 2016) Technological Upgrading Literature review Not specified Book section 

Continued on next page… 
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Table A.1: Literature review dataset (Continued from previous page) 

Paper 
ID 

Authors Title Methodology Field of research Type of publication 

18 (Wensheng Wang et al., 
2019) 

Research on the Application of Supportability Analysis 
Technology in Ejection Seat 

Case study Aviation Journal of Physics 

19 (Fu and Gong, 2011) Indigenous and Foreign Innovation Efforts and Drivers of 
Technological Upgrading: Evidence from China 

Survey Not specified Journal of World Development 

20 (Wong and Goh, 2015) Catch-up models of science and technology: A theorization 
of the Asian experience from bi-logistic growth trajectories 

Survey  Not specified Journal of Technology Forecasting 
and Social Change 

21 (Jung and Lee, 2010) Sectoral systems of innovation and productivity catch-up: 
Determinants of the productivity gap between Korean and 
Japanese firms 

Survey Not specified Journal of Industrial and Corporate 
Change 

22 (Figueiredo, 2014) Beyond technological catch-up: An empirical investigation 
of further innovative capability accumulation outcomes in 
latecomer firms with evidence from Brazil 

Case study Manufacturing Journal of Engineering and 
Technology Management - JET-M 

23 (Oner, Kiesmuller and van 
Houtum, 2015) 

Decision support on the upgrading policy after the redesign 
of a component for reliability improvement 

Literature review Not specified European Journal of Operational 
Research 

24 (Choung, 2014) Transitions of Innovation Activities in Latecomer Countries: 
An Exploratory Case Study of South Korea 

Case study Not specified Journal of World Development 

25 (Guo and Zheng, 2019) How do firms upgrade capabilities for systemic catch-up in 
the open innovation context? A multiple-case study of 
three leading home appliance companies in China 

Case study Not specified Journal of Technology Forecasting 
and Social Change 

Continued from previous page… 
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Table A.1: Systematic literature review dataset (Continued from previous page) 

Paper 
ID 

Authors Title Methodology Field of research Type of publication 

26 (Kemeny, 2010) Does foreign direct investment drive technological 
upgrading? 

Literature review Not specified Journal of World Development 

27 (Kiamehr, 2017) Paths of technological capability building in complex capital 
goods: The case of hydro electricity generation systems in 
Iran 

Case study Complex capital 
goods 

Journal of Technology Forecasting 
and Social Change 

28 (Radosevic and Yoruk, 
2018a) 

Technology upgrading of middle-income economies: A new 
approach and results 

Literature review Not specified Journal of Technology Forecasting 
and Social Change 

29 (Dominguez Lacasa et al., 
2019) 

Paths of technology upgrading in the BRICS economies Literature review Not specified Research policy 

30 (Radosevic and Yoruk, 
2016) 

Why do we need a theory and metrics of technology 
upgrading? 

Literature review Not specified Asian Journal of Technology 
Innovation 

31 (Siciliano and Musolino, 
2016) 

Economic Evaluation of a Technological Leap in the Sector 
of Train Control and Signalling: The Case of German 
Regional Lines 

Case study Rail Conference proceeding 

32 (Nakamura, 2016) How to Deal with Revolutions in Train Control Systems Literature review Rail Journal of Engineering 

33 (He, Khan and Shenkar, 
2018) 

Subsidiary capability upgrading under emerging market 
acquirers 

Literature review Not specified Journal of World Business 

34 (Matokhina et al., 2017) Development of the Intelligent Platform of Technical 
Systems Modernization at Different Stages of the Life Cycle 

Literature review Not specified Computer science 

Continued on next page… 
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Table A.1: Systematic literature review dataset (Continued from previous page) 

Paper 
ID 

Authors Title Methodology Field of research Type of publication 

35 (Khan et al., 2018) Review on upgradability – A product lifetime extension 
strategy in the context of product service systems 

Literature review Not specified Journal of cleaner production 

36 (Khan and Wuest, 2019) Upgradable product-service systems: Implications for 
business model components 

Literature review Not specified Conference proceeding 

37 (Khan, West and Wuest, 
2020) 

Midlife upgrade of capital equipment: A servitisation-
enabled, value-adding alternative to traditional equipment 
replacement strategies 

Literature review Manufacturing CIRP Journal of Manufacturing 
Science and Technology 

38 (Soltan et al., 2019) System engineering for dependency analysis - A Bayesian 
approach: Application to obsolescence study 

Literature review Complex systems Conference proceeding 

39 (INCOSE, 2016) Guide to the Systems Engineering Body of Knowledge 
(SEBoK) 

Book Complex systems  Book  

40 (INCOSE, 2015) Systems Engineering Handbook: A guide for system life 
cycle processes and activities 

Book  Complex systems Book 

41 (Morimoto, Serizawa and 
Honda, 2017) 

Large depot redevelopment project in central Tokyo Case study Rail Conference proceeding 

42 (Saranga and Kumar, 2006) Optimization of aircraft maintenance/support 
infrastructure using genetic algorithms - Level of repair 
analysis 

Literature review Aviation  Annals of Operations Research 

Continued on next page… 
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Table A.1: Systematic literature review dataset (Continued from previous page) 

Paper 
ID 

Authors Title Methodology Field of research Type of publication 

43 (Kour, Karim and Tretten, 
2014) 

E-Maintenance solutions for railway maintenance decisions Literature review Rail Journal of Quality in Maintenance 
Engineering 

44 (Puig, Dongen and Basten, 
2013) 

Investigating maintenance decisions during initial fielding 
of rolling stock 

Literature review Rail Conference proceeding 

45 (Coulon et al., 2019) Life extension approach focusing on industrial and railway 
applications 

Literature review Rail Conference proceeding 

46 (Amankwah-Amoah, 2017) Integrated vs. add-on: A multidimensional 
conceptualisation of technology obsolescence 

Literature review Not specified Journal of Technology Forecasting 
and Social Change 
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Appendix B: Case study analysis 

B.1 In-depth interview results 

B.1.1 Interview with Participant A 

Researcher (R) and Participant A (A): Welcoming and introduction 

R: Can I confirm your consent to participate in this interview before we start 

A: “Yes I am happy to assist you” 

R: How can you ensure that modernisation is executed successfully? 

A: “Do you refer to a specific project or in general?” 

R: Modernisation concerning all the aspects of passenger railway maintenance depots and their respective 

technical disciplines 

A: “That’s a difficult question, to be honest with you but let’s look at an ideal world that you must go through a 

proper tender process and hopefully we will appoint a company that can deliver in the upgrading of that specific 

depot which is very important. And having engineers on board with the necessary knowledge and ability to come 

up with designs and new technology that we can implement at the depots and hopefully can finalise all those 

designs. We must go out on tender again for selecting the construction companies and appoint the company that 

can deliver on that as well. We also must manage the project to ensure that we can deliver within budget and time 

within acceptable quality standards. There are a lot of role players in this process, I am not sure if I have answered 

you.” 

R: Yes, I am answered but if you would like to add more you can go-ahead 

A: “As a project manager you have to liaise with all stakeholders, we have to look at all the requirements, choose 

the best practices to address the requirements that will be the best for PRASA and the industry, and based on that 

we will compile scope of work and then the engineers will compile the designs and also contribute to come up 

with the latest technology and will be captured in our designs and implemented at various depots.” 

R: Thank you for the explanation, so how did PRASA approach modernisation projects in the past? 

A: “We didn’t upgrade depots in the past, modernisation is absolutely a new thing to PRASA, it may have 

happened way back before my time so I cannot give you a proper answer on that. Now we are in phase three of 

the modernisation project, there was phase one and two before me. I can only tell you that phase one followed a 

proper tendering process. Phase two was supposed to be conducted by a turnkey contractor to speed up the 

upgrading project due to time constraints. Phase three is targeting the upgrading of the depot as a whole to 

accommodate new trains and we are going to appoint a turnkey contractor. This is my first experience in depot 

modernisation hence my knowledge of previous modernisation projects is limited.” 

R: You mentioned modernising railway maintenance depots to support new trains, what else does modernisation 

seek to achieve? 

A: “Due to vandalism and theft, the first thing would be security to protect the new rolling stock from outsiders 

because they are of high value. Secondly are cleaning facilities for both the inside and outside of trains. Thirdly 

is to provide maintenance facilities for these trains to facilitate the availability of trains, these facilities include 
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lifting equipment if there is a need to remove boogies. Lastly, to provide facilities for maintenance personnel 

inside the depot.” 

R: I understand there are other systems like signalling, SCADA and interoperability issues due to the introduction 

of new systems, are they not within the scope of this project of modernisation? 

A: “Originally there was a request that we have to make proper provision for additional trains inside the depots 

so that these depots will be big enough for the next fifty years and beyond. Once trains enter the depot, automatic 

signalling systems would control the trains in the depot and wash plants and this was originally included in the 

scope of work but there have been shortcomings concerning the design of the signalling system, so the signalling 

upgrading has been temporarily suspended but will be included when the signalling along the lines is upgraded 

at a later stage. But we have to make provision for automatic signalling system that will be installed in future.” 

R: How do you intend to address interoperability issues between new systems and old systems if those issues do 

emerge during modernisation? 

A: “Are you referring to the signalling system or what are you referring to?” 

R: We can take the signalling system as an example. 

A: “The trains will approach the swing gates at the depot entrance that will be operated manually for now but 

will be automated with the installation of an automatic signalling system within the depot. For now, the signalling 

system will be manually operated.” 

R: So, for this project, how is PRASA planning to modernise their railway maintenance depots? 

A: “We are having meetings with different role players and we are also learning from our predecessors, recently 

we had a visit to the Gautrain rolling stock maintenance depot to have an appreciation of what they are doing. 

We drew some lessons from them, luckily for us we also have Gibela and Alstom onboard. Gibela is contracted 

to delivering the new trains and Alstom is the engineering department. After compiling the scope, we conduct 

meetings with these key role players to finalise the scope of work so that there is compatibility between new trains 

and the installed equipment to achieve world-class standards.” 

R: How flexible is your scope of work with regard to adaptation to change that comes with the availability of 

more information? 

A: “Absolutely, there is flexibility. For this depot, we are going to have a turnkey contractor meaning design and 

build. So, the design period will be around three months and the design is discussed with Gibela, Alstom and 

turnkey contractor engineers. So, we discuss from concept designs to detailed designs, technical specifications 

and standards which must be approved by all stakeholders before commencing construction. The best ideas will 

be discussed and after reaching an agreement, they will then be implemented. So, the other stakeholders from 

different technical disciplines will be involved and sign off upon agreeing to the proposals.” 

R: What integration strategies can be implemented during modernisation? 

A: “Can you give me a little bit of explanation, I am not sure how to answer it.” 

R: Given that you are bringing new systems to an already existing system, how do you ensure that these systems 

will be seamlessly incorporated so that the depot functions as a unified whole? 
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A: “First there is a difference between the new trains and the old trains, the new trains are wider than the older 

trains. Once all the older trains are phased out, we will have to modify the platforms (as an example) to ensure 

the safety of the maintenance personnel. New trains have the latest technology on board, so with the help of Gibela 

and Alstom, we will make sure that new technology will be part of all the depots.” 

R: If you consider using a new computerised maintenance management system (as an example), what would you 

consider as important in migrating to the new system and what strategies would you make use of? 

A: “Unfortunately that is more on the rolling stock side of the project and I am not involved much, the rolling 

stock engineers from PRASA work closely with engineers from PRASA to determine what is best for the new 

rolling stock so I cannot give more details.” 

R: And also, how do you manage system interdependencies during modernisation? 

A: “Unfortunately, I am not fully vested in that area but given that there will be different role players during 

decision making, it will be discussed fully during that phase.” 

R: As we come to the end of our discussion, what would you highlight as the critical success factors for 

modernisation? 

A: “Well, there are quite a lot of them and as I said earlier on that we get the company with relevant experience 

onboard to come up with correct designs. Also having all the stakeholders agreeing to the designs and signing 

off. During the execution phase, we also have to make sure that project management processes are followed to 

deliver the project within budget, time and quality. It is also important that all the stakeholders be on the same 

page and using the same project template to ensure project success.” 

R: Thank you for your contribution, and before we close this meeting, you may have something that you feel is 

relevant to the subject of modernisation and was not discussed or you want clarity on something. 

A: “I am thinking that before we start with modernisation, we must know how big the depot must be in terms of 

the number of trains that the depot must accommodate now and in the future from a maintenance and storage 

perspective. Also, the depots must have the flexibility to accommodate new requirements in the future.” 

R: Thank you for the contribution, it was insightful 

A: “You have my number if you need any help in the future. Bye and God Bless.” 

B.1.2 Interview with Participant B 

Researcher (R) and Participant B (B): Welcoming and introduction 

R: Can I confirm your consent to participate in this interview before we start 

B: “Confirmed” 

R: How can you ensure that modernisation is executed successfully? 

B: “As in my department or in my capacity now?” 
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R: Let’s discuss railway maintenance depots in the context of a large technical system, it might be something that 

you are working on or something that is going on in your work environment in which you are directly or indirectly 

a participant 

B: “Conducting meetings before any modernisation work and visiting the sites where modernisation will be 

carried out so people have an awareness of the environment. Let’s take an example of fencing that is currently 

going on where we start with giving requirements to the subcontractor and be proactive in our planning. Having 

clear objectives also help in evaluating the deliverable. The ‘why’ of modernising is important and, in our case, 

we know that we are modernising to provide support for the new EMU rolling stock.” 

R: You mentioned supporting the new rolling stock, what else would be the reason for modernising railway 

maintenance depots? 

B: “The increase in rolling stock also places a demand on need for more personnel, so both the increase in 

personnel and rolling stock places a demand on things like the drainage facilities, communication line, water 

system, sanitary system and ablution.” 

R: So the modernisation of depots is also as to meet the daily needs of people who will be working in depots from 

the project phase going forward? 

B: “Yes, we are also looking at supporting structures that are going to be with us going forward” 

R: Do you also intend to work on existing equipment and machinery to improve their productivity in this project? 

B: “Yes, we are looking at that and we are currently looking at the under-wheel lathe machine because our 

refurbishment of wheels has not been going according to plan. We have been outsourcing for that work to be done 

but now we want to move that work in-house where we will be skimming our wheels. We are also looking at big 

plants like the wash plants because they are currently not in use, they have given up already because these depots 

have been here for a very long time so we need to catch up with new technology.” 

R: Given that these depots have been there for a long time which is a characteristic of long cycle technologies, 

what else would modernisation seek to address? 

B: “We also want to eliminate bottlenecks within the system and waste, we had a walk around with the chief 

executive officer earlier on showing him some of the waste that is in our way hindering performance and 

production. Also, there is scrap lying around in the form of disused trains that prevent us from performing things 

like shunting. The CEO promised that he will look at the scraping policy so we can handle lying waste legally.” 

R: Did you participate in any modernisation project in the past, and if so, how did you approach it? 

B: “Yes, I was involved in modernisation project where we wanted modernise the depot to accommodate new 

trains and my approach was from an organisation’s standpoint on what needs to be done and working hand in 

hand with PRASA Cres to make sure that when they are appointing a subcontractor, they are supervised to deliver 

according to the plan. Since modernisation was conducted whilst other operations were going on, we would 

discuss with the contractor how they would work including the scope of work and the timetable so as not to hinder 

production. The other issue was liaising with the suppliers on the requirements.” 

R: So PRASA was a customer that was managing its projects? 

B: “You got it right” 

R: Having more than one project team working on the same project or different projects, how do you integrate 

project teams’ deliverables to produce a unified whole? 
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B: “We conduct meetings involving personnel at different levels before the start of the project and after reaching 

a milestone we do conduct meetings as well to evaluate and discuss the way forward. The custodians of the system 

within the depot usually have the final say.” 

R: I understand you may perform integration as resources become available which is integrating with the stream, 

which other integration strategies can you make use of? 

B: “The strategies are always there, depot modernisation involves all the leaders who represent different 

departments so that the needs of different departments are met. All stakeholders are involved in the initiation of 

depot modernisation.” 

R: How do you modernise connected systems, let's say system A has issues but system B is okay yet these systems 

communicate with each other, how do you handle that? 

B: “I did not understand the question, may you elaborate more on that question.” 

R: Let's take an example of a spares acquisition system and the computerised maintenance management system, 

these systems communicate with each other, you log a fault and the CMMS communicates with the acquisition 

system, so let's say you want to modernise the CMMS, how then will you make sure that there will not be 

compatibility issues. 

B: “We modernise them in parallel to ensure alignment and these systems maintain their communication. We used 

to have Impact and moved over to SAP so that it can communicate with the EMU otherwise there won’t be 

communication between the EMU and the CMMS. We are currently busy modernising the communication system 

because of the EMU, if there was no EMU we were going to continue with the CMMS. So, there is that influence 

between independent and dependent systems, you modify the independent system, the dependent system must also 

be modified to maintain system integrity.” 

R: What would you highlight as the critical success factors for modernisation? 

B: “We are looking at things like the communication system, the protection system. You also have to spend money 

where it matters the most. The infrastructure is also important during modernisation.” 

R: Thank you and this takes us to the end of our discussion, but you may have some contribution you want to 

make concerning this topic that you feel was left out and need to be addressed. 

B: “We should keep an eye on the project budget so as a basic principle, do not destroy what you cannot replace 

if you still want to use it.” 

R: Given that a WBS can be the basis for cost estimation, resources requirements estimation and time estimation, 

does that mean a WBS is key to the success of a modernisation project? 

B: “Yes and sticking to the plan is very important.” 

R: Thank you and this takes us to the end of our discussion. 

B.1.3 Interview with Participant C 

Researcher (R) and Participant C (C): Welcoming and introduction 

R: Can I confirm your consent to participate in this interview before we start 

C: “Yes, I do confirm” 
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R: How can you ensure that modernisation is executed successfully? 

C: “If you talk of modernisation what are you referring to (in your context), I want us to be discussing with the 

same understanding of the subject matter.” 

R: Considering the old age of railway maintenance depots and the age of technologies housed in these depots, 

there has been an evolution of technology and there is new technology in the market right now so by modernisation 

I am referring to bringing the technology in these depots to modern standards. 

C: “Thank you, now we are on the same level of understanding. There are a couple of answers that I can think of 

and one is having skilled contractors and consultants that can handle the project for you. You also have to practise 

good business etiquette that is free of corruption. Also having people that are willing to do the job. Secondly, you 

have to bring the people that you are doing the job for onboard so that their needs can be represented and met 

during the project. The people at the depots are not the ones who will be modernising but we will get these services 

from external participants. There is need to create synergy between the doer and the customer. Important to note 

also is sticking to the project scope because scope changes may be due to corruption.” 

R: In managing the project, what would you consider as the starting point to ensure coherence in the management 

of a project. 

C: “Assuming that the benchmark has been done or it’s a starting point without a benchmark? My starting point 

will be what would you like to match this modernisation to and are you using the right template. Then next will 

be to assess the current state of the railway maintenance depot and how it differs from the template or the 

benchmark that you will be using. You also have to consult with role players to confirm because your template 

may not fit them so that you will be on the same page. Consultancy with the end-user is very critical.” 

R: In the past, how did PRASA approach modernisation of their railway maintenance depots? 

C: “This will be limited to my current experience, I am not sure if it was done before. But I think it would be done 

outside and brought to the depot as a proposal of an already existing complete unit so it created a lot of problems 

in that the end-user was not satisfied with the product. First, the design would be done and try to be force-fitted 

into the depots and the end-users were not convinced with the proposals. These approaches led to long delays in 

completing the projects.” 

R: When we talk of railway maintenance depot modernisation, what is it that you want to achieve (be it problems 

that you want to solve or opportunities you may want to exploit)? 

C: “It seeks to match the technology that is out there in the new trains. The transport system has changed, there 

are new trains and our depots are set up to deal with the old fleet so the old depots cannot meet the maintenance 

needs of the new trains. Even logistically, there is need to modernise from a maintenance point of view and a 

working environment point of view. Also is the need to improve efficiency during maintenance.” 

R: With this modernisation project are you not looking into the aspects of signalling and also computerised 

maintenance management system? 

C: “That is the ideal setup if we were able to automate processes that we currently have but from what I have 

seen, that aspect is not part of the current scope. The current scope is covering the maintenance and 

accommodation of the new fleet. The fleet maintenance management will remain the same for now even though it 

will probably move to SAP but it is not part of the current scope of work. The signalling is not necessarily in the 

depot maybe the infrastructure colleagues may give further input on that, I am not aware of it.” 

R: So how is PRASA planning to carry out the modernisation of these depots at present? 

C: “How as in process or what exactly? Try to be clear so that it's not part of what I have given you already.” 
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R: What is the starting point, where are they now in terms of modernising. 

C: “We are engaging with the consultants who were appointed to conduct the modernisation. There is already a 

base case from the conceptual designs that were done. The consultants are seeking approval of the conceptual 

design based on the scope. The consultants will then approach the end-users at the depots to confirm if their 

designs are still fitting and meeting the end user’s needs. So, the consultants are at a phase where they are 

checking the current state of the depots and comparing it to the design scope. The next stage will be prioritisation 

of the activities that need to be carried out during modernisation.” 

R: From your explanation, you are using a front-end analysis approach to this project? 

C: “This is almost like a second bite at the project, the first one was delayed for about 5/6 years and those designs 

have been changed because some of the structures lack the required level of integrity and then there were no new 

trains unlike now. Now everything has to be done in light of the new trains so it’s a front-end middle type planning 

phase.” 

R: You mentioned having a priority list that will then partition the project into phases, what integration plans do 

you have in place to ensure that the deliverables from these phases will be unified into a whole? 

C: “It hasn’t been tested yet but with the planning meetings that will follow, those issues will be discussed in 

detail. The plan will be assessed and realigned if need be. There will be more frequent engagements with different 

role players to plan regularly to realign the scope as the project progresses.” 

R: You mentioned earlier about migrating from a fleet maintenance management system to SAP but also 

highlighted that it is not within the scope of work of this current project, do you have any idea in your capacity 

how the migration might be implemented? 

C: “It's quite tricky because I am not sure how the two systems are going to be. My understanding of systems 

migration, in general, is to move from paper-based to automated logging. Like you have the gadget to assess the 

condition of the train at the pits, you log it right there and it interfaces with the system, it can be FMMS or SAP 

and requests will be made for a spare part if it is needed and communication will be sent back to the technician 

on the availability of the required spare part. Automating systems this way improves efficiency. So that is my idea 

of modernising and creating efficiency in the system.” 

R: So, having dependent systems in depots, how do you modernise them? As an example, if system A depends on 

system B and there is need to modernise system B, how do you approach that situation? 

C: “I think you have to analyse the relationship first, upgrading them at once may not be the right approach. You 

can modernise the independent system first then model the dependent system based on the independent system. 

Modernising systems at once will not allow you to adapt systems accordingly.” 

R: As we come to the end of our discussion, what would you highlight as the critical success factors of 

modernisation? 

C: “To improve the efficiency and reliability of trains. You cannot have a modernised setup and still have the 

same results after modernisation. I am more on the human development side of work. As for me the work 

environment must boost the morale of people who will be doing the work. There is a huge dependency on the 

experience of the staff than the knowledge one has. So, understanding and being able to interpret the problem is 

important in modernising the depots. The skill base of the staff must be increased as it influences the work. These 

are the ones I can think of for now.” 

R: Thank you very much for your contribution, you might be feeling that you want to add more information to the 

discussed topic or mention something that came to your mind that you may want to say. 

C: “I am sure you are doing this so that it can come back and offer lessons learnt and how we can improve on 

handling projects in future. There are lots of projects that we need to do and time is not on our side, for example, 
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the project we are working on now was delayed and we may have to rash things now to complete the project which 

may cause us to miss the critical stuff so may the lessons learnt in your project be able to be utilised in the future.to 

assist us with handling project management. You mentioned an important point on how to integrate the 

modernised systems and I don’t know if we have brought those two together as an organisation. I think we always 

look at the surface in terms of modernising but there are underground systems that are there that need to be 

looked at in terms of their impact on underground services. The infrastructure must be checked on whether it can 

support modernisation. That’s all from me now Adquate, and also just to wish you all the best in terms of where 

you are going and hopefully there will be lessons that we are going to learn to improve our services.” 

R: Thank you, it was an insightful discussion. 

C: “By the way when are you supposed to finish?” 

R: I am working towards submitting my thesis in August. 

C: “Okay, all the best, I am glad that you have taken this role and thank you for offering me the opportunity and 

hopefully this information will benefit you.” 

R: Thank you Sir, the information you gave is invaluable. 

C: “Okay Adquate, Bye” 

R: Bye 

B.1.4 Interview with Participant D 

Researcher (R) and Participant D (D): Welcoming and introduction 

R: Can I confirm your consent to participate in this interview before we start 

D: “Yes you can ask I don’t have a problem, maybe I will not have all the answers for what you want here but yes 

I can give my opinion.” 

R: Thank you very much, my first question then is how can you ensure that modernisation is executed 

successfully? This can refer to plans or strategies that you can put in place to ensure the successful completion of 

the work. 

D: “If you look at modernisation, are you talking about the depot or just the maintenance side so looking at the 

maintenance side and the train side, if we modernise we will be looking at having more equipment so that the 

technicians and the trains can talk to each other almost like. The technician will be having a tablet or device that 

when the train comes in the technician already knows where the fault is because the train would have already 

communicated. If you can give me an indication of which side you want me to touch on because I am more on the 

maintenance side. The depot itself is the same as it was for 30 years so modernisation can have the under-wheel 

lathe attended to, provide better staging and provide more security.” 

R: I am looking at a depot as a large technical system that functions as a unified whole so all the systems that are 

housed within the depot, the physical equipment and everything else is within the scope of this study. 

D: “It's difficult to answer you because we already have processes and procedures in place but if we can have 

more tools to update it and using the network whereby the trains and the tools we use interact with each other 

otherwise everything at this moment needs to be changed and updated. We need to look at what other countries 

are also doing to streamline the times that the trains are coming in so if we can have those tools and more flow 

of a system then we can increase the capacity of work we can do in a day. But it's difficult to answer. Have you 

been to the depot?” 
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R: No, I have never been there before. 

D: “It hasn’t been changed for the last 30 years, of course, we introduced the FMMS facility where you get a 

printout and if a fault occurs you log it into the system but to modernise it more we need a device like a cell phone 

or a tablet-like I mentioned earlier you give to the artisan to have an interactive system with the train so the trains 

will not spend more time in the depot.” 

R: You mentioned earlier that the railway maintenance depots have been in that state for the past 30 years but 

maybe there was a modernisation of some sort maybe at a small scale, if so, how was it conducted? 

D: “These depots have never been upgraded before, but with the coming of the new EMUs, the depots are in the 

pipeline to be upgraded to suit the new trains because they are different in length and sizes so we are upgrading 

so that we can lift more than one coach at a time. Of course, the technology of the trains was upgraded a little bit 

but maintenance facilities were not upgraded, in the lifting shop we also added boogie drop system to the existing 

cranes. Depot-wise there was the addition of a boogie drop system and testing equipment that was added.” 

R: You mentioned upgrading the depots to suit the new incoming trains, what else on top of that is the reason for 

modernising these depots? 

D: “To keep up with the changing technology and also trains need less time spent on them during maintenance. 

To lift the whole train set with six cars at once unlike now when we are lifting one coach at a time.” 

R: Given that you also want to bring in new technology, do you consider the layout of the machinery and 

equipment as part of modernisation? 

D: “Yes, the whole depot will change, currently we stage 21 trains of a certain length. But we will also modernise 

for inflow and outflow of the trains of different lengths so basically with the lifting equipment and stores, the 

whole layout will change.” 

R: On bringing in new systems into the depots, there might be compatibility issues between the old and new 

systems, how do you address those issues? 

D: “Yes, but I am sure that for both the new system and old system we use laptops so it will depend on what 

operating system they run on and I don’t think there will be a problem. Currently, we are using FMS and we want 

to move over to SAP which is big and has a lot to offer, so I don’t think it will be a problem, but we will have to 

see when it is here. So currently with the old trains we plug in the laptop and download the information that we 

manually put into the FMS but hopefully with the new trains and new technology you can download it from the 

trains directly into the system.” 

R: So, what migration strategies do you have in place for moving over to SAP from the current FMS? 

D: “I don’t have but we have talks already from head office engineering that we will be moving over to SAP, at 

the moment we haven’t started anything and we are waiting to see how the rollout will be. My involvement is not 

around the planning of it, but I will be involved in the implementation of it.” 

R: How do you approach dependent and independent systems concerning their modernisation? 

D: “Well the old trains need to run for the next 20 years as the enroller implements these new trains so whatever 

system (SAP) needs to cater for both trains, so we have to look at what is needed. I am sure engineering head 

office already looked at it and this is the reason why they want us to move over to SAP.” 

R: In short, what would you highlight as the critical success factors for modernisation? 

D: “Well, the timelines and how quickly we can do it. For now, we have been talking about depot modernisation 

for about 6/7/8 years and nothing has happened. I am not sure if I have answered you.” 
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R: Yes, you have answered me, let me also give you an example that will help us to discuss further. Let’s have an 

example of a decision-making stage where stakeholders collaborate to produce an integrated WBS which brings 

coherence to the project objectives and this becomes a critical success factor for modernisation. 

D: “I think you said it perfectly. We get information from the head office and they are looking at all the other 

depots for what needs to be done and/or improved. I don’t have anything to add to that, sorry.” 

R: Thank you, do you have anything that you may want to add to the discussed topic that you feel is relevant and 

helpful? 

D: “I am not involved that much in the modernisation program so maybe I was not the right person to give you 

all the right answers on that so that’s why my answers were so wide and not directed. The other guys on the list 

can give you detailed information I am sure. But what I understand is the new train technology and the contracts 

will determine how we modernise the depots. The new trains are here but nothing has been upgraded to 

accommodate those trains. I am sorry that I can’t contribute much to that.” 

R: Thank you very much for the contribution so far, it was insightful and this takes us to the end of our interview  

D: “No problem, I hope I haven’t confused you more or lead you on the wrong path.” 

R: No, your contribution is invaluable, I will analyse the data and make use of your contribution. 

D: “Contact me and come to the depot so that you will have a look at it, I am mostly involved in the maintenance 

side.” 

R: Thank you, I am sure we can make arrangements so I can visit the depot and have a look at the processes and 

machinery that also taking into consideration the Covid situation, hopefully, we can do that in the future. 

D: “Also take note that I am involved in the maintenance of old trains, I am not involved in the new trains or 

maintenance of it.” 

R: Thank you sir for this discussion 

D: “Thank you, bye and keep well.” 

R: Bye 

B.1.5 Interview with Participant E 

Researcher (R) and Participant E (E): Welcoming and introduction 

R: Can I confirm your consent to participate in this interview before we start 

E: “Yes, I confirm” 

R: Our opening question to the discussion is, how can you ensure that modernisation is executed successfully? 

E: “It all starts with planning, doing feasibility studies, putting together project teams, planning with the regional 

teams. I am speaking from a depot modernisation point of view. You also have to make sure that projects are 

executed as planned and are handed over properly to the operational people and maintenance support divisions.” 

R: What is your view on having a common WBS that is used as a baseline by all project teams? 
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E: “Absolutely, we established multi-disciplinary teams from the region whereby they have input from operations, 

security, telecoms, infrastructure, electricals and facilities who will take over the maintenance of these facilities. 

These departments receive necessary documents at handover that they will use during the operational phase. The 

project teams are set at the regional level where the project will be taking place.” 

R: Did PRASA carry out any modernisation project in the past, if so, what was their approach to modernisation? 

E: “A simple answer to that is I am not aware of such a program for the depots but I can that there has been one 

because we do have facilities that although they are very old now. We have very old systems that are in place for 

the existing fleet. In that sense, I can say yes, they did have a modernisation project in the past but currently, 

PRASA is in the process of procuring new trains that have different maintenance regimes which prompted PRASA 

to embark on a modernisation program to ensure there is maintenance support for the new fleet.” 

R: You mentioned modernising to provide maintenance support for the new fleet, what else does modernisation 

seek to achieve? 

E: “We also want to reduce human intervention by adopting modern technologies that are either fully automated 

or semi-automated so we can reduce injuries. Depots are heavy machinery environment and we have to make it 

a safe working environment. We also want to take advantage of modern technologies. There is a move to make 

use of solar power so that we reduce the load on the national grid.” 

R: At present how are you planning to modernise these railway maintenance depots, what is the role is PRASA 

in the process and who will be the other key players and their roles? 

E: “PRASA is a train operating company so to implement this huge project we go out in the market to look for 

relevant expertise that understands the rail environment to help us with the designing and researching all the 

technologies that are available and how they can be integrated into the designs. We involve contractors who will 

implement the designs, so this is what we are going to outsource. The manufacturers of the new trains are part of 

the modermisation project team to advise on the equipment that we will be installing because they must be 

maintenance friendly to the new fleet. Onboard also is the rail safety regulation board who plays a major role in 

the design lifecycle who will be looking at the overall safety of the depot for compliance.” 

R: Given that you will have different project teams working on the same project or different projects but with 

direct influence on each other, what integration strategies would you put in place to ensure smooth 

synchronisation? 

E: “We have a project delivery structure that conducts regular project meetings where the designs are 

interrogated and the teams give their input as well. Project and progress reports are generated and risk meetings 

are also conducted to evaluate the overall risk of the project. Safety is also evaluated in meetings. And through 

these meetings, we will be able to integrate different project teams.” 

R: I also understand that there is a drive to move from FMMS to SAP, what migration strategies do you have in 

place to carry out that migration? 

E: “The new fleet has its maintenance system that it is using and that system will be integrated into the PRASA 

system (SAP) and will be configured to be compatible with the maintenance system on the train side. So there is 

a need for interfacing the train maintenance system with SAP so these two systems can communicate with each 

other. We haven’t started with the execution so it has not taken shape yet but the designers are working on it. The 

train manufacturer is very much aware of the systems that we will be using and they will be put into consideration 

during the manufacturing of the trains. At the handover of the new trains, we also expect to get the maintenance 

guidance on the frequency of servicing of certain parts and the mode of maintenance to be carried out.” 

R: Can you explain a bit on the aspect of modernising independent and dependent systems, what criteria do you 

use in modernising those systems? 
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E: “First of all, we look at the type of fleet that we are purchasing and from there the design of the facilities must 

match the demands of the incoming fleet. Let's take an example of the new fleet, it’s a six-car train set that needs 

to be lifted as a six-car train set, so that determines how the facilities are supposed to be configured. Let's also 

look at the maintenance sheds, they are designed in such a way that if there is a need to service the aircon there 

is easy access to the roof of the trains so that is determined by the type of the train and the nature of the train 

itself.” 

R; Thank you, and what would you highlight as the critical success factors for modernisation? 

E: “Collaboration, people buying into the project, discussion and training, sharing information, communication, 

people must also feel that they are part of the process, top leadership support, community involvement by offering 

them employment because that give them a sense of ownership.” 

R: As we close this discussion, do you have anything that you may want to add to the discussed topic. 

E: “Strategy and roadmap need to be discussed because in organisations like PRASA we need to understand the 

‘why’ of modernisation, so there must be a roadmap and strategy on how we are going to carry out that 

modernisation because we can modernise the depots leaving out the infrastructure where the trains will be 

running and it’s another thing. Also, if we leave out stations, modernisation will not have an impact. 

Modernisation should also involve infrastructure where the trains will be moving. So different projects are needed 

to upgrade the entire system to realise full benefits from such a big investment.” 

R: Thank you sir for the discussion, it was insightful 

E: “Good luck, cheers” 

R: Bye 
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Appendix C: Ethical considerations 
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Figure C0.1: Research Ethics Committee ethical clearance 

The ethics clearance to conduct this research was obtained from the Stellenbosch University Research Ethics 

Committee. 
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Appendix D: Framework validation questionnaire 

The validation questionnaire is based on Boreinstein (1998) methodology that incorporates the aspects of face 

validation and user assessment. 

Face validation questions 

Q1. In your opinion, does the framework have the potential to be useful during the modernisation project of 

passenger railway maintenance depots? 

Q2. What can you describe as the strong points of the framework? 

Q3. What would you highlight as the weak points? 

Q4. This framework was developed for the modernisation of passenger railway maintenance depots, do you think 

with minor adjustments, the framework can be applied to other complex project environments? 

Q5. How do you rate the approach that was used for different stages of the multi-disciplinary project management 

framework? 

Aspect Poor Fair Average Good Very good 

Modernisation objectives      

Project ideation and definition phase      

Project organising and preparing phase      

Project execution phase      

Project closing phase      

Systems integration      

Q6. From your previous comments, what would you suggest should improve and how? 

User assessment questions 

Q7. Please highlight how you would evaluate your experience if you were to apply the framework? (Tick your 

response category) 
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Aspect Poor Fair Average Good Very good 

Logical structure of the framework      

Easy to follow and understandable      

Use of right terminology      

Q8. Would you use the multi-disciplinary project management framework to influence decision making in future 

concerning the modernisation of passenger railway maintenance depots? Please justify your answer. 

Q9. In your opinion, does the framework inspire confidence if used during decision making? Support your answer. 
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