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Abstract. The management of data, information and knowledge through the project life cycle of buildings and civil 
infrastructure projects is becoming increasingly complex. As an attempt to drive efficiencies and address this 
complexity, the United Kingdom Government has mandated that Building Information Modelling (BIM) methods 
must be adopted in all public sector construction projects in 2016. Emerging from the US Department of Defence, 
BIM is an approach to the co-ordination of design and production data using object-oriented principles as described in 
ISO 29481-1:2010.  The underlying philosophy of BIM is to ensure the “provision of a single environment to store 
shared asset data and information, accessible to all individuals who are required to produce, use and maintain it” 
(PAS 1192-2:2013).  A key aspect of BIM lies in the notion of ‘interoperability’ between various software 

applications used in the design and construction process and a common data format for the efficient exchange of 
design information and knowledge. Protagonists of BIM argue that this interoperability provides an effective 
environment for collaboration between actors in the construction process and creates accurate, reliable, repeatable and 
high-quality information exchange. This UK government mandate presents numerous challenges to the architecture, 
engineering and construction (AEC) professions; in particular, the characteristics of BIM Level 2 remain explicitly 
undefined and this created a degree of uncertainty amongst the promoters and those professionals charged with 
delivering projects.  This research casts a critical lens on the current literature in the domains of object-oriented 
modelling of infrastructure and the associated implications for procurement and project management. A mixed-
methods approach using questionnaire analysis and secondary case study analysis was used to enact an inductive 
research approach that captures a range of data on the practical issues and considerations associated with the 
integration of BIM in the industry.  

1 Introduction 
BIM technology has been in existence, in some form or 
other, for almost half a century. Within the AEC 
industry, the first introduction to the theory of BIM was 
in the late 1970s by scholars at Georgia Institute of 
Technology. Their research made significant 
contributions to technology development within the 
industry, and is perhaps best illustrated by Autodesk 
under the CAD concept (AutoCAD) in early 1980s. 
Graphisoft who introduced their initial “Virtual 

Building Solution” in 1986, now known as ArchiCAD, 

followed this. This was the start of the software 
‘revolution’ that allowed architects to create virtual, 3D 

designs of their project instead of the standard 2D 
drawings.  

However, this technology was only limited to 
designing within the architectural practices; mainly 
used to illustrate building materials in order to show 
clients and stakeholders the design of the building in the 
early stages. This technology allowed the design team 
to reduce time and increase the quality of design but 
was also known to be expensive, fragile and complex 
(Puckett, 2011); designers using 3D software still had to 
go through the process of producing countless 
specification sheets in order to express all the required 
information to the rest of the team. 

Since the early 1990s, many other software tools 
have been developed to assist the roles of other 
professionals and stakeholders within the industry, such 
as project management software, programming 
software, planning software, and developed excel 
software for pricing etc. These software tools has given 
the industry an enhanced control of time, cost and 
quality but it was still a fragmented way of working as 
each member of the team was working on a separate 
software. Therefore the creation of a collaborative 
constructed virtual building model such as BIM was 
required to complete the missing part of the jigsaw of 
the virtual design concept as demonstrated in Figure 1.  
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Figure 1. Evolution of technology within AEC industry

The term ‘Building Information Modelling’ was first 

used in 2002 to achieve the virtual design concept. BIM 
has progressed quickly since then, with many 
construction teams having observed values in using 
BIM within the construction industry; it has become 
more attractive with the continuous development of 
BIM tools. Today BIM is a moving target with a wide 
progress, becoming increasingly popular within the 
AEC industry throughout conferences, government 
strategies, companies strategies, awareness campaigns, 
and a wide range of journals and researches. 

2. The benefits of BIM 

Communication problems (whether intended and 
unintended) remain as much a problem in construction
projects as elsewhere in business and commerce. 
Proponents of BIM argue that it provides a ‘bridgehead’ 

enabling reliable and regular knowledge exchange 
across the project organisation, with the potential to 
improve relationships between the architects, engineers, 
construction professionals, facility managers and 
building owners; this feature could also enable multi-
disciplinary teams to remain synchronised – this should 
improve accuracy and enable a more informed and 
knowledgeable approach to decision making, which 
could in return reduce waste and help to achieve a 
successful project.

BIM is also considered to be a positive transition 

for designers, where they can be supported by new 

means of technological tools throughout the design 

processes, this can make their work easier, 

smoother and faster while enhancing the quality of 

designs.  

Similarly, contractors can create visual data 

for the costs, materials and construction sequences 

within a shared collaborative model. Once the 

information data is placed within the BIM model, it 

can automatically present itself in floor plans, 

elevations, specifications, work sequences, and 

quantity takeoff, etc. Where all accessible users can 

view the information and operate on it, instead of 

working from detached drawings and schedules in 

the form of many separate paper documents. 

Information within BIM would also automatically 

adapt when changes occur to a set of data, together 

with a clash detection tool if changes are unsuitable. 

This is different to the traditional fragmented 

practice of numerous individual sets of drawings, 

where design and construction teams have to go 

back to manually change and re-print each set of 

drawings, elevation, specification, work sequence 

and quantity takeoff.
Case studies carried out by Kaner et al., (2008) and 

Eastman et al., (2008) indicated that the use of BIM in 
projects reduced the number of information requests 
and order changes; it also improved productivity and 
efficiency, especially in the early stages of design. A
report commissioned by The Department for Business, 
Innovation and Skills (BIS) and HM Cabinet Office in 
2008 recommended that a BIM approach could account 
for up to 2.5 billion per annum savings in the 
construction phase alone. 

3 Challenges of BIM implementation 

The co-ordination of activities to promote and embed 
BIM in the UK is achieved in part by the ‘BIM Task 

Groups’ – and whilst the overall message that has 
emerged has been one promoting the virtues of BIM, 
there is an alternative viewpoint that suggests that BIM 
could introduce problems that, hitherto would not 
otherwise have been evident using more traditional 
methods of design and construction co-ordination, these 
are summarised in Migilinskas et. al. (2013), based on 
four international case studies; 

� Predisposition to software tools and methods 
of working that are familiar to the project 
participants;  

� Focus on ‘difficult’ aspects of the project 

rather than broader application to the whole;  
� Some intelligent approaches such as Virtual 

Project Development utilised for the first time 
and some concerns regarding the quality of the 
data used to construct the model.  

� Benefits of BIM are directly correlated to the 
ability to maximize collaboration in project. 
Piecemeal adoption across the project team 
leads to problems;  

� High costs with software purchases and staff 
up-skilling 

� Lack of standardisation and expectations of 
contract obligations in certain countries or 
regions (such as European Union, Americas, 
Asia and other). 

These issues might seem as great barriers to 
implementing BIM. However, reports and studies 
illustrate that BIM has been widely used around the 
world.  

4 International perspectives on BIM
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Despite the above-mentioned implementation barriers, 
many countries have showed great interest toward 
implementing BIM across the Architecture, Engineering 
and Construction industries. However, each country has 
its own arrangements and progressed differently: 

4.1 United States (US) 

The USA was the earliest initiator of BIM, particularly 
within the public sector. In late 2006 the US General 
Services Administration (GSA) issued a BIM-guideline 
outlining an implementation plan to accompany the 
integration of BIM use within the US AEC sector in 
general and the Public Building Service (PBS) in 
particular. Following this, in 2007 the US GSA issued a 
mandate to obligate all planners to use BIM while 
applying for GSA funding schemes (GSA, 2007).  
In addition to the widely recognised benefits of BIM 
that the public sector appears to be gaining benefits 
from, the US AEC sector has established BIM policies 
by addressing the allocation of risks associated with the 
implementation of BIM, outlining the roles and 
responsibilities of each participating party while 
avoiding any conflicts with the existing construction 
contracts and policies. This in return has encouraged 
many stakeholders to use BIM as indicated by the 
American Institute of Architects’ report on the Business 
of Architecture (2010), confirming that 60% of US 
architects were using BIM throughout their projects and 
still increasing yearly.  

4.2 Finland

The implementation of BIM within Europe was 
initiated later than the USA but it has spread more 
quickly and exposed a wider improvement within the 
industry, especially in Finland (as shown in Figure 2). 
According to the Finnish ICT Barometer for architects 
in Finland (2007), 93% of architects were using BIM in 
projects with 33% of that usage at BIM level 3. In the 
same survey it was indicating that nearly 60% of 
Finland’s engineers are using BIM in both the public 

and private sectors (Kiviniemi, 2007). 
This spread of BIM use within Finland is due to 

increased interest by the AEC and Facilities 
Management (FM) companies in profiting from the 
benefits of BIM. Starting from the 1st October 2007, 
the Finnish FM companies focused on using BIM’s 

modelling technology within common project works. In 
2009, they established detailed modelling guidelines to 
assist with the use of BIM during the design stages. 
Later in 2009, the governing body of public properties 
used these guidelines to run several pilot projects; 
where it had a great impact in making decisions for the 
Senate Properties’ investment processes and enhanced 

developments within the public sector (VTT, 2007). 
BIM has also reached the private sector in Finland,

where major companies such as ‘Skanska Oy’ and 

‘Tekes’ took the lead of adopting BIM within private 

projects (Kiviniemi, 2009) Giant private companies 
have also funded a number of BIM related researches 
with local universities such as Tampere University of 

Technology; these researches investigated the benefits 
and outcomes of BIM practice within the industry to 
promote the integration process of BIM, developing 
technical tools and investigating the potential of BIM in 
providing sustainable solutions within the industry 
(Leicht et al., 2007; Huovila, 2008).

4.3 Singapore 

The National Ministry of Singapore has first introduced 
BIM in Singapore in early 1995. This gave 
organisations such as ‘Development Construction and 

Real Estate Network’ (CORENET) an early 

involvement to develop and implement BIM within 
governmental public projects. 

Singapore’s government has been successful in 

pushing for BIM implementation and BIM standards on 
various kinds of projects within the public and private 
sectors with the help of CORENET’s BIM Guideline 

“Integrated Plan Checking” (Khemlani, 2005). This has 

noticeably enhanced the number of public-private 
initiatives to encourage the use of BIM in a large 
number of pilot projects. 

4.4. India 

India’s fast growth of population and economy have 

provided a boost to the building environment and 
provided the perfect platform to implement BIM. India 
has a strong workforce of qualified, trained and 
experienced BIM specialists who are not only 
implementing BIM technology in India’s Construction 

Projects but also assisting on the implementation of 
BIM in Canada, USA, UK, Singapore and the Middle 
East regions. 

4.5 Canada 

The Institution of BIM in Canada (IBC) has taken the 
responsibility of leading and facilitating the full 
implementation of BIM into the Canadian built 
environment where they maintain a keen interest in 
focusing on the primary stakeholders allowing them the 
right method and pace to understand their roles and 
responsibilities and to assess their capacity to contribute 
in this process.  

4.6 France 

On April 2014, the French minister of Housing and 
Development announced the new "Building 2.0" which 
primarily contains using Building Information Model as 
the main tool for public projects. Outlining that BIM 
will become obligatory in all state owned projects by 
2017. However, no plan has yet been introduced for 
these requirements to take place. 

4.7 Continental Europe 

UK, Netherlands, Denmark, Finland and Norway 
Governments are already demanding the use of BIM for 
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public projects. Consequently, in November 2013 the 
European Parliament voted to support the utilisation of 
electronic tools such as BIM for public works contracts. 
They have described this convention as an approach to 
possibly enabling more efficient construction and 
building projects in Europe and help advance European 
competitiveness.  
Following this decision, leaders from Europe’s AEC 

industries have expressed their support to the European 
Parliamentary vote on what they described as 
modernising the European public sector.
This parliamentary vote is perhaps viewed as paving the 
way for adopting BIM and permitting all 28 EU 
member states to encourage, specify or mandate the use 
of BIM for public funded construction and building 
projects by 2016.

4.8 United Kingdom 

The UK Government has already shown their 
awareness of BIM’s benefits in perhaps controlling 

costs, time and quality and the advantages it could offer 
to everyone involved in the construction projects, 
including clients, designers, contractors, suppliers and 
facilities managers. On 31st May 2011 the UK 
Government showed its interest in BIM by publishing a 
construction strategy report that announced that it is 
aiming to adopt BIM’s technologies, processes and 

collaborative behaviors into all stages of the life cycle
of all public projects by 2016. This is expected to 
advance the use of BIM in the UK, as shown in figure 
2. However, the UK industry is not yet ready for the 
implementation of BIM. The following will establish 
the barriers that stakeholders within the UK industry 
will face in seeking to implement change. Most of these 
issues may only appear during the implementation of 
BIM level 3. Implementing BIM level 2 should not 
create significant additional risks, but some 
amendments might be required to smooth the 
implementation process.

Figure 2. BIM Adoption in Europe

5 Questionnaire survey 

In order to achieve BIM expectations and successfully 
implement BIM around the world, all stakeholders in 
the industry must reach the required BIM awareness 
level. To understand the readiness of stakeholders in the 

UK to the BIM implementation requirements, a 
questionnaire survey was distributed to a large number 
of professionals in the UK. 84 participants flagged the 
concern of misunderstanding BIM and its concepts. The 
response showing in the graphs below expresses the 
tardiness of many practitioners and organisations 
towards BIM awareness and adoption.  

� Are you or is your organization aware of the 

challenges of implementing BIM?

� Are you concerned about BIM adoption in 

your organization?

Those participants who were concerned with BIM 
adoption were asked an additional question to rate their 
concerns of BIM adoption challenges. From the results 
showing below and the comments that were obtained 
from this research and focus groups, an outstanding 
distress was discovered on the concern of BIM adoption 
and a large number of professionals seemed to 
acknowledge BIM but are still unsure of what their 
organisation is planning to overtake the challenges of 
adopting BIM level 2 in the very near future. Also, 
despite their awareness that adopting BIM is a 
challenging task to many organisations, they still don’t 

seem to know what these challenges are. Therefore, it is 
highlighted that a comprehensive manuscript is required 
to outline all the challenges of adopting BIM in the UK. 
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6 Discussion 

No doubt, BIM can be of extreme benefit to the 
industry and potentially improve the way the 
professionals deal with projects; however, the use of 
BIM could raise a vast number of issues that deserves 
serious consideration. In essence, it is only as good as 
the people using it (Kirkham, 2015). Many clients are 
still hesitant towards the implementation of BIM as they 
are still uncertain and puzzled on what BIM really is. 
This is due to the nature of all participants within the 
industry and the high costs of BIM implementation 
owing to the required extensive training of the different 
professionals, cost of technical expertise, costs of 
organising protocols and managing a network server to 
store and access the model.  

Other issues preventing the Implementation of BIM 
are the Legal barriers surrounding liability, 
uncertainties to the Intellectual Property Rights, digital 
information exchange and ownership of the program,

which could all be resolved in time. 
However, most of these issues would only occur 

while using BIM level 3. Implementing BIM level 2 
should not create significant additional risks; 
nevertheless some amendments might be required to 
smooth the implementation of BIM. 

BIM level 1 only contains the use of the design 
software features within the design stage; this level is 
currently used and widespread within the industry 
without any major implementation issues. On the other 
hand, BIM level 2 is an increased method in using 
software technologies within separate disciplines. 
Therefore, the following topics should be considered 
before BIM level 2 could be implemented within 
projects: 

� The necessity for intense awareness campaigns 
and training courses throughout the industry to 
cover the doubts and debates surrounding BIM 
and enhance awareness towards the 
responsibilities and roles of individuals and 
organisations throughout the use of BIM level 
2.

� Implementation of Level 2 BIM may require 
amendments to the intellectual property 
legislation. 

� Contractual amendments and software 
measures might require rearrangements to 
protect users from data corruption and 

software tool failures especially when different 
users operate on the same model. 

� Enterprises operating on level 2 BIM might 
become limited during tenders when level 3 
BIM is fully implemented by others. 

� A BIM protocol must be outlined and agreed 
during the procurement stage to address risk 
sharing, detailed responsibilities of all users, 
technology level of each model, level of 
definition, and an exclusion of liability. These 
protocols must be clearly outlined within the 
agreements between the client and those 
responsible for the BIM model (Beale and 
Company Solicitors LLP, 2013) 
Implementation of Level 3 BIM is not just a 

simple step up from level 2 in terms of using 
software tools; it is an elevation to a very different 
style working. BIM level 3 will require using 
advanced tools within one collaborative platform; 
this will require a number of considerations as 
detailed below: 

6.1 Issues Associates With Integrating BIM On 
Existing Buildings and Infrastructure 

Attempts have been made to use BIM for old and pre-
existing facilities. However, this was only possible 
when the existing facility was rebuilt visually in BIM or 
converted into the form of BIM. Although, converting 
an existing building into a BIM model would require 
numerous assumptions such as the standards and codes 
of the existing building design, the construction 
methods used, and the materials used at the time of 
construction.  

6.2 Issues Associates With Integrating BIM On 
New Buildings and Infrastructure 

� Cost – BIM level 3 will require significant 
investment from across the industry. There 
would be a need to take into account the costs 
of BIM’s software and hardware as well as 

other costs, such as the extensive training of 
the different professionals, cost of technical 
expertise, costs of organising protocols and 
organising a network server to store and access 
the model. These costs raise the concerns of 
many small/medium enterprises within the 
industry. Failure of these enterprises in 
fulfilling the cost requirements will generate a 
large gap between them and other BIM-using 
enterprises in terms of recognition, work 
quality, winning tenders, saving time and 
money etc. 

� Industry ‘mind-set’ – (Need for teaching and 
training) The current traditional way of 
working will not easily adjust to the high-tech 
collaborative way of working that BIM is 
introducing to the industry. BIM level 3 will 
completely change the way that professionals 
would approach their day-to-day duties, from 

0 102030405060708090100
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the fragmented paper method to having to 
work within an informational collaborative 
model that requires regular communication 
between different participants from early 
stages. Therefore, All existing and new coming 
professionals must be trained and educated to 
fully understand their responsibilities and 
duties. Also, these responsibilities and duties 
must be considered and drafted within the 
contractual documents to ensure services are 
carried out according to the collaborative 
nature of BIM. 

� Information control - BIM level 3 relies 
considerably on IT and software systems. This 
reliance raises many concerns as to the need of 
various control procedures in order to limit and 
control access and inputs such as data 
protection with firewall systems, data backup 
features in case a corruption of data appears, 
technical support facilities and professionals 
etc. The BIM model is the core data platform 
of the project; one error within the model can 
be both costly and time wasting.  

� Ownership – The issue of model ownership as 
been widely debated, where many stakeholders 
within the industry are concerned with who 
should obtain the final version of the model 
and the involved data. These debates are 
mostly due to the misunderstanding of the 
concept of BIM; if the model generated by 
BIM was correctly categorise as a product then 
by law it should only be retained by the buyer, 
i.e. the client or the building owner. However, 
the data contained within the BIM model is a 
separate issue because it is generated from 
contributions of various team members; they 
should be authorised to obtain a copy of their 
contribution for future records. These issues 
must be considered and discussed by the 
government to outline and verify the legal 
regulations towards ownership of the BIM 
model and the involved data during and after 
construction. 

� Liability exposure - Different professionals 
from various enterprises contribute towards the 
BIM model throughout different stages of the 
product’s life cycle through collaborative 

software systems; this new way of working 
might create irregular liability issues. BIM 
software system is protected by “blanket 

limitation of liability” clauses that generate the 

question of who is liable for any errors caused 
by the software tools. Another concern is who 
is liable if works were carried out incorrectly 
due to inaccurate information given by a 
different professional in the early stages. These 
risks must be dealt with and clarified in 
contractual protocols and carried out 
accordingly to distribute risk and liability 
evenly.  

� Insurance - limited insurance companies can 
currently offer to insure BIM. Due to the 
limited use of BIM and doubtful impressions 
that was surrounding BIM’s benefits and the 

risks it may incur, it was incredibly expensive 
to insure works done with BIM. However, now 
that BIM has been successfully implemented 
within different projects, insurance costs have 
decreased. For the time being, it is important 
for parties to consider taking out the 
appropriate insurance to cover their 
engagement in the BIM process to obtain their 
usual coverage and protect themselves against 
liabilities and risks. 

� Contractual documents – BIM level 3 offers 
new roles and responsibilities for existing and 
new professions such as BIM managers and 
architects and draftsmen. Project contracts 
should include a detailed brief of these roles 
and outline the duties of each professional role 
to suit the use of BIM within projects. The 
same set of BIM privileges and requirements 
should flow through the different contracts to 
avoid clashes between the clauses of the 
principal contract and the legal terms of the 
BIM protocol.  

  

7 Conclusion and recommendations  
It is arguably that the construction industry can benefit 
from the integration of BIM in order to improve the 
current fragmented way of working, overtake the 
overpowering issues and possibly provide potential 
solutions and advantages to the industry. From the 
literature review and secondary case studies, we can 
conclude that BIM implementation can possibly offer 
enhanced products throughout the industry by:

� Reducing errors and omissions, this will make 
works smoother, reduce RFIs, reduce 
professional liabilities and insurance costs.  

� Provide opportunities to discover errors in 
early stages, earlier error discovery reduces 
repair costs in comparison to discovering them 
once project design progresses. 

� Reduce time. Where involved managers, 
designers and drafters can spend less time 
developing designs and more time providing 
creative solutions for clients.  

� Have a positive impact on firm’s reputations 
with an increased number, scale and variety of 
opportunities 

� Enhance the reputation of the industry towards 
sustainability and efficiency 

� Increased client satisfaction through visual 
verification of design intent 

� Enhanced way of working with knowledge 
sharing and virtual Design before construction. 

Although these benefits might appear astonishing, they 
are currently only presented on paper because in reality 
BIM could just be another idea that could not proceed 
due to the lack of assessment and the misunderstanding 
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of BIM implementation process. Therefore, detailed 
implementation plans and arrangements are required to 
assist with the integration and adoption of BIM within 
organisations, which is currently realistically 
unachievable due to the numerous obstacles 
surrounding BIM and the difficulties of BIM execution.
The demand for BIM execution plan was exposed from 
the questionnaire survey findings, which raised 
necessity of outlining and applying the following 
processes: 

� Communicate and enhance the understanding 
of BIM, this could be done by providing a 
wide range of seminars, conferences, 
workshops and training courses to existing 
professionals in all sectors. As well as 
promoting the publication of articles and 
carrying researches on BIM.

� Organise and provide many educational and 
training sessions to allow the new 
professionals to have the correct knowledge 
and skills to blend with BIM applications to 
ensure the new and old professionals within 
the industry are ready for the 2016 digital 
BIM switchover.

� Set up clear definitions of roles and 
responsibilities of each different participant 
within the new way of working. 

� Locate who is responsible for setting up the 
level of BIM and model standards applied 
within a project, and when. 

� Outline the required outcomes from the use of 
BIM within projects. 

� Examine the contractual and legal issues to 
find solutions to ownership, sharing,
copyright, IP allocation and Insurance and 
issue a framework to outline the legal process 
and procedures of BIM.  

� Establish BIM guidelines for the UK that can 
also be integrated with international BIM 
guidelines.  

These themes must be evaluated and investigated by 
organisations to outline their unique execution plan to 
make the implementation process of BIM clearer and 
closer to reality and to overtake the issues and 
considerations associated with the integration of BIM in 
the industry

References

1. AGC (2006) “Contractors’ Guide to BIM” The 

Associated General Contractors of America. 
Agopyan, V. et al. (1998) "Alternatives for 
Reducing Material Waste on Building Sites", 
Research report.

2. AIA (2007) "Integrated project delivery: a guide", 
AIA California Council. Baldwin, A. N. et al. 
(1998) "Planning building design by simulating 
information flow", Automation in Construction. 8. 
2. 149-163. 

3. AIA (2008), Document E202 - Building 
Information Modelling Protocol Exhibit, American 
Institute of Architects, Washington, DC.

4. Alin, P., J. Iorio and J. E. Taylor (2012). Objects as 
Arbitrators: Spanning Boundaries in Virtual 
Engineering Networks. Industry Studies 
Association Conference. 

5. Andoh, A. R., X. Su and H. Cai (2012). A

boundary condition-based algorithm for locating 

construction site objects using RFID and GPS.
Construction Research Congress 2012

6. Arayici, Y and Aouad, G 2010, 'Building 
information modelling (BIM) for construction 
lifecycle management’, in: Construction and 

Building: Design, Materials, and Techniques, Nova 
Science Publishers, NY, USA. 

7. BIS/Industry Working Group (2010). Building 
Information Modelling and Management BIM (M): 
Interim Report from the BIS/Industry Working 
Group. London

8. Boeykens, S., C. Himpe and B. Martens (2012). "A 
Case Study of Using BIM in Historical 
Reconstruction. The Vinohrady Synagogue in 
Prague." Digital Physicality| Physical Digitality: 1-
10.

9. Boshyk, Y. and Dilworth, R.L. (Eds.) (2009), 
“Action Learning: History and Evolution”, 

Basingstoke, U.K.: Palgrave Macmillan 
10. Braxton, J. M., & Hargens, L. L. (1996). Variations 

among academic disciplines: Analytical 
frameworks and research. In J. C. Smart (Ed 1), 
Higher education: Handbook of theory and research 
(Vol. 11, pp. 1-46). New York: Agathon Press.

11. CIRIA (1999), "Standardisation and Pre-assembly 
Adding Value to Construction Projects", 
Standardization; Pre-ASSEMBLY; Drivers; 
Benefits; Implications, London, Report 176

12. Coates, P. Arayici, Y. Koskela, L. Kagioglou, M. 
Usher, C. O‟Reilly, K. (2010), “The limitations of 

BIM in the architectural process”, First 

International Conference on Sustainable Urbanism, 
December 2010, Hong Kong 

13. Eastman, C. Teicholz, P. Sacks, R. and Liston K. 
(2008) “BIM Handbook: A Guide to Building 

Information Modeling for Owners, Managers, 
Designers, Engineers and Contractors”, John Wiley 

& Sons, Inc., Canada.
14. Edgar, A. (2007) "W15: Introduction to BIM: 

People, Processes and Tools", NIBS. 
15. Environment Agency (1997) "Waste minimisation 

and waste management: an environmental good 
practice guide for industry ". Solihull. E.A.

16. Greenwood, D. Lewis, S. and Lockley, S. (2010) 
Contractual issues in the total use of building 
information modelling. In: 18th CIB World 
Building Congress, Salford.

17. GSA (2007) BIM requirements and adaptation.
website: www.gsa.gov/bim. [Accessed 22/11/15] 

18. Huovila, P. (2008). “Building Information Models 

and Innovative Sustainable housing”, In 

proceedings of SB08 Conference, Melbourne, 
Australia, 21–25 September 2008.

 
DOI: 10.1051/00005 (2016), matecconf/2016MATEC Web of Conferences 66 6

IBCC 2016

600005

7



19. ISO 29481-1:2010, Building information modelling 
- Information delivery manual - Part 1: 
Methodology and format, BSI Publications. 

20. Jordani, D., (2008), “BIM: A Healthy Disruption to 

a Fragmented and Broken Process”, Journal of 

Building Information Modelling: Spring 2008, 
Matrix Group Publishing, Houston.

21. Kaner, I., Sacks, R., Kassian, W. and Quitt, T. 
(2008). "Case studies of BIM adoption for precast 
concrete design by mid-sized structural engineering 
firms." ITcon 13(Special Issue Case studies of BIM 
use): 303-323. 

22. Kirkham, R. (2015) Ferry and Brandon’s Cost 

Planning Of Buildings (9th Edition 9), Chichester: 
Wiley-Blackwell, 2015. ISBN: 978-1-119-96862-7.

23. Kiviniemi A. 2007: Support for Building Elements 
in the IFC 2x3 Implementations based on 3rd 

Certification Workshop Results. VTT, Finland. 
24. Kiviniemi, A. (2010), “Challenges of Interoperable 

BIM in a between organization” 

http://aarch.dk/fileadmin/filer/Sune/Arto_Kiviniem
i.pdf 

25. Kiviniemi, M. (2009) “Building Information Model 

(BIM) promoting safety in the construction site 
process”, SafetyBIM – research project 10/2007 –

2/2009 (TurvaBIM in Finnish).
26. Leicht, R., Fox, S., Mäkelainen, T. & Messner, J. 

(2007) “Building information models, display 

media and team performance: An exploratory 
study”, VTT Working Paper No. 88.

27. Migilinskas et. al. (2013), The Benefits, Obstacles 
and Problems of Practical Bim Implementation. 
Vilnius Gediminas Technical University, Civil 
engineering faculty, Saulėtekio al. 11, LT-10223 
Vilnius, Lithuania DOI: 
10.1016/j.proeng.2013.04.097

28. NIBS (2008), The National Institute of Building 
Sciences, website: www.nibs.org [Accessed 
22/11/15]

29. NIST (National Institute of Standards and 
Technology) (2004) : Cost Analysis of Inadequate 
Interoperability in the US Capital Facilities 
Industry. NIST GCR 04-867 (2004)

30. PAS 1192-2:2013 Specification for information 
management for the capital/delivery phase of 
construction projects using building information 
modeling

31. Puckett, K, 2011, How members of the project 
team interact through BIM, CPD 2011 Module 4: 
Building Information Modelling, bdonline.co.uk, 
Available from: 
http://www.bdonline.co.uk/business/cpd/cpd-2011-
module-4-building-information-
modelling/5016713.article [Accessed: 18 Dec 
2015]. 

32. VTT (2007) Virtual Building Environments II Final 
Project Report, http://cic.vtt.fi/projects/vbe-
net/data/VBE2_Final_Report.pdf. [Accessed at 
10/11/2015]

33. Yan, H., Damian, P. (2011) Benefits and Barriers 
of Building Information Modelling.

 
DOI: 10.1051/00005 (2016), matecconf/2016MATEC Web of Conferences 66 6

IBCC 2016

600005

8


