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SUMMARY: Large construction clients (companies, public authorities and government departments) perceive
the need to facilitate and accelerate adoption of Building Information Modeling (BIM) for their projects because
they derive significant benefits from its use for design, construction and operation of their facilities. Preparation
of appropriate BIM guidelines that can be mandated through contracts is one of the main steps they can take to
promote adoption. With a view to aiding such organizations to compile comprehensive guideline documents, we
present a qualitative content analysis of fifteen BIM guideline, standard and protocol documents published to
date, identifying both common features and missing aspects. While the main topics covered are similar across all
the standards and guides — interoperability, collaboration modes, BIM execution plan, simulation & analysis,
BIM manager’s role and operation & maintenance requirements — their content, specificity, frequency and level
of resolution are different. The category and topic analysis led to derivation of a set of essential requirements.
Recommendations are provided to help organizations/governments compile their own documents and establish
policies compatible with their specific context and needs.
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1. INTRODUCTION

Building Information Modeling (BIM) represents a fundamental change to the way in which the Architecture,
Engineering and Construction (AEC) industry functions and communicates. However, adoption of BIM tools by
architects, engineers, builders and owners does not guarantee realization of the benefits of the technology
because much of the potential benefit derives from the deepened collaboration among the participants in a
construction project that BIM facilitates (Eastman et al., 2011). For design companies, the ‘low-hanging fruit’ of
automation of drawing production is easily harvested. Yet the project wide benefits — such as reduced rework
during construction, enhanced value of the building as a result of sophisticated building performance simulations
informing design decisions, and improved construction productivity thanks to better communication from
designer to builder — are more difficult to achieve because these require collaboration across organizational
boundaries. Individual or local adoption efforts are therefore insufficient; there is a need for guided and systemic
implementation.

To achieve this, construction owners publish BIM protocols in which they prescribe how their service providers
should use BIM in ways that deliver them value, and they mandate the application of the protocols in their
construction contracts. In terms of Kassem et al.’s BIM Knowledge Content taxonomy (Kassem et al., 2015),
these documents are mandates. Government agencies create the regulatory framework necessary for promoting
and supporting BIM adoption through national standards. Most of these are descriptive (guides in the taxonomy),
but some are prescriptive (protocols in the taxonomy). The names given to the various documents by their
authors are not consistent, and some of the mandates are termed ‘guidelines’ or ‘standards’. Governmental and
construction owner organizations have published a plethora of such BIM documents, including standards,
collaboration guidelines and/or project-level BIM execution plans (BuildingSmart, 2016). The documents define
how BIM is to be used in collaborative practice, the phases of the design and construction process and the
information that must be provided in each exchange in the process, the technologies that are to be used, and other
aspects of adoption.

The mandate, protocol and guide documents differ widely from one another, in their purpose (goals and vision);
approach to standardization (some are highly prescriptive while others define intent and general levels of
performance); scope (from national industries to individual owner or project organizations); technology
requirements and specificity; definitions of the design and construction process and the level of information
detail specifications. The differences arise from the variations in business context, goals and scope of the
different organizations. This makes it very difficult for governmental and other public organizations starting to
plan their BIM adoption strategy to draw on this pool of knowledge to compile a policy that is compatible with
their specific context and needs. Policy makers ask themselves: “What issues must be covered in my
organization’s guidelines, and at what level of detail?”’; “What are the capabilities of my organization’s suppliers
(contractors, designers, etc.)?”’; “How can they collaborate with BIM within the constraints of local legal,
contractual and professional systems?”’

To help policy makers, this paper reviews the issues covered in 15 BIM documents and analyses the similarities
and differences between them in relation to the type of organization. The goal is to provide a resource for
governmental and public organizations efforts to develop, evaluate or update BIM documents that are best suited
to the needs of their organization.

The next section outlines the role that standards, guides and protocols have played in the adoption of Information
Technology (IT) in construction. It also covers the history of Computer-Aided Drafting (CAD) standards in the
construction industry and the organizational changes that IT brings to business processes. Section 3 defines how
the 15 BIM documents were selected and establishes the criteria for their review and analysis. Section 4 presents
the results of the analysis and Section 5 discusses their implications.

2. BACKGROUND

2.1 Role of standards and guides in IT adoption in construction

Industry, national and international standards and guides enable interchangeable use of products across broad
industries. They allow manufacture of products that are compatible with other products without the need for
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direct coordination between the manufacturers or designers of each product, thus obviating the need for design
coordination and communication. Hemenway (1975) classified standards by purpose (quality or uniformity) and
degree of coercion (voluntary vs. mandatory).

The construction industry is highly fragmented, with the majority of workers employed in small to medium sized
enterprises (Eastman et al., 2011, p. 265). In this environment, and particularly in the domain of building
construction, standards and guides are essential. Standards define design methods, performance levels for a
building's functionality, methods for engineering calculations, modular dimensions of building products, and a
range of other aspects. Standards are often mandatory within a given jurisdiction. Guides, on the other hand, are
not mandated by a nation's law, but they may or may not be contractually binding, depending on the policies of
the organization who publish and/or use them.

Adoption of information and communication technology (ICT) in construction can address many of the problems
that arise from the highly fragmented business structure (Howard et al., 1989), but ICT adoption itself must be
regulated by standards. In the broad ICT industry, standards play a central and essential role in product creation
and competition (Gallaugher and Wang, 2002; West and Dedrick, 2000). Standards facilitate communication
which is critical when working across domains, specialists, nations and time. Moreover, standards in this domain
are usually adopted through consensus of organizations or individuals involved with the technology and rarely
mandated by a national government agency (West, 2003).

2.2 Role of CAD standards in the construction industry

Computer-aided design and drafting became common in the Architecture, Engineering and Construction (AEC)
industry after personal computers became available in the 1980's. Drawings were the primary means of
communication in the construction industry for centuries, and many industry and professional organizations had
developed standards and guides for drawing layout, content, dimensioning, etc. The first phase of ICT
application for building design simply automated production of drawings, and was termed 'CAD' (computer-
aided drafting). Thus the first standards for CAD drawings defined conventions for naming schemes, file
locations, text styles, line types, units, preferred CAD software applications, dimensioning schemes, drawing
organization, layer names, title blocks, archiving, and network location.

The American Institute of Architects (AIA) CAD standards were among those developed in the early 1990's
(Howard and Bjork, 2007). These allowed the design and construction teams in any project or company to
communicate and share data between the different design and construction disciplines, facilitating cross-
referencing and retrieval of information from the drawings. They also defined scheduled updates (Erdener and
Gruenwald, 2001) and backup procedures. CAD standards were intended to solve communication problems
within and between different organizations. Eventually, national and international CAD standards such as BS
1192 (BSI, 2007) and ISO 13567-2 (ISO, 1998) were broadly adopted, resulting in industry wide standardization
in CAD drawing production.

An economic benefit analysis of the adoption of the Singapore national CAD standard for construction permit
applications estimated that implementation of the standard resulted in S$320m over the ten year period that was
studied (BCA, 2014). This is equivalent to a 4% improvement in design productivity. The standard played a
critical role in improving communication, saving time and effort by reducing the document preparation time,
increasing accuracy and reducing costs by eliminating the need for redundant paper prints.

2.3 Reviews of BIM Documents in the Research Literature

Many researchers have reported on the growing number of BIM documents published around the world. Cheng
and Lu (2015) provide the most comprehensive listing, reporting on 123 BIM documents published from 2007 to
2015 by non-profit agencies and government bodies in four regions. The presence or absence of four content
subjects were reported for each document (Project Execution Plan (PEP); modeling methodology; Levels of
Detail (LoD); Component presentation style and data organization), but no details were provided.

Similarly, the BuildingSmart 'BIM Guide Project' database listed some 81 BIM documents as of May 2016
(BuildingSmart, 2016). The goal of the BIM Guide Project is to give insight and direction to those needing,
using and creating BIM Guides, Standards and Supporting Documents. The project enables volunteers to review
BIM guides using a fixed review template and a set of pre-defined BIM concepts. Keenliside (2015) provides a
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thorough explanation of the project as a basis for comparative analysis of BIM guides. A number of reviews of
guides using the method are available, but no comparative analysis.

Chae and Kang (2015) analyzed eleven BIM documents published by public construction organizations. A
simple count of frequency of appearance of terms was used to determine the skills that are most important for
new adopters of BIM. However, the BIM skills are undefined and as the authors' explain, frequency of terms is
not necessarily an indicator of the importance of a skill. Edirisinghe & London (2015) reviewed six national
BIM standardization efforts (US, UK, Singapore, Australia, Finland and Norway). They hypothesized a positive
correlation and a causal relationship between the development of a national BIM standard and the rate of
adoption in a country. Despite some circumstantial evidence for the US and UK, they were unable to confirm
this hypothesis. A similar effort to identify the impact of national BIM adoption efforts on BIM adoption rates in
Norway, Denmark, Finland and Singapore was also inconclusive (Wong et al., 2010), although it provides a
broad review and analysis, of which BIM guides are just one aspect.

Kassem et al. (Kassem, Igbal, Kelly, Lockley, & Dawood, 2014) examined 13 BIM documents. They classified
them, inter alia, as relating to industry level, enterprise level and/or project level. Nine were found to be relevant
at the industry level, six at the enterprise level, but none at the project level. The authors therefore proposed
protocols for BIM collaborative design that can be used at project-level. The protocols are essentially tools that
can be used for preparation of BIM Execution Plans and to guide their implementation at the project level. They
include tables of responsibilities of stakeholders for work streams and for BIM components, flowcharts for
process control, and are based on analysis of the technology, policy and process aspects. However, the scope of
the work does not provide guidance for development of enterprise level guides.

Kassem et al. (2015) reviewed 57 BIM publications from eight countries and defined their intent, degree of
prescription or description, and the degree to which they are mandated by their authoring organizations, using a
taxonomy of ‘BIM Knowledge Content’. They reviewed the background, evolution and quality of each
document, identifying its intended use. However, they do not report which specific areas each document covers
nor do they provide qualitative analysis of the topics covered.

2.4 The Challenge of Interoperability

The first thrust of standardization in the area of BIM arose from the need to standardize exchange of 3D CAD
information across CAD platforms from different software vendors. The ‘Industry Alliance for Interoperability’
(IAI) was established in 1995, some years before the term ‘BIM’ was coined. The IAI’s mission was to compile
a set of Industry Foundation Classes (IFC) to provide a common data schema for building model exchange. This
resulted in the IFC schema, which eventually became ISO standard 16739:2013 (ISO, 2013).

The origins of the IFC standard are in the early CAD graphics file exchange standards, such as IGES and DXF
(Eastman et al., 2011, chapter 3), and in the product data model exchange schema from the manufacturing
industry, called STEP (Standard for the Exchange of Product Information), or ISO 10303-1.(ISO, 1994). The
IFC schema uses the Express schema modeling language, which it inherited directly from STEP.

As the need for specialized and highly specific data exchanges between different professional domains within the
AEC industry became apparent, the inability of the IFC standard to deliver on its promise of universal exchange
became clear, arising from its generality and redundancy. The mainstream solution to this problem is to compile
domain specific Model View Definitions (MVD), which define the conceptual constructs that are needed and the
ways in which these are to be implemented in schema such as the IFC (Eastman et al., 2010). This approach is
embodied in the first steps of the process outlined by the US National BIM Standard (NBIMS-US, 2014). It
requires significant efforts on the part of the BIM software industry, both for definition of MVDs and for
building the necessary export modules, and is therefore still a work in progress. A complementary approach,
involving semi-automated semantic enrichment of models to suit the requirements of the importing software
tool, has been developed (Belsky et al., 2015), which may obviate the work of programming multiple export
functions.

Note that the IFC building product model exchange standard is insufficient in and of itself for the purposes of the
documents discussed in this paper. Although some of these documents have been labeled as 'standards', a clear
distinction between BIM Standards and BIM Guides is called for. BIM Standards define the structure and
mechanisms of BIM data exchanges, and include the IFC Standard and the set of domain specific MVDs. BIM
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Guides are the national, organizational or project level documents that establish common ways of working and
the contents of BIM exchanges that are appropriate within the relevant contexts and along project timelines.

2.5 Conclusion

BIM adoption is a complex endeavour, requiring preparation of a strategy that considers organizational maturity,
industry capabilities, regional and national policies and regulations, education, purchase of hardware and of
software, changing contract forms and more. Mitropoulus and Tatum (1999) underlined the fact that companies
found that 3D CAD, the less complex predecessor technology of BIM, was challenging to adopt.

Five case studies of major construction procurement agencies in the UK (Gurevich et al., 2016) showed that even
where organizations function under the umbrella of a broad governmental mandate for BIM adoption, the
specific needs of each organization are different and require a customized set of guidelines to specify appropriate
processes. The case studies revealed that BIM guidelines are one of five common actions that the organizations
pursued in the adoption of BIM, along with leadership (formulation of strategy), training, standardization
(including preparation of BIM content libraries) and preparation of appropriate contract clauses.

3. METHOD

The main method used to review and analyze the BIM documents was conventional inductive qualitative content
analysis (Hsieh and Shannon, 2005; Kohlbacher, 2006). The analysis used a sample set of 15 documents. The
content categories, or topics, were compiled from the documents themselves. The following sub-section lists and
describes the documents, while sub-section 3.2 outlines the content topics.

3.1 Documents reviewed

In the last decade many construction client organizations (commercial companies, public authorities and
governments) have facilitated the use of BIM on their projects in ways that maximize the benefits. The primary
tools to achieve this have been preparation and enforcement of BIM guidelines, whether through contracts or
standards. A set of 15 such documents, listed in TABLE 1, was selected for analysis from the 81 documents
listed by BuildingSmart (2015). The criteria for selecting these 15 include their degree of exposure in the AEC
industry, chronological precedence, and representation of client organization and associated document types.
The documents in this set represent a cross-section of documents from three types:

e national, state or city standards published by governmental or other public agencies,
e owner’s guides published as contract documents by large-scale construction owners, and
e guides for design, construction and maintenance of campuses published by universities and colleges.

As can be seen in TABLE 1, the first documents of this set were published in 2009 by government construction
agencies and academic institutions. The national standards began to appear in 2012. Whereas US construction
clients have pioneered the demands placed on suppliers, a number of countries have published national
standards, some of which — as will be seen from the analysis in the following sections — are more comprehensive
in scope than the US National BIM standard. Table 1 also indicates the degree of authority exercised by each
document: Standards may be voluntary or mandatory within a government jurisdiction, and guidelines may or
may not be given the status of contractual requirements.

Note that in the remainder of the paper the documents are referred to using the abbreviated ‘document short
name’ listed in TABLE 1.

TABLE 1: BIM guides and standards selected for review.

Document Name Document [Publishing Organization | Organization |Country Publica- |Citation
short name Type tion date
LACCD BIM standards LACCD Los Angeles Community Academic usS 2009 (BuildLACCD,
College District institution 2009)
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Document Name Document |Publishing Organization |Organization |Country Publica- |Citation

short name Type tion date

Georgia Tech BIM GT Georgia Institute of Academic usS 2011 (Georgia

Requirements & Guidelines Technology institution Institute of

for Architects, Engineers Technology,

and Contractors 2011)

Building Information USC University of Southern Academic usS 2012 (USC, 2012)

Guidelines California Capital institution
Construction Development
and Facilities Management
services

BIM Guidelines & Indiana Indiana University Academic usS 2012 (Indiana

Standards for Architects, institution University

Engineers and Contractors Architect’s

Office, 2012)

COBIM (Common BIM Senate Senate Properties Government Finland 2012 (Senate

Requirements) construction Properties,

authority 2012)

Statsbygg BIM manual Statsbygg Statsbygg Government Norway 2013 (Statsbygg,

1.2.1 construction 2013)

authority

Official Manual For BIM  |COE New York District, U.S. Government UsS 2009, (ACOE, 2009)

projects Army Corp of Engineers construction updated

authority 2010

GSA BIM Guide GSA General Services Government usS 2010 (Matta et al.,
Administration construction 2007)

authority

The VA BIM Guide VA Department of Veterans Government us 2010 (Tietjen, 2010)
Affairs construction

authority

State of Ohio Building Ohio State of Ohio General State government |US 2009 (State

Information Modeling Services Division Architect’s

Protocol Office, n.d.)

NATSPEC National BIM |[NATSPEC  |[NATSPEC National Australia 2011 (NATSPEC,

Guide Standards Agency 2011)

US National BIM Standard |[NBIMS National Institute of Building |National Us 2012 (NBIMS-US,
Sciences - Buildsmart Standards Agency 2014)
alliance

Singapore BIM Guide Singapore Building and Construction ~ |Government Singapore 2012 (Building and
Authority agency Construction

Authority,
2013)

AEC (CAN) BIM Protocol |CanBIM CanBIM Industry non- Canada 2012 (CanBIM, 2012)

profit organization

BS 1192-4 and PAS 1192- |UK BSI Standards Limited National UK 2013 (BSI, 2013)

2:2013 Standards Agency
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3.2 Topics for content analysis

Taken as a whole, the set of documents covers a broad spectrum of issues that are relevant to owners. Each
organization considers its unique needs and context, so that while the main topics covered are similar across all,
some have requirements that are unique to their organizational type or even to their specific organization. The
requirements also vary in their content and in their level of resolution, and different terms are used in different
documents to refer to the same topics. Ten topics were selected for review as follows:

1)
2)

3)

4)

5)

Each document was read and its topics were identified.

The contents of the topics were compared to identify instances where different names or headings were
applied to the same topic. A list of synonymous or equivalent terms for the same topics was compiled.
Combination of topics with equivalent terms resulted in a list of 14 distinct topics. FIG 1 below
illustrates the frequency of appearance of the topics in the document set (i.e. the number of documents in
which each topic appears).

A threshold level of 2/3 was applied: the topics that appeared in at least 10 of the 15 documents were
selected. Thus, nine topics that met the threshold level, as can be seen in FIG 1, were selected.

Two additional topics - Integrated Project Delivery (IPD) and Schedule of design payments — were
developed subsequent to the publication of most of the documents, resulting in low frequency. Given
special interest in these topics on the part of construction procurement agencies, they were included in
the analysis: IPD was included as a sub-topic within Modes of Collaboration, and Schedule of design

payments was included in its own right. This resulted in a set of ten topics.
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FIG 1: BIM document topics and their frequency of appearance.
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The ten selected content review topics are listed below. For each topic in the list, the selected primary term is
shown in bold text and the synonyms are listed in parentheses following the primary term.

1. Interoperability (open architecture, data management): requirements that stipulate how service providers
are to provide their building model data, and specifically in what formats, so that information can be
exchanged between providers in any given project team and between the project and downstream
information clients, such as facilities maintenance and operations.

2. Role of the BIM Manager (project coordination manager, project model manager, BIM model manager,
DB team BIM facilitator): what are the responsibilities and functions of the person or persons nominated
to manage the building models in a project?

3. Modes of Collaboration (Coordination, Clash detection): some guides dictate how project partners are to
collaborate, in some cases defining technical information sharing arrangements, and in others going so far
as to define the contract forms that are to be used (such as IPD).

4. Pre-qualification of Designers (BIM proficiency): what is the minimum set of skills and experience in
BIM required for designers and other partners to participate in a construction project, and what are the
methods for establishing conformance to that set?

5. BIM functions through project phases (design phases): what are the major phases of the project, what
are the deliverables in each phase?

6. Level of Development/Level of Detail (level of maturity, modelling requirement, level of model
definition): most guides specify the degree to which a model should be developed or detailed by each
design discipline at each phase of the project.

7. Operation and Maintenance Requirements (COBie): what are the contents and formats of building
information required for handover to the operations and maintenance functions?

8.  BIM Execution Plan (Project BIM work plan, BIM management plan. BIM data acquisition guidelines,
Asset information model (AIM) maintenance): many guides call for each project team to establish a
formal and specific plan for integration of BIM in a project’s information flows, rather than stipulating
these conditions in the document itself.

9. Simulations (analysis, simulation, energy modelling): much of the value of BIM lies in the ability to run
software simulations of the behavior of the designed building to check compliance to specifications.
Some of the documents seek to ensure the use of these tools by mandating specific simulations and
analyses.

10. Schedule of Payments (changes to design fees) — when designing with BIM, designs are generally
developed in greater detail earlier in the project than they would be using traditional design tools. Some
documents, particularly those prepared by construction client organizations, stipulate changes to the
payment schedules for designers to recognize this, moving some percentage of the designers’ fees to be
paid earlier in project life-cycles.

Additional topics of the documents were inferred from the ways in which each treats the above topics. These
include the maturity of the document relative to the others in the sample, the extent to which the document was
influenced by earlier CAD standards and guides, their evolution over time and the stage of adoption.

4. SIMILARITIES AND DIFFERENCES

4.1 Interoperability

Project teams using BIM have two possible paths to share their building models: ‘Open BIM’ (Liebich, 2010),
which implies broad exchange of models with minimal restriction of the choice of BIM software tools used; or a
single platform path, which restricts all project partners to use applications from a vendor-specific suite of BIM
software. The only existing possibility for the Open BIM path is to specify compatibility with the IFC standard
(IS0, 2013), including the need for BIM tools to provide import and export of IFC format files. Although IFC is
broadly recognized in the AEC industry, it still does not provide complete data exchange in all situations (Belsky
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et al., 2015), and it is this limitation that leads some organizations and projects to opt for the vendor-specific
path.

All of the BIM documents reviewed contemplate the use of IFC for building model exchanges, and this is one of
the few universally recognized recommendations. It reflects the understanding of BIM as a process that is both
an enabler of but also dependent on information exchange across disciplines. Effective information exchange
supports collaboration, and this is a major focus of the organizations that aim to improve efficiency of the entire
building procurement process.

However, although all of the documents lay out some form of IFC compatibility requirement, they vary in the
level of detailed specification they prescribe. Organizations with well-defined business purposes like the VA,
GSA, GT, LACCD, Senate and Statsbygg, have the greatest focus on interoperability of the model and
compatibility with open standards. These construction client organizations all have specific requirements, with
the latter two demanding provision of models that are compliant with IFC 2x3 certification. Statsbygg goes even
further, listing extensive tables that focus on different aspects of IFC documentation. The LACCD guide
specifies in detail which IFC object classes must be used and which parameter values need to be provided,
although the process is not well laid out and no mention of a checking mechanism was found. Others are not as
stringent and simply mention IFC as a tool to achieve greater interoperability between the models. The
documents of the other comparable organizations, such as Indiana, are conspicuous in that they do not have
specific open BIM requirements. Statsbygg also recognizes that there are inherent difficulties in making the
models fully interoperable and this theme can be seen across all documents as they struggle to articulate the step
by step process of integration.

National level standards like CanBIM, Singapore, UK, and NBIMS approach interoperability thematically with
little specifics but emphasize the topic’s importance. CanBIM recommends a Common Data Environment (CDE)
to share work efficiently across disciplines while maintaining integrity of the model. The UK document
classifies the interoperability capability of the model into not capable, some capability and fully capable. This
approach makes implementation of BIM a step-by-step process for owners and contractors, avoiding the
challenges of one-step change.

4.2 Role of the BIM manager

TABLE 2 below details the composition of the BIM team and the responsibilities of the BIM manager as they
are specified by the 15 documents. With only one exception' all of the organizations take the position that
responsibility for the implementation and management of BIM in a project must be carried by a designated
professional whose job description is distinct from all the regular professional roles in a construction project
executed without BIM.

The documents vary widely, however, in their definitions of the way in which this role is to be fulfilled. Some
stipulate a BIM manager who is employed directly by the owner, others envisage a BIM manager appointed by
the architect, and others see the role as the responsibility of the general contractor. Ohio is unique in that it
requires the BIM manager to be employed by the architect who coordinates the design and assigns the BIM
manager responsibility for the entire BIM model throughout the project. There appears to be no relationship
between the organization type and the assignment of responsibility to owner, designers or contractor.

As the table shows, most of the documents do not detail which project partners must be active members of the
BIM management team. Five documents distinguish the role of BIM modeler from those of BIM manager and of
designers. The implication is that BIM modeling is a specialized task, not necessarily performed by the designers
themselves. This is primarily seen in the earlier documents, (LACCD, COE and Ohio), which may have been
written within a business context in which adoption of BIM by these organizations service providers was still
uncommon. The later documents all assume that BIM models will be compiled by the designers.

' The Statsbygg BIM Manual focuses on the technical information requirements for BIM model delivery. It does
not specify any management processes and does not mention the role of BIM Manager.
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The BIM manager’s responsibilities can be divided into organizational and technical aspects, although not all of
the documents address both of these aspects. UK, CanBIM and USC do not specify any technical
responsibilities; GT and UK do not specify organizational responsibilities. Of the remaining 10 documents, the
primary focus is on the technical aspects. The most commonly cited technical aspects are model and data
synchronization, interoperability practices, model quality control, data security/backup protocols and clash
detection/ spatial coordination. Three organizations assign responsibility for clash detection (spatial
coordination) to the BIM manager (VA, Ohio, LACCD and NBIMS), whereas others assign this task to a
specialized project coordinator (CanBIM and UK).

The documents for most of the government construction authorities thoroughly define the organizational aspects:
coordination of the BIM team’s activities, strategic planning, control of model editing permissions, and design of
the information process workflow. Surprisingly, the academic organization guides do not stipulate the
organizational roles as thoroughly. Some of the documents (Indiana, GT, LACCD, NBIMS, NATSPEC) require
regular meetings for coordination of the model, while others prefer to view the BIM manager as the central hub
through which information flows.

TABLE 2: Role of the BIM manager

Employer | BIM team members BIM manager's responsibilities
Organizational Technical
g
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Indiana A v v v v
Senate (6] v v v v v v v v v
Statsbygg ND v
GSA (6] v v v v v v v v v v v v
COE (6] vV v v v v v v v v v
VA (design) AE |v|v v v | v v | v v v v
VA (construction) C v v v | v v v v v v
Ohio A VI v|v v v v v v
NATSPEC C VIivi v v |V v v v v v v v v
NBIMS O/C v v v v v v v
Singapore (6] v v 4 v v v
CanBIM ND vV v |V 4 v
UK (6] v VI iv|v

A = Architect; E = Engineer; O = Owner; C = Contractor; ND = Not defined

4.3 Modes of collaboration

Collaboration among the different construction disciplines is a necessary condition for exploiting the benefits of
BIM adoption; this is one of the primary motivations for development of BIM guides and standards at all levels.
It is not surprising therefore that all of the documents provide guidance of one sort or another regarding the
modes by which project partners are expected to share information and collaborate in both design and
construction.
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About half of the documents reviewed mandate regular meetings to coordinate all the activities of the BIM team,
while others prescribe physical or digital common spaces to share information and ideas between the team
members in order to foster collaboration. One trend seen in the approach to collaboration is that many standards
specify that design and/or detailing should be pursued in a "Big Room" (Alhava et al., 2015), in which designers
and builders of all disciplines are co-located for some or all of the duration of a project. Only two of the
documents (Senate and Statsbygg, both state-owned property development companies), do not prescribe how
partners are to collaborate, leaving the choice of mechanisms for the partners to determine themselves.

TABLE 3 shows the functions expected to be fulfilled through collaboration in the project. File sharing and
model management are two of the important functions of collaboration while quality control and reviewing is
used by only some of the documents.

TABLE 3: Modes of Collaboration

Mode of collaboration Scope of functional requirements
Mandatory . Digital Model File Review &
. Big Room . . .
meetings collaboration | management sharing quality control

LACCD v v v v v v

GT v v v v

USC v v

Indiana 4 ' v v v
Senate v v
Statsbygg v

GSA v v v

COE v v v v
VA v v v

Ohio v 4 4
NATSPEC 4 4 ' v v
NBIMS v v v v

Singapore v v

CanBIM v 4 v

UK v

The central theme of the reviewed documents was increased integration in the project implementation process.
While traditional design-bid-build (DBB) is still the most common procurement method for the majority of the
organizations, some documents specifically discuss Design Build (DB) (such as USC). This is because of the
relative ease of implementation and clear demarcation of responsibilities and liabilities in these methods.

However, there is also a trend to consider Integrated Project Delivery (IPD) contracts to create project
collaboration environments in which BIM can be exploited in full (Eckblad et al., 2007; Sacks et al., 2010), and
different guides approach this in different ways. Indiana requires an IPD implementation plan that highlights co-
ordination and mutual gain while the VA leaves it to individual projects to determine the appropriate contracting
method. All others either do not mention IPD or acknowledge that although IPD is preferable where BIM is
used, there are many logistic, legal and practical hurdles that make IPD unviable. For government organizations
the barriers include public procurement processes and anti-corruption laws.

4.4 Pre-qualification of designers

The competence of project participants with BIM is a pre-condition to exploitation of its benefits and thus
ensuring a minimum level of ability is an essential concern for construction clients (Barison and Santos, 2011).
Clients take for granted that their service providers possess general professional skills acquired through
professional training and witnessed by registration. However, the same cannot yet be assumed for BIM, as
evidenced by the explicit requirements for pre-qualification regarding BIM skills that appear in ten of the 15
documents reviewed.

Years of experience using BIM is the standard yardstick used to measure competency, especially for the BIM
manager. However, there is no clear quantitative enumeration of the value of experience. Two guides (Indiana
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and NBIMS) provide comprehensive BIM competence matrices in the form of Excel worksheet templates that
project managers can use to evaluate competence. The worksheets compute numerical scores that allow
assessment of a candidate designer’s BIM skills on a scale that ranges from Working towards BIM to Ideal
(Indiana) and Minimum BIM to Platinum (NBIMS).

The Indiana "BIM Proficiency Standards" has two sections ((Indiana university Architect’s office, 2012). The
first level simply grades BIM users with a score from 1 to 4 for eight topics which mix model quality (model
accuracy, location awareness (geospatial), construction data, as-built modeling and facility management data
richness) with organizational skills (IPD methodology, calculation mentality, content creation). The second level
uses the same categories and marking system, but breaks each category down into more detailed items.

The NBIMS system is called the "Interactive BIM Capability Maturity Model" (NBIMS-US, 2014 Ch. 5.2). It
requires assessors to score their organization on a scale of 1-10 for each of 11 aspects which also mix technical
considerations (data richness, business process, timeliness/response, delivery method, graphical information,
spatial capability, information accuracy and interoperability/IFC support) with organizational aspects (life-cycle
views, change management, roles or disciplines). In this case, however, the aspects are given different weights.

The UK standards adopt a unique system that defines the qualifications of the designers and the design teams by
evaluating the BIM process they implement against a chart that defines four levels of BIM process maturity. As
shown in FIG , the four levels are:

0 — CAD: basic CAD features using only drawings, lines, arcs and text
1 — ‘Lonely BIM’: includes some basic 3D elements, beginning of BIM modeling

2 — “‘Collaborative BIM’: includes the required information, supply chain management, and collaboration
between the parties.

3 — ‘Intelligent BIM”: full integration of the BIM model into the life cycle management of the project.

The UK government directive demanded use of BIM at level 2 by the year 2016, and the government BIM task
group is now working toward defining the goals for level 3.
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FIG 2: BIM maturity levels 1-4 (BSI, 2013).

4.5 Required design and construction functions

Only nine of the 15 documents reviewed break down the implementation of the project into different stages.
Some of the documents cover the project life-cycle comprehensively, detailing al of the required functions,
whereas others are BIM-specific, focusing only on those functions that are to be performed differently with BIM.
Naturally, the stages in all of the documents roughly follow the natural progression of projects including pre-
design, schematic design, detailed design, bidding, construction documentation, construction, post-completion
documentation and facility management. In each of these stages, some of the documents have added
requirements that reflect the capabilities arising from use of a BIM model.

Having a BIM model from the inception of the project enables the parties involved to conduct simulations and
analyses that were not possible with CAD, and to perform other analyses much earlier in the process. The
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LACCD, GT, Indiana, Senate and Singapore guides reflect this innovation: they require modelling of existing
buildings and site conditions, energy, acoustic and shading analyses already in the pre-design phase. The USC,
GSA and Statsbygg guides also implement this principle, but they introduce these applications from the
schematic design phase.

All nine documents encourage exploitation of the possibility for increased accuracy and detail in the schematic
design phase. Three go so far as to specify the nature and the extent of the data required for site conditions and
geospatial modeling (USC, Senate and Statsbygg), and five provide a framework of requirements for early
energy and lighting analyses (GT, Indiana, Statsbygg, Senate, GSA).

Toward the end of the detailed design there are two approaches. A "conservative" approach that requires
preparation of traditional 2D drawings for the bidding and contracting (GT, and Indiana) and a "progressive"
approach that allows use of the 3D BIM models for bidding and contracting (Senate). This is surprising because
GT and Indiana both prioritize IPD procurement, which enables collaborative use of the BIM model throughout
the project, yet require 2D drawings. The Senate guide does the opposite — it does not contemplate nor encourage
IPD, yet allows sharing of the model for procurement.

In the construction phase all nine documents cover a similar range of functions. The most common utilization is
for 4D scheduling (LACCD, GT, USC, Indiana, Senate, Statsbygg, GSA and Singapore). Other functions used
extensively include as-built documentation, quantity take-off and resource allocation. The final project phase —
post completion — receives less attention. Only five documents address this topic, focusing on provision of data
for operations and maintenance activities through documentation (GT, Indiana and GSA) and/or in the COBie
format (GT, USC, Indiana, Senate, GSA).

The nine documents that break down the implementation into phases and provide specific requirements are all
published by organizations that manage construction projects directly. Most of the remaining six are national or
state government bodies: their guides remain at a higher level of abstraction, and focus more generally on the
design and construction phases, leaving individual construction projects to detail their phases, functions and
information exchanges in their BIM execution plans.

4.6 Level of Development

Defining the ‘Level of Development’ (LOD) required for a BIM model’s component parts at each stage of a
project’s design and construction lifecycle allows project participants to properly plan, co-ordinate, monitor and
control their work (Reinhardt and Bedrick, 2015). With BIM, highly detailed objects can easily be drawn from
object libraries and placed in models as design intent placeholders. They may thus contain more detail than their
author intended at that stage of design. Although they may be highly detailed (in terms of geometry and
attributes), the intended level of development may be less than that suggested by the level of detail. Without
specific LOD definitions that are tied to project phases, designers cannot be sure about the maturity of the
information contained in the BIM models that they receive, and are liable to progress design on the basis of
erroneous or unintended assumptions.

A good BIM Execution Plan should therefore specify the LOD that is to be achieved for each building system
and its elements at each milestone in each project. In so far as an organization may wish to standardize the
deliverables provided by designers at each stage across all of its projects, the LOD can be specified in an
organizational BIM guide.

Of the documents reviewed, six (Statsbygg, VA, Ohio, NATSPEC, Singapore and UK) lay out the LOD
specifications and their relationship to project stages in full. The VA guide's 'Object Element Matrix' (Tietjen,
2010) and the NATSPEC 'BIM Element Matrix (NATSPEC, 2011), for example, provide extensive tables of
building systems and elements. Both are organized according to the UniFormat classification standard.

Other documents deal with the LOD specification by referring to the BIM Forum LOD Specification (Reinhardt
and Bedrick, 2015). This document lays out a method for BIM managers and teams to detail level of
development progressions that are specific to their projects within the framework of their BIM execution plans.
This maintains flexibility by leaving the actual specifications to be set by the BIM manager at or close to
contract signing, allowing for coordination with all members of the design and construction team.
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4.7 Operation and maintenance requirements

The ability to carry digital information from the construction phase (CAPEX — capital expenditure) to the
operations phase (OPEX — operations expenditure) of a building represents a potential benefit for the AEC
industry that stems entirely from the use of BIM. The two main functions are a) use of the data for future
renovation of a facility and b) use of the data to support operation and maintenance activities (IFMA, 2013).
However, from the review of the documents it is clear that all these functions are at a very nascent stage of
implementation in the organizations and the framework of implementation still has to be formulated.

As TABLE 4 shows, the documents specify these two functions in varying levels of detail. Some of the
documents provide guidance on the use of laser scanning for capture of existing conditions and on the formats to
be used for export of OPEX phase data from as-built models using the COBie data standard (East, 2007).

With the exception of Senate, Ohio and Singapore, all of the 13 documents that detail requirements for operation
and maintenance use the COBie exchange standard (East, 2007). The GSA guideline is particularly detailed in
regard to the use of BIM for facility management. In many cases the documents require data collection using
COBie from the beginning of the project and throughout the construction phase. Some of the documents
prescribe tools other than COBie spreadsheets. Ohio has a specific list of requirements to compile a minimum
model for maintenance, as do GSA and GT. Others focus on different aspects of maintenance that are specific to
their organizations; COE for instance focuses on the data needed to ensure the ability to operate equipment.

TABLE 4: Renovation, operation and maintenance using BIM.

BIM . Laser Operation COBie

document Renovation scanning . & requirements
maintenance

LACCD (YY) LX)
GT o oo ') (YY)
uscC ° ° oo
Indiana ° o0
Senate ' oo °
Statsbygg ° ° °
GSA L] 00 (X ] (XX ]
COE °
VA ° (YY)
Ohio oo
NATSPEC . ° ° oo
NBIMS °
Singapore ° ° °
CanBIM ° °
UK

Legend: eee = highly detailed; ®® = some detail; ® = few details, o = only mentioned.

The use of BIM for renovation is apparently even less developed. The documents recommend as-built modelling
and laser scanning for acquiring information for renovation activities, although these are not detailed in the
majority of the cases. Beyond that the requirements are varied. GSA has the most detailed requirements for the
use of laser scanning and the LA guide details the use of as-built information. Cost effectiveness, accuracy and
efficiency are the three major perceived advantages of using BIM.
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4.8 BIM Execution Plan

The BIM Execution Plan (BEP) is a central component of the preparation for any construction project using
BIM. It defines the desired modes of collaboration and information sharing, covering the roles and
responsibilities of all partners involved, the software applications to be used, the scope and level of development
of the different aspects of the model required at each stage for each design discipline, the management of the
model itself, quality control procedures, object composition and naming conventions, etc. The BEP is also used
to specify the data management / model management plans in the VA, AEC and Canada guides.

Seven documents provide a basic template for their users to compile their own BEP. In six cases (except for
LACCD), the templates are highly prescriptive in nature, and in four of them the BEP had the status of legally
binding contracts. The Senate guide incorporates most of the aspects of the BEP within the guide itself, and thus
does not require a project BEP. In contrast, the documents without templates gave only descriptive
recommendations. Among the prescriptive templates there is wide variation in terms of the structure of the BEP.
While some require fixed content (GT, VA and UK), others prefer the document to be more flexible. Most of the
documents (except for GSA and NBIM) require submittal of the BEP for approval by the owner.

Creating a BEP document allows the owner and the design companies to coordinate their expectations from each
other and to set clear goals for using BIM in the project. For example, minimum modeling requirements and the
expected deliverables over the project lifecycle can be set from day one. The opportunity to formalize specific
requirements for simulations such as energy analysis, lifecycle costing, sustainability assessment, clash
detection, quality control, and constructability analysis allows owners to maximize the value of the BIM process.

In principle, BIM facilitates communication and collaboration. The BEP can play a central role in regulating the
working process between the project participants. It lays out the protocols for collaboration, communication and
information exchange during the project and is thus mentioned in some form in 10 out of the 12 documents
which include a BEP.

TABLE 5: BIM Execution Plan

BIM Documents Aspects defined or prescribed by the BEP
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LACCD Y D N Y v v

GT N D N Y v v v

uscC Y P Y Y v v

Indiana Y P Y Y v v

Senate N N N N 4 4 v v v v | v

Statsbygg N N N N 4 v

GSA N D N N v

v v v v v v

COE Yo Py

VA N D N Y v v v v v | v

Ohio Y P Y Y v v

NATSPEC Y D N Y v 4 v v |V

NBIMS N D N N 4

Singapore Y P Y Y 4

CanBIM N D N N v v v

UK N D N Y v v v v
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4.9 Simulations

The ability to use BIM models to interface with building system simulation and analysis tools is one of three key
aspects of their use in building design (Eastman et al., 2011, p. 203). BIM enables a range of simulations and
analyses to be applied to designs as they develop, providing rapid feedback to designers, and thus potentially
influencing the design earlier than is possible in traditional processes. That designers and planners will take
advantage of these opportunities cannot be taken for granted, and therefore all of the documents prescribe the use
of some of the analysis types and tools, because they are perceived to add value for owners by improving the
conformance of the building designed to specified requirements and by removing waste from the construction
process.

The documents differ in the range of simulations they prescribe, in the levels of detail they require for each
simulation type, in the data exchanges that must be supported and in the software tools they specify. The two
simulations most commonly called for are clash detection and building energy use. Yet, as TABLE 6 shows,
many of the documents go beyond these more easily accessible opportunities for owners to leverage the use of
BIM and call for additional simulations. These include 4D construction process simulation, cost estimation based
on automated quantity take-off, and a variety of functional architectural analyses.

TABLE 6: Simulations and analysis (e e Simulation type and software specified; ® simulation type specified; o
simulation is mentioned).

8 2
E Z
— = il
= ] <
=]
L) @0 =]
BIM document | § b s
= | £ g
& sSgl =2 g en 8 >
> 8| & 2 = = 2 %
&5 © 5| E o Z ] g ]
5] 28| 2 % = 2 3 51
=] 153 (@) e} = o o S
g | >ol g ©) 3 < o) <
LACCD ° [ ° [ o
GT [ X J [ X J [ O (o] o (@)
usC [ X ) o o (0]
Indiana [ X (0] (0] (@) (0] o (0]
Senate (X} [ J (0] (0] ° (0]
Statsbygg (0] [ J (0] [} (@) [} ® [}
GSA (X o (0] (0] o
COE (0] ® o (0] o o
VA [ X ] [ X ] [ X ] [ J [ J [ J
Ohio [ [
NATSPEC ® ° [ o )
NBIMS (0] (0]
Singapore (6] ° (6] (6] (@) (0]
CanBIM (0]
UK ® [ )

ITcon Vol. 21 (2016), Sacks et al., pg. 494



Fully 12 out of 15 of the documents acknowledge the importance of energy modelling deal with it in various
levels of detail. Among the educational institutions, Georgia Tech, Indiana and LACCD have detailed
requirements. All three call for the energy modeling and simulations to be performed using gbXML format and
LEED certified. The other nine documents that require energy simulation allow each project to select its own
tools; some require that they be named in the BEP.

All 12 documents treat energy modeling as a dynamic design process. They expect, and in some cases require,
that the energy model should mature through the different phases of the project design, such that the energy
consumption estimation becomes more accurate as the design is detailed. The requirements of Senate properties
in particular are extensive, laying out detailed energy simulation requirements for each stage of the project.

Clash detection is a universally recognized feature of BIM utilization and is specified in all of the documents.
Specifications include coordination between the different trades with regards to clash detection, clash detection
reports and differentiation between soft clashes and hard clashes. There is a special focus on clash detection for
mechanical, electrical and plumbing systems (MEP) and coordination of these systems with the other models.
There is no single universally recognized software for clash detection.

BIM models are commonly used for construction management applications such as cost estimation, construction
sequence planning and detailed scheduling. Cost estimation using BIM quantity take-off is considered to be
more accurate than traditional methods. Some documents go beyond the first construction cost estimation,
calling for life-cycle cost analysis which considers simulation of operations and maintenance aspects. Despite its
popularity in BIM education, 4D schedule simulation is mentioned in only nine documents, and only three
prescribe detailed requirements.

Many of the guidelines also include other functional analyses, such as lighting, acoustics, security and
accessibility simulations. The Statsbygg guide in particular provides extensive details in these areas.

4.10 Schedule of Payments

In general, when using BIM, information is generated earlier in a project lifecycle than was the case when using
CAD. MacLeamy (2004) explained this phenomenon, hypothesizing that the investment of greater effort earlier
in the design process would reduce waste in the construction phase. This has subsequently been confirmed in
empirical research (Lu et al., 2015).

TABLE 7: Singapore and Ohio BIM documents - design fee schedule adjustments.

Project Stage % change from non-BIM to BIM payment
Singapore Ohio
Preliminary Design/Schematic Design +2.5 +5.0
Planning Approval 0 -
Design Development +2.5 +5.0
Tender/Bid and Award 0 0
DESIGN STAGES * +5.0 -10.0
Construction Administration -5.0 0
Post construction 0 0
CONSTRUCTION STAGES * -5.0 0
Percentage change in total fees 0 0

* refers to cumulative percentage fees
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Earlier and more intensive investment of effort requires adjustment of the fee schedules that governed design
work performed using CAD. Of all the documents reviewed, only the Singapore and Ohio guides support this
position and set a different cash flow that compensates designers for earlier effort. TABLE 7 shows the
adjustments to the fee schedule recommended by the Singapore and Ohio BIM documents. The other documents
do not relate to this issue, yet fee schedule adjustments to better suit the earlier development of detail that is a
hallmark of the use of BIM, are a potentially important enabler of BIM adoption.

4.11 Summary of findings

As can be seen in TABLE 8, most of the documents cover most of the ten review topics (see section 3.2 above),
although they vary in the emphasis they place on the different topics.

TABLE 8: BIM documents summary review (®® Highly detailed; ® detailed; o few details).
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The following topics appear in at least 14 of the 15 documents: interoperability, role of the BIM manager,
collaboration modes, operation and maintenance requirements, BIM execution plan, and simulation & analysis.
These topics form the core of the BIM documents. Of the remaining four topics, IPD and fee schedule changes
are not well developed, appearing in very few of the documents. Prequalification of designers for BIM
competence is clearly an issue of importance to most organizations, but only two of the documents provide
highly detailed recommendations.

5. DISCUSSION

The results reveal the relative importance of the different topics and the degree of detail with which they are
specified. They also allow analysis of the importance of the topics to the different types of organization and
show the progression of BIM guide development over time.

5.1 Content aspects

Table 9 shows the degree of specification of the topics over all fifteen documents. The specificity values are a
measure of the degree of detail with which each topic is treated overall. It is obtained by averaging the scores for
degree of detail from TABLE 8 over the number of documents in which each topic appears. The scores for
degree of detail were computed from TABLE 8 by assigning a score of 1 for highly detailed topics, 0.5 for
detailed topics and 0.25 for topics with few details. Note that specificity values do not necessarily reflect the
quality of the treatment, only its relative degree of detail.

Table 9: BIM document topics and their degree of specificity in the documents. The Specificity values are
obtained by dividing the Degree of Detail values by the Frequency values.

Review Topics Frequency | Frequency | Degree of Detail | Specificity
(Count) (%) 0-15) (0-1)

Simulation & analysis 15 100% 10.00 0.667

Interoperability 15 100% 8.75 0.583

BIM Execution Plan 15 100% 7.75 0.517

Modes of collaboration 15 100% 7.75 0.517

Role of the BIM 14 93% 9.50 0.679

manager

Operation and 14 93% 7.50 0.536

maintenance

requirements

LOD Specifications 12 80% 8.00 0.667

Pre-qualification of 11 73% 5.00 0.455

designers

BIM function through 10 67% 9.00 0.900

project phases

Integrated Project 4 27% 2.50 0.625

Delivery

Schedule of Payments ) 13% 2.00 1.000

ITcon Vol. 21 (2016), Sacks et al., pg. 497



Clearly, the topics of simulation & analysis, interoperability, BIM execution plan, collaboration modes, role of
the BIM manager and operation & maintenance requirements are the most frequent, but not the most detailed. In
fact, the topics of schedule of design payments and BIM functions through project phases are the most detailed,
but they are less common.

LOD specifications appear in 12 of the 15 documents. In those documents in which this topic is specified, the
topic is covered comprehensively, either directly or by reference to the AIA LOD specification (Reinhardt and
Bedrick, 2015). Of the three that lack LOD specification, two were originally published in 2009, and are among
the earliest BIM documents. Their preparation may have predated the broad understanding of the LOD subject
that developed after the first publication of the AIA specification in 2008.

Pre-qualification of designers is relatively frequent but is treated superficially in all but two 11 documents in
which it appears. Its absence from the documents of GSA, COE and VA, and its weak treatment in those of
LACCD, GT, USC, Senate and VA is striking because all of these are client organizations with many years of
experience working with BIM in their projects, yet they seem to suffice with specification of BIM deliverables
without discriminating amongst potentially weak service providers.

The remaining two topics (IPD and Schedule of design payments) may be considered relatively esoteric topics.
IPD is not yet a common project delivery method. The reason that some of the documents discuss this
procurement method and contract type and no others stems from the perception that the degree of collaboration
that can be achieved using IPD is significantly greater than other methods, and in particular that such
collaboration improves the ability to leverage the benefits of a BIM process. Changes to design fee structures
appear to be warranted in all BIM projects, assuming that the MacLeamy curve (MacLeamy, 2004) accurately
represents the generation of information. It is therefore surprising that most of the other BIM documents ignore
this aspect.

5.2 Organizations

There appears to be a relationship between the scope of construction managed by the organization and the degree
of specificity in the documents: university construction departments have more specific requirements for the
design process, simulations required and the software to be used than do government agencies or national
standards. Some of the national codes do not refer to the design process phases at all, restricting the scope to
model content definitions. On the other hand, the role of the BIM manager in smaller organizations, such as the
universities, is more restricted, extending only to design team coordination and synchronization of model and
data. This is related to the limitation that smaller projects may not be able to justify employment of a dedicated
BIM manager.

The guidelines differ in the allocation of responsibility for design coordination. Some adopt a technology-
centered approach, viewing the task primarily as clash detection, while others adopt a construction-centered
approach, viewing the task as one of building design. The latter is preferable from the point of view of design
quality. It reflects an attitude toward BIM as a design tool and to building designers as having technical
competence, as opposed to a view of BIM that assumes that the software should be operated by people with
technological expertise (BIM experts).

The fact that ten of the 15 documents detail minimum BIM competency requirements is evidence of the early
stage of BIM adoption perceived by the authors of the documents. BIM skills and competence are not assumed
to be provided through university education or professional training for architects or engineers, nor certified as
an integral part of professional registration requirements, and must therefore be explicitly tested for as part of the
pre-conditions for participation in any given construction project. Furthermore, the skill set needed for the new
role of BIM Manager is considered to be sufficiently different to that of designers, and formal training for it is
not yet available. The research literature supports this view. Succar et al. (2013) introduced a detailed taxonomy
of individual BIM skills and proposed a process for evaluation of competence at both individual and
organization levels. Sacks and Pikas developed curricula for BIM education based on analysis of the industry’s
needs for specific skills, organized according to Bloom’s taxonomy (Sacks and Pikas, 2013). Both of these
reflect the fact that, with a few exceptions, development of competence in BIM is not yet a mainstream part of
architectural, engineering or construction education and training.
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Another reason for the prevalence of requirements for pre-qualification arises from the understanding that a
construction owner’s demand for work with BIM is not simply a demand for use of a specific sophisticated
design tool, but rather a demand for a deeper change in the working relationships between various project
participants and improvement of the information flows among them. Change in business processes cannot be
obtained solely through skills training for individuals.

The desire of many of the organizations to promote collaborative working relationships on their projects finds
expression in their documents in the form of BEP development requirements, recommendations for IPD, and in
specification of big-room co-located design spaces. This need is at the core of the interoperability provisions of
the NBIMS.

The documents also reflect the current culture and the cultural differences among project participants. The
allocation of responsibility ranges from specification of individual tasks to general collective responsibility for
use of BIM and for delivery of the design. Some carefully specify the information handoffs and even the
physical environment for designers (e.g. USC's big-room), whereas others (e.g. NBIMS) adopt a laissez-fare
approach, placing few if any restrictions on the designers' freedom of action.

National and state governments use BIM documents as instruments for advancing the use of BIM within their
construction industries. The Singapore and the UK documents are particularly good examples of these efforts.
The UK standard is part of a broader effort that imposes BIM use for public projects through contract terms that
require BIM — this has a strong effect in determining commercial and design/engineering behavior across the
industry, spreading BIM use to the private sector. The Singapore government's efforts are even more direct,
providing direct funding incentives for AEC firms to purchase hardware and software and by supporting BIM
training. The documents are an essential part of these efforts because they standardize implementation across
companies and design firms. This is critical when transitioning from simple individual use of BIM to
collaborative utilization of BIM tools.

5.3 Development

Sorting the table of documents in chronological order of publication reveals that the level of detail of
requirements for three of the topics - interoperability, pre-qualification of designers and LOD - has increased
over time. This reflects the growing awareness and experience of the authors of the BIM documents of the
importance of these topics, as well as the development of techniques and technology. Pre-qualification, for
example, requires a means of assessment; Succar's BIM Maturity Matrix and Competency Sets (Succar et al.,
2013), for example, were introduced in 2009 and provide a useful framework for such assessment.
Interoperability and the use of IFC for 'Open BIM' has been facilitated with the maturation of the IFC standard
(Liebich, 2010), and this too is reflected in the later BIM documents.

In some documents, the strong influence of the organization's prior commitment to CAD standards is apparent.
The LACCD and COE guides detail the structure, content, layer naming and format for drawings that are
required for submission at different project stages, emphasizing the role of BIM as a tool for producing
drawings. This stands in sharp contrast with the shift from drawings to models as the primary means of
communication with BIM. The UK standard (BS 1192-4 and PAS 1192-2:2013), on the other hand, outlines a
strong model-based process despite being an extension of a suite of CAD standards (the BS 1192 series).

Future development of BIM guideline documents might consider applications of BIM that have yet to be fully
exploited, such as modular construction (Prefinished Prefabricated Volumetric Construction - PPVC), supply
chain management (reference to standard building object naming conventions), e-submission and e-checking of
building permit applications, advanced simulations (such as design quality checking for egress, accessibility,
sustainability)

6. CONCLUSION

Motivated by the value of BIM documents to public and private sector organizations for systematic
implementation of BIM in construction projects, the authors undertook a comprehensive review and analysis of
15 BIM documents. The sample set of 15 documents were selected from a database of 81 guides (BuildingSmart,
2015) and were chosen to represent a range of organization types, sizes and countries of origin. Some of the
large-scale construction clients’ and university campus BIM guides reflect the influence of earlier CAD
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standards, with stipulations of 2D drawings to be submitted at various stages of the design and construction
process. The national standards are in general free of these influences, reflecting a more holistic view of the
procurement process with BIM. Standardization of design processes, simulations, information requirements and
deliverables within the BIM documents is complemented by standardization of the structure, format and syntax
of model exchanges provided by the IFC standard.

Detailed analysis was based on ten categories of topics that encompass the contents and scope of the full set of
documents. The results reflect the effectiveness and the clarity of each of the individual documents. Seven of the
ten main topics — interoperability, role of the BIM manager, collaboration modes, operation and maintenance
requirements, BIM execution plan, and simulation & analysis — are similar across all, but their content,
specificity, frequency and level of resolution are different. Other topics are omitted from most of the documents:
for example, only two documents call for design fee structure changes along the timeline of a project, and only
three call for Integrated Project Delivery. The former is needed in all documents to properly align compensation
with the increased early phase workload that is needed for projects designed with BIM, whereas the latter
remains an esoteric project procurement pathway that is excellent for some projects but unsuitable for many
others.

The need for BIM documents arises from the essence of the use of the technology: in as far as BIM supports
technical communication among project participants, standardization is a key enabler. BIM documents facilitate
not only the use of the technology, but also deepen the impact of its use by allowing exploitation of the data for
the multiple simulations and analyses that enhance the quality of buildings and the efficiency of construction.
Industry-wide standards promulgated by governments or developed by non-profit industry associations are
important enablers for achieving effective communication with BIM, but they are not sufficient for transition
from use of BIM in isolated 'islands' of automation to its use in collaborative design and construction. Adoption
of a coherent and mandatory BIM guideline is therefore an essential step for any large construction client
organization that wishes to exploit the potential benefits of BIM processes and technology to the full.

Naturally, every major client organization operates within its own specific commercial, legal, technological and
professional context. Among other differences, the contents of an industry-wide or national standard ad its
degree of prescription, or the absence such a standard, will directly affect the contents of a client organization’s
BIM guideline document. Therefore, the content and degree of detail of construction client organizations’ BIM
guideline documents will vary widely. The information provided in this paper can be used to ensure that all
relevant topics are covered appropriately, and also to identify and locate sections of the documents that may be
of use to them. The ten core topics identified and discussed may serve as a checklist for development within an
organization as it prepares its own set of BIM guidelines. Integrated Project Delivery (a sub-topic within ‘Modes
of collaboration’) is a contractual platform that enables projects to achieve stronger collaboration than can be
achieved using competitive contracting arrangements, and thus goes hand in hand with the use of BIM, although
clearly IPD and BIM are not mutually dependent.

Finally, the main purpose of organizational BIM guideline documents is to establish working methods for project
participants that will be mandated by reference to the guideline documents in design and construction contracts.
Thus authors of guidelines must consider carefully whether the working methods and relationships they specify
suit the local industrial culture in terms of collaboration, information sharing, etc.

The contribution of this paper lies in the set of recommendations provided for major construction client
organizations (commercial companies, public authorities and governments large and small) to support
preparation or update of their own BIM guides. The paper contributes a check-list of the essential areas that must
be covered, including topics that are not yet covered in the majority of the pioneering BIM documents that were
reviewed.

Given the benefits to be obtained through collaboration and data integration, construction client organizations
perceive the need to accelerate adoption of BIM; and given the fundamental nature of the change, one of the
tools is to establish policy frameworks expressed in the form of national standards, collaboration guides and/or
project-level BIM execution plans. Yet with the plethora of such organizations, development of a large set of
BIM guides with disparate requirements could lead to confusion among architects, engineers and builders.
Generation of harmonized or standard templates for BIM guides for different organization types could reduce the
potential for confusion, and this review may contribute to that effort.
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