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Abstract. Built environment data is of varying nature embedding various forms of sensitivities with potential legal,
contractual, intellectual property, and security implications. The paper presents a governance approach for managing
multi-actor, multi-discipline, and total lifecycle data, informed by a wide industry consultation conducted in the UK
between March and September 2011. The study identifies a number of barriers in engaging with Building Information
Modelling (BIM) efforts with a view of facilitating collaboration around a common and integrated project
specification. A governance model is proposed that addresses the identified adoption blockers underpinned by a
“mixed approach”, that factors in various modes of information delivery, ranging from paper-based documents to
object-based information conveyed by IFC (Industry Foundation Classes). A demonstrator system is developed and
used to validate our BIM governance concepts. Our governance model is discussed in the context of the recent UK
government BIM industry consultation document supported by a research and development (R&D) roadmap taking
into account current industry structure and its various levels of stakeholders’ maturity, capability and readiness.
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1. Introduction

Construction and Civil Engineering are highly regu-
lated, fragmented, data intensive project-based indus-
tries depending on a large number of very different
professions and firms, with increasing data sharing
and processing requirements (Rezgui, Zarli 2006;
Anumba et al. 2008). The process of designing, re-
purposing, constructing and operating a building or
facility involves not only the traditional disciplines
(Architecture, Structure, Mechanical & Electrical,
etc.) but also many new professions in areas such as
energy and environment (Rezgui, Miles 2011).

Construction is experiencing challenging operat-
ing environments with the emergence of new forms of
procurement (including Private Finance Initiative,
Public-Private Partnership and the design-build-
operate) and a new generation of clients demanding
the delivery of value-added facilities within time and
budgets (Barrett, Sexton 2006; Ulubeyli et al 2010;
Radziszewska-Zielina 2010).

Project failure has been common over the past
decades, and amongst the notable common causes of
failure is the lack of effective project team integration

across the supply chain (Dainty et al. 2006; Zavadskas
et al. 2010; HM Government 2011). In fact, there is an
increasing alignment of interests between those who
design and construct a facility and those who subse-
quently occupy and manage it. Inadequate informa-
tion management is what contributes to delays and
construction waste (Howard, Bjork 2008). A lack of
compatible information systems, de-facto standards
and protocols, and the varying perspectives and
requirements of clients and designers, have hampered
widespread adoption of an adequate technology which
has the capacity to ensure that all team members are
working from the same data, and that: (a) the
implications of alternative design proposals can be
evaluated with comparative ease; (b) design artefacts
are modelled in several dimensions thus eliminating
coordination errors and subsequent expensive change;
(c) design data can be fed directly to manufacturing
environments eliminating unnecessary intermediaries;
and (d) there is a proper basis for asset management
subsequent to construction (HM Government 2011).

Moreover, data management across the project
lifecycle and supply chain lacks an overall data
management policy (Titus, Brochner 2005). The UK
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government has realized the importance of built
environment data and its strategic role in meeting
some of its most pressing challenges, including the
climate change and carbon reduction agendas, and has
recently recognized the strategic role of BIM to
address data, process and supply chain integration
and to transform the habits and the structure of the
industry (BIM Working Party Strategy Paper 2011).
The UK Government will require fully collaborative
BIM (with all project and asset information, docu-
mentation and data being electronic) as a minimum by
2016 (HM Government 2011).

BIM is the process of generating and managing
data and information about a building during its
entire life cycle from concept design to decommission-
ing (Howard, Bjork 2008). Industry Foundation
Classes (IFC — ISO/PAS 16739:2005 2005) are a
commonly used form for BIM. They are open data
model specifications for defining building compo-
nents’ geometry and other physical properties in a
way that enable CAD users to transfer design data
between different software applications (Howard,
Bjork 2008; Smith, Tardif 2009). They are intended
to provide an authoritative semantic definition of
building elements, their properties and inter-relation-
ships. Data associated with IFC can include: textual
data, images (such as building schematics); structured
documents, numerical models and designer/project
manager annotations. The IFC specification is devel-
oped and maintained by BuildingSmart and has been
included in several ISO standards. The IFC with its
standard set of rules for data storage, data exchange
and protocols provides an ideal framework to manage
data related to a building throughout its lifecycle.

The current status of adoption of the IFCs is
relatively low (Serror et al. 2008) and there are a
number of barriers that BIM technology proponents
need to address before industry wide acceptance
(Ashcraft 2008). This paper is based on a large
consultation to explore the nature and causes of these
barriers with a view of developing a governance model
that factors in the multi-discipline, multi-actor and
lifecycle complexity of construction projects. Follow-
ing this introduction, the paper discusses related work
from a BIM adoption, data governance, standards,
and data storage and access perspectives. The meth-
odology that underpins the research and the results
from our wide industry consultation are then pre-
sented. This is followed by the description of our BIM
governance model informed by the recommendations
from our industry consultation. The paper then
discusses the validation of the governance model
through the CloudBIM demonstrator and proposes
a roadmap for wide BIM adoption and diffusion.
Finally, the paper provides concluding remarks and
discusses directions for future research.

2. Related work

This section draws on existing literature and reports
on related BIM adoption, governance, information
standards and implementation research. We define
governance in this paper as the process of establishing
a project information management policy across life-
cycle and supply chains underpinned by a building
information model taking into account stakeholders’
rights and responsibilities over project data and
information. A governance model is a conceptualiza-
tion and specification of this project information
management policy in a way that can be implemented
and used in a computerized environment.

2.1. BIM adoption in industry

The construction industry is often portrayed as invol-
ving a culture of “adversarial relationships”, “risk
avoidance™, exacerbated by a “linear workflow” (Suc-
car 2009). According to an interesting and recent study
(McGraw Hill 2010) architects have the highest level of
BIM adoption and proficiency in Europe. Nearly half
of architects (46%) have adopted BIM, with 42% of
architects creating BIM models and 19% also analyzing
them. Today, 48% of architects who use BIM consider
themselves advanced or expert. Conversely, about 4 in
10 engineers (37%) use BIM. They lag behind architects
but lead contractors in adoption. Interestingly, this
adoption level among engineers in Western Europe is
almost as high as among engineers in North America
(42%) who were shown in the 2009 North American
study to be somewhat resistant to fully embracing BIM
technology. Contractors have the lowest level of BIM
adoption and proficiency, with only 23% saying that
they are using BIM and only one quarter (26%)
indicating that they consider themselves expert or
advanced. Contractor adoption is also the most recent,
68% having begun using BIM in the past 3 years.
Rezgui and Miles (2011) used a combined Tech-
nology Acceptance Model and Diffusion of Innovation
theory to explore factors affecting BIM adoption.
Issues have been identified in terms of perceived
usefulness and ease of use of BIM complemented
with factors related to compatibility, observability,
triability, and competitive advantage of BIM technol-
ogy. In the majority of BIM adoption initiatives,
technical problems (including compatibility and relia-
bility), team fragmentation, resistance to change, lack
of training, and business process related issues are often
cited as barriers to BIM adoption (Howard, Bjork
2008). Moreover, there is an acknowledged uncertainty
about the legal, contractual and overall organisational
implications of BIM (Ashcraft 2008; Chao-Duivis
2009). There is a consensus that socio-organisational
and technical changes should accompany BIM deploy-
ment efforts (Rezgui, Miles 2011). However, there is no
consensus as to who owns the model (BIM) and who is
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responsible for financing and maintaining it over the
facility lifecycle (Eastman et al. 2011).

2.2. BIM governance

Overcoming the above mentioned BIM adoption
shortcomings requires development of protocols, set-
ting up responsibilities among disciplines, sharing
through a common model (which can be stored
centrally or outsourced); and overall, a better com-
munication among disciplines (Eastman et al. 2011). It
also requires awareness, intensive trainings and defin-
ing formal responsibility among stakeholders, across
disciplines and the lifecycle (Smith ez al. 2005; Rezgui
et al. 1998).

Singh ez al. (2011) identify a number of technical
requirements for a suitable collaborative BIM, includ-
ing: centralized model repository linked to other
federated data repositories; different spaces for public
and private models; object identification by Globally
Unique Identifier; specifications based on Information
Delivery Manuals (IDM); secure access to the model;
hierarchical model structure based on user require-
ments; security checks for uploaded/downloaded and
transferred models; customizable user interface; real-
time viewing and printing through the web; sub-
models, and objects with different levels of detail
and ease in checking properties of the objects.

A number of commercial solutions addressing
part of the above limitations have been developed.
Commercial BIM servers are today available, includ-
ing the Onuma system (www.onuma.com), Revit
Server (www.autodesk.com), ProjectWise and Asset-
Wise (www.bentley.com), Graphisoft BIM Server
(www.graphisoft.com) and EDMmodelServer (www.
jotne.com). These environments tend to use proprie-
tary governance data structures. They tend to adopt
either central (accessible to all team members over the
WAN) or local (accessible to team members over the
LAN) servers for data storage and management.

Distributed data storage technologies, including
cloud, are becoming increasingly prominent. NIST
(National Institutes of Standards and Technology)
define Cloud Computing as a model for enabling
ubiquitous, convenient, on-demand network access to
a shared pool of configurable computing resources.
More specifically Cloud Computing can generally be
thought of providing Infrastructure (Processing Power
and Storage), Software or the computing platform
itself to users (Kim, Parashar 2009).

One of the limitations of commercial cloud
storage technology is that the process dimension is
not factored into the storage and data access strategy.
Current cloud-based solutions tend to be proprietary
and data access follows a company policy and don’t
address the process dimension of a given project
across its supply chains and lifecycle (Rana et al
2011).

2.3. Related standards and developments

A number of semantic resources and information
management standards have been developed for the
construction domain. These include COBie (Con-
struction Operations Building Information Ex-
change), agcXML, and BS1192:2007 (2008). COBie
is developed as a standard data specification for
structured information exchange (East 2010). The
COBie approach and concept is to input data and
information during the processes of design, construc-
tion, and commissioning, which will essentially
support the operations, maintenance, and the manage-
ment of the facilities by the owner and/or facilities
manager. It provides overall traceability and visibility
of design, construction and handover information and
decisions. agc XML, a buildingSMART project as part
of the aeccXML Domain framework, aims at produ-
cing a set of eXtensible Markup Language (XML)
schemas of structured format for the exchange of
information during the design and construction pro-
cess through any number of documents including
request for information and change orders amongst
others (BuildingSmart 2010). BS1192:2007 (2008) is a
standard for collaborative production of project
information which provides a naming convention
constructed using specific metadata fields. These
standards complement the IFC development efforts
and are a good contribution towards addressing some
of the BIM shortcomings.

3. Methodology

A methodological challenge for the research is to
avoid a narrow scoping of the research question(s) so
that to provide a stimulus for meaningful engagement
by the industry participants. Evidence from beha-
vioural decision research indicates that people do not
come to complex technological issues with compre-
hensive views but can be supported in the construction
of their preferences through systematic elicitation and
deliberative procedures. Hence, the research utilises a
qualitative approach involving two deliberative work-
shops (which have attracted 75 industry representa-
tives) and 4 focus group meetings (with a total of 20
participants) incorporating qualitative methods of
inquiry over a duration of 5 months (February
2011-June 2011). The research is located within
theoretical traditions that take socio-technical systems
as the focal unit of analysis. This perspective provides
a robust foundation for analysing linked processes of
social and technological practices related to the
process of designing, constructing and operating a
building or civil facility.

The overall aim of the research is to explore the
potential for a governance model to enhance stake-
holders’ experience with adopting BIM across the
lifecycle of a building or civil infrastructure. More
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specifically, the research addresses the following three
research questions:

— RQ1: What are construction stakeholders’ socio-
organisational and technical barriers to BIM
adoption?

— RQ2: Would these barriers be addressed through
a governance approach that factors in the multi-
disciplinary, multi-actor, and lifecycle dimen-
sions of projects?

— RQ3: What implementation environment is best
suited to address data sharing and computing
needs of construction stakeholders?

The above research questions involved an indus-
try consultation through a deliberative workshop
organized by the Modern Built Environment Knowl-
edge Transfer Network (MBEKTN) coordinated by
BRE (Building Research Establishment). 75 partici-
pants registered to the event. This involved represen-
tatives from a variety of organisations across the
architectural design (33%), engineering (31%), and
ICT (26%) disciplines. The second deliberative work-
shop discussed the proposed governance model devel-
opment work informed by outcomes from the first
workshop. This involved 16 industry participants that
covered the project management, design, and engi-
neering disciplines. The results from these 2 work-
shops fed forward to a series of 4 focus group
meetings to validate the governance model and its
implementation. These were organised with 4 compa-
nies, namely Bentley Systems (a leading CAD editor),
Scott Wilson (a leading construction company with
strong involvement in BuildingSMART and UK
government BIM related initiatives), ARUP (a leading
engineering company), and LeeWakemans (a project
management company). It is worth noting that the
success of our consultation can be explained by its
timing in relation to the publication of the BIM
Working Party Strategy paper (2011). SME partici-
pants from the construction industry perceive the
government BIM drive as a threat and an opportunity:
a threat, if they don’t adapt in time to the government
requirement to deliver BIM compliant project infor-
mation; and an opportunity, if they exploit BIM
effectively to create a competitive advantage and
establish a market leadership.

4. Results from the consultation

The first workshop covered the three research ques-
tions (RQI1, RQ2, and RQ3) and involved three
parallel sessions where business, legal and technical
barriers were discussed, as summarized in Table 1. The
first part of the workshop focussed on RQ1, and then
after convening, RQ2 (governance model) and RQ3
(BIM implementation environment) were discussed
using a deliberative workshop format chaired by a
professional facilitator.

One of the interesting issues that were debated
relates to the scope and format of BIM. It was evident
that BIM meant different things across the workshop
participants with some relatively shared views across
disciplines. One of the designers from a London-based
architectural practice commented: “BIM is in my view
a more comprehensive and detailed computer-based
description of drawings compared to traditional CAD
as it requires designing in 3D and defining all building
elements performance and characteristics”. Another
participant from a leading contracting organisation
argued that: “the main application of BIM is to provide
a document store that facilitates access to key design
and engineering project documentation during the
construction stage”. This triggered a comment from
a participant representing a large client organisation
who argued that: “BIM is a tool for clients to enforce
requirements and project performance satisfaction while
at the same time delivering a virtual project alongside
the handed over facility”. This was corroborated by a
representative from a Facility Management organisa-
tion that noted: “I fully agree in fact, this virtual
building will enable us to perform value added facility
management’”. Workshop participants then reached a
consensus around one participant from an ICT
company who commented: “The main feature of
BIM is that it requires collaborative design development
from a common building model as opposed to a variety
of drawings facilitated by a model server or large
distributed database which embeds geometry as well as
various building properties. This intelligent model will
help designers easily detect conflicts and clashes due to
multi-disciplinary collaborative evolution of the design’.

There was then an interesting debate on whether
BIM should be limited to structured IFC like objects
or include traditional legally binding documents.
There was an overall agreement that BIM would
require a cultural change across the industry as
reported by a participant from Bentley (one of our
project partners): “There seems to be a push towards
using a database approach towards BIM where manage-
ment is applied at building element level. However, the
industry is not ready. While our tools ( Bentley) are all
IFC compliant, we are still experiencing a slow move
towards exploiting the strength of BIM servers. Clients,
designers and contractors still demand and rely on
frozen technical drawings which carry a contractual
and legal dimension”. He then went on arguing the
need for a “mixed approach’ which acknowledges the
co-existence of paper-based or electronic frozen docu-
ments and a live/evolving IFC model. BIM would
involve both types of project data representation, i.e.
paper-based and model-based.

Another issue, which involved interesting discus-
sions, relates to the return on investment of BIM.
There was an overall consensus that BIM adoption
may involve initial losses as many practitioners will
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Table 1. Key results from our consultation

Category of
Barriers

Key Results from the Consultation

Organisational

Legal

Technical

There is a strong culture of reliance on paper-based legally binding documents (including
technical drawings).

The separation between design and construction activities in some procurement paths hampers
the integration of building life-cycle information in BIM.

Dominance of SMEs in various parts of the lifecycle, in particular during the construction stage
with limited process and technical maturity and capability.

Limited investment in ICT due to tight financial margins on projects.

BIM should involve rethinking and mapping project stakeholders’ authorities, responsibilities
and financial arrangements linked to virtual buildings as opposed to frozen paper-based
documents.

Traditional procurement paths that hinder collaborative working across the supply chain from
concept design.

Financial arrangements that prevent early involvement of stakeholders in the design process, e.g.
contractors assisting in product and material selection.

Who covers the additional costs involved with adopting a BIM approach? Is this covered by the
client or shared across stakeholders?

There is no clarity as to who owns and is responsible for BIM.

IFC data or IFC servers carry no legal or contractual obligations. What ultimately matter are the
contractual drawings and specification documents.

BIM does not involve any liability in case of wrong or incomplete information when it comes to
resolving disputes.

Current procurement paths are not adapted to the nature of BIM and important issues related to
intellectual property rights and fait-practice exist.

BIM does not embed stakeholders’ roles, responsibilities and authorities reflected in rigorous
access control on data. This opens avenues for accidental and unwanted changes.

Lack of compatibility between various IFC products. There is loss of semantics during IFC
import and export between different IFC-based packages.

Fragmentation of BIM data across design and engineering teams and then the contractor and
FM companies.

Information is not sustained across the lifecycle and is in continuous danger of being lost due to
company mergers or bankruptcy.

Access control to data is addressed by commercial and proprietary solutions that are not
compatible and do not embed the project procurement path and process dimension.

BIM data is not secure even when stored on BIM servers, as these are managed and controlled by
a single company or at best outsourced to a data centre.

The network and communication overheads in using externally sourced virtualized storage.
Privacy constraints associated with utilizing such storage for business sensitive data, as viewed by
industry end users.

Support for data integrity, user authentication, data security, and access control.

have to proceed by “learning-by-doing” as corrobo-
rated by Sebastian (2010). However, companies should
be able to reap the benefits of BIM once business
processes are re-engineered and adapted and also on
long-term contractual arrangements which include
operation management. Hence, education and train-
ing are important enablers and companies should
invest in the development of their staff. The same
participant from Bentley argued that: “the challenge is
to live with incomplete or uncertain information. A true
BIM approach involves stakeholders across the design
and construction stages, including contractors collabor-
ating towards the selection of the best design options
such as sustainable materials and products. However,
current and traditional procurement paths can act as
barriers. This has implication on financial arrangement
across the supply chain”.

Following from the discussion on the definition,
scope and format of BIM, the legal dimension of BIM
was raised. The discussions converged to identify two
main streams of legal barriers as reported by a
participant from the legal and contract department
of a large contracting company: “The legal aspects of
BIM boils down to two issues on the one hand, the
governing dimension of information and ways in which
this is shared and communicated on projects across the
supply chain and the lifecycle, and on the other, the
project-specific procurement and related contractual
arrangements”. There was an agreement that the
former issue (information governance) is unregulated
and carried out in an ad-hoc way while the latter issue
(procurement path) is contractually sound but
involves important gaps as reported elsewhere
(Chao-Duivis 2009). This was best described by a
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participant from a contracting company who com-
mented: “In a traditional procurement path we always
face problems in importing the design team “BIM’ into
our own system. There is always a loss of data during
the file import which results in considerable time spent
to complete the model”. This was corroborated by an
architect who pointed out that: “The transferred BIM
embeds some form of know-how and intellectual prop-
erty which is not covered by current procurement
methods”. The contractor then replied: “Correct,
however, there is equally no liability as to the correctness
of the information conveyed through BIM which in some
instances differs from the same information provided
through contractual documents such as detailed
drawings”. This was corroborated by the participant
from the legal and contract department of a contract-
ing company who concluded: “There should be a close
in the contract that spells out the legal implications in
terms of responsibilities and liabilities when wrong or
incomplete information is found. Our profession has to
catch up with the fast development of technology and
BIM”.

These concerns were confirmed in the second
part of the workshop, which focussed on discussing in-
depth issues related to Trust, Security, Privacy, Inter-
operability, Ownership and Rights of BIM data. There
was a general consensus that a neutral (non-proprie-
tary) BIM governance model should be developed
which would bind all stakeholders across disciplines
and lifecycle around a shared BIM experience.

The authors then explored the third research
question by inviting workshop participants to reflect
on their experience of storing and accessing BIM data
and related project documentation. This revealed
mixed and ad-hoc ways of dealing with project data,
including BIM. Variations involved a number of
factors, including project size, client’s standing (small,
medium or large client organisation), procurement
path, design and contractor BIM awareness and ICT
maturity. This was best summarized by the participant
from Bentley who commented: “Our experience with
dealing with data storage using our commercial system
( ProjectWise) is that our customers depending on their
role in the project would either install ProjectWise on
their company server for their employees’ data and
document sharing needs using their company access
policy or open it up for all project participants again
using their own policy and financial charging model”.
This triggered a number of criticisms from the
participants arguing that not everyone was familiar
with ProjectWise and that they had already invested in
developing or deploying a different project manage-
ment system. Also, issues related to process and
procurement path compliance of these systems
were raised. This reinforced (a) the need for an open
and non-proprietary model as is the case of the IFCs,

and (b) the need for a more robust and sustainable
storage solution.

5. A governance model for a mixed-mode delivery of
building data and information

A building information model at the very simplest
level can be viewed as the complete collection of
information about a building, offering a phaseless
workflow (Succar 2009). This BIM data is accessed
and manipulated by utilising certain “tools of en-
quiry”, such as “lenses” and “filters’; lenses highlight
certain objects that meet a particular criteria (e.g.
columns on floor level 2) whilst filters remove objects
that do not meet the criteria.

However, results from the consultation suggest
that this idealised view of BIM data does not match
traditional and current industry requirements. To this
end, this section describes a governance model to
enable multi-actor, multi-discipline, and lifecycle man-
agement of BIM artefacts (i.e. project documents and
model-based data). It is interesting to note work by
Kubicki et al. (2006) aimed at developing a relational
cooperation model with a view of conceptualizing
relationships and interactions between actors on a
project, their activities, the artefacts they produce, and
the tools they use. While the latter is meant to
facilitate coordination of construction activities, our
model will enable the capturing and modelling of the
often complex data access requirements within the
collaborative working environment that is prevalent
within the construction industry, facilitating the
adoption of BIM by industry and helping to alleviate
the security, responsibility, ownership, and IPR con-
cerns held by many in the industry.

The first step in the creation of our governance
model is the identification of key characteristics of
building information models, their users, and the
process dimension. Five key areas emerge from
our analysis of previous research and information
gathered from our consultation with industrial
partners:

— The conceptualisation of building artefacts

(including data) within a BIM model,;

— Relationships between these building artefacts
within BIM;

— The life-cycle of a building;

— Users of multiple disciplines acting on BIM at
different stages of the lifecycle;

— Controlling the access rights to BIM artefacts.

These areas have been validated within our focus
group discussions and involved incremental refine-
ment. This section will describe each of these key areas
in detail, highlighting the underpinning model and its
development into a concrete implementable govern-
ance model. Additionally, we will also describe other
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functionality that has been highlighted as important
by our research.

5.1. Conceptualisation of data within a BIM model

A building model can be made up of many different
types of information, possibly stored in different
forms and formats, from different contributors,
many of whom belonging to different disciplines.
One of the key concerns noted during our consulta-
tion is that industry is reliant on “document” based
view of data. This stems from requirements for having
legally and contractually binding documents, which
convey a frozen state of the building project at a given
point in time.

To address this concern our governance model
provides the conceptualisation that BIM in its simpli-
fied and pragmatic form is a set of related paper-based
and/or electronic (including model-based) resources,
as illustrated in Fig. 1. It is important to emphasize
that in the reminder of the paper we decouple the
concept and definition of BIM as widely accepted by
the academic community from the possible modes of
BIM delivery (as illustrated in Fig. 1), taking into
account current stakeholders’ capabilities and infor-
mation delivery on projects. Our approach is moti-
vated by the key recommendation from our
consultation that we need to manage the transition
from current mixed-modes of BIM-data delivery to a
fully model-based IFC approach. Hence, in the
context of this paper BIM is defined as: A set of
BIM data available in the form of “BIM artefacts™ as
illustrated in Fig. 1.

While currently BIM consists of a variety of
paper-based, structured, unstructured, object-based
(stored in a BIM server) artefacts, it will eventually
be managed as one, open, standardised logical model,
an example of which could be the IFCs (ISO/PAS
16739:2005 2005). The current situation means that

BIM Paper
based
Document

-—, Available as s
[ N - Q;\.\
Available as

-

Fig. 1. BIM artefacts

until such a level of maturity is reached, we need to
adopt a “mixed-approach” handling different forms
of information delivery as illustrated in Fig. 1.

5.2. Relationships between BIM artefacts

Within our governance model we model a BIM as a
collection of BIM artefacts. However, rarely within
such a model can any two BIM Artefacts be treated as
completely separate entities and many will have
relationships with others within the project model
space. Incremental refinements within our focus
groups consultation led to the classification of these
relationships into five types: versioning, optioning,
composition, derivation and concurrency. Each of
which have different implications as to how data
within the BIM as a whole is affected when a new
BIM artefact is added. We identify six scenarios as
discussed below.

Scenario 1 — No relationship. This scenario relates
to the simple addition of a BIM artefact to the project
BIM space.

Scenario 2 — Versioning. This scenario describes
the creation of a new BIM artefact based on an
existing one with changes made resulting from updat-
ing and/or removal of existing data, or/and addition of
new data. An example of this relationship is shown in
Fig. 2.

Scenario 3 — Optioning. This scenario describes
the creation of one or several BIM artefact(s) op-
tion(s) from an existing BIM artefact. This is illu-
strated in Fig. 2.

Scenario 4 — Derivation. A new BIM artefact is
created based on an existing BIM artefact. This
mainly happens when a document used in one
discipline, for instance Architecture, is used to derive
a BIM artefact from another discipline, e.g. Structure.
This involves filtering unneeded data and adding the
discipline specific new data.

Available as
,u"'

Available as
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Architectural
Model
B

Architectural Architectural

Model Model
A €

Architectural
Model
D

Fig. 2. Optioning and versioning relationship

Scenario 5 — Composition. New data is added to
the BIM model forming part of an existing BIM
artefact. An example of this relationship is shown in
Fig. 3. This composition model allows for the
construction of BIM artefacts, made up of other
BIM artefacts, with each possibly possessing different
access rights. This provides great flexibility for situa-
tions where an individual user may only have access to
modify certain parts of a larger BIM artefact.

Scenario 6 — Concurrency. The concurrency
relationship is a two way relationship used to model
situations where two BIM artefacts are developed in
parallel and illustrates a dependency between the two.
This means that whenever a BIM artefact on one side
of the relationship is viewed, the contents of the other
BIM artefacts are also displayed.

These relationships allow us to easily model five
of the most common occurrences within a construc-
tion project:

— When a user, such as an engineer designing a
building structure, or internal building services,
begins work on their design, they will require
some of the information already present in the
architect’s design. This is the derived from
relationship and it allows a user to create a
document that uses some or all of the informa-
tion from another document;

Architectural
Model

Architectural
Model Model Model Model
Floor 0 Floor 1 Floor 2 Floor 3

Architectural Architectural Architectural

Fig. 3. Composition relationship

Version

Architectural

Version Model

E

Architectural Architectural
Model Model
F G

— The version of relationship allows us to model
the scenario when changes are made to an
existing document leading to the creation of a
new version;

— The option of relationship allows the modelling
of complex design situations that can occur
within a construction project, where several
parallel options may be developed for experi-
mentation by an architect before a final option is
chosen for full development;

— The composition relationship allows the repre-
sentation of a BIM artefact as a collection of
several BIM artefacts, i.e. when each floor of a
structure is modelled separately they can all be
linked together as part of the BIM artefact
representing the complete structure;

— The final relationship type considered is the
concurrency relationship. This allows for situa-
tions when two BIM artefacts are worked on
concurrently and changes in one must be re-
flected in the other. An example of this occur-
rence could involve the structural design of a
building where an architect and structural en-
gineer must work closely together to resolve a
number of design situations.

The relationships defined here apply equally
whether a given BIM artefact is stand alone, or part
of a unified BIM data model. However, the latter case
allows far greater power when reasoning about BIM
artefacts, due to the structured (model-based) and
standardised nature of the underlying data. Examples
of this include:

— The ability to automatically filter data within a
BIM artefact when making a derivation for use
by another discipline;

— The ability to automatically determine and
manage changes between versions of the same
BIM artefact;
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— To handle versioning on the object level such as
described in Koch and Firmenich (2011);

— To automatically manage the separation of
objects between BIM artefacts within the con-
current relationship.

5.3. The Process of building information modelling

Despite the fact that a BIM should offer a phaseless
workflow (Succar 2009), there is still a definite
industry requirement for the use of methodologies
such as the RIBA project stages (RIBA 2007) or any
similar process to manage construction projects and
this must be taken into account when developing a
governance model. This means that in order to meet
industry needs our governance model must not only
facilitate controlled access to building artefacts (i.e.,
data and project documents), but it must also provide
an awareness and implementation of the process
behind that data.

This means that a BIM must allow the building
to be modelled across its entire life-cycle, from concept
design through construction, operation and finally to
decommissioning. This entire process would prove
impossible to manage collectively, so our governance
model divides this into stages. However, within the
construction industry there are many ‘“standard”
approaches to managing a construction project. The
most widely known of these is in the UK the RIBA
plan of work, but many others exist. For this reason
any model defined must be flexible enough to model
all of these processes. It is for this reason we selected a
powerful, but generic approach, shown in Fig. 4.

In our approach we define that each building
information model is developed across a series of
stages, at the end of which there is a gate. A “Gate”
defines a project milestone and check-point at the end
of a “Stage” where a number of BIM related require-
ments have to be considered prior to progression to
the follow-on stage. Hence, each “Gate” within the
system defines a set of either mandatory or optional
BIM requirements such as:

— Presence of data within the BIM, e.g. detailed
description of components (in terms of materials

involves
-

has
milestone

is
Milestone,
of

relates to

has mandatory or
optional

Requirements

define

Fig. 4. Structure of a BIM

and their performance) may not need to be fully
detailed in the “outline design™ stage; however,
this should be mandatory in the “detailed
design” stage. In this instance, the gate require-
ment would define the optional and mandatory
levels of description of components;

— Level of accuracy of data, e.g.: (a) Structural
data during the “outline proposal” stage should
provide an initial sizing of the structure; how-
ever, the structural sizing in the “detailed stage™
should be accurate, i.e. result from detailed/
validated calculations; (b) “outline proposal”
building energy figures may be rough estimates
as opposed to the “detailed stage” where these
should be established and simulated using de-
tailed calculations and proven algorithms.

This functionality will enable the use of the
governance model as support for project managers,
enabling the creation of reports that can be used to
facilitate design making and ensuring the BIM
compliance with set standards, whether imposed by
legislation, the client, or internally. In addition, this
division into stages allows the tracking of the BIM
model throughout the project process. In essence each
stage within the model can be viewed, once it has
completed, as a snapshot or frozen view of the BIM as
it was at that time.

5.4. Multi-user collaboration

Fig. 5 shows the overall architecture of BIM artefacts
within our BIM governance model. There is one
additional concept that has been introduced here to
facilitate collaboration, which is document suitability.
Based on British Standard 1192:2007, a document’s
suitability allows the modelling of a document
through its life-cycle. Illustrating the different ways
in which a document can be used. Currently we define
five document/BIM artefact suitability types:

— Private: BIM artefact only for use of owner;
Team: BIM artefact only for use at a team level;
— Finalised: BIM artefact is finalised for use by
other teams;

Client: BIM artefact is ready for release to client;

— Archived: BIM artefact has reached end of

its lifecycle and no further alterations will be

made.

Fig. 5 also introduces the concept of transac-
tions. Whenever a relationship between BIM artefacts
is created, a transaction, triggered by a decision made
by a user, occurs (Rezgui et al. 1998; Cooper et al.
2005). The transaction entity is generated automati-
cally, whereas the decision entity enables the user to
make the reasons for the action they took explicit.
Fig. 5 also shows all the metadata that is stored
regarding BIM artefacts. When designing this meta-
data we selected as a base-line the Dublin Core
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Fig. 5. BIM artefacts conceptualization

metadata standard ISO 15836, ensuring that all
elements defined in this standard are either provided
explicitly within the BIM artefact object, or implicitly
by its relation to data stored in other related objects
within the governance model.

5.5. Access rights, users, disciplines and roles

Previously we have described how a BIM models a
building through its entire life-cycle as a collection of
related BIM artefacts, each possessing their own
life-cycle. However, in order to properly enforce

belongs
to has
belongs
to
owned by

BIM Artefact

Fig. 6. Users, disciplines and roles

assigned

BIM Other Semantic File

control of these BIM artefacts, finer grained control
is needed than what is provided by the concept of
document suitability. Hence, rigorous access controls
are needed.

In order to achieve this, the concepts of wusers,
disciplines, rights and roles are introduced to the
governance and their interactions are shown in Fig. 6:

— Users — A user is a single actor within the
system;

— Disciplines — An industry recognised specialisa-
tion working on a specific aspect of a project;

assigned to

assigned
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Fig. 7. Implementation of users, disciplines and roles

— Rights — The conceptualisation of a permission
to perform an operation on a BIM artefact;

— Roles — A grouping of rights that can be applied
to users or entire disciplines.

A detailed diagram of how these access rights
will be implemented is shown in Fig. 7. This figure
shows that for maximum flexibility a right can not
only be applied to an individual BIM artefact, but also
to all BIM artefacts in a BIM and all BIM artefacts
within a stage of the project. Additionally, the
functionality to allow role aggregation is present,
allowing roles to be combined.

Another issue that must be considered is the
formalizing of operations that can be performed on a
BIM artefact. This includes the following: View BIM
artefact, Create BIM artefact, Delete BIM artefact,
Change BIM artefact suitability, Change access rights
of BIM artefact.

5.6. Change notification and version propagation

In addition to the access control aspects of the
governance model that have been outlined previously,
other functionality has been developed based on
consultation with industry. This functionality is based
on two key requirements that have been gathered from
our consultations:

— It is not acceptable for a user in another
discipline to directly change a BIM artefact;
i.e., a structural engineer should not be able to
alter an architect’s model. However, they may
need to be able to request changes in the other
BIM artefact to allow their own work to
proceed;

— A user working in a related discipline may be
interested in monitoring changes to a BIM
artefact; i.e., the structural engineer will want
to know when the changes they requested are
completed.

heckPermission(user:User,operation:Operation): boolean

Using these requirements, the concepts of noti-
fication (based on previous work by Cooper et al.
(2005)) and flagging have been incorporated into our
governance model. Notification is the ability for a user
to monitor a BIM artefact for changes (such as the
creation of a new version) and then have details about
the transaction that caused the changes communicated
to them by a chosen method. The concept of flagging
is the process of the user raising a message on a BIM
artefact, addressed to either another user or an entire
discipline. These concepts are particularly important
for cases where users are in close collaboration. The
model describing this functionality is shown in detail
in Fig. 8.

A complete view of the model is now presented in
Fig. 9 highlighting the three main modelling con-
structs discussed in this section.

6. Governance model validation

A proof of concept BIM storage under the control of
our governance model outlined previously has been
constructed using the CometCloud (Kim, Parshar
2011) autonomic Cloud Computing framework. Uti-
lisation of this framework allows us to leverage on the
Master/Worker programming model supported by
CometCloud, which utilises all computers within the
cloud as either masters or workers. Fig. 10 shows how
our prototype will scale to cover a multi-actor project,
with several different companies involved. Within this
figure, each company provides a set of workstations,
each of which connects to a master. To a user it
appears as if this master provides the data for the
entire BIM, whereas in reality the data will be
distributed amongst the workers. The master nodes
do not store data, but they are responsible for
integrating with the workers in the cloud by way of
queries. Also, Fig. 10 illustrates how the master and
worker capability is integrated into existing software,
such as Autodesk Revit (used widely in the B&C
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domain) and Google Sketch-up (used for validation
purposes in this section). The master node also acts as
a security gateway enabling access to resources within
the cloud based on the concepts described in section 5.
Each gateway contains a policy, developed as rules,
which indicate which user (based on their discipline,
associated rights and roles) can access which BIM
artefact(s). In order to provide an initial validation of
our governance model and cloud storage implementa-
tion, a case study is considered, using a University
campus building, implemented in a laboratory
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environment. This case study involves three project
industry partners, and interface to the governance
model is achieved utilising a prototype client con-
structed using the Java programming language. The
implemented use cases are provided by our partner
project management company.

The use cases presented here illustrate how the
governance model and prototype presented in this
paper can be applied to a construction project. It can
be assumed that such a project in the UK will be
following the RIBA project stages and these stages will
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Fig. 9. Overall view of the governance model
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make up the project life-cycle as described in Section
5.3. Participating in the project there will be a small
number of actors each assigned to a discipline as
shown in Table 2.

To these users and disciplines, “roles” will be
assigned granting each entity a set of rights on the
“BIM artefacts” (as described in Section 5.5) within
the governance model, listed in Table 3. The selection
of one of these BIM artefacts allows the user to
directly visualise its contents, whether they are a single
file or a multi object BIM artefact.

A summary of these access rights is shown in
Tables 3 and 4, involving the rights that apply to these
BIM artefacts (i.e. Update, Read and Delete). Access
rights in the demonstrator are granted at a “BIM
Structured File” level; however, these also apply on a
“BIM object” level, assuming that all objects within a
given model inherit the same rights. Hence, the BIM

Table 2. Project disciplines and actors

User Discipline
Architect Architecture

Project Manager Project Management
Structural Engineer Structure
Mechanical Engineer Mechanical
Electrical Engineer Electrical

o " \ |
. / D =
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Y Retrieve “Artefact” |« Master
Retriave Artefact using URI

e

structured files involved in our cased study involve
objects at different levels of granularity with attached
stage-based access policies.

The early phases of design work on the project
will be conducted by the Architecture discipline. A
series of BIM artefacts, each detailing different design
concepts, will be created by the architect. When an
initial version of the design has reached a satisfactory
completeness, the architect will review it and set its
suitability to allow the other disciplines to utilise it.
Fig. 11 shows how the prototype can model the
versioning relationships between the versions of the
architectural model and the metadata that is stored
about each version of the BIM artefact. It also shows
how the process of the BIM project is illustrated, with
the RIBA project stages presented as tabs; these tabs
are then highlighted green to signify which stages of
the project have been completed. Currently architec-
tural documents are added to and removed from our
CloudBIM system by the use of an IFC compliant
plug-in (IFC2SKP) developed for Google Sketchup,
which is shown in Fig. 11.

These BIM structured files are linked through an
optioning/versioning relationship whereby new ver-
sions of a “Revit” Architectural Model are produced
in line with the progress of the design. It is worth
noting that an IFC-based Curtain Wall specification is
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BIM artefact Discipline Suitability Notes
Architectural Model Architecture Finalized “Revit Architecture”, IFC-based, models with several Versions
used to get to final model

“Curtain Wall - CW324”  Architecture Finalized IFC-based specification of a Curtain Wall component from
IFC object manufacturer

Structural Model Structure Team “Revit Structure’” model derived from the Architectural model

Building Energy Simulation Mechanical Private “Ecotect” file derived from “Revit Architecture” model

Electrical design Electrical Private “Revit MEP” file derived from “Revit Architecture” document

Activity Planning Document Project Private “Microsoft Project” file

Management

Table 4. Project access rights (update/read/delete)

BIM artefact Architecture Structure Mechanical Electrical Project Management
Architectural Model U/R/D R R R R

“Window” IFC object U/R/D R R R R

Structural Model R U/R/D R R R

Building Energy Simulation R R U/R/D R R

Electrical design R R R U/R/D R

Activity Planning Document R R R R U/R/D

included in the design (CW324-V1) which involves a
composition relationship allowing the Curtain Wall
object specification to evolve in parallel with the
design.

Once the suitability of the architect’s model has
been changed the structural engineer can then view

¢ West - SketchUp
FEY Edit View Camera Draw Tools Window Plugins Help

and create his model via a derivation relationship,
which involves importing the architectural model into
a structural package, in our case “Revit Structure”.
This is shown in Fig. 12 and it should be noted that
the structural engineer can see BIM artefacts from
their own discipline space, including the latest released
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Fig. 11. CloudBIM prototype demonstrator with a focus on the architectural design
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version (A2-V3) of the architectural model (because
its suitability type is set to finalised for the purpose of
a particular RIBA stage). The derivation relationship
and the metadata stored regarding the relationship
between the architectural model and the structural
analysis model is shown in Fig. 12. The structural
model is organized into three sub-models (i.e. founda-
tion, mainframe, and roof) which evolve separately
(via a versioning relationship) before being merged
back through a composition relationship into one
model (model SM1).

As the design progresses, the project manager can
monitor work progress and revise the project planning
accordingly, as illustrated in Fig. 13. The project
manager can access all project BIM artefacts with a
“finalized status™, their associated meta-data and
contents. Several releases of the project planning are
issued (plan-vl, plan-v2, plan-v3) informed by pro-
gress in the architectural (plan-v2) and other disci-
plines, mechanical, structure, and electrical (plan-v3).

It is interesting to note that all of above project
BIM artefacts are stored and managed on the cloud
distributed storage computing environment based on
the proposed governance model. In a real context,
data and BIM artefacts managed by the chosen “Data
Centre” will be replicated across various physical sites,
hence ensuring all time availability of data and BIM
artefacts, while guaranteeing security, confidentiality,
and intellectual property protection of contents, and
at the same time reducing considerably potential for
errors (due to handling the wrong version of a BIM
artefact or non-access to relevant data for decision
making).

7. Discussion

A number of products have appeared in the market
focusing on supporting BIM data management. These
include both open source and proprietary, vendor-
specific systems. Open source systems include the BIM
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Server (BIM Server 2012), Bentley Systems Project-
Wise (ProjectWise 2012), OPS (OPS 2012), Horizontal
Glue (Horizontal Glue 2012) and Ascite cBIM
Manager (Ascite 2012). Most of these systems also
support remote data hosting (similar to a Cloud
environment), allowing a user to upload and store
their data external to their own institution. One of the
key drivers for this has been the need to support
collaboration between different participants involved
in a project.

The Ascite ¢cBIM Manager enables interoper-
ability across multi-vendor systems (such as Autodesk
Revit and the Bentley architecture). This is achieved
by supporting the Industry Foundation Classes (IFC),
along with a 3D Viewer that enables rendering of the
BIM model for visualisation. Similarly, the open
source BIM Server (like Ascite cBIM Manager) also
supports IFC and enables user specific schemas to be
integrated using an XSLT (XML Schema Translation
mechanism). Both systems also enable versioning of
the BIM model, allowing the current version to be
accessed from end user systems. Data sharing in both
of these systems is comparable to OPS, which also
supports IFC and enables integration with other data
models such as KML (used in Google maps and
Google Earth), along with specialist XML schemas
(such as GBXML) and comma separated value (CSV)
files. In particular the OPS Model Server supports
multi-user collaboration for BIM data, supporting
up to 3000 users as part of their BIMStorm system,
and enabling different import/export capability to
other formats (such as Autodesk Revit and Google
Sketchup).

The Horizontal Glue system enables data inte-
gration using a “Glue Server”’, which enables multiple
data models to be combined, providing detection of
conflicts between these data models, and enabling user
data to be time stamped on submission. This cap-
ability is useful to facilitate collaboration across a
number of different users involved in the same project.

Our approach adopts a similar philosophy to the
above systems, in that it also provides support for IFC
— thereby ensuring that there is interoperability with a
number of other commercial products. However,
whereas other systems identified above only support
data/document versioning, we also provide a number
of other relationships between data to be supported —
such as optioning, concurrency, composition and
derivation. In this way, we can for instance version a
subset of a BIM data set and do not need to necessarily
version the entire model. Based on industry consulta-
tion, we have found this additional level of granularity
to be of much greater utility than capability supported
in current systems. Additionally, our Cloud implemen-
tation enables support for both data storage and
management (as in the systems identified above), but
also support computational capability through the use

of specialist “worker” processes. Each worker can be
mapped to one or more virtual (or physical) machines,
enabling simulation software to be integrated in the
same way as data. Our access management capability
also restricts access to particular BIM data depending
on the user role and access requirements, and therefore
enables a more coherent multi-party collaboration.
This capability is also not supported in several systems
identified above, most of which assume a single type of
user accessing the system and do not differentiate
between different user roles.

The paper has addressed the three research
questions formulated earlier in the methodology
section of the paper. Two deliberative industry work-
shops helped reach consensus around construction
stakeholders’ socio-organizational and technical bar-
riers to BIM adoption in the UK (research question
RQ1). These barriers have informed the development
of a governance model that factors in the multi-
disciplinary, multi-actor, and lifecycle dimensions of
construction projects. This governance model was
developed in an incremental and iterative way, dis-
cussed in our second deliberative workshop and
validated in our follow on focus group meetings. We
are now in a position to provide a positive answer to
our second research question (RQ2). The nature of the
identified barriers (RQ1) and governance response
(RQ?2), informed by a comprehensive review of the
technical literature, suggest that an outsourced BIM
implementation based on our governance model
provides a suitable environment to address data
sharing and computing needs of construction stake-
holders (research question RQ3). An implementation
of our governance model using a distributed comput-
ing environment (i.e. Cloud model) is proposed which
was discussed in our last two focus group meetings
and tested in a laboratory environment with support
from our industrial project partners. The focus group
meetings outcomes confirmed the potential of the
usefulness of using a distributed computing environ-
ment for outsourcing BIM to facilitate data sharing
and governance.

This involves a paradigm shift as summarized in
Fig. 14. However, this requires a staged implementa-
tion approach that takes into account the capability
and maturity of construction companies, a majority of
which are of a small or medium-sized nature.

One of the objectives of our EPSRC project
(from which the research presented in the paper is
funded) is to identify R&D gaps and areas of research
to increase BIM uptake in the UK and beyond. We
have therefore developed a roadmap for BIM research
and development fully informed by our consultation
(including our proposed mixed-approach for informa-
tion delivery). The proposed roadmap is structured
around three main BIM adoption stages (BIM
Stage 0, BIM Stage 1, and BIM Stage 2), emerged
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Current Approach

CloudBIM Paradigm Shift

Ad-hoc means for managing distributed
and fragmented data

Trust, privacy, ownership and right issues

Governance Model that factors in

Hardware infrastructure is owned Vi
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dedicated Application Service Provider

rtualized Infrastructure maintained by a

Licensing is the prevailing model
for software provision

New business model based on “Software ag

a Service” and pay-per-use paradigm

Collaboration between teams is at best
achieved via data file exchange

Higher-order services centred around

Virtualized shared data repositories

Data Intensive business processes
facilitated by software integration

Dynamic management of long-lasting
business processes

Desktop is the Computer
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Full mobility: Network is the interface

Fig. 14. Paradigm shift

from the consultation, involving socio-organizational
and legal, process, and technology dimensions as
illustrated in Fig. 15:

— BIM stage 0 assumes a document based ap-
proach to BIM. This corresponds to the lower
level of our Fig. 15 whereby BIM involves a total
lifecycle and multi-disciplinary set of contrac-

tually binding project documents (including
specification documents, drawings, datasets and
calculation notes) available in an electronic
form. Documents have meta-data attached to
them as well as useful semantic relationships as
to how they have been derived in line with the
proposed approach;
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Fig. 15. BIM research and development roadmap
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— BIM stage 1 assumes a mixed approach illu-
strated by the co-existence of model-based
(including TFC) and document-based informa-
tion. A similar governance approach is used
applied at different levels of granularity (i.e.
document level and object level);

— BIM stage 2 assumes a fully model-based
approach. This would require a more compre-
hensive development and release of the IFC that
has the capability of describing multi-disciplin-
ary project artefacts.

Each of the horizontal dimensions (socio-
organizational and legal, process, and technology)
involves a number of themes that have been inferred
from the consultation results. This roadmap has been
presented in a recent BIM workshop (I November
2011) held at Cardiff University attended by R&D
representatives of 25 companies from the construction
sector in Wales and 10 academics from various
universities in the UK. Overall feedback received
was positive and the main recommendation was to
pursue the roadmap in the context of strategic
consultations with EPSRC (our UK research funding
council that funded the research) with a view of
informing their research funding strategy.

8. Conclusion

The paper presented a governance model for mana-
ging multi-actor, multi-discipline, and total lifecycle
data, informed by a wide industry consultation in the
UK. The study identifies a number of barriers and
perceived reluctance in engaging with BIM efforts.
Conversely, the consultation reveals increasing indus-
try awareness about BIM spurred by recent govern-
ment drives reflected in two recently published reports
(BIM Working Party Strategy Paper 2011; HM
Government 2011).

Construction project management includes:
defining client’s requirements; establishing good com-
munication channels in which all parties can perform
effectively; developing and managing change control
procedures; and monitoring all decisions and approval
in respect of the programme (RIBA 2007). The
proposed governance model binds project stake-
holders across disciplines and lifecycle around a
shared BIM governance experience. An initial labora-
tory testing is described which suggests the need for a
large scale validation of the model on a live project, in
particular to validate some underpinning aspects of
our governance model, including semantic of relation-
ships between BIM artefacts. A roadmap for BIM
adoption and diffusion is proposed that factors in the
current structure of the industry and its various levels
of stakeholders’ maturity, capability and readiness.

Based on the literature review and conducted
industry consultation, current evidence suggests that
BIM can be used in current procurement methods.
However, higher barriers will be experienced with
some procurement paths due to hard separation
between key project phases. Also, as noted earlier,
there is a current gap in the contractual implications
of BIM deployment on projects. Establishing these on
a project level can be a complex and time consuming
activity. These legal and contractual arrangements
should be harmonized across industry. It is the belief
of the authors as emerged from the consultation that
the UK government can play a leading role in this
facilitated by international organisations such as
BuildingSMART, for instance through its BIM hand-
book (BuildingSMART 2010). Some aspects in rela-
tion to these legal and contractual issues can be found
in national BIM guidelines, for instance in the NBIMS
(NBIMS 2007) in the US, Senate Properties (Senate
Properties 2007) in Finland, and CRC Construction
Innovation (CRC 2009) in Australia and can be used
for such additions.

It is hoped that the paper will inform companies
about the challenges involved with the adoption and
diffusion of BIM and at the same time provide a guide
for future research in this area as illustrated in the
proposed roadmap.
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