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Executive Summary

The construction industry has a long-established reputation for cost and time overruns.
This is a particular concern for the UK government when commissioning major
infrastructure projects. Therefore, the government is requiring that highways
construction companies move to adopt new ways of monitoring projects in the future.
Against this background, the thesis investigates the issues that make project
management more difficult in highways construction compared with manufacturing,
and how the ¢goposls aiméonrhpboge the sitmation. The research
resulted in collecting data from experts in the construction industry to find out the
current issues of the industry and how digitising the current build process might help
to tackle some of these issues. The research then looks at how one of the major UK
highways construction companies can implement an asset tracking system that not
only satisfies the governmento6s vision
the actual build process which saves cost and time in the reworking and handover
process. The companyds situation along
to identify the features required from the proposed system. A prototype system called
CATS 1 Construction Asset Tracking System i was then implemented. The final stage
of the research evaluated the strengths and weaknesses of CATS by analysing the
data collected from interviewing thirteen managers and engineers in the company. The
interviews covered what they saw as the issues in highways construction, followed by
a demonstration of CATS if they had not seen it before, and concluded with a

discussion of the role they saw for CATS and similar systems.
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1.0 Introduction

This chapter offers an overview of the thesis. It starts with the research motivation in
section 1.1, followed by the project background in section 1.2. Section 1.3 discusses
industrial requirements before examining the reality or achievability of the Construction
Strategy 2025 in section 1.4. Research questions are detailed in section 1.5, followed
by an analysis of research contribution and impact in section 1.6. Finally, section 1.7

outlines the thesis structure, concluding with a summary in section 1.8.

1.1 Motivation for the research

This research project stemmed from the highways division of a large UK construction
company (Costain) needing to develop an asset tracking model to conform with the
government 6s requirements to be compatible w
Highway s 6 ( NH) Building Information Model (Bl M
aimed to provide support for the governmento
of constructiondéd to enhance efficiency, be ¢
stages in the lifecycle of highways, and assist in the development of a cross-company

standard asset model for the highways industry.

This project was initially produced and supported by Costain Group to investigate how
contractors can comply with the Construction Strategy 2025. Costain Group, founded
in 1865 by Richard Costain, is a British engineering solutions provider with activities
organised into six sectors: Rail, Highways, Power, Water, Nuclear, and Oil & Gas. As
technology devel opment has accelerated, Cos
construction projects to be delivered more quickly and cheaply than before, leading
Costain to adopt new productive ways to remain competitive. Even though the
construction industry has a process in place to manage construction and maintenance
works, it still suffers from poor practices resulting in cost and time waste in doing the
same job again (reworking). This issue and others discussed in more detail in chapter
5 create a need to build a digital model for handling and managing asset data during
the construction phase, which will provide support in delivering projects with minimal
waste in cost and time. Consequently, Costain wanted to not just meet the
government/NH requirements mentioned in section 1.2, but to exceed them by

developing an asset tracking model to enhance their internal efficiency.



Furthermore, at the time of the publication of the Construction 2025 strategy,
construction projects were far from considering or incorporating digital tools into their
daily operations and processes. In order to align contractors such as Costain with the
government's strategy, this research was initiated to find solutions and provide
guidance on how to proceed in line with the Construction 2025 strategy. The goal was
to develop a digital system to ensure that, by the deadline for implementation,
contractors and their supply chains would be sufficiently close to being BIM compliant.

At the heart of the research was the development of a prototype, proof of concept
asset tracking system called CATS (Construction Asset Tracking System). The long
term vision was that this prototype would be a step towards encouraging the
development and introduction of a standard asset tracking model across the industry.
For example, this would facilitate the handover of the highway data between different
stages of its life, such as from construction to operations. This would benefit all parties
involved in the construction, operation and maintenance of highways in a similar way
to how the common standardised container specification has benefited the various

parties involved in shipping goods.

Besides developing CATS, the project also identified the required and the desirable
features that the CATS system should have, and then evaluated CATS against both
these aspects and any other features that experienced construction staff saw as being
important. The thesis splits into two main parts: the requirements that such an
information system needs to comply with, and the development and evaluation of a
prototype of such an information system. The first part of the thesis identifies what
features are required from the asset tracking model. This covers the requirements that
the National Highways (NH) is specifying future models should meet, i.e. the
introduction of progressively more advanced models of BIM (Chapter 2). As offsite
production of component sections for highways is far more restricted compared to
building sections, the focus of enhancing the production of highways construction lies
in refining Total Quality Management (TQM) procedures, especially in production, and
addressing the challenges of implementing TQM in highway construction (Chapter 3).

One significant disparity between manufacturing and highway construction lies in the



ability to monitor progress in real-time, a capability crucial for implementing TQM
procedures, and so real time asset knowledge needs to be at the centre of any
construction asset tracking database. Chapters 2 and 3 are based on reviewing
government and industry documents, as well as the academic literature to identify the

requirements for an asset tracking model.

However, the most relevant and up-to-date knowledge of the significant problems
affecting highways construction lies with experienced construction managers, leading
us to the second part of the thesis. Therefore, interviews were conducted to discuss
the features they deem necessary in an asset tracking system (Chapters 4 and 5).
Additionally, this section examines how well current or existing asset models cover
these features (Chapter 6) and identifies the essential features required from a
highways asset tracking system, which were derived from interviews, industry reports,
and academic literature (Table 4 in Chapter 7). Since none of the existing models met
the requirements, a prototype modeld the Construction Asset Tracking System
(CATS)0 was developed and described in Chapter 8. The model was evaluated to
ensure it covered the requirements identified in Chapter 7 and the desired features
according to experienced highways construction managers (Chapter 5). This research
revealed that existing models and tools (discussed in Chapter 6) lacked the
comprehensive requirements to transition the construction industry to be BIM
compliant and thus align with government goals (section 2.2). Therefore, CATS was
developed to re-engineer the construction processes using an Information System (IS)

to enable proactive improvements.

The data collected from the experts shed a light on the current drawbacks and issues

that the construction industry suffers from. These can be summarised as:

O«

A need to digitise the construction build process.

O«

A need to tackle the waste of cost and time in the current construction projects.

A need to solve few of the societal issues such as work and cultural issues,

O«

political issues, and behavioural issues of the workers.

O«

A need for better communication and collaboration in the working environment.

O«

A need for better specifications of the Information Systems currently in use.



These drawbacks served as the foundation for the CATS model, which aimed to
address as many of these issues as possible and improve the existing construction
culture. Subsequently, CATS underwent evaluation by the interviewers to gather
feedback and determine its effectiveness in handling these issues. According to the
interviewees, CATS development is progressing in the right direction. The application
of CATS in construction was perceived to result in cost and time savings, proactively
address workers' behavioural issues, enhance communication through real-time
reporting, and offer a means to digitise current construction processes (refer to
Chapter 9 and Table 6 in Chapter 8). Moreover, the interview data presented in this
research contributes uniquely to the gap in the knowledge in academia, shedding light

on issues within current construction processes and proposing solutions.

1.2 Background

As well as representing what is equivalent to 10% of UK employment, the construction
industry holds a significantly broader importance for the economy by being responsible
for establishing, developing, and upkeeping the environments where businesses
function and thrive, along with constructing the economic framework that ensures

national connectivity (Department for Business, 2013).

The Department for Business, (2013) stated that

“Construction is one of the | argest secto
£90 billion to the UK economy (or 6.7%) in value added, comprises over 280,000
businesses, and provides some 2.93 million jobs, which is equivalent to about 10% of

total UK empl oyment”

Construction industry is an extremely important sector in the UK as it

femploys more than three million people and in 2010 delivef&@7 billionto the UK
economy [ ..] It is highly -sdeicvteorrsse [w.i]t hl ta ir
contributor to UK growth with the global construction market forecast to grow by over
70% by 2025. [ ...] I n addition, e he UK ha
Management sector ensuring that built assets are operated effectively and effidently
(HM Government, 2015).



HMSO (2011) stressed that the construction sector's value contributes approximately
£110 billion annually to the UK economy. This total is divided into three primary sub-
sectors:

commercial and social, amounting to £49 billion

O«

residential, totalling £42 billion

O«

infrastructure, accounting for £18 billion

O«

(Department for Business, 2013) stated that

“A modern, competitive and efficient cons
economic prosperity. Its contribution is also vital if the UK is to meet its Climate Change

Act commi t ments and wider environment a

A driver for this project was a trend among
construction projects to be delivered faster and 15-20% cheaper than five years earlier

(HM Government, 2012; Teall, 2014). Sundgvist et al., (2014) mentioned that the

views of project leaders within construction projects with regard to improving
effectiveness, are concentrated on achieving the objectives of cost, time and scope
requirements of their projects. Therefore, Costain believes that the only way it can

meet the client 6 s expectations, and thus stay in t
technology and research. The outcome of this unity between research and technology

is expected to achieve this effectiveness through:

0 Decreasing the amount of reworking

0 Eliminating the redundancy through creating one single source of truth (Core
Record)
0 Decreasing post construction surveying. (David McHugh, Technology

Integration Manager, Costain, Personal Communication)

This research will broaden the understanding within academia about solutions to deal
with challenges faced in asset management within construction by including the

information system model in solutions.



1.3 Industrial Requirements

National Highways (NH) (formerly the Highways Agency) is a governmental company
responsible for operating, maintaining and improving motorways and major A roads in
England. It was founded as an agency in 1994 and converted into a governmental
company in April 2015 (Highways Agency, 2015).

The main government ambitions mentioned in HM Government (2013) for
Construction Strategy 2025, is to reduce both the initial cost of construction and the
whole life cost of assets by a third, and reduce the overall time from project inception
to completion for new builds and refurbished assets by half by 2025. These ambitions
drove the specifications of the Digital Built Britain (DBB) plan to leverage the use of
BIM to manage the construction industry by the government (section 2.3). Therefore,
BIM is a fait accompli if construction contractors want to tender for highways

construction projects.

The previous paragraph sets out the gover nme
targets. These are cost and time targets for the built environment in general, not
specifically for highways construction. Chapter 2 will discuss how these government
targets apply to highways construction and what requirements highways construction

companies need to comply with in the future.

In conclusion, there is a need to create a new asset model for highways construction
that addresses the limitations of current models, is BIM compliant and contributes to

the aims of the Construction 2025 strategy.

It is worth noting that this research will be discussing the first 2 targets of the
Construction 2025 strategy mentioned in HM Government (2013), particularly the 33%
reduction in both initial construction costs and the entire life cost of assets, as well as
a 50% reduction in the overall time from project inception to completion for new builds
and refurbished assets. It does not delve into the last two goals of the strategy, namely,
the 50% reduction in greenhouse gas emissions in the built environment and a 50%
reduction in the trade gap between total exports and imports for construction products

and materials.



1.4  Are the Construction 2025 Strategy targets achievable?

The perception of UK organisations towards the Construction 2025 Strategy and its
potential benefits for the construction firm's supply chain, industry advancement,
technology utilisation like BIM in areas such as highways and rail, and its role in
attracting a new, younger workforce into the sector is underscored in the works of
Barker (2013), Fitzpatrick (2013), Hardy (2014), RICS (2018).

Maqgbool et al. (2023) concluded that wusing i
- which is also called off-site construction - would help achieve the targets of
Construction 2025 Strategy. This comes in the shape of reducing costs, duration,
greenhouse gas emissions and the import/export trade gap in the construction
industry. As Magbool et al. point out, MMC has been around since 1945 with the use
of prefab housing to assist with the post war reconstruction. The government has often
put forward prefabrication as a way to improve construction industry efficiency, e.g. in
1962 the housing minister (Keith Joseph) 06pi
from the factorybo (page 5 of -6 ®A DNoKyragtno
Bloomsbury 2023). Hence, it is likely to have only a limited impact on an area such as

highways construction where it is not naturally applicable, in the short or medium term.

While the previous discussion hailed the Construction 2025 Strategy, on another hand,
Dziekonski et al. (2023) found Industry experts express uncertainty regarding
achieving the set goals for reducing overall costs and time by 2025. However, there is
a more optimistic outlook on the reduction of greenhouse gas emissions and narrowing
of the trade gap. The survey results highlight reluctance to embrace change,
insufficient implementation of new technology, industry fragmentation, and a failure to
adopt modern construction methods as the primary obstacles to meeting the targets
outlined in the Strategy. In conclusion, they stated that the UK's construction sector
appears to be caught in traditional and inefficient structures and methods, impeding a

swift transformation by 2025.

Following the failure of previous government initiatives, Green (2013) highlighted the
opinion of most construction professionals that they believed the strategy would not
succeed. Also, Gruneberg (2018) addressed the ambiguity of the process that the

government is following to reach these targets.



Moreover, BAM (2015) stated that the difficulty to achieve the strategy seems to
originate from the industry's divided and risk-averse culture. While suggesting
innovative solutions is commendable, the pace of progress significantly decelerates
when there is hesitancy to take the required leap of faith and experiment with novel
products. Unfortunately, this reluctance is precisely what has impeded advancement

in this setting.

Nevertheless, Mr. Rawlinson, from the Construction Leadership Council (CLC)
responsible for monitoring and evaluating the achievement of the construction
industry's 2025 strategy targets, admitted that the CLC is currently not measuring
progress on these goals (Construction Index, 2017). This implies the absence of a
readily available document that informs us about the performance of the strategy
implementation. Furthermore, while the intended destination and the prescribed path
of implementing the strategy is known, the actual extent of progress remains unknown
(Construction Index, 2017).

In conclusion, while attaining the precise targets may seem challenging, incremental
achievements can contribute significantly to fulfilling the overarching goal. Therefore,
incorporating the use of CATS in construction projects would play a role in
accomplishing specific objectives of the construction 2025 strategy, particularly the
33% reduction in both initial construction costs and the entire life cost of assets, as
well as a 50% reduction in the overall time from project inception to completion for new

builds and refurbished assets.

1.5 Research Aims and Questions

1.5.1 Research Questions

The government has launched the Construction Strategy 2025 and Digital Built Britain
(DBB) plan. Sections 3.3 and 3.4 describe the plans of the government to integrate
asset management lifecycle into Building Information modelling (BIM). This requires
input from many aspects of the construction process, including both highway

contractors and the supply <c¢chain, as these
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process are vital to the success of the strategy. This leads to the following research

guestions:

Q1: What is needed to be done by highways contractors and the supply chain
to integrate to Digital Built Britain?
Q2: How well does the Construction Asset Tracking System (CATS) meet the

requirements of DBB and compliance with BIM?

It is worth noting here that research question 1 is covered in chapters 2, 3, 4 and 5,

and research question 2 is covered in chapters 6, 7, 8, and 9.

1.5.2 Research Problem
Details of the interview participants are provided in section 4.4. In this section, the
same symbols are used to refer to the participants as those provided in table 3, i.e. P1

is a symbol that refers to Participants number 1, etc.

The government is pushing towards adopting a more digital approach in the
construction industry. This is also accompanied by the desire from contractors and
other stakeholders to be aligned with the governmental plans and strategy, because if
they do not, they may suffer the consequences of staying behind and as a result being

out-of-business. This is also stressed by interviewee P13

AChange of thinking in the organisation

people skills. Um, upscaling and the tools to do the software, the
technology and so forth, but also do, while knowing how to use it. So the
implication of the companies is if we don't embrace it, and develop

it, others will do and you are being left behindo

This was also discussed by P4

Al think Costain has got no other way

on these digital capabilities, because that's the direction we're going within
the company [ é] Il f we don't do it n

be falling behindo

11
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Existing practices in the project construction process exhibit several deficiencies:

0 Data Collection: This pertains to the traditional methods of gathering data,
such as meetings, emails, and paper-based communication, which are not
real-time and include reliance on the "Post-It Wall" (see section 5.2.5.1) for

project management.

0 Data Storage: The current approach results in multiple versions of data,

making it vulnerable to loss or mismanagement.

0 Integration with BIM: Given the government set a clear plan to adopt digital
asset management, it falls upon contractors to report their work in a digitally
compliant BIM format to remain aligned with industry standards and avoid
falling behind, which is not the currently the case, see section 3.5.5.1 for the

current state of construction process.

0 Digitise Construction Processes: Collecting data related to the construction
phase can enhance overall construction quality processes and integration with
BIM Level 3, which is not the case at the existing process, see section 5.2.5.1
for the current state of construction process. Further details on this subject

and its relationship with quality and digitisation are discussed in Chapter 3.

1.6  Contribution of the Research

1.6.1 Contribution and Impact

The thesis contributes to current knowledge in the field by uncovering the current
issues and obstacles that hinder the industry from being aligned with the Construction
2025 Strategy and confirm to Digital Built Britain (DBB) plan. The experts also provided
the data of evaluating the CATS model in respect to meeting the first couple of points

of the Construction 2025 Strategy.

The main contribution of this study is to
0 emphasise the application of Total Quality Management (TQM) theory: TQM
principles guide the understanding of quality management processes to

enhance project efficiency. By focusing on quality improvement and
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stakeholder engagement, TQM contributes to the overall goal of saving on cost
and time.

0 The creation of the digital platform called Construction Asset Tracking System
(CATS): The CATS platform facilitates improved project communication and
collaboration, essential for achieving Construction Strategy 2025's objectives.
Through efficient data management and real-time tracking, CATS helps in

reducing project duration and costs.

O«

The alignment of CATS features with the Construction Strategy 2025 to save
on cost and time in construction projects by leveraging the use of Building
Information Modelling (BIM).

0 Thematic analysis of the data identifies themes on solutions related to cost and
time-saving in construction projects, and reveals themes such as the
effectiveness of digital scheduling tools in reducing project timelines.

0 This research aims to contribute to the overall goal of saving on cost and time

in construction projects through the adoption of digital technologies and efficient

project management practices and be Construction strategy 2025 compliant.

The model will also align the contractors such as Costain with the new HM
Government Construction 2025 Strategy by being BIM compliant, showcasing how the
use of digital technology achieves the objectives of saving on cost and time in

construction projects.

1.6.2 Academic Contribution

Most of the existing asset management tools and papers primarily concentrate on the
maintenance of assets or prefab assets as stated in Maqgbool et al. (2023), with little
attention being given to the construction phase of such assets. This research
contributes to current knowledge by exploring the importance of the construction stage
in the asset life cycle. This research addresses the solution for the future construction

projects within the highways industry.

The main contribution of this research is to add knowledge to, and enhance the
understanding of tracking and managing assets in the construction phase of the
highways sector. The literature in this area is mainly concentrated on finding specific

solutions to specific issues, leading to an inconsistency in classifying and
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characterising solutions. This study is aiming to create a holistic model that unifies the
existing solutions together.

From the point of view of academia, there are many published articles regarding BIM

as a Atool o. However, when it comes to BI M
processo, there are very few publications (s
Therefore, this research | eads the way in

regarding highways. It then creates a holistic model to deal with the construction stage

of the asset life cycle while being BIM compliant.

This research will also enrich academia with the expertise and practical insights of
managers within the construction industry, and thereby help bridge the gap between

academia and industry.

Ultimately, this research will benefit service provider companies such as Costain in
tracking and managing their assets in the construction phase, decreasing reworking,
and providing invaluable support in the handover processes, which eventually will
increase the efficiency of these companies and the way they deliver on projects, and

will save cost and time.

1.7  Ouitline of the Thesis

A qualitative approach was adopted because it allows the researcher to acquire a
comprehensive understanding of the subject from the people who work within the field,

enabling the derivation of meaningful conclusions. It was used to explore existing

models for tracking and managing asset lifecycle. Semi-structured interviews were

chosen to collect the data from 13 participants. Thematic analysis was selected to
analyse the interview transcripts. Interview
provided the raw material that was analysed to gain new insights and lead to the

development of a more efficient and cost-effective database.

This thesis comprises eleven chapters, addressing the following topics: background

and motives for conducting the study, review of the literature, industry positions and
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the government vision, the project vision, research methodology, Quality Management
and TQM, The CATS model, assessment, discussion, and conclusion.

The following is the summary of the content of the chapters:

Chapter 1: Introduction

The introduction chapter offers a synopsis of the study's motivation, background,
industrial requirements, critical reflection on the achievability of the Construction
Strategy 2025, aims, research questions, contribution, and impact. It emphasises the
gap in the existing process as a prelude to the subsequent chapter. Additionally, it
provides a summary of the research methodology. The chapter concludes with an

overview of the entire thesis.

Chapter 2: The Governmentos Goal s

This chapter discusses the industry's current position and the government's vision,
including the plans and strategies (i.e. DBB) that are driving the construction industry
towards integrating to the Building Information Modelling (BIM).

Chapter 3: Literature Review: Efficiency in Construction and Manufacturing

The third chapter provides the literature review, which offers supporting evidence for
the real-world issue surrounding the digitalisation of the construction process that is
addressed in this study. It also examines earlier studies in the field of construction
asset management. It also focuses on the literature review concerning quality
management and the Total Quality Management (TQM) framework. It shows a general
overview of quality management and a brief history of TQM before proceedings to
expose the connection between TQM and the construction industry, explaining how it

impacts project outcomes in the field of quality management.

Following this, the chapter examines the quality view within the current construction
industry settings. It subsequently delves into the challenges faced by these settings in
embracing TQM practices. Lastly, the chapter engages in a vital discourse on the
utilisation of Information Systems as tools to implement TQM within the construction

sector, enhancing both quality and cost and time savings.

Chapter 4. Methodology and Research Design
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Chapter 4 provides an overview of the research method employed in this study,
including the study's design. This chapter offers a comprehensive explanation of the
research process, encompassing aspects such as the study's setting, the process of
recruiting interviewees, the chosen sampling strategy, the research approach
adopted, and the criteria used to select participants. Furthermore, it outlines the data
collection management and analysis methods, as well as the ethical considerations

integral to this study.

Chapter 5: Industry Position and Vision

Chapter 5 describes the industryds position
construction processes currently employed by both the client (NH) and the contractor

(Costain). It then expressed the problems in the construction industry to do with the

current practices. It then explains the industry issues from the interview data that was

collected as part of this study data collection. Finally, it summarises the thoughts from

the interviewees on how the issues can be fixed from their perspective before delving

into the features needed to be in the proposed solution to overcome the current issues.

Chapter 6: Total Quality Management (TQM)

This chapter deals with the recommended model created for this study that digitises
the construction industry in the construction phase that enables construction projects
to be BIM compliant and confirmed to DBB. At this chapter, an initial description of
existing ad-hoc databases and models that the academic papers have so far was
introduced. Those models set the scene for the most important configuration that is

needed to digitise the current build process.

Chapter 7: Existing Databases

This chapter explores a critical reflection on the current existing databases or models
that were created to solve issues that reacted to this research (support construction
phase of asset lifecycle). It also shows a reflection on the features found in the

interview data.

Chapter 8: The Model (CATS)
This chapter provides a description on the software development methodology of Agile

(a methodology that controls the development of a software tool) that is followed in
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creating Construction Asset Tracking System (CATS) model. Then, a thorough
description of CATS is provided with a scre
comparison between CATS and the existing models is provided to explain how CATS
isdifferentandh ow CATS has the potential to offer fe&
to DBB. It also has a critical summary reflecting on how CATS is aligned with features

find in the literature.

Chapter 9: Evaluation of CATS by the Interviewees

This chapter highlights the issues found in the literature as well as the interviewees

opinions in the current configuration of the construction industry to do with the build

phase of assetsd |life cycle. Then theatchapte
offers to solve and deals with these issues. Finally, an evaluation from the interviewees

on CATS and their opinions on how CATS meets the requirements needed to be done

to overcome the of dealing with the construction phase issues was introduced.

Chapter 10: Discussion

This chapter presents the researcher's self-evaluation of the project, encompassing a
reflection on CATS and its alignment with the literature review, the achievement of
goals, along with recommendations for future improvements. Additionally, it offers

insight into the path forward and an overall perspective on the project.

Chapter 11: Conclusion
Chapter 10 concludes how this study was delivered as part of a PhD and how it meets
the research requirements as well as the research contributions, strengths, limitations

and recommendations for future work.

1.7.1 Link between the Thesis Chapters

This study consists of 11 chapters as outlined in section 1.5. These chapters are linked
as follows. The introduction chapter summarises the whole study while briefly setting
out the methodology followed in this study, this methodology was then explained in

detail in chapter 4 as shown in the right side of Figure 1.

Figure 1 also illustrates the literature review involved in this study that consists of 3

chapters namely, the government goals, efficiency in construction and manufacturing,
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and exi sting databases. These <chapters I nf
discussed in chapter 5 and CATS model discussed in chapter 8.
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The CATS model (which is a model that was designed and developed to support the
construction build phase) introduced in chapter 8 and the methodology in chapter 4
lead into the assessment and evaluation summary in chapter 9, which in turns leads

into the discussion and conclusion of the whole study.

1.8 Summary

2.0 In summary, this chapter outlined the motivation behind the research project,
which originated from Costain's Highways Division's need to develop an asset
tracking model that aligns with government requirements and enhances internal
efficiency. The Construction Asset Tracking System (CATS) prototype was
developed to address these needs, aiming to streamline asset data management
during construction while conforming to industry standards like BIM. Additionally,
the chapter discussed the broader context of the construction industry, highlighting
the importance of innovation and technology adoption to meet evolving client
demands and government strategies. The next chapter will delve into the
government's vision, including the plans and strategies (i.e. DBB) that are driving
the construction industry towards integrating into Building Information Modelling
(BIM).
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2.1 Introduction

In Section 1.3, we explored the need to align the highway construction industry with
the government's Construction Strategy 2025. This chapter provides a deeper look
into this strategy, outlining the primary goals of the government as outlined in HM
Government (2013) for Construction Strategy 2025.

This chapter offers insight into the governn
in Section 2.1, discussing the governmentos
Section 2.2 then delves into the government's vision, followed by an examination of

the Digital Built Britain (DBB) plan in Section 2.3. Additionally, BIM is explored from

the perspectives of National Highways in Section 2.4 and the professional 3D
designerdéds community in Section 2.5. Final 'y

in Section 2.6

The UK Government (HM Government, 2015) has stressed the importance of finding
new ways of doing business and connecting supply chains to make building and
engineering services more efficient. To make these new methods work, they need to

create new organisations, teach new skills, and set up new systems.

The government highlighted the importance of digital applications in the construction
industry when they mentioned it in their Construction Strategy 2025 below as well as

the DBB commitment in figure 2.

AAdopting these innovative technologies w
full understanding of the performance of their assets, both during
construction and t hr outlgelconsttuctiohei r desi gn
industry needs to position itself at the forefront of smart
construction and digital design by driving forward the Digital Built
Britain agenda. I f it doesndét, the UK wil/ be |
supply chains will secure a substantial share of this rapidly growing

market both at home and overseas, where UK expertise in advanced
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engineering and design leaves our businesses well placed to capitalise on

significant export potential.o (HM Gov

The commitment

Industry and Government will fully commit to building the UK’s competitive
advantage in smart construction and digital design by supporting the launch
of Digital Built Britain.

Figure 2: DBB commitment (HM Government, 2013, p.33)

Costainds vision regarding the government al
0 Acquiring real-time knowledge on their construction processes to assist with
guality management processes that have been used in production (chapter 3).
Having a flexible, comprehensive, and usable model that could be used by

O«

different construction and operating companies i its features are discussed in

Table 4 in Chapter 7).

2.2 The Government Vision 2025
Ernst & Young (2018) stressed that

Aln 2015 the government set out its Vvisiol
By digitising the entire |ifecycle of th
whole-life costs and carbon while ensuring availability and resilience of

i nfrastructureéo.
Also, the government published on their website

ARA key focus of the programme i s developi
environment and operations management industries. One of these tools is

Building Information Modelling (BIM). Over the last 6 years, the
programme has developed BIM Level 2, which by 2015 had already saved

A2.2 billion across the government. o (

So, it is clear that the government is concentrating on creating a digital environment

for asset life cycle to achieve the Digital Built Britain vision:
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fBy working in partnership, the construction industry and Government jointly aspire

to achieve by 2025:

1. A 33% reduction in both the initial cost of construction and the whole life cost
of assets.

2. A 50% reduction in the overall time from inception to completion for new build
and refurbished assets.

These are long-term ambitions shared by industry and Government jointly.

The Construction Leadership Council will develop an action plan to achieve
these ambitions between now and 2025. 0

as mentioned in HM Government (2013).

This research project is contributing to the first two points. This will come through
enabling a reduction in the cost (by aiming to decrease reworking), in the completion
time (by decreasing the amount of time the project delivery and handover takes to
complete), and in the resources needed during the build phase. It will also contribute
to data collection in the build phase to enable direct integration with BIM level 3 in

alignment of the government vision.

The outcome of this project is in the form of a model that aims to digitise the built
process where possible. This would provide the functionality to lead and track the
construction in the highways industry to save cost, time and resources while enabling
better quality as mentioned in Construction Strategy 2025 (HM Government, 2013).

This is further discussed in chapter 9 where the CATS model is evaluated.

2.3 Digital Built Britain (DBB)

HM Government published in 2016 their Construction 2025 strategy and introduced
BI'M Level 3 in a newBdltBfriiniatiinamn (dDaBIBl)ed @A Di gi

Aln 2011 the Government Construction Str

Level 2 BI'M on al/l public sector project
identified as a significant contributor to the savings of £804m in

construction costs in 2013/14 recently announced by the Cabinet Office.

€ this innovative technology is central 1
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projects | i ke Crossrail and HS2 where it
in the development of digital technologies for infrastructure and

construction.

This Digital Built Britain strategy takes the next step in integrating these
technologies, transforming our approaches to infrastructure development
and construction and consolidating the UK

these sectors. o

Page 5, HM Government (2015)

Therefore, DBB are in the Government policies to be adopted by 2025. Hence, there
is a requirement from NH to the contractors to have the handover data of the
construction projects to be BIM level 3 compliant. (David Owens, Highways England

BIM Programme, Personal Communication)

The government s Construction Strategy 2025
Modelling (BIM) as a mean to digitise the construction industry as emphasised by
Young (2018, page 8)

AThis DBB programme brings ticlydingher the |

the Construction 2025 Strategy, the Business and Professional
Services Strategy, the Smart Cities Strategy and the Information Economy

Strategy to provide a consistent vision of how a high performing,

transparent economy that efficiently delivers services to all of its citizens

can be created. The aim of DBB is to provide a seamless transition from

the achievements of Level 2 BIM and the Construction Strategy in to an

environment where technology and working with technology is second

nature in construction. oo

Digital Built Britain (DBB), previously referred to as the 'BIM Task Group', aims
strategically to enhance productivity throughout the lifecycle of assets in construction
by leveraging digital technologies, Young (2018). HM Government (2015) stated that
DBB strategy aims to integrate advanced technologies into infrastructure and
construction, positioning the UK's leadership in these fields. The goal is to make fully

computerised construction the standard, and to extend the advantages of these
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technologies throughout the UK. Additionally, the strategy aims to export these
technologies and related services worldwide, capitalising on the projected $15 trillion

global construction market by 2025.

The government policy also points out that conventional approaches follow a step-by-
step process. Clients identify their needs, create a project plan, and then move through
design, procurement, construction, and operation. However, this traditional approach

lacks a feedback mechanism to improve performance.

The vision of Digital Built Britain strategy concerns creating a transformation in how
infrastructure projects are designed and procured (HM Government, 2015). This
transformation involves:

0 Creating a platform that brings together a diverse group of suppliers, including
small and medium-sized enterprises (SMESs), and stakeholders to
collaboratively develop informed solutions for infrastructure challenges,
allowing them to bid for providing these solutions.

0 Challenging the traditional roles of consultants, contractors, and suppliers to

improve technical solutions and reduce costs.

O«

Developing new business models for designing, delivering, operating, and
adapting infrastructure and assets, based on a broader use of service
performance data.

0 Ensuring national security by incorporating security measures and protocols
into the design and ongoing management of Building Information Modelling

(BIM) projects as data availability expands (HM Government, 2015).

The same vision was repeated within the UK government (UK Government, 2017)
publ i cati on u nGleating aDigial Buitkh Briin: avliat yéu need to knowd ,
which stressed that DBB aims to revolutionise the approach of the UK construction
industry and operations management experts towards infrastructure through the
utilisation of digital technology. This encompasses redefining how planning,
construction, and maintenance are strategized and how infrastructure is utilised, as
well as the rebuilding, substitution, and establishment of new built assets. Also, Young
(2018, p-8) stated that
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Arhe aim of DBB is to provide a seamless transition from the
achievements of Level 2 BIM and the Construction Strategy into an
environment where technology and working with technology is second
nature in construction. This will fulfil the vision of digital enabled
transformation of the full lifecycle of the built environment to increase
productivity, improving economic and social outcomes. This will enable a
thriving UK Digital Economy for the Built Environment, encouraging
growth and competitiveness and facilitating dramatically better use of

current and future built environment assetso

This comprehensive initiative is poised to empower individuals to optimise the
utilisation of built assets, thus generating enhanced social outcomes in response to
the challenges presented by urbanisation and a burgeoning population.
Simultaneously, it is poised to elevate the UK's productivity and facilitate economic
expansion.

The UK government (Gov, 2017) summarises the key objectives of DBB as follows:

v

0 Help people become skilled at using technology for construction and asset

management.

0 Assist all types of UK businesses to make more money using technology,

both at home and abroad.

O«

Create and support rules and practices that make the construction and

management sectors strong and innovative.

O«

Come up with new ways of working together that keep the UK as a leader in
the field.

The mission of DBB is to digitally transform the life cycle of built assets in the United
Kingdom. Those assets play a pivotal role in providing essential services to citizens.
Incorporating digital technologies in the design and construction phases can enhance
t hedfrf efict i v en e s s, tharaby elewdtirfgiusen egperiences. Additionally,
this endeavour is expected to boost the UK's productivity and that of other nations,

opening avenues for growth through exporting expertise and services.

The main goals of DBB can be summarised in TheUK government (Gov, 2017) as:
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1. Enhancing understanding of user needs and facilitating 'right first-time'
delivery.
2. Ensuring the expedient and efficient construction of buildings and

infrastructure.

Moreover, adopting a digital approach promises increased transparency and the ability
to gather insights into how citizens interact with public services, thus enabling future

enhancements based on their experiences.

From a contractor's perspective, embracing a digital approach to delivering
construction projects aligns seamlessly with the government's DBB objectives and
strategies. As a result, contractors stand prepared and eager to seamlessly integrate

with any government initiatives aimed at advancing DBB practices.

2.4 Building Information Modelling (BIM)

Highways England is looking to achieve improvements in their asset cost, value and
carbon performance. This is planned to be fulfilled through a collaborative working
environment and sharing asset information. This collaborative platform is going to
happent hr ough Buil ding I nformation Model
Requirement, HE, 2015).

BIM is defined (Ding et al., 2014, p-83) as:

ABI'M is a digital representation of
a facility. A Building Information Model is a shared knowledge resource for
information about a facility forming a reliable basis for decisions during its

life-cycle; definedase xi sting from earliest co

It is important not to think about BIM purely in terms of just being a 3D model used in
projects. BIM goes beyond this to allow significantly greater cost and value

improvements by gathering and utilising the data to maintain and operate assets.

Moreover, another important, yet different definition of BIM was published to embrace
the collaborative way of working from the HM Government (2015) when they define
BIM as:
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ABuil ding I nformation Modelling (BI M) is

underpinned by the digital technologies which unlock more efficient
methods of designing, delivering and maintaining physical built assets.

BIM embeds key product and asset data in a 3D computer model that can

be used for effective management of infor

|l i fecycl eo.
Hence Highway Englandds mission to achieve s
ATo deliver effi ci en-ordinatedinfanmagoar di sati on

throughout the lifecycle of an asset allowing informed, intelligent decisions
to be made. o

Hi ghways England (BI'M Employerds I nformat

BIM processes are widely used in both new buildings and infrastructure projects, and
they offer valuable assistance in retrofit and refurbishment projects, particularly when
combined with technologies like laser survey techniques and rapid energy analysis.
Also, BIM stands as one among several tools to digitise both the built environment and
operations management sectors. It takes a central role in the Digital Built Britain
initiative due to its ability to offer an intricate analytical perspective of a constructed
asset throughout the design and construction phases of a project (HM Government,
2015).

BIM is employed alongside British Standards processes to establish a collaborative
work approach. Individuals involved in a construction project can create and exchange
information at specific project stages. These methodologies, when combined with BIM,
facilitate the effective design, delivery, and upkeep of infrastructure and buildings. The
data generated becomes accessible to others within the supply chain, aiding them in
making well-informed decisions to enhance efficiency and minimise wastage. This is
confirmed by Graham Watts, OBE, Chief Executive Officer, Construction Industry
Council in (HM Government, 2012)

ABI M wi | | i ntegrate the constructi

construction industry. But it will also have many additional benefits for the

nation. It will enable intelligent decisions about construction methodology,
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2.5

safer working arrangements, greater energy efficiency leading to carbon
reductions and a critical focus on the whole life performance of facilities
(or assets). Of even greater importance are the benefits for the economy
that will accrue from better buildings and infrastructure delivered by the

construction industry. o

BIM Levels and Dimensions:

The UK government's 2011 Construction Strategy introduced 4 levels of BIM,

designed to guide clients and suppliers in the utilisation of BIM and digital technologies

in projects. These levels were structured to progressively build capacity at each level

and ensure appropriate standards for successful and equitable procurement.

Currently, government-sponsored projects operate at Level 2, in line with its

Construction Strategy 2016-2020. Level 3 is under development and is anticipated to
be introduced in the mid-2020s.

The Four BIM Levels from the government view are:

v

(0]

O«

Level 0: Basic 2D computer-aided design (CAD) drafting without much

collaboration. Information is mostly shared on paper.

Level 1: A mix of 2D and 3D CAD drafting. Information is shared electronically

in a common space. There may be some standard data formats.

Level 2: Projects use smart, data-rich objects in a 3D BIM environment.
Everyone involved can share and collaborate through a common digital

space, ensuring data quality.

Level 3: Full collaboration. Everyone works together in one shared digital
space with controlled access and editing, promoting seamless data

integration.

When it comes to the point of view that sees BIM as a digital representation of an

asset, BIM has 5 dimensions as follows:

o

(0]

BIM 2D: Data Management
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O«

O«

BIM 3D i Modelling: BIM 3D is a model with graphical and non-graphical
information. The model will have the ability to share this information with the
Common Data Environment (CDE). The information will become more

detailed as the project progresses.

BIM 4D i Sequencing: It visually shows the development of the construction

project over time.

BIM 5D: Cost Estimation: This includes the cost information of the asset which
contains its capital cost, running cost and the cost of renewal/replacement.

BI'M 6D: Asset I nformation Management:

information to support facilities management and operation to drive better
business outcomes. This data might include information on the manufacturer
of a component, its installation date, required maintenance and details of how
the item should be configured and operated for optimal performance, energy
performance, along with lifespan and decommissioning data. Adding this kind
of detail to your information model allows decisions to be made during the
design process - a boiler with a lifespan of 5 years could be substituted with
one expected to last 10, for example, if it makes economic or operational
sense to do so. In effect, designers can explore a whole range of
permutations across the lifecycle of built assets and quickly get an

understanding of impacts including costs. However, it is at handover, that this

kind of information really adds value as it is passed ontotheend-u s er 0 ( NBS,

2023, https://lwww.thenbs.com/knowledge/bim-dimensions-3d-4d-5d-6d-bim-

explained),

The Publicly Available Specifications of British Standard (PAS) 1192:2 i which is the
framework standard for BIM Level 2 - mentioned that the Governmental Strategy
Paper (published on 2011) called on the construction industry to achieve Level 2 BIM
(3D, 4D and 5D) by 2016.

Knowing there is a trend going forward adopting BIM Level 3 which includes the
collaborative environment to Asset Information, it is necessary for the construction
industry to be prepared for the future changes. Therefore, this research project will

concentrate on how to integrate asset information from construction into BIM Level 3,
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so when the platform is implemented, the construction corporation will be BIM

compliant.

Figure 3 displays the HM Government requirement for BIM, the figure also shows the
red barrier line where the construction is taking a more integrated way into better
information management called iBIM or DBB where all services are integrated together

in one environment.
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Figure 3: Government Requirement of BIM (BIM Industry Working Group, 2011)
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2.6 Summary

The government 6s DBB goal requires the
3 systems by 2025. While being a 3D representation of the constructed facility, for
example, a highway, BIM level 3 is much more than digital wallpaper. It is an asset
modelt h at holds knowledge of an assetods
Hence BIM level 3 will be a digital framework for constructing and operating the facility.
For example, it will make it far easier to alter the design when unforeseen problems
arise during the construction phase. However, while the government has stated in
general, high level terms what BIM level 3 should do, the details of a suitable asset
model have not been considered or specified for highways construction. Therefore,
thisproect 6 s goal is to develop a prototy
requirements but that is also able to track the construction build process, save in
reworking, and support the handover phase with easy to manage extractions that

would decrease the time consumed in the handover process.
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3.0 Literature Review: Efficiency in Construction and Manufacturing

In Section 1.1, we discussed the project's motivation, aimed at enhancing the
productivity of the construction industry through the use of BIM Level 3, aligned with
the 2025 strategy. This effort would influence highway construction projects by
encouraging the adoption of digital solutions integrated within the DBB. Building on
our exploration of the 2025 strategy, BIM Level 3, and DBB in Chapter 2, this chapter
delves into reported issues hindering construction efficiency and examines quality
management approaches that have boosted productivity in the manufacturing

industry.

3.1 Improving construction productivity

Construction productivity is widely viewed as low when compared with manufacturing
productivity (Haupt & Whiteman, 2004; Shoshan & Celik, 2018).

The government sees digitisation as being one element in improving this as stated in

the HM Government-Construction 2025 (2013) . Mor eover
Construction Strategy 2025 aims to use Building Information Modelling (BIM) to

digitise the construction industry as emphasised by Young (2018). Another element

that they have identified is using standard elements that can be manufactured offsite,

such as a base of a cabinet that can be produced offsite as a standard and then

brought to the site for installation.

AAvailability of digital information will
manufacture and assembly. This will make offsite construction solutions,
which are often precluded by current procurement practices, more readily
applicable in the future. As demand for low carbon and sustainable
construction continues to increase, the potential of offsite construction to
deliver assets with half the waste and 25% less energy in use will make it

an ever more attractive option.

Other benefits of offsite construction can include greater precision and quality,
reduced overall manufacture/assembly time, and safer and cleaner working

conditions. It is crucial that all construction options are considered on a level playing
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field to ensure assets ar @MBbBbavernment4d n t
Construction 2025, 2013, p-61)

An example of offsite manufacturing and how it could save cost and time in
construction was published on the government portal as a mean to boosting
construction productivity using offsite,
fiMethods such as off-site manufacturing, where projects are part-constructed before
being assembled on location, can boost productivity by reducing waste by 90% and
speed up delivery times by more than half (60%). For example, a school that

he

typically takes a year to build could be done in just over 4 months6 ( HM Gover nmen

2017)

Furthermore, Institution of Civil Engineers (ICE) stated that one of the factors of low

construction productivity is not adopting offsite manufacturing method here

ADesigns not maxi mising opportunities

f

construction, including offsite productio

Engineering, 2020, P-2)

However, even with all the benefits brought with the offsite manufacturing for
highways, the required productivity improvement will still require major enhancements
to managing the actual construction process itself. The process which control when
and how the offsite manufacturing assets would be used as
0 Better control of when and how the offsite manufacturing assets would be used
would need to be developed. In particular, improved tracking of assets on site
will be essential.
0 The construction of highways has less scope for offsite production of major

components than the construction of buildings.

O«

Offsite production has a long history as being viewed as going to revolutionise

the building industry, e. g. Sheffi el

1963 that Awe are on the verge of a vast

because of the greatly increased use of mechanisation and of factory-made

dos

building componentso (page 257, Kynaston,
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Therefore, features of a highways asset tracking system that could improve
construction efficiency over and above the requirements specified by BIM/DBB are
explored. This investigation involved two strands: firstly, considering how quality
management procedures employed in manufacturing could be supported by the asset
tracking system, and secondly, interviewing experienced highways construction
managers about the features they saw that would help an asset tracking system
deliver improved construction practices i this is detailed in Chapter 5.

3.2 Difficulties Faced by Construction

Construction projects involve many stakeholders. This makes their delivery complex.
Additionally, the data transfer between parties is often weak and improperly managed
as stated by Fan & Yin (2020). Yuan et al. (2017) expressed that the ease of access
and the increased safety requirements during the construction phase of the asset
lifecycle make it a good time to collect asset data. Furthermore, during construction
inspections and documentation, the crucial information needed for operation and
maintenance (O&M) inventory is already being gathered. Therefore, an arrangement
that facilitates the transmission of asset data obtained during construction to asset
management information systems is a key need. Adopting an Information System (IS)
to do the job of data collection was discussed by Dehlin & Olofsson (2008). Information
and Communication Technology (ICT) investments in construction projects usually
represent a small part of project resources in comparison to the entire cost, however,

their potential worth or impact on the project's profitability is often disregarded.

Considering the current/traditional construction processes that contribute to the
decreased efficiency, Li (1996) emphasised that initial research suggests that
construction process re-engineering holds significant potential for improving the
construction industry's performance. He supported his argument with a case study that
further explored time-saving possibilities through the integration of concurrent

construction, lean construction, and process redesign.

Teal |l ( 2014) explained the chall enges

and major project Building Information Modelling (BIM) tools (such as AutoCAD

software application used by designers to create a 3-dimensional model of the road
35
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segment). These need to be fixed to enhance the overall asset lifecycle in National
Highways (NH) roads. The challenge is mainly related to the fact that it is extremely
difficult to organise asset information due to the enormous amount of data, coupled
with the management of several small and large-scale projects all at the same time

Moreover, Yuan et al. (2016) stated that few of the USA governmental bodies have
come together to tackle the issues faced in the current practices of asset management
through using a more digital approach throughout the asset lifecycle. Reasons for this
aremainlyt he data bl ockage and data sharing
with relevant stakeholders.

Yuan et al. (2016) highlighted the value of the data from the construction phase for the
asset owners especially in enabling data-driven processes, and the operation and
maintenance phase. Le et al. (2018) supported this by claiming that the current culture
of working suffers in the handover processes. Also, collecting up-to-date information

about assets by the asset owners is laborious and costly.

Regarding the integration with the Building Information Modelling (BIM) during the
construction phase of the asset lifecycle, Patel et al. (2021) proposed a drone or an
unmanned vehicle that can be controlled remotely to fly over construction projects,
capturing the progress of the build phase and the use of supported software to analyse
the data and integrate it with the BIM Model. The idea of collecting data with tools was
also mentioned by Abdullah et al. (2021) who proposed a 360 degree camera as a
wayt o save in the cost and time of <col
proposed a similar way of collecting data using light detection and ranging (LIDAR) as

a means to obtain better information related to highway assets.

The main issues facing construction industry that found in academic literature are:

3.2.1 Data loss
Aziz et al. (2017) stated that the handover phase of the construction project suffers
from data loss from the building phase. Additionally, Pickard et al. (2023) stated that

data is prone to loss when it is converted from one format to another, i.e. Geographical

Information System (GIS) data translated to Building Informaton Mo del | i ng 6

type, unless tools can be used to eliminate the loss in the translation process.
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Moreover, Floros & Ellul (2021) and Le & Jeong (2016) mentioned that data
interchange presents substantial difficulties since different project participants use
private software platforms with different data formats. This can result in data loss,
damage, and the need for time-consuming processing in later phases. Interoperability
problems cost the US capital facilities sector at least $15.8 billion annually, with two-
thirds of these expenses occurring during the operation and maintenance phases,
according to a 2004 report by the National Institute of Standards and Technology
(NIST). The main expense is related to the time needed to locate, verify, and convert
the facility and project information into a format that can be used. This demonstrates
how inadequate data collection and transmission from the asset management stage

to the design and construction stage results in increased operational costs.

Furthermore, in a survey conducted by Yuan et al. (2016), the main challenges in
implementing the current practices within State Highways Agency in the USA are the
separation between the construction documentation process and the asset in-place
data collection process. This disconnect results in data loss and redundant data
collection. This was also confirmed by Alshboul et al. (2023) stating that the main
issues confronting decision-makers within transportation agencies include a weakness
in information control and a decline in stakeholder interactions necessary for making

well-informed decisions.

Abou-Zeid et al. (1995) stressed that the construction business is highly fragmented,
with several varied organisations actively participating in the design, development, and
completion of each project. The smooth conveyance of sizable amounts of project-
related information is necessary for effective collaboration among different project
stakeholders. The exchange of information among participants, in all its forms,
depends on communication. The danger of project delays and rework may be
decreased by ensuring the easy availability and prompt transmission of vital data for

various project activities, thus increasing productivity.

3.2.2 Reworking
Rezahoseini et al. (2019) stated that reworking is one of the main issues that the
construction industry suffers from, it

Therefore, rework and the inefficient utilisation of resources and materials within
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workshops, are the main reasons for having a consistently substantial wastage of
resources, materials, investments, and the time of the workforce. This was also
supported by Ahuja et al. (2010) who stated that costly networking and construction
defects result from poor communication between teams that need to be addressed.

3.2.3 Costand Time

Gifford & Carlisle (2004) stated that the completion of highway projects within the
allocated deadlines and budgets is a typical difficulty for State Highway
Administration's (SHAS) in the USA. These difficulties might appear during both the
design and construction stages. In order to effectively complete all highway
construction activities within their agreed timetables and budgets, the Virginia
Department of Transportation (VDOT) launched the Dashboard programme in 2002 in
response to these problems. The firm produced an innovative web-based performance
measurement tool by utilising already existing technologies. This application was
created with the express purpose of giving regular information on the status of building
projects around the state at all stages of development. The interesting result on the
delay of the delivery projects from their agreed timeline was summarised by Gifford &
Carlisle (2004) when they stated

AA 1985 FHWA study showed that on averag

highway projects finish beyond the original contract time. The overall
average time delay was 44 percent ... the problem of timely completion
has not improved in the last 17 years ... many approaches have been tried
to reduce the delay problem. However, in spite of past efforts the problem

remains. 0O

HM Government (2015) stressed that

Aln 2011 the Government Construct.
Level 2 BIM on all public sector projects by 2016. This bold decision has

led to the Government and the construction industry working together to

on

Str

devel op the i ndust r ydssofisfriasirdcturs. Blsihad r educ e

been identified as a significant contributor to the savings of £804m in

construction costs in 2013/14 recently
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Aslam & Tarmizi (2018) confirmed how leveraging the use of BIM would tackle the
issue of wasting cost, time and minimising human interference error when replacing

the currently-in-use paper-based manual inspection method.

In summary, addressing data management challenges, reducing reworking and
inefficiencies, and improving cost and time management align with the aims of
Construction Strategy 2025. By implementing solutions to these key issues, such as
adopting Total Quality Management (TQM) principles to digitise construction
processes, the industry can enhance efficiency, save on costs, and reduce project
timelines. TQM's emphasis on continuous improvement and quality control can
streamline operations, minimise errors, and optimise resource utilisation, ultimately
leading to improved project outcomes and greater success in meeting the objectives
of Construction Strategy 2025.

3.3  Quality management in manufacturing

3.3.1 TQM Introduction

One method for attaining quality in organisations is through the adoption of Total
Quality Management (TQM), which will be discussed in detail in the following sections.
It is important to note that the TQM approach will not be strictly adhered to in this thesis
but will be employed as a framework and facilitator to enhance quality within the
construction industry by leveraging Information Systems to apply TQM principles to

the construction process.

This section outlines the importance of quality in construction delivery in terms of

delivering good quality to and adopting more efficient ways of performing the work that

applies the mentality of doing the job

introduction of Total Quality Management (TQM): definitions, history, and the TQM

concept in section 3.4.

A literature review of Total Quality Management (TQM) is conducted, and the process
is described in section 3.5. Furthermore, the current practices of project control related
to quality are discussed in section 3.6 as well as the need to adopt TQM in the

construction industry. Likewise, the challenges that TQM deployment faces in the
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construction industry is discussed in section 3.8 and finally section 3.9 explains how
Information Systems (IS) is linked to TQM as a tool to enhance quality in the
construction industry. The themes appear in the literature review in section 3.5 which
talks about the TQM in general is discussed in section 3.4, and themes related to

construction industry are discussed in sections 3.6 7 3.9.

3.4 Total Quality Management (TQM) in General

3.4.1 Definition, features and benefits

Harrington et al. (2012, page 352) defines TQM as

AThe management approach of an organisat:.
on the participation of all of its members and aiming at long-term success
through customer satisfaction and benefits to all members of the

organi sation and to society.o

The adoption of TQM has been proven to support efficient management of
organisations within different industries (Helms et al., 2011). However, the
construction industry seems to lag behind other industries in adopting TQM (Haupt &
Whiteman, 2004; Shoshan & Celik, 2018)

While discussing TQM in organisations, it is important to distinguish Quality Assurance
(QA) from Quality Control (QC). QA was defined by Arditi & Gunaydin (1997, page
236) as

Afa program covering activities necessary
meet the project requirements. QA involves establishing project related
policies, procedures, standards, training, guidelines, and systems

necessary to produce qualityo.

QC on the other hand is the actual implementation of this programme and activities.
Hence, QA and QC are part of TQM and deployed through project implementation.
TQM is considered the strategic philosophy adopted by the firm on a continuous basis

from the pre-start of the new project way until after the end.
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Tang et al. (2009) discusses the features of TQM, which are customer satisfaction,
measurement and improvement, total involvement, leadership, training,
empowerment, teamwork, motivation, systems/processes approach, and culture.
They also stress that these factors were used in the construction industry as the
international quality standard 1SO 9000 i which is a series of global quality
management standards that can be implemented by various types of companies to
achieve enhancements in their quality processes and products. Moreover, Shoshan &
Celik (2018) mentioned that the success of the organisation depends on having the
quality included in every level of the organisation production. The benefits of TQM to
organisations were discussed by Harrington et al. (2012). These benefits mainly
concentrate on using the TQM framework to achieve the features mentioned earlier
as well as meeting specifications, gaining a larger market share, achieving higher
productivity, and aiming to fulfil zero defects.

Additionally, the successful implementation of TQM can effectively lead to the
attainment of intended outcomes on both a domestic and global scale (Fukuda, 2018).
Nonetheless, this achievement hinges not solely on the organisational culture at play
but also on the broader national culture, as highlighted by Harrison & Lock (2017).
Consequently, TQM can be succinctly described as the pursuit of industrial value

through the optimised creation of opportunities with exceptional efficacy and efficiency.

3.4.2 History of TQM

Even before the Industrial Revolution of the 18" and 19™"-centuries, expert craftsmen
and factory producers engaged in evaluating the work of their peers to assure the
excellence of their products and services, a matter of considerable personal pride. As
the Industrial Revolution advanced, the manufacturing process underwent a radical
shift, transitioning to the utilisation of interchangeable components. This shift
significantly diminished individual control over the final product and consequently

necessitated the implementation of quality control at subsequent production stages.

The TQM concept was founded as early as the 1920s. It was then developed in the
Japanese manufacturing industry by the 1940s to reduce the cost and increase the

productivity and product reliability (Amui et al, 2017). Since then, it has been adopted
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by the United States industries where the scope of TQM was developed from product

guality to management-oriented quality.

Yet, the TQM concept did not find a footing in the construction industry until the 1970s
where it began to be implemented in Japan (Arditi & Gunaydin, 1997).

3.4.3 TQM Concept

The TQM context has witnessed a rapid growth in both industry and academic fields
in and after the 1970s. This growth came from the implementation of the operational
excellence concept after the ad-hoc industrial wave, which happened directly after the
Second World War, which focussed mainly on increasing product volume and reducing
the cost (Basu, 2018).

The core concept of TQM is concentrating on empowering the quality practices to

thrive bearing in mind the connections between customer and stakeholders, following

Demingbs 14 principles model of quality

help organisations enhance their quality and increase productivity (Lameijer et al,
2017).

Demingbs 14 principles are (Lo, 1997):
1. The improvement of services and products must be consistent.
2. Embracing the new philosophy
3. Cease dependence on inspection as a means of achieving quality

4. End the applying the business practices alone to minimise total cost, such as

granting projects on price-based factor alone.

5. Constant improvement of the process in planning, service and production

systems.
6. Creating and enforcing on the job training programmes
7. Create and adopt leadership thoughts
8. Eliminating fear

9. Ceasing the organisationés internal
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10. Eliminating pressure and targets for employees
11.Eradicating numerical objectives and measures for staff and managers
12.Removing barriers that prevent staff from taking pride in their work

13.Est ablish and encoimpravgnentt he st affds

14.Educate the staff that accomplishing the transformation is a teamwork and

everyone has an input in it.

3.5 Literature Review on using TQM in construction Industry

A literature review was conducted to assess the role of quality management in the

construction industry, and identify the relevant gaps in knowledge. This review found

375 relevant papers, which discuss TQM in the Construction industry as well as the

use of Information Technology systems as a tool to achieve better quality.

This review was performed using the SCOPUS and Web of Science (Wo0S) databases
(see Table 1).

sel f

"Total Quality

Management"  AND

"Construction 391 ° 39 343
industry”

"Total Quality

Management" AND

"Construction 87 86 0 1
industry” AND

"Application”

"Total Quality

Management" AND | 28 28 0 0
"Construction
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industry"” AND
"Challenge”
"TQM" AND
"Information
Technology" AND 4 ! 0 13
"Construction”
"TQM" AND
"Information System" | 8 2 1 5
AND "Construction”
"Total quality
management”  AND
"Management 19 6 0 13
Information System"
AND "Construction”
132 40
172

Table 1: Keywords and Number of Papers

Table 1 highlights the keywords and search strings used to search for the relevant
papers. The literature search identified 547 articles when using these keywords and
search strings. From the 547 papers, 172 papers were duplicated, which means the

same papers were shown for different search strings or different databases.

Table 2 shows the number of the papers that were identified for each database and

for the two types of duplication:

1. Duplication when the same paper is identified using different search strings in
the same database. This was the case for 132 papers (112 in Scopus and 20
in WoS).

2. Duplication when the same paper is identified using different databases. The
count of the papers in this scenario was 40 (40 papers were identified both in

Scopus and WoS)
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Repeated
Repeated within

All within same | different All Not
Database | Papers | database database Repeated | Repeated
Scopus 441 112 40 152 289
WoS 106 20 0 20 86
Scopus &
WoS 547 132 40 172 375

Table 2: Papers per Database

After removing the duplications, 375 relevan

themes, they were divided into 3 categories:

1. 266 papers discussed the definitions of TQM and relevant quality frameworks
such as ISO 9001 which aids organisations in ensuring they meet customer
and other stakeholder requirements while adhering to statutory and regulatory
mandates concerning their products or services (Poksinska et al., 2002).

2. 78 papers talked about the challenges & benefits of implementing TQM as a

framework in construction projects, and

3. 31 papers discussed the use of Information Systems as a tool of

implementations of TQM in the construction industry.

This indicates a limited number of academic papers addressing the topic of using Total
Quality Management (TQM) and Information Technology systems in construction. This
research aims to fill this gap. We previously discussed the second theme in section
3.4, and the third theme will be explored in section 3.6, followed by a reflection on the

current practices of UK contractors for comparison.

3.6 TQM in Construction Industry

Arditi & Gunaydin (1997) highlight that for quite some time, the construction industry
has grappled with the challenge of achieving satisfactory levels of quality. Each year,
substantial amounts of time, finance, and resources & both human and material &
are squandered due to inefficient or non-existent quality management procedures.

Drawing inspiration from the manufacturing sector, Total Quality Management (TQM)
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principles have resulted in increased productivity, lower product costs, and improved
product reliability. These principles are applicable to the construction industry, with
Japanese construction companies starting to incorporate TQM methods in the 1970s
after learning from manufacturing practices (Arditi & Gunaydin, 1997). Despite the
distinctively innovative and singular nature of construction processes, the Japanese
construction industry readily embraced the TQM principles, even when scepticism

existed regarding their applicability.

One of the reasons for the slow adoption of TQM in the construction industry was its
difficulty to get senior management level behind the concept (Haupt & Whiteman,
2004). They need to have full commitment and understanding of the theory for it to
flourish and achieve the best quality control in the organisation (Arditi & Gunaydin,
1997).

Management
Commitment and
Leadership

Training Teamwork

TOTAL
QUALITY

Statistical Methods AGEMENT

Supplier Involvement

Customer Service Cost of Quality

Construction Industry-
Specific Factors

* Quality of Codes and Standards
» Drawings and Specifications
» Constructability Analyses

Figure 4: Elements of total quality management in the construction (Arditi &
Gunaydin, 1997, page 237)

Figure 4 shows the main points which any successful implementation of TQM should

have. These points mentioned in Arditi & Gunaydin (1997) are as follows:
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6 The senior management team must be committed to TQM and its processes.

6 Training must be provided on all levels of management and operation and the
construction phases of plan, design, construct and operation and maintenance.

6 Teamwork effort, especially in the construction industry as it is concentrated
around building and delivering a project as a whole, therefore all partners and
subcontractors involved must all work and share responsibilities to succeed in
delivering the project and achieving the customer/owner satisfaction.

o Statistical methods monitor the process of delivering the project. This could
take different shapes such as feedback and lessons learnt which eventually
could have a positive effect in the future projects.

& The cost of quality should not be looked at as an extra expense but instead it
Sshould be treated as an investment, whic
opportunities in the future.

o All parties involved in the construction process, must be looked after and be
satisfied, this includes the client, employees, contractor and the
subcontractors.

6 To achieve the owner/client satisfaction, the objectives must be clearly defied
at the beginning of the work and the requirements must be captured and
agreed upon in the early stages of the project life.

6 Design drawing and objectives classifications must be as clear as possible for

the project outcomes to be delivered as expected.

Infrastructure is currently seen as a priority area by the government and there is a
drive to productionize the construction element (Transforming Infrastructure
Performance, Infrastructure and Projects Authority, December 2017). For smaller,
standard or repetitive construction, this could be partly met using production directly
for prefabrication, while for larger, more complex projects, construction needs to learn
from operational excellence concepts i.e. Quality Management and Total Quality

Management, Lean thinking, etc. (Basu, 2018).
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3.6.1 The Need for TQM in Construction Industry

This section will summarise the main findings from the papers and journals found
within the literature review conducted in section 3.5 which is about the challenges
and benefits of implementing TQM as a framework in construction projects.

Zantanidis & Tsiotras (1998) emphasised that Quality is one of the main providers of

competitive advantage to organisations in the construction industry.

TQM principles can help companies sustain their place in the competitive business
market. Therefore, the construction industry is inspired to use the same concepts.
Based on a study of a Japanese contractor, it was found that the construction industry
was constrained by national markets where clients, subcontractors and site operatives
were not inspired with the same quality culture because of the lack of implementing
the TQM framework (Altayeb & Alhasanat, 2014).

The benefits of using TQM in construction include reduction in defects and quality
costs, employee job satisfaction, client satisfaction, reduction in the amount of
reworking, influencing the subcontractors with better quality systems, and closer
relationships with stakeholders. Consequently, the construction industry is in need for
TQM implementation (Pheng & Teo, 2003). Shoshan & Celik (2018) mentioned the
benefits of adopting TQM in the Turkish construction industry, including increased
customer satisfaction; reduced occupational accidents; reduced waste; and reduced
production deficiencies. Similarly, according to Chileshe (2007), the benefit of adopting

the continuous improvement concept of quality management is to offer

AA system in place to stop defects as th
i nspection and rewor ko which is aligned w
which defines quality as fithe total pac

expectations and providing real s e
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3.7  Construction Industry: The Traditional Way of Project Delivery

3.7.1 Traditional way of Project Management/ Control

The value of quality management has been proven by its successful implementation
in various industries through the use of quality tools such as TQM, Six Sigma, Lean
Thinking, etc. However, this is not the case in the construction industry due to the
typical one-off unique quality of major construction projects This leads to a different
approach to the management of construction projects (Basu, 2018). The traditional
project management objectives are scope, cost, time and risk, which did not have
quality at its core until later in the project.

Tezel et al. (2018) mentioned the drawbacks of the traditional construction project
approaches, including the short-term organisation/project structure, the competitive
tendering nature of the projects and the issue of engaging with the stakeholders.
These issues give rise to the stereotype of construction projects having time and cost

overruns, quality and safety issues and low productivity.

3.7.2 Quality Control and Project PerformanceLEAN

Lean construction is one of the current approaches in construction. Basu (2018) and

Tezel et al. (2018) stated that Lean construction was adopted in construction projects

to better manage the construction process with the goals to increase value, reduce

waste and achieve benefits for all stakeholders. It is claimed that construction

problems can be reduced by adopting Lean Principles. These principles are

summarised in:

6 Focusing on reducing process waste

6 Increase productivity by deploying visual management and productive
maintenance.

6 Create a work standard in all work-related processes.

6 Make sure the production is always up to the time

6 Reduce the size of batch production

6 Enhance quality control

6 Ability to adapt or change to a new production process when needed

6 Group t he priothepootubtien celle a ms
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3.8

Apply Kaizen circle for continuous improvement

Create along-term relation with supply chain and support them for development

The Challenges TQM deployment Faces in Construction Industry

Harrington et al. (2012) mentioned the following obstacles of applying TQM in

construction:

(o]

The traditional or conventional practice of the construction industry, e.g. bids
are evaluated frequently placing the heaviest emphasis on price

The construction industry is known for its fluctuations , such as sudden market
changes that threaten the survival of contractors, which has the effect of making
construction firms reactive rather than proactive.

TQM requires an organisation culture change which could face resistance.
Failure to monitor & manage the progress of TQM implementation.

TQM as an internal process may face a major difficulty in its implementation as

it does not take into account other supply chains.

Shoshan & Celik (2018) mentioned the barriers to adopting TQM in construction

include

O« O« 0O¢ O

O«

The lack of top-management commitment

The perception that application is costly and time-consuming
The lack of or insufficient education and training;

The lack of communication between top managers and workers

Challenges in changing organisational culture.

Moreover, Mcintyre & Kirschenman (2000) discussed several issues that needed to

be addressed in order to achieve a successful level of TQM, including

1.

An increased effort in the education and training requirements regarding the
implementation and application areas of TQM
An increased effort in determining, satisfying, and measuring customer needs

and customer satisfaction

3. Anincreased emphasis on the concepts of team building and teamwork

4. A more systematic approach to the collection and analysis of data concerning

the overall TQM
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3.9 The Need for Suitable Information System (IS) as TQM Tool in Construction
Following on from the literature in section 3.6.1 that expresses how IS in construction
industry is in a need to solve many issues to do with defects, cost and time saving and
reworking, it is clear that Information Systems are key to delivering TQM.

Moreover, Deming'spr i nci pl e number 5 of o6Constant i m
pl anning, service and production systemsoO he
construction industry through the use of 1| S.

by using digital models that track and manage construction processes. The model also
improves the handover process through the amount of data that is already being

collated while the construction phase is ongoing.

In fact, Information Systems are more important in construction because of the
environment - different sites for each project, and one-off quality based projects (not
a factory) - including exposure to the weather. Furthermore, information systems have
an added importance in construction as they are needed for managing the constructed
item's operational life by providing a framework for maintenance and refurbishment
scheduling, and ensuring that the item remains in a safe condition. In fact, this
information system answers point number 4 from the issues mentioned earlier (section
3.8) by Mcintyre & Kirschenman (2000) that requested

Afa more systematic approach to the coll e

concerning the overall TQMO.

Fan & Yin (2020) also advised that enhancing the quality of construction projects could

be achieved by finding a solution to auditing and tracking the construction work.

Mitreva et al. (2013) mentioned the connection between TQM and information system
to improve the communications between the stakeholders, and Ahuja et al. (2010)
discussed the importance of Information Communication Technology (ICT) in
enhancing the project communications for providing an effective way to manage the
data especially with the drawbacks that the project managers face in controlling the

project communications. ICT provides more than better communications, as it also
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enhances the access to the project data in real time. This enhances the quality in doing
the work in a better and faster way. It also provides a faster way to access the common

data envi

Rezahoseini et al. (2019) stressed the benefit of adopting Information Technology
Systems in the Construction Industry and how it improves the overall quality of the
construction project. This quality comes in the shape of reduction in cost and time

ronment

and

(Arditi & Gunaydin, 1997). See figure 5 for more detalils.

decreases

t he

The Causes of Rework

Solutions to Reduce Rework

TQM Elements

A-Weak communications and
conflict between project factors

Effective and comprehensive use of
the workforce, and teamwork on all
levels

Teamwork across all levels of the
project

B- Inefficient use of IT

Using new technologies of the
project management field and
constant improvement of work

Constant improvement of work
and the use of technologies

C- Errors and Negligence, and
clients’ and stakeholders’
inappropriate view of the project

Gaining the satisfaction of the client,
and focusing on the workforce in
order to reduce errors and
negligence

Gaining the satisfaction of the
clients and stakeholders

D- Weak planning as a result of Assigning more time to the design | Assigning more time for
not assigning enough time to the | process and more precision in | developing a quality guarantee
planning and design processes calculations system

E- Using low-quality materials Managing suppliers and treating | Procurement  and  suppliers
and low-quality suppliers them like stakeholders/partners management

F- Workers not having the
required abilities and lack of a
skilled workforce

Training the human resources and
using the experiences from previous
projects

Training the human resources and
using the learnings

G- The insecure and inappropriate
work environment

Project management’s responsibility
and support for meeting the
standards of the project

Leadership and project manager(s)
commitment

Figure 5: Rework reduction through TQM Summary (Rezahoseini et al., 2019, page

Through the literature review, this research investigates the existing Information

Technol ogy6s

industry. The applications found were then analysed to help in reaching a coherent

9)

(1T)

model that fills the gap in the construction industry.
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3.10 Summary

Addressing data management challenges, reducing reworking, and improving cost
and time management are crucial objectives of Construction Strategy 2025. By
implementing solutions to these challenges, such as adopting Total Quality
Management (TQM) principles, the construction industry aims to enhance efficiency,
save costs, and reduce project timelines. TQM emphasises continuous improvement
and quality control, which can streamline operations, minimise errors, and optimise

resource utilisation.

This chapter delves into quality control in construction, focusing on TQM as a key
approach to delivering better quality. A detailed discussion on TQM is provided,
followed by a literature review on its use in the construction industry combined with
Information Systems (IS). The literature reveals a gap in knowledge regarding the use
of IS as a tool to enhance construction project delivery. The themes extracted from the
literature review, including TQM's use in construction, the current state of quality
control, challenges in implementing TQM, and the need for IS adoption to support

TQM, are thoroughly examined.
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4.0 Methodology and Research Design

4.1 Introduction

In Chapter 1, we explored the motivation behind the project, while Chapter 2 provided
a literature background on the government's planned strategy. This strategy was
developed to address the current challenges faced by the construction industry, as
discussed in Chapter 3. Therefore, this part of the thesis aims to discuss the
methodology used to acquire the knowledge necessary to shape the proposed solution
to these challenges and align the construction industry with the Government

Construction Strategy 2025.

In this chapter, Section 4.1 introduces the chapter and connects it with previous
literature, while Section 4.2 discusses the research design and justifies the rationale
for selecting a qualitative approach over alternative methodologies. Data collection is
examined in Section 4.3, and the criteria for selecting participants in this thesis are
explained in Section 4.4. Section 4.5 delves into the interview process, followed by
Section 4.6 which discusses the mechanics of the data analysis process.

Section 4.7 emphasises clarifying the approach taken to ensure research quality,
highlighting strategies for validity and reliability embraced in this study to uphold the
credibility of the findings, alongside ethical considerations linked with the research.

Finally, Section 4.9 provides a summary of the chapter.

4.2 Research Design: Qualitative Research

The project is about developing a prototype asset tracking system that will meet the
requirements of BIM / DBB (as detailed in Chapter 2) and go beyond these to provide
additional functionality for improving the management of highways construction
projects (Chapters 3 and 5). This prototype will not only demonstrate the knowledge
and solutions developed by the project but will also allow the users to reflect on the

value of the features it supplies and identify any extra features that would be beneficial.

The project involved the identification of the features the system should provide, and
the assessment of the strengths and weaknesses of the prototype. This was achieved
through interviewing experienced construction managers. This qualitative approach

was adopted because it is the most appropriate approach to address the research
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guestions, also it would allow for in-depth responses to be gained from the participants
about their experiences, perceptions and points of view which are necessary to identify

the deficiencies in current models.

Furthermore, the present study opted for a qualitative approach due to many aspects
of software development relating to qualitative characteristics (Hove & Anda, 2005).
The limited availability of resources shown by the literature review on digitising the
construction industry's build phase made it evident that a comprehensive
understanding of this context was necessary. This favoured a qualitative style to obtain
insights about the required features within a model that are needed to tackle the
current issues facing the construction industry through a field study. Additionally, the
gualitative method presents a more direct approach to accessing the data source.

4.3 Data Collection

Interview structures are classified into three types: structured, semi-structured, and
unstructured. The structured interview has a set of questions to be asked, usually with
short answers, and the questions are presented in the same order in each interview.
On the other hand, a semi-structured interview has a variety of main questions, with a
flexibility of the question order. Each question has sub-questions to be used by the
interviewer 1 if necessary i to achieve the purpose of the main question theme. Finally,
the unstructured interview has no set of questions but topics or themes that will be
asked about. The interviewer adopts questions that may arise from the discussion to
keep the interview on-going (Rowley & Rowley, 2014). Reflecting the data collection
for this research, | employed the semi structured style within the interviews as it kept
the discussion open. This was especially the case when | felt there is more data to
gain from the interviewees when they mentioned something interesting such as their
reflection in quality and efficiency in using digital in their projects, or how contractors

could be aligned with DBB strategy.

To ensure a smooth and effective progression of questions during the semi-structured
interviews, an interview blueprint was added to the interview presentation that consists
of both description contents and questions. This approach forms the discussions and
guarantees comprehensive coverage of all relevant subjects (Bryman, 2008). The

interviewer had the flexibility to navigate through different thematic pathways as the
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conversation evolved, allowing for organic deviations from the initial interview plan
when relevant (Bryman, 2008). For instance, the sequence of questions could be
modified or additional queries introduced based on the interviewee's responses
(Bryman, 2008).

The interview material discussed with the interviewees was a presentation which
included a plan to manage the interview by dividing the interview into sections. The
structure of the interview presentation and question plan adhered to a coherent
sequence of topics, facilitating dynamic and informed conversations. This design was
carefully crafted to guarantee the exploration of pertinent themes during the interviews,
while upholding a concentrated approach to asking pertinent questions (Bryman,
2008; King & Horrocks, 2010). Additionally, it empowered the interviewer to employ
terminology that was relatable to the interviewees, avoiding the inclusion of complex
theoretical or professional terms that might have caused confusion or uncertainty
among participants during the interview (Bryman, 2008 The use of semi-structured
interviews enables data providers, in this case, a group of professionals, to contribute
their deep insights into the industrial process and the application of digitising

construction processes and managing assets throughout their lifecycle.

Fletcher (1973) mentioned that to conduct a useful interview, it should have key points.
These points start with a clearly proposed plan, followed by research about the related
information and facts. After that, it is important to sort ideas, problems, and the
possible solutions all in advance of the meeting. Finally, the interviewer must know
that the interview itself has a protocol that should be followed during the meeting. This
approach was followed in the interviews, having the presentation with the plan helps

shaping and controlling the interview's progress.

In shaping the plan, questions were categorised into three distinct sections. The first
section encompassed inquiries about the Gov
mentioned in chapter 2 ; the second segment centred on the quality management in

construction projects; and the third segment delved into the use of Information systems

in general. It also covered questions to gain feedback on the model of Construction

Asset Tracking System (CATS) that was created after a trial in M1 Smart Motorway

Tranche 2 Junction 23A-25 Project (M1SM T2 J23A-25).
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The research looked for both subjective and objective views held by the interviewees.

The former, Il .e. the subjective, provided an

existing processes and applications in use and how these could be improved. An
example of objective views included examples of the handover requirements that the

asset owners requested from the contractors.

4.3.1 Interview questions
As mentioned earlier and in shaping the interview plan, questions were categorised

into three distinct sections:

4.3.1.1 Digital Built Britain (DBB) general questions
The main questions in this part were

these questions are:

O«

What is the achievement so far and what needs to be done?

O«

What are the barriers to achieve it?

O«

What are your companyo6és plans to be

O«

O«

What are the implications for your company / your role?

4.3.1.2 Implementation of better quality questions

This set of questions focuses on implementing better quality management in

construction projects. The aim is to understand how applying quality principles can

enhance project management. The questions for this part are:

0 What actions has your company done to overcome the traditional practices of
the construction industry (i.e. bids based on price not quality)?

How to make the industry act proactively rather than (i.e. wait for things to

O«

happen to deal with it, e.g. reworking)?

How to overcome the cultural resistance to organisational change?

O«

O«

How to manage the progress of implementing TQM?

How to overcome the lack of standardisation and the many players involved in

O«

construction activities?

O«

What are your companyés blockers to
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o i.e. funds to improve quality, lack of quality minded employees, and
subcontractors not interested in TQM

4.3.1.3 Role of Information Technology (IT) questions

This section discusses the role of Information Technology (IT) in helping to deliver
construction projects. It is divided into two subsections. One discusses the general IT
guestions, while the other one specifically discusses CATS.

General IT questions

O«

How can Information Systems help in achieving the DBB ambition (decrease

cost, reduction in overall time from planning to completion)?

O«

What Information Systems are currently in use?

O«

What are the deficiencies of the current Information Systems?

CATS questions:

O«

What are your views on CATS?

O«

What are the key functionalities needing to be added?

O«

How to improve construction Information Systems in general?

4.4  Participant Selection
| interviewed 13 participants from Costain within the period from the 11" September
to the 17" December 2020. All interviews were conducted using Microsoft Teams.

Face-to-face interviews were not possible due to the COVID pandemic at that time.

Participants were selected from different roles within projects to widen the data and to
ensure that the opinions are gathered from a variety of projects rather than from a

single team.

The research participants are anonymously represented in this thesis by assigning
them codes. Table 3 below shows information about the participants of the interviews

conducted by this project researcher.
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Symbol

Job Title

Sector/Project

1 |[P1 Lean & Performance Improvement Manager | Highways/ Motorway 1
Tranche 3 project (M1T3)

2 | P2 Technology Integration Manager Highways/M1T3

3 |P3 Enterprise Architect Head Office/All
Sectors/All Projects

4 | P4 Quality Manager/Senior Engineer Highways/M1T3

5 |P5 Head of BIM Highways/M1T3

6 |P6 Quality Director Nuclear

7 | P7 Project Quality Director Nuclear

8 | P8 System and Performance Manager All sectors

9 | P9 System Safety Assurance Manager Highways/M1T3

10 | P10 Performance Improvement i Quality and | Highways/M1T3

Lean/ Head of Business Improvement

11 | P11 Quality & Handover Manager i Technology Highways/M1T3

12 | P12 Project Director Rail Sector

13 | P13 Senior Project Highways

Table 3: Data collection participant information

4.4.1 Criteria of the Selection

Determining the appropriate number and categories of participants constitutes a

foundational concern within qualitative investigations. Given that interviews offer

insights into participants' perspectives and insights regarding the utilisation of adopting

digital platforms within organisations, the careful selection of suitable interviewees

assumes paramount importance. This subsection explains the process by which

interviewees were chosen for this study.

The interviewer actively pursued a spectrum of viewpoints (King & Horrocks, 2010)

that could offer valuable insights into digitising the build process in the construction
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industry. Clark et al. (2021) asserted that participant selection or sampling can be
approached through two methods: purposive (non-probability) and probability
sampling. Purposive sampling entails strategically selecting information-rich units that
are more inclined to offer pertinent insights into the research questions and which align
directly with the research objectives. Probability sampling represents a random
sampling technique. However, there is not a clear-cut guideline for employing
probability sampling in a qualitative context. Yet, it could prove valuable when the
research aims to extend its findings to a broader population (Clark et al., 2021). Given
that the present research has a naturalistic and interpretive orientation (Rubin & Rubin,
2012) mirrored in the engagement of interviewees, participants were thoughtfully

selected through purposeful sampling (Clark et al., 2021).

Rather than focusing on gathering a sizable participant pool, this study prioritised data
quality. The goal was not to encompass a multitude of participants, but rather to
identify individuals who could most effectively contribute to addressing the research
inquiries. Prior to approaching potential interviewees, specific participant selection
criteria were established, and the potential strengths and limitations of the sample

were acknowledged.

My situation in the workplace and how it helped this research is as follows:

0 Costain! provides the main domain knowledge in the build process

O«

During my 8 years work at Costain | managed to develop a knowledge base
that enables the chosen criteria of the right participants depending on the right
skills.

0 At the outset of the research project, while collecting relevant literature, |
encountered several professionals with roles related to this research topic. The
participants' roles included BIM Developer, BIM Manager, Project Manager,
Network Intelligent Manager (Highways England), Technology Team Package
Manager, Highways Performance Manager, BIM Program Lead in National

Highways (NH), and Bidding Manager.

1 Costain Group is a British engineering solutions provider. It was founded in 1865 by
Richard Costain. Costain's activities are organised into six sectors Rail, Highways,
Power, Water, Nuclear, and Oil & Gas (Costain, 2013)
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During my time at Costain, | had access to two senior managers who provided
me with assistance and support. One of them was the Innovation Manager, who
later became the Innovation Director, and the other was the Technology
Integrating Manager. Given their deep understanding of Costain's setup and
the organisation's capabilities, they guided me by suggesting colleagues who
worked on various projects and sectors and possessed the skills and
knowledge relevant to my research questions. | reached out to them during the
data collection phase to gain their insights.

The criteria used to choose participants was:

v

o

O«

O«

The participants had knowledge of the Construction Build Process in their
projects and sectors.

The participants were aware of the
plan or BIM L3 process.

The participants were aware of the quality management practices in their
projects that were related to their
The participants were aware of the current information systems that were being
used.

The participants were either aware of Construction Asset Information System
(CATS), or if not, a full and comprehensive presentation of CATS and its
functionality was shared with them.

The participants were working for the Highways sector or had worked for it

before.

[, with help from resources in Costain, chose two participants as pilot interviews to

begin the interviews process. After that, each one of them provided a couple of names

at the end of each interview that were directly related to the topic of the research and

most likely would influence the direction of the research. This technique is called

snowballing sampling (Atkinson & Flint, 2001).

The recommended names increased up until 15, then all the new interviewees began

to mention the names of the people | had already interviewed, and no new names

were mentioned.

| contacted by email all the persons mentioned to me, requesting approval and a time

slot in their calendar to conduct an interview. 13 of them replied with their availability.

61

gover .

proje



| then sent them the consent form and information sheet. The other 2 did not reply to

my emails, and so they were removed from the list.

45 Interview Process

4.5.1 Conducting the Interviews

During the interview session, | initiated the interaction by introducing myself to the
participants. | commenced with a brief, casual conversation with the interviewees,
elucidating the research'’s objective and outlining how my professional and academic
experiences in Information Systems development motivated me to undertake this
investigation. This approach promoted a pleasant and relaxed environment, reducing
the potential perception of me being a complete outsider (Hove & Anda, 2005).
Additionally, | conveyed my gratitude, underscoring the interviewee's indispensable

role in the study's advancement.

4.5.2 Recording Interviews

In order to maintain the exact phrases and sentences mentioned by the interviewees,
| conducted all interviews via Microsoft Teams, recording each session as a video with
the permission of the participants. Subsequently, | uploaded all the video recordings
to Microsoft Stream, where | also utilised the platform to generate transcripts for the
interviews.

Next, | downloaded the transcripts, which included timestamps for each line, resulting
in a less coherent text. To address this, | turned to an online service (found here in
VTTCleaner?) that specialises in refining transcript files downloaded from Stream
(known as ".vtt cleaner").

After removing the timestamp annotations, the text remained approximately 90%
accurate in relation to the original recordings. However, to rectify any differences, |
adopted a comprehensive approach: | precisely reviewed each interview line by line,
comparing the transcribed text with the spoken words in the recording. This was crucial
for maintaining descriptive validity (Maxwell, 1996) and attributing the text to the
appropriate speaker (either me or the interviewee), while also differentiating between

guestions and answers.

2 https://web.microsoftstream.com/VTTCleaner/CleanVTT.html
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This thorough validation process spanned nearly 6 months, with dedicated attention
given one day per week. Making sure all transcripts precisely reflect the spoken words,
it took me time and energy to re-listen to the recordings and update the transcript to
reflect what had actually been said.

Following the recommendation on conducting pilot interviews described by Hove &
Anda (2005), two interviews were done as part of a pilot exercise to determine the
suitability and depth of the questions, spot any possible problems with wording or
interviewer input, determine the length of the interviews, and start basic data analysis.
Following the pilot interviews, to promote intelligibility during interviews, | simplified
technical phrases like Total Quality Management (TQM) and Digital Built Britain (DBB).
This pilot exercise improved the interviewing procedure and paved the way for further
phases that involved more interviews and analysis. Finally, it is worth noting that the
initial pilot interviews involved participants P1 & P2.

Conversations with participants and subsequent discussions with my research
supervisors post pilot study indicated that there was a need to enhance the information
sheet. It was suggested that the sheet should be revised to convey information more
effectively through visual aids such as images and concise bullet points, rather than

lengthy text paragraphs.

The interview durations displayed slight variation, ranging from the shortest at 70

minutes to the longest at 130 minutes.

4.6 Data Analysis: Thematic Analysis

In broad terms, there are three types of qualitative data analysis: content, thematic
and theoretical. Using thematic analysis, the focus is on units of data, such as the
number of words, sentences or paragraphs which refer to a concept, and the
generation o f a particular 6coded6 would the
examined with more care, for generating new and refined themes (Braun & Clarke,
2006).

In order to analyse qualitative research, a basic approach is to review the data and

identify themes (Braun & Clarke, 2006; Bryman, 2016). Thematic analysis has been
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seen as a Anfoundational met hod for qualitati
studies (Braun & Clarke 2006). Braun and Clark (2006, page 79) define thematic

analysis as a method fAifor identifying, analy
data. o0 These themes are developed from a th

transcript (Bryman 2016) . 't was suggested t
or realist methodo, because it reports the p
andr eal ities. Furthermore, thematic analysis

method, by examining how factors such as events, facts, meanings and occurrences
influence the different discussions taking place in society (Braun & Clarke, 2006).
Therefore, thematic analysis methods work to reflect reality and/or to explain it (Braun
& Clarke, 2006). Thematic analysis has 6 steps as shown in Figure 6. This research

followed these.

Phase Description of the process
1. Familiarizing yourself ~ Transcribing data (if necessary), reading and re-reading the data, noting down
with your data: initial ideas.

2. Generating initial codes:  Coding interesting features of the data in a systematic fashion across the entire
data set, collating data relevant to each code.

3. Searching for themes: Collating codes into potential themes, gathering all data relevant to each
potential theme.
4. Reviewing themes: Checking if the themes work in relation to the coded extracts (Level 1) and the
entire data set (Level 2), generating a thematic ‘map’ of the analysis.
5. Defining and naming Ongoing analysis to refine the specifics of each theme, and the overall story the
themes: analysis tells, generating clear definitions and names for each theme.
6. Producing the report: The final opportunity for analysis. Selection of vivid, compelling extract

examples, final analysis of selected extracts, relating back of the analysis to the
research question and literature, producing a scholarly report of the analysis.

Figure 6: Phases of Thematic Analysis (Braun & Clarke, 2006: page 87)

The collected data was uploaded to the NVivo software for further analysis. NVivo is

a computer software that assists in the qualitative data analysis process.

4.6.1 Conducting the Analysis
A thematic analysis approach was adopted in this research to discover the main
themes following the guidance advised by Braun & Clarke (2006) with the support of

the NVivo software that was used to manage the data. The six phases detailed in
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Figure 6 were followed. Emphasising the significance of the matter, it should be noted
that the process of analysis is not strictly linear; rather, it takes on a recursive nature,
as pointed out by Braun & Clarke (2006). Consequently, researchers do not always
adhere to a specific order when proceeding through the phases. Instead, they engage
in iterative movements, constantly navigating back and forth across the data as
needed to address the research objectives (Braun & Clarke, 2006).

4.6.1.1 Familiarising yourself with your data

The comprehensive background review of chapters 2 and 3 as well as the literature
review of section 6.1 paved the way for initial insights into the advances that come
from adopting digital technologies in the construction industry. Consequently, before
commencing the interviews, | had already acquired a preliminary understanding of the
potential data that would emerge from these discussions. All interviews were
personally conducted by myself using Microsoft Teams, transcript using Microsoft
Stream, converted into text only using VTT convertor portal® and accurately
transcribed using Microsoft word. This approach ensured a higher level of accuracy
and yielded rich data because the interviewer was intimately familiar with the interview

content, supported by the detailed interview notes taken during the conversations.

Throughout the interviews and transcription process, continuous familiarisation with
the data took place. Each interview transcript underwent multiple checks and revisions
to ensure accuracy. As an example, | faced challenges with the transcription process
due to the tools used. Specifically:

0 After acquiring the text from .vtt conversion, | then manually divided this
paragraph into meaningful segments, correctly attributing them to the
respective speaker (interviewer or interviewee) and identifying questions and
answers within the text. All of this happened while | was listening to the
recording to compare the spoken words with the transcript.

0 Additionally, | carefully reviewed the newly structured text, correcting any
spelling mistakes or inaccuracies that might have occurred during the

conversion process.

3 https://amsglobOcdnstream13.azureedge.net/vttcleaner/CleanVTT.html
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Furthermore, every transcript was carefully reviewed by listening to the audio multiple

times to verify its precision (Bryman, 2016).

4.6.1.2 Generating initial codes

During this phase, the data is systematically analysed by identifying and coding
interesting features across the entire dataset. Relevant data is collated under each
code. The coding process in this phase serves to organise the data into coherent and
meaningful groups as described by Braun & Clarke (2006). | selected NVivo as it was
the most appropriate qualitative data analysis program for coding. It was used for

coding the interview data.

Initially, a collection of open codes was generated, derived from the content of the first
interview. Additionally, notes were taken to identify emerging themes and explore their
potential connections. These codes were organised within the NVivo directory, where
| refined them by assigning descriptions to each code, thereby clarifying their meaning.
Through iterative work, | continuously improved the codes by revisiting and modifying
their descriptions multiple times during the first interview. This process facilitated my
deeper comprehension and proficiency in the coding process and the underlying

codes.

Based on the interview with P4 that was picked randomly to begin the coding with, a
list of 168 initial codes was produced. The coding for the second interview was
developed in the same way and 89 new codes emerged. The codes consisted of the
features, using digital tools in the construction process, actions taken to help manage
the tool/ s, in addition to information
the tool/s within their organisation. For each code that was developed, a brief definition
was also created to ensure consistency in the coding process, to keep the meaning of
the codes clear, to know what each code represented and to help avoid vague and

repeated codes.

Throughout the analysis process, the codes were continuously compared to one
another to detect similarities, differences, and overall patterns. Certain sections of the
text were assigned multiple codes as they pertained to multiple themes. Some codes

were entirely replaced and reclassified under different codes. Moreover, new codes
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were introduced, and there were instances of overlap or similarity in the content of a
few codes. In such cases, a thorough review of their definitions and consideration of
the specific segments were undertaken. Subsequently, a decision was made whether
to keep these codes separate or merge them based on their distinct characteristics.
Figure 7 illustrates an example of how codes and sub-themes were created. Before
generating the first codes, | read the transcripts several times. These initial codes
consist of sentences that represent specific ideas or actions related to the research

guestions and interview plan.

Name Files v References

v Digitising Built Process
> (O Cost and Time
> (O Current Digital Level
v Digitising Required

v Construction Industry need- more quality management
v Project need - Do it once, do it right first time
Projects need a TQM quality process - subbcontractors must be able to do their job right from first time for around 99% of their job, ...
project issue - the contractual environment doesn't incentivize doing work right first time.
Project neede - real time monitoring for documentation to ensure the right work is happening in the right place and right time
Project process - doing the activity in the right order in the right time
v O Project Construction Industry Issue - Eliminate Human Error
O Project need - designing the work so it has to be done right firts time, example of 3 pin blug allpegnce, can't do it wrong ever
(O Project need - lean principle of error proofing

O project need - Key Performance Indicator KP!I to influence the way of work

O Project need - make quality as important as safety

O Construction industry - each project has its own environement and need its own quality base

(O Construction industry bids Quality vs Price - when it turns up that quality is more important than price, it ends up all contractors reach...

(O Construction industry quality - the industry do have proactive measures such as the quality inspection

(O Project drawabck - Qualty is not as important in SHE and Environmental because it can be repaired with a cost not like a fatality in SHE

(O Project issue - not having integrated system resulted that quality function seen to be sat separate from time and cost

O project issue - procurenment process focus on time and cost, they do not make the qualtiy manager invlove early enough to influence t...

O Project lacks - digital platform could enhance the quality control

O Project need - choose supply chain that deliver contractors digital need, and adapting conicnious chnages methodology of work

O Project need - cumminication around quality with all project's teams

O Project need - following ISO standard to ensure quality of workers

[ TS SIS SRR . . . N o
A A A A A A A A A W N o N SN RN

O Project need - if we stanrdaise our porocess we then need to monitor them to know where and how we get the effieciency

Figure 7: Codes and themes creation example

4.6.1.3 Searching for themes

As detailed by Braun & Clarke (2006), the third phase of analysis involves searching
for themes. In this process, codes are collected and grouped into potential themes,
with all relevant data associated with each theme gathered accordingly. At this stage,
all the data had been coded and compiled, leading to the identification of various codes
within the dataset. The focus then shifted towards examining these different codes

and organising them into potential themes.
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The research questions discussed in section 1.5.1 were the basis for setting the

themes used in the semi-structured interviews.

During phase 1, which involved familiarising myself with the data, a list of initial theme
ideas was recorded (Braun & Clarke, 2006). These initial ideas were utilised in the
subsequent stage to develop themes. Some of the initial codes formed the foundation
for the main themes, while others were categorised as sub-themes. In cases where
certain codes were repetitive or no longer relevant, they were eliminated from
consideration. Additionally, some codes did not fit into any existing theme, prompting
the creation of new temporary themes.

As the process unfolded, the codes associated with potential themes were carefully

assessed over time to determine the most suitable and appropriate theme for each

code (Braun & Clarke, 2006). This iterative approach allowed for refinement and

ensured that the final themes accurately captured the essence of the data.

At the outset, | partitioned the data into three primary groups, based on the structure

of the interviews which also had these three parts, to facilitate a comparative analysis

of themes and identify similarities and differences. These groups were as follows:

0 Strategic data-group: This encompassed Digital Built Britain (DBB) and
Costain's plans.

0 Quality perspective: This discusses the use of digital in projects and its
connection with the project's overall quality.

0 Information Systems in general, with a specific focus on Construction Asset
Tracking System (CATYS).

Upon investigation, | discovered that the codes and themes were common and

applicable across all three groups. Figure 8 shows an example of themes and sub-

themes while searching for main themes, this happened through gathering similar

sentences with the same topic into one main theme consisting of a few words i not a

sentence like the previous phase - .
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Name Files v References

v Societal Issues 13 168
v (O Behavioural Issue 12 50
> (O DBB Barrier - Behaviour 10 19
> (O Construction industry issues - behavioural issues 8 21
> (O Is issue - Behaviour issue 3 3
> (O TQM need - behavioural change of individuals
> O CATS Benefit - Cultural behaviour of individual resistance to chaneg or accept new way of working 2 3
v (O Political Issue 12 57
> (O Construction industry issues - Political issues il 22
> (O DBB need - political 9 22
> (O TQM need - Polotical aspect from leaders 7 10
> (O Is issue - Political Issue 2 2
O poltical solution 1 1
v (O Current Culture Issue 1" 61
> (O Construction Industry Issue - Culture issues 10 37
> (O DBB barrier - culture 6 13
> (O Positive - How to Fix 6 8
> O TQM need - cultural change to adopt quality 2 3

Figure 8: Theme and sub-themes example searching for main theme

4.6.1.4 Reviewing themes

This marks the fourth phase, focusing on exploring the themes derived from the coded
extracts and the entire dataset, effectively creating a thematic ‘'map' of the analysis
(Braun & Clarke, 2006). During this stage, various themes were interconnected, with
some distinct themes merging to form a unified theme. Conversely, certain themes

containing different content required further subdivision into separate themes.

As outlined by Braun & Clarke (2006), this stage involves two levels: the review and
refinement of themes. During the review process, all collated extracts for each theme
were carefully examined to ascertain if a coherent pattern emerged. If a pattern was
evident, the themes were refined accordingly. However, if | encountered difficulties in
moving forward, the themes would be reconsidered, assessing whether new themes
should be introduced, or if certain themes needed replacement or removal from the

analysis.
To facilitate the categorisation of themes and enhance data comprehension, all codes

sharing similar themes were grouped together in NVivo. This process significantly

aided in organising themes and gaining a deeper understanding of the data.
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| conducted the analysis of the data in three distinct groups: Governmental future plans
or Strategy, Quality management in construction projects, and Information Systems
(IS) and how it could help integrate with the government plans. Each group's data was
examined independently to explore the emerging themes. In the Strategy data,
particular attention was given to themes related to digitisation processes, needs, and
challenges within the construction industry. See section 4.3.1 for more information

related to the groups and questions asked in the interviews.

Similarly, | applied the same process to the data from the quality-related questions,
focusing on identifying relevant themes. The same analysis approach was then
repeated for the IS data, focusing on themes related to Information Systems in the

construction sector.

Upon producing the findings, it became evident that no new themes surfaced from the
Strategy or Quality questions that had not already been identified during the IS
interviews. This discovery served as a crucial indicator of theoretical saturation,
reassuring me that the analysis encompassed all relevant themes and that the
consistency of results was confirmed across the different data samples. Figure 9

shows an example of reviewing the themes while deducting the main themes.
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Name Files »~ References

v Design Spec and R&D 13 156

v (O Design Required 13 101
38
17

—
-—

> (OIS need - Process efficeincy

> O IS Need - better design and specification

> O CATS need - Efficiency and digital functionality
O DBB need - Design and specifgication

(O IS need - continious R&D

O TQM need - design, spec and standardisation

v
-
N

v Vv Vv

(O IS need - more quality control

O CATS drawbacks - why would you just limit it to highways
(O cats feedback - seems to be a maintenace managemnt tool
O CATS need - future proof - understanding of the input and t...
(O CATS need - Single Sign in

(O CATS need- minimise human input to avoid errors

v

v
A A A A A a N oo N

N W a a a N w o 0o N

O Views on SDP - Needs easy navigation, integration, group a...

N
w

v O Design Enhancement applied 1"

-
N

> (O Construction Industry Best Practice 8

> O digital benefit for Client - R&D opportunity 4
(O View on SDP and CATS - important not to be left behind - d... 2

O CATS possitivity - works on all platforms, follows bring your... 1

(O Cats System is Perfect to use 1

v (O Interoperability 11 27
> (O Interoperability Required 10 23

> O Interoperability Enhancement 3

v O Construction Projects - Contruction project lifecycle stages 2
O Asset lifecycle 1

O Handover process - projects handover to the area team an... 1

O Hierarchy of asset lifecycle 1

1

EE VR S VRS ST & 1 [ =

(O Maintenance lifecycle

Figure 9: Example of reviewing themes

4.6.1.5 Defining and naming themes

As described by Braun & Clarke (2006), this constitutes the fifth phase of the analysis,
which entails a continuous refinement of each theme and the overall narrative that
emerges from the analysis. During this stage, | further defined and clarified the
themes, placing emphasis on their significance and meanings. The goal was to create
precise and well-defined definitions and names for each theme, enhancing the

understanding of their importance in the context of the study. Figure 10 shows an
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example of finalising the main themes and sub-themes as the last stage is almost

concluded.
Name Files “ References
v Communication and Collaboration 13 gloz
> (O Communication Required 13 60
> O Reporting and Monitoring 12 35
> (O Communication Enhancement 7 9
v Design Spec and R&D 13 156
> (O Design Required 13 101
> O Design Enhancement applied 1 23
> (O Interoperability 1 27
> O Construction Projects - Contruction project lifecycle stages 2 5
v Digitising Built Process 13 410
> (O Cost and Time 13 70
> () Current Digital Level 13 168
> (O Digitising Required 13 172
v Societal Issues 13 168
> (O Behavioural Issue 12 50
> (O Political Issue 12 57
> (O Current Culture Issue 1 61

Figure 10: Main themes and sub-themes

4.6.1.6 Producing the report

Regarded as the sixth phase, this stage presents the final opportunity for analysis, as
outlined by Braun & Clarke (2006). Here, | selected vivid and compelling quotations
from your participants as evidence, conducted the ultimate analysis on these chosen
extracts, and established connections between the analysis, research question, and
existing literature. The outcome is a scholarly report that effectively communicates the
narrative of the data and persuades others of its worth and credibility. This concluding
phase serves to encapsulate the essence of the research, presenting a convincing

portrayal of the data's significance and validity.

4.7 Research Quality

The study follows a naturalistic inquiry approach, as proposed by (Golafshani, 2003),

and is characterised by its interpretive nature. In this section, we will present the

specific criteria used to assess the study's appropriateness. The terms "validity" and
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"reliability,” commonly employed to gauge research quality, are relevant to this study
and will be further explored in the subsequent parts of this section.

4.7.1 Research Validity

According to Bryman (2008), the primary criterion for assessing research quality is
validity, which involves the accuracy of research conclusions. Validity, as explained by
Cresswell and Miller (2000), relates to how well a study accurately represents
participants' perceptions of social phenomena and whether these participants find it
credible. In qualitative research, Creswell (2007) defines 'validation' as an effort to
evaluate the accuracy of findings based on both the researcher and participants'
descriptions. Guion et al. (2002) approach validity in qualitative research by examining
"truth" (accuracy of results) and "certainty” (evidence sufficiency) related to findings.

Creswell (2007) suggests several validity approaches for qualitative studies, including
triangulation, disconfirming evidence, researcher reflexivity, member checking,
prolonged field engagement, collaboration, audit trail, rich description, and peer
debriefing (Cresswell & Miller., 2000, page 126). While conducting this research, |
selectively applied those of these approaches that were most relevant to enhance the

study, rather than strictly adhering to all of them (Cresswell & Miller, 2000, page 126).

In this study, | used Peer debriefing, member checking and researcher reflexivity. First,
peer debriefing was used to make sure the findings of this research were accurate.
The supervisors kept a close eye on the research all the time (Cresswell & Miller, 2000,
page 129; Lincoln & Guba, 1985). The person doing the research and the supervisors
talked about how to do the research, what certain words meant, and what they thought
about the interview data. According to Lincoln & Guba (1985, page 308), the peer
debriefer’
to make sure the researcher is being truthful. These questions can be about how the
research was done, what words mean, and what the data means. By using peer
debriefing in the study, it helps make sure the person doing the research collected

good and reliable information

Second, Amember checkingo S considered

establishing credibilityo as pointed out
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Lincoln & Guba (1985). This research followed a process where an initial model was
developed (based on NH databases, government plans, literature, and industry
process) using an Information System named CATS as discussed in section 8.2. This
model was then tested during the Smart Motorway Framework Tranche 2, at the M1
Junction 23A-25. The model, user interface, and functionalities were shared with the
13 participants, and their feedback was collected during the interviews. The feedback

received from the participants was carefully analysed and used to refine the model.

An additional method used to ensure the reliability of this study was referred to as
Aresearcher reflexivityo. During this
cultivate a critical and reflective mindset (Cresswell & Miller, 2000). The role of the
researcher was carefully examined, considering potential biases, as well as the
potential impact the researcher's background, experiences, preferences, and biases
could have on the phenomenon being studied (Cresswell & Miller, 2000; Malterud,
2001). This approach aimed to acknowledge the significance of reflexivity and to
recognise that the researcher's social identity and personal factors might have

influenced the research process (Malterud, 2001).

Potential bias, in the coding stage, based on my background experiences as a System
Engineer could be:

0 Concentrating on coding the data to include technical solutions (i.e. system

efficiency or functionality) and ignoring the less or non-technical data (i.e.

usability or user experience)

O«

| could use technical terms that non-technical readers might not fully

understand, which could result in elimination of important insights.

Reflexivity entails "a systematic attention to the context of knowledge construction,
particularly focusing on the researcher's impact throughout the research journey"
(Malterud, 2001, page 484). The objective was to minimise the potential for bias,
particularly in terms of any unintended influences, when analysing and coding the data
(Malterud, 2001, page 484). Since | was solely responsible for conducting the
interviews, there was a possibility that my past experiences and knowledge might have
influencedt he participantsd perspectives whi

construction projects during the interviews and during the subsequent analysis. This
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influence could potentially impact the notes taken during observation, the
interpretation of gathered data, and ultimately shape the overall findings.

Considering that this study was undertaken as part of a research project, it was carried
out by myself. In the light of this, certain approaches were taken to counteract bias.
The data underwent thorough re-examination on multiple occasions, and ongoing
discussions were maintained between myself and my supervisors to mitigate bias. For
instance, the initial stages of coding for the first interviews were extensively discussed,
followed by the provision of specific examples to illustrate how themes and sub-
themes emerged from the data. Furthermore, the observations noted were
consistently cross-referenced against the interview data. By continually scrutinising
both the data and its interpretations, the process of reflexivity was upheld (Malterud,
2001, page 483).

Special care was taken to ensure that the presented results truly reflected the range
of expressed viewpoints, and quotes were selected from various interviewees to

accurately represent their perspectives.

4.7.2 Research Reliability

Reliability pertains to fna degree of which t
and concerns whether consistent results can be obtained when the same research
approach is repeatedly applied to the same subject (Lewis, 2009, page 7). Thus, a
study is deemed reliable if other researchers can reproduce its outcomes (Lewis,
2009). To assure the reliability of this study and as recommended by (Bryman, 2016,
page 384), detailed records of interviews and observation notes were kept, including
documentation of: the research problem formulation, research participants, interview
data, recording, transcript and notes, research design, and the procedures undertaken
in the data analysis. For example, the report provided detailed insights into the process
of selecting participants, outlined the number and types of interviews carried out, and
described the use of NVivo software to analyse the interview data. Furthermore, the
report extensively covered the analytical procedures, including my involvement in the
data, creation of initial codes, identification of overarching themes, rigorous scrutiny of
these themes, culminating in the synthesis of the comprehensive report. This thorough

description of the procedural sequence not only enables fellow investigators to
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replicate the study i albeit given the nature of the research of timing, contractor
involved and current practices - using same methods, standards, and techniques, but
also affords an opportunity for individuals to critically evaluate the appropriateness and

thoroughness of the research conduct.

4.7.3 Research Ethics Considerations
Within this section, | will outline the ethical considerations inherent in the current
thesis, encompassing the process of acquiring ethical endorsement from Management

school at the University of Sheffield.

Ethical considerations hold paramount importance in all forms of research (Orb et al.,
2001). Hence, ethical principles encompassing avoiding harm to participants (Bryman,
2016), academic integrity, honesty, transparency, mutual respect, confidentiality, and
trustworthiness will be rigorously adhered to in order to uphold the rights of the

participants engaging in this research (Miller et al., 2012).

| adhered to ethical principles throughout the research phase to prevent any potential
harm from occurring. These principles encompassed the safeguarding of
confidentiality, guaranteeing anonymity, and securing informed consent. Furthermore,
this section will address ethical difficulties that arose during the data collection process

involving interviews with participants.

Regarding ethical difficulties, a couple of the interviewees stressed the need to keep
their participation anonymous because they felt the contractor they talked about may

not be happy with their input identifying the issues the contractor is facing.

Authorisation to conduct this study was diligently sought and obtained from pertinent
bodies at academic level. This refers to the Management School entity at the
University of Sheffield, the research ethics application (with reference number 002933)
was submitted on the 17" February 2015, and approved on the 13" May 2015. The

ethics information is presented in appendix 12.6.1.

| engaged with participants asking them if they were willing to partake in the study by

sending them an email asking them, or calling them directly using Microsoft Teams
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from my Costainds account as | was wor king
collection. The Prospective participants were provided with Consent Forms and
Information Sheets. The Information Sheet furnished participants with comprehensive

insights into the research study, the problem, government plan and research goal.
Participants were made aware of their right to withdraw from the study at any stage.
Furthermore, and because the interviews happened over Microsoft Team calls, |

indicated at the beginning of each the confirmation that the participant had received

the consent form. The consent form highlighted the prioritisation of the participants'

needs over the study's demands for data collection.

To ensure the confidentiality of the interviewees' identities and information, as well as
the projects or sectors they represented, pseudonyms were employed instead of
actual names. Participants were informed that recorded interviews would be securely
stored on my laptop, accessible solely by the team of the researcher and his
supervisors. Transcribed interviews were reserved for exclusive access by myself and
primary research supervisors for the duration of the study. These transcripts were
anonymised and securely stored on my laptop and protected university-based cloud

connected to my university account.

4.8 Conclusion

In this chapter, the rationale for adopting a qualitative methodology was provided,
outlining the study's practical aspects, data collection methods (primarily interviews),
and participant selection. The data analysis process was explained, following Braun
and Clarke's (2006) framework, with a focus on maintaining high-quality analysis

standards.

The chapter also discussed research quality, including strategies like peer debriefing,
member checking, and research reflexivity to ensure validity. Reliability was
addressed through comprehensive documentation of the research design and

execution, enabling future replication.

The themes identified at section 4.6.1.5 will be used in chapter 5, 9, and 10.
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The next chapter will discuss the research vision and the issue that the construction
industry is facing from the perspective of interviewees and the current practices

involved in construction projects.
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5.0 The Current, Préigital, Industry Situation Versus a Digital

Transformation for the Future

The previous chapters explored the motivation behind this research, the government
requirements, the literature review focusing on construction industry issues from an
acidic perspective, and the methodology used to gather data from industry experts.
This chapter delves into the construction project's process from inception to handover
stages, alongside the current situation of the construction industry as perceived by
interviewees and their thoughts on how digitization of the construction process could

offer a solution inline with the government s

This chapter describes the motivation for the project (Section 5.1) before detailing the
information transfer between the highway construction phases (Section 5.2). An
overview of the problems with asset models facilitating this information transfer follows
in Section 5.3, before the following section details the thoughts of the interviewees on

digitisation and the current issues of the construction industry.

5.1 Introduction

This research was initiated and supported by Costain Group to investigate how
contractors can meet the requirements outlined in Construction Strategy 2025. As
technology devel opment has accelerated, Cos
construction projects to be delivered quicker and more cheaply than before. This is
leading Costain to adopt new productive ways to be able to keep in the market. Even
though there is a process in place to manage construction and maintenance works,
the construction industry still suffers from poor practice resulting in cost and time waste
in doing the same job again (reworking). This issue and more - that will be discussed
in this chapter - creates a need to build a digital model for handling and managing
asset data in the construction phase. This model will provide support in delivering
projects with minimal waste in terms of cost and time. This model contributes to the

asset management field in construction or build phase (Teall, 2014).

Asset management can be defined as
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Athe process of guiding the acquisition,
make the most of their future economic benefit and manage the related

ri sks and costs over their entire |

i.e. it offers a solution to managing assets throughout their lifespan. Infrastructure
networks such as highways have distinct construction and operating phases. These
phases have significantly different data requirements e.g. excavations and tracking
the completion status of assets in the construction phase is not important in the
Operation and Management (O&M) phase. The aim of this research project is for the
specified digital model to create a solution to an asset management problem in the
build phase, this would be fulfilled in functionality to lead and track the construction in
a highways industry to save cost, time and resources while enabling better quality.

5.2  Current Industry Process of Project Control

National Highways (NH) divides the whole construction process from A-Z into 7 stages
called the Stage Gate Assessment Review (SGAR) (National Highways, 2017;
Hall,2023).

Each one of the SGAR 0-7 are considered as a hold point between each stage. This
hold point is a precise point of time to have all documentations approved before being

able to move onto the next stage.

5.2.1 SGAR 0Development Phase

SGAR 0 is the development stage. This stage is completed by NH. Also, NH
investigates what is required, and where the funding will come from. They also perform
a desktop survey to decide what the new building requires, for example are there any
rivers that may require bridges. If we move to an adjacent area that satisfies our
requirements but away from the river, will it still work so we can save on cost and build
time? In this stage, the desktop survey confirms and determines the target for the

design.
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5.2.2 SGAR i3Interim SGAR 3

Once NH have decided on a brief idea of the requirements, they determine where the
funding will come from and briefly imagine the expected outcome. The project then
moves to SGAR i3 stage. Which introduces the steps related to what needs to be

designed and goes on to create the early detailed design.

In the early detailed design phase, NH begins to mobilise the leadership team which
consists of a project lead, technology lead, and design lead to only concentrate on
designing the project at this early stage. There will be no construction partners
involved at this stage because it is too early.

At this stage, the dedicated leadership team will also be looking at the project scope,
risks, very early ideas and developing the strategies by:

O«

Looking at some baseline plans and packages

O«

Initiating workshops with NH and supply chain partners to get their feedback on
the early design.

O«

Mobilising the early design phase delivery team with specific design skills to

help visualise the requirements on the design.

The designers then create design Fix 1 and freeze it before move onto the next step,
which is to initiate the design 3D model. This is the beginning of the Building
Information Modelling (BIM). In this model, the client can visualise the project and how

it may affect the neighbourhood.

Once the early design is completed, it then moves to the step of gaining approval from

National Highways (NH) Board before starting the next Stage.

5.2.3 SGAR 3

SGAR 3 is the detailed Design stage and it begins with Step 2 of creating a design Fix
2 for technology assets. In this stage, NH interfaces with technology stakeholders such
as Regional Operation Control (ROC) who are the stakeholder (part of NH) who is

controlling the signals on the sides of the motorways.
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Also in this stage, NH begins to receive survey data to create design Fix 3 which
includes what assets are required to be installed on the site, and what is the best
design of where to install the assets. The design will also include a traffic management

for the site to address construction and maintenance.

The design incorporates environmental measures in respect of the site area. It also
considers any gas pipes already existing in the area that may affect the construction
process.

After completing the detailed design, it is likely that the cost of the project will increase
to tackle any issues found in the survey or adopt any new design recommendations
that were not included in the previous stage's earlier design.

Once the detailed design Fix 3 is completed, it then moves onto the approval hold
point before moving onto the next SGAR stage.

5.2.4 SGARS5
After finishing SGAR 3, the project moves to the Design Closure phase within SGAR
5. This is the stage where the designers finalise all the earthwork and the landscaping

design.

In this stage, the client will be looking at the final commercial and technical assurance
which is ready for construction reviews. It also includes the engagement with civil
contractors to get a price for doing the work. Hence between SGAR 3 and SGAR 5,
the client would send out the design to civil contractors and request a quote for carrying
out the work. The contractor would need to provide not only a cost estimate for the
construction work, but also the costs for managing safety, environmental issues,
guality assurance, and everything else that accompanied the construction project

process.

On the successful completion of SGAR 5, the contractor begins mobilising the field
construction team and the field procurement. Now that the contractor has the detailed
design from the client (NH), the contractor reaches out to the sub-contractor and
requests a cost estimate for doing the work. The cost from the subcontractors will then

be passed to the client for approval to make sure the estimate is within the expected
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project cost. Once the cost approval process is complete, the contractor manages the
project throughout the SGAR 6 steps.

5.2.5 SGAR®6

Once the cost approval process is completed and the subcontractors are all set, the
contractor manages the project progress step by step through the build, Site
Acceptance Testing (SATs), Safety Audits, Removing Temporary Traffic Management
and opening for traffic. This reaches the handover step. From SGAR 5 to SGAR 6
could take up to 3 or 4 years. The move from SGAR 5 to SGAR 6 is often faced with
many failures. The reasons for this are discussed in more detail in section 5.2.5.4.

5.2.5.1 Construction Process
The actual construction begins with earthwork, then the foundation and the drainage
work. After that, the structure work occurs, and this is followed by the technology team

installing the technology assets.

After completing each phase of work from earthworks team, foundation, structure and
technology, the Integrated Quality Verification Team (IQVT) performs some testing
and investigation to check if the work has been completed up to the quality

specification.

The majority of the construction process is actioned in conjunction with other activities.
For example, any section of the scheme at any point of time might be under earthwork
or it could be in a more advanced stage such as in an active field testing because most

of the installation stage is completed.

It all depends on the earthworks team completing the work on a section of the scheme

before moving to another. As the projectods

the project has something called a Plan Wall or Post-It Wall, where the whole scheme
or the sections of the project are drawn on a wall. Post-Its are attached to the wall to
indicate what job each team is doing at which section of the scheme/road and at what

time. Figure 11 shows an example of a Post-It wall.
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Figure 11: Post-It Wall - example of traditional work

5.2.5.2 Reworking

Reworking may happen when the earthworks team finds some underground cables or
pipes that are not included in the design. They then go back to the designer requesting
a new design. The designers then update the design by, for example, moving the
design 2 metres away from the underground cables to avoid extra work. The new
design is then communicated to the technology designers to update their design. In
this case, the 3D BIM model helps in communicating the new or updated civil design
to the whole team so that the impact of the new design influences all follow up designs

such as the technology design.

Another case of reworking may happen when the client (NH) decides to have
something new added to the design or requests a change to the original to adopt a
new type of asset. An example of this is NH requesting the redesign of Smart
Motorway projects so as to install a new Stop Vehicle Detection System. This
happened after the installation of other types of technology assets was completed.
The project then had to be redesigned, which involved removal of the old technology

and installation of the newly requested asset.
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Construction projects are trying to overcome this type of reworking by leveraging the
use of 3D BIM models, so that any changes happening in any design can be shared
and communicated to all other disciplines’ design teams straight away to avoid
mistakes.

5.2.5.3 Construction Programme and Plans

Going back to the stage where the contractor asks subcontractors for the cost estimate
of their work, the contractor also asks for the duration expected in performing the
actual work. Once the contractor has the duration from the subcontractors, they
produce a high-level programme stored in a software called Primavera 6 or (P6). The
programme is then passed to the client for approval, and once approved, the
contractors will then get the go ahead to start the process from the client.

The contractors then gather the site

subcontractors in a room to plan the work on a weekly basis, ensuring that everyone
of them knows what job is being performed by whom at the specific location during
which week. This type of meeting is called a TiLoS meeting. TiLoS is a project
Management Software that helps plan the work in more details than P6. See figure 12

for an example of TiLoS.

In the meeting, everyone will participate to update the wall. The wall is a massive
layout of the motorway verge. All involved parties gather to plan the coming week's
work by agreeing when each team will be working at a particular place. For example,
all teams will agree a timeline for earthworks to take place in a specific location in the
scheme that may last for 3 days. After that, they plan for the foundation and drainage
team to begin their activities that may last for 7 days. Following this, the structure team
will start their activities and this may last for 3 weeks, and so on for the technology
team and how long they need to perform their activities at that specific point. Once a
plan for that specific point location is completed, they then move to the next one to
plan each team's work and timeline, and so on. A wall plan meeting highlights where
the clashes may happen and it also highlights who can be doing what in what area

and when.
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Figure 12: Close up TiLoS example

All these plans and meetings and agreed actions feed into the programme.
Additionally, a 4 week look ahead is created from these meetings.

An example of an issue arising from these TiLoS meetings is of a subcontractor
sending the wrong person to these TiLoS meetings and confirming a work for his side
team. The person reports back to the team what has been agreed but the managers
disagree to do the job because of resource issues at that time and location. This will

affect the plans of other subcontractors if they depend on the work in question.
Each one of the subcontractors should have a package manager from the contractor

side that manages their work and helps unblock any issues they may face and make

sure that they are doing what they are supposed to do in the agreed time.
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5.2.5.4 Handover Phase
Once all assets are installed and Site Acceptance Testing (SATSs), which makes sure
everything is operating correctly, is completed, then the handover phase is started to
collate all this information.

The handover phase begins from the beginning of the project and continues in the
background while the work is happening. It does not start at the end of the project. The
installation information is collated and linked with all the SAT tests that are prepared
to be handed over to the client whenever a part of the project is completed depending
on how the project is being divided.

Subcontractors do not report their work directly to the contractor because they are
involved heavily in doing the work with less attention given to reporting back directly.
They gain the required signatures directly after the work finishes to be able to complete
their paper based reports. Hence, it becomes a significant challenge to request
handover materials at the precise moment when subcontractors are about to conclude
their work. Leaving it until after they have completed it, is a problem as they might
depart from the project without providing the necessary handover materials. This
situation has, in the past, posed difficulties in obtaining subcontractor information for
inclusion in the handover package. There is a massive and desperate need to
introduce technology and IT into this stage to capture the handover data at the site as
the work is happening. Technology is nheeded to gain the signatories required as early
possible as the work is completed in a real-time manner. This is where the
Construction Asset Tracking System (CATS) (which is a model that was designed and
developed to support the construction build phase, see chapter 8) can play a massive
role in supporting the handover, see section 8.2. Each site supervisor is required to be

IT literate to be able to use technology where needed on site.

Finally, all the deliverables go on to the National Highways Business Collaborator

(Data Storage) and everything has to adhere to the BIM metadata (Hall, 2023).

5.2.6 SGAR7
In this stage, the completion and project closure are reached. This happens when the

scheme is basically built and handed over to the client (NH). Only a few things still
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need to be done such as completing the road safety audits and any outstanding works
that the project was committed to as part of the handover process such as painting

gantries, see Figure 13.

PROJECT

CLOSURE

STEP 8
Closeout
Phase

Momnitor, Learn and Close

Out

Hamndowver
Scheme to
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Safety Audit and
Update Health
and Safety File
ready for
handower

Monitor ard
Produce
Systerms

Perforrmance
Reports

Complete
SGAR 7
Hanmndowver data,
fFfimalise
commercials.
Close scheme

([(Gate Rewviews 7))
Aldliance
Manager and
Board Approwval
to Proceed

Prodwuce Fimnal
SGAR T Products
as reguired

Figure 13 SGAR 7 (taken from Hall, 2023)
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The previous section discussed the current industry position from the client

perspective (NH in this case). This section will highlight Costain's current situation from

the intervieweesd point of view as thny

The current situation of Costain is not satisfactory because of the amount of reworking,
the traditional way of performing the work, and not being BIM compliant, i.e. with the
requirements the government established in their DBB and Construction Strategy
2025.

The interview participants have been allocated symbols in section 4.4, and so, the

same symbols will be used here. i.e. P1 is participant number 1.

P6 shares his view on what has been achieved so far in Costain to be aligned with
DBB or BIM L3 as there are good initiatives being achieved to adopt BIM L2. He
highlighted the widespread adoption and rapid development of Building Information
Modelling (BIM) across various industries. Also, he is impressed by how quickly
projects have transitioned to digital processes, even on long-term projects. The focus
has been on digitising and modelling plans, incorporating product and data
information. While they acknowledge significant progress, he is uncertain about the
next technological phase. Overall, he emphasises the achievement of having fully

digitised plans ready for digital client handover.

Costain also created a model to test construction projects against the reports of quality

and performance to determine how digital the project is, this was mentioned by P6

ATo support that the number of tool
excellence matrix we developed basically to have a benchmarking so
pulling out the key things within the Costain way. Getting people to
recognise that there are, if you focus on certain things within quality then
that will give you, improves the culture so that everyone is focusing on the
key things to do with quality to get things right first time and also the
monitoring performance so things like OEM where we're focusing on
performance management, sorry, we focus on measuring and making
sure that people who are actually doing what they should be doing. The

key things on a lot of projects you will see dashboards as well, which
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again is required to this quality dashboard, sorry, required to monitor

quality performance so you can focus on where you need to take action to

bring about this iIimprovements for <co

This also was mentioned by P13 with an extra description regarding the tools of Smart
Deliver Platform (SDP, which is a platform that used by Costain to include all software
and digital tool sin used by construction n projects

Aintroducing the operational excellence
address the infrastructure and the skills, behaviours, and other elements
to success. Its enablers, and also the SDP, which is the tool box if you

like, which are on progressas we di scussed

m

so that theydc

the elements atthe moment,but | dondét think the compan

game plan from our conversationo .

Al s o, P4 has t he same vi ew as P13 when h e

Excellence Model (OEM) and Smart Delivery Platform (SDP) as a plan to be BIM
compliant.

However, P11, menti oned Costainods Leading

summarising the efforts from within Costain to digitise the build process

AThat' s where our | eading edge strategy \
with the sector that you're now working in, you know. | know, [someone],

[someone] tried to implement things from within the scheme and has met
a lot of resistance because the state the scheme, Get on site and they just

steamroller ahead with doing it the way they've always done it, so it kind

of needs a separate division within a company to come up with the way

forward to make the company become DBB compliance. And that's why

I'mhopingy ou and [ someone] they're doin

P12 summarises Costainds side of moving towa

AOQur plan | would say i s ©peppnondli cantl y f
Excellence Technology pillar that says how many of our plans and

processes are planned to be digitised, what proportion of them are
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delivered in house, and that's the long and the short of it. And we judge
the percentages on whatever our OEM score says. And obviously we
want to be as digital as possible, and we want to do as many in-house as
possible. So that's bang in line with Leading Edge Strategy, so that's
along the short of it, as much as possible and as much in-house as
possibleo

Overall, Costain is on the right path of promoting the use of digital within many of their
construction projects. However, to be aligned with the government achievement, and
given that Costain has the master knowledge of the construction process, Costain is
required to implement more digital tools that integrate them with BIM and the 2025

Strategy requirements.

5.4  Problems Identified in the literature
This section summarises the issues in the current practices in the construction industry

that was discussed in Chapter 3.
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Traditional Way of Work
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- IO Traditional Way of Work
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Daily work pattern
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Current way of build, inspect and track activities is manual which is also laborious, time & resource
consuming and error-prone

Figure 14: Traditional Way of Work
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Figure 14 depicts the current or traditional operational approach. It illustrates the
extensive steps involved in transforming a conceptual asset from a design drawing
into a tangible physical entity on the road. This transformation includes the following
practices (refer to section 3.2, 3.9, and 5.5 for more details):

0 Construction projects are managed with a multitude of activities reports,
plans, schedules, reports, meetings, etc.

Rework

O«

O«

Tracking progress retrospectively

Minimal real-time data

O«

O«

Require significant resources
0 Multiple keying of the same data
0 Multipletake-of f of assetds data from design dr a

0 All of the work inspection and track activities are manual, which is also

laborious, time and resource consuming and error prone

Key issues with the traditional way of working are the amount of reworking that needs
to be tackled, as well as the incapability of the traditional way of work to integrate to

BIM as NH promotes.

The literature review in chapter 3 summarises academic papers that support the need
for a practical Information Systems solution in the construction industry to overcome
the traditional way of working and adopt a more digital delivery process. (Rezahoseini
et al., 2019, Arditi & Gunaydin, 1997, Mitreva et al., 2013)

Moreover, section 3.9 discusses the relationship between enhancing the construction

industryés quality and how the use of informn

Reworking Issue:
Rework is a significant concern within the construction industry, with Love et al. (2014)
noting that over 10% of construction project budgets in Spain were spent on reworking.

Similarly, Bew (2016) found that rework costs accounted for 20% of budgets in the UK
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as discussed in section 1.4.2. To address this issue, construction projects are
increasingly adopting 3D Building Information Modelling (BIM) models, such as Hall
(2023) suggests, allowing changes in design to be quickly shared and communicated
across disciplines to prevent errors. This study aims to leverage Information
Technology (IT) to digitise the construction process and reduce rework.

The government emphasises the need to transition towards more BIM-compliant and
digital practices in construction, as outlined in the Construction Strategy 2025 policy
(HM Government, 2013). This focus is evident in their program, which aims to develop
digital tools for the built environment and operations management industries. A key
tool in this regard is BIM, with BIM Level 2 (see section 2.4 for more information related
to BIM levels) alone having saved £2.2 billion for the government by 2015
(Government, 2019).

5.5 Problems with asset management databases

Although some asset management database systems exist, they often have significant
deficiencies, risking severe incidents. One such model is the National Bridge Inventory
(NBI), an asset management system that records data on the status of structures in
roads in the USA. For example, in 2007, the Mississippi River Bridge collapsed,
because NBI did not appropriately represent the exact status of the bridge. If it had the
right information in an integrated database system, the actual status of the bridge
could have been identified early on and the incident could have been avoided. This
shows the need for a robust representation of assets within databases and the need

for managing them in a coherent information system.

Furthermore, the cost of creating new databases is enormous, as National Highways
(NH) used to create a database management system whenever they added a new
asset type in their roads. For example, for pavements NH has a system called HAPMS,
for drainage they have a system called HADDMS and TPMS is the system for
technology and communication assets (D. McHugh, Technology Integration manager-

Costain, personal communication, Nov 14, 2016).

Each stakehol der 6s need f or i nfor mat

management systems, resulting in multiple instances gathering data and driving
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activities differently (D. McHugh, Technology Integration manager- Costain, personal

communication, Nov 14, 2016).

Therefore, a model to track assets life cycle that covers all asset types with different
definitions and relations is needed. This model shall create associations between

assets, activities and documents.

The next section will discuss issues that appear in construction and operational
phases of asset life followed by a brief discussion related to the current situation of

handling information in construction projects.

5.5.1 Construction Phase

Construction projects require a huge amount of data, most of it without automatic
correlation, so multiple information sets have to be prepared, assimilated and
maintained. Most of these data and documents require regular updates and multiple
reviews. Figure 15 shows an example of documents involved in the construction phase

of a project.

95



Programme Progress Plant schedules

Material

Specifications Trackers
Annrovals

T™ layouts Location Data Risk plan Board reports
Setting out Logistics Test certs CDM Hazard

Sub-contracts Lift plans Flectrical and more...

Purchase Commissioning

Permite and mnre

Geotechnical Surveys Quality plan and more...

RAMS Defect lists Safety Plan and more...
Temporary

Waste control Site Data and yet more...
Works ' y

Figure 15: Construction Phase Data

These documents require a bewildering number of activities, all needing preparation,
coordinating and tracking. The data is collected after performing an activity on either
an asset or location. The number of assets per project determines how much data
would need to be collected, and how huge the number of activities would be. Assets
come in different types, with examples of types being point, linear, area and volumetric
assets, or definitions such as Geographic Information System (GIS) 2D, Building
Information Modelling (BIM) 3D, and can have a hierarchical relationship with each
other (i.e. a concrete foundation is a parent of a column, which is a parent of a beam,

that is a parent of a sign/signal).

5.5.2 Operating phase

Asset lives are long, which creates a tendency for asset owners to defer action until
an actual asset problem occurs. Therefore, gathering the best knowledge about an
asset is the key factor for maintenance and future work. The problem that most existing
systems and databases face, is that the data are often collected for different purposes

such as commercial and programme requirements based on the information required
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by the asset owners. Moreover, many assets were installed before modern information
systems, which may eliminate construction phase data as it could be hidden
underground. These reasons and many more, raise the need to ask: what existing
data can we make use of? And what data would we like to collect that would help the
operation phase in doing a better job by providing enough information about assets?
i.e. construction data, height, completion status, asset status, etc.

5.5.3 Information transfer between the phases

Traditionally, managing all that data, documents, activities and assets is conducted
through a multitude of trackers, plans, schedules, reports, meetings and so on. Much
of it works retrospectively, with minimal real time data and a higher chance of multiple
keying of the same data. One drawback of such a traditional approach is that it requires

a significant amount of resources.

The data collected throughout the asset lifespan is as follows (see figure 16):
0 Design data feeds construction data.

O«

Construction data grows until the project approaches completion, then gets

stripped away before handover

O«

At which point the data relevant to the Operation and Maintenance (O&M)
phase is transferred

0 Following the handover, O&M data grows over the asset life
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Design mm)p Design & BIM data feed the client's requirement
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: ru__§
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E—) O&M systems and client databases build up
O&M data

Replacement

Figure 16: data collected through asset lifespan

The next section provides reference to the thoughts of those who work in the
construction environment in the light of the problems identified previously and

summarises themes from the interview participants.

5.6 Problems identified from the data collected

It was clear from the data collected in the interviews that the participants realised
several major issues within the construction industry. The five main themes are
digitising the build process, cost and time waste, societal issues, communication and
collaboration, and information system design specification, these themes are

discussed further in section 5.7.

5.6.1 A need to digitise the build process:

A need to digitise the construction process is a main theme that was mentioned by the
13 interviewees multiple times during the interviews. This shows how important it is to
the participants. It stresses the need to replace the traditional way of performing any

given construction job with one controlled and managed by a digital platform. The
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traditional way of working relies on work packages (i.e. when a job of placing ducting
pipes in a construction site location is allocated to a subcontractor, it is then called a
package, and the person from the conthig actor ¢
work with the subcontractor is called a package manager). Managers and reporters
personally visit the working site all the times to report on the progress (McHugh, 2023).
The disadvantages of performing the work in this way is the amount of resources

needed to achieve it as well as the time and cost wasted in collecting the data.

The discussion in section 5.5 mentioned the amount of work and number of tasks
required to complete a construction project, for that, the participants appreciated the

digital role in supporting and managing these processes.

P12 mentioned that

AWe do same things [same process of buil
digital tool kit, we need to change the process itself to achieve better

qgualityo

which shows the need to change the current build process to achieve better quality.
Also, P7 stressed the problem of managing and tracking the built data using the

traditional way of working

AMy team is actually doing quite a | ot ar
and management of records in line with schedules. That's traditionally a

big probl emo.

P2 provided a concrete example illustrating the problem with the current work method,
highlighting that it does not accurately reflect the on-site reality due to the lack of real-

time data updates and reporting. P2 expressed

AnSo i f you i magine you got a three step c
happened, by the time that's happened, you could be up to a week
behind. Because it was, you know, at best you could do it. On a daily
basis, and you'd probably be 24 hours on a date with what happened. In

reality, people wouldn't do it [fixing defect/issue] every day, so you might
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get it done twice a week at best, maybe once a week. In advance of the

management meetingo.

And he added, basically, fAwe wor k f topoineadtthe needifay & ghange

in the current workflow.

Furthermore, P12 raised questions about the number of processes planned for
digitisation and emphasised the importance of documenting more workflows within
quality management plans. P10 emphasised that there are currently no digital
processes in the construction environment, not even for individual tasks, and
highlighted the absence of connectivity between these processes and data when he

mentioned

Aiso at the moment we haven't even got di
completely you know those individual processes then being able to talk to

each othero.

P11 indicates that the current practice of Post-It Wall or Plan Wall (see figure 11 in

section 5.2.5.1) suffers from data loss as a result of falling notes

Abut Ti Llo&toh Systemgin its raw form is still a massive wall of

data that you stand in front of and yol

While P2 stresses that

Athe i nformation can be | ost and | al ways
the post it notes on the wall with a post it note lying on the floor. That
falling off the wall so that meant a job didn't get done. Someone didn't do

whatever they hadto do. Itnever got <captured in the pl

P11 and P3 discussed the need for digital and how it is important for the contractor to

stay in the market in the future. P11 mentioned

Alt's all well and good thinking about wt

going to be in five years ti meo

while P3 said
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Al think getting an understanding of whe

shape or your next steps are going to

The need to digitise the construction build process comes with important features that

need to be catered for. These features can be summarised as:

5.6.1.1 More Integration required
A few participants also stressed the importance of the integration part between the
software applications that are in use in the construction industry. For example, P2 said

Athe capability of the construction cor
management and the construction task. The capability of the software
company is in building software systems built on processes. But very
often the processes that are used in the construction environment are not
compatible with a software system requirement or in developing a user
specification, because all of it is based upon manually managing the

i nformation management o

While P2 stressed the need to have all the data stored and accessed in one place

fone place for all information, accessibl

as a solution to the current issue of the data not being all in one place, for example
the data loss problem with the manual reporting on the Post-It Wall as discussed

previously.

5.6.1.2 A need for better way of doing construction work
The need to have a better way of working was an important matter to the participants.
P2 mentioned the need to breakdown the construction process to enable better

process management as stated

AAnd there's a real i ssue between the con
complex information management process can be broken down into a set

of Digitally recognizable el ements to bt

P10 added that
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just seem to die a slow lingering death. They, you know, they drag on for
ages and one of the factors in that is collecting all of that asset handover

i nformati ono

as a sign to have a better way of managing build data for a better handover process.

5.6.1.3 Lack of Standardisation

Six participants raised concerns about the absence of standardisation in work
processes. P4 emphasised that restricting project flexibility, as seen in the automotive
industry, can reduce risks

Aif you Il imit the amount of opportunity

want to build, you also eliminate risk, that's the whole beauty of the

automotive industryo.

In contrast, P2 expressed worry that clients are steering away from standardisation
towards output specifications. Instead of specifying precise installation details, they
now demand that components meet performance criteria, which raises concerns about
potential negative impacts on quality. P2 pointed out that this shift to performance-
based specifications may lead to increased rework, not only on-site but also in the
design phase. Standardised designs, once used across multiple projects, are being
replaced by specifications that require constant adaptation, introducing complexity and

redundancy into the process.

5.6.1.4 A need to have more quality control

Quality management of the construction projects was mentioned 38 times from 12

participants. 5 of them str e DsieothcetDbieright e e d

firsttimed6. For example, P10 cl aims that

Al tend to use the t ejusndontcompletecThey don'

t

fSo the contractual environment doesn'’

ti meo

and that the construction projects

e

t

Aactually incentivises rewor ko
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because it needs

~

Al ot of the time is set upo.

Two participants highlighted the significance of quality, suggesting that it should be
given the same level of importance as safety, as expressed by P1, who stated,

Aimake quality as i mportant as saf
while P8 raise the question of

ALet ' s hav esessiondbmdimkioranspersod dedicated to asking.
What could go wrong in your experience? And if we did, if we did more of
that. Along the same lines as he's done in safety, we do it for quality. Then
we might minimise rework?o.

P10 stated the need for an integrated Information system to enhance the quality

management in construction projects as mentioned here

ASo in terms of what | produce Iis somebo
produce that, my output to the required standard, it affects the next input.
When we're not even at the stage of breaking down those silos at the
moment, um, so you know, that is potentially a symptom of not having a
completely integrated system. The quality function is seen to be sat
separate from the time and cost function, which is another one of the
principles of you know, taking into account all aspects of asset, not just
time and cost, the cheapest option is not necessarily, it's a false economy.

It will give you a poor quality output t he

Participants emphasised the importance of treating quality with the same level of
importance as safety and environmental concerns. This perspective likely arises from
the fact that quality issues and defects can typically be addressed through rework,
which impacts cost and time but that does not pose the same risk of fatalities as safety

or environmental incidents. P4 summarised this in his words

Aé for example SHE [ Safety, Heal t h and En
because of the consequence of fatality and another prosecution. That
could come out of their noncompliance of that function. Quality is some

whatever a bolt onto the end of a project, whereby if you find something's
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not right, you end up repairing it, You know doing the cost of rework and
things like that. So it's not really a strong consequence at the time for the
people completing the work that can be changed if we adapt our quality

management system into a digitalf unct i onéo

5.6.1.5 Better project management

A call to alter the current constructi
the 13 interviewees, the main discussi
through choosing a supply chain which promotes quality and for the projects to opt to
choose a supply chain based on their quality and performance not cost as mentioned
by P4 and P6.

P1 and P6 also stressed the need to have a management system that ensures all
projects operate in the same way of quality and enforce accountability to guarantee

the process is managed in a better way and to learn from mistakes.

5.6.2 Cost and Time Waste

The second main theme of problems that was identified by participants was cost and
time waste. 12 out of the 13 participants addressed issues of cost and time waste in
the construction industry, and it was mentioned 34 times in the 13 interviews. The main
sub-themes related to cost and time are: reworking, cost of funding, cost

considerations, and the cost of digitising.

5.6.2.1 Reworking

The data from the interviewees revealed several reasons behind reworking, such as
the pressure on the programme and keeping cost within the estimation, insufficient
time to do the task, wrong design, pushing labour to complete their work quickly or the
clashes between different supply chain parties (subcontractors) working in the same

area on different tasks.

These reasons shape the working environment to be in firefighting mode and working

reactively to solve reworking issues as mentioned by P4. To minimise the reworking
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i ssues, P9 suggested giving the subcontracto
to achieve a lower productivity target than what they have currently.

P7 stressed the need for better planning as he mentioned

AMy team is actually doing quite a | ot ar
and management of records in line with schedules. That's traditionally a
big problem, it causes overrun because you need lots of verification
documentation to get licence to operate, or to Commission certain
elements of plants or to operate in their nuclear facility, and they often
overrun because they're not tracked effec

An exampl e of rewor king was given by P11 i
reworking i the Technology team is digging trenches to install ducting that was dug
and covered by a drainage subcontractor when they were doing civil work. This case
and others can be tackled by having a better quality management system and
monitoring of the progress through live data and lessons learnt practice as mentioned

by 3 of the interviewees.

5.6.2.2 Funding Issues (training, fixing snags and implementing digital)

As highlighted by three participants, cost concerns within the construction industry
have extended to subcontractors and employees. This has led to a cautious approach
regarding training packages, whether they originate from contractors or the client (in
this instance, the government). Specifically, when training needs to involve the supply
chain, participants mentioned that only mandatory training packages are typically

offered to minimise training expense.

It was also argued by one participant that the cost of fixing snags or defects in
construction may depend on the higher cost of doing the fixing. Finally, cost of
distributing Information Technology (IT) Tools and devices need to be accounted for
in construction projects to enable digitisation of work and this should not be a blocker

as mentioned by P4.
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P5 stresses the issue of the high cost to prevent from adopting an Information Systems
(IS) that would help digitising construction projects.

5.6.2.3 Cost driven issues

Five out of the 13 participants delved into the underlying causes of problems in the
construction industry, primarily driven by cost considerations. Specifically, P7 and P8
contended that a significant issue stems from bids being centred on price rather than
quality. On the other hand, P2 and P10 criticised cost-saving practices that involve
hiring unskilled workers overseen by a manager, arguing that this might seem more
economical in the short term but can lead to increased expenses in the long run.
Additionally, they disapproved of hiring inexpensive supply chains that often result in
defects, necessitating additional payments for rectification. This ultimately outweighs
the initial savings and demonstrates the importance of investing in a higher quality

supply chain, despite the higher cost.

5.6.3 Societal Issues:
Societal issues were a repetitive theme with the 13 participants, and it was mentioned
163 times. Societal issues are any issues to do with the construction industry nature,

such as work culture, political aspects and employee behaviour.

5.6.3.1 Work Cultural Issue

12 out of 13 participants condemned some of the practices that seem to create a
negative work culture, this is the result of working reactively by only checking issues
after the event happened as P12 stated, or the actual old quality mindset that needs
to change (P7). Below are some points related to the wrong practices that construction

projects currently have:

W Lack in capturing lessons/sharing the knowledge
4 participants mentioned the need to capture mistakes and issues in the form of
lessons and share those lessons with others to avoid them and learn from them. P13
mentioned that he has conducted research to capture the lesson learnt aspect and he

commented
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Al interviewed a similar number of peopl
interviewed of different parts of the organisation in different departments,
and | bring it up and then | came to the conclusion which as you know,

concludes our illusions, but concluded |, that' s we don't |l ear n,

He also went to the extreme by arguing that human behaviour of being proud to accept

a change prevents them from learning and changing their current mistakes

AHuman native behaviours coming i n, becau
want to say | cracked a hard nut. | don't want to say or somebody else did
for me that's not this, It goes agal

P12, however, stressed that the issue of learning lessons should be shared with

project management to collect data and provide insight into repeatable issues

AWe don't gather our data in a way that w

and/ or we don't seek insight to | ea
while the actual current situation in this matter is

AWhereas at the moment we tend to only Lz«

went out to |l ook for it o.

He also provides an example of the way industry deals with close calls, if it has been

fixed in the same day, no need to report it. Which ignores the lessons learnt a bit.

Alf a defect iIis identified and can be cor
not have to raise a Non-conformance report and I'm arguing the case. Not
interested in how quicklyi t can be repaired. I f it happ
the lack of really fast, intuitive, easy to operate, defect and snag reporting

that would generate a near miss close call, safety observation type

equivalent in the quality arena is a blockertouslearning | essonso.

W Day-to-day work culture:
The actual day-to-day work process does add to the cultural issue as discussed by

P12; this comes in the shape of not giving attention to
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Athe minutiae detailed culture is when yc
risk assessment. However, it says sort on site, or the foreman will do that.
So we don't actually write our Management plans accurate enough, which

means we don't actually monitorandme asur e the minutiaebo

the other one is

Aitoo many of our | eaders in the construct
heroic leaders. They are spending all their time intervening, dealing with
interventions. And not enough time leading to being successful tomorrow
and they become drunk on the endorphins associated with that

i nterventi ono.

P6 argues that

NfBecause the nature of construction is t

necessarily standard, is 1t?o0.

P7 indicates that

Amuch of the information that fl ows aro

[ construction phase of nuclear i ndust

And P11 agrees with that argument by stating

Al don't think we have done anything yet
practices. | think we're still. Using the traditional practices, we've refined
them. We're getting better at them, but | don't think we're doing anything
new, and | don't think it's until there is this big step change that we talked

about ear |l i er t hat wi | | force us to ¢

As much as there is a responsibility on individuals to push out of the box to adopt new
changes to enhance the day-to-day activities, there is even more responsibility on the
project management6s team to prepare a cul ti

learnt, skilling staff, and to win over issues as stated by P4, P11 and P12. The current
status is summarised by P13 as

Aso we just managed to fight, not to | ose

win.o
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W Resistance to digitalisation:

6 out of 13 participants discussed the reasons behind the lack of willingness to adopt
digital to enhance the current construction culture to adopt technology; these reasons
came in the shape of the client (in this case National Highways NH) not being in a
good digital place as they still use old Information Technology tools. Also, the
technology used by the client resulted in losing some of the documentation metadata
when transforming them from one system to another, for example from Business
Collaborator to SharePoint (P13). While P12 stressed the point of the age gap
between the employees of old experienced non-digital minded engineers and the fresh
graduate digital minded ones. This gap highlights the variation in skill levels when it
comes to adopting and utilising digital tools in construction work

5.6.3.2 Political Issue

Political issues are problems related to the need to have policies (P7) created and
pushed from the top of the organisation to the bottom to change current practices,
adopt more quality control in current practices or adopt a more digital way of working.

It was mentioned by 12 participants out of 13.

11 participants stressed the need of the client to provide financial support to train the
supply chain to adopt digital. P12 argues that construction projects require a digital
lead in addition to the current 3 heading a project (Contract Lead, Project Manager
and Commercial Lead) with responsibility to champion the adoption of technology. P4
also supports this by going even further to argue the need to have a dedicated director
to promote quality and he believes it is as important as safety in the organisation. P1
and P7 expressed the need to have a quality minded senior at the top level to push

and enforce the quality process.

The mentality of performing the work right first time and working proactively was
mentioned by P11 and P12. P4 and P11 argue that clients are required to lead on
enforcing more quality at work instead of concentrating on completing the programme
on time. P6 and P13 stressed the need to have seniors push to provide training and

upskilling staff to use more technology.
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P12 said

Aand then occasionally you end up with
Engineer who suddenly takes them all under his wing, and the Chief
Engineer is undoubtedly a bookworm librarian, introverted, subservient
top character, and he just becomes a patsy to the project manager, and
the contract | eader when they shou

in a sign to the lead of the team who likes to have the work done in his own traditional

way.

P5 argues the need to have a separate pot to sponsor innovation and avoid relying on
projects to pay for it. Moreover, the need to change supply chain contracts to
implement digital requirements by using digital tools and avoid paper-based handover
was mentioned by P4. P2 explains the communication breakdown and the translation
of the seniorsdéd talks and policies to be | ea

Ait actually disappears very quickly in t
And from senior management downwards. The application of digital tools

is very sporadic and little understood, and so there is going back to this

thing of translating. The day-to-day operations into a digital environment

t hat hasn''t been doneo.

P5 and P8 both noted the absence of standardisation and a shared understanding of
collaboration in the process of delivering construction projects. This challenge arises
due to the nature of the work. For instance, in joint venture projects managed by two
or more contractors, each partner tends to promote their own working methods, which

may not align with a high level of digital adoption.

5.6.3.3 Behavioural Issue
This theme discussed the attitude and behaviour of the workforce in resisting new
ways of working. It was addressed by 12 participants out of 13 and mentioned 50 times

in the 13 interviews.
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7 participants mentioned the need to educate the workforce with the benefit of
adopting digital to overcome the resistance of changing their way of working, for

example one of them, (P4), stated

Aithe most pertinent barrier | can gi
with fundamentally flawed in the sense that we can adapt to rapid change,
especially in construction. You know there is a very strong behavioural

issue within construction that prevents us from moving more rapidly in

ve Yol

terms of innovation and devel opmer

P12 stressed the need to educate the workforce to do a better job rather than learning
new software applications when they move from one project to another.

P3 stressed the fact that the construction industry is slow in adopting digital. P8 agrees
with that too

Furthermore, P6 expressed

Al think that the most impactful thi

and getting people to understand

and therefore, the organisation needs to invest in behavioural management
programmes for this sake. P12 expressed how the workforce only remembers bad
things to do with the digital tool they used in the previous project and therefore want
to try a new one in the new project and the cycle repeats itself in every new project.
As a result, the workforce tends to fall back to their comfort zone of traditional ways of

delivering projects using non-digital tools.

5.6.4 Communication and Collaboration Issues:

This theme discusses team communication and collaboration in construction projects,
with respect to current practices and
communication and collaboration was mentioned by all 13 participants in 60 different

places in the interviews.

7 of the participants talked about issues where construction projects need to improve
the communication to and from different teams. Communication about changes and

showing the benefit of adopting new ways of working digitally was also discussed by
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P1, P3, P5, P10, P11 and P12. They all agree in giving the workforce the required
training and asking them to be partners in providing ideas that could be implemented
digitally so they may accept the adoption of a new digital way of delivering a

construction project.

A recurring sub-theme among all participants was the importance of providing training
and education to both team members and the supply chain regarding the advantages
derived from the adoption of digital technologies in project delivery. Moreover,
communicating the business case of adopting new ways of working digitally to the

seniors as well as workforce individuals was mentioned by P6.

5.6.4.1 Reporting and Monitoring Need:

9 out of 13 patrticipants talked about the need to have real-time reporting to enhance
the decision making process and access information when needed. P12 argues for
the need to have different reporting views per job level in projects. For example, the
project manager does not need a real-time report while the on-site team does so as to

watch and plan traffic management.

The lack of real-time reporting and monitoring in current practices may damage the
organisational reputation as mentioned by P7 and P12, where the latter argues that
having too many snags and defects and not being able to fix them before opening the

project is costly and may have an impact on reputation.

5.6.5 Information System Design Specification Issue

This theme discussed the requirement to have a robust design for any digital solution
that would help in the production construction process. It was mentioned by all 13
participants and appeared in 101 places within the interviews. To overcome the current
in use, poorly-specified applications (P1 and P2), most of the participants provide a
wish list for functionality to be designed in any new system such as GPS, user friendly,

accessibility, connectivity, standardisation, scalability, performance, security, etc.

While P1, P8 and P13 expressed the need to have a proper standardisation of the

user interface and data gathered with accessibility views depending on user profile,
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P5 mentioned the importance of having network connectivity. P2 and P3 also stressed

the need for a mature framework with proper design, principles and guidance.

P12 mentioned the importance of having data insight in any supported digital tool.
Furthermore, designing a future proof system with an understanding of its input and
output and that they may change on either side, plus it could be scaled and adopted

any future workload are important matters to P3 and P12.

5.6.5.1 Interoperability Issue
10 out of 13 participants stressed the need to have systems interoperability to enable

exchanging data between different systems easily.

P2, P5, P7, P8, and P11 specifically highlighted the importance of designing an
information system capable of integrating and digitally connecting with other systems,
such as Primavera (program management tool) and BIM (3D design project), to

support the current applications in use.

5.7 Interview Data for Solutions to the Issues Identified by Participants
The main themes derived from the interview data, highlight the crucial prerequisites
within the construction industry that currently hinder a transition towards embracing a

digital approach for project delivery are:

O«

More digitisation is required

O«

Better approach to design Information Technology (IT) systems is required

O«

Tackling current cultural issues

O«

Tackling behavioural issues

O«

Tackling political issues

O«

Better communication and collaboration are required

O«

Aim to save more in time and cost of construction projects

O«

Adopt better means in reporting and monitoring of the progress

The interviewees shared their own ideas on how to address the issues in the
construction industry, which will be discussed next. Furthermore, the solutions
proposed in the following section are linked to the issues raised in section 5.6, which

discussed the current drawbacks affecting the construction industry.
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5.7.1 Digitisation

The cost of creating new databases is enormous as National Highways (NH) used to
create a database management system whenever they added a new asset type in
their roads (D. McHugh, Technology Integration manager- Costain, personal
communication, Nov 14, 2016).

Each stakehol der 0s need for i nf ormat.
management systems, resulting in multiple instances gathering data and driving
activities differently (D. McHugh, Technology Integration manager- Costain, personal
communication, Nov 14, 2016). He also added, construction projects necessitate an
extensive volume of data, much of which lacks automatic correlation. As a result,
numerous sets of information need to be prepared, integrated, and maintained.
Regular updates and multiple reviews are imperative for most of these data and
documents. The generation of these documents entails a multitude of activities, all of
which require preparation, coordination, and tracking. Moreover, data is gathered
following the execution of an activity on either an asset or a location. The volume of
collected data and the extent of activity logs are determined by the quantity of assets
within a project. These assets can be of various types, including point, linear, area,
and volumetric assets. They are also defined in forms such as Geographic Information
System (GIS) 2D and Building Information Modelling (BIM) 3D. Additionally, assets
can exhibit hierarchical relationships, where a concrete foundation might serve as a
parent to a column, which in turn acts as a parent to a beam, further linked to a

sign/signal.

The main codes generated from the interview data in terms of the need for digitisation
in the construction industry are:

0 Construction projects need to adopt a more efficient way of working

O«

Construction Information systems need to consider more integration with other

systems

O«

Construction Industry issues of lack of standardisation

O«

Construction Industry issues of better managing construction projects and

adopting decision making process depends on real-time data

O«

Construction Industry need to apply more management of the quality delivered
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Numerous interviewees emphasised the importance of transitioning to digital
processes in the construction industry, citing various reasons. One specific
interviewee, P3, highlighted the significance of how adopting a digital way of working
would improve communication with stakeholders to promptly address issues. This
involves raising awareness about obstacles within the process to ensure everyone
remains informed and proactive in resolving challenges. Furthermore, P1 supports this
viewpoint, as stated here:

fnBetter communication between the constr

senior management is needed around quality. More emphasis needs to
be put on quality and not just on the quality of the products on site but the

data quality, admin quality, etc. The quality of ever yt hi ng

The main focus of P3's discussion was on the motive for adopting digital technology,
specifically to improve the handover process by digitising quality assurance
documents. P3 emphasised the importance of identifying and addressing any
obstacles in the process, thereby enhancing awareness among team members.
Additionally, P3 highlighted the goal of involving stakeholders more effectively, with
a particular emphasis on enhancing customer and client engagement. Another key
point made was the significance of being Building Information Modelling (BIM)
compliant to satisfy clients and to maintain competitiveness in the market. Overall,
P3 emphasised the necessity of digital enablement and communication in driving

process improvement and staying relevant in the industry.

P4, P6 and P11 all share the importance of adopting the use of digital platforms in the
construction industry as it provides better insight into the state of the asset at any
point of time or when it is needed, i.e. when something happened and there is a need

to intervene for a fix.

P6 stressed the need for adopting more digital in the build process to enable better

planning for construction work:
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Ahaving information about the assets
plan your construction better, because again, you have more information

on the producto

On the other hand, P1 presented the rationale behind adopting digital processes in
construction, centred around digitising the construction workflow. This approach is
noted to enhance efficiency by facilitating better planning, operation, and
maintenance of infrastructure. Moreover, it is pointed out that digitisation reduces
risks by eliminating errors and waste through the integration of intricate processes.
This shift also promotes a better grasp of the work and aids in cultural
transformation, as documents tailored to different levels of experience with Building
Information Modelling (BIM) simplify this transition.

P1 also highlighted the benefits of conducting more comprehensive site surveys
prior to the design stage and emphasised the value of managing mistakes and
sharing lessons learned, thereby holding individuals accountable for Total Quality
Management (TQM). The idea of a unified source of truth was put forth, advocating
for a streamlined process that integrates head office procedures and data into the
digital solution for site-level documentation. This would ensure information is inputted
only once and updated as necessary, contributing to the normalisation of TQM

practices.

The importance of implementing a standardised approach to delivering
construction projects through digital platforms was a key emphasis among multiple

participants. P4 highlighted the necessity, stating,

"This is what we have to use as a business standardised across the
business. There's too much variability and we end up reinventing the
wheel on virtually every occasion

standardised way of working"

Supporting this notion, P3 underscored the value of a standardised method not only
for overseeing construction project delivery but also for comprehensively evaluating
them. This includes considerations beyond financial aspects, encompassing time-

related advantages and meeting agreed-upon deliverables. P3 also stressed the
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importance of providing stakeholders with access to information through a consistent

format.

P1 echoed these sentiments, expressing the need for a standardised approach to
working. This includes both the production and tracking of progress, leading to
increased efficiency and success. P1 mentioned the importance of recording work plan
delays and their causes to gather data for better problem mitigation in the future. In
summary, the participants highlighted the benefits of uniformity in project delivery and
management processes facilitated by digital tools.

All 13 participants unanimously regarded the digitisation of the construction process
as advantageous for numerous aspects of construction projects. These benefits
included reductions in delivery time, improved quality control, enhanced project
management, proactive approaches, and an elevated reputation. These advantages

were collectively mentioned 168 times across the thirteen interviews.

The main outputs that were generated form the interview data in terms of the need for

saving cost and time in construction projects were:
0 Being Digital Built Britain (DBB) compliant resulted in saving cost through
adopting digital systems

0 Digitising construction process brings benefits of saving cost and time of the
construction projects

0 Participantsdé positive views ewichihae
internal platform to connect data together in dashboards to generate reports
from real-time data coming from CATS and other data sources - and the

Construction Asset Tracking System (CATS) in terms of saving cost and time

5.7.2 Cost and Time Saving

One of the primary incentives for digitising the construction process is the aim to
reduce costs and save time. This motivation was consistently highlighted by all
interviewees. P2 specifically acknowledged the value of digital platforms in

construction as a means to achieve cost and time savings, emphasising that:
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Alf you could get the behaviours right,

deliver a project to maximise the use of digital efficiencies, you would

save 20% of time and cost on

P10 further underscores the importance of reducing current instances of wasted time

and unnecessary costs in construction by stating:

At he amount of waste that you woul d

approach has got to be absolutely h
people in terms of time and in terms of, you know you could go even right
back to, you know licensing costs of software required to do these things

[ €] and the systems and the peopl e

focus on doing productive things like looking at the next scheme rather

than wasting time trying to closeout

P2 elaborates on the necessity of not merely replicating the construction process
digitally, but rather implementing a transformative approach like platforms such as
CATS. P2 highlights the importance of recognizing the system's functionalities as
game-changing additions to construction projects, rather than just replacing paper-
based forms. P2's explanation emphasises that current practices often involve a
simple digitisation of existing paper forms. For instance, if someone is inspecting the
work of another individual, the process might involve shifting from writing on paper to
using a tablet. However, P2 suggests that such changes are not truly indicative of the

substantial 50% savings potential that a game-changing approach could bring.

P7 highlighted the potential for cost savings within construction projects by re-
evaluating current processes, suggesting that identifying unnecessary expenses can
yield substantial savings. This is particularly evident when considering isolated
processes like document management, where careful analysis of the entire cycle could

uncover avoidable costs.

5.7.3 Tackling Societal Issues
This section explores what interviewees think regarding the issues related to societal
aspects, and discusses how a digital system could contribute to the resolution of some
of these matters.
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Tackling cultural issues
P12 stated the need to have a quick and easy to use reporting mechanism such as a
digitally operated one which would enable the learning of lessons from the mistakes

happening in construction projects

Afso the | ack of really fast, intui tive,
reporting that would generate a near miss close call, safety observation

type equivalent in the quality arena i s a

P3 asserts the need to recognise the importance to change the current built process

and to adopt a more digital one.

Al suppose the recognition that there 1is
of the big steps. Because sometimes admitting that we need to do

something is kind of the first st

P6 also explained the need to change the current practices into a more digital one by
stating how proactive work enhances quality instead of reactively responding to

defects and issues

Aii mproves the culture so that everyone 1is
do with quality to get things right first
the quality is an excellent matrix. That's what we tried to pull out within the
guality matrix to show the proactive things as well as the reactive things

t hat we need to focus on to get right fi

P7 requests to adopt more digitally practice of doing construction work, he expresses

how it would save time and change current way of working as mentioned here

nlf we also have a better process which
recently where that information would come directly from the supply chain
into the system directly rather than into a document controller and then
the system. That would be one leg that we could cut out, if that digital

system enabled people to work on that document simultaneously. You will
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compress all of those timelines considerably, and these things can

sometimestakemont hs to get through t

Tackling political issues

In Costain, the integration of digital technology is closely linked to the Operational
Excellence Matrix (OEM) within the broader Leading Edge Strategy. This matrix
serves as a benchmark against which construction projects' digital implementation is
evaluated. P12 elaborated that the OEM score dictates the percentage of digital
integration a project achieves. The company aims for high digital integration and
actions to handle processes in-house, aligning with the Leading Edge Strategy. The
OEM evaluation considers factors such as the number of processes digitised and the
presence of detailed workflows and standard operating procedures in quality

management plans.

P13 described the Operational Excellence Model as a critical factor contributing to the
success of construction projects. This model addresses infrastructure and
encompasses aspects like skills, behaviours, and other elements that are vital for

Success.

P8 shared insights on managing political challenges in construction projects by
advocating for a common document management system. He suggested that the
absence of such a system complicates collaboration with external partners who follow
their own processes, implying that adopting a shared system could streamline

communication and mitigate political obstacles.

Tackling behavioural issues
Educating the workforce about the usage and advantages of digital tools emerged as
a key strategy for supporting their transition from traditional practices. This approach

was consistently emphasised by all the interview participants.

Addressing resistance to change in behaviour, P6 discussed the implementation of
behaviour management programs by contractors. These programs aim to counter
reluctance by offering the necessary education and training, effectively demonstrating

the value that digital adoption can bring to projects. P6's remarks underscore the
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significance of improving a cultural shift within the quality management sphere, with
behaviour management programs fostering a change in mindset regarding
performance and quality impact. This initiative is aimed at enlightening the workforce
about the consequences of their actions on project quality.

AWe' ve done a | ot of work on sort of cul
behaviour management program that we operate that indirectly would
have impacted on getting people to think differently about performance
and about quality é Ictfutthing wekhave tloaetis t he mo st
around behaviours and getting people to understand how they impact on

qgualityo.

5.7.4 Communication and Collaboration
P4 expresses his views on how reporting and data insight may save cost and aid

planning

Al totally agree that information system

based on the data and finding trends to

P3 stated that Costain is good in advertising and pushing out how digital it is at the

moment, and that it would like to be leading in this aspect

AThe effective communication side of it,
which | think Costain is taking. And Costain, they are active in the digital
twin build. You know they are pushing out a lot of information and

advertising the work they're doinginthat s paceo.

P5 mentioned the importance of sharing data between all stakeholders, and this is

going to be a reality with BIM Level 3:

AL3 wil/ mean the availability of digit

In a sign of collaborating on digital work with operators, P6 stressed the importance to
include them in the digital journey and make them part of it so they accept it when it is

ready as stated here

Atrain your operators so they can under st

was [so] they can have a better input into it, because if you're involving
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them at the early stages where it's been digitised and they can visualise
what the plant is and how the plants operate, they obviously can have

some input into that. They know how best they would work to operate it.
So, they would be able to input that to make it more efficient in terms of

mai ntenance and even construction

Communicating the experience of Highways Sector digital achievement to another
sector such as Water or Rail might open doors into how they can follow Highways in
being digital too as stated by P8

Abut | suppose my point is this. 1t coul
couldn't it? The array rail sector experiences in digital data may well
benefit highways environment or a water environment. If you were saying
installing a pipeline like we are at the Strategic Pipeline Alliance. | guess
at the moment that the strategic pipeline Alliance doesn't have access to
digital data from other environments apart from maybe GIS data. So those

are my, those are my thoughtso

5.7.5 Design Specification
P2 stated that CATS is compatible with different devices and platforms. It also has a

couple of apps in Google Play for Android users,

Asomeone really needs to decide what pl a
devices are we using, you know, and | think we answered most of that
week with CATS, we based it on a bring your own device. Philosophy, we
made the decision that all of the front end. Um, operational Data capture
could be done via mobile phone wherever possible, so we don't have to
Issue tablets to construction workers, so they would use their handheld
device they already got with them in their pocket. So those sorts of

decisions are fundamen t al 0 .

P1 expressed the importance of adopting a single source of truth as a way of storing
and using data in a nudge to how information systems might add any benefit to the

construction process.
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Astandardi sing data and facilitating the
the data in an enterprise data warehouse. Utilising the ETL process to

I ntegrate different systems data i nt

Furthermore, P4 stressed

Athe fact that paper can get | os

is an indication of how easy paper-based reports might be lost in the process.
However, benefits brought by data insight were discussed by the same participant to

encourage a proactive way of working

At f you've got a suite of information, yo

patterns to prevent those kinds of thin

Supporting the decision making process was one of the aspects that a single source
of truth with data insight could offer to construction projects as mentioned by P6

Aithat certainly in terms of a single sour
you can interrogate information. You can see where things are, then

deci de what actions need to be t alk

5.8 Interviewees thoughts on what benefits digitalisation may offer
Expressing surprise at the current state of digital construction projects, P11 remarked

on the persistence of digitising paperwork even while working on BIM initiatives. This

duplication of effort was deemed counterproductive.

Additionally, P11 highlighted the potential of digital tools to empower asset owners
with deeper insights into their network of assets. In the case of National Highways,
standardisation through digital means was identified as a crucial step towards

enhancing awareness and understanding of network assets.

P12 stressed the need to digitise as many processes as possible to meet the

Operational Excellence Model (OEM) created by Costain

Ahow many of our plans and processes are

proportion of them are delivered in house? and that's the long and the
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short of it. And we judge the percentages on whatever our OEM score
says. And obviously we want to be as digital as possible, and we want to
do as many in-house as possible. So that's bang in line with Leading Edge
Strategy, so that's the long and the short of it, as much as possible and as

muchinrhouse as possi bl eo

P10 touched upon the data driven way of working as a positive benefit from adopting

digital as stated

ifé connecting all of those activities
when we aren't being productive and how it impacts everything that
happens after it, which we don't, you know, understanding that at the

moment is very subjective and experience based. I't's not dat a

Below are the main points that the participants stressed in order to benefit from any
digital adoption in construction projects. These would benefit construction projects,

contractors and clients.

Benefits of Integration

P10 Iillustrates the significance of integrated systems in enhancing project
management and proactive work methods. Using the example of a delayed discovery
of drainage defects, P10 highlights the benefits of early detection through integrated
systems. This approach helps prevent latent defects, saving time, money, and
ensuring safety. P10 emphasises that a BIM Level 3 approach, coupled with data-
driven quality assessment, is powerful in ensuring quality throughout the project
lifecycle. The current disjointed workflow lacks smooth transitions between activity
outputs and inputs due to barriers, making integration crucial for effective quality

assurance and project success.

Benefits of Better way of working

P13, while discussing the integration of digital tools and technology in infrastructure
and construction, emphasises the benefits it offers to clients. By digitising with intent
and maintaining separation of augmented reality, assets can be more safely managed,
data can be recorded and collected efficiently. This progression contributes to creating
richer, model-attached data that leads to improved maintenance optimization and

interventions.
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P11 expresses how adopting digital platforms in project delivery would significantly

impact his role, as handover documentation would be streamlined as stated:

Aiso from my perspective, yes that woul d

because the handover document ati on woul

P2 underscores the significance of digitising the construction process in addressing
the information processing challenges faced in current project delivery. P2 also
highlights that proper information management and digitalization play a critical role in
construction, with the actual construction becoming more efficient when supported by

accurate information.

P6 explains that digitalization allows better planning in construction by providing more
information about assets. This leads to improved visualisation, early visibility, and the

potential for shorter project timelines.

P10 emphasises that digitising the construction process eliminates barriers between
activities and enhances quality through proactive work. By measuring inputs and
outputs in an integrated system, failures can be quickly identified and rectified,

allowing for proactive quality management and minimising reactive rework.

Benefits of Standardisation
Developing a digitally standard way of controlling how the delivery of construction

projects is made is something useful and financially rewarding as P3 argued

AA standardi sed method in place is useful
delivery of construction projects is made. But also measuring them in
terms of not just financial but from time benefits and the agreed deliveries
i's al ways us e faalforé ddrhpany spedifically ine¢he @&d i
process to have a standard in place and on a badge they get advertised
because effectively that could be the difference between winning the bid

and | osing it ébo

P11 also agreed on the previous argument when stating
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fcontractors wil/l be able to standardi se

know that the client needs a standard BIM model completed as part of
handover, and as it's a standard model, all the contractors know what they

need to do, so it almost makes a leve | playing field fo

when he attempts to draw a scenario to
digital platform. He also touched base on the supply chain by being digital compliant

increasing their chance of winning more work

Ai't also helps eliminate the cowboy
quick buck and do as little as possible because as soon as he's got to
provide BIM models or CAD drawings then suddenly they can't get

r

t he

suppo

contr

through the procurement processo

Benefits of Quality control

As P13 advocates for innovation in the quality management of construction projects,
P3 recommends implementing a digital system within these projects to streamline the
process. This adoption of digital systems for integrated data collection is deemed
valuable, contributing to strategic quality management considerations. P3's
perspective aligns with the idea that embracing digital tools can enhance overall

project delivery quality.

While discussing the insufficient enforcement of quality standards in construction
projects, P12 highlights the importance of tying senior project leaders' bonuses to
activities that facilitate high quality. P12 asserts that the current approach lacks
reinforcement for quality-enabling decisions and long-term considerations. P12 views
Total Quality Management (TQM) and robust governance in TQM as an avenue to
strengthen this aspect. P12 suggests that, especially in the context of extended
projects like High Speed 2, it would be prudent for directors to primarily receive
incentives and bonuses based on their contributions to enabling activities toward
achieving better quality. This approach aligns with the nature of such projects, where
results may take years to materialise and need to stand the test of time for even longer

periods.

P10 in a note on the benefits in applying Total Quality Management, stated
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Abut al so when an error does happen, you
you put something in place, you know you, you, solve it there and then so
that it doesn't have a knock on effect on the processes and the people

Il nvolved in activities following

P6 embraces digital use in the construction industry as it enables working right first

time

Al suppose it makes it easier to think i:1

easier for us to be quality compliance ri
P4 argues digitising construction enables better quality control of assets as stated

AYou'd know that the condition of that as
the next inspection is needed é You would
priority that the any defects can be corrected based on their priority and

severityo

Benefits of Better way of managing construction projects
Describing the benefits that digital adoption may bring to construction projects, P1
express the importance of reducing waste, cutting out the risk of error and adding

efficiency to the delivery process

Ait helps to cut out the risk of errors
compl ex processes €é it helps build, plan

i nfrastructure more efficiently

While P13 supported the argument of digital deployment managing risk

Aoptimising the construction projects in
[ ] you can build a digital first theref
risks and therefore put in place so

P10 identified the fact that digital enhances the error proofing in construction projects

Aé digital processes, you know, wil/ very
proofing environment because you can only input the information that the

digital processes allow you to input
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Benefits of saving cost and time
P4 explains how important it is to have the mentality of doing the job right first time in

construction as it would save quite an amount of money

AYou're going to save X amounrighttbef mi | I i on
first time and more people need to start embracing the right first time

culture in every aspect, not just gqua

Moreover, he asserts that digitising construction delivery would save time and cost of
doing administration work as the data is collected and stored digitally

Ayou'd have that there straight away as
therefore you've mitigated the cost of someone doing that administration
function | ater down the |Iine € You've al s
those engineers to do that paperwork later down the line. There's a whole

host of management costs that you just

P10 also supports this point but from the client's point of view

Al think benefits to Highways England are
so in terms of the administrative burden that we currently have of collating

an electronic, a digital, an asset

He also linked the right behaviour of the workforce in adopting digital to the aim of

saving on cost and time of construction project delivery

Alf you could get the behaviours right,
deliver a project to maximise the use of digital efficiencies. You would
save 20%. Of time and cost on your proje
change towards a digital delivery. I'm absolutely sure | would make 20%
saving now, that's not what the government is asking for, but until you
save 20% you can't save 50% and that is the first step. The first full
implementation of a digital driven construction project would save 20% on

cost and ti meo

Furthermore, P6 and P7 describe how digital would save time through giving an

example of the current working process, P7 mentioned:
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fone of our construction schedul es, t he ¢

turnaround time for drawings to be reviewed and approved because of the
machinations of the clients process and since we've introduced our

process, then they're down to a couple of days, so we've taken potentially

a month out of the process straight away just by implementing this digital

solutiono.

P7 also highlighted the potential time-saving aspect when addressing defects within a
project. In cases where an experienced team needs to travel to the site for
investigation, P7 pointed out that a digital platform could provide access to necessary
information remotely, eliminating the need for days of travel to diagnose and resolve

the issue.

Aordinarily you would send a team of engi

takes days. They've got to travel for days. We've got days to do that

assessment, days to return and get the reporting and come up with a
solution. If you can do all that by way of a digital platform and video or
whatever else, there is a massive reduction on the engineer resource

requirements at the time away from the project. Also brings the decision

making time much closer to the point wher

big, big,bi g waste reductiono.

On another point, P4 supports the argument of digitising the built process saving time
when he tries to shed a light on issues that arise at the handover stage where some
employees would have left the project for another project by then. If some of the built
information is not stored, or documents are lost, then the only way to have the data is
by contacting those people who have left. Therefore, digital would have stored all

documents and data on spot and in the time of action as stated here

AThe benefits of that, ' i ke | " ve ment.
cut costs of administration tasks and things like that later down the line
and trying to find documentation that you previously had you calling up
previous staff and other employees that used to have that information but
no longer do it. And you're just going around in circles trying to find this
information, whereas if you had a digital platform you would have that

i nformation uploaded there and t hen,
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He also confirms that digital use in construction projects saves cost and time through

data availability and insight

AThey can moni t orimg@enénang the NEAN pyocessisi nd o f
to cut waste and cost on projects [é] the
To prevent or cut down costs on, cut down times on the program to help

costo.

The argument from P7 to save in reworking was to adopt the mindset of doing the

work right from the first time as stated

Astrong quality culture. It not only give
you right first time and if you get you right first time it prevents rework. If it
prevents rework, it doesn't hit your

Supports carbon footprint reduction

Furthermore, P7 embraced digital solutions, particularly for contractors, when they
contribute to reduced carbon footprint and expenses while simultaneously offering
greater flexibility and agility in operations. This perspective aligns with the broader

trend of favouring environmentally conscious practices.

The issue of carbon footprint reduction was echoed by both P7 and P4, who noted
that digital adoption can contribute to this cause by minimising paper usage and

associated emissions tied to printing.

5.9 The Required Features of the Proposed Model
The construction industry |l acks an applicat:i
phase and provides support in delivering projects with an efficient handover process.

This was discussed in sections 5.6.1 and 5.6.5 and stressed by P2

AThe application of digital tools is very
so there is going back to this thing of translating the day-to-day operations
i nto a digital environment that hasn't be
processes that are used in the construction environment are not

compatible with a software system requirement or in developing a user
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specification, because all of it is based upon manually managing the

i nformation management 0.

Therefore, there is a need for an application that solves these issues. Moreover, the
application should also be able to int
BIM. It should be built on a research-based, best-practice, and robust model. The
model 6s main goal is to be applied to
such as water, rail and more could eventually benefit from the model as it will
categorise assets with different types and dimensions, which will satisfy other sectors
asset types too. Moreover, the model will contain a generic activity sub-model or
engine that could satisfy any construction or maintenance job ticket in any industry.

Figure 17 shows the proposed solution of this research. This solution integrates to BIM
and will help decrease the amount of reworking.
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Proposed Model

BIM extracted ready-for-
work data
Building Information Commissioning and
Maodel (BIM) —— handover
KIERICK
R
| |
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~._ BIMcompliant "

Proposed Model Objectives

* BIM compliant (Government mandate)
* Efficiency
- minimise the rework
- enhance work quality (better managing the resources) which save cost & time
- 8ingle source of truth
- real-time tracking progress
* Interoperability/ Integration
* Self-Extensibility
* Future proof

Figure 17: The proposed model

Figure 17 illustrates, as an example, the current process followed to convert design

drawings in Building Information Modelling into a physical asset in a road and how the
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proposed digital model resulting in this project would help tackle issues mentioned by
interviewees in section 5.6. This process encompasses the following:

0 Initial BIM design is created by designers

O«

Once the design is approved by the client (National Highways in this case),
asset information is extracted in many formats (Excel, paper drawings, PDF
files, etc.)

0 The proposed model (Construction Asset Tracking System (CATS) T see
section 8.2) reads in the take-off (an exercise of reading all drawing and
generating new Excel file with details of what are the assets to be built
accompanied with their location)

o CATS tracks and manages the build process and collects all relevant
information that is required for the handover phase as well as BIM
requirements.

Therefore, the following points are the features that the proposed model should have

and which the existing solutions struggle to deliver i more on those solutions will be

discussed in section 6.1.

R1: Data in Multiple Media
As discussed in section 5.5.1, the data is supplied in multiple media, often paper-
based, which is exceedingly hard to distribute, manage, retain and control. Version
control is a significant challenge. Therefore, the proposed model will aim to transform
the current practice of gathering building information from paper-based to raw data as

much as possible.

This requirement is related to the issues of a need to digitise the build process
discussed in sections 5.6.1 and Interoperability issue discussed in section 5.6.5.1.
Many applications and tools are used in design and construction phases such as
AutoCAD and TiLoS. Each one extracts data in many different formats. This
requirement stresses the need to have a model that accepts entry data from different
formats (i.e. csv, Excel, real-time entry) and extract them in the format required by the
handover team, BIM and client platforms (Excel, links, application programming
interface API).

R2: Asset Categorisation
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National Highways (NH) strategy is going towards adopting BIM 3D, it is a necessity
to create a model that categorises all asset types that BIM and the National Highways
(NH) databases are adopting. Assets come in different types i.e. civil, technology,
structure, etc., and shapes, i.e. 1 dimension (point asset), 2 dimensions (linear asset),
or 3 dimensions (road segment). In addition, asset categories should be future proof
to accept any new asset type that may be adopted by the asset owners.

This requirement is linked to the lack of ability to host new asset types as discussed
in section 5.5, because the cost of creating a new database for the asset owners is
enormous when new assets are added to the site. Therefore, a model with single
a s ssestruwture that accepts and handles all assets from different categories is
needed, i.e. the ducting assets used in technology and pipes related to drainage
systems, both should be hosted in one single asset model not like what the current
situation is when having ducts stored in Technology Pavement Management System

(TPMS) and Pipes in Highways Agency Drainage Management System (HADMS).

R3: Construction Phase of Asset Life
As many models and applications provide support in maintenance, there is no
coherent model to express the need of tracking assets in construction, even though
the amount of collected data at this stage is enormous. Collecting data at the time of
construction prevents duplications and saves cost and time for the asset owner
(McClure & Yuan, 2016).

The majority of sections 5.6.1 and 5.6.2.1 discussed the need to digitise the
construction phase of an assetods |I|ife

the construction working process and project management.

R4:l nt egration with other s-Canpleahtpl der 6s

The model must be BIM compliant as well as having the ability to perform
interoperability / Integration with other associated systems, requirements by asset
stakeholders, and what needs to be done to tackle issues of ad-hoc systems (Ehsan
et al., 2011; Le & D. Jeong, 2016; McClure & Yuan, 2016).
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This requirement is linked to the requirements to integrate to BIM and DBB that was
discussed in sections 2.3, 2.4 and 5.6.5.1 as it bridges the gap between Building
Information Modelling (BIM) and construction phase data. This requirement makes
surethatdata collected in construction s
databases (in this case National Highways).

R5: General Realistic Model
Systems generally focus on the needs of the specifier, for example, client specified
systems will understandably focus on capturing data that is useful to the client, but will
not be suited to the needs of the constructor or maintainer. A new more realistic model

is needed that is relevant to a wider group of stakeholders.

This requirement is attached to better way of managing construction projects that was
explained in section 5.6.1.2, 5.6.1.5, 5.6.4 and 5.6.5 because of the enhancement that
digital platform would offer not only to the client (NH in this case) but also to contractors
and supply chain when undertaking construction work or managing construction
projects. These enhancements could also come in the shape of better monitoring and

reporting that positively affect the decision making process of construction projects.

5.10 Summary

The proposed model for construction industry data management and integration
should address several key requirements identified through interviews and industry
analysis. Firstly, it needs to effectively handle data in multiple formats, transitioning
from paper-based to raw data for easier distribution and management. Secondly, it
must categorise assets according to national strategies such as BIM adoption,
ensuring future-proofing for new asset types. Thirdly, it should track assets during the
construction phase to prevent duplication and save costs. Fourthly, the model must
integrate with stakeholder systems, ensuring BIM compliance and interoperability.
Lastly, it should be a realistic model that caters to the needs of various stakeholders
in construction project management. To achieve this, the model should include core
features such as asset, activity, and document models, appropriate data structures,
and support for real-time data collection and sharing. By meeting these requirements,

the model aims to enhance efficiency, interoperability, and usability across different
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platforms, ultimately transforming the construction industry's data management

practices.

This chapter examines the challenges encountered by the construction industry in its
current practices, considering both the existing methods of operation and the
perspectives of the interviewees. The next chapter explores an existing model

introduced to address the issues discussed in Chapter 3.
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6.0 Existing Databases

Chapter 2 covered governmental requirements for strategies and plans that could
enhance the construction industry, while Chapter 3 addressed the issues affecting the
industry. This chapter will discuss the databases and models found in academic
literature that were created to solve these drawbacks, as discussed in section 6.1.
Section 6.2 focuses on highways control systems and databases.

6.1 Database structure relevant to infrastructuraetworks

This section will discuss some of the main applications and models related to
infrastructure and construction industry that are in direct relationship with the research
goal that aims to support the goal towards a digital construction industry build process.

6.1.1 Interlinking LifeCycle Data Spaces (ILCDS)

The acceleration in technology has led to the highways sector changing from relying
on paper based data to digital software tools. Even though the software provides
improved efficiency, it also creates a challenge for systems and data integration.
Moreover, failures in collecting and transferring data between all asset phases in an

appropriate data structure can result in high operational costs.

The solution to these issues was proposed by Le & Jeong (2016) through a model that
consists of abstract classes and their relationship among them. This model was
developed using the Ontology Web Language (OWL) and Resource Description
Framework (RDF) to describe the metadata of the model instances. The model
mechanism consists of 3 parts: i) abstract data model, ii) data wrapper which

restructures the data from the abstract level into a new format, and iii) data query.

1) The abstract data model consists of 3 domains (abstract classes including their
attributes and relationships), which are: design product, construction event, and
condition survey event. These domains were developed based on competence
guestions that the output result of this model should answer. The competence
guestions were based on a framework of pavement treatment that was developed by
Zaghloul & Helali (2006). The domain of design product model concentrates on

Routes. From the competence questions and other reference of LandXML 1.2
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(developed by Landxml.org i which is an open standard that describes design data of
civil projects in XML format, which used to transfer data from one software application

to another), route was divided into Pavement and Alignment.

Furthermore, the model divided pavement into PavementLayer and included Object
and RoadElement as they are attributes of real-world physical concepts. Other

attributes and concepts were derived from the LandXML schema.

2) The construction event model was based on TransXML for the construction phase
of data life-cycle. It does not include information from physical construction data e.g.
asset completion status. It is limited to non-physical data, which consists of
ConstructionType, Schedule, Cost, Payltem and Route.

3) The Condition Survey Model was built on a data structure that comes from the
Highways Pavement Monitoring System of FHWA, which contains data related to
survey events. The properties of this model are divided into two categories, one
represents inventory data (Route, Direction and Milepost) and the other represents

distress related data (Crack, Rutting).

Refl ecting on the previous model of 1L
section 5.9), this model is addressing the issues of paper-based documents, finding
realistic solutions for the construction phase of asset life, and creating systems with
interoperability. This model lacks the generic categorisation of asset types as it only

deals with Routes and Pavements.

The model attempts to solve the issues, however, there is no proof to conclude that
this model is the best-practice one over existing knowledge. Considering the previous
approach, this research will assume that there are associations between assets,
activities and documents, and it will investigate the infrastructure industries to discover

the best representation for these associations.

6.1.2 Model Inventory of Roadway Elements (MIRE)
According to the USA Department of Transportation Federal Highway Administration

(2010), MIRE is a data dictionary of roadway and traffic data which is important to
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safety. Safety data also contains crash and driver history data. MIRE provides a
structure of roadway inventory data that serves multiple users and tools. The MIRE
listing includes 202 types of roadways elements, which are divided into three main
categories: roadway segments, roadway alignment, and roadway junctions.

USA Highways applications use MIRE safety data for decision making process
regarding not only design and operating roadways, but also helping in asset

management and maintenance too.

MIRE is considered as a generic framework that hosts multiple types of assets in a
single information system (McClure & Yuan, 2016). Although MIRE has safety data,
MIRE itself does not include all the elements that provide help for all operational and
design purposes. These data are stored in different databases such as Highway
Performance Monitoring System (HPMS), Model Minimum Uniform Crash Criteria
(MMUCC), SafetyAnalyst, and the Manual on Uniform Traffic Control Devices
(MUTCD).

There are some shared elements between MIRE and the objectives of this research;
for example, having a core asset record to represent a single source of data and asset
categorisation. However, MIRE lacks in providing support in operational and design
purposes. Another weakness of MIRE is that it does not provide a solution for capturing

construction phase data.

6.1.3 Field data collection and documentation application

McClure & Yuan (2016) suggested that a mobile application that provides a means to
collect construction inspection data on the build phase of the asset lifespan, would
eliminate the duplication in asset inventory. While construction data is a key factor for
asset management, it is very important to capture and record this data at the time of
construction. Some asset types such as drainage are only visible during the
construction phase and it is hard to collect this data when the road is open to traffic.
Figure 18 shows the difference between the ideal data collection (brown line) and the
data loss (dashed blue line) between asset lifespan at infrastructure projects. Some
data is lost just because it is not collected at the right time, which creates an extra

effort that can be eliminated if the data collection follows good practice.
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Figure 18: Data and asset lifecycle (McClure & Yuan, 2016)

The idea behind this mobile application is to create a link between assets on the design

drawings to their correspondents in the asset management databases through work

activities

whi ch
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between the construction and the O&M phases. Figure 19 shows the entity-

relationship framework model that links assets from planning, construction, work

management system, and pay items. This framework enables the flow of construction

data into asset management systems.
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Figure 19: Construction Model of Field data collection and documentation application
(McClure & Yuan, 2016)

This model relates to the issues of documents coming in different formats, having an
attempt to categorise assets, dealing with the construction phase of asset lifespan,
and creating a link between the design and construction phases. This research agrees
with the previous model that construction activities need to be modelled in a way that
connects design phase with construction one. However, it is not so clear how assets
with different types are modelled, or how such a model could be integrated with current
and future applications i.e. BIM. Moreover, there is no evidence showing where the

authors produced this model from.

614 52NESGQa | AJKgle&a !'aasSad alyl3asSySyid tftly o
Munslow (2011) reports that Dorset County Council has developed a framework to
manage local and motorway assets. They have structured assets into 11 asset groups
(Figure 20). This structure concentrates on combining finance and data to promote
decision making, producing a balance between financial risk and the customer need
141
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to provide the best service. The framework runs locally and did not include the broader

aspect of NHOs asset management structur e.

1.0 Camageways, Footways & Cycle-ways

2.0 Verges, Hedges, Trees & Landscaped Areas

3.0 Road Signs, Markings, Studs, Bollards & Pedestrian Railing
4.0 Street Furniture

5.0 Dramage

6.0 Structures

7.0 Street Lighting

8.0 Trathe Control and Information Systems — ITS

9.0 On-5treet Parking Facilities
10.0 Public Rights of Way & Prnivate Streets
| 1.0 Depots, Chipping Landings & Winter Maintenance Plant

Figure 20: Dorset's Asset Group (Munslow, 2011)

The HAMP model discusses the taxonomy of assets in groups and subgroups. It was

created to run locally based on the needs of Dorset Council.

6.1.5 Road Asset Management system (RAMS)

The Road Asset Management system (RAMSs) for National Highways Authority (NHA)
of Pakistan was created to collect and to provide accurate data to decision making
tools of the Highways Development and Management model (HDM-4). Ehsan et al.
(2011) discusses the points that require enhancement in RAMSs in order to improve the
efficiency and to provide effective measures to help in the decision making process.
Their study shows that RAMs lack the integration with other systems and data
accessibility. Moreover, it does not have a database that refers to location such as
Geographical Information Modelling (GIS), which creates a difficulty in understanding

the whole situation of the assets.

The RAMs model was created to categorise assets in a realistic way to be able to deal

with integration between stored data and the tool of HDM-4 as mentioned earlier.
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6.1.6 Water Pipeline Database

Landers (2008) stated that budget-constrained pipeline owners frequently ignore their
pipeline networks until an emergency occurs rather than putting in place methodical,
cost-efficient asset management procedures. Pipeline owners need information on the
state of the pipes and the numerous elements affecting pipe performance in order to
solve this problem. There is presently no national database that allows municipalities
and other organisations to compare data and pipeline management practices, despite
the fact that certain owners are starting to collect such data for their particular systems.

The major goal of the project is to advance a method to running and maintaining the
water and wastewater pipes across the United State of America that puts emphasis
on extending the life of current assets.

Researchers working on water pipeline databases are developing a unique data model
to standardise the data into a common format given that incoming information is
available in a variety of forms. For the purpose of streamlining database searches,
they are also creating a standardised coding scheme. The main objective of the
research is to develop prediction models that provide thorough insights into pipe

performance under particular circumstances by using the data in the database.

6.1.7 Water Infrastructure Knowledge Database

A web-based water-infrastructure database named WATERID has been developed by
Jung et al. (2014) to make it easier for people to share their knowledge and experience
about infrastructure sustainability. As a knowledge repository including condition
assessment, renewal engineering, subsurface utility engineering, models and tools,
and best management practises for utilities, WATERID's main objective is to serve as
a resource for these fields. WATERID takes a big step towards closing the knowledge
gap that presently exists between accessible technologies and those often used by
capturing real-world utility experiences through technological case studies. Utilities
may find practices to improve their current asset-management strategies and aid in
creating more successful asset-management programmes by using management-

practice case studies.
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The essential elements making up the data structure of WATERID are: (1) review data;
(2) metadata; (3) basic taxonomy; and (4) enhanced taxonomy. While metadata
contains important information, review data contains the comments and feedback
obtained during reviews. The basic taxonomy and the extended taxonomy are the two
halves of the taxonomy. Both parts strive to organise documents and profiles into
hierarchical structures in order to fully reflect all WATERID aspects while avoiding
needless complexity. Based on the many types of infrastructure systems, the basic
taxonomy arranges material. The enlarged taxonomy, on the other hand, provides
more in-depth classifications, encompassing technology and strategic asset

management elements.

6.2 Highways Databases

In the USA, the agency responsible for transport is called the Federal Highway
Administration Agency (FHWA). The FHWA is a division of the Department of
Transport (DOT). It provides support through the Federal Aid Highway and Federal
Lands Highway programmes. The support takes the shape of helping states to design,
build and maintain the main roads financially and technically (FHWA, 2016).

In this section, there is a discussion related to how data used in the operational phase

of assets could impact on asset management.

6.2.1 National Bridge Inventory (NBI)
The National Bridge Inventory (NBI) was created by the USA's Federal Highway
Administration (FHWA) to record data on the status of structures in roads in the USA.
(FHWA, 1995) mentioned that, by having a complete inventory, they will be able to
create an accurate report of bridges to the governmental bodies. The NBI contains
information about the inspection and rating given by inspectors. The NBI component
includes:
6 Asset information such as the structure's unique identifier, location, and the
type of the routes carried out on and/or under the structure.
6 Bridge specific information, which could be a bridge type and classification,
bridge geometric data, and information about the operational conditions.
On the 15t August 2007, Minneapolis, Minnesota, USA, witnessed the consequences

of a drawback in the FWHA NBI data representation when the 8-lane bridge of I-35W
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Mississippi River Bridge (formally known as Bridge 9340) collapsed. The bridge was

inspected in 2006 and 2007. Both inspections found problems of cracking and fatigue.

Il n 2006 NBI classified the bridge as AStruc
replacement. It was found that many records within the NBI were inaccurate or out of

date. Therefore, NBlI recommended the bridge to be replaced only by 2020 as stated

in Hopes Dim in Minneapolis for Survivors (2007).

NBI model and its lack of prediction because of the insufficient bridge structure
representation, played a major role in the inaccurate interpretation of the actual status

of the bridge.

Moreover, the insufficient structure information could be carried over from the
construction stage to the O&M phase. When field engineers are only required to record

data of APass/ Not Passo without detailed inf
future O&M decision making process may be affected (McClure & Yuan, 2016).

6.2.2 UK highways
Highways England (HE) has a group of core databases to track and store information

on their assets.

HE has four main asset management systems that are used to inform the decision
makers of what exists on roads, the condition they are in, as well as keeping asset
status up-to-date with the maintenance work. These systems are: Highways Agency
Pavements Management System (HAPMS), Highways Agency Drainage
Management System (HADDMS), Highways Agency Geotechnical Management
System (HAGDMS), and Structures Management Information System (SMIS), and
Technology Pavements Management System (TPMS). All previous databases
integrate with the 2D Geographical Information System GIS (HAGIS) for displaying
purposes and Environmental Information System (ENVIS) to provide environmental
details for the road network. Moreover, all management systems hold standard
informationont he road inventory, network surveys at
databases log details about road assets; these assets include drainage, lighting, signs
and signals, earthworks, safety barriers, and pavement. HAGIS is used to display
asset location combined with the data stored against it (Miller et al., 2012). Miller et al.
(2012) also reported that most asset management systems were very technical, which

created a gap between the system users and the decision makers within HE.
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6.2.3 Control systems

Control systems are very important in the construction industry as they improve the
communication process between stakeholders and increase work efficiency by
replacing hard copies with digital documents. One of the solutions for control systems
is Electronic Document Management (EDM) systems which provide a means to
access all the files associated with a given project, while at the same time maintaining
the security of the documents. In EDM, all documents and information throughout the
project life-cycle is stored in one place and the data are always kept up-to-date.

For any proposed solution to be compliant
process, would involve a large number of documents, e.g. design drawings that are
reviewed multiple times, thus resulting in a number of versions being created, all of
which must be shared and be readily accessible by all stakeholders. Therefore, the
model which is proposed in this research - CATS - should integrate and work

collaboratively with these control systems.

Turkan, Guo, & Jahren (2015) discussed four main EDM platforms that are used to
manage documents in the American Department of Transport (DOT). These platforms

are Interchange, ProjectWise, New York State DOT EDM system, and Doc Express.

Interchange
Interchange was developed by Microsoft SharePoint and it is used by Utah DOT state.

One of I nterchangedés main features is that
different project stages. Its users can submit their documents and design models to
the same platform. It also provides a task management platform for users. The stored
design models can be reviewed on specific dates and the reviewers submit their

review before the due dates.

ProjectWise
The ProjectWise platform was developed by Bentley Inc. and is used by Michigan

DOT. ProjectWise provides a means to keep the documents up-to-date through
delaying the payments to the contractors and subcontractors if the documents have
not been uploaded by the designated due date. It has rules to store the documents

through its format, folder structures, and user authorizations.
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New York State DOT-EDM system
New York State DOT uses their own EDM system which is also built on the

ProjectWise platform. New York State DOT has their DataSource supporting database
implemented into the system. The system does provide privileges to access the data
to ensure security and the data are kept up to date. Moreover, only data owners are
allowed to determine which documents to keep and which ones to remove.

Doc Express

The Doc Express platform, crafted by Info Tech Inc., promotes the shift towards
paperless contracting by offering a secure platform specially designed for managing
construction administration documents. Contractors can efficiently handle their
contracts and associated papers. They have the flexibility to arrange and review their
contracts as per their preference and can also opt to get timely notifications in real-

time.

6.2.4 Building Information Modelling (BIM) & Geographical Information system (GIS)
The UK government created Construction Strategy 2025 which mainly concentrated
on leveraging the use of BIM in all infrastructure phases. This includes the asset
locations which are represented in the GIS in different shapes, point and linear assets

as was discussed in section 2.4.

In GIS, the idea is to have a massive dataset that could cover the entire city or country
in a simple 2D graphical representation with lines, points and regions. This dataset
could give the possibility to ask a query across the whole country. This means if a little
bit of the pavement has failed somewhere near London, we could compare certain
parameters such as weather condition, and temperature when the pavement was laid.
Therefore, if another pavement were laid in the same conditions somewhere near
Leeds, then the system should trigger a flag to warn that the pavement near Leeds is

liable to fail.

Building Information Modelling (BIM) is described by HM Government (2012, page 3)

as
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Afa coll aborative way of working, under pin

which unlock more efficient methods of designing, creating and

mai ntaining our assetso.

The BIM team lead by Mouchel Ltd as a designer partner with Costain in M1 Smart
Motorway Project J28-35, is building a very graphically complex model, which is heavy
on computer resources’ 3D sni ppets. The existing
newly built ones will be hard-coded into the model. This BIM system is going to link
with NH databases to gather asset information.

The purposes for creating BIM are to achieve project higher efficiency, better
communication, and to provide support in the handover process (Teall, 2014).
However, the idea of having the entire complexity of the NH database all in one 3D
model perhaps will take a couple of decades before the computer power is available
that could handle the graphical complexity along with the massive amount of data all
in one go. Therefore, the idea of creating a 3D model for the whole road network in a
similar way to GIS offers, is going to take a while before it sees the light of day
(Vallance, 2015). From the NH perspective, the information attached to BIM could
have the ability to be gathered into groups and subgroups depending on the purpose
the dataistobeusedfor,i . e. &édrainagedé i nformati on
i n anot her subgroup of 0structured I f

managemento (Teall, 2014).

The first attempt of using BIM on projects was in 2013 at the M25 Widening project.

At that early stage, BIM was used for clash detection and design review purposes.

asset

as

t he

a

C

-

Mor eover, NH i s encouraging their projectsé

supply chain and is allowing them to develop their own BIM compliant tools which shall
accept information from BIM model and provide it with relevant construction data as

NH is eager to make use of BIM tools within the sector in all levels (Teall, 2014).

One single source of truth
A database is only as good as the quality of the data it contains. 3D BIM will be reading
the data from NH databases. Moreover, Teall (2014) stated that BIM will be updated
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with the construction data such as as-build information during the project life. This data
will become later the handover information to NH when the project comes to end.

Problem
On motorway networks, things are changing daily through the maintenance
operations, and if something changes in real time, the database which holds its
information should be updated too. BIM snippets have an issue with this update,
because each snippet has its own hard-coded data. Therefore, the snippets must be
updated with the changes too. Thus, if the databases were updated alone, the snippet
will hold up-to-date data attached to wrong location, which will reduce the model

effectiveness by time,

AThe model wil/l be a snapshot in time at
the next five years of maintenance, a lot of things may be different to what

it actually showing.o0o (Vallance,

The idea of creating a fancy 3D BIM model is great. However, it could be a number of
years before we have a powerful computer which could handle a 3D model the size of
a whole city or motorway roads. To make BIM work as it should, a robust and definite
procedure that updates all software and databases with the new data is required,
which is a big difficulty (Vallance, 2015).

How BIM should work
The standard civil Building Information Model (BIM) updates the model once the data
has changed, e.g. if a door height of 3.5 metre has changed to 2.5 metre in the
database, then the model will automatically change up to the new value. This happens
because the civil model reads the information directly from the database. This feature
does not exist within Highways BIM as assets are hard-coded to the model, which
means that assets are directly written into the model with a location, which makes
them become a permanent part of the model and cannot be easily changed. Therefore,
if any asset location has changed for any reason, a new hard-coded asset must be
created at the new location and attached with the relevant information within the

database.
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HE is driving BIM towards replicating the behaviour of the standard BIM. However,
considering the technology and resources of computers up to the time of this research,
BIM stands as a suitable platform for civil buildings as the two-way updating of the
database can take place with relative ease. This is not the case for highways due to
the regularity at which maintenance and managing of motorways happens (Vallance,
2015).

6.2.5 Integrated Asset Management Information SystemlAM-IS) & Asset Data
Management Manual (ADMNI

This section will discuss National Highways proposal of Integrated Asset Management
Information System (IAM-IS) and its relationships with Asset Data Management
Manual (ADMM) (the format that controls the data stored in IAM-1S) and Construction
Operations Building Information Exchange (COBie). COBie is a standard format for
building information in Excel templates which is used by IAM-IS to read information
from BIM.

The idea of IAMS is not new. Highways started a programme to create such a system
and replace the ad-hoc existing Highways databases and the management systems
attached to them. The main purpose of the IAM-IS system is to provide integration to
the NH asset management systems and databases, and to accept information from
BIM (Teall, 2014). In 2012, Miller et al. (2012) mentioned that the National Highways
T then known as Highways England - was expected to introduce IAMS in the following
year. When the researcher interviewed the Costain Performance Manager and
Highways BIM Programme Lead, it was stated that the new IAM-IS is expected to be
fully launched in 2020 (Bennett, 2015).

IAM-IS is the system repository that stores data. It is planned to remove the legacy
systems and migrate the data into the IAM-IS platform. IAM-IS will be the centre
repository for all data for Highways England (HE). It will also be used for workforce

management.

Basically, NH wants to be much more controlling with intelligence as most of previous

projects and contracts happened t hrough
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Therefore, NH created the idea of IAM-IS to gather data and use an intelligent system

to assist in work management, commercial controls, intelligent forms, etc.

Regarding IAM-IS history, Bennett (2015) stated that the IAM-IS framework was
developed 8 years ago (in 2007-2008) and it was allocated to contractors 5 years ago
to start creating it. Essentially, specifications of as old as 8 years would definitely
struggle to fit with nowadays technology asset types, e.g. technologies of signs, signal,
RADAR, etc. is not structured at ADMM or IAM-IS.

IAM-13 stored data up to

ADMM and validate supply
Requirement Spec chain data through COBie

ADMM Manual

Data Structure J—
f Spec f—or]
e
System Engine

w Contractors Data

In Out —
——
)
-
> 550 —
e — = Maintenance Data
Froviding Data Transfer Data ——
Database Structurs into COBie
- AM-IS S

COther Data Sources

IAM-IS Supply Chain Data

Highways England Proposed 1AM-1S Model

Figure 21: IAM-IS Model

ADMM is the rulebook or manual of IAM-IS that determines how things should be
stored in IAM-IS. So ADMM is the written paper documents and IAM-IS is the system
repository. Beside standardising the structure and the metadata of the asset, ADMM
also describes the Hierarchy relationship between assets as mentioned in
(HIGHWAYS AGENCY, 2014).
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Figure 21 shows the data flow from supply chain databases to IAM-IS. This figure is
what NH planned to have by 2020. The data is transferred from supply chain
databases i.e. Costain as contractor to IAM-IS through ADMM Manual which controls
the asset data structure. This data must fit the COBie and IAM-IS data structure.

6.3 Summary

This chapter discussed the existing models found in the literature as well as Highways
databases which were initially created to address the issues of data loss, reworking,

and saving in constructionds project sxtcost
chapter will discuss the insight conducted into the database models mentioned in this
chapter and what are the core models, objectives, and system factors that they
included in their structure to help the construction industry adopt digital platforms to

enable better ways of working.
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7.0 An Insight into Existing Models

This chapter will discuss the features, which are important to have in the proposed
model, that were found in the academic literature in section 6.1. Section 6.2 considers

the features raised in the interviews that are important to have in the proposed model.

7.1 Features Found in Previous Models of the Existing Databases

In order to create a robust research analysis, it is important to identify the features that
other researchers have investigated.

7.1.1 Features of the Core System Model
Those are the models shared among the applications identified in the literature review

and discussed in section 6.1. The core models consist of:

7.1.1.1 Asset Model

This model was discussed by Landers (2008), Le & Jeong (2016), McClure & Yuan
(2016), and Munslow (2011). It has the role of modelling all assets with their different
categories, i.e. point, linear, area and volumetric assets. It also has the metadata 1

structure - of the asset types with their interrelationship.

7.1.1.2 Activity Model

The importance of activities was mentioned by Kostic (2003), Le & Jeong (2016),
McClure & Yuan (2016), and Munslow (2011). Most of the models mentioned in the
literature review modelled activities to capture the actual work tasks. Work activities
generate cost or job invoices. The difference between any O&M activity and
construction activity is that in the construction phase, the activities are leading the work
in real-time by assigning a job ticket to an engineer on site, rather than being tracked
back or reported sometime after the job is done. This way of pre-assigning activities
ensures the work is completed within the time frame and all follow-up job tickets are
ready to launch on time. Moreover, in the current work pattern, even if the contractors
have their system in place to track activities, most of which are paper-based,
sometimes, they still have the issue of doing the same job more than once, e.g. in the
construction industry, engineers may dig a hole for a chamber somewhere in the site,

after that, the quality control engineers go to the site to check the hole features such
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as location and depth. They could find that the location of the chamber is not being
placed in the right location as the designers set in the last-updated programme or
design drawings. Therefore, the construction engineers will have to fill it back and re-
dig the hole somewhere else (Sean Allen & David McHugh, Personal Communication,
2016). This issue will lead to the need for an up-to-date document model.

7.1.1.3 Documentation model

The documentation model was mentioned by Le & Jeong (2016), Turkan et al. (2015),
McClure & Yuan (2016), and Jung et al. (2014). Previous models proposed solutions
to keep documents under control by replacing paper-based documents with electronic
versions. They emphasise the importance of mapping documents to activities to keep
track of all the documents generated by the activities. They also made a link between
design drawings and construction activities (McClure & Yuan, 2016).

7.1.1.4 Groups and Sufjroups
As the core model consists of row data, it was recommended by Highways Agency
(2014), Teall (2014), Munslow (2011), and Jung et al. (2014) to create groups and

subgroups between them as it will provide the flexibility to manage the same data in

differentoc casi ons, e.g. Odrainaged informat
anot her subgroup of O0structured6 i f the
(Teall, 2014).

7.1.1.5 Location

On the other hand, location importance was mentioned by Tor & Shahidehpour (2006),
Dolezilek (2001), Le & Jeong (2016), U.S. Department of Transportation Federal
Highway Administration (2010), Munslow (2011), Ehsan et al. (2011), and Jung et al.
(2014). The location model should be aligned with current and future tools such as
GIS and BIM.

7.1.1.6 Metadata and Interrelationships

As long as we are discussing the core model themes of asset, activity, and document,
it is important to mention the main features that shape these models. The data
structure or the metadata as well as data interrelationships importance was discussed
in Tor & Shahidehpour (2006), Le & Jeong (2016), U.S. Department of Transportation.
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Federal Highway Administration (2010), Munslow (2011), Jung et al. (2014),
HIGHWAYS AGENCY (2014), Le & Jeong (2016), and McClure & Yuan (2016). These
features set the shape of the data that will be stored within the model. If the data is
crude and misrepresented, without explaining interrelationships between them, the
model will have unexpected outcomes. The model will also run the risk of becoming
another ad-hoc solution that is only capable of dealing with the specific issues for a
specific industry, which is precisely the drawback found within current models.
Therefore, there is a need to create a model with more abstract features that represent
all asset types, activity types, and document types with the ability to create
associations between these data.

712 CSI GdzNB&a 2F GKAa aiddzReQa 202S0GA@Sa
The proposed model for the construction industry's digital transformation must address
several key requirements, which were also found in the models mentioned in this
section. These requirements include efficiently handling data in various formats for
better distribution, management, and interoperability among different applications, as
well as asset categorization to accommodate all types and shapes, ensuring future-
proofing and avoiding the need for multiple databases. Additionally, the model needs
to provide a coherent approach to track assets during construction, preventing
duplication of efforts and saving costs and time. Moreover, it must be BIM compliant
and capable of integrating with other stakeholder systems to ensure effective data
sharing and compliance. Finally, the model should offer a more realistic approach,
catering to a wider group of stakeholders beyond just the client, enhancing project
management, monitoring, and reporting capabilities throughout the construction

process.

7.1.2.1 Efficiency in cost & time

This research tries to build a model which is able to achieve better efficiency in cost
and time, is able to integrate with other systems and tools in the industry, have the
ability for self-extensibility, and is future proof. Authors Brown & Spare (2004),
Dolezilek & Ayers (2001), Ehsan et al. (2011), Hanley & Clayton (2008), Jung et al.
(2014), Kostic (2003), Landers (2008), Le & Jeong (2016) McClure & Yuan (2016),

and Munslow (2011) mentioned the importance of efficiency in systems. Teall (2014)
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suggests that he aims to achieve an 18-20% saving in projects and needs them to be
completed in half the time previously required.

7.1.2.2 Integration

Moreover, integration is one of the main features that Ehsan et al. (2011), Hanley &
Clayton (2008), Le & Jeong (2016), McClure & Yuan (2016), and Tor & Shahidehpour
(2006) discussed in their solutions. As HE and other sectors such as the water sector
are leading towards adopting Building Information Modelling (BIM), it is very important
for the proposed model to be able to be compliant with the new and future applications
or tools. Therefore, considering the previous solutions mentioned in the literature and
their impact in solving specific issues in specific situations, it is important for this
research to take a different approach to integrate with other solutions.

7.1.2.3 Expandability and Flexibility

Expandability and flexibility mean that if any asset type appears in the future that is
not catered for within this model; then only minimal changes will have to be made to
the model 6s internal structure and dahe

new asset type. This was discussed in Tor & Shahidehpour (2006).

7.1.2.4 Future Proof

The acceleration of Information Technology applications is developing quickly. This
development has an enormous amount of data. Therefore, the proposed model shall
be able to store and analyse enormous amounts of data to help with current and future
asset improvement. This improvement could be on the ability of the asset to be resilient
against unexpected events such as extreme weather conditions, or for the asset to be
able to adopt the required changes in construction or maintenance in the future (Ellis
et al, 2016). Future proofing was mentioned in Tor & Shahidehpour (2006), and
Munslow (2011).

7.1.3 Features of system factors and user influences
Features related to the applications concerning the way they will be used includes
system usage, real-time data, and ability to share data with stakeholders were shared

across the applications identified in the literature review and discussed in section 6.1.
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System usage is accomplished by constructing a core model with sufficient features
of data structure and interrelationships. However, to achieve these objectives, there
must be some elements that mediate this relationship. System accessibility in real-
time within different platforms such as desktop computers and mobile devices
influence the relationship between the model and the objectives. Dolezilek & Ayers
(2001), Le & Jeong (2016), McClure & Yuan (2016), and Tor & Shahidehpour (2006)

mentioned the importance of real-time data in systems.

Table 4: Existing Applications and the relation with the Proposed Model Features i

Research gaps

Water
Interlinking Water Infrastructure
Feature\Application Life-Cycle Field data Pipeline Knowledge
Data MIRE | collection | HAMP | RAMs | Database | Database
Spaces
Features of the Core Asset Model
Asset model N N N N N
Activity Model N N N
Document Model N N N
Data Structure N N N
Data
interrelationships N N N
T hierarchy
Groups and N N
subgroups
Location N N N N
The Features of research objectives
Efficiency in cost N N N N N N
& time
Interoperability/ N N N
Integration
Self-Extensibility
Future proof N
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The Features of system factors

Usage
(Accessibility,

2
Z

Different
platforms, user

behaviour)

Real-time Data

Z
Z

Data Sharing

Z
Z
Z
Z

Previous models and applications share the objectives and research requirements of
this study without combining the objectives in one coherent solution that aims to
digitise the build process in the construction phase. This research will take a different
approach to include all the research objectives and to find one coherent solution to the
research requirements. It will learn from the literature mentioned earlier and will be
heading towards combining the solutions together to come up with simple, best-

practice, and accepted by industry models.

The "Interlinking Life-Cycle Data Spaces" and "Field Data Collection app" models play
a significant role in modelling activities. However, their solutions were designed to
address specific issues in particular asset life-cycle stages. This research will examine
these models but will adopt a different approach by developing generalised activity

models suitable for all asset life-cycle stages and purposes.

Most of the solutions mentioned in section 6.1 infer the need to integrate systems.
However, the solutions to this issue were to provide specific asset representations to
be able to create connections with specific tools such BIM. This research is looking to
investigate integrations with generic solutions that could fit with most of current and

future applications of different industries.

Table 4 shows the relationship between the existing applications and solutions in this
research field, and its proposed features. This table shows that beside the existing
solutions that dealt with ad-hoc issues, they did not provide the coherent platform that

the industry needs. This coherent model will be discussed in this research.
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Finally, after studying previous solutions, section 8.2 discusses the model proposed
by this research that learnt from the previous models/attempts and addresses the
drawbacks they suffer which include integration, alignment with government strategy,
being BI' M compl i ant, dealing with different
databases, and delivering the research requirements and objectives discussed in

section 5.9.

7.2 Features Found in the Interview Data
This section discusses the main findings from the interviews reported in Chapter 5
regarding the main issues with the traditional management of highways construction

projects.
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Different platforms,

user behaviour)

Real-time Data

Z
Z
Z
Z
Z
Z
Z
Z

Data Sharing N N N N | N | N|NI|N

Z
Z
Z

Table 5: Core Model mentioned in interviews

The features in table 5 are categorised into 3 groups, one called Core Model which
includes all aspects of the data models and the structure of the databases which
includes the best of the existing models discussed in section 6.1 and confirms to
ADMM (see section 6.2.5). The second called System Objectives which was
discussed in section 7.1 and is aligned with this research objectives in section 5.9.
And the third is System Factors related to the usage and user attitude, this feature was
mentioned in the literature as well as the interview data mentioned in section 3.2, 3.9,
5.3, and 5.6. Furthermore, the left column in Table 5 represents the features that were
repeated within the software applications found in the literature journals which was

discussed in section 6.1.

Table 5 clearly shows that the proposed model, which includes Assets, Activities,
Documentation, and Locations (see section 8.2.3), was consistently mentioned by the
interviewees. This observation is supported by Table 6 in section 8.3, which also
highlights the frequent appearance of the core model across various literature journals,
as discussed in section 7.1. A tick in Table 5 indicates that the participant in the top
row directly mentioned the feature next to the tick box in the left column during the

interview.

7.3 Summary

This chapter discussed insight that was conducted in the existing models and tools
found in literature. The insight is used to find out what are the core models, objectives,
and system factors that they include in their structure to help the construction industry

adopt digital platforms to enable better ways of working.

The next chapter will discuss the Construction Asset Tracking System (CATS) model

and how it compares to the models mentioned in this chapter.
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8.0 The Model (CATS)

This chapter will discuss the Construction Asset Tracking System (CATS) model that
was designed and developed to support the construction build phase. It starts with the
Agile and scrum methodologies of the software lifecycle that was used to create CATS
is discussed in section 8.1. Section 8.2 then describes the model called CATS in detail
to enhance the construction projectos

issues found in the existing models such as integration to Building Information Model
(BIM). A comparison between CATS and other applications found in the literature is
discussed in section 8.3. The assessment of CATS in comparison to the data from the

interviews will be discussed in section 9.3.

8.1 Agile Methods

Deuff & Cosquer (2013) stressed that a new method of software development was
introduced in 1980 as a result of major research into the reasons for the failure in
software development projects related to late delivery, overestimated budget, and
producing software which does not meet the customer need. However, it was not
widely adopted until 2001 when a group of experts in software development created

what is called the Agile Manifesto*.

Deuff & Cosquer (2013, page6) define agile as:

Athe agile methods are iterative and i nc

which are intended to cater as fully as possible for the needs expressed
by the commissioners (the clients behind the development of the product),
providing the opportunity to regularly evaluate the product, and offering a

high degree of reactivity in relation to their requirements. They offer the
flexibility to apply to the product any adaptations which appear necessary

to be made during the course of the development phase. This is due to

the fact that they respect the four fundamental values of the agile

mani festo: the team [é], the product

change [ é] 0,

4 http://agilemanifesto.org/
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They also divided software development projects into 3 phases: design, development,
and validation & evaluation. These phases should be iterative which means there is
always possibilities for modification in any of the phases if the project requires. The
method of agile that allows for iterative and incremental development in the
development phases is called the Scrum method.

8.1.1 Scrum

The relevance of this section to the research project is tied with CATS development
that is discussed in more details in section 8.1.3.

Scrum is a framework with an iterative process to develop one or more features related
to the product. This process is repeated over a fixed period of time T usually 2 or 4
weeks 1 and is known as Sprints. All activities and lifespan of sprints are exactly the
same. A group of sprints compose a development phase of a product which is called
a Release. To summarise, a Scrum method consists of many releases, each release

composed of many sprints. See figure 22 below.
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Figure 22: Iterative process of the agile method, Scrum, based on sprints of fixed
duration (Deuff & Cosquer, 2013)

8.1.2 Scrum Method Elements
The Scrum method requires 3 elements to shape the development process roles in

teams, artefacts and ceremonies. The roles come in 3 shapes as follows:
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Product Owner: Such as the client, the stakeholder with vision of the product.
Scrum Master: The member of the team who helps the team adopt and apply
the scrum methods and unblock the issues the team face.

Development Team: The team who develops and produces the product.

O« O«

(@13

Scrum artefacts are divided into 2 sections as reference points to the activities needed
for a product development:
6 Product Backlog: High level items explain the main functionality required in a
product.
6 Sprint Backlog: A specific item or task planned and allocated to the current
sprint that is required to be completed during the current iteration and
assigned to team members at the beginning of the sprint.

Scrum ceremonies come in the following shapes (see figure 23):

o Release Planning meeting: Consists of reviewing the backlog items and
prioritising the ones required to be included in the coming release.

6 Sprint Planning meeting: It happens at the beginning of each sprint and
consists of breaking down the backlog items into small tasks and assigning
them to team members to be completed within the sprint time.

6 Daily Scrum meeting: A window, usually 15 minutes, for the team members to
share what they have completed since the last daily scrum meeting and what
they are planning to do in the current day. This meeting enables the team to
evaluate their work progress and to provide help and support others where
needed.

6 Sprint Review: It happens at the end of the sprint between the product owner
and the development team to discuss the sprint progress in comparison to the
vision from the product owner and what may be added to the next sprint if any
modifications and/or update is required.

6 Sprint Retrospective: Placed at the end of the sprint between the development
team and concentrates on evaluating the progress of the current sprint, and

how it affects the release if it entails any delays.
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Figure 23: Scrum Agile Method (Deuff & Cosquer, 2013, p. 13)

8.1.3 CATS Development

phases:

substantial time to peruse governmental documentation pertaining to the structure
of databases. An example of this documentation is the Asset Data Management
Manual (ADMM), accessible at the link here: ADMM Documentation®.The purpose
of this phase was to gain insights into the underlying rationale for the project,
considering documentation, literature, and governmental policies. Moreover, prior
attempts at constructing systems to digitise the construction process were
examined to ascertain if they aligned with the government's objectives. It was
established that these attempts did not fulfil the government's vision, as discussed
in section 8.3. An extensive exploration of the structure of National Highways

databases was undertaken to establish the foundation of CATS' integration model,
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Considering the previous-mentioned description, it is valuable to delve into the
developmental process of the Construction Asset Tracking System (CATS). As
illustrated in Figure 24 below, CATS adhered to the Agile Scrum methodology

throughout its creation. The construction of the CATS model transpired in three distinct

1. Analysis and Design: During this initial phase, the researcher devoted

Shttps://nationalhighways.co.uk/suppliers/design-standards-and-specifications/admm-and-other-
management-and-maintenance-
guides/#:~:text=The%20ADMM%20contains%20the%20asset,corporate%20and%20asset%20manag
ement%?20objectives




enabling seamless data import and export in line with their databases. This
involved crafting models for Assets, Locations, and Documentation within CATS.

. Development: The development phase embraced the iterative Scrum approach
in crafting the core model and the system itself. This stage encompassed building
the database, designing the Graphical User Interface (GUI), and implementing
security and environmental factors. Collaboration within a team environment was
pivotal, as the researcher created the model structure and GUI while engaging
with experts in the construction process, the Technology Integration Manager, and
the Handover Manager.

. Validation and Evaluation: This final phase revolved around the deployment of
releases at the culmination of each cycle. After each release, the output was
reviewed and discussed with the team and users. Feedback from users was
incorporated into subsequent releases. The researcher also compiled a
presentation of CATS, featuring videos and screenshots showcasing live data at

M1SM T2 for research purposes and internal dissemination within Costain.
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Figure 24: CATS Development Process
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In essence, CATS' development hinged on meticulous analysis, agile development
cycles, and iterative refinement to create a system that aligned with both governmental

aspirations and practical user needs.

8.1.4 User Testing Method

User testing is a method used to test releases and to evaluate the usability of the
product. The test follows the product requirements of the platforms (Windows, MacOS,
etc.) and device types (Desktop, Mobile phones, tablets, etc.). Testing products also
helps in capturing user experience as well as feedback on the product use (Deuff &
Cosquer, 2013).

8.2 Construction Asset Tracking System (CATS)

The previous sections discussed the models and the databases of existing Information

systems identified from academic papers and information from National Highways.

This section provides an overview of an information system resulting from my work at
Costain and a research project. It explores the genesis of the Construction Asset
Tracking System (CATYS), its purpose, and my contributions. Beginning in 2014 as a
System Engineer at Costain, | aimed to leverage IT to streamline processes. As |
delved into project intricacies, | recognised a need for an innovative solution to
manage construction lifecycles and asset delivery. This led to CATS, which aimed to
enhance project management, asset tracking, and collaboration. With careful planning
and technical expertise, | played a key role in shaping CATS, designing its architecture
to suit construction complexities, incorporating features like milestone tracking and

asset management.

8.2.1 Overview

Construction Asset Tracking System (CATS) is a platform that was built on top of a
database to enable construction projects to manage construction in a more digital way.
It provides a perspective of managing the progress of the construction by creating and
tracking the status of the activities and assets digitally. It also provides real-time data

access to monitor the progress.
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CATS was 1initially <c¢created to enhance the
construction projects and National Highways (NH) by collating the data and storing it
at the time of construction to be used in handover when required. This is mainly related
to Stage Gate Assessment Review 6, which discusses the building phase and what

follows from testing, commissioning and handover (see section 5.2.5).

CATS is divided into 5 main sections; Work, Safety, Quality, Management and Reports
that will be discussed at section 8.2.6. Each one of these sections enhance one part

of the project management, figure 25 shows the main screen of CATS

[GOSTalm Ganmora 1Ty \y
Smart Motorways Joint Venture

x Welcomem Home Page

PURPOSE Construction Asset Tracking System - CATS
= Introduction

MENU WORK SAFETY QUALITY MANAGEMENT REPORTS
W Add new entry
fl{ Generate Report i ‘ |
W GetAsset BRI ITP Section Technology
N Track Structure Near Miss B
# Update table Dashboard

Report

W Upload file { xlsx)

VIEW EXISTED FORMS s
[ View Work Reports Track Safety Asset

[ View Archived Work Reports Observations

%] Work Defect & snagging Report Tracker
VIEW STOCK REGISTER
[2] View Stock Register —
GATES Work Structure Add/Change ect
) : Vem Snagging
fi log Out Reporting Trackers ! Report

~ Knowledge Share Center
‘= Home
™, M1SM Home Page

App

(" SHE |

Upload File Observation
Transfer
Sheet

Labour
Allocation
Sheet App

CATS

Report

Setting

Figure 25: CATS main screen

Within the AUpload Fileo button under AMana
provided to upload Microsoft Excel files containing a specific format of assets. This file
should be exported from the design model BIM. The file should contain the details of

the assets categories and location as a start (these details already existed in the
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design drawings). CATS then manages and tracks the progress of the constructions,
testing and handover by extracting the information where required. CATS also links
asset records with all required activities to install, test and commission the asset. It
also has an email engine which alerts the accountable parties to perform their job
when their planned work approaches. For example, when a subcontractor digs a
trench for a light post column to be installed in an area, and reports the trench as ready
to be tested, CATS contacts the relevant Integration Quality Verification Team IQVT
manager to approve the quality of the work before the next step of pouring concrete
starts. Once approval is registered for the task, the IQVT user who approved it, along
with their electronic signature, is automatically captured. Once this is completed, the

next step in the installation activities begins.

1 Welcome lbrahim AHGhraify Home Page
PURFOSE Upload File
1= Introduction
EN This secfion to upload the generated file from the system.

W Add new entry
I Generate Repot
i Cethsst

W Track Structure

Upload Drainage s Lo Upload CH To Upload Users
# Uptate table = S - i -
W Uploat fil | =) " " constructio echnolog
’ - ith Chainage Coortinates Details

VIEW EXISTED FORMS asset asset

[ View Quick Reports

[ Viw Archived Quick Reports
GATES

i logOut

1= Home

R, M1SM Home Page

Figure 26: CATS upload files functionality

8.2.2 Development Methodology
CATS was developed by myself using Agile methodology for the benefit of Costain

within the UK main road of M1 Smart Motorway project in the area of junction 23A to
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junction 25. The main and direct contact was the Technology Integration Manager in
the project.

Agile methodology as stated by Dingsgyr et al. (2012) is a method that shapes the
software development and concentrates on the direct involvement and the
collaboration between the development team and the customers in all the
development phases. In the case of CATS, the planning stage took place in
collaboration with the Technology Integration Manager and the package manager, as
well as colleagues working on site to use it when released. Since Agile methodology
concentrates on productivity, the plan was to release functionality one by one and not
wait until the end of the development to release CATS as a whole. There were always
requests to the team to enhance user experience and add new functionality, which
were added to the backlog to be discussed with the main client and planned into a To-
Do-List if approved.

8.2.3 Database Model

The database is the place where the collected data is stored. Each database has
tables and relationships between them. Each table has properties. The main
properties of a table are having a Primary Key (PK) or Foreign Key (FK). Any PK must
be unique and must have a value, but the foreign key (FK) may lack a value and need

not be unique, as it serves to reference the primary key (PK) in a different table.

The CATS database models were created to easily align and integrate with the
Nati onal Hi ghwaysd (NH) databases. Asset pro
to mirror wh a't the main NHOs databases are
Management System (HAPMS), Highways Agency Drainage Management System
(HADDMS), Highways Agency Geotechnical Management System (HAGDMS), and
Structures Management Information System (SMIS), and Technology Pavements

Management System (TPMS).
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Figure 27: CATS Core Model of Asset, Activity and Location
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The database model was built in a hierarchical way to enable future proofing by
accepting any new assets appearing in the future. Figure 27 shows the relationship
between the core models of CATS including Asset, Activity, and Location tables with
the relationship between theme and other supporter tables such as assetgroup,
assetclasslist and task.

Asset Model

This model was discussed by Landers (2008), Le & Jeong (2016), McClure & Yuan
(2016), and Munslow (2011). It has the role of modelling all assets with their different
categories, i.e. point, linear, and area assets. It also has the metadata i structure - of
the asset types with their interrelationship.

The Client Reference of Asset Model

The structure of the Asset model is derived from the Asset Data Management Manual
(ADMM). The ADMM serves as the rulebook or manual for the Information Asset
Management - Information System (IAM-1S), governing the storage methodology
within IAM-1S. In this context, ADMM represents the written documentation, while IAM-
IS functions as the system repository. Beyond standardising asset structure and
metadata, the ADMM also outlines the hierarchical relationships between assets, as

noted in the work by the Highways Agency (2014).

The data flows from the supply chain and stakeholders into IAM-IS. However, as of
the time of writing the thesis, this live data flow is not yet mandated. The handover
process continues to rely on BIM Level 2 (Hall, 2023). The data is projected to move
from supply chain databases, such as those of contractors like Costain, into IAM-IS.
This movement is guided by the validation of ADMM Manual and must also adhere to

the COBie metadata structure, which is built upon the foundations of ADMM.

The Interviews Reference of Asset Model

Many interviewees mentioned the importance of adopting asset models in any
proposed digital platform that intends to digitise or productionise construction built
processes. P4 for example asserts the need to have assets metadata in the model to

minimise human error
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The asset model was built as follows:

O«

The higher level of the hierarchy is the asset class (assetclasslist)

O«

Asset class child is a category of the asset (assetcategory)

O«

Asset category has a child of asset type (assetcattype)

O«

The child of the asset type is asset variant (assetcattypevar)

O«

The table where all assets are hold to be used in the CATS system is called
asset type(assetstatus) and is shown in figure 28

174



AssetClassList

AssetCategory

AssetType

AssetVariant

AsseiClassUID

¥ AssetClassUID (FE)
AssetCategoryMame [Pk

AssetClassUID (FK)

_|-> AszsetCategoryUID (FK)

AszetTypeMame (PK)

)

AssetClazsUID (FK)
AssetCategoryUID (FK)
AsseiTypeName (FK)
AssefVariantMame (PK)

L

Asset Hierarchy Model

L J

L
*

AssetStatus

AssetClassUID (FK)
AssetCategoryMame (FK)
AssefTypeUID (PK)
ssetTypeMAme (FK)
AssetVariantName (FK)
AssetParentlD (FK)
Assetlevel
AssetGpslocation
BarcodeRF]
GeographicAddress
InstallationPercentage
InstallationDate
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Figure 28: Asset model
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By enforcing this hierarchy, it means each asset must have a category, type and
variant, and each asset category must belong to a class (see Figure 29).
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For exampl e, a cabinet representation in

shape:

(@]

It begins as an asset belong to a class of Technology

O«

Which has a category of Cabinet
Which has the type of cabinet 600

O«

O«

Which in turns has a variant of Electrical Interface (EI) as shown below

This way of categorisation came from the TPMS database that NH is using, see data

export example from TPMS in figure 30 below.
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Figure 30: an example of grid export from TPMS database showing asset hierarchy

An example of a 609 cabinet which is only used as a power or electrical interface

cabinet is shown in figure 31
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An example of A 600 cabinet which is used to host controllers to all highways signals
and signs is in figure 32.

Figure 32: A 600 Cabinet
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Both figures 31 and 32 represent Technology cabinets that exist on the side of
motorway roads. However, both cabinets are different in shape, price, some of the
installation tasks and the technical tools that they host inside. CATS distinguishes
between them both in these perspectives.

The AssetType table has all the properties and features that are required by the
handover team to submit to the client at the completion stage of the project. These
properties are collected in the construction time and kept safe and backed up. When
the project handover phase arrives, the data can be extracted in Excel format and can
be converted to any other format afterward. Example of these asset properties are,
EMN (Existed/Modified/New), Scheme, DocumentRef, Reference, Link, Junction,
GeographicAddress, AssetGeolocation, BarcodeRFI, SerialNumber and many more
that are required by TPMS database.

Activity Model

The importance of activities was mentioned by Kostic (2003), Le & Jeong (2016),
McClure & Yuan (2016), and Munslow (2011). Most of the models mentioned in the
literature review modelled activities to capture the actual work tasks. Work activities

generate cost or job invoices.

The difference between any O&M activity and construction activity is that in the
construction phase, the activities are leading the work in real-time by assigning a job
ticket to an engineer on site, rather than being tracked back or reported sometime after
the job is done. This way of pre-assigning activities ensures the work is completed

within the time frame and all follow-up job tickets are ready to launch on time.

Moreover, in the current work pattern, even if the contractors have their system in
place to track activities - most of which are paper-based - sometimes they still have
the issue of doing the same job more than once, e.g. in the construction industry,
engineers may dig a hole for a chamber somewhere in the site, after that, the quality
control engineers go to the site to check the hole features such as location and depth.
They could find that the location of the chamber is not being placed in the right location
as the designers set in the last-updated programme or design drawings. Therefore,

the construction engineers will have to fill it back and re-dig the hole somewhere else
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(Sean Allen & David McHugh, Personal Communication, 2016). This issue will lead to
the need for an up-to-date document model.

The Activity Model is the base to any task and process in CATS, it is included in
Inspection and Test Plans (ITP), Defects tasks and Asset construction activities.
Activities are also linked with each other in a hierarchical parent-child relationship, the

same as with assets.

A single activity is defined in CATS as a task that is assigned to someone to do it. This
task can be performed on an asset or location. The Activity table has a link between
task, asset type, quick report, and users. It also has more properties to do with
timeAdded, activityStatus, completedOn, activityRank, carriageway, link, etc. Figure
33 shows the link between the activity table in CATS and other support tables linked
to it.
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Figure 33: Activity Model
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Location Model

The importance of categorising asset location was mentioned by Tor & Shahidehpour
(2006), Dolezilek (2001), Le & Jeong (2016), U.S. Department of Transportation.
Federal Highway Administration (2010), Munslow (2011), Ehsan et al. (2011), and
Jung et al. (2014). Also, the location model should be aligned with current and future
tools such as GIS and BIM.

The location model holds all possible location representations of an asset, activity or

document. This location definition includes

0 Markerpost (MP which is a marker used on Highways that approximately
measure 100 metre)

Easting-Northing (Coordinate used to determine a location by vertical lines

O«

and horizontal lines, northing compares to equator while easting compares to
the false easting)

0 GridRef (a specific location reference to apposition by determining the vertical
and horizontal grid lines of the point)

0 Latitude-Longitude (Coordinates used for specific location to determine how
far it is from the equator)

v

0 Chainage (a special metric used by highways).

Since most of these location references come from NH databases, CATS can be
integrated well with these when required at the time of handover. CATS uses these
coordinates to locate assets or activities, as well as to map documentation to a specific

location or an asset.

Document Model

Summarising the model related to document model that was found in section 6.1, the
document model was mentioned by Le & Jeong (2016), Turkan et al. (2015), McClure
& Yuan (2016), and Jung et al. (2014). Previous models proposed solutions to keep
documents under control by replacing paper-based documents with electronic
versions. They emphasise the importance of mapping documents to activities to keep
track of all the documents generated by the activities. They also made a link between

design drawings and construction activities (McClure & Yuan, 2016).
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To link documents with their related assets, a document database was created to
easily represent data in the ADesign Finder
mapping the GPS locations of the documents and the assets. See the asset details

section for more information.

8.2.4 Integrate to BIM

A key aspect of CATS is its seamless integration with the Building Information Model
(BIM), achieved by sharing certain asset and location characteristics that BIM employs
as primary identifiers for assets and their positions. When CATS initiates asset
construction at a designated location, it generates various interpretations of that
central location using a range of location system standards. For instance, CATS
comprehends the Easting-Northing standard and can transform it into the Latitude-
Longitude standard where needed.

This integration enables CATS to align with well-established location standards that
BIM employs to pinpoint asset locations. Consequently, CATS can correlate its asset
data with the specific location in question, providing a distinct link accompanied by a
unique asset identification number. This linkage allows BIM to effortlessly retrieve
comprehensive information related to asset installation tasks and activities.
Furthermore, CATS offers BIM access to test results belonging to the assets, quality
reports (including defect or snag reports), and the historical resolution process for such

issues.

8.2.5 Integrate with Highways Databases

CATS incorporates the concept of a "Mirror Database" for its assets. This means that
each asset possesses an associated mirror database, which is intended to be
extracted during the handover phase. To illustrate this, consider the case of a cabinet
asset; it undergoes mirroring into a TPMS (Technology Pavement Management
System) database. This mirroring process facilitates the direct synchronisation of all

cabinet asset properties into TPMS, eliminating the need for manual editing.

Another instance pertains to chambers, which can be classified into two types: those

employed for drainage purposes, containing water from drains to aid drainage system
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maintenance, and those used in technology to interconnect ducts and cables.
Chambers assigned to drainage functions possess a mirror database in HADMS
(Highways Agency Drainage Management System), while those accommodating
cables are associated with the mirror database of TPMS

8.2.6 Functionality
This section gives an overview of the main functionality of CATS and how it enhances
the process of construction projects.

0 Secure by enforcing credentials
CATS has secure login functionality that enforces authentication to the system. This
authentication adds a level of security which preserves data confidentiality.

0 Asset Details

CATS has a dedicated page to provide
properties. This page allows users to view the details of the asset and update them

when required (see figure 34).
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Costain Galliford Try @
Smart Motorways Jaint Venture ;

2 Welcome Ibrahim Al-Ghraify

PURPOSE
Introduction
MENU
Add new entry
Generate Report
Get Asset
Track Structure
Update table
Upload file (_xIsx)
VIEW EXISTED FORMS

View Quick Reporis

View Archived Quick Reports

Home Page

Asset Main Details (3): [ CAB - 600 - AMINRTS ], Loc : 72/8-75K -Doc - HAS49342-AMAR-HMC-SW

Details Work Progress ITP CheckLists | Attachments Images

@ Asset Details

You are authorised to make change to asset information

Asset Unigue ID Asset Class

Activities

Observation

GATES 1 - Technology ’\9
og Qut
Home . y \)
NSV Home Page Asset Category CAB - Cabinet ‘\9 Asset Type y
Asset Variant Name \) Asset Level | 1 |
Bar Code/ TPMS Number | 0 | Completion (Installation) Percentage |0 |
Completion -Installation - Date ‘ dd/mm/lyyyy ] | Industry |HIGHWAYS |
Client |Highways England | Mirror Table Reference |TPMS |
Existed-Modify-New | NEW | Scheme |J23A-25 |
Document Reference - Revision |HA549342-AMAR-HMC| Reference |CABjO |
Drawing Variant | Enter Drawing Variant | System |Infrastructure |
Completion Status Not Started 9 Last Updated Date |2017-06-08 |
Updated By | 0 | NEW asset Type |New |

costain.com

CATS System

Figure 34: CATS asset details page
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The tab bar in the asset details page links all linked information to that specific asset
as follows:
0 Details: Which Shows details of the asset and those who are authorised can
make updates. Figure 35.

Home Page

Asset Main Details (215): [ CAB - 600 - NRTS | Loc : 185/0-31M -Doc - HAG49342-AMAR-HMC-SIW

CATS System

‘ Details | Work Progress

[TP ‘ CheckLists | Attachments

Images ‘ Activities ‘Obsewaton ‘

Asset Unique D 215 Asset Class 1 - Technology ?
Asset Category CAB - Cabinet \9 Asset Type 600 \;)

Figure 35: CATS - Asset's details page

0 Work Progress: Provides information regarding the installation status of the

asset. See figure 36.

‘ Details ‘WOH( Progress‘ ITP ‘ CheckLists ‘Altachments‘ Images ‘ Activities ‘ Observation

Asset Unigue ID 1498

Asset Descriptor |Signa| - Indicator —AMI4|

Reference | G103 B1

Geographical Address [3828B1

Markerpost/ From |182/8B+65

To Markerpost | Enter To Markerpost

Chainage 182698

Link number |Link 2

Length [0

|
|
|
|
|
|
|
Inspection Started 9 |

; 9]

Completion -Installation - Date |ddfmm.fywy 0 |

Completion Status

Completion -Installation - Percentage

Figure 36: CATS - asset's work progress page
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0 ITP: Inspection and Test plan (ITP) form for a specific asset, the ITP is used
to control the quality and the tasks of installing an asset and is used to report
to the National Highways (NH) about the steps of how the assets was built
and what quality and safety measures was taken in the installation process.
see figure 37.

Details | Work Progress. P CheckLists | Attachments | Images Activities | Observation
View Existing Tasks attached to ITP NQ. 26 - not TP Actiities [ 0]. ITP Percentage Completed = 0%
Downioad TP Form
Add Activity
= = TP Contan Code 7
NONE - Mot Applicable v Enter the rank, Decim: NONE - Not Appiicabl v NOME - Not Apgicabl v NONE - Not Agliabl v
Add
1500-T1-A
M1.J28-31 Managed Motorways Rev 0
ElPlinth and Cabinet Install
Drg. Ref * FASI9342-A Rev.
Location * [19171+248 Chainage From. [T31100 To.
Comments
4
(1-2) Safe Systems of Work & Design Information
RAMS Approval Issued: RAMS Ne.[RAMS No.
Authorised MAR: MAR Ne. [VIAR No
Authorised FCC(if applicable): FCC Ne. [FCC No |
Attach Image TASK Controlled By Task Rank CGT Code Sub-Con Code 1QVT Code COMMENT Date Created
H
H R
-
= = A

Figure 37. CATSiasset 6s | TP page

0 Checklists: which is a window to all activities and tasks for an asset, this has

direct links to all activities on all status, special attributes to the asset and the
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defect reports related to these specific assets if there is any. See figure 38.

Home Fage
usset Main Details (215): [ CAB - 600 - NRTS |, Loe: 38498 -Doc : HAS49342-AMAR-HMC-SW
o,
‘ Details ~ Work Progress TP ‘ CheckLists | Attachments | Images Activities | Observation
Activities - Active
Activity ID Defect D Activity  Status Created By Date Created Deadine Date Comment Completed By Completed Date
06 nstal Acive Joe Conper 20180318 095420 21T Instal Comolete Joe Coaper 2180318 085545
Activities - Completed
ActivitylD  Activity Status Created By Date Created Deadine Date Answered Comment Completed By Completed Date
120 nstal Completed brahim AL Ghraity 2018041 1721:18 1G0T Dane Iorahim A-Grafy 20160307 009000
Attribute
Atribute ID Attribute Value Created By Date Created Aftribute Value Date Comment Completed By Completed Date
Quick Reports - Active
Report ID Created by Markerpost Chainage Latitude Longitude Job Type Job Status. Created On Image Attached
Quick Reports - Completed
Report ID Created by Markerpost Chainage Latitude Longitude Job Type Job Status. Created On Image Attached

Figure 38: CATS - asset's checklist page

Attachments: This page allows the user to upload and link any attachments

related to the asset as shown in figure 39 below.

Details ~ Work Progress Attachments (Observation

TP ‘ (CheckLists

Images ‘ Activities

Attachment Menu

Pick_Parent Asset

Upload picture

Upload File

Connect Link

Figure 39: CATS - asset's attachment page

Images: a page to show all uploaded images related to the asset
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0 Activities: a page to enable the user to create any new activity required at any
time related to the asset. For exampl e,
status is moved from stage to another until it is 100% complete. It may also be
used when there are special circumstances that require an extra activity to be
performed because the type of the ground is harder or softer than the
adjacent area, or if there are gas pipes or electricity cables under the ground
and require extra activities to work around that specific area for these assets

only.
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0 Observation: This page allows the user to create a defect or snagging report
or observation to go with the installed asset, see figure 40 below.

Details Work Progress ITP CheckLists

Work Observation Form

MAME: | User MAme |
DATE: [ 2023-09-09 |
TIME: [03:22:12 |
I0OGGING TYPE: | Progress Vl
*Markerpost [72/8-75K]
*Chainage [186712]
*Coordinate
{52.856191,-1. 3848157 )
LOCATION: *Link [Link 2]
*Junction [J23a - J124]
72/8-75K
o
DEFECT RELATED T i q
ASSET: {(3) CAB -600- AMIMNRT »
Observation TYPE: Positive A
To be actioned by- MOT LISTED - SPECIF w
Enter your comments
ere
COMMENT:
-
MOTIFY:
Mames: Type name

UPLOAD IMAGE 1

Choose file | Mo file chosen

UPLOAD IMAGE 2

Choose file | Mo file chosen

UPLOAD IMAGE 3

Choose file | Mo file chosen

Submit Form

Figure 40: CATS: asset's work observation

0 Map View
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As well as the asset details page, CATS provides access to map views which
understands 2 types of assets: point assets and linear assets. Each asset has a
different colour code change depending on the build status that the asset is in at the
time of the view. When clicking on any asset on the map, a popup window opens with
details about the chosen asset and the activities linked to it with the completion status
of these activities. All activities and the asset are clickable to navigate the user into
more details of the chosen clickable link.
1 Point Asset Map

The CATS map functionality understands and represents the point type of assets, such
as cabinets, cameras and signals as shown in the figure 41 below.
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Asset Class

[] work Report (0)%. [ ] SHE Report (15)#
[) Barrier [] construction

[ ] Drainage [ ] Foundations

[} Lighting [] Structures

[ ] surfacing Technology
Asset Category

] Cabinet

[} ccTv site [] Duct

[] HADECS [ ] Lighting - Cabinet
[] miDAS []

[ ] message Sign (] outstation

[] structures -Cantilevers [ | Signal

[] Structures - Posts (] structure

[] Telephone [ ] Traffic Sign
[} chamber

Asset Type

[} cAB -600 MKE CAB - 609

Church Wilne

preat Wilne

d Completion

| Status

" Not Started (99)

1 < Ready For Installation (0)

1 " Installation Planned (1)
Installation Started (0)
Installation Complete

(31)
Inspection Complete (0)
Commissioned (1)

\_¥ Deleted (2)

Asset Variant

Electrical Interface [CAB-609] (| FP[CAB-609]

[ ] H[cAaB-609]
[ ] NPR [CAB-50g]

[ ] POWER [CAB-609]
[ ] oF [caB-609]

=2

&"ow

Netherfield Ln

o <°9 <

fmm

o0

Sawley

-3
| -y
& 9
4
cib

E'O

P

©

Moy o

B&540

Figure 41: CATS map - point assets
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1 Linear Asset Map

CATS also has a mapoés functionality to repre
and end points as shown below a picture of ducting assets. See figure 42.
Asset Class 4
. s & &
() workReport 0% [ SHE Report (16)% RO s
e = ; b % y Ready For Installation &
|_| Barrier [ ] Construction 2 3 S
[} Drainage () Foundations § Asset ID 1872 $
[] Lignting [ structures Ockbrook Asset Descriphor B;%;ﬂ%rg:nnm o
[} surfacing Technology CAT-TYPE-VAR 4 WAY
Completion Status Installation Complete
- Installation Date 18-06-2018
Asset Category Markerpost 189/5+74B
U || Cabinet Borrowash End Markerpost 189/7B+105
[ ccTvsie Duct Chainage 189538
() HADECS 7] Lighting - Cabinet Link Link 4a
: = Geographic
LItias ' Address01[52.88128,-1.3099455], 38958
[} Message Sign (] Outstation (" Completion \ [52.883289,-1.3090963]
[} structures -Cantilevers [ | Signal || Status Design Reference 253
= = B Not Started (107) Related To CW=B, Cham 253-254
|_J Structures - Posts | Structure Ready For| .
ly For Installation
- — : 19 S
|f TR L) Traffc Sign 59) Installaton Planned (5) Work Observation Logging Type-Date -
[} Chamber P Installation Started (3) &
Installation Complete \ - v - 7 f
(221) CRurch Wilne \4 Sawley
Inspection Complete (0) Lock {
Asset Type 9 Commissioned (1) 'l
DUCT - 100mm (] bucT-50mm [\ Delted (18) \ el T
N DUCT - Cross Carriageway 0 DUCT - Duct Through - S
' Duct Structure
Asset Variant
() 100mm - 2 WAY [DUCT- 100mm - 4 WAY [DUCT-
' 100mm] 100mm]
0 183%{1‘”‘“’ [PUCT- (] 400mm - 6 WAY [DUCT-100mm]
(] 100mm -3 WAY [DUCT-
— 100mm]
Figure 42: CATS map - linear assets
i Document Map (Design Finder)
Direct link to the |l ast updated drawing docu

document control software in use such as Business Collaborator (BC) or ProjectWise.

See figure 43.
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[ M1SM OpenStreetl/ x
€ < € [} highways.costain.com/m1sm/OpenStreetMapStyle.html

M1 Jn 31-32 PPS

M1 .Jn28-31 Ph2

Summary Programme
!
ANEE

: ¥;
Wl

1

Figure 43: CATS: map - Design Finder for always up-to-date documents
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i SHE Map: Safety Health and Environment Map

CATS provides a whole process in the shape of a sub-system called (CATS-SHE)
to report, manage, update and track hazards and safety observations (see figure

44). It includes:
A An online database system that shows active and archived reports

A map that shows all the reports and their locations with link for more

information per individual report

A An app to report and track the observations, the app works on Desktop i

HTML, Android store and Microsoft store

rdlﬁ\z’v
LONDON gy B
Sharciow 1;’ ot ReportID 224 ( Visit Report )
Created By Sinead Egan
Reported on  2017-07-07 12:57:08 Redhill Marina
numerous cables not
Hazard ., L 2
ASO pegoed/adeguately demarcated =
; [ A50 |
SLASO) o Proposed Demarcate/peg as previously requested
& | Saolution Caie/peg as prev ly request
& Al
]
Image
Ratcliffe-on-
Soar
=
&
3
2 G5 2
= > fa}
a Legend N e 2
All Active Reports (83) = Lockington 3
- . - . 3
Environmental Nuisance (4) =
® Health Issues (1) = 1;
Hit or strike something fixed or stationary (2) King|
¥ Houseleeping (1)
¥ Manual Handling (0) -
® Materials Falli r:
A
® Plant and Vehicle Movement (6)
®  Procedural Deficiencies or Shortfalls (37) A453 0,
@ Slips and Trips (0) "’«9,4: SIDE LEy
®  Unimown Services (5) 2 5,
@ Unsafe Conditions (12) "o,
®  Unsafe Plant and Equipment (3)
¥ Unsafc = ) ASHBY RD
Unsafe Practice (6) Kegworth
-
Welfare (2) | 5}
~ ~ o f ATON-RD =
P =

Figure 44: CATS-SHE map for hazards and safety observations

0 Defect & Snagging report
Snagging and defects are major attributes in any building and therefore it is the main
part of CATS. Because of the flexible activity model, CATS can link tasks and activities
to assets from the type of defects and allocate to the observation tab in the asset
details to be looked at and fixed before the handover phase. See an example of

defects list view in figure 45 below.
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PURPOSE

= Introduction

i Add new entry
Hif Generate Report
i Get Asset

N Track Structure
# Update table

i Upload file (xisx)
VIEW EXISTED FORMS

21 View Quick Reports
[ View Archived Quick Reports
%] Defect & snagging Report

VIEW STOCK REGISTER

21 View Stock Register
[¥] Chainage To Markerpost Converter

GATES

B log Out
i= Home

®, M1SM Home Page

STTC REpPUITNY OySIeNT (Z200)

Filter Choices were
Location:  'Link 08'

. Download Report - xslx
Asset Type: N/A

ASSET (6677): TRANSMISSION-CHAMBER-CHAMB. SYSTEM[TRANSMISSION]

Ibrahim Al- Link 2018-10-12 Draw cord missing from longitudinal lbrahim Al- 2018-10-14 Ch 199-200.

253 Ghraify T 2B00A g 08:00:00 duct McGann Costain Gty COSED Topoomo Done

ASSET (6611): TRANSMISSION-CHAMBER-CHAMA. SYSTEM[TRANSMISSION]

Ibrahim Al- Link 2016-10-12 Grout required in pre-cast chamber apron lifting Ibrahim Al-

240 Ghraify 2 2837A 08 08:00:00 eyes MeCann Costain Ghraify OPEN

ASSET (6610): TRANSMISSION-CHAMBER-CHAMB. SYSTEM[TRANSMISSION]

239 lorahim Al-Ghraify 2 258/0A Link 08 2016-10-12 08:00:00  Joint suppert bar required McCann Costain  Ibrahim A-Ghraify CLOSED 2016-10-14 00:00:00 Ch 167. Done

Figure 45: CATS: defects list view
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o Tracking and managing defects

CATS has a special process to report, manage and track defects and snagging as
shown below. CATS provides the functionality to report a defect, update its details
while keeping a history of updates, assign an action owner, close the report and
request further details if required. All this data is linked to the assets and is provided
to the handover team when required to be communicated to the client. See an example
of a defect report page in figure 46 below.
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Home Page

“ WORK DEFECT REPORT DETAILS

WORK REPORT ID 3086 CREATED BY

(1533): SIG-IND-

AMIAS®,

Drawing: HA549342-
Asset Details AMAR - HMC - SW LOCATION
REPORT DATE |2018-12-12 14:16:03 | DETAILS
LOGGING TYPE [progress | CONCERN WHOM
ASSIGNED TO USER | Ibrahim Al-Ghraify | ASSIGNED ON
OSERVATION TYPE [Unsatisfactory |

&=

Markerpost
[184/4+378B]
Chainage [18448]
Link [Link 2]

Comms cable to gantry
too short. MNeed
replacement, so
couldn't SAT1

[NOT LISTED - SPECIFY |

[Updaled date |

" IMAGES ATTACHED

Figure 46: CATS defect report page
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o Dashboard to quickly view the Defects progress

CATS provides a quick dashboard specific to the defects divided by how the working
sites are divided i usually by links, and a link is a segment of road between 2 junctions
or a junction and a service in the motorway. The colour code of green and red refers
to red-active reports still to be progressed and green means defects are completed
successfully. See figure 47 below.

PURPOSE Construction Asset Tracking System - CATS

== Introduction

MENU

W Add new entry
{If Generate Report
W Get Asset

# Update table .
i Upload file (xisx)

N Track Structure

VIEW EXISTED FORMS

1 View Quick Reports

& View Archived Quick Reports

[ Defect & snagging Report
VIEW STOCK REGISTER

&1 View Stock Register
[1 Chainage To Markerpost Converter

GATES
Snagging Reports Completion (236)

00000C

LINK 07 (32) LINK 08 (48) LINK 09 {5) LINK 10 (58) LINK 11 (83) LINK 12

0 logOut
2= Home
P M1SM Home Page

Get Reports

Figure 47: CATS - defects dashboard

0 Labour Allocation Sheet

The Labour Allocation Sheet is a form that is created by a foreman who manages a
group of workers (called a gang) allocated to a specific work in a specific location using
a specific tool for a specific number of hours. All this information is then passed to the
accountants authorised to make a payment to the subcontractor where the gang
member belongs to. Labour Allocation Sheets also help in planning what tool is

needed at any location within the project, and if any tool is needed where to find it and
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who is managing it. See figure 48 below with an example of digital labour allocation
sheet form.

Foreman |brahim Foreman On Date 2020-11-06

EMAIL TO lbrahim Foreman - ‘ EDIT - Add New

Create an exact copy for foreman On

Activity/Labour&Plant employee1 Employee2 1 Employee3 N Employeed Dozer 8 Ton 360

DRAINAGE cHmm  (DW500 u u D D u D

FENCING cH3340100  |DW300 ﬂ L u

Installing Fence orocrkn [V ﬂ D E E B B
TOTAL HOUR B 8 0 E ¢ !

Submit Sheet

Figure 48: CATS 1 digital labour allocation sheet form

0 Asset Inspection and Test Plan (ITP)
Every asset type has an Inspection and Test Plan linked to it. This is a group of
activities set together to control the installation and to make sure safety and quality
are being included into the installation. Each task within the plan could have 1-3
signatures from the subcontractor, contractor and the quality manager. Depending on
if it has a hold point, it requires all 3 signatures after completion or not. See an ITP

example in figure 49 below.
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Inspection Check Sheet - Chamber Installation

Contract Name: M1 J32 lo J352 Smart Motorways Cliont: Costain ICS Ref: CHI/
Section: Drawing Reference :
Signatures
Work
Chamber Requirements
Record McCann Costain Client -

Marker Post or Chainage Reference
Chamber Type (A, B or MC)

Joints in Chamber (PJ or N/A)
Offset from face of kerb (m)
Chamber depth (mm)

Chamber width (mm)

Chamber length (mm)

Plumb and lovel (v')

Drainage Option Installed {1 0r 2)

Ducts square with correct clearance (¥)
Step irons installed (vor NIA)

Cable baarers Installed (vor N/IA)
Concrete surround (v or N/A)

Selected backfill compacted (vor NIA)
Covar & frame instalied {v)

Frame flush with Internal chamber face (v)
Security Option installed (v'or N/A)
Interrupter ports installed (vor NIA)
Concrote apron ciw rebar (vor N/A)
Redaining structure installed (v or NJA)
Handrail Installed (v or NIA)

Terminator Installed over sub-ducts(v'or NIA)
Ducts trimmed and secaled (v')

Machanical bungs installed (v)

Chamber cleaned (')

Nomad Labels fitted (v')

Final Inspection (v)

Figure 49: Chamber ITP paper form used in M1SM project

CATS digitises the form with an engine to control the move from one task to the next
depending on the task importance and if it requires a signature from all accountable
parties or not. Accountable parties are being contacted by email notifications once the

task is completed and a signature is required. See figure 50 for an ITP form in CATS.
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ITP

M1 J28-31 Managed Motorways ‘1‘:-:;*

El Plinth and Cabinet Install

Drg. Ret * A5G4I AT Rev.[Fr ]

Location * o : Chainage From.

o [ |

(1-2) Safe Systems of Work & Design Information
RAME Agproval Iscued RAMS No | ANMS No
Authonsad MAR. MAR No PAH No
Authonzad FOCOf apphcable) FCCNo. - CC No

Attac =
s Controlled By CGT Code Sub-Con Code IQVT Code COMMENT -
Image Created

Enter comment,

Entaer comeent

moax 150 char

CHEAS BTN KRGO

Enter comment,
max 158 char
e

Figure 50: CATS - digital ITP form
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8.2.7 CATS Dashboard and Reporting

CATS has an interactive dashboard (figure 51), which provides a visual representation
of the status for each asset type. This is colour coded to indicate the status of the
completed and still in progress assets. When clicking on any of the bars, it filters out
all assets in the database to show the ones chosen with the ability to export the filtered
assets in Microsoft Excel format.

204



= FifulaTar

LbY

O e B

i
Ll Tarsepm D

i L Al

] mi

F Ui

W LGk RS
WA T R T O

= vl e Ry
0 el B Vel s Mg te

o il Nk M

|1 R LRLY,
g

& i s “mjm

B g Darm s

Dishboard  Status Repoit Miga Defect Raport  DefectMew  Progress

Frrrguari e Sk’ Frogyras T haebu e D8s

B - w'el (B Vel e csbadalen [N s @ e Pl - it “Jorml [ el s epiem
| SRS R F N R (erin]

g b U

<o | . 277 votatad

. I

wosion | ] 2 italied

cesn | [ 0 intalled

AELS (1 Inw
——

e ] e

S [T

T T "

Figure 51: CATS asset dashboard
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8.3  Application Features identified from literature

In section 7.1, we discussed the common features of the existing applications found
in academic literature. Those features were categorised in core asset models,
research objectives, and system factors features.

This section will discuss how CATS satisfies these features.

8.3.1 Core System Model
This includes the following
0 Asset model and Meta-data
This feature was fulfilled by an asset model enhanced with metadata that confirms to
the clientds (National Hi ghways) databases ¢
that the CATS asset model has the right metadata, a thorough investigation of Asset
Database Management Manual (ADMM) was done before creating CATS asset tables.

0 Activity model
A thorough understanding of the construction process and documents involved in the
construction build process was investigated to come out with activities and tasks
models. This includes Inspection and Test Plans (ITP), Non-Conformance Reports
(NCR), etc.

0 Document model
Reading and understanding design, management, and programme documents was
vital to understand the day-to-day job of the construction projects. This practice has
resulted in a design finder map that links location on the working site with the right
documents stored in Common Data Environment (CDE)

0 Group and sub-group
Understanding the ADMM classifications of different asset types shaped the
hierarchical relationship between assets in CATS. For example, concrete foundation
is a parent of a column, which is a parent of a beam, that is a parent of a sign/signal.
Also, tasks related to a specific asset type in any location on the site, can be attached
to the same asset type but in a different location. This increases CATS automation of
assigning which group does the asset belong to and assigning common tasks to it with
ability to change and modify it where required.

0 Location
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Assets come in different types and must be installed in different locations, with
examples of types being point, linear, area and volumetric assets. Therefore, it is vital

to model the representations of an assetos

other systems smoothly, especially at the time of handover where location is required
to fit the clientsd databases.

8.3.2 Features of this study objectives:
Study objectives were delivered by CATS in the sections of: Efficiency in cost & time,
Interoperability/ Integration, Self-Extensibility, and Future proof.

0 Efficiency in cost & time
Digitising the built process, offering a way to report defects and snags in the time of
action, and supporting handover process provided extra efficiency in saving cost and
time. This is clear in the interviewee

0 Integration
CATS provides a simple and easy way to input data into the system by uploading
Excel files and updating the data either manually or by uploading files with updated
asset data. CATS also simplifies the output data by providing a map to quickly
understand the progress of the work. Furthermore, CATS enables users to export an
Excel file which allows the manual update of the file if needed before uploading it to
the clientds databases.

0 Expandability, Flexibility and Future Proof
CATS provides a flexibility in the asset model that enables any type of assets to be
easily included and represented in CATS. This future proofing comes in the shape of
attaching a property to any assets that can add any features to any assets that are not
common or already exist. These properties of the assets are included with the assets
when it is exported to enable better integration. This is also the case when the activities
model has been created, as any activity can have one or many tasks which are treated

as properties of the activities.

8.3.3 System usage and user influences
Features of the software systems related to the way they have been used which
includes system usage, real-time data, and ability to share data with stakeholders has

been included in CATS. It offers accessibilities from different platforms like Windows
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and Mobile apps to provide real-time data input. This data is then analysed and viewed
live for better real-time reporting.

Table 6 below shows how CATS fulfilled the features of the core mode, the features

of research objectives, and the features of system factors that were set after
investigatingt he government s manuals and reports
discussed in section 6.1. Table 6 highlights in the last column how CATS is a coherent

model by fulfilling all the features that are set as requirements throughout this study in

section 5.9 and 7.1.
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Water
Interlinking Water Infrastru
Feature\Application Life-Cycle Field Pipeline cture
Data MIRE | data HAMP | RAMs | Database | Knowled | CAT
Spaces collection ge S
Databas
e
Features of the Core Asset Model
Asset model N N N N N N
Activity Model N N N N
Document Model N N N N
Data Structure N N N N
Data
interrelationship N N N N
s hierarchy
Groups and N N N
subgroups
Location N N N N N
Features of research objectives
Efficiency in cost N N N N N N N
& time
Interoperability/ N N N N
Integration
Self-Extensibility N
Future proof N N
Features of system factors
Usage
(Accessibility,
Different N N N
platforms, user
behaviour)
Real-time Data N N N
Data Sharing N N N N N

Table 6: Existing Applications and the relation with the Proposed Model Features 1

Research gaps
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8.4 Summary

This chapter discussed the software methodology of Agile that was followed in creating

the software platform of CATS accompanied with the functionality and screenshots.
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9.0 Evaluation of CATS by Interviewees

9.1 Introduction

Chapter 1 discusses the research motivation, while Chapter 2 explores the
government's objectives outlined in their plans and strategies for the construction
industry. Chapter 3 conducts a literature review of the challenges encountered by the
construction industry. Data collection and methodology are discussed in Chapter 4,
followed by an explanation of the current situation and the interviewees' views on the
issues and proposed solutions of these issues in Chapter 5. Chapter 8 introduces the
CATS model developed as a solution for digitising the construction industry, aiming to
meet governmental requirements and the interviewees' wish list of features to address

current industry practices.

In this chapter, the interviewees reflect on how CATS addresses the problems they
encounter in managing construction (Section 9.2). Section 9.3 discusses the
interviewees' overall thoughts on CATS, how it could be improved, and what should
be done next. In Section 9.4, industry recognition of CATS will be discussed before

summarising the chapter in Section 9.5..

9.2 Evaluation by Interviewees of How CATS helps in Dealing with the Problems

This section discusses what the interviewees think about CATS and how it helps
answer their views on major problems. All the interviewees saw a clear need for CATS
or a similar tool. For example, P1 emphasised how important it was for contractors

when she said

Al f we dondt i mplement something | ike th
behind and wonét become 6digital by defau

overrun etc. O

Moreover, Participant P3 in the interview data emphasises the necessity of achieving
BIM compliance to maintain a presence in the market and collaborate with the client,
specifically National Highways (NH). P3 highlights that an essential aspect of
improving processes is to raise awareness about any obstacles within the workflow,

enabling stakeholders to understand the ongoing developments
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9.2.1 Digitising Built Process

Commenting on the new digital way stemming from the project, P11 noted that
Acontractors wil/l be able to standardi s
This point was also suggested by P3 as he stated that having a

Astandardi sed method in place is useful f
delivery of construction projects is made. But also measuring them in
terms of not just financial but from time benefits and the agreed deliveries

iI's always wuseful o.

Regarding the point of how CATS would provide better ways of working and managing

construction projects, P12 expressed his positive views on CATS by saying

Al'"m a big fan of that. é I 'm very keen
there on creating vanilla, um plans and activities and then you can just
add those to all of your events and then you can take your way through
them all, and I think that's particularly important because sometimes
you're doing things individually per asset and you're working way through
your workflow and on other occasions we might be working on one work

activity across multiple assetso
He also added
Athe ability to modify your work

when he expressed his views on how future proof the systems should be and this is
what CATS has as functionality features of adding tasks to any chain of activities

whenever required. Moreover, P6 added that
Aand making decisions based on where yol

This means that managing projects digitally enables a better decision making process,

allowing it to be quicker and more accurate.
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It is important to explore how the CATS map interface, along with the color-coded
system (refer to the Map View in section 8.2.6), facilitates the management team in
swiftly identifying the extent of completed and ongoing construction by simply filtering
assets on the map. This was praised by P7 when a comparison of documentation

progress percentages is a must to know and how CATS may help in this when he said

Al | i ked what you showed there on the app
code, and that's what | was trying to get the guys in BIM to do for me, so
that we could say because documentation was so important to give you
the go or the no go. If we could demonstrate through the BIM as it comes
through our database and it updates, the BIM automatically shows
completion. Then we colour code different layers in the BIM. You have a
pictorial image of all the pipelines and gas lines and all the other
processes and you can see exactly where you were in terms of

documentati ono

P3 also expressed his view on how CATS wunder

maps and Geographical Information System (GIS) to report the construction progress

Al |i ke the fact that there is an underst
visually | think that looks quite good as well. You know, | think especially
the GIS. Maybe SHE [Safety, Health and Environment] got captured

there. | think that's all very useful. So yeah, quite. | think conceptually,
y eah, |l think that's a good i dea

P2 specified how CATS confirms real-time data collection and reporting

ACATS is resilient in terms of data integ
to real time é so that's the other benef.i
absolutely at point of delivery. So the

Additionally, one of the supportive feedback items from the participants regarding

CATS was from P11 when he stated
GLOGYE | y2 ONIAYSNW LG Aa (GKS ¢gle& ¢S aKzdz
the activities, and you get real time data. Everything we were talking about eatrlier is,

you know, what needs to happen, how we can improve this system, onsykke this
I NE GKS ¢gF@& FT2NBI NREO

213



His opinion came from a real experience of CATS outputting data in a format that is
user friendly to enable a quicker and easier handover process. P5 also agreed with

the previous claim when he said

ACATS is a great tool for structu

and P2 summarised it by expressing his opinion saying

Aithe transition from our current way of
environment. Uh, itis a step change, It's a fundamental change in how we

wor k éeo.
Moreover, P12 expressed that CATS helps in identifying critical resources

AAnd what that wil!/l help with is identif)
only going to get the traffic management guy involved when you've got

half mile stuff ready, then once you understand that, you understand how

to do your scheduling around critical resources, and that would be a great

advantageo.

9.2.2 Cost and Time Savings
P1 expressed the importance of using CATS in construction projects by touching the
aspect of keeping spending more cost and time as long as construction projects are

away from digitising their built process

Al think it is the way we should be hea
something |ike these systems, we will get
odigital by defaultd. Schemes will <cos

9.2.3 Design Specifications

CATS supports data integrity, scalability, good performance, availability and security.
It also supports apps that work offline by storing the data locally until the device has

an internet connection to sync the data to the data store.

CATS was designed to work on different platforms using internet and web based

applications such as Google Chrome or Microsoft Edge. It was also created with a
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couple of supported applications working on Android systems to capture reports and
updated progress.

The asset model of CATS was designed to host any type of existing assets and any
new assets may be added in the future, as it categorises assets within 4 levels and
builds a relationship between them as parent and child.

9.3 Interviewees Assessment of CATS and how it could be improved

P1 mentioned the need to make CATS more user specific and friendly, appreciate
feedback from the end users, and avoid project specific customisation as mentioned

here
AMake it more end user specific and frie
onerous. Dondét use customisation per pro
bottom up and the top down, dondt just f

However, P9 and P2 stress the need to develop CATS further and take it out from
being a proof of concept to being adopted and developed further to include all
construction phases from planning and design through to maintenance and operation

as P2 stated here

AWe obviously need to develop CATS from ¢t
to a functional suite software. So those can go hand in hand, but what we
need to do is design, the production approach and CATS. At the same
time, hand in hand so that they supporte ach ot her €é You try to
something that's radically different. People immediately switch off. They
don't want to know, they want to go back to working with post it notes and
drawings marked up with ballpoint pen, so you know, breaking that

behaviou r . Um? Obstruction I s fundamen:

in order to describe the importance of tackling human resistance factors.

The importance of capturing data in real-time on the spot once it happens is a point

that is discussed by P3
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Al think a | ot of that is down to captur.i
think getting an understanding of where you are now helps at least shape

[ what] your next steps are going to b

Moreover, P13, P12, P8, P7, P6 and P4 argue the need to have a platform that
integrates with other systems and apps in use, and to make sure to continuously adapt
to changes and client needs, P4 said

Al think that's the way you're doing i1t i
will give you all the tools you need to deliver a project, along with

continuously adapting to changes and

P5 mentions that CATS needs to be extensible to host more asset types such as civil

assets (drainage, champers, etcé) as he stat

ACATS is a great tool for structures but
i ncorporates the HE SRN (Chainages, nodes
CATS must be as per ADMM requirements, attributes in the correct order
for either IAM-IS (see section 6.2.5) or CONFIRM databases®, 0

Also the extraction of CATS should conform to the National Highways (NH) manual

and database structure.

P12 stresses that Information Systems and CATS might need to adopt the ability to

update work strings as he mentioned here

Athe ability to modify your work string.
have seemed exactly right when you started, and so with some sort of

within some sort of breakdown stru

9.4 Industry Recognition of CAT-S echFest Shortlisted
CATS was shortlisted to win TechFest Award in 2018 as shown on the screenshot
bel ow in ABest Use of Technology: Enabling S

Team, including myself, had to present and answer questions in a live judgemental

6 Confirm Database: the database that handover process report to, which contains references to all
other databases
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panel in front of other attendees from the industry. See figure 52 for details published
in 2018.

= NCE TechFest Awards 2022 - X +

C O @ techfest.newcivilengineer.com

New Civil Engineer

TechFest.

RS W RAAY AA BaAR

Ie(.nﬁ? st. ‘

3 IVALOF It ¥ (ATIONAND % T Y2018

~l
chy”
<

Best Use of Technology: Enabling Smart
Infrastructure (Live Judged)

Winner:
Valerann, Making roads smart
Shortlist:

* AECOM, AECOM’s Trackbed Analysis and Modelling
Performance application (TAMP)
Centre for Smartinfrastructure and Construction,

University of Cambridge, Automatic System for
Generating

Semantically Enriched Bridge Information Models of
Existing Reinforced Concrete (RC) Bridges

Centre for Smart Infrastructure and Construction,
University of Cambridge, Enhanced Digital Twin of Roads
Centre for Smart Infrastructure and Construction,
University of Cambridge, Automated digitisation of
Industrial assets

Costain, Costain Remote Maintenance Access System
(RMAS)

Costain, CATS - Construction Asset Tracking System
Highways England, UKCITE

SenSat, End to end Smart City design

Figure 52: TechFest publishing CATS
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9.5 Summary

Interviewees evaluate CATS and its effectiveness in addressing construction
management problems. They express a clear need for CATS or similar tools,
emphasising its importance for contractors to avoid falling behind in the digital
transformation of the industry. Participants highlight CATS's role in standardising
processes, improving workflow efficiency, and enabling better decision-making
through real-time data collection and reporting. They praise features like the map
interface, which facilitates asset tracking and documentation progress. Additionally,
interviewees recognize CATS's potential for cost and time savings and its ability to
support various platforms and offline functionality. In Section 9.3, suggestions for
CATS improvement include making it more user-friendly, expanding its functionality to
cover all construction phases, and ensuring integration with other systems and apps.
There's also a call for CATS to be adaptable to changing client needs and to support
a wider range of asset types. Overall, interviewees acknowledge CATS as a valuable
tool for modernising construction management practices but suggest further

enhancements to maximise its effectiveness.

Interviewees express their views on the components any digital model should have,
as summarised in Table 5 in Section 7.2, and compare these features with existing
solutions, including CATS, in Sections 6.1 and 8.3. Table 6 in Section 8.3 confirms

that CATS meets the wish list requested by the interviewees.
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10.0 Discussion

This chapter delves into a discussion of CATS and how it benefited the industry and
academia. The history of CATS is stressed in section 10.1 followed by an assessment
of CATS in section 10.2. section 10.3 talks about the way ahead of CATS before
highlighting the overall assessment of the project.

10.1 Chronology

The project was conceived in 2014 and started in January 2015. The two main
motivations for the project were the govern
basis of government construction projects from 2025 onwards (Chapter 2), and
Cost ai n 0 s mplogesthe eféciericyoof donstruction management (Chapter 3). |
specified and developed CATS between 2015 and 2018. The specification was based
on my knowledge of highways construction gained from working at Costain
supplemented with conversations with colleagues at Costain, particularly Dave
McHugh, the Technology Integration Manager in Costain. The data collection
interviews detailed in Chapter 4 took place between September and December of
2020. Their purpose was a combination of evaluating CATS, introducing CATS to a
wider audience, and determining a list of requirements that an asset tracking system
should meet (Chapter 7).

The main advantage of this chronology was that the prototype, i.e., CATS, provided
the interviewees with a deeper understanding of the issues that the final asset tracking
system needs to deliver. This in turn stimulates more penetrative insights (Huber et
al., 2020).

A secondary advantage of the chronology was that the interviewees are providing an
independent assessment of the strengths and weaknesses of CATS, without reference
to a prior list of requirements they may have put forward before CATS was developed.
Consequently, the checking against the requirements in Table 4 (section 7.1.3) was a
separate (independent) validation stage as the requirements emanated from the

literature and the team | was a member of.
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10.2 Overall Assessment of CATS

10.2.1 Meeting the goals of conforming to the DBB

Following on the document review of National Highways policies and their Asset Data
Management Manual (ADMM), along with the interviewees feedback and thoughts,
CATS model has made significant progress towards digitising the construction build

process.

CATS revolutionises project delivery by adopting a methodology similar to the
streamlined processes of factory production lines, effectively digitising and optimising
the construction process. This system not only facilitates integration with other Control
Management Document System (CMDS) tools like Business Collaborator (BC) and
ProjectWise, as detailed in section 6.2.3, but also interfaces with the design phase. By
accepting asset data in the form of .csv or Excel files, CATS ensures a cohesive
connection between design and construction. Furthermore, CATS empowers users to
extract assets and activities data from the system at any time, enabling updates,
modifications, and inclusion in handover data or integration with BIM for a

comprehensive link between the design model and real-time construction data.

CATS as a digital system contributes to Total Quality Management (TQM) by
enhancing various aspects of quality control and assurance of construction projects.
For instance, CATS automate processes, and provide real-time data access and
reporting, allowing for quicker identification and resolution of quality issues. By
integrating CATS with TQM principles, construction projects can improve efficiency
(section 3.9), reduce errors (section 3.6.1), and enhance overall product and service
guality. Digital tools such as CATS, automated inspection systems, and real-time
monitoring systems facilitate data collection, analysis, and decision-making, enabling

construction projects to implement TQM practices more effectively.

Regarding cost and time saving, CATS implemented the ideas from the interviews
within its process, while it stores data in the time of activity and uses one single source
of truth as its data store, it enables real-time reporting and saves the time of an
administrator having to collate the information required for reporting to managers or
whenever it is needed for a handover stage. CATS also has the ability to export the

data in Microsoft Excel format in the structure of the National Highways (NH)
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databases such as TPMS to enable quicker and easier reporting process and to save
the handover team time in collating this information when compared to traditional ways

of handling the hand over process.

The CATS functionality in road building construction, which includes real-time
reporting of work progress, documentation and image upload, and defect or snagging
reports, enhances the system's goal of saving costs and time in reworking by enabling
a proactive approach to work through real-time reporting and dashboards linked to
CATS. These dashboards provide insights into the number and location of defect
reports, the percentage completion of tasks, and links to the construction process and
specific assets. All of these features empower CATS users to take action when
necessary, preventing issues from escalating and avoiding costly delays, especially
during critical project phases such as when projects are open to traffic.

In terms of its influence on societal aspects, communication, and collaboration, CATS
introduces a link between the construction site and the production line reporting screen
in project offices. This connection is established on real-time data, directly sourced
from the site whenever a defect or non-conformance report is created. In urgent
situations, such as a member of the public accidentally driving into a construction site
requiring immediate traffic management intervention, CATS will notify the appropriate
team in the office for prompt action. For instance, CATS would trigger a notification to
the traffic management team and assign them the task of leading the individual out of

the site safely.

When it comes to addressing behaviour issues from the CATSO perspective, the focus
was on creating a simpler process engine and a user-friendly interface. Users can
access most functionalities with just 2 or 3 clicks, making it more intuitive and easy to
use. The team was always available to answer any questions related to CATS, and
training sessions were organised for system testers to ensure smooth adoption and

understanding.

CATS shares knowledge with the team through a dashboard that can be extracted

and modified to be published to the rest of teams in a sign of a lessons learnt process.
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10.2.2 Future improvements of CATS

Adhering to the feedback provided by the interviewees regarding the improvements
that CATS need to have, itis recommended to take CATS further by applying its ability
to read files in different formats. This could also mean that it would be good if CATS
can automatically connect to the project management software to read in the planned
process of the project and automatically create short and long term plans of the project
work. Furthermore, the output of CATS is currently in Excel format. This also would be
bettertobeenhanced so that CATS could creat
management platforms such as Primavera 6. This was mentioned by P7 and recorded
in section 9.2.1 and 9.3 by P13, P12, P8, P7, P6 and P4.

Currently, CATS could be integrated with the BIM model using a location of assets, it
woul d be very beneficial to integrate
automation with BIM is simple and straight forward. This was also mentioned by P7
and recorded in section 9.2.1.

Standardisation of the build process is also needed between construction projects as
much as possible. Currently CATS deals with many forms of project management of
the build process such as Inspection and Test plans (ITP) (section 8.2.6). However,
more of enforcing a standard way of building assets may be recommended especially
if it comes from the client (National Highways) to make sure the majority, if not all,
construction projects are following the same standard in their project management

process.

Moreover, it is highly recommended to implement comprehensive reporting and
dashboards to support the project's senior management team in the decision-making
process. Currently, CATS's dashboard focuses on reporting the progress of asset
construction in terms of activities performed per asset. However, expanding reporting
to include procurement, cost, and subcontractors' progress could add more value to

the system. Reporting and the dashboard were discussed in section 5.6.4.1.

User experience is another area that could be improved in CATS. This could come in
the shape of creating an activity reporting app on all platforms to enhance the

experience of reporting the progress through their mobile devices. Currently, CATS
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has an android Work app with a simple user interface that may need an improvement.
The Apple platform does not yet have an app. This is because the CATS model was
developed as a prototype, rather than as a complete platform. This point was also
mentioned in section 9.3 by P2 and P9.

The importance for CATS to manage more than building technology assets but also
to include all civil assets such as pavements and walls was also recommended by the
interviewees in section 9.3. Currently, as CATS includes the data of technology assets
and drainage, it might be beneficial to include all civil assets of construction projects
too.

10.3 The Way Ahead

The discussion in section 10.2.2 shed a light on the field where CATS may need
improvements. Therefore, because CATS is just simply a prototype of a proof of
concept, it is recommended by the construction industry in general and Costain as
contractor, to adapt the model further to build a better version of it. This would include
better integration and a more user friendly system with enhanced reporting and
dashboards, besides standardising their build process to get the best outcome of the
CATS model.

Moreover, it is highly recommended to test the CATS model in another field of
construction such as the Water or Rail sectors. Being able to accommodate different
asset types in CATS makes it uniquely able to accept new assets such as Water
Pumps that are in use in the Water sector but not Highways. Also, train tracks are
another example of linear assets that are used in the Rail sector but not in Highways

and CATS could accommodate these too.

The data gathered in this project could also be considered as valuable insight to any
future researcher interested in managing the construction industry. It provides an
insight into how the current practices of construction projects are managed as well as

the existing drawbacks and the recommendations on how to tackle them.
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10.4 Overall Assessment of the Project

This project has evolved from its original goal of creating an asset tracking model for
the construction phase to providing assistance and support to the handover team
during the handover stage. This development journey involved integrating with the BIM
model and collecting reports on snags, safety, and inspection and test plans,

demonstrating how CATS has evolved over time.

However, the project's potential impact could be maximised if it were part of a research
group, allowing for workload division. This would enable the development of a
completed platform rather than just a prototype, which could be directly implemented

in the construction industry to enhance their work processes.

10.5 Summary

This chapter started with a project history with a motivation of where the idea was
initially developed. After that, an assessment of CATS and how it met the motivation
and goals was discussed before delving into the future improvements that were
recommended to be added to CATS. It then summarises the way ahead for CATS

followed by the overall project assessment by the researcher.
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11.0 Conclusion

11.1 Introduction

This chapter summarises the major results provided throughout the thesis. | evaluate
the study's accomplishment of its objectives and its contributions to the body of
knowledge in this area in section 11.2. | also assess this study's originality and its
usefulness in terms of the construction build process's digitalisation in section 11.3. |
also discuss the study's strengths and weaknesses in section 11.4 before making
suggestions for future research opportunities in section 11.5.

The current study investigated the possibility of digitising the construction industry,
with special reference to the build phase of the asset lifecycle. Its main goal was to
investigate what constructors and the supply chain need to do to be compliant with
Construction Strategy 2025, and therefore to explore the existing solutions and to
provide one coherent model that supports digitisation of the build process. This would
all ow better management of highways construc

BIM compliant.

Interviews with experienced staff members in Costain provided the core knowledge of
the functionality required from the CATS model. This was supplemented by National
Hi ghwaysd data manual s document s ( ADMM, coO
handover processes as well as existing models discussed in section 6.1. This was
then evaluated and assessed by participants with experience in the construction
process, including a director, project managers, BIM, technology and handover

managers in Costain.

The data collection phase involved the procurement of primary data through online
interviews using Microsoft Teams, primarily with Costain employees. Subsequently,
the collected data underwent thematic analysis to dive into the interview responses
and their implications. This process aimed to examine, identify, and gain a more
profound understanding of the main challenges, required solutions, and the alignment
of CATS functionality with the government's Construction Strategy 2025 and DBB

plan.
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11.2 Meeting the study aims and objectives

This study started in January 2015 at a time when there was not much literature
covering effective solutions for digitising highways construction industry. This was
particularly true of the domain of the build phase of the asset life cycle within the
practices of contractors such as Costain. Therefore, the main aim of this study was to
explore the existing solutions and to
6Di gital Built Britaind strategy and t
was published in 2013 by the government. After that, develop a cohesive platform to
fill the gaps in the current models.

This study achieved a deep understanding of the current settings of the construction
processes within Costain projects. The data gathered insight from employees in
Costain with roles of quality and technology directors, project managers, team
managers of technology and handover and BIM designers. To achieve the study aim,
the following research questions were addressed and current practices was examined
as follows:

0 QI1: What is needed to be done by highways contractors and supply chain

members to integrate with Digital Built Britain?

The challenges associated with traditional construction methods were evaluated
based on both literature and interview data. The literature review encompassed
existing solutions, the government's Digital Built Britain (DBB) plan, and the
enhancement of project quality through Information Systems (IS) as a Total Quality
Management (TQM) tool. This analysis highlighted the need for a cohesive digital
platform like CATS to address the issues identified in the interview data (discussed in
section 9.2), aligning with the government's Construction Strategy 2025 and DBB plan

while digitising the construction build process.
0 Q2: How well does the Construction Asset Tracking System (CATS) meet the
requirements of DBB and BIM compliance?

The answer to this question was enabled by identifying the core elements of CATS.

The core elements identified were the asset, activity, document and location (see
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section 7.1 and table 5 at section 7.2) accompanied with supporter sub-models of
groups, tasks and attributes that were used by CATS to store data (see section 8.2.3).
The data stored in these models are then used to efficiently support the handover
process as well as integrating to the raw assets within Building Information Modelling

(BI' M) for the project. The Iink with BI
from the database depending on the assetsbo

between both models (BIM and CATS), see section 8.2.4. The literature showed that
there was a lack of applications to combine all the model parts together to achieve this

M6 s

researchoés aim. This was remedied by CATS.

11.3 Research contributions

This study's main goal was to investigate what constructors and supply chain members
need to do to be compliant with Construction Strategy 2025. This research was
accomplished by gathering insights from industry experts including directors,
managers, and BIM designers. This research is notable for being the first of its sort in

the construction sector.

It became clear over the course of this investigation that there is a gap in the body of
knowledge about all-inclusive solutions for the construction build process. There are
not many comprehensive systems that can efficiently plan and monitor construction
operations, reduce rework, accelerate handover procedures, and conform to the DBB

plan.

From a practical standpoint, the significance of digitising the construction build process
and the need to produce knowledge for the benefit of the construction industry as a
whole, highlight the need to increase the volume of existing knowledge on Information
Technology (IT) in the construction sector. This research makes a significant
contribution to this body of knowledge and to the future strategies for digitising assets

during the construction phase.

A number of important conclusions came from the data analysis phase, including the
need to digitise the existing construction processes, address cost and time-saving
solutions while reducing rework, address societal issues like human behaviour,

political influences, and cultural settings, improve communication and collaboration
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among all stakeholders, and improve the design specifications for any proposed digital
platform.

Furthermore, this study is anticipated to be helpful to academia, particularly those in
the construction industry field, by advancing their knowledge and providing ideas for
future research in other phases of the asset lifecycle, such as the procurement and
operational and maintenance phases, and provide data gathered from experts in the
construction industry to tackle issues and problems currently happening in the

construction projects.

Finally, the link made between the quality field and digitising the construction industry
in Chapter 3 contributes to applying IT in Total Quality Management (TQM) within the
construction industry. This inputs advances field knowledge and aids researchers by

raising their level of awareness and comprehension.

11.4 Strengths and limitations of the study

There is a shortage of research on the digitisation of the construction build process
within the field of asset management. Moreover, no earlier study has investigated
these issues of current construction settings and applied suggested solutions using
gualitative approaches. As a result, the findings of the present study offer fresh
perspectives and enrich the understanding of what is needed to achieve digitisation
during the construction build phase in line with the government strategies and DBB

plan.

11.4.1 Strengths
The strengths of this study are as follows:
0 Contributing to the academic field by conducting a Literature Review in chapter
3 that filters out all papers in the field of construction industry in the Highways
field that discuss applications and features of digital systems currently in use

plus the gaps and issues that the construction industry currently suffers from.

O«

Contributing to the existing knowledge in the field of asset management and

the construction industry through the thematically analysed data.
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0 The production of the CATS model that can be adopted by highways
contractors and could be adopted by other sectors (i.e. water or rail) contractors
with minimal changes

The CATS data extraction is aligned with BIM structure and enhance the

O«

handover processes
0 The CATS model is a step that bridges the gap between contractor and

government 6s Construction strategy

11.4.2 Limitations
0 While this study is qualitative and based on data collected from one contractor
(Costain), it's important to note that this limitation doesn't render the study's
findings irrelevant. The insights gained from this study can be valuable for other
contractors as well, as they all work under a common client (NH) and aim to
align with Construction Strategy 2025 and achieve BIM compliance.

0 At the time of finishing this study, contractors have not advanced with the
adoption of new IT technology such as the Internet of Things and Digital Twin.
These could add more value if the CATS model was updated to be aligned with

new IT technologies that may influence the construction industry's future.

11.5 Recommendation for future work
Some of the models discussed in chapter 6 have included future work
recommendations, these comes in the shape of implementing more data integration
(Sitzabee et al., 2009) or applying the solution to the other phases of asset lifecycle
(McClure & Yuan, 2016; Yuan et al., 2017).

At the completion of this project, it became clear that there are several avenues for
more investigation regarding the broader field of asset management within
construction industry, this is also connected to the:
0 Investigating the possibility of using CATS in the Operation and Maintenance
(O&M) phase as well as the building phase of asset lifecycle, such as the
recommendations of McClure & Yuan (2016), and Yuan et al. (2017).
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0 A study is needed to investigate a way to provide a solution to the human
behaviour of resistance to change in adopting a more digital way of working
within the context of the highways construction industry.

O«

Leveraging the use of the CATS model and its functionality to reach out to other
sectors such as Water and Rail.

0 Investigating the possibilities of other phases of the asset lifecycle being linked
with CATS such as Design, Procurement, and Operation & Maintenance
phases. This would mean that BIM would integrate with the whole asset
lifecycle, not just the build phase. This is also aligned with Sitzabee et al. (2009).

11.6 concluding remarks

Chapter 11 provides a comprehensive summary of the main findings and contributions
of the thesis. In section 11.2, | evaluate how the study has achieved its objectives and
its contributions to the existing body of knowledge, focusing on the digitization of the
construction build process. Additionally, | assess the study's originality and its practical
usefulness in terms of aligning with the Construction Strategy 2025. In section 11.3, |
discuss the strengths and limitations of the research and suggest future research

opportunities in section 11.5.

The study aimed to explore the feasibility of digitising the construction industry,
particularly during the build phase of the asset lifecycle, to meet the objectives of
Construction Strategy 2025. Through interviews with industry professionals and a
thorough examination of existing solutions, the study identified the need for a
comprehensive digital platform like CATS to enhance highways construction projects

and achieve BIM compliance.

The data collection phase involved online interviews primarily with Costain employees,
supplemented by data manuals and existing solutions. Thematic analysis of the
interview responses aimed to uncover the main challenges, required solutions, and

the alignment of CATS functionality with the government's strategies.

The study's achievement of its aims and objectives is evaluated by gathering insights

from industry experts, including directors, managers, and BIM designers, the study
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gained a deep understanding of current construction processes and identified areas
for improvement. Research questions were formulated and addressed, focusing on
the integration of highways contractors with Digital Built Britain and the effectiveness
of CATS in meeting DBB and BIM compliance requirements.

Furthermore, the study's contributions to the field has filled a gap in the knowledge of
comprehensive solutions for the construction build process, providing insights into
planning, monitoring, and improving construction operations. The study emphasises
the significance of digitising the construction build process and contributes valuable
knowledge to academia and the industry.

The strengths of the study lie in its thorough literature review, thematic analysis of
data, and the development of the CATS model. However, limitations include the
gualitative nature of the study being focused on one contractor, Costain.

The recommendations for future research are exploring CATS implementation in the
Operation and Maintenance phase, addressing resistance to change in adopting
digital practices, and extending CATS functionality to other sectors like Water and Rail.
Overall, the study's findings offer valuable insights and open avenues for further

investigation in the digitization of the construction industry.

231



References

Abdullah, S., Tahar, K. N., Rashid, M. F. A, Osoman, M. A., & Abdullah, F. (2021). The
Production of Assets Inventory by using a -8@@ree Camera Mobile Mapping System
in Langkawi, Malaysi#OP Conference Series: Earth and Environmental SCr&v¢e).
https://doi.org/10.1088/17551315/767/1/012012

AbouZeid, A., Russell, J. S., Hanna, A. S., & Park, S. C. (1995). Data flow model for
communications between project participants in a highway bridge prof€enadian
Journal of Civil EngineerifizR(6), 1224-1234. https://doi.org/10.1139/195140

Agency, H. (2015). Highways Agency Business Plan 202620. The Guardian
https://www.gov.uk/government/publications/highwayenglandstrategicbusiness
plan-2015t0-2020

Ahuja, V., Yang, J., & Shankar, R. (2010). Benchmarking Framework to Measure Extent of ICT
Adoption for Building Project Managementournal of Construction Engineering and
Management 136(5), 538545. https://doi.org/10.1061/(ASCE)CO.194862.0000155

Alshboul, O., Shehadeh, A., & Hamedat, O. (2023). Development of integrated asset
management model for highway facilities based on risk evaluatiernational Journal
of Construction Management 23(8), 1355-1364.
https://doi.org/10.1080/15623599.2021.1972204

Arditi, D., & Gunaydin, M. (1997). Total quality management in the construction process.
International Journal of Project Managemeh®(4), 235-244.

Aslam, H. M., & Tarmizi, H. A. (2018). Intelligent BIM record model for effective asset
management of constructed facilitt]ATEC Web of Conferenc&85, 6004.

Atkinson, R., & Flint, J. (2001). Accessing Hidden andtblitdach Populations: Snowball
Research Strategies. Social Research Update 33.
https://sru.soc.surrey.ac.uk/SRU33.html

Aziz, Z., Riaz, Z., & Arslan, M. (200&yeraging BIM and Big Data to deliver well maintained
highways Facilities 35(13-14), 818832. https://doi.org/10.1108/F02-2016-0021

BAM. (2015). are-the-governments-construction2025targets-achievable

https://www.bam.co.uk/mediacentre/blog/bamblog/2015/03/20/arethe-

governments-construction2025targetsachievable

Barker, K. (2013). SME reaction to Construction 2@2bstruction News
BIM Industry Working Group. (2011). A report for the Government Construction Client Group

232


https://www.bam.co.uk/media-centre/blog/bamblog/2015/03/20/are-the-government-s-construction-2025-targets-achievable
https://www.bam.co.uk/media-centre/blog/bamblog/2015/03/20/are-the-government-s-construction-2025-targets-achievable

- March 2011. Communications March, 107. http://www.bimtaskgroup.org/wp
content/uploads/2012/03/BIBIM-strategy-Report.pdf

Braun, V., & Clarke, V. (2006). Using thematic analysis in psychQlagitative Research in
Psychology3(2), 77#101. https://doi.org/10.1191/1478088706qp0630a

Brown, R. E., & Spare, J. H. (2004). Asset management, risk, and distribution system planning.
IEEE PES Power Systems Conference and Exposition, 2004.
https://doi.org/10.1109/PSCE.2004.1397445

Bryman. A. (2016%50cial research methods 5th editi@th ed.). Oxford University Press.

Bryman, A. (2008%o0cial research method3rd ed.). Oxford University Press.

Chileshe, N. (2007). Quality management concepts, principles, tools and philosophies: A valid

methodology for deployment within UK constructioelated SMEs.Journal of

Engineering, Design and Technology 5(1), 4967.
https://doi.org/10.1108/17260530710746605
Cl ar k, T. , Foster, L., Sl oan, L., Bryman,

methods. InSocial research methodSixth edit). Oxford University Press.

Costain. (2013)Costain Business model

Cresswell, J., & Miller, D. (2000). Determining Validity in Qualitative Inquiry (ppl3@4

David Kynaston. (2023). A Northern Wind: Britain 2662Bloomsbury.

Dehlin, S., & Olofsson, T. (2008). An evaluation model for ICT investments in construction
projects. Electronic Journal of Information Technology in ConstrucfidfSeptember
2007), 343361.

Department for Business: Innovation and Skills. (2013). UK Construction: An economic
analysis of the sectolJK Constructiarl(7), 43.

Deuff, D., & Cosquer, M. (2013®)serCentered Agile Metho(lLst ed.). John Wiley & Sons,
Incorporated; ProQuest Ebook Central,.
https://ebookcentral.proquest.com/lib/sheffield/detail.action?docID=1187167

Ding, L., Zhou, Y., & Akinci, B. (2014). Building Information Modeling (BIM) application
framework: The process of expanding from 3D to computable Allomation in
Construction46, 82-93. https://doi.org/10.1016/j.autcon.2014.04.009

Dolezilek, D. J., & Ayers, L. M. (2001). Using dynamitimealsubstation information to
reinvent asset managementransmission and Distribution Conference and Exposition,

2001 IEEE/PE®)C), 90£906.

233



Dziekonski, K., Mascarenhas, F., Mahamadu, A. M., & Manu, P. (2023). Investigation into the
Key Barriers to Achieving UK EnGioesrsig r uct i
Management in Production and Servic#S(4), 116-127. https://doi.org/10.2478/emy
20230032

Ehsan, N., Ali, E. S., & Mirza, I. (20Ebymulation of road asset management system of
Pakistan Remote Sensing, Environment and Transportation Engineering (RSETE), 2011
International Conference Q82818284 .https://doi.org/10.1109/RSETE.2011.5964083

Institute of Civil Engineering (2020). Procuring Improved Construction Productivity Guidance
Note. Institute of Civil Engineering 210252 1-10.
https://www.ice.org.uk/media/dfliqonn/202207-25
pag_procurement_productivity note_final.pdf

Fan, Y., &Yin, Y. (2020). Research on Asset Management in Construction Phase of PPP Project
- - Based on Tracking Auditing Perspectl@P Conference Series: Materials Science and
Engineering768(5). https://doi.org/10.1088/1757%899X/768/5/052046

Fitzpatrick, T. (2013). Industry reacts to Construction 20@2fmstruction News

Floros, G. S., & Ellul, C. (2021)SS of INFORMATION during DESIGN & CONSTRUCTION for
HIGHWAYS ASSET MANAGEMENT: A GEOBIM PERSFEERBVEnnals of the
Photogrammetry, Remote Sensing and Spatial Information Scie8{d84/2-2021), 83
90. https://doi.org/10.5194/isprsannalsVIIFM-W2-2021-83-2021

Fukuda, R. (2018Ledac: A tool for continuous systematic improvengést ed.). Routledge.

Rezahoseini, A., Noori, S., Ghannadpour, S. F., & Bodaghi, M. (2019). Reducing rework and
increasing the civil projects quality, through Total Quality Management (TQM), by using
the concept of building information modeling (BIMpurnal of Industrial and Systems
Engineering12(1), 0. http://www.jise.ir/article_76543.htm|

Gi fford, J. L., & Carlisl e, W. H. (2004) .
performance measurement and reporting system going the full mohtgnsportation
Research Recori895 207219. https://doi.org/10.3141/1895826

Golafshani, N. (2003). Understanding Reliability and Validity in Qualitative Res&hech.
Qualitative Report8(4), 597606. https://doi.org/10.46743/21663715/2003.1870

Green, S. (2013). At it again: Critique of U

Construction Research and Innovation 4(3), 12-15.

https://doi.org/10.1080/20450249.2013.11873892

234


https://doi.org/10.1109/RSETE.2011.5964083
https://doi.org/10.1088/1757-899X/768/5/052046
https://doi.org/10.46743/2160-3715/2003.1870
https://doi.org/10.1080/20450249.2013.11873892

Gruneberg, S. (2018). A strategic approach to the UK construction indOgtim: Routledge
https://www.routledge.com/AStrategicApproachto-the-UK-Construction
Industry/Gruneberg/p/book/9781032178486

Hall, G. T. H. M. (2023). Meeting with Graeme for Project ProOedisie Meeting

Hanley, B. P., & Clayton, R. J. (2008). Smarter Asset Management for RenewableERhergy.
Institution of Engineering and Technolog®20 1-6.

Hardy, E. (2014). Construction 2025: how Considerate Constructors Scheme is helping to build
the future of the industryConstruction News

Harisson, F. & Lock, D. (201&jvanced project management: a structured approédh
Edition). Routledge.

Haupt, T. C., & Whiteman, D. E. (2004). Inhibiting factors of implementing total quality
management on construction sitesThe TQM Magazine 16(3), 166-173.
https://doi.org/10.1108/09544780410532891

He, Y., Song, Z., & Liu, Z. (2017). Updating highway asset inventory using airborne LiDAR.
Measurement: Journal of the International Measurement Confederatiofy 132-141.
https://doi.org/10.1016/j.measurement.2017.03.026

HM Government. (2012). Industrial strategy: government and industry in partnership,
Building Information Modeling (BIM).HM, Vol.1Feb2009), pp 22831.
https://doi.org/10.1016/j.aei.2007.03.001

HM Government. (2013).-€onstruction 2025. Industrial Strategy: Government and industry
in partnership. UK Governmentuly 78. https://doi.org/HM Government.

HM Government. (2015). Digital Built Britain Level 3 Building Information Modelling
Strategic PlanJK Governmentebruary 1-47.

HM Government. (2017Boosting construction productivity could deliver £15 billion savings
every year https://www.gov.uk/government/news/boostingonstructionproductivity-
could-deliver15-billion-savingseveryyear

HMSO. (2011). Government  Construction StrategyConstruction  May.
http://www.cabinetoffice.gov.uk/sites/default/files/resources/Government
ConstructionStrategy 0.pdf %5B [Accessed 23.11.11]

Highways Agency. (2014). Asset Data Management Manual, Appendi&eimalighways
AgencyVol. 71, Issue 9).

Hove, S. E., & Anda, B. (2005). Experiences from conductingssaatured interviews in

235



empirical software engineering researdProceedings International Software Metrics
Symposium2005Metrics), 16-23. https://doi.org/10.1109/METRICS.2005.24
Huber, T. L., Winkler, M. A. E., Dibbern, J., & Brown, C. V. (2020). The use of prototypes to

bridge knowledge boundaries in agile software developméntormation Systems
Journa) 30(2), 276-294. https://doi.org/10.1111/is].12261

Index., C. (2017)ndustry targets are not being measured

Jonassen, D., Davidson, M., Collins, M., Campbell, J., & Haag, B. B. (1995). Constructivism and
computer-medi at ed ¢ ommu n Amesadarn Joumal bf Distahcest a n ¢
Education9(2), ~26. https://doi.org/10.1080/08923649509526885

Jung, J. K., Sinha, S. K., & Whittle, L. G. (2014). Development of a Water Infrastructure
Knowledge Database.Journal of Infrastructure Systems20(1), 04013006.
https://doi.org/10.1061/(ASCE)IS.19535X.0000163

King, N., & Horrocks, C. (201M)terviews in qualitative researcfC. Horrocks (ed.)). Los
Angeles: SAGE, 2010.

Kostic, T. (2003). Asset management in electrical utilities: how many facets it actually has.
2003 IEEE Power Engineering Society General Meeting (IEEE Cat. No.03CH37491)
https://doi.org/10.1109/PES.2003.1267182

Landers, J. (2008). Water Pipeline Database Will Improve Asset Manage@igiht.
Engineering (08857024), American Society of Civil Engineers

Le, T., & Jeong, H.D. (2016). Interlinkingdifele data spaces to support decision making in
highway asset management. Automation in Constructign 64, 54-64.
https://doi.org/10.1016/j.autcon.2015.12.016

Le, T., Le, C., & Jeong, H.D. (20Li83cycle Data Modeling to Support Transferring Preject
Oriented Data to AssdDriented Systems in Transportation Projectkurnal of
Management in Engineering34(4), +13. https://doi.org/10.1061/(asce)me.1943
5479.0000620

Lewis, J. (2009). Redefining Qualitative Methods: Believability in the Fifth Moment.

International Journal of Qualitative Methods  8(2), H14.
https://doi.org/10.1177/160940690900800201
Li, H. (1996). The role of | T mBuiddangResearthn c on

& Information 24(2), 124-127. https://doi.org/10.1080/09613219608727512
Lincoln, Y. S., & Guba, E. G. (198Bturalistic inquiry(E. G. Guba (ed.)Beverly Hills,

236


https://doi.org/10.1109/METRICS.2005.24
https://doi.org/10.1111/isj.12261

California.

Malterud, K. (2001). Qualitative research (en medicina): standards, challenges, and
guidelines.: EBSCOhosQualitative Research SerjeS858August, 11), 483188.
http://web.a.ebscohost.com.eza.udesa.edu.ar/ehost/pdfviewer/pdfviewer?vid=4&sid=
418f25c86388464ab616d3778f3f27e3%40sessionmgr4006

Maxwell, J. A. (1996Qualitative research design: an interactive appraacbndon: Sage,

1996.

McClure, T., & Yuan, C. (2016). Leveraging Construction Inspection and Documentation for
Asset Inventory and Life Cycle Asset Managemkmnirnal of Information Technology in
Construction (ITcon21(April), 72-85.

McHugh, D. (2023)Dave McHugh, Technology and Innovation Manager, Personal
Communication

Miller, T., BIRCH, M., MAUTHNER, M. & JESSOP, J. ERGit8)in qualitative research. In
Sage(1st ed.).

Munslow, J. J. (2011). Asset Management? For roads? Developing a holistic asset
management approach in a local highway authority serviéel and IAM Asset
Management Conference 2014242. https://doi.org/10.1049/cp.2011.0556

NBS. (2023)NBS https://www.thenbs.com/knowledge/birrdimensions3d-4d-5d-6d-bim-
explained

Orb, A., Eisenhauer, L., & Wynaden, D. (20Bfhics in qualitative researcldournal of
Nursing Scholarshi@3(1), 93-96. https://doi.org/10.1111/j.15475069.2001.00093.x

Patel, T., Suthar, V., Bhatt, N., Pathak, K. K., Bandara, J. M. S. J., & Agrawal, R. (2021).
Application of Remotely Piloted Unmanned Aerial Vehicle in Construction Management
(Vol. 77, pp. 3198329). https://doi.org/10.1007/97881-1551956_25

Pickard, H, Wilczek, M, Fedyk, K, Davies, S, Imms, E. @@88)yaphic information systems
for infrastructure asset management ciria.
https://products.ihserc.com/tmp_stamp/49503501/NVDWWGAAAAAAAAAA pdf?sess=
49503501&prod=CIS1

Poksinska, B., Dahlgaard, J. J., & Antoni, M. (2002). The state of ISO 9000 certification: A study
of Swedish organizations. TQM Magazing 14(5), 297-306.
https://doi.org/10.1108/09544780210439734

Rashid Magbool, Johnny Rezai Namaghi, Yahya Rashid, A. A. (2023). How modern methods of

237



construction would support to meet the sustainable construction 2025 targets, the
answer 5 still unclear. Ain Shams Engineering Joutnal
https://doi.org/10.1016/j.ase].2022.101943

RICS. (2018). RICS and industry insight paper responds to Constructiolc@0gbuction
Journa) 6.

Ridley, D. (2012)The literature review: A stelpy-step guide for student$2nd ed.). Los
Angel es, Californi a; London : SAGE, 201 2.

Rowley, J., &  Rowley, J. (2014).Conducting research  interviews
https://doi.org/10.1108/01409171211210154

Shoshan, A. A. A., & Celik, G. (2018). Application of TQM in the Construction Industry of
Developing CountriesCase of TurkeANADOLU UNIVERSITY JOURNAL OF SCIENCE AND
TECHNOLOGY A Applied Sciences and Engineeyingly1), 177191.
https://doi.org/10.18038/aubtda.345779

Sitzabee, W. E., Rasdorf, W., Hummer, J. E., & Devine, H. A. @aGB)ntegration of
Pavement Markings: A Case in Transportation Asset Managedwmhal of Computing
in  Civil Engineering 23(5), 288298. https://doi.org/10.1061/(ASCE)0887
3801(2009)23:5(288)

Teall, O. (2014). Building information modelling in the highways sector: major projects of the
future. Proceedings of the IGBManagement, Procurement and La®67(3), 127133.
https://doi.org/10.1680/mpal.13.00018

Tor, O., & Shahidehpour, M. (2006). Power distribution asset managef@08.IEEE Power
Engineering Society General Meetifg?. https://doi.org/10.1109/PES.2006.1709234

Turkan, Y., Guo, F., & Jahren, C. T. (2@lBxtronic document management systems for
transportation construction industryElectronic Journal of Information Technology in
Construction 1-8.

U.S.A Department of Transportation Federal Highway Administration. (2010). Model
Inventory of Roadway Elements. MIRE, Version 1 BHWA(Issue October).

Vallance, A., (Mouchel /BIM Developdf015).3D BIM- M1 Smart Motorway. One Team

Young, E. &. (2018%ptrategic Outline Business Case for the delivery of Digital Built Britain
Programme Level.3

Yuan, C., McClure, T., Cai, H., & Dunston, P. S. (2011QytléeApproach to Collecting,

Managing, and Sharing Transportation Infrastructure Asset Datanal of Construction

238



Engineering and Management 1436). https://doi.org/10.1061/(asce)c0.1943
7862.0001288

Yuan, C., McClure, T., Dunston, P. S., & Cai, H. (Zi®ey on the Practice Hurdles in
Collecting, Managing, and Sharing Transportation Infrastructure Asset Data.
Construction Research Congress 2016: Old and New Construction Technologies Converge
in Historic San JuarProceedings of the 2016 Construction Research Congress, CRC 2016
https://doi.org/10.1061/9780784479827.165

239



Appendices

1.1Appendix 1: Literature Review Context

Gharaibeh, N.G., Darter, M.1.,

Uzarski, D.R. 1999 Journal of Infrastructure Systems
_ 2001 IEEE/PES, Transmissiqr_w and Distribution
Dolezilek & Ayers Conference and Exposition, 2001
2003 IEEE Power Engineering Society General
Kostic Meeting
2004 IEEE PES Power Systems Conference and
Brown & Spare Exposition
2005 IEEE Power Engineering Society Inaugural
Davidson Conference and Exposition in Africa
AWWA 124th Annual Conference and
2005 | Exposition: The World's Water Event, ACE
Yep, R. 2005
Hall, J.P., Robinson, R., Paulis, 2005
M.A. Transportation Research Record
2006 IEEE Power Engineering Society General
Tor & Shahidehpour Meeting
Australasian Society for Trenchless
2006 Technology - 24th No-Dig International
Conference and Exhibition, No-Dig Down
Apeldoorn, S. Under 2006
Proceedings of the Combined International
_ 2007 Conference of Computing and Control_ for the
Hafskjold, L.S., Water Industry, CCWI2007 and Sustainable
Vanrenterghem-Raven, A. Urban Water Management, SUWM2007
Hanley & Clayton 2008 | IET Institution of Engineering and Technology
Landers 2008 | ASCE: American Society of Civil Engineers
Agrawal, A.K., Ramalingam, Proceedings of Pipelines Congress 2008 -
K., Kawaguchi, A., Rozelman, 2008 Pipeline Asset Management: Maximizing
K.S., Kulcsar, F., Farooqi, N. Performance of Our Pipeline Infrastructure
Sitzabee, W.E., Rasdorf, W., 2009
Hummer, J.E., Devine, H.A. Journal of Computing in Civil Engineering
ICSSSM: 7th International Conference on
2010 | Service Systems and Service Management,
Ananraya, K., Ammarapala, V. Proceedings of ICSSSM' 10
Bridge Maintenance, Safety, Management and
2010 Life-Cycle (_)ptimization - Proceedir_lgs of the
5th International Conference on Bridge
Robery, P.C. Maintenance, Safety and Management
Munslow 2011 | IET and IAM Asset Management
2011 Remote Sensing, E_nviro_nment and
Ehsan et al Transportation Engineering (RSETE)
. 2012 IET & IAM, Asset Management Conference
Miller et al 2012
Mohammad, S. 2012 | Highways
[No author name available] 2013 | Pipeline and Gas Journal

240




Wang, C., Liu, Y., Wang, H., Li,

Z. 2013 Advanced Materials Research
Pose_lvljak, M., Tighe, S.L., 2013 .
Godin, J.W. Transportation Research Record
Kivits, R.A., Furneaux, C. 2013 | The Scientific World Journal
2014 Proceedings of the ICE - Management,
Teall Procurement and Law
Jung, Sinha, & Whittle 2014 | Journal of Infrastructure Systems
Abaffy, L. 2014 | ENR (Engineering News-Record)
2015 ITcon - Elect_ronic Journa_ll of Information
Turkan et al Technology in Construction
_ 2015 Built Environment Project and Asset
Zeb, J., Froese, T., Vanier, D. Management
Life-Cycle of Structural Systems: Design,
Assessment, Maintenance and Management -
Berardinelli, U., Canhoto 2015 | Proceedings of the 4th International
Neves, L., E Matos, J.C., Symposium on Life-Cycle Civil Engineering,
Guimaraes, H. IALCCE 2014
2016 ITcon - Elegtronic journ_al of information
McClure & Yuan technology in construction
Sair_am, N., Nagarajan, S., 2016 _
Ornitz, S. Sensors (Switzerland)
Yuan, C., McCIure_, T., 2016 ASCE: PROCEEDINGS Construction
Dunston, P.S., Cai, H. Research Congress 2016
Le & Jeong 2016 | Automation in Construction
Measurement: Journal of the International
He Y.; Song Z.; Liu Z. 2017 | Measurement Confederation
Yuan C.; McClure T.; Cai H.; Journal of Construction Engineering and
Dunston P.S. 2017 | Management
Aziz Z.; Riaz Z.; Arslan M. 2017 | Facilities
Md Aslam H.; Ahmad Tarmizi
H. 2018 | MATEC Web of Conferences
Le T.; Le C.; Jeong, H.D. 2018 | Journal of Management in Engineering
IOP Conference Series: Materials Science and
FanY.;YinY. 2020 | Engineering
ISPRS Annals of the Photogrammetry, Remote
Floros G.S.; Ellul C. 2021 | Sensing and Spatial Information Sciences
Patel T.; Suthar V.; Bhatt N. 2021 | SpringerLink
Abdullah S.; Tahar K.N.;
Rashid M.F.A.; Osoman M.A.; |IOP Conference Series: Earth and
Abdullah F. 2021 | Environmental Science

Table 7:Chapter 3 literature review related papers

241




1.2Appendix 2: Literature Review Findings

Journal

Papers

Report/Policy

(o]

IEEE

IET

ITcon

Journal of Management

IOP Conference Series: Materials Science and Engineering

Administration and Policy in Mental Health and Mental Health Services Research

American Society of Civil Engineers

Association for Computing Machinery (ACM)

Automation in Construction

desrist

ICE

Journal of Infrastructure Systems

Program-Electronic Library and Information Systems

RSETE

Strategic Management Journal

Measurement: Journal of the International Measurement Confederation

Journal of Construction Engineering and Management

Facilities

MATEC Web of Conferences

ISPRS Annals of the Photogrammetry, Remote Sensing and Spatial Information
Sciences

SpringerLink

Rl R |(RrlR|IP|R|IPIR[RP|RPR|IRP|RPR|R|IR[R|IP|MINV W WD

Table 8: Journal publishing

242




1.3Appendix 3: Features of the Core Asset Model

The Features of core Model

Authors (Year)

Asset model
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Document

(Le & Jeong, 2016); (Turkan et al., 2015) ; (McClurg
Yuan, 2016), (Jung et al., 2014)

Data Structure

(Tor & Shahidehpour, 2006); (Le & Jeong, 201
(U.S.A Department of Transportation Federal Highv
Administration, 2010) ; (Munslow, 2011), (Jung et

2014)

Data interrelationships

hierarchy

((HIGHWAYS AGENCY), 2014); (Le & Jeong, 201¢
; (McClure & Yuan, 2016)

Groups and subgroups

((HIGHWAYS AGENCY), 2014; Teall,
(Munslow, 2011), (Jung et al., 2014)

2014)

Location
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1.4Appendix 4: The Features of system Objectives

The Features of objectives

Authors (Year)
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Interoperability/ Integration
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Self-Extensibility
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Future proof

(Tor & Shahidehpour, 2006) ; (Munslow, 2011)
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1.5Appendix 5: The Features of System Factors

The Features of factors

Authors (Year)

Usage (Accessibility

Different platforms,
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use
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Shahidehpour, 2006) ; (McClure & Yuan, 2016)

Reaktime Data

(Tor & Shahidehpour, 2006); (Dolezilek & Ayers, 2001);
& Jeong, 2016) ; (McClure & Yuan, 2016)

Data Sharing

(Hanley & Clayton, 2008);(Le & Jeong, 2016); (Dolezilek
Ayers, 2001); (U.S.A Department of Transportation Fed
Highway Administration, 2010) ; (McClure & Yuan, 201
(Jung et al., 2014)
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1.6Appendix 6: Ethics Application

1.6.1 Ethics Approval Letter

The

University

g Of
Sheffield.

A
o 3

Downloaded: 09/12/2016
Approved: 13/05/2015

Ibrahim Al-Ghraitfy

Registration number: 140255869
Management School
Programme: Standard PhD

Dear Ibrahim

PROJECT TITLE: A model for handling and managing core asset data
APPLICATION: Reference Number 002933

On behalf of the University ethics reviewers who reviewed your project, | am pleased to inform you that on
13/05/2015 the above-named project was approved on ethics grounds, on the basis that you will adhere to
the following documentation that you submitted for ethics review:

* University research ethics application form 002933 (dated 07/05/2015).
¢ Participant information sheet 005907 version 4 (07/05/2015).
o Participant consent form 005906 version 1 (27/02/2015).

If during the course of the project you need to deviate significantly from the above-approved documentation
please inform me since written approval will be required.

Yours sincerely

Mark Latham
Ethics Administrator
Management School

Figure 53: Ethical Approval Letter

1.6.2 Project information letter to introduce the topic to the interviewees

kkkkkkkkkkhkkkhkkkkkkkkhhhkhhkhkkkkkkkhhhhkhkhkhkkkkkhhhhkhkhkhkkkkkkkhhkikkx

From: Ibrahim Al -Ghraify
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Email: ifal -ghraifyl@sheffield.ac.uk

Dear xxx,

A model for handling and managing core asset data

| am a PhD student in the Management School at the University of Sheffield. |
am a permanent employee at Costain Group and they provide funding for
this PhD.

Costain Group ( http://en.wikipedia.org/wiki/Costain_Group ,
www.costain.com ) is a construction and  civil engineering company. Costain
consists of 2 divisions: Natural Resources (water, waste, nuclear process and

oil & gas), Infrastructure (highways, rail, and power).

The research will enrich the industry in general NOT just Costain Group, and
the publication of the result will be available to anyone through the

university and academic science papers/databases. | confirm that there will
be no conflict of interest betwee  n the participants and Costain. | work in
Highways sector and the research should benefit managing highways assets
that Costain construct on main roads. The main aims of my research project
are:

0 To specify an asset management database that
M will include all the aspects and assets involved in
managing and monitoring the road network
(i) will allow the whole life cycle of the asset to be tracked.
0 To create an integrated asset management system, that allows data

from multiple sources to be linked to a core asset intelligence system.
0 To develop a model that is accepted and adopted by the industry,
and so has an impact on highways management systems.
To analyse options for managing core asset data through the full life
cycle of the assets.

O«

Why the interviewee was chosen?
Because we (the research team) believe you (the participant) are an
expert in this area.

What will happen if the interviewee takes part?

The interview will last for about one hour. The questions in the
interview will be concentrated around the database and the model, e.g. how
you modelled your database? What type of databases you using? How you
deal with large amount of data? What data type of fields you use? What
application/tool you using to interact with the database?

What are the benefits of taking part?

Taking part in the research will help enrich the public domain
knowledge.

What are the possible disadvantages and risks of taking part?
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http://en.wikipedia.org/wiki/Civil_engineering

| personally see no risk/disadvantage of taking part apart from the
time (one hour) that you (the participant) kindly grant us (the research team).
| would be very grateful if we could meet to discuss your
industry/organisation/council data model/structure as well as the
application/software used to manage this data and how it could improve and
update the research field. Although | would greatly appre ciate your views,

obviously participation is entirely voluntary and you can withdraw at any time.

The information and data you provide will be treated as confidential within the
research team (me and my 2 supervisors: Dr Andrew Brint and Dr John Holiday)
who are aware of the ethics combining the project. The data and information
collected from this pro ject will be stored in secure devices/draws and it will
not be shared with any third party outside the team and nothing from this
interview will be published without your authorisation. Any comments you
make will be treated anonymously and neither you nor your organisation will
be identifiable as | will be mentioning the sector that your organisation fits in

rather than the organisation by itself.

This research ethics fulfil Sheffield university ethics requirements. If you have
any complain please contact Sheffield

Professor David Oglethorpe email: d.oglethorpe @sheffield.ac.uk

| hope you will be happy to have a discussion o if you want any further
information about the project, then please contact my supervisor (Andrew

Brint, email: A.Brint@sheffield.ac.uk) or me.
Yours sincerely,
Ibrahim Al -Ghraify

Doctoral Student

Sheffield University Management School

kkkkkkkkkkhkkkhkkkkkkkkhhhkhhkhkkkkkkkhhhhkhkhkhkkkkkhhhhkhkhkhkkkkkkkhhkikkx
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1.7Appendix 7: Student Development Activities

Table 9: Compulsory modules

Module Code Title Date
MGT 6100 Research Ethics and Integrity (Lectu| 17" Feb 2015
MGT 6100 Research  Ethics and Integri 17" March 2015

(Workshop)
FCS 6157 Social Theory for Managemel Feb-Jun 2016
Researchers
FCS 650 Quantitative Methods for Socii Octi Dec 2015
Science Research
FCS 660 Foundations of Social Scien¢ Octi Dec 2015
Research
FCS 670 Qualitative Methods for Social Scien( Oct i Dec 2015
Research
Table 10: Optional Modules
Module Title Date
Code
INF6050 Databaséesign Jan - Jun 2015
First Steps with NVivo 7" Mar 2015
Tools for literature searching 5" Nov 2015

Kickstart your PhD: 1How the library can

support your research

28" Oct 2015
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Kickstart your PhD: 2- Managing the
relationship with your supervisor and otH

colleagues

11" Nov 2015

Kickstart your PhD: 3 Managing your time
and your project

25" Nov 2015

Study skills tutorial

19" Jan 2016

Critical Thinking workshop

9" Dec 2015

Smart Monitoring of Infrastructure

6" Dec 2016

Internet of Things Conference

25" Mar 2016

Mathematical Methods in Reliability
CONDITION MONITORING T University
of Salford

16™ June 2015
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1.8Appendix 8: Research Publications and Award

Date Presentation Place

16" June 2015 Whole life condition databases fi Mathematical Methods in
. . Reliability -

managing utility assets CONDITION
MONITORING -
THINKIab, Maxwell
Building, University of
Salford
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