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Summary 

It can be anticipated that the adoption of digital construction/BIM processes on projects 

will enhance the efficiency of the management of an asset over its lifecycle. Several 

initiatives have been taken to foster the implementation of Standard Methods and 

tǊƻŎŜŘǳǊŜǎ ό{atύ ǊŜƭŀǘŜŘ ǘƻ .LaΣ ǎǳŎƘ ŀǎ ǘƘŜ ¦Y ƎƻǾŜǊƴƳŜƴǘΩǎ ƳŀƴŘŀǘŜ ŦƻǊ ǘƘŜƳ ǘƻ ōŜ 

adopted on all centrally procured public sector projects.   However, this research 

identifies that there are still many barriers hindering the adoption of BIM.  

To help break down these barriers the initial stage of this research involved the 

implementation and analysis of BIM SMP on a highway infrastructure project in the UK. 

This entailed adopting the relevant procedures during construction of the project in 

order to better understand the challenges faced when adopting BIM, barriers to 

adoption and the type of information generated over the course of an infrastructure 

project. The analysis highlighted that there was still a need to align SMP with existing 

construction processes as this was considered to be one of the greatest barriers to 

adoption. Further, it was observed that over 90% of the information handed over on 

completion was in flat file formats, therefore losing the benefits of data that can be 

readily queried and updated.  

Based on the findings of the initial stage, the research explores the process and digital 

construction domains in order to analyse how project specific requirements can be 

identified. The research then explores which of these processes can be automated in 

order to enhance the reliability of the information that is collected.  

The thesis finally presents a framework that has been developed to help engineers 

identify the project specific information requirements and processes that are required 

to assure the successful implementation of a digital construction approach. The 

framework that was developed was then trialled on an airport infrastructure project and 

identified processes that would have enhanced the implementation and delivery of the 

digital construction model.  
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Chapter 1 Introduction 

The construction industry is making a shift towards the digitization of data produced by 

ƛǘ ƛƴ ƻǊŘŜǊ ǘƻ ōŜǘǘŜǊ ƳŀƴŀƎŜ ŀƴŘ ŀƴŀƭȅǎŜ ŀƴ ŀǎǎŜǘΩǎ ǇŜǊŦƻǊƳŀƴŎŜΦ Lƴ ƻǊŘŜǊ ǘƻ ƳŀƪŜ ǘƘƛǎ 

transformation, Building Information Management (BIM) or Virtual Design and 

Construction (VDC) processes are used. This chapter will outline the core challenges that 

are faced during the adoption of VDC on projects. It will then define the research 

hypothesis, the relevant research questions that were asked as a result of this 

hypothesis, and the main contributions resulting from this research.  

1.1 Problem statement  

The  digital construction domain has developed significantly over the last few decades 

and has evolved into various sub-domains varying from the structuring and 

standardising of digital construction information, the manipulation of such structured 

information for energy analysis, design decisions, and the visualisation of assets using 

technologies such as virtual reality and augmented reality.  

While significant steps have been taken in order to adopt this new technology, 

industry surveys such as those carried out by the National Building Specification (NBS) 

have shown that there are a number of challenges that are faced that hinder adoption 

and/or can lead to negative outcomes on a project. A significant level of research has 

been carried out in applying VDC to energy modelling and cost domains. Further, a large 

volume of research has been carried out on projects which have a finite footprint such 

as with buildings. In order to encourage adoption of VDC on projects, mandates such as 

those set by the UK government (HM Government, 2012) have been placed.  

Following the UK mandate on adopting VDC on centrally procured construction 

projects, there has been an increase in adoption and awareness within organisations. 

However, an observation was made that many organisations are not seeing the full 

benefits of making this digital transformation. Many practitioners have observed that 
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the manner in which the standards are interpreted, and the tools that are used can vary 

between organisations which can be problematic when attempting to collaborate.  

1.2 Research stages and motivation 

This section will outline the main motivation for this thesis and the work carried out in 

order to address the challenges defined in the problem statement. The research was 

broken down into three main phases as shown in Figure 1-1.  

 

Figure 1-1 Projects and sources of data and validation 

1.2.1 Construction and handover 

Implementing VDC on projects can lead to the production large volumes of construction 

information which will then be used to manage the asset. As was highlighted in the 

problem statement, there are several challenges that are faced when implementing VDC 

on construction projects. As a result, the first stage involved implementing VDC on 

projects and attempting to understand the challenges that are currently faced during 

implementation.  

Figure 1-2 The Eastern Bay Link (EBL) viaduct (Image taken from Google Maps) 
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This first stage therefore involved the implementation of VDC on the Eastern Bay Link 

(EBL) project which is a 1.2 km long dual carriageway consisting of a 700m long viaduct 

which comprised both steel and concrete structures in Cardiff, UK. The processes were 

implemented in accordance to the industry Standard Methods and Procedure (SMP) in 

order to understand the challenges that are faced during implementation. This stage 

was essential for understanding what volume and type of information is produced on 

projects such as the EBL. 

1.2.2 Gathering of system and information requirements 

The lack of a procedure for the transition from current processes to those described by 

the SMPs was evident during the first stage of the research. In order to ensure that 

information is delivered as required, processes and information exchange requirements 

need to be recorded. The assumption was that this can also be beneficial for 

understanding and changing existing processes as needed. This stage of the research 

focused on first understanding how processes and information requirements can be 

recorded in a machine-readable format. Then an analysis of these processes and 

requirements were carried out in order to develop a system which has the capability of 

parsing and automating them.  

Lƴ ƻǊŘŜǊ ǘƻ ǳƴŘŜǊǎǘŀƴŘ Ƙƻǿ ǘƘŜ {atΩǎ ŀǊŜ ƛƴǘŜǊǇǊŜǘŜŘ ŀƴŘ ƛƳǇƭŜƳŜƴǘŜŘ ŎǳǊǊŜƴǘƭȅ ŀ 

series of workshops were attended. The aim was to understand the current barriers to 

adoption and to record existing processes and information requirements. Based on the 

findings made over the course of the workshop series, a prototype system was created 

in order to execute processes and exchange information with other systems as required.  

1.2.3 Developing a framework based on findings 

Based on the information gathered from the first two stages of the research, a 

conclusion was made that there was a need for projects to have a procedure in order to 

identify system and information requirements in order to implement VDC on projects. 

Therefore, a framework was presented in order to identify both process and information 

requirements as well as system requirements.  
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Once the framework was created, it was trialled on an airport project as it was useful 

to understand whether it is feasible to implement the framework on any type of 

infrastructure project.  

1.3 Hypothesis and Aims  

Following the definition of the problem statement as well as the stages and motivations 

for the research, the aim was to create a framework which allows users to gather system 

and information requirements and implement them. The framework had to take the 

ŎǳǊǊŜƴǘ {atΩǎ ŀǎ ǿŜƭƭ ŀǎ ŜȄƛǎting processes into account in order to ensure that it 

complies with existing protocols and contractual frameworks. Therefore, the 

overarching hypothesis to be tested was: 

άLƳǇƭŜƳŜƴǘƛƴƎ ±ƛǊǘǳŀƭ 5ŜǎƛƎƴ ŀƴŘ /ƻƴǎǘǊǳŎǘƛƻƴ ǇǊƻŎŜǎǎŜǎ ƻƴ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ǇǊƻƧŜŎǘǎ 

is advantageous. Aligning these processes with existing asset and organisational 

information requirements will help achieve greater benefits over the lifecycle of an 

ŀǎǎŜǘΦέ 

To evaluate this hypothesis, the following research questions were formulated: 

1. How is BIM/VDC implemented on linear infrastructure projects and what kind of 

information is generated during this process? 

2. What are the main challenges that are faced when implementing BIM/VDC on 

this type of linear infrastructure project? 

3. Upon identification of the main causes that hinder the adoption of BIM/VDC and 

affect the development of the Asset Information Model (AIM), how can current 

construction processes be redefined to alleviate these issues? 

4. Can processes and information requirements that have been defined be 

automated, and what type of system can execute and govern these 

requirements? 

5. Can the defined processes and system be adapted on an infrastructure project 

and what steps need to be taken to do so? 
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1.4 Structure of the thesis 

The thesis has been broken down into 8 chapters including an Introduction and 

Conclusions. Figure 1-3 shows the structure of the thesis and the way each of the 

sections and subsections are linked to each other. This chapter aimed to outline the 

wider context of the thesis, the main stages of the research, and the decomposition of 

the hypothesis into five research questions.  

Chapter 2 is a literature review, which contains an assessment of digital construction 

processes, the industry standards, and a critical review of the current state of the art. As 

the research focuses on the management of the flow of information throughout the 

lifecycle of an asset, the various components that will make up the proposed solution 

will be reviewed in depth.  

Chapter 3 will provide the overarching methodology that was then followed over the 

course of the research. This chapter breaks down the methodology in detail in order to 

clarify the approach taken and the resources used in order to answer the research 

questions.  

Chapter 4 analyses the work carried out when implementing BIM on a real-life 

project, the Eastern Bay Link (EBL). This section analyses the SMP implemented and then 

explores the lessons learned over the course of the project. The chapter then focusses 

on the challenge of collecting and using large volumes of data. It then discusses the 

outcomes of the project in order to identify the potential factors that hinder adoption 

and the type of information that is created over the course of a project such as this. 

Chapter 5 then focuses on a series of workshops which helped identify various 

scenarios that occur over the course of a project which can lead to issues during the 

handover of construction information. Then based on the methodologies, strategic and 

operational process maps will be created in order to record general processes that are 

carried out over the course of a project.  

Chapter 6 builds on the findings made in Chapters 4 and 5 in order to create a 

prototype tool which will be able to parse processes and information requirements in 

order to exchange construction with a BIM server. This section effectively implements 

the methodology stated in Chapter 3 and then presents the prototype system.  
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Chapter 7 analyses the outcomes of the previous three chapters and presents a 

framework based on these findings. The framework has the potential to help users 

identify system requirements in conjunction with processes and information 

requirements in order to govern the flow of information over the course of a project. In 

order to validate this framework, it was then trialled on an airport infrastructure project.   

Chapter 8 concludes this thesis by critically appraising the proposed system, 

identifying its limitations and highlighting the significant findings of the research. It 

reports the overall conclusions of the study and recommends the further work that can 

be carried out.  

1.5 Research contribution 

The work carried out during this research contributed to the wider body of knowledge 

by:  

1. Highlighting that a large volume of construction information is produced and 

shared in flat file formats which can reduce the value of the information 

produced. Therefore, a system which exchanges information on an object level 

was created and analysed. The protype system and its architecture has been 

discussed in this thesis. 

2. Mapping and analysing processes in order to understand the flow of information. 

A strategy in which these processes and information can be recorded has been 

presented in this thesis. This will be useful for BIM managers when identifying 

project specific requirements and processes.  

3. Providing a framework which enables engineers to identify system and 

information requirements in order to streamline the flow of information. The 

framework was created in order to ensure that the relevant Standard Methods 

and Procedures (SMP) are adhered to, and information requirements are 

described and executed as needed.  

The main contribution is the framework that was formulated based on the first two 

points and will help those implementing it on infrastructure projects define system, 

information and process requirements in order to effectively implement BIM on their 

projects.  
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Figure 1-3 The structure of the research 
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Chapter 2 Literature Review 

This chapter summarises the work carried out to understand the state of the art and 

analyse the challenges that are faced in the domain of digital construction. This chapter 

begins with the strategy that was used to find the relevant literature. The three sections 

after that will cover the digital construction and process domains before finally 

introducing the research gaps that were identified.  

There were two comprehensive reviews that were made in relation to the 

implementation of BIM for infrastructure. Bradley et al. (2016) analysed literature 

regarding BIM within the infrastructure domain. This review highlighted that there were 

research gaps related to the generation of information, the need to align processes and 

the need for the effective governance of construction information. Costin et al. (2018) 

produced a review that focused on BIM for transport infrastructure. This review had a 

list of limitations and challenges including process-related challenges where the 

alignment of BIM standards with existing transportation industry processes was not 

occurring effectively.  

Following a broad initial review of literature, a focus was made on the VDC/BIM and 

infrastructure domain as well as the processes domain. As was initially identified by both 

Bradley et al. (2016) and Costin et al. (2018), this chapter reaffirms that there is a need 

to align BIM processes with existing construction workflows and then identifies the gaps 

in the research that need to be addressed in the next few chapters. 

2.1 Search methodology 

To ensure that a thorough review of the research was conducted, various search 

methodologies were explored, and a decision was made to follow an approach similar 

to that prescribed by Booth et al. (2012). They suggest identifying the fundamental 

ŜƭŜƳŜƴǘǎ ƻŦ ǘƘŜ ǊŜǎŜŀǊŎƘ ǉǳŜǎǘƛƻƴΤ ǘƘŜ Ψ²ƘƻΚΩΣ Ψ²ƘŀǘΚΩΣ ŀƴŘ Ψ²ƘŜƴΚΩΦ ! ŦǊŀƳŜǿƻǊƪ 

similar to that proposed by Petticrew (2006) was then used in combination with this. 

The techniques were initially used in the field of medicine but have since been adapted 
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in other domains. In the case of this research a framework known as PICOC (Population, 

Intervention, Comparison, Outcome, and Context) which was proposed by Petticrew 

and Roberts (2006) was used to create a set of keywords to search for (Table 2-1).  

Population What is the question about, the exact problem area and the related 

technical terms (e.g. BIM, Asset Management, Value, Process etc.)  

Intervention In what way can we intervene in this situation (e.g. Contracts, BPMN, 

DMN, Governance models etc.) 

Comparison  Comparison of other methods (Was considered to be optional given the 

context) 

Outcome How can it be measured, and the expected outcome (e.g. as-built 

information, structured data, view definitions etc.) 

Context As there were varying standards globally, keywords from this field were 

used to when reviewing the industry standards 

Table 2-1 PICOC framework used for literature search 

The databases that the search was carried out in were, Scopus, Google Scholar, IEEE, 

Science Direct, ICONDA, ASCE Library and the Web of Science. Along with the above-

mentioned databases, industry publications such as the Construction Information 

Service (CIS), Construction Manager, Global Construction Review, BIM+, Smart 

Highways, Transport Network, the New Civil Engineer, the Institution of Structural 

Engineers magazines and Institution of Civil Engineers publications were reviewed over 

the course of the research.  

BuildingSMART International (2018) ƛƴƛǘƛŀǘŜŘ ǘƘŜ Ψ.La DǳƛŘŜ ǇǊƻƧŜŎǘΩ ǿƘƛŎƘ ƛǎ ŀ 

database of BIM documents globally. As of 2018 it had listed 126 BIM Guides, and 754 

documents listed in its reference compendium. Reviews such as those done by Cheng 

and Lu (2015), and Sacks et al. (2016a) were also essential references for finding and 

reviewing the industry standards.  

The benefits of using BIM can be truly realised by the state of the art in industry, as 

it centres around the coordination between various disciplines and parties. The 

application of digital construction processes in linear infrastructure has been relatively 

recent in comparison to that of buildings. A recent review by Costin et al. (2018) 

confirmed that a significantly increasing frequency of publications were being released 

from 2011 onwards in relation to this area.  
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There is a debate both in academia as well as in industry on exactly what term should 

be used to when referring to the digital construction domain. For bridges, authors such 

as Chipman et al. (2016) and Shirole et al. (2009) referred to it as Bridge Information 

Management (BrIM). The acronym CIM is used when discussing the implementation 

digital construction processes in civil engineering projects. Sankaran et al. (2016) 

referred to it as Civil Integrated Management and Guo et al. (2014) referred it as Civil 

Information Modeling. Koch et al. (2017) for example used the term Infrastructure 

Information Modelling (IIM) (also mentioned by Bradley et al. (2014)), as well as Tunnel 

Information Modelling (TIM) for tunnels.  

A much broader term used for this topic of interest is Virtual Design and Construction 

(VDC) as defined by the Center for Integrated Facility Engineering (CIFE) (2015) and 

Alarcon et al. (2010). Upon reviewing literature, VDC can be described as a verb in 

comparison to BIM being a noun. Therefore, VDC is more related to processes and the 

virtual construction of an asset with the aid of an information model.  

An observation was made that the acronyms BrIM, TIM, CIM and IIM, to name a few, 

can be considered to follow similar modelling standards and generally fall under the 

most commonly used acronym for this domain; BIM. It was also observed that VDC is a 

very broad definition of actions that make use of the Building Information Modelling 

concept.  

When conducting the literature search, combining the acronyms and words, and then 

filtering out the information was important. Due to the scope of the research, one of 

the initial criteria was that there was a focus on infrastructure projects. During the initial, 

ōǊƻŀŘ ǎŜŀǊŎƘ ƻŦ ƭƛǘŜǊŀǘǳǊŜ ƛƴ ǊŜƭŀǘƛƻƴ ǘƻ Ψ.LaΩΣ ǘƘŜǊŜ ǿŀǎ ŀ ǎƛƎƴƛŦƛŎŀƴǘ ǇǊƻǇƻǊǘƛƻƴ ƻŦ ǘƘŜ 

literature focused on the use of BIM and energy modelling. Once an overall 

understanding of the state of the art was analysed, the focus then shifted to 

implementation of VDC/BIM on large infrastructure projects.  

The search criteria were then narrowed down based on the findings of this broader 

analysis of the domain, as well as the findings made by implementing the standards on 

the Eastern Bay Link project (discussed in Chapter 3). 

The research focused heavily on the digital transformation in the construction 

industry and therefore it was important to identify the progress made in various 
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countries in the adoption of digital construction processes. Countries such as the USA 

tended to have a different approach to enforcing the implementation of BIM to that of 

the UK.  In the case of the USA, various government departments and organisations have 

created their own specifications, while in the UK a set of specific standards (the BS 1192 

suite) were recognised throughout the country. At the time of carrying out the review a 

set of international standards (ISO 19650) were expected to be released with the aim of 

eventually superseding standards such as the BS 1192.  

Towards the latter stages of the research, the ISO 19650 (Part 1 and 2) were released 

which superseded the BS 1192:2007+A2:2016 and PAS 1192-2:2013 in the UK. However, 

an observation was made that these new international standards followed the British 

standards closely and apart from certain terminology, they covered similar concepts. As 

a result, the standards that have been reviewed for this research was up to date even 

though most of the research that was undertaken was when the BS 1192 series was the 

recognised standard. 

This chapter will consist of three major sections and the above search methodology 

and relevant databases were used for each of them. The three main sections will be:  

1. Infrastructure and Digital Construction/BIM standards 

2. Process and related modelling and notation standards 

3. Combination of construction and process domains, and an analysis of the gaps in 

the research 

Each of these three sections will consist of a separate introduction, followed by a critical 

analysis and conclusion.  

2.2 Infrastructure and Digital Construction review 

The primary aim of this research was to bridge the gap between the construction and IT 

domains. It has been widely acknowledged that, if implemented effectively, the 

introduction of IT based collaboration into construction has the potential to increase 

efficiency, save time and money, and can have positive knock-on effects on areas such 

as sustainability and health and safety.  

Upon review, it has been evident that there are major challenges that are being faced 

when attempting to integrate the above two domains. This section will approach the 
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problem initially by reviewing and critically analysing the relevant developments in the 

ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ ŘƻƳŀƛƴΣ ǘƘŜ Ψ.LaΩ ŘƻƳŀƛƴ ŀƴŘ ǘƘŜƴ ŎƻƴŎƭǳŘƛƴƎ ǿƛǘƘ ŀƴ ŀƴŀƭȅǎƛǎ ƻŦ ǘƘŜ 

combination of the two.  

2.2.1 Review on the infrastructure domain 

The research focused on the implementation of Virtual Design and Construction (VDC) 

in infrastructure. Therefore, the various stages of a project and the processes and 

information exchange gateways had to be identified first. As will be discussed in Chapter 

3, certain steps will need to be taken to transform existing construction processes in 

order to adopt the new Standard Methods and Procedures (SMP). As a result, the 

existing stages and gateways of linear infrastructure projects were discussed following 

the analysis of current standards. This section of the review is aimed to:  

1. Establish a generic set of stages for linear infrastructure projects 

2. Establish the type of information that is exchanged at each of the defined 

information exchange gateways 

3. Identify for what purpose the information is used for  

A decision was taken to consider the UK standards as well as some guidelines produced 

by the U.S. Department of Transport (U.S. Department of Transportation Federal 

Highway Administration, 2017a). In their reference guide to the Project Control 

Framework (PCF), Highways England (2017) states that the PCF is a means of providing 

a process for the management and delivery of schemes. This framework will coincide 

with the Design Manual for Roads and Bridges (DMRB) (DMRB, 2017), Manual of 

Contract Documents for Highways Works (MCHW) (Highways Agency, 2008) , Interim 

Advice Notes (IAN) and WebTAG (Department for Transport, 2014).  

All major projects can be split into three major phases, which are the options, 

development and construction phases (Highways Agency, 2013). The option phase 

identifies which solution is the best for the problem, which is then taken through the 

necessary statutory processes and design during the development phase, right up to the 

decision to commit to invest. Then the construction phase is when the proposed solution 

is built, operated, and finally closed down.  

The PCF is in place to ensure that there is consistency and continuity between various 

projects and teams. Similarly to the RIBA stages there are 8 key stages in a projects 
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lifecycle according to the PCF and the framework ensures that the information 

exchanged is of a certain standard and therefore provides reassurance to the Senior 

Responsible Owner (SRO).  This framework focuses on the exchange of products 

throughout the above-mentioned lifecycle stages. These products refer to any 

deliverable, whether it is a report or a project management plan. Each of these stages 

will have a Stage Gate Assessment Review (SGAR) which progress to the next stage is 

assessed based on legal requirements, standards and best practice. For single option 

projects, which are projects within a highway boundary with routes that have already 

been fixed. The phases have been redefined for single option projects, with it starting 

from preliminary design (4th Stage, Figure 2-1).  

When analysing the example of hand over documentation on highways projects, the PCF 

documentation was referred to (Highways Agency, 2013):  

1. As-built information (drawings/documentation) 

2. Operational (Traffic Management (TM)/ Regional Control Centre (RCC)) 

documentation and certificates 

3. Updated H&S file (from stage 2) 

4. Handover schedule template 

5. Civils maintenance (Managing Agent Contractors (MAC) /Asset Support 

Contracts (ASC)) handover certificate 

6. Technology maintenance (Tech MAC / Regional Technological Maintenance 

Contracts (RMTC)) documents and certificates  

7. Technology commissioning plan  

8. Updated permit to connect from stage 5 of the PCF 

Establishing gateways and assessment reviews were important, and the documentation 

from the Highways Agency (2013a) was referred to understand the gateway process. 

Figure 2-2 shows the gateways and the stages of a project they occur. The gateways 

reviews are in place to ensure that protocols are being followed at a particular stage. 

The SGAR focuses on the quality assurance of a project that ensures that products 

installed have been signed off as fit for purpose.  
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Figure 2-1 Comparison of lifecycle stages as defined by various organisations (stages defined during the research in red) 

Figure 2-2 Stages in which SGAR and Gateway Reviews are made (Highways Agency, 2013) 
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Establishing these types of gateways and ensuring that they are integrated into BIM 

Execution Plans (BEP) is important to ensure that the relevant information is delivered 

at each gateway. Chapter 3 will discuss the information exchange process and the type 

of data that is handed over when implementing BIM on a highways project. 

Understanding the type of information that is used based on the type of maintenance 

process is important when defining information requirements for a project. Walsh et al. 

(2011) defined 3 types of maintenance:  

-  Reactive maintenance ς Occurs when responding to complaints, emergencies or 

during inspection 

-  Routine/Cyclic maintenance ς Has a regular schedule where lamp replacement, 

cleaning and landscape maintenance etc. occur 

-  Planned/Programmed maintenance ς It is a flexible scheme for reconditioning 

and renewal 

Establishing the type of asset attributes that are needed for each of these types of 

information will be valuable for formulating basic information requirements. The UK 

Roads Liaison Group (2016) highlight how new technology and processes are expected 

to be implemented by organisations. They state that BIM will be a fundamental enabler 

of the government strategies in attempting to reduce cost, delivery time and emissions. 

Lǘ ŎƻǾŜǊǎ ǘƘŜ ǾŀǊƛƻǳǎ ǎǘŀƎŜǎ ƻŦ ŀƴ ŀǎǎŜǘΩǎ ƭƛŦŜŎȅŎƭŜ ŀƴŘ ƘƛƎƘƭƛƎƘǘǎ ǘƘŜ ƛƳǇŀŎǘ ǇƻƻǊ 

information management has on an asset. The documentation highlights that 

maintenance planning resorts to traditional methods (e.g. time-based/ scheduled 

maintenance). The documentation also states that by being able to support a risk-based 

maintenance planning scheme, unnecessary maintenance activity can be avoided and in 

other situations maintenance activities can take place in anticipation of an issue 

propagating. In order to move away from the traditional methods, having accurate and 

updated machine-readable asset information is important.  

In conclusion, this stage of the review: 

1. Established 8 generic stages for the lifecycle of an asset and an example of review 

gateways added within these stages 

2. Helped understand what type of information will be exchanged at handover  
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3. Established the main types of maintenance and highlighted the need for accurate 

machine readable as-built information  

2.2.2 Review of the digital construction information management domain 

This section of the review is aimed at understanding the state of the art in digital 

construction with the aim exploring: 

-  What is the rate of adoption of VDC/BIM? 

-  What is hindering adoption of VDC on projects? 

-  What are the perceived benefits of adopting the related standards and 

technology? 

-  What are the differences between various standards? 

-  Which standards will be used over the course of the research? 

-  What are the requirements that have been set within the selected standards?  

Once the most relevant Standards, Methods, and Procedures (SMP) have been 

identified and the 6 questions have been answered, a detailed analysis was carried out 

to anticipate which measures have to be taken to successfully implement them on 

infrastructure projects. These sub-sections will cover the topics of:  

-  Roles/functions that have been defined by the standards 

-  Information management 

-  Structuring and classification of information 

-  Digital Plans of Work (DPoW) and Product Data Templates (PDT) 

-  Security and protocols 

-  International standards 

2.2.2.1 What is the rate of adoption of VDC/BIM?   

Gilligan and Kunz (2007) conducted a survey in 2006 and 2007 on the use of VDC and 

BIM technologies in the AEC industry. They observed that there was resistance to this 

digital transformation and even though the value of adoption was recognised, 

organizations were not likely to require its use during projects. Reports such as that by 

Ravenscroft (2017) and Boutle (2017) 10 years after this survey, show that experts still 

believe that the rate of adoption given the benefits are still low. Ravenscroft (2017) had 

conducted a discussion with industry experts which included representatives for 
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!ǳǘƻŘŜǎƪΣ ŀƴŘ ǘƘŜ I{н ƛƴ ǘƘŜ ¦ƴƛǘŜŘ YƛƴƎŘƻƳΦ hƴŜ ƻŦ ǘƘŜ ƛƴǘŜǊǾƛŜǿŜŜΩǎ ƴƻǘƛŎŜŘ ǘƘŀǘ 

figures such as 20% saving in capital expenditure has been highlighted when driving the 

mandate. However, the survey indicates that asset owners and operators cannot see 

how these savings can be made as details have not been provided on where the savings 

can potentially be made from. This in turn leads to a lack of confidence for the various 

parties who might benefit from adopting these processes as the benefits have not been 

fully proven.  

However, there is a growing awareness and the rate of adoption has generally increased 

over the past few years in the UK. The National Building Specification (NBS) has carried 

surveys on the adoption and views of adopting BIM in the UK since 2011. The rate of 

adoption amongst participants had grown yearly at 31% (2011), 41% (2012), 43% (2013) 

and 54% (2014) according to the results NBS surveys. Following a dip in 2015, the rate 

of adoption has grown to 69% amongst participants in the National Building 

Specification as of 2019. However, there is concern among experts that there are 

challenges faced by organisations that hinder adoption that may slow down this growth.  

2.2.2.2 What is hindering adoption? 

In their review of various standards globally, Sacks et al. (2016) confirmed that each of 

the standards reviewed had disparate requirements leading to confusion among those 

using them. Gurevich et al. (2017) who reviewed the adoption of BIM in 5 large UK 

government agencies observed that even though there was a mandate, there was no 

strategic guidance to manage the adoption process and achieve the desired results. 

Succar (2016) identified this issue and produced a maturity matrix that can help 

organisations recognise their capabilities and therefore take necessary steps in order to 

overcome some of the challenges faced. 

In the USA, Sankaran et al. (2018) had carried out a national survey on 42 State 

Transportation Agencies (STA) on the usage of CIM (Civil Integrated Management). The 

results of the survey showed that 32 STAs use CIM 3D design tools for terrain modelling 

and only 16 reported they use it for structures and advanced visualization. The 

conclusions were similar to the other surveys in industry in the UK and abroad; there is 

a digital transformation occurring and there has been adoption. However, due to 

barriers such as contractual constraints and the reluctance to adopt new technologies, 
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further research needs to be carried out for a smoother transition into implementing 

BIM and VDC on projects.  

In a report to local authorities in the UK on increasing adoption of BIM, Catton and 

Parlikad (2015) analysed the main barriers to adoption and recommended solutions on 

overcoming these challenges. There were three broad underlying issues in relation to 

day to day adoption, which were legal issues, insufficient information quality, and lack 

of resources to address the first two problems while delivering a public service. The 

general observations were that the interviewed authorities were averse to 

implementing BIM systems as they were mis-sold to the sector, and there was generally 

ŀ ƭŀŎƪ ƻŦ ΨƎƻƻŘ ǉǳŀƭƛǘȅΩ Řŀǘŀ όǘƘƛǎ ƛƴŎƭǳŘŜŘ ƛƳǇǊŜŎƛǎŜ ŘŀǘŀΣ ŘƛŦŦŜǊŜƴǘ ǳƴƛǘǎΣ ŀƴŘ ǾŀǊƛŜŘ 

naming conventions). The final issue was the lack of resources to enable this as there 

was uncertainty in the value of adopting these new processes and tools. To encourage 

adoption and give recommendations, UK Roads Liaison Group (2016) produced a code 

of practice for managing highway infrastructure. This document also refers to a 

ŘƻŎǳƳŜƴǘ ŘŜŘƛŎŀǘŜŘ ǘƻ Ψ.ŜǘǘŜǊ LƴŦƻǊƳŀǘƛƻƴ aŀƴŀƎŜƳŜƴǘΩ ό.Laύ ŦƻǊ ƛƴŦǊŀǎǘǊǳŎǘǳǊŜ 

bodies by the UK Roads Liaison Group (2016a). The document on BIM by the UK Roads 

Liaison Group highlights that when setting information requirements, it will be 

necessary to establish the business processes, but also take process change into 

consideration. 

In their review on the various factors limiting the application of BIM, Sun et al. (2015) 

highlighted 5 areas where there were barriers to adoption. They were technology 

(included interoperability), cost (training, software and hardware), management 

(workflows, schedule and safety management), personnel (training), and legal (laws, 

regulations and contracts). The National Building Specification Surveys highlighted 

specific barriers including the lack of client demand, the lack of training, the cost of 

adoption and the lack of time to get up to speed being the most common issues faced 

by practitioners.  

2.2.2.3 What are the benefits of adopting VDC/BIM? 

Love et al. (2013) carried out an analysis on attempting to justify the investment in 

adopting BIM during asset management. They observed that there were intangible 

benefits of adopting BIM on projects and therefore looked beyond Return on 
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Investment (ROI) alone and attempted to further analyse and justify the use of BIM in 

asset management. Several authors and industry practitioners have identified that 

benefits in implementing BIM such as clash detection, scheduling, increased 

collaboration and accurate cost estimation.  

Li et al. (2017) reviewed 1874 BIM-related papers to map out the knowledge domains 

of BIM to identify the key research areas. They identified 60 key research topics with the 

most important areas highlighted being information systems, 3D/nD modelling 

application, design sustainability, interoperability (IFCs), and real time communication. 

Zhao (2017) ŎŀǊǊƛŜŘ ƻǳǘ ŀ ǎƛƳƛƭŀǊ ǎǘǳŘȅ ǿƘƛŎƘ ƛŘŜƴǘƛŦƛŜŘ ǎŜǾŜǊŀƭ ΨŎƻ-Ŏƛǘŀǘƛƻƴ ŎƭǳǎǘŜǊǎΩ 

which were similar to those identified by Li et al. (2017) but also included ontologies, 

laser scanning, and code checking.   

{ŜǾŜǊŀƭ ƻǊƎŀƴƛǎŀǘƛƻƴǎ ƘŀǾŜ ǎǘŀǊǘŜŘ ƘƛƎƘƭƛƎƘǘƛƴƎ .La ΨǳǎŜǎΩ ƛƴ ƻǊŘŜǊ ǘƻ ƛŘŜƴǘƛŦȅ ǘƘŜ 

benefits and highlight what actions can be taken in order to effectively use BIM on 

projects. The most comprehensive list of BIM uses has been defined by Succar (2016b) 

which have been divided into various themes based on the type of model uses.  

2.2.2.4 What are the differences between the various Standards, Methods and 

Procedures?  

As will be discussed in the three industry projects (Chapters 4, 5 and 7) as well in the in-

depth breakdown of the UK BIM standard methods and procedures (SMP), there are 

several shortcomings both in the UK standards as well as the international standards. As 

a result, a qualitative analysis was carried out to identify various strategies.  

The two most comprehensive studies in this type of analysis of BIM standards was by 

Kassem et al. (2015) and Sacks et al. (2016). These two studies were used as a foundation 

for analysing various standards. In their review, Sacks et al. (2016) chose a sample of 15 

different documents to carry out a qualitative analysis of various standards globally. 

These standards included: 

-  National, city or state standards 

-  Guides by large-scale construction owners  

-  Guides by universities and colleges  

An inductive qualitative content analysis (Kohlbacher, 2006; Mayring, 2000) was 

carried out to build up on the findings by Sacks et al. (2016). An observation was made 
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that the study by Sacks et al. (2016) had conducted reviews only on the BS 1192-4 and 

the PAS 1192-нΥнлмо ǿƘŜƴ ǊŜǾƛŜǿƛƴƎ ǘƘŜ ¦Y ǎǘŀƴŘŀǊŘǎΦ !ǎ ŀ ǊŜǎǳƭǘΣ ǘƘŜ ƻǘƘŜǊ ¦Y {atΩǎ 

were analysed in a similar manner as a better understanding of the standards were 

gained from doing so. The BS EN ISO 19650Ȥ1, BS EN ISO 19650Ȥ2 and the relevant 

transition documents were analysed as well (British Standards Institution, 2019; UK BIM 

Alliance, 2019). The qualitative analysis of the standards focused on 10 key areas that 

were identified by Sacks et al. (2016) which were; Interoperability, Role of the BIM 

Manager, Modes of collaboration, Prequalification for designers, LOD specification, 

Operation and Maintenance requirements, BIM Execution Plan, Simulation and analysis, 

and schedule of payments. A summary of the findings can be found in Table 2-2, Table 

2-3 and Table 2-4 with a more detailed breakdown in the Appendix A. The cells 

highlighted in green and yellow were made for the purpose of this research in addition 

to the standards that were reviewed by Sacks et al. (2016). 

Figure 2-3 ISO diagram from the BS EN ISO 19650-1:2018 showing stages of maturity 

In conclusion of the qualitative analysis of the standards, and observation was made that 

the ISO 19650 has closely followed BS1192 series of standards. At the time of review the 

BS 1192:2007+A2:2016 and the PAS 1192-2:2013 was being phased out in order to be 

replaced by the ISO 19650 Part 1 and 2 along with a transition guidance document; PD 

19650-0:2019 (British Standards Institution, 2019). The BS EN ISO 19650 (UK Annex) 
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refers to the rest of the BS/PAS 1192 suite and therefore a large part of the standards 

remained unchanged. A majority of these two new standards are similar to the 

standards they have superseded apart from certain details such as the terminology that 

is used as well as certain concepts such as the levels of information and detail.  

Figure 2-3 which is taken from the ISO 19650-1:2018 highlights the various stages of 

development shows that the ISO 19650 1 and 2 were the second stage with the next 

stage focusing on process standards.  

2.2.2.5 What are the requirements that have been set within the selected standards?  

Upon the completion of the qualitative analysis of the standards, a conclusion was made 

ǘƘŀǘ ǘƘŜ ¦Y ŀƴŘ ǊŜƭŜǾŀƴǘ L{h {atΩǎ ǿƛƭƭ ōŜ ǊŜŦŜǊǊŜŘ ǘƻ ǿƘŜƴ ŘŜŦƛƴƛƴƎ ±5/ ǇǊƻŎŜǎǎŜǎΦ Lǘ 

was deemed to be necessary to then critically analyse these two sets of standards. This 

section of this chapter discusses the 1192 series of standards, the BIM protocol, BS EN 

ISO 19650 series, Uniclass, Government soft landings, and the Digital Plan of Works. 

Each of the mentioned standards prescribe the way stakeholders could implement the 

BIM process from how the information is expected to be structured and shared (BS1192) 

to how BIM objects should be classified (Uniclass). It also briefly discusses other 

standards that were considered including the National BIM Standards-United States 

(NBIMS-US) and other international standards and guidelines such that provided by the 

Federal Highways Authority (USA). The implementation of the relevant British standards 

on a project and the outcomes are described in Chapter 3. 
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Key 

Highly Detailed -  

Detailed -  

Few Details - ֙  

 

 

Organisation 
 

Year of 

publication

, recent 

update  

Organisational 

type 
Interoperability 

Role of BIM 

Manager 

LACCD 2009 University  ֙  

GT 2011 University   ֙

USC 2012 University   ֙

Indiana  2009, 2012 University  ֙  ֙

Senate 2012 

State owned 

company 
  

Stasbygg 2013 

State owned 

company 
  

GSA 2009 Gov Dept   

COE 2009, 2010 Gov Dept   

VA 2010 Gov Dept   

Ohio 2013 State   

NATSPEC 2011 National  ֙  

NBIMS 2012 National   

Singapore 2012 National   

CanBIM 2012 National   

UK (S) 2013 National   ֙

UK (G) 2013,2018 National   

ISO (UK 

Annex) 2018  International 
  

Table 2-2 Summary of qualitative analysis which includes findings that were made by Sacks et al. (2016) 
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Organisation 

Role of BIM 

Manager 

Collaboration 

modes 
Proposes IPD 

Pre-

qualification 

for designers 

LACCD     ֙

GT  ֙    ֙

USC  ֙  ֙   ֙

Indiana   ֙    

Senate   ֙   ֙

Stasbygg   ֙   

GSA     

COE     

VA     ֙

Ohio     

NATSPEC     ֙

NBIMS     

Singapore   ֙   

CanBIM     

UK (S)  ֙  ֙   

UK (G)   ֙   

ISO (UK 

Annex) 
  ֙   

Table 2-3 Summary of qualitative analysis which includes findings that were made by Sacks et al. (2016) ς including 
the Role of the BIM Manager and Collaboration modes 
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Table 2-4 Summary of qualitative analysis which includes findings that were made by Sacks et al. (2016) ς including 
O&M requirements and BEP  

Organisation 

LOD 

Specifica

tion 

Operation 

and 

Maintenance 

Requirement

s 

BIM 

Execution 

Plan 

Simulation 

and 

analysis 

Schedule of 

payments 

LACCD     ֙    

GT  ֙      

USC  ֙   ֙    

Indiana         

Senate       

Stasbygg    ֙    

GSA  ֙   ֙    

COE  ֙  ֙     

VA       

Ohio   ֙  ֙  ֙  

NATSPEC       

NBIMS    ֙  ֙  ֙   

Singapore    ֙   

CanBIM   ֙   ֙   

UK (S)      ֙   

UK (G)       

ISO (UK 

Annex) 
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2.2.2.6 Breakdown of the selected standards 

Based on the overall analysis of the standards, a decision was made that the UK 

standards and the ISO standards were to be analysed as they were the most 

comprehensive set of standards for BIM. 

Roles  

Figure 2-4 Simplified example of hierarchy of roles/functions according to the BS 1192 and ISO 19650 standards 

As the research progresses, it will be important to define the various roles or functions 

of the parties that are involved in construction projects. The standards that have been 

selected to be used in the research are closely aligned, however one of the major 

differences are the naming of the roles on projects. Figure 2-4 shows a simple hierarchy 

on a project level with the various names given to each party according to the BS 1192 

and BS EN ISO 19650 standards. As the research was carried out at a transition stage 

between the standards, in some cases the roles will sometimes be used interchangeably.  

Information management 

The BS 1192:2007+A2:2016 (2016) was the standard that defined best practice for how 

systems and requirements were to be setup on a project implementing BIM which has 

now been superseded by the ISO 19650 Parts 1 and 2  as of 2019. It prescribes how 

information can be classified and shared to ensure that there all disciplines could 

collaborate and provides a template for common naming conventions. 
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This standard was complemented by guidelines by Richards (2010) who further 

specified how the process could be implemented in construction. The RIBA Information 

Exchanges book by Fairhead (2015) gave checklists and covered the general information 

that is recommended to  be exchanged throughout the lifecycle of an asset.  

The standards prescribe how a Common Data Environment (CDE) is expected to be set 

up, the expected workflows, and the conventions that are recommended to be followed. 

In summary, the standards cover the ideal scenario in which information can be 

exchanged between disciplines and finally federated (Figure 2-5). However, in practice 

this can be challenging, and due to technical and human barriers, it might not be 

achievable without cost or major disruption to existing systems.  

The PAS 1192-2:2013 (2013) builds on the above mentioned standard and focuses 

particularly on project delivery and how the Project Information Model (PIM), which is 

the information model which is developed during construction, can be developed.  

CǊƻƳ ŀ ǎǳǇǇƭƛŜǊΩǎ Ǉƻƛƴǘ ƻŦ ǾƛŜǿΣ ǘƘƛǎ ǎǘŀƴŘŀǊŘ ƛǎ ƛƳǇƻǊǘŀƴǘ ŀǎ ƛǘ ŎƻǾŜǊǎ ǘƘŜ Ƴŀƛƴ 

aspects of what is expected during construction. As shown in Figure 2-6, it covers the 

lifecycle of a project from the Strategic definition to Handover. The starting point was to 

Figure 2-5 Phases of asset lifecycles covered by the PAS 1192:2 (Diagram taken directly from the PAS 1192:2 
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refer to the documentation provided by the Construction Project Information 

Committee (CPIc), who are responsible for providing best practice guidance for 

Construction Production Information Exchange (CPIx). They provided BIM strategy 

templates that have been developed in consultation with the UK government BIM Task 

Group (Construction Project Information Committee (CPIc), 2015).  

Government organisations started producing best practice guides such as templates 

by the Ministry of Justice (MoJ) (Ravenscroft, 2016), and the Interim Advice Notes (IAN 

184/16) by the  Highways England (2016) for data and CAD standards. It is extremely 

effective when stakeholders engage in the adoption of VDC, and it can prove to be of 

great value especially for larger projects. However, as results of surveys by organisations 

such as the National Building Specification (NBS) (2019) show, it is a major pain point for 

certain parties adopting the process. It can involve having to purchase new software, 

train employees, change processes and change IT infrastructure to name a few 

challenges. Especially moving further down supply chain, smaller suppliers and clients 

can find it extremely costly changing systems.   

Then interpreting the standards can be challenging, with the most challenging being 

the exact definition of the Project Information Model (PIM) and the Asset Information 

Model (AIM). Their definitions have been left abstract which allows more flexibility for 

defining them from project to project. This is a case where terminology overlaps with 

existing concepts such as Health and Safety (H&S) files and Operations and Maintenance 

(O&M) manuals.  

A similar complication/duplication can potentially occur with the likes of what is 

defined as Master Information Delivery Plans (MIDP) which is the compilation of several 

Task Information Delivery Plans (TIDP) which are expected to be produced by the 

suppliers. This again can tend to coincide with design schedules. What was experienced 

with MIDPs is that there can be a disjoint between the project schedules which can lead 

to complications during design and construction. Such duplications and additional work 

placed by such recommendations can generally lead to more paperwork and sometimes 

can be a hindrance to the progress of a project.  

There are many acronyms that can prove to be challenging, one such example is be 

ǘƘŜ Ψ[ŜǾŜƭ ƻŦ 5ŜŦƛƴƛǘƛƻƴΩ ŀƴŘ is the collective term used for Level of model Detail (LOD) 
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and Level of Information (LOI). Where the LOD and LOI is the description of graphical 

and non-graphical content produced respectively. This type of jargon can tend to lead 

to issues when defining this terminology in contracts (refer to the section on the BIM 

protocols).  

The PAS 1192-3:2014 (2014) focuses on the process during the operational phases of 

a project and how the Asset Information Model (AIM), which is a model that is 

maintained from handover to the end of life of a project. 

 

Figure 2-6 Phases of asset lifecycles covered by the PAS 1192:3 (diagram taken directly from PAS 1192:3) 

This standard complements the PAS 1192:2 and is a specification to cover the lifecycle 

phases following handover. Due its connection to the previous standard, it does share 

certain challenges that are faced during construction in terms of definitions and 

processes. In an analysis of the legal implications of implementing the standards, 

Winfield and Rock (2018) highlighted that the ambiguity of the standards can be 

considered to be considered to be an advantage. However, this too can tend to lead to 

challenges, especially in highways and existing assets as it leads to changes to IT 

infrastructure and processes. 
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Structuring and Classification of Information 

A common method of classification is needed, and Uniclass 2015 regulated by the 

National Building Specification (NBS) (2017) is used for this purpose in the UK. It consists 

of 7 tables, that are arranged in a hierarchical manner, which ranges from project to 

product level. There still are issues with the classification from modelling to product 

information to cost information systems which can be problematic if not unified.  

 

Figure 2-7 Uniclass 2015 table dependencies 

This classification type has been referred  to in the BS ISO 12006-2:2015 (British 

Standards Institution, 2015) which is a framework for classification when organising 

construction information, and is complemented by the BS EN ISO 12006-3:2016 (British 

Standards Institution, 2016b) which is a framework for object-oriented construction 

information.  

This ISO 12006 series intends to introduce an overarching international classification 

framework which will then allow national classification systems such as Uniclass to be 

included. The BS ISO 12006-2:2015 provides guidelines for construction objects. Uniclass 

2015 can be aligned to this classification system as shown in Table 2-5. The ISO 12006-3 

then specifies a taxonomy model with the aim of being able to define properties and 

concepts by means of properties which are grouped and used to define relationships 

with other objects.  
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BS ISO 12006-2 Uniclass 2015 

A.2 Construction information  FI: Form of information  

A.3 Construction products Pr: Products  

A.4 Construction agents  ς 

A.5 Construction aids CA: Construction Aids  

A.6 Management PM: Project Management 

A.7 Construction process ς 

A.8 Construction complexes Co: Complexes  

A.9 Construction entities En: Entities  

ς Ac: Activities  

A.10 Built spaces SL: Spaces and Locations  

A.11 Construction elements Ee: Elements  

ς Ss: Systems  

A.12 Work results ς  

A.13 Construction properties PC: Properties and characteristic 

Table 2-5 Alignment of the two classification systems; BS ISO 12006-2 and Uniclass 2015. (British Standards Institution 
2015; National Building Specification (NBS) 2017) 

Another popular classification system is OmniClass (Construction Specifications Institute 

(CSI) and Construction Specifications Canada (CSC), 2017) which is the North American 

equivalent of Uniclass. This system too is aligned with the ISO  12006-2.  

Digital Plan of Work (DPoW) and Product Data Templates (PDT) 

A Digital Plan of Work (DPoW) enables employers to define expected deliverables at 

each stage of a project. If used, it is expected to be available to all parties involved with 

a project to ensure that engineers are informed on what information to deliver and 

when. The NBS BIM Toolkit by the National Building Specification (NBS) 2015) is a free 

tool that has been created to be used as a DPoW. This is aligned with the RIBA stages 

and is a useful system for defining stage deliverables which are based on the Uniclass 

system.  

The NBS BIM Toolkit, can produce Product Data Templates (PDT) which are 

spreadsheets with required information (As defined by the NBS). Each spreadsheet has 
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particular asset type, with information references and details of each assets 

specifications as well as details such as installation dates. These spreadsheets once filled 

with the as-built information, known as Product Data Sheets (PDS), will be handed over 

to the asset operator or embedded within the digital model as required (refer to Figure 

2-8 which is an example of a model with embedded as-built information). In the UK 

initiatives like BIM for Manufacturers and Manufacturing (BIM4M2) as well as 

organisations such as the Construction Products Association (CPA) (2016) and The 

Chartered Institution of Building Services Engineers (CIBSE) (2016) attempt to 

standardise templates and structures to exchange product information. In a 

Construction Sector Deal the Department for Business, Energy and Industrial Strategy 

(2018)Σ ǘƘŜ ǳǎŜ ƻŦ ǊŜǇŜŀǘŀōƭŜ ŀƴŘ ƳŀŎƘƛƴŜ ǊŜŀŘŀōƭŜ ǇǊƻŘǳŎǘ ƛƴŦƻǊƳŀǘƛƻƴ ǳǎƛƴƎ ǘƘŜ /t!Ωǎ 

LEXiCON was announced.  

 

Figure 2-8 As-built model of a bridge bearing with data from PDT embedded within it  

Representation of structured construction information 

Industry Foundation Classes (IFC) specification is a non-proprietary data model which is 

used to describe construction information (BuildingSMART International, 2016a). It was 

originally created in 1995 by a consortium called the International Alliance of 

Interoperability (IAI), now known as buildingSMART, who committed to publishing this 

platform neutral data model. The main formats for this exchange schema (IFC) follow 

the STEP physical file structure according to the ISO 10303-21 following the IFC-EXPRESS 

specification (BuildingSMART International, 2016b), the XML representation which is 

ifcXML (Liebich and Weise, 2012), and ifcZIP (BuildingSMART International, 2016a). It 
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has been observed that the schema changes regularly, with the 5th iteration being under 

development at the time of writing this thesis. Afsari et al. (2017) highlighted that for 

the ease of use in web applications, the representation of IFCs in JSON (JavaScript Object 

Notation) format is valuable, and therefore proposed an ifcJSON schema.  

The IFC schema defines an entity relationship model. For example, when describing 

a window, this window will share generic properties with other windows in the that 

project (e.g. materials and sizes etc). Then this window (instance of the window) will 

have separate attributes which will define it (e.g. serial number, installation dates etc). 

Each of the above-ƳŜƴǘƛƻƴŜŘ ǇǊƻǇŜǊǘƛŜǎ ŀǊŜ ƎǊƻǳǇŜŘ ƛƴǘƻ ΨǇǊƻǇŜǊǘȅ ǎŜǘǎΩ ǿƘƛŎƘ ŀǊŜ ǘƘŜƴ 

referred to by the particular instance of an object. Elements also can be grouped into 

ΨǎȅǎǘŜƳǎΩ ǿƘƛŎƘ ŘŜŦƛƴŜ ǾŀǊƛƻǳǎ ŎƻƳǇƻƴŜƴǘǎ ǿƘƛŎƘ ǿƻǊƪ ǘƻƎŜǘƘŜǊ όŜΦƎΦ ŘǊŀƛƴŀƎŜ ǎȅǎǘŜƳǎΣ 

water supply etc.). IFC then defines the relationship (e.g. site composition, storeys, 

spaces, and grouping of spaces) between these various systems and individual 

components. In its common form, IFC is an ASCII plain text file, and the schema defines 

how the plain text is turned into object aggregates with relations and type inheritance. 

The goal of IFC is to provide a common schema that needs to be followed when using 

that format. It has been noted that not all the information is equally valuable to all 

parties involved on a project. Therefore, Model View Definitions (MVD) were proposed 

(BuildingSMART International, 2015a) which defines subsets of the IFC schema thus 

ƛŘŜŀƭƭȅ ǇǊƻǾƛŘƛƴƎ ǾŀǊƛƻǳǎ ǳǎŜǊǎ ŘƛŦŦŜǊŜƴǘ ΨǾƛŜǿǎΩ ƻŦ ǘƘŜ ǎŀƳŜ project. There are several 

ǎǘǳŘƛŜǎ ƛƴ ŎǊŜŀǘƛƴƎ a±5Ωǎ ǎǳŎƘ ŀǎ ǘƘŀǘ ōȅ Panushev et al. (2010) for precast/prestressed 

concrete, and Sacks et al. (2016b) for bridge inspections. One of the most commonly 

ǊŜŦŜǊǊŜŘ ǘƻ a±5Ωǎ ƛǎ ǘƘŜ /ƻƴǎǘǊǳŎǘƛƻƴ hǇŜǊŀǘƛƻƴ .ǳƛlding information exchange (COBie) 

format.  

The BS 1192-4:2014 focuses on the UK usage of Construction Operations Building 

information exchange (COBie) which provides a common structure for exchange 

information. (British Standards Institution, 2014a). 

InitiŀǘƛǾŜǎ ǎǳŎƘ ŀǎ Ψ/h.ƛŜ ŦƻǊ ŀƭƭΩ ōȅ ǘƘŜ BIM Task Group (2013) have attempted to 

translate this concept into defining information on infrastructure projects. However, the 

Highways Agency (2014) in their Interim Advice Note (IAN) 184/14, described COBie as 
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ŀ ΨǎǘƻǇƎŀǇΩ ǳƴǘƛƭ ǘƘŜ LC/ ǎǘŀƴŘŀǊŘǎ are developed and supported by commercial 

software.  

The Interim Advice Note mentioned in the previous paragraph was then superseded 

by the IAN 184/16 (Highways England, 2016), which has referred to the provisions of 

IAN 182/14 ǘƛǘƭŜŘ ΨaŀƧƻǊ {ŎƘŜƳŜǎΥ 9ƴŀōƭƛƴƎ ƘŀƴŘƻǾŜǊ ƛƴǘƻ ƻǇŜǊŀǘƛƻƴ ŀƴŘ ƳŀƛƴǘŜƴŀƴŎŜΩΣ 

for asset coding and non-graphic data. With the latest version being the IAN 182/14A 

(Highways England, 2018). These latest standards do not mention the handover of 

ƛƴŦƻǊƳŀǘƛƻƴ ǳǎƛƴƎ LC/ ƻǊ /h.ƛŜ ŜƛǘƘŜǊ ǿƛǘƘ ǘƘŜ ŘƻŎǳƳŜƴǘ ƳŜƴǘƛƻƴƛƴƎ ǘƘŀǘ /h.ƛŜ ƛǎ ΨƭƛƪŜƭȅ 

to be the eventual mechanism for traƴǎŦŜǊ ƻŦ ŀǎǎŜǘ ŘŀǘŀΩΦ ¢Ƙƛǎ ǇƻǘŜƴǘƛŀƭƭȅ Ŏŀƴ ōŜ ŘǳŜ ǘƻ 

hesitation with adopting the data schema as it is still in development (IFC for 

infrastructure) and also the issue of having to integrate these new schemas and file 

formats into existing asset management systems.  

In the UK the COBie standards for infrastructure were first proposed by the BIM Task 

Group (2013) which attempted to breakdown this schema, originally designed for 

buildings, into an infrastructure context. The infrastructure view of COBie as proposed 

by the task group can be seen in Figure 2-9. 

 

Figure 2-9 Infrastructure view of COBie (initially proposed by the BIM Task Group/AEC3 and then adopted by the British 

Standards) 

This again is a challenge to adopt both for asset managers and suppliers and even though 

ifcAlignment (BuildingSMART International, 2015b) was developed since these 

standards were released, the development of IFC is in progress. Existing linear 












































































































































































































































































































































































