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Abstract 

Today’s construction environment is described as turbulent due to economic crisis, 
global competition and rapid changes in industry structure. For most of the 
construction organisations to stay afloat within this environment, organisations 
have to find new ways to create value for their potential and existing clients. 
Building information modelling (BIM) technology has been identified by many 
proponents in this area as the technology that can create value within the supply 
chain (SC). In the UK, BIM is increasingly being seen not just as a technical 
process to determine the likely performance of projects but a valuable tool in the 
mediation between many associated stakeholders with their differing visions, 
numerous requirements and variation in their expertise, and as a valuable process 
to promoting learning and managing knowledge. This emerging role presents new 
and considerable challenges for management of knowledge during its generation, 
capture and reuse to ensure the meaningful engagement of such stakeholders in 
the project process. This research will investigate the effective methods for 
Knowledge Management (KM) to be implemented in the current construction 
environment, using BIM as a means for managing knowledge and learning. The 
work presented in this paper will develop a conceptual model of how BIM can be 
used to manage knowledge in construction project delivery. The paper will 
describe the proposed conceptual model that uses BIM to manage knowledge in 
construction project delivery and concludes with suggestions of how this might be 
implemented in practice, as well as further work that is required in this area. 
Keywords: KM, BIM, construction project, tier 2 supply chain, COBie. 
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1 Introduction 

The construction industry plays a key role on the national scene; it occupies a 
fundamental position in the national economy. The construction industry is 
beneficial in generating employment for more than 2.8 million people and the 
globalization of construction works around the world [1]. According to Peters and 
Katalytik [2] the construction sector increases the gross domestic product GDP by 
10% which contributes significantly to economic growth. However, the 
construction industry is becoming turbulent due to economic crisis, global 
competition and rapid changes in industry structure. These factors contributed to 
the emergence of some issues that construction organisations are facing such as 
spiraling costs, increasing demands for efficiency [3], fragmentation issues, and 
lack of collaboration among project team members [4, 5]. This work developed 
here is part of a PhD research work undertaken in Northumbria University on the 
role of building information modelling (BIM) in managing knowledge in the 
construction project delivery. Current practice for research initiatives for 
Knowledge Management (KM) will be reviewed. This will lead to the formulation 
of a KM strategy that uses BIM to facilitate communication and collaboration 
across the supply chain (SC) in order to develop knowledge repositories and 
learning chains. The proposed framework is expected to enhance communication 
and collaboration, and avoid information loss, overload, duplication and 
misunderstanding. It is also anticipated that an effective KM strategy will help in 
preserving knowledge effectively across various stages of a construction project’s 
delivery. 

2 Knowledge management in construction project delivery 

Construction project activities are knowledge-intensive activities which place 
construction organisations in the position to find ways to manage their information 
and knowledge more efficiently and effectively [6]. Knowledge Management 
(KM) is not a new concept and has been around since the early 1990s, and there 
have been many acknowledgments that knowledge is a company’s most critical 
asset and a source of lasting competitive advantage [7]. In the building industry, 
the awareness of KM has increased considerably over the last few years. Research 
proponents indicated that many construction companies were aware of the benefits 
of KM and many more had or were planning to have a KM strategy in place. This 
awareness of the importance of KM has stemmed from important industry reviews 
[8–10]. These have all emphasised the need for change, innovation and best 
practice, of which KM is acknowledged to be a major component. The argument 
for KM is further reinforced by the current economic crisis that has produced 
challenges for the construction industry as firms who lose their intellectual assets 
and face a downsizing without capturing knowledge first due to lack of KM 
strategies. Perhaps now, more than ever the commercial advantages of KM have 
become relevant. KM can help to minimize waste, prevent the duplication of effort 
and the repetition of similar mistakes from past projects and for improved 
efficiency. It can also aid the reuse of existing knowledge gained via past 
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experience which can greatly reduce the time spent on problem solving and 
increase the quality of work. In order to stay afloat within the construction 
environment, the organisations have to find new ways to create value and manage 
the knowledge of the project for their potential and existing clients. Kayaçetin and 
Tanyer [11] argued that knowledge is deemed as a critical factor in realising the 
most successful projects and the most important asset within the organisations that 
gained competitive advantage in the market. 
     According to Tan et al. [7], knowledge in a construction project is divided into 
three categories: general, specific, and process. The management of this 
knowledge is mostly informal and people-centred; however, there is a growing 
trend towards the development of formal strategies in place. On the other hand, in 
a supply chain the role of managing knowledge lies with different supply chain 
tiers, which requires the collaboration of many suppliers that might not be 
involved at the early stage of design, such as the tier 2 supply chain (see Figure 1). 
The tier 2 supply chain as shown in Figure 1 are those suppliers who do not have 
direct links with the ultimate client (the main client), but are required to contribute 
their knowledge at the early stage of the project. The knowledge and information 
that these tier 2 suppliers contribute at the early stage is hardly used and normally 
wasted, which leads to the repetition of mistakes, work overload, and hence to loss 
of the intellectual assets and competitiveness in the market. Zisko-Aksamija [12] 
argued that the role of managing knowledge during its generation is challenging, 
therefore to manage this knowledge there is a need for some effective strategies. 
 

 

Figure 1: The relationship between suppliers. 

     BIM has been identified by many proponents in this area as an approach that 
can create value and manage knowledge within the SC [12–14]. In the UK, BIM 
is increasingly being seen not just as a set of technical tools and processes for 
improving the performance of projects but as a valuable tool in the mediation 
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between many associated stakeholders with their differing visions, numerous 
requirements and variations in their expertise, and as a valuable process to 
promoting learning and managing of knowledge [15, 16]. The next section will 
discuss existing using BIM processes in managing knowledge in project delivery. 

3 Potential of BIM processes in managing knowledge in 
project delivery 

BIM has been given many different definitions [17–21]. Most of these sources 
have defined BIM as a technological tool that represents a building in a three 
dimensional digital model and a platform where all parties involved can access 
and exchange information and data concerning the project. However, BIM is not 
only about technology, it encompasses other aspects such as the relationships 
between the stakeholders and the process of delivering a construction project.  
According to the government report by UK Treasury, BIM is a collaborative way 
of working between the stakeholders using the contemporary technologies that 
facilitate the design and construction processes [19]. Despite the different 
definitions of BIM, there are several on-going research projects investigating 
aspects of managing knowledge in construction projects delivery using BIM 
processes. These recent research works include the following: 
 Oxman [22] discussed the possibility to move from BIM to Building 

Knowledge Model (BKM) that facilitates the collaboration of team members 
in digital design through the use of two models: the Schema Emergence in 
human mind and digital design and the Issue-Concept-Form (ICF) models. 

 Konukcu and Koseoglu [23] demonstrated how BIM could be integrated into 
the construction supply chain in order to improve information flow and 
knowledge management between the stakeholders throughout the lifecycle of 
the construction project. This was called a Building Knowledge Model 
(BKM) through BIM technologies and human interactions. 

 Liu et al. [20] developed a building knowledge modelling (BKM) approach 
that integrates BIM and KM to capture and reuse knowledge in BIM 
processes. This approach requires the integration of an intermediate module 
called ‘Knowledge+’ which is used to connect BIM with a Knowledge 
Management System (KMS). 

 Jan et al. [24] proposed a methodology called BIM-based Knowledge Sharing 
Management (BIMKSM) System that enhances construction project 
knowledge sharing using a BIM approach. The BIMKSM approach is used as 
a visual platform combining a BIM approach and web technologies. 

 Charlesraj [21] developed a conceptual Knowledge-based BIM (K-BIM) 
framework which combines BIM, KM, and Facility Management (FM) 
ontologies. This approach is claimed to help to facilitate the more effective 
management of a facility. 

 Deshpande et al. [25] explored a novel method that captures knowledge 
during the design and construction stages utilizing the parametrics of BIM 
models through IFC (Industry Foundation Class) format. 
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     This summary of the research in this area is by no means exhaustive; however 
the proliferation of research projects demonstrates the increasing interest  
of researchers in integrating BIM and KM for improving the competitiveness of 
construction organisations in delivering their projects. However, construction 
organisations and the industry still has a significant gap to bridge to reach best 
practice in their use of BIM systems in managing knowledge in project delivery. 
It is clear that some developments are still needed to exploit the full potential of 
BIM in this respect. The research work on ‘Building Information Modelling-
Knowledge Management systems’ (BIM-KM system) addresses how the 
emerging BIM paradigm can be deployed to improve construction projects 
delivery. 

4 A strategy for developing a conceptual model for the use of 
BIM in Managing Knowledge 

This research aims to develop a new concept called ‘Building Information 
Modelling-Knowledge Management’ system (BIM-KM system), which uses BIM 
processes to manage Tier 2 (sub-contractors’) knowledge in a construction project 
delivery (see Figure 1 for an illustration of Tier 2). The Tier 2 supply chains would 
ideally be required to contribute their knowledge and expertise at an early stage of 
the construction project but these suppliers or sub-contractors are normally only 
able or willing to contribute a fraction of their knowledge: the main reason for this 
is their need to avoid commercial exposure [26, 27]. The resulting situation is that 
by time the contract is awarded, and the Tier 2 suppliers are in place, contractually, 
the unexploited knowledge is then less useful to the parties involved. This 
invariably leads to a missed opportunity and loss of value to the owner and a loss 
of competitiveness in the market for the Tier 2 suppliers (see Figure 2). What is 
required is a strategy that will help manage the unexploited knowledge before the 
value diminishes. 

5 The conceptual framework for BIM-KM 

The work presented in this paper emphasizes the use of BIM processes in order to 
manage and capture the Tier 2 knowledge before the value diminishes. The 
research proposed here will develop a framework called ‘BIM-KM system’ to 
address the issue of losing the Tier 2 knowledge as explained in the previous 
section. The approach will enable the construction project team using BIM 
platform to capture Tier 2 knowledge at the design stage of a project. The 
knowledge captured can then be reused in subsequent stages of the project and 
other construction projects contributing to the increase of the organisation assets. 
The framework consists of the following: a project knowledge file (e.g. COBie), 
an integrated BIM platform, Tier 2 knowledge that deals with knowledge and 
learning events and Tier 2 knowledge managers (see Figure 3). However, before 
these components are described, an overview of the procedure will be presented 
below. 
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Tier 2 Supply Chain

Org. 1, 2 & 3 Exploited knowledge

Org. 1 Tier2 Unexploited knowledge 

Org. 1 & 2 Tier 2 Unexploited knowledge2

Org. 2 Tier 2 Unexploited knowledge 

Org. 2 & 3 Tier 2 Unexploited knowledge 

Org. 3 Tier 2 Unexploited knowledge 

 

Figure 2: Knowledge loss illustration. 

Project Knowledge File 

 

Figure 3: The conceptual framework. 

5.1 Overview of the BIM-KM system 

Figure 3 shows the overview of the BIM-KM system. During the delivery of a 
project, knowledge and learning events occur throughout the BIM execution and 
also from normal day-to-day activities. These knowledge and learning can be 
captured through the BIM Execution Plan (BEP), Master Information Delivery 
Plan (MIDP), Employer’s Information Requirements (EIR), the project process or 
the project team involved in the project execution. The capture of these events will 
be facilitated using both non-digital and digital processes that will be encapsulated 
within the integrated BIM platform. Once the knowledge and learning are 
captured, they need to be stored and archived in a project knowledge file ready for 
reuse in the same project or subsequent projects (see Figure 3). Further works will 
be carried out to establish how the Tier 2 knowledge and learning events will be 
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captured, organised or structured. The work that will be undertaken in this regard 
will utilise the PAS standards [28] in formalising and organising the knowledge 
and learning events. The subsequent sections will discuss the Tier 2 knowledge 
managers, project knowledge file and the integrated BIM platform. 

5.2 Tier 2 knowledge managers 

The role of Tier 2 knowledge managers is to manage the whole process of ‘BIM-
KM system’. As part of this role, the knowledge managers need to be familiar with 
the issues around project knowledge capture and understand how to organise the 
knowledge and structure it for reuse. The Tier 2 knowledge managers will be in 
charge of developing and managing the project knowledge file and coordinating 
the integrated BIM platform. 

5.3 Project knowledge file 

As a prototype for the project knowledge, the project knowledge file designed for 
an earlier project – the CAPRIKON project [29] – was adopted. The project 
knowledge file will contain knowledge and information relating to both project 
and whole life cycle knowledge that will be used to manage the asset in the future. 
However, the focus will be mainly on knowledge that will be required for reuse 
during the project’s lifecycle. In this framework, the project knowledge file will 
be using COBie concepts and principles for sharing non-graphic data about a 
building [28, 30]. The nature and structure of the project knowledge file has not 
yet been determined, but conceptually the process would be that illustrated in 
Figure 4. 
 

 

Figure 4: The project knowledge file and COBie. 

5.4 Integrated BIM platform or system 

The role of an integrated BIM platform is to capture both non-graphical and 
graphical data generated by the Tier 2 knowledge managers and process it in such 
way that the knowledge and learning events are captured and organised in the 
project knowledge file. The integrated BIM platform will be used to follow the 
information life cycle as documented by the relevant PAS standards [28]. The 
integrated BIM platform has been set-up in this framework to interact with the 
project knowledge file, the Tier 2 knowledge managers and knowledge and 
learning events components as shown in Figure 3. 
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6 Conclusion 

The construction industry is still facing increasing demands for efficiency and 
these are set against its fragmentation and lack of collaboration among the 
stakeholders in construction projects. In recent years, many commentators have 
acknowledged the need for innovation and best practice and managing knowledge 
has been considered to be a critical factor in realizing the most successful projects. 
The ability to manage the knowledge will not only help to prevent the reinvention 
of the wheel but will also serve as the basis for innovation and overall 
improvement. Given the growing importance of knowledge towards the success 
of a project delivery, it is not surprising that BIM champions and the construction 
industry are keen on developing some kind of synergy between the approaches of 
KM and BIM so that knowledge and learning chain can be created in order to 
unleash innovation and creativity by managing knowledge up and down supply 
chains. It is evident that forging a BIM and KM alliance will help provide 
significant opportunities to resolve many problems that exist in project delivery. 
As reported in this work, many previous research works on BIM and KM alliance 
have focused on the delivery of technology solutions, probably because of the 
growth in BIM technological software systems. However, it is now recognized 
that a good solution does not result from the implementation of information 
technology (IT) alone. Therefore approaches that are purely based on IT are bound 
to be less than successful in project delivery: process and people issues, which are 
not readily solved by IT systems, would need to be resolved. Thus a combined 
approach – one that incorporates people, process and technology – will deliver a 
more complete solution. The work presented in this paper, has set out an approach 
for using BIM in managing knowledge, which is intended to reflect people, 
process and technological solutions in delivering construction projects. The paper 
formulated a conceptual framework called ‘BIM-KM system’ which captures Tier 
2 knowledge and learning events using an integrated BIM platform. The 
framework comprises of a project knowledge file, and integrated BIM platform 
that will help to enhance and manage Tier 2 knowledge and learning events. It is 
anticipated that the captured knowledge will avoid time waste, reduce cost as a 
result of seamless delivery, and help prevent knowledge loss due to time lapse. In 
the long term it will contribute in gaining competitiveness for the suppliers and 
value-added to the clients. Further work is required to determine the precise nature 
and contents of Tier 2 knowledge and learning events and how it will be organised 
and structured in project knowledge file before it can be reused. 
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