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EVALQATION ET CERTIFICATION DE LA MATURITE BIM LORS DE LA
SELECTION DE L’EQUIPE D’UN PROJET DE CONSTRUCTION

Ali ALAGHBANDRAD

RESUME

Afin de mettre en ceuvre, avec succes, I’approche BIM dans un projet de construction, tous
les participants du projet, en tant qu’utilisateurs du BIM, doivent posséder un minimum de
capacités BIM. Avant le début d’un projet, I’évaluation des capacités BIM des intervenants
de projet est une préoccupation majeure pour les clients de construction. Les clients du
domaine de la construction n’ont actuellement aucun mécanisme afin de s’assurer que les
participants clés qu’ils veulent engager, pour un projet de construction, possédent les
capacités (c.-a-d. les qualifications) minimales afin de participer pleinement a la conception
et la livraison d’un projet de construction qui utilise une approche BIM. L’importante
variabilité de la maitrise du BIM peut causer des cotits additionnels aux clients ainsi que
nuire aux membres les plus matures du projet. Donc, les clients du domaine de la
construction ont besoin de s’assurer d’'un minimum de maturit¢ BIM, préalablement a la
sélection de leurs fournisseurs. Les différentes propositions de modéles de maturit¢ BIM
actuels tentent d’évaluer la maturit¢ BIM des firmes, mais ne se concentrent pas sur
I’utilisation BIM. Les cas d’utilisation spécifiques de BIM sont au centre des bénéfices
escomptés du BIM. Ce projet de recherche propose donc un nouveau modéle de maturité
BIM qui se concentre sur les capacités des firmes en utilisation spécifiques de BIM. La
méthodologie de recherche est basée sur une révision détaillée de la littérature et plusieures
discussions avec des groupes d’experts. A L’aide de la revue de littérature, les chercheurs ont
concu un premier modele de maturité. Par la suite, des experts BIM ont discuté des
améliorations possibles aux pratiques décrivant les utilisations spécifiques du BIM. Il est
attendu que par I'utilisation de ce modele, les clients de construction pourront obtenir plus
d’avantages du BIM a travers la sélection de fournisseurs qualifiés.

Mots-clés : modélisation de l'information du batiment (BIM), modéle de maturit¢ BIM,
construction, certification BIM






BIM MATURITY ASSESSMENT AND CERTIFICATION IN CONSTRUCTION
PROJECT TEAM SELECTION

Ali ALAGHBANDRAD

ABSTRACT

To implement BIM in a construction project successfully, all the project participants, as BIM
users, must have minimum BIM capabilities. Before any project starts, assessing the BIM
capabilities of project stakeholders is a concern for construction clients. The main problem
however is that they have no mechanism to ensure that the key participants they hire for a
BIM project have the minimum capabilities (BIM infrastructure, processes and qualified
resources) to participate in the design and delivery of a BIM project. The high variability of a
firms’ readiness to work with BIM may impose a high cost for the client and the most mature
members of the supply chain. Therefore, construction clients need a way to ensure a
minimum BIM maturity, such as a maturity audit to assess the BIM competency of potential
project team members. From a client’s perspective, “minimum BIM qualification” means
“minimum capability to use BIM”. The current BIM maturity models try to assess the BIM
capability level of firms, but do not focus on BIM Uses. This research proposes a maturity
model that focuses on the capability of firms for specific BIM Uses, while measuring their
general BIM competencies. The research methodology is based on a review of literature and
focus group discussions. Through literature review, the researchers proposed a BIM uses
maturity model. Then, BIM experts discussed possible improvements. After an analysis of
the discussion, the author proposed the resulting model. It is expected that by using this
model, construction clients may achieve more BIM benefits through the selection of BIM
qualified project team members, i.e. reduced cost, time, and increased quality of project.

Keywords: building information modeling (BIM), BIM maturity model, construction, BIM
certification
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INTRODUCTION

The construction industry has been facing many problems and barriers in the past two
decades, such as cost overruns, time delays, prolonged contractual claims (Liberda et al.,
2003), disputes (Musonda, 2011), and labor productivity decline (Teicholz, 2004), leading to
low performance and productivity. In addition, characteristics of construction industry, such
as the project-oriented nature and the uniqueness of every project (Wegelius-Lehtonen,
2001), multi-disciplinary, cross-organizational, the organizational change of Architectural,
Engineering, and Construction (AEC) project teams (Liston, 2009), and fragmented supply
chains (Cox and Ireland, 2002), increases the complexity of working on large construction
initiatives. To improve productivity of the construction industry, different solutions such as
digital construction are emphasized. Digital construction aims to address the growing
fragmentation problems and improve productivity by using technologies such as BIM for
integrating processes throughout the entire lifecycle of a construction project. BIM proposes
a consistent digital information platform to be used by the stakeholders throughout the
lifecycle of the project. To date, many construction projects have reported benefits from the
use of BIM technology and BIM is recommended as a remedy for productivity issues
(Mihindu and Arayici, 2008). According to McGraw-Hill (2009) the most notable reported
BIM benefits to a project, include: reduced conflicts during construction, improved collective
understanding of design intent, improved overall project quality, reduced changes during
construction, reduced number of RFIs (Requests for Information), and better cost

control/predictability.

To implement BIM in a project successfully and fully benefit from its use, all the project
members, as users of BIM, should demonstrate minimum BIM capabilities. However, clients
have no mechanism to measure the minimum BIM capabilities (BIM infrastructure,
processes and qualified resources) of the key suppliers to participate in the design and
delivery of the project using BIM technology. The high variability of BIM maturity levels of
project members may result in high costs for the client and the most mature members of the

supply chain. Therefore, a way to help solve this issue is that project members obtain and
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provide a BIM maturity certificate, granted by an independent party, in order to participate in

project team selection process.

The research motivation is the lack of a BIM maturity assessment model to evaluate firms in

achieving specific BIM Uses, as unique tasks or procedures “on a project which can benefit

from the integration of BIM into that process” (CIC, 2011, p. 1). The research question is:

e How can the current BIM maturity models evolve to develop a BIM maturity model for
construction project clients to pre-qualify project applicant firms in BIM?

To answer the research question, the research objective is defined as follows:

e This research aims to develop a prototype of a BIM use maturity model, which could be
used to assess the BIM maturity of construction project applicants, so that the client can
verify if the applicant firms of project are pre-qualified in BIM. The assessment process

occurs before the project bid and is performed by an independent party.

This thesis includes seven chapters. In chapter 1, the current practice of the construction
industry is investigated and BIM is introduced as a solution. Then BIM is defined, different
uses of BIM in projects are introduced, and BIM impacts and benefits are explained. In
chapter 2, the concept of a maturity model is explained, a brief history of maturity models is
provided, BIM maturity model is introduced, different BIM maturity models are reviewed
and their contribution to this research in analyzed. In chapter 3, the BIM Uses Maturity
Model (BIMUMM) is proposed. The recommended perspective, architecture, maturity scale,
and evaluation process of this model is described in this chapter. Chapter 4 explains the
research methodology, the research question and objectives are described, the method of
model development is discussed, and the model validation is presented. Chapter 5 presents
the BIM domain of ‘Processes’. In this domain, BIM maturity practices are presented within
four Key Process Areas (KPAs) of ‘Design Authoring’, ‘3D Coordination’, ‘Design Review’,
and ‘BIM Project Management’. Chapter 6 includes detailed practices of the BIM resources
domain, within the two KPAs of ‘Infrastructure’ and ‘Human Resources’. The proposed

BIMUMM validation method and results are explained in chapter 7.
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The result of this research contributes to the BIM maturity assessment area for the purpose of
project team selection. Maturity assessment of BIM Uses in the proposed model fill the gap
of previous BIM maturity models in considering BIM Uses maturity measurement, and
establish a new basis for future development in this area. Integration of BIM maturity

practices from different resources in the proposed model is another contibution of this

research.






CHAPTER 1

BUILDING INFORMATION MODELING (BIM)

In this chapter, the current practice in the construction industry is presented and BIM is
introduced as a solution. BIM definition and uses in a construction project, its impact and its

benefits is also presented in this chapter.

1.1 Current Practice in the Construction Industry

Labor productivity has declined in the construction industry over last forty years (Teicholz,
2004). Various causes lead to this productivity decline. Uniqueness of projects in the
construction industry (Wegelius-Lehtonen, 2001; Teicholz, 2004) make it difficult to take
advantages of past «lessons learned » for future projects and to optimize knowledge
(Teicholz, 2004). The construction industry is multi-disciplinary, and cross-organizational
(Liston, 2009) with a fragmented supply chain (Cox and Ireland, 2002). A lack of integration
of design and construction and poor collaboration between team members (Teicholz, 2004)
lead to cost overruns, time delays, and contractual claims (Teicholz, 2004; Liberda et al.,
2003).

To increase productivity, by overcoming the existing problems in the construction industry
and its complex nature, various solutions are proposed. BIM is one of these solutions that
brings values to the construction industry and can be a source of potential positive change

(Teicholz, 2004).

1.2 Definition of BIM

Two perspectives exist to define BIM. One view looks at BIM as a tool for representation of
building data. Another perspective considers BIM as a process to develop the model of

building (see Figure 1.1).
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There are different characteristics attributed to BIM as a tool. In this way, BIM is defined as
“a digital representation of physical and functional characteristics of a facility. As such, it
serves as a shared knowledge resource for information about a facility forming a reliable
basis for decisions during its life cycle from inception onward” (NIBS, 2007). According to
Eastman et al. (2011), « with BIM technology, one or more accurate virtual models of a
building are constructed digitally. They support design through its phases, allowing better
analysis and control than manual processes. When completed, these computer-generated
models contain precise geometry and data needed to support the construction, fabrication,

and procurement activities through which the building is realized » (p. 1).

Different definitions are presented to describe the Building Information Modeling (BIM)
process. For this purpose, BIM is defined as “... a process focused on the development, use
and transfer of a digital information model of a building project to improve the design,
construction and operations of a project or portfolio of facilities” (CIC, 2011, p. 1) or “...The
process of creating and using digital models for design, construction and/or operations of
projects” (McGraw-Hill Construction, 2009, p. 4). This process includes “a set of interacting
policies, processes and technologies (Succar, 2009) generating a ‘methodology to manage the
essential building design and project data in digital format throughout the building's life-
cycle’ (Penttila, 2006)” (as cited in Succar, 2010a, p. 66).
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Figure 1.1 BIM as a process and a tool
Adapted from NIBS, (2007); McGraw-Hill, (2009); Succar, (2010a), CIC, (2011); Eastman
et al., (2011); Staub-French et al., (2011)

BIM tools enable parametric object-based modeling of a building (refer to Figure 1.2). In
BIM, modeling building components are more than just creating their geometric information
by line, surface, and volume. More properties can be added to the components. In BIM
applications, sets of object classes and families are pre-defined. Modeling is automated in
BIM. It means that the object automatically updates when a change happens in the model and
affects other object (Eastman et al., 2011). Figure 1.2 demonstrates an exterior curtain wall,

which is defined in a parametric table of Autodesk Architecture Revit 2014.
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Figure 1.2 An example of parametric modeling-Exterior curtain wall
Taken from software of Revit Architecture (2014)

1.3 BIM Uses

According to CIC (2011), « A BIM Use is a unique task or procedure on a project which can
benefit from the integration of BIM into that process » (p. 1). BIM can be used during all
phases of the project for various tasks by different project members, such as architects,
engineers, contractors, and owners. CIC (2011) identified 25 BIM Uses, within different
phases of a project, namely, Planning, Design, Construction, and Operation, as shown in
Figure 1.3. Some BIM Uses can be performed in more than one project phase. For example,
BIM can be used for cost estimation during the whole lifecycle of a project. Design reviews

can be performed in both ‘planning’ and ‘design’ phases of project.
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Figure 1.3 BIM Uses throughout a building lifecycle
Taken from CIC (2011)

McGraw-Hill Construction (2012) also identified different BIM Uses or BIM activities, as
shown in Figure 1.4. Primary BIM uses are considered as the uses with more frequency of
use on project, in compare of secondary BIM uses. However, ‘Design Reviews’ must be
considered as a primary BIM use, since it is ranked as second most frequent BIM use in the

survey of Kreider et al. (2010). BIM activities are categorized within two project phases of

‘design’ and ‘construction’.
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Figure 1.4 BIM activities
Adapted from McGraw-Hill Construction, (2012)
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By reviewing the two above references (McGraw-Hill Construction, 2012; CIC, 2011), it can
be understood that BIM can be used in different phases of the project, by different project
players. However, depending on each specific BIM use, a level of collaboration among
project members for using BIM may be required. For example, as shown in Figure 1.3, ‘3D
coordination’ is a BIM wuse in the design and construction phases. Therefore, the
collaboration of the design and the construction teams may be an important factor in the
success of ‘3D coordination’ BIM use. One of the critical issues in collaboration of project
participants for BIM may be their different BIM maturity levels, which means that low level
maturity misuses BIM content. To reduce the collaboration problems in using BIM, a

minimum BIM capability maturity level may be required for each project participant.

14 BIM impacts and Benefits

Different researchers mentioned the achieved benefits through the use of BIM. According to
McGraw-Hill’s “SmartMarket Report on Building Information Modeling: Transforming
Design and Construction to Achieve Greater Industry Productivity” (2008), the surveyed
companies, who are actively tracking BIM return on investment (ROI), get 300% to 500%
initial BIM ROIs on projects using BIM.

McGraw-Hill Construction (2009) identified the BIM benefits that bring most value to a
project as follows: “Reduced conflicts during construction, improved collective
understanding of design intent, improved overall project quality, reduced changes during
construction, reduced number of RFIs (Requests for Information)” and finally “Better cost

control/predictability” (p. 22).

The potential benefits of BIM adoption in many projects are (Tocoman, 2008; Takes, 2008;
as cited in Mihindu & Arayici, 2008) “... 1) faster and more effective processes, 2) better
design, 3) controlled whole life and environmental data, 4) better production quality, 5)
automated assembly, 6) better customer service, 7) lifecycle data, 8) integration of planning

and implementation processes, 9) more effective and competitive industry”.
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Although in literature review, many benefits are observed from using BIM, it is difficult to
quantify these benefits. Barlish and Sullivan (2012) found that the most quantifiable benefits
are: schedule, change orders, request for information (RFIs), and project or pilot cost.
However, there are other benefits, which are not easily quantifiable. For example, it is not
easy to quantify quality improvement of a project by using BIM since measuring ‘quality’

can vary from case to case.

Another issue in achieving these benefits is the effect of different factors in the degree to
which a BIM value can be reached. For example, the BIM competency or maturity level of

firms in using BIM can affect the reached level of BIM benefits.

In the next chapter, the concept of BIM maturity is introduced and several BIM maturity

models are reviewed.



CHAPTER 2

BIM CAPABILITY ASSESSMENT

2.1 Concept of a Maturity Model

A “maturity model” can be defined as “... a conceptual framework, with constituent parts,
that defines maturity in the area of interest. [...] In some cases, [...], a maturity model may
also describe a process whereby an organization can develop or achieve something desirable,

such as a set of Capabilities or practices” (OPM3, 2003, p. 5).

Capability Maturity Models (CMMs) are originally from the field of quality management
(Crosby, 1979) and identify a set of standardized process improvement levels to enable
implementers in obtaining significant business benefits (Succar, 2010a). The goal of the
Quality Management Maturity Grid (QMMG) developed by Crosby (1979) was to enable
organizations to understand how mature they are in quality management and was .

valuable in comparing the status of different companies or divisions. It also provides a
continual source of direction concerning what needs to be done next” (Crosby, 1979, p. 40).

This 5 x 6 maturity grid (Figure 2.1) presents five evolutionary stages of an organization’s

maturity in quality management against six quality management categories.
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Figure 2.1 Quality Management Maturity Grid
Taken from Crosby (1979)
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For an evaluation using Crosby’s (1979) maturity grid, a number of people are asked to rate
the company based on their subjective judgment about the stage of the company in each of
the six measurement categories. A value of 1 to 5 is awarded to each stage respectively from
“Uncertainty” to “Certainty”. The total score of organization’s maturity in quality
management is calculated by adding all awarded values, which would be a maximum sum of

30 (Crosby, 1979).

The maturity framework of Crosby (1979) was adapted to the Software Engineering industry
(Paulk et al., 1993). The Software Engineering Institute (SEI) defined Capability Maturity
Models (CMMs), which “... focus on improving processes in an organization. They contain
the essential elements of effective processes for one or more disciplines and describe an
evolutionary improvement path from ad hoc, immature processes to disciplined, mature
processes with improved quality and effectiveness. [...] The essential elements of effective
processes [...] are based on the concepts developed by Crosby, Deming, Juran, and
Humphrey” (SEI, 2010b, p. 4). The CMM worked originally “... as a tool to evaluate the
ability of government contractors to perform a software project. [...] Its successor, the more
comprehensive Capability Maturity Model Integration (CMMI), continues to be developed
and extended by the Software Engineering Institute, Carnegie Mellon University” (Succar,

2010a, p. 77).

The concept of maturity has also been applied to BIM in the construction industry, because
BIM is also defined as a process (see section 1.2), which can include a set of improvement

levels.
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Bew-Richards’ BIM maturity map (Department of Business, Innovation and Skills (2011) as
cited in Barlish and Sullivan, 2012), as shown in Figure 2.2, represents different levels of
BIM maturity from level 0 to 3, where Computer Aided Design (CAD) is defined at level 0
(no BIM maturity), and life-cycle management with BIM is defined at the highest level of
maturity. Creating 2D and 3D models and BIM collaboration start at level 1 and 2. At level 3,
interoperable data exchange and integrated web services exist. Levels 1 to 3 are supported by
different standards regarding BIM, which clarify more detail about quality of BIM in each

level.

Figure 2.2 Bew-Richards BIM maturity map
Taken from Department of Business, Innovation and Skills (2011) as cited in Barlish and
Sullivan, (2012)

Numerous BIM maturity models are developed for different purposes. These purposes can be

explained as follows:
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1) BIM Maturity Assessment for Project Team Selection:

BIM maturity assessment tools can be used in order to evaluate BIM competency of firms for
a project team selection. The results of McGraw-Hill Construction (2012) research on North
America revealed the importance of BIM capability for project team selection, as shown in
Figure 2.3. 80% (28% + 52%) of the respondents (BIM users) consider importance of BIM

capability for their project team selection.

Figure 2.3 Importance of BIM capability for project team selection
Taken from McGraw-Hill Construction, (2012)

2) BIM Maturity Assessment for Minimum BIM Certification:

The National Building Information Model Standard (NBIMS) (2007; 2012) introduced the
concept of using the Capability Maturity Model to define a minimum BIM capability, and
looked at what this constitutes. This minimum level is defined as having some characteristics

in the associated areas of maturity, and by achieving a certain score in an evaluation.

3) BIM Maturity Assessment for Performance Measurement and Improvement:

Although a BIM maturity assessment tool can work as a measurement tool to evaluate the
BIM capability maturity level of firms, its use can also lead to BIM maturity improvements.
By knowing the current maturity level, a firm can plan to achieve a target level of BIM

maturity (i.e. Organizational Assessment Profile (CIC, 2012)).
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This research investigates several BIM maturity models, which have been developed for
different purposes (i.e. Succar, 2010a,b; Succar et al., 2012; Sebastian and Van Berlo, 2010;
CIC, 2011, 2012; Indiana University, 2012; NIBS, 2007, 2012). Table 2.1 presents the

purpose of each model.

Table 2.1 Purposes of BIM Maturity Models

Purposes | Project team Minimum BIM Performance

selection certification measurement and
improvement

Models BIM Quick Scan NBIMS Capability BIM Maturity Matrix
(Sebastian & Van Maturity Model (NIBS, | (BIm?) (Succar, 2010a,b;
Berlo, 2010) 2007; 2012) Succar et al., 2012)
BIM Qualifications Organizational BIM
Scoring Matrix (CIC, Assessment Profile (CIC,
2012) 2012)
BIM Proposal Scoring
Matrix (CIC, 2012)
IU BIM Proficiency
Matrix (Indiana
University, 2012)

Each one of these BIM maturity models has its own BIM categories that are used to assess
maturity. Figure 2.4 provides a representation of BIM categories, defined in four BIM areas
of a) management; b) human resources; c) technological infrastructure; and d) BIM
information. As cited in in Figure 2.4 for these four BIM areas, BIM area of “Management”
considers BIM-related management capabilities of firms/project members. The area of
“Human Resources” is about the human resources dedicated for BIM, BIM competency of
personnel, their roles, and educational programs of firms. The area of “Technological

Infrastructure” considers supporting software, hardware, and network for BIM, and the way
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of using and updating them. The area of “BIM Information” is about different subjects, such

as BIM information flow, BIM model contents and modeling, use of BIM, etc.

Figure 2.4 Comparison of BIM Maturity Models
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Figure 2.4 (continued) Comparison of BIM Maturity Models

A review of the above BIM maturity models reveals that BIM fields can be categorized in
different ways, with more or less details. There is no standard way to categorize BIM
subjects in a BIM maturity model. It depends on the purpose and expectations of model

developers and users for the application of a model.
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2.2 BIM Maturity Assessment for Project Team Selection

As Table 2.1 indicates, four BIM maturity models were developed for the purpose of project

team selection. This section reviews these models.

2.2.1 BIM Quick Scan tool

Sebastian and Van Berlo (2010) developed the BIM Quick Scan tool to benchmark the
current BIM performance level of AEC organizations for the Dutch construction industry.
The purpose was to justify qualification of project parties to be involved in projects and to
“... raise awareness and establish a common strategy for innovation through BIM”
(Sebastian & Van Berlo, 2010, p. 254). In this approach, a certified BIM consultant carries
out the assessment upon request of an organization and produces an assessment report. This
approach combines quantitative and qualitative assessments of the ‘hard’ and ‘soft’ aspects
of BIM at the a) corporate level, b) ICT infrastructure level, and ¢) model/modeling level.
Four main chapters of an organization, including: 1) organization and management; 2)
mentality and culture; 3) information structure and information flow; and 4) tools and
applications, are assessed by the BIM Quick Scan tool. Each one of these chapters contains a
number of Key Performance Indicators (KPIs) “... in the form of a multiple-choice
questionnaire. [...] With each KPI, there are a number of possible answers. For each answer,
a score is assigned. Each KPI also carries a certain weighting factor. The sum of all the
partial scores after considering the weighting factors represents the total score of BIM
performance of an organization” (Sebastian & Van Berlo, 2010, pp. 258 and 259). KPIs are
assessed using a percentile scale and then the chapters are assessed with a five-level scale of
0 to 4 (Sebastian & Van Berlo, 2010). The tool asks about the presence of ‘BIM Uses’ in the
firm, but there is a problem associated with the categorization of BIM Uses. While some of
these BIM Uses are specific, such as planning (4D) and quantities/costing, the others are very
general, such as simulations, design, architectural, construction, etc. In addition, although it

asks for the presence of a BIM Use, the maturity level of a specific BIM Use is not evaluated
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by the tool. For example, if a firm has BIM 4D planning, this assessment tool cannot assess

how well the firm is using BIM for planning (4D) with a scale.

2.2.2 BIM Qualifications and Proposal Scoring Matrix

According to CIC (2012), the BIM maturity level of project applicants must be evaluated
during the team selection stage, namely during Request For Qualification (RFQ) and Request
For Proposal (RFP). At the project team selection stage, to enable the owner to measure the
BIM maturity level of applicants, two BIM capability maturity models are presented. The
owner asks about BIM experience and the expertise of applicants in the RFQ. In analyzing
the submitted RFQs, a matrix similar to the ‘BIM Qualifications Scoring Matrix’, shown in
Figure 2.5, “assists the owner in organizing the submissions into a quantifiable score that can
quickly and easily be ranked” (CIC, 2012, p. 57). To enable an owner to filter possible
exaggerated BIM qualifications, applicants must provide proof of the qualifications they

claim to have, for example, by answering questions of owner as presented in Appendix V.

Figure 2.5 BIM Qualifications Scoring Matrix
Taken from CIC, (2012)
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In the RFP, the applicants must propose the BIM services that they can provide for the
project, with a price. The owner can use a matrix similar to the ‘BIM Proposal Scoring
Matrix’, shown in Figure 2.6, in order to “rank the proposals based on the BIM services of

greatest importance, and identify deficiencies in proposals prior to any contract award” (CIC,

2012).

Figure 2.6 BIM Proposal Scoring Matrix
Taken from CIC (2012)

Although this model (CIC, 2012) considers the proposed BIM Uses of applicants, it fails to
measure the maturity level of a firm in performing specific BIM Uses, such as 3D
Coordination, 4D Modeling, etc. The BIM assessment categories of ‘BIM tools’, ‘Technical

Capabilities’, and ‘Deliverables’, are general in the BIM maturity assessment.

223 IU BIM Proficiency Matrix

Another BIM maturity model, in form of a matrix, was developed by Indiana University (IU)

to evaluate the BIM expertise and experience of construction project participants
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(consultants) (Indiana University, 2012). An “IU BIM Proficiency Matrix” must be
submitted to Indiana University by the design team before the contract award for
construction projects of $5M or greater and the construction projects that have already used
BIM. For other projects, it is encouraged but not required to submit it. The consultant scores
the matrix based on the examples of previous projects, which used BIM. The IU can measure
the BIM level of expertise and experience of design team by receiving the filled maturity
matrix. Interested contractors can submit an “IU BIM Proficiency Matrix” to the University
at the bid submittal stage (Indiana University, 2012). This matrix, which is shown in Figure
2.7, contains eight categories. Each category has four sub-categories. A total of thirty-two
subcategories are scored ranging from 0 to 1. A maximum total score of thirty-two can be
achieved based on this mechanism. The total achieved score locates the BIM maturity level
of firm on a defined range: total score of 0 to 12 is assigned for the “Working Towards BIM”
category, 13 to 18 for “Certified BIM”, 19 to 24 for “Silver”, 25 to 28 for “Gold” and 29 to
32 is assigned for “Ideal”. The problem with this scoring system is that for each subcategory
a value from 0 to 1 is earned based on subjective judgement of the maturity level. This
approach is not very accurate. For example, although a score of 0.45 represents a higher
maturity level than a score of 0.4, it is not clear how to justify this scoring and the actual
difference it represents. This model considers some BIM Uses, such as ‘Design side collision
detection’ and ‘Coordination modeling’ in the maturity assessment. However, lack of
development of capabilities within different maturity levels is a deficiency. According to
Succar (2010a), “the matrix focuses on the accuracy and richness of the digital model (as an
end-product) and has less focus on the process of creating that digital model”. In addition, the
matrix has very little consideration for BIM resources. For example, the sub-category of
“Model managers’ role defined” asks about the presence of a model manager for each
discipline. However, the level of BIM expertise, experience, and knowledge of model
managers is not considered in the scoring. The matrix also has other weaknesses, for
example, in the BIM technological resources assessment. Although delivering a rich and
accurate digital model is the focus of this model, the required technological infrastructure

was not considered in maturity assessment.
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Figure 2.7 Indiana University BIM Proficiency Matrix
Taken from Indiana University (2012)

It is important for construction clients to measure how well a potential project member can
use a specific BIM application. All the reviewed models in section 2.2 have a common
problem, which is the lack of development of capabilities in maturity levels of BIM Uses.
There is a need to address this issue. It is suggested that clients should not have to expend
effort on a case-by-case basis to perform this assessment. Having an independent
certification body where BIM maturity certification is obtained using independent certified
assessors (i.e. like ISO) would be simpler for the clients and would better control the quality

of the assessment.

23 BIM Maturity Assessment for Minimum BIM Certification

The process of BIM capability maturity assessment was used to define a minimum BIM by
the National Building Information Model Standard (NBIMS) (2007; 2012). This model is

reviewed as follows.
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e NBIMS CMM

The National Building Information Model Standard (NBIMS) Capability Maturity Model
(CMM) (NIBS, 2007) is a tool developed for the strategic management in the BIM
implementation of an organization (McCuen et al., 2012). The NBIMS CMM helps users
measure their current BIM maturity level, and enables them to plan for future maturity goals
(NIBS, 2007). This tool, which is part of the national BIM standard (NIBS, 2007), measures
eleven weighted BIM capabilities or area of interest against ten maturity levels. Each area of
interest is described in the NBIMS CMM. Figure 2.8 shows the eleven BIM areas of interest

with their maturity levels.

Figure 2.8 NBIMS CMM Chart
Taken from NIBS (2007)

NBIMS CMM is presented in two versions: Tabular (Figure 2.8) and Interactive (Figure 2.9).
The Tabular version is a static Microsoft Excel® workbook including three worksheets of
information while the Interactive version is a multi-tab Excel workbook with the same

information that interacts with the user entering information and calculations.
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In the assessment process, a score, named credit sum, is awarded by adding the perceived
maturity level’s credit of each area of interest. This approach proposes a minimum score as a
threshold to achieve minimum BIM capability. The minimum required score is adjusted
yearly by the “National Institute of Building Sciences (NIBS)”. If the minimum score is not
achieved, it shall not be called BIM. Therefore, the certification will not be achieved and the
needed improvements will be specified. As indicated in Figure 2.9, after ‘Minimum BIM’
level of certification, the other levels, include ‘Certified’, ‘Silver’, ‘Gold’, and ‘Platinum’,

respectively requiring a higher credit sum to be reached, namely 60, 70, 80, and 90.

Figure 2.9 Interactive NBIMS CMM
Taken from NIBS (2007)
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There are a few critics of NBIMS CMM in the literature. According to Sebastian and Van
Berlo (2010) there are several limitations for the use of NBIMS CMM: “It is an internal tool
to determine the level of maturity of an individual BIM as measured against a set of pre-
defined weighted criteria. CMM is not intended to be used to compare different models or
BIM implementations. It is designed to measure the maturity of the model (including the
modeling process), but not to measure the BIM maturity of the organization” (Sebastian and
Van Berlo, 2010). Succar (2010a) believes that NBIMS CMM has structural limitations that
may restrict the usefulness and usability of the model. Existence of ten maturity levels with
minimal distinction between them is a weakness (Succar, 2010a), the possible overlap of
areas of interest (Suermann et al., 2008 and McCuen, 2007 as cited in Succar, 2010a) are
some defects. In addition, Succar (2010a) stated other criticisms, such as “in the Interactive
CMM tool an organization or project can achieve a high total score even when they have low
scores on some areas of interest”. The areas of interest in NBIMS CMM are good to assess
models but not useful for teams, organizations or the project teams that generate the models.
In addition, this model is only useful for internal self-assessment. The model cannot assess
any BIM metric beyond ‘information management’ and this issue limits its applicability

(Succar, 2010a).

24 BIM Maturity Assessment for Performance Measurement And Improvement

The BIM Maturity Matrix (BIm?) (Succar, 2010a,b; Succar et al., 2012) and the
‘Organizational BIM Assessment Profile’ (CIC, 2012) are two models that were developed
for the purpose of BIM performance measurement and improvement. These models are

reviewed below.

24.1 BIM Maturity Matrix (BIm?)

The BIM Maturity Matrix (BIm?) developed by Succar (2010a) “is a knowledge tool which

incorporates many BIM Framework components for the purpose of performance



49

measurement and improvement” (Succar, 2010a). Succar et al., (2012) categorize BIM
aspects in a hierarchical method with three main sets of technology, process and policy, and
their subcategories are expanded in the next levels of hierarchy. These sets of BIM abilities
are called ‘BIM Competency Sets’: “A BIM competency set is a hierarchical collection of
individual competencies identified for the purposes of implementing and assessing BIM. In
this context, the term competency reflects a generic set of abilities suitable for implementing
as well as assessing BIM capability and/or maturity. [...] BIM competencies are a direct
reflection of BIM requirements and deliverables” (Succar et al., 2012). Succar (2010a)
developed a workflow of five steps in order to create a BIM Capability and Maturity

Assessment. Figure 2.10 shows a summary of this workflow.

Figure 2.10 BIM capability and maturity assessment and reporting workflow diagram—v2.0
Taken from Succar (2010a) and Succar et al. (2012)

At the first step of the workflow, the user selects the organizational scale (Oscale), intended
for assessment, from a table. Using the Oscale filter reduces the number of applicable
competencies significantly. At the second step, a four level Granularity filter reduces or
increases the number of competency sets for performance assessment by changing the

hierarchy level. The user can obtain more detailed competency areas by using higher
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Granularity Levels (level 3 or 4). At the third step, the assessor selects and isolates the
organization (under assessment) ‘actual’ and ‘targeted’ capability stages. The BIM capability
stages define minimum BIM requirements and are defined in three stages of ‘object-based
modeling’, ‘model-based collaboration’, and ‘network-based integration’ respectively. Then,
the user assesses if the remaining competencies have achieved ‘minimum capability’. In the
fourth step, the assessor separates the BIM competency sets that achieved the minimum
capability to assess their maturity. According to Succar et al. (2012), “the term ‘BIM
maturity’ refers to the quality, repeatability and degree of excellence within a BIM
capability. Although ‘capability’ denotes a minimum ability, ‘maturity’ denotes the extent of
that ability in performing a task or delivering a BIM service/product” (p. 124). The five
levels of maturity in this model are: (a) Initial/Ad-hoc, (b) Defined, (c) Managed, (d)

Integrated and (e) Optimized. Finally, in the last step, the assessment results are reported.

In BIm?, the qualitative descriptions of BIM maturity levels are not specific enough for a
quantitative assessment. For example, in the category of ‘Software’ applications, there are
some sentences that describe the quality of software usage in maturity levels as

follows (Succar, 2010a):

Maturity level 1: “Usage of software applications is unmonitored and unregulated”.
Maturity level 2: “Software usage/introduction is unified within an organisation or project
teams (multiple organisations)”.

Maturity level 3: “Software selection and usage is controlled and managed according to
defined deliverables”.

Maturity level 4: “Software selection and deployment follows strategic objectives, not just
operational requirements”.

Maturity level 5: “Selection/use of software tools is continuously revisited to enhance

productivity and align with strategic objectives”.

The problem is that words such as ‘unmonitored’, ‘unregulated’, ‘controlled’ and ‘managed’

can be interpreted in different ways. These maturity metrics may not be accurate and
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consistent enough, according to Succar (2010b) definitions: Accurate: metrics are clear,
verifiable and allow accurate, repeatable assessment; Consistent: when conducted by

different assessors, measurements still produce the same results.

2.4.2 Organizational BIM Assessment Profile

The Computer Integrated Construction (CIC) Research Program (2012) at Pennsylvania State
University developed “... a standard approach for facility owners to more effectively plan the
integration of BIM throughout the organization and the lifecycle of a facility”. In addition to
facility owners, the other audiences are designers, contractors, operators, and consultants
who advise owners. This guide defines three specific procedures or methods for owners to
develop their BIM plans. These procedures include ‘BIM Organizational Strategic Planning’,
‘Owner BIM Organizational Execution Planning’, and ‘Owner BIM Project Procurement
Planning’. The ‘BIM Organizational Strategic Planning’ allows an owner to understand why
and how BIM can be integrated in an organization. With this procedure, firstly, the maturity
of the different aspects of an organization, which are critical for its BIM implementation, are
measured. To assess these aspects, which are called BIM planning elements (Figure 2.11),

the planning committee uses the Organizational BIM Assessment Profile (Figure 2.12).
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Figure 2.11 The BIM planning elements
Taken from CIC (2012)

As shown in Figure 2.11, six BIM planning elements, including strategy, BIM Uses,
processes, information, infrastructure, and personnel, are introduced in a table. For
assessment of BIM planning elements, they are broken up into a total of 20 sub-categories as
demonstrated in the Organizational BIM Assessment Profile (Figure 2.12). In this matrix, the
planning elements and their sub-categories are described. Each one of the 20 sub-categories
is measured against six maturity levels. On each maturity level there is a basic description for
each sub-category of planning elements. A value is assigned to each maturity level, which
enables the profile to calculate the total score of maturity.

By establishing ‘current’ and ‘target’ maturity levels, the Organizational BIM Assessment
Profile (Computer Integrated Construction Research Program, 2012) provides a new
approach in using maturity assessment for performance improvement. Future research can be

conducted on the transition from ‘current’ to ‘target’ maturity levels in a project. However,
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there is not much detail provided within the matrix to describe the different maturity levels or

the subcategories.

2.5 Analysis of Contributions to This Study

How do these different models fit the characteristics outlined for this study? To answer this
question current BIM maturity models will be studied, in detail, using quality criteria to
assess how they can contribute to the design of a detailed BIM maturity model. April (2005)
has proposed quality criteria to assess the validity of existing maturity model proposals.
Inspired by this approach, the following were establisehd to assess whether a current BIM
maturity proposals can contribute to the design of our model:

Criterion 1- “Yes: detailed practices are available, No: practices are private or only a general
framework is proposed that doesn’t include detailed practices”;

Criterion 2- “Yes: established model, No: experimental/research model, marginal or
obsolete content™;

Criterion 3- “Yes: recent publications which demonstrate the model’s popularity and
industry interest, No: no important or recent publication (other than the author’s) or

demonstrated industry interest”;
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Figure 2.12 Organizational BIM Assessment Profile
Taken from CIC (2012)

Criterion 4- Yes: adapted (fully or partially) to construction industry characteristics, No: Not
adapted to construction industry characteristics.
Criterion 5- Yes: includes the notion of BIM use, No: Doesn’t include any notion of BIM

use.



55

Figure 2.12 (continued) Organizational BIM assessment Profile
Taken from CIC (2012)
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Table 2.2 shows, for seven BIM Maturity Models, whether or not they meet the quality

criteria.
Table 2.2 BIM Maturity Models evaluation according to the four criteria
Model Criterion | Criterion | Criterion | Criterion | Criterion
1 2 3 4 5

BIM Quick Scan Yes Yes Yes Yes No
(Sebastian & Van Berlo,
2010)
IU BIM Proficiency Yes Yes Yes Yes Yes
Matrix (Indiana
University, 2012)
Organizational BIM Yes Yes Yes Yes Yes
Assessment Profile (CIC,
2012)
NBIMS Capability Yes Yes Yes Yes No
Maturity Model (NIBS,
2007;2012)
BIM Maturity Matrix Yes No Yes Yes No
(BIm?®) (Succar, 2010a,b;
Succar et al., 2012)
BIM Qualifications Yes Yes Yes Yes No
Scoring Matrix (CIC,
2012)
BIM Proposal Scoring Yes Yes Yes Yes Yes
Matrix (CIC, 2012)

All the models presented in Table 2.2 have detailed practices (criterion 1). This is useful to

map them to the proposed model of this research, where applicable. They are also established
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and deployed (criterion 2), as a complete model, except the BIM Maturity Matrix (BIm?)
(Succar, 2010a,b; Succar et al., 2012), which is not complete and its development is still in
progress. All of these models are recent and developed in the recent years (criterion 3). All
these models are developed for construction industry. Therefore they all meet criterion 4.

Only three models presented in Table 2.2 meet the criteria and incluce a notion of BIM uses
(criterion 5). Consequently, three models and other relevant sources can be used for our
research to design a novel BIM Use Maturity Model (BIMUMM) focused on BIM Uses. This

research methodology is described in the next chapter.






CHAPTER 3

METHODOLOGY

This chapter presents the methodological approach of this research. Defining the research
question and objective is the first step to any research. The proposed method for model

development undertaken is presented. Model validation is the last step of this research.

3.1 Research Methodology

This research is composed of four distinct stages, as described below:

Stage 1: Definition of problem and research steps

In this step, the research question, objective, and methodology were determined.

Stage 2: Literature Review

Through literature review, two topics are studied: 1) BIM definitions, uses areas, and
benefits, 2) Maturity models, in the domain of BIM and other domains. The inventory of
maturity models relevant to this research will be provided and selected models will be
studied in depth, described and critically analyzed.

Stage 3: Model Development

At this stage, the proposed model architecture will be designed. This includes identification
of the BIM domains, Key Process Areas (KPAs), and practices. The practices will be mapped
iteratively, from the source documents to the model.

Stage 4: Model Verification and Validation

The developed model will be discussed in a focus group meeting with industrial and
academic experts in the field of BIM. The possible improvements will be considered and the

model will be updated.

The research stages are summarized in Table 3.1.
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Table 3.1 Research Methodological approach

Adapted from April (2005)

Stage 1: Definition of problem and research stages

Research Question

Research Objective

Methodology

How can the current BIM
maturity models evolve to
develop a BIM maturity

model for construction

To develop a prototype BIM
Uses Maturity Model for
BIM pre-qualification

assessment of project

- Literature review
-Model development by
iterative mapping

- Model verification and

project clients to pre-qualify | applicants validation by focus group
project applicant firms in meeting

BIM?

Stage 2: Literature Review

Objective Topics Results

To study BIM and maturity
models in BIM and other

arcas

-Literature review of BIM
-Literature review of

maturity models

-BIM definition, Uses, and
benefits;

-Selection, description and
critical analysis of seven
BIM maturity models;
-Identify and present BIM
maturity assessment
categories;

-Analysis of contribution of
the seven selected models
to this study;

-Selection, description, and
adaptation of a maturity
model from software

industry.
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Table 3.1 (continued) Research methodological Approach

Adapted from April (2005)

Stage 3: Model Development

Objective

Execution

Results

To design the model

architecture and content

-Development of the
maturity model architecture.
-Mapping BIM maturity
assessment categories from
different sources to define
the proposed KPAs and
Roadmaps of the maturity
model;

-Mapping/adjusting the
detailed BIM practices to

develop a first version of the

-Presentation of BIM Uses
Maturity Model
(BIMUMM) objective,
scope, and its architecture,
including BIM domains,
Key Process Areas (KPAs),
Roadmaps and practices;
-Proposing the model’s
maturity scale, and
evaluation process

-Development of model

BIM Uses Maturity Model content, including detailed
(BIMUMM). practices and their
corresponding assessment
questions.
Stage 4: Model verification and validation
Objective Method Results

To verify and validate the

proposed model

-Focus group meeting

-Opinion of industrial and
academic BIM experts is
collected regarding the
proposed model

-Their recommendations
are considered for revision

and improvement of model.
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3.2 Proposed Model Development Activities

This section explains the procedure used in this research to design and iteratively build the
proposed BIM Uses Maturity Model (BIMUMM).

The steps of development are described in Figure 3.1.

Figure 3.1 BIM Uses Maturity Model (BIMUMM) development steps
Adapted from April and Coallier (1995)
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Through the literature review, studies are done in the context of research. The literature
review is focused on BIM and maturity models, and through analysis, the sources are used in
order to design the architecture of the proposed model. Model development from literature
analysis corresponds to steps 1 to 4 of Figure 3.1. After model development, the model is

validated.

These steps are used to integrate practices as follows (adapted from April and Coallier,

1995):

1- BIM domains of ‘Process’ and ‘Resources’ are chosen as the target BIM domain of this
study.

2- Each BIM domain has its own KPAs. The domain of ‘Process’ includes the top three most
frequent uses of BIM KPAs, selected from Kreider et al. (2010), plus the KPA of ‘Project
management’. The KPAs in the domain of ‘Resources’ are ‘Infrastructure’ and ‘Human
resources’.

3- The practices are mapped from current BIM maturity models (Succar, 2010a,b; Succar et
al., 2012; Sebastian and Van Berlo, 2010; Computer Integrated Construction Research
Program, 2012; Indiana University, 2012; NIBS, 2007, 2012) to embed BIM maturity
levels of defined roadmaps.

4- The practices from other relevant BIM resources that do not exist in the current BIM
maturity models are extracted, added and integrated.

5- The resulting model will be iteratively validated with industry experts through focus
group meetings to readjust the roadmaps, KPAs, and practices.

In steps 4 and 5, the detailed practices are developed.
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3.3 Model Validation

For model validation, the focus group method is chosen. By conducting a focus group, the
researcher aim to listen and gather information and the opinion of participants regarding an
issue, product, or service. Selection of participants is based on their common characteristics
related to the particular topic of the focus group. The participants constitute a special type of
group in terms of purpose, size, composition and procedures. The researchers provide a
permissive environment within the focus group and encourage participants to share their
perceptions and perspectives without any pressure to vote or reach consensus. Then
researchers perform careful and systematic analysis of discussions to find out how a product,
service or opportunity is perceived by the participants (Krueger & Casey, 2009). The reasons
for choosing this method are (adapted from Krueger & Casey, 2009):

a) The researchers can see the issue through the eyes of the target audience. In this research,
the maturity model is supposed to be used for the evaluation of construction project
applicants. Therefore, the audiences, which are project applicants, should be invited to the

focus group.

b) By conducting the focus group, the researcher can collect qualitative data that is of interest
for them. The questions are more general at the beginning, and become more specific as
the focus group meeting continues. BIM maturity model development requires more

qualitative data and a focus group is a suitable method for collecting it.

c) A focus group is a helpful method in developing and maintaining quality improvement
efforts. Therefore it meets one of the goals of BIM maturity models, which is

improvement of BIM processes.

In the focus group meeting, the researcher presents the proposed BIM Uses Maturity Model
v.0 and asks the participants to give their opinions about the model architecture and content.

Based on the feedback, the researcher modifies the model by iteratively analyzing the
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information and with more review of literature. The validation process is shown in Figure

3.2. More information about the validation step is provided in the last chapter.

Figure 3.2 BIMUMM validation process

34 Conclusion

The research approach is based on four stages. At the first stage, research question and
objective is defined, and research methodology is developed. The second stage includes
review of literature about BIM and maturity models. This stage helps the researcher learn
about these subjects and use the literature to reach the objective of research, which is
development of a prototype BIM Uses Maturity Model (BIMUMM) for BIM pre-
qualification assessment of project applicants. At third stage of this research, model
development starts. The proposed architecture of BIMUMM and its content is developed in
this stage. The main components of BIMUMM include BIM domains, Key Process Areas
(KPAs), Roadmaps, and Practices. At this stage, the model maturity scale and evaluation
process are also proposed. Fourth stage of this research is model verification and validation.
Opinion of industrial and academic BIM experts regarding the proposed model is collected

for model revision and improvement.

Chapter 4 presents the proposed perspective and architecture of BIMUMM, and also
proposed maturity scale and evaluation process. The results of the model development
mapping from different resources are presented in chapters of 5 and 6. The proposed model is
a prototype or concept of operations, which will need to be tested in future researchs. The

model validation process and results are explained in chapter 7.






CHAPTER 4

PROPOSED BIM USES MATURITY MODEL (BIMUMM) FOR INDEPENDENT
CERTIFICATION

Construction clients need a way to ensure that the participating firms of the project meet
minimum BIM requirements to qualify for the project. From the perspective of a client,
‘minimum BIM qualification’ can be translated to ‘minimum capability to use BIM’ and this
is practically what is wanted from a certification: ‘how well does this participant use BIM
technology in a construction project?’. This is accepted as the principal assumption of this
study. Clients want to know whether a firm is capable of using BIM, and if yes, to what level.
This perspective offers an opportunity to adapt existing BIM maturity models to reach that
goal. Current BIM maturity models do not consider BIM in this way. The existing BIM
maturity models provide a rich base of information to achieve this goal. However, no model
has focused on the development of maturity levels of ‘BIM Uses’: “A BIM Use is a unique
task or procedure on a project which can benefit from the integration of BIM into that
process” (CIC, 2011, p. 1). This research proposes a new approach in assessing the BIM
capability maturity of firms in performing specific BIM Uses, while measuring their general
BIM competencies at the same time. This approach fits better with a clients’ expectation
from a maturity model because they want to know how well a project stakeholder uses BIM
to deliver a BIM product or service. Therefore, it is stipulated that a BIM uses maturity
model that provides information about the maturity of BIM Uses could better meet client

expectations.

4.1 Proposed Perspective

Client perpective is also considered in other industries. Kédrkkdinen et al. (2012) added
“customer dimension” in maturity models of Product Lifecycle Management (PLM) and
defined preliminary maturity level description, in five levels, for this dimesion. PLM is

described as effective lifecycle management of products (Stark, J., 2011). PLM and BIM
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have similarities and differences. For example, both aim to “integrate people and data
processes throughout the design, construction and operation of a product (or built asset)”
(Jupp & Singh, 2014, p. 38). However, “PLM in manufacturing is therefore a more proven
lifecycle integration solution. In construction, even despite BIM-enabled IPD approaches, the
flow and management of information is still not fully integrated among all stakeholders.”
(Jupp & Singh, 2014, p. 39). In addition, the main reason that PLM maturity is not studied in
depth for this research is that it is not adapted to construction industry characteristics and

doesn’t incluce BIM uses, as the main focus of this research.

The software industry has considerable experience in adopting capability maturity models
from the quality management field to software industry processes (i.e. Capability Maturity
Model Integration (CMMI)). Although processes in the software industry are quite different
from processes in the construction industry, the notion of process maturity is the same. To
develop the proposed model in this study, a maturity model from the software industry,
namely Software Maintenance Maturity Model-S*™ (April, 2005) has been studied, which is
based on the client perspective and is designed from using both industry references, and
national and international standard practices. This model helps software “maintainers identify
their process maturity level and guide them to higher maturity processes.... The maintenance
maturity model was developed to address the uniqueness of software maintenance” (April,
2005, p. 143). S uses the architecture of the CMMI (SEL 2010a) and draws upon practices
from two international software standards: ISO 12207 and ISO 14764. The reason that $*™ is
studied here is that the relation of our proposed maturity model to the other BIM maturity
models (i.e. IU and CIC) is a similar relation of that of > to CMMI. S*™ maps practices
from CMMI and ISO standards in the same way that our proposed model maps to several
BIM maturity models (i.e. Succar, 2010a,b; Succar et al., 2012; Sebastian and Van Berlo,
2010; CIC, 2012; Indiana University, 2012; NIBS, 2007, 2012) to cover unique client
expectations (BIM Uses).
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4.2 Proposed Architecture

April (2005) organizes software maintenance activities in a hierarchical architecture from
most general definitions to most specific practices. The first level of this hierarchy (less
specific) to the fourth level (most specific) includes “Domains”, “Key Process Areas
(KPAs)”, “Roadmaps”, and “Practices” respectively. The proposed BIM uses maturity model
is inspired from the S*™ architecture as shown in Figure 4.1 and a detailed view of the

proposed architecture is presented in Figure 4.2.

Figure 4.1 Proposed BIM Uses Maturity Model (BIMUMM) architecture overview
Adapted from April (2005)

4.2.1 BIM Domains

This research develops BIMUMM based on the domains of “BIM Processes” and “BIM
Resources” as they pertain to the construction industry to address the construction clients
concern regarding the assessment of minimum BIM capabilities of applicants to their
projects. The “BIM Processes” domain considers BIM capabilities regarding specific “BIM
Uses” and the maturity level of BIM project management. This domain is very important as a
client wants to know how well a firm is using and managing BIM technology in this area.
The “BIM resources” domain evaluates the required resources to perform the BIM Processes
in general. The available resources of applicants are an important factor for project team

selection from the perspective of the construction clients.
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Figure 4.2 A detailed view of proposed architecture of the BIM Uses Maturity Model
(BIMUMM)
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4.2.2 Key Process Areas (KPASs)

In this research, KPAs of the ‘BIM Process’ domain include BIM Uses and project
management. BIM Uses are about specific practices of BIM in construction projects. The top
three most frequent uses of BIM, which include ‘3D Coordination’, ‘Design Reviews’, and
‘Design Authoring’ according to Kreider et al. (2010) study, are selected to introduce an
example of BIM Use specific KPAs in the proposed BIM uses maturity model (Figure 4.3).

Figure 4.3 Selected BIM Uses for BIMUMM
Adapted from CIC (2011)
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The proposed ‘BIM project management” KPA refers to the quality of management in using
BIM. It is known that BIM project management can include various activities, such as
designing a BIM execution plan in project, defining and procuring required BIM resources,
and defining BIM collaboration processes, etc. The proposed ‘BIM Resources’ domain
includes KPAs related to BIM ‘infrastructure’ and ‘human resources’. In other words, the
allocated infrastructure and human resources to BIM at the organization/project levels will be
assessed in this domain and within these KPAs. The proposed maturity model considers BIM
infrastructure as the technological aspects of BIM (i.e. software, hardware, network). It is
also known that human resources relates to the personnel roles and responsibilities, and the
level of knowledge, skill, and experience that they posses, in using BIM technologies. The
training and educational programs of an organization used to improve the BIM competency
of personnel will be evaluated in this category. In the proposed maturity model, KPAs are
also categorized according to both their general and specific BIM capabilities. Since a ‘BIM
Use’ is about mastering BIM practices in a doing a task in a project, KPAs of ‘BIM Uses’ are
considered as specific BIM capabilities. Because KPAs of ‘Project management’,
‘Infrastructure’ and ‘Human resources’ do not reflect any specific BIM application, they are

defined, in the proposed maturity model, as part of a ‘General BIM competency’ category.

4.2.3 Roadmaps and Practices

A roadmap is defined “ ... as a set of linked practices that can often cover many levels of
maturity” (April 2005, p. 76). Each KPA contains a number of roadmaps. Practices are
defined within the roadmaps: “In a given roadmap, the sequencing of the practices is
organized based on the sequencing of the pre-requisites required to move from an initial
beginner’s implementation of a process up to its mastery. Practices required to initiate the
implementation process are positioned at the initial level (e.g. level 1), while more
sophisticated practices are ordered progressively up to level 5.” (April, 2005). In the
proposed BIM uses maturity model, the practices are mapped from current BIM maturity
models (Succar, 2010a,b; Succar et al., 2012; Sebastian and Van Berlo, 2010; Computer
Integrated Construction Research Program, 2012; Indiana University, 2012; NIBS, 2007,
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2012) and other relevant sources. BIM experts meet to discuss the position and the rationale
of each practice in the maturity levels, and possible improvements. Based on the obtained
feedback, an iterative development of the proposed maturity model (iterative model

development/improvement and experts’ feedback) is carried out.

4.3 Proposed Maturity Scale

As many maturity models use a five-level scale of maturity and some models add level 0 to
have six-level scale (see Succar et al., 2012, p. 134), the proposed model also proposes a six-
level scale. However, the proposed model of this research is developed from maturity levels
0 to 2, and the levels 3 to 5 is considered for future researchs. The maturity scale of the BIM
Planning guide for facility owners (CIC, 2012), which used BIM maturity level definitions
inspired from the Capability Maturity Model Integration (CMMI) for Services (Forrester et
al., 2011) (Figure 4.4) is adopted for BIMUMM. Each KPA can be assessed against a
maturity scale of six levels (levels 0-5). Reaching a maturity level requires the achievement

of all the practices of that level.

However, the BIM maturity assessment measurement is inspired from the ISO 15504
recommendation in four categories: N, P, M and F. The S*™ (April, 2005) and many other
maturity models conform to this ISO recommendation that defines partial maturity of a

practice when it is not fully achieved or not achieved (ISO/IEC15504):

N: Not reached — 0 to 15%

P: Partially reached — 16%-50%
M: Mostly reached — 51%-85%
F: Fully reached — 85%-100%
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Figure 4.4 BIM Maturity Levels
Taken from CIC (2012)

To enable the maturity assessment of practices, the presence and the reached level of each
practice, namely N, P, M, or F, is asked in form of a question. The questions for maturity
level zero are close-ended and can be answered by ‘Yes’ or ‘No’. But the questions for
higher levels can be answered with N, P, M, or F. If the answer to the level zero question is

‘No’, then no more questions will be asked for higher levels.

4.4 Proposed Evaluation Process

To assess the BIM maturity level of a participant, an assessment tool should be developed, to
calculate a threshold rating, which would represent a BIM entry level to be eligible to
participate in a construction project requiring BIM uses. The applicants could be assessed for
eligibility and could present their maturity certificate when bidding on a construction project.
A certified BIM maturity assessor (i.e. an independent assessment body) could issue the
certificate. The BIM maturity assessment could take place at any time. As mentioned before,

based on the situation of BIM in the firm, a respondent could be assessed using a
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questionnaire that would rate each BIM use practice as ‘Not reached’, ‘Partially reached’,
‘Mostly reached’, and ‘Fully reached’. To achieve a maturity level, all practices of a level
must be ‘Fully reached’. Finally, independent assessment bodies could ensure independence
for a BIM maturity assessment results and can issue certificates. Figure 4.5 presents a sample

hypothetical report, showing the result of a BIMUMM assessment.

Figure 4.5 Sample hypothetical BIMUMM assessment

Each question is answered based on a completed percentage rate and N, P, M F system. The
average result for the KPAs are calculated based on the average of completed rates and also

N, P, M, F system.
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4.5 Conclusion

The proposed model is based on construction client perspective. With this perspective,
‘minimum BIM qualification” of construction project participants can be translated to
‘minimum capability to use BIM” and this is practically what is wanted from a certification:
‘how well does this participant use BIM technology in a construction project?’. The need of
construction clients for a practical BIM certification tool is considered for the proposed
model. To develop the proposed BIMUMM, a maturity model from the software industry
that is based on client perspective, namely Software Maintenance Maturity Model-S*™
(April, 2005), has been studied. The proposed BIMUMM is inspired from the S*™
architecture, which organizes activities in a hierarchical architecture from most general
definitions to most specific practices. The hierarchial architecture, from level 1 (less specific)
to most specific (level 4) respectively includes BIM “Domains”, “Key Process Areas
(KPAs)”, “Roadmaps”, and “Practices”. Two domains of “BIM Precesses” and “BIM
Recoureces” are at the first level of hierarchy. Each domain consists of several KPAs. The
domain of “BIM Processes” includes the KPAs of: a) Design Authoring, b) 3D Coordination,
c) Design Reviews, and d) BIM Project Management. The domain of “BIM Resources”
includes the KPAs of: a) Infrastructure, and b) Human Resources. The KPAs of Design
Authoring, 3D Coordination, and Design Reviews are specific BIM Uses and the other KPAs
are considered as general BIM competencies. Each KPA contains a number of roadmaps that
are defined at third level of hierarchy. Practices are defined at level 4 of hierarchy and within
the roadmaps. The KPAs can be assessed against a maturity scale of six levels (levels 0-5).
Reaching a maturity level requires the achievement of all the practices of that level. Each
practice can be fully reached (F), Mostly reached (M), Partially reached (P), and Not reached
(N). The proposed BIMUMM is in form of an assessment tool. A certified BIM maturity
assessor (i.e. an independent assessment body) performs assessment of firms and issues the
results and certificate. It is important to note that the proposed model of this research is
developed from maturity levels 0 to 2, and the levels 3 to 5 is considered for future researchs.

Also other BIM Uses can be considered for development of this model in future researchs.
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Now that the main architecture of the proposed model has been presented in this chapter, the
next chapter will describe the content of BIMUMM process domains, KPA’s and practices
for the three chosen BIM uses, and also KPA of ‘BIM project management’.






CHAPTER 5

BIM PROCESSES DOMAIN

BIM domain of ‘Processes’ includes the required processes to use BIM and manage it. A
process is a series of activites (tasks, steps, events, operations) that take an input, uses
resources to add value to it and produce an output (product, service, or information) for a
customer (Anjard, 1998; April, 2005). Therefore, BIM processes can also be defined as a
series of activities that take an input and produce BIM outputs (BIM product, service, or
information) by using resources. This chapter presents the detailed practices of the domain of
BIM processes, which are defined within KPAs of ‘Design Authoring’, ‘3D Coordination’,
‘Design Review’, and ‘BIM Project Management’. As indicated in Figure 4.3, three most
frequent BIM uses are selected as the first three KPAs of BIMUMM. The high usage of these
BIM uses demonstrates their high degree of importance and their value for a construction
project. Design Authoring is a first step towards BIM (CIC, 2011) and includes the process
of creating BIM models. 3D Coordination is one of the main uses of BIM. There is a
significant cost and time saving by identifying and addressing field conflicts in BIM 3D
Coordination process. Design Review process, using BIM, provides an opportunity for the
construction project stakeholders to vizualise a 3D model of the building, verify different
design aspects and conformity with the requirements (CIC, 2011). Managing BIM in an
organization is also an important issue and affects the achieved benefits of BIM. In this
chapter and the following chapter 6, the BIM practices are presented. The practices are

numbered based on the 4-digits codes, explained in Figure 5.1.



80

Figure 5.1 BIM Logic of numbering practices

5.1 Design Authoring KPA

In BIMUMM, the KPA of ‘Design Authoring’ in defined under BIM domain of ‘Processes’

and includes several Roadmaps as shown in Table 5.1.

Table 5.1 Design Authoring Roadmaps

BIM Domain KPA Roadmaps
Processes Design Authoring e Detailed process map of Design
Review

e Model content

e Design Authoring required resources
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During the design authoring process, the project team creates a 3D model of the building
using authoring tools. In this BIM Use, the project team must define the detailed process of
Design Authoring, the model content, and the required resources. The required practices for
performing Design Authoring KPA are described in this section. Level zero refers to the lack

of any support and activity for this process.

Therefore, ‘Design Authoring’ in Maturity Level 0, can be described as follows:

Practice 1.1.0.1. The firm does not perform any BIM Design Authoring activity.
Explanation: In maturity level zero, the firm does not perform Design Authoring using BIM
and there are no defined BIM processes and plans for Design Authoring. There is no
software, hardware, or technological facilities to perform Design Authoring. Having software
capable of reading or transferring 3D geometry to BIM software means level 0 of maturity.
The firm does not have personnel with BIM skills and knowledge designated to perform
Design Authoring. Design Authoring is a precondition for BIM: no Design Authoring means
no BIM.

Question 1.1.0.1. Does your firm perform any BIM Design Authoring activity? Yes or No?

(If Yes, continue to the next question)

5.1.1 Detailed Process Map of ‘Design Authoring’

The Design Authoring process includes several activities during one or multiple phases of a
project. In this process, the different project team members, i.e. architect, structure and MEP
engineer, create their own models. The responsible party for each activity must be
determined. They need to collaborate to create a model, which includes all information from
the different disciplines. The collaboration among involved project members in the activities
must be represented in a detailed process map (CIC, 2011; NIBS, 2007, Category of Roles or
Disciplines; BIM quick scan, retrieved 2015, question 25).
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In the Indiana University BIM Proficiency Matrix (2012), the information models of
buildings are created during the design and construction phase of the project. The design
model is shared with the contractor(s) to create the construction model of their own work and
coordinate with the design model (Category G.2). Therefore, the model evolves as

construction continues (Category G.3).

To identify activities, the relation and dependency of activities, responsible parties for the
activities, and the required information and information exchanges and flow for a process,
such as Design Authoring, (CIC, 2011, p. 20&21; NIBS, 2007, Category of Roles or
Disciplines; Indiana University, 2012, Category G2), developing a process map is very
helpful. According to Anjard (1998, p. 79), “a process map is a visual aid for picturing work
processes which shows how inputs, outputs and tasks are linked. A process map prompts new
thinking about how work is done. It highlights major steps taken to produce an output, who
performs the steps, and where these (major) problems consistently occur”. Process maps is
also useful for other BIM uses. The capability to develop a process map is defined at
maturity level 3, which is out of scope of this research. Firstly, a firm has to formalize its
BIM practice in procedures and then build BIM templates in maturity levels of 1 and 2, as

prerequisites for a process map.

The required capabilities of firms to perform the Design Authoring process are presented

from maturity level one to two as follows.

5.1.1.1 ‘Design Authoring’ Process Map Capability in Maturity Level 1

Practice 1.1.1.1. The firm defines procedures for BIM Design Authoring.

Explanation: At this level, a firm is replicating CAD procedures to develop BIM models. By
CAD modeling, the firm is able to visualize a model and add geometric information in 2D
and 3D, while BIM modeling provides automated design and different aspects of a model,

more than just visualization and geometric information, can be added to a BIM model.
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Therefore, process mapping is not used at this level that a firm is just managing BIM by
adapting CAD procedures.

Question 1.1.1.1. Has your firm defined procedures for BIM Design Authoring? (Choose
answer from: No, Partially, Mostly, Yes)

5.1.1.2 ‘Design Authoring’ Process Map Capability in Maturity Level 2

Practice 1.1.2.1. The firm develops BIM defined procedures and templates for BIM Design
Authoring.

Explanation: At this level, the firm defines BIM procedures and templates for BIM Design
Authoing. However, these capabilities don’t lead to preparing a process map at this level of
maturity.

Question 1.1.2.1. Is your firm developing BIM defined procedures and templates for BIM
Design Authoring (Choose answer from: No, Partially, Mostly, Yes)

5.1.2 Model Content

CIC (2011) developed the Information Exchange Worksheet “... to aid the project team to
define the information required to implement each BIM Use with maximum efficiency”.
This worksheet uses a Model Element Breakdown to specify the elements of a building
model. In order to model each component of a building, e.g. exterior walls, the responsible
party and the level of detail can be identified. The level of detail also described with other
names such as ‘Level of Development’ (DDC, 2012). NBIMS (2012) defines the level of
detail as ‘data richness’. Data richness “identifies the completeness of the Building
Information Model from initially very few pieces of unrelated data to the point of it
becoming valuable information and ultimately corporate knowledge about a facility”
(NBIMS, 2012). According to DDC (2012) the Model Level of Development (LOD)
describes the level of detail to which a model is developed and its minimum requirements.
DDC developed LOD in alignment with the AIA- Exhibit 202 Document. These LOD are

shown in appendix 1. Other information for each BIM Use can be determined, such as time of
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information exchange, information receiver file format, and name of applications used and

their version (CIC, 2012).

The Indiana University BIM Proficiency Matrix (Indiana University, 2012) specified some
criteria for the maturity of a BIM model content as follows. The model must contain accurate
geometry. Major building objects must be modeled (in Category A.l). The architectural,
structural, and MEP models must be integrated within a single model (in Category B.2). The
content of model elements must include their manufacturer specifications and information of
the elements from the manufacturer, if applicable (in Categories E.2&H.3). A score from 0 to

1 is allocated to each category based on the reached level of maturity.

Another issue when considering the content of BIM models is facility data deliverables.
Construction-Operations Building information exchange (COBie) proposes electronic format
for providing operations, maintenance, and asset management information of a facility.
Information regarding ‘equipment’ and ‘space’, such as equipment list, warranties,
manufacturer, model, serial number, etc. are included in COBie. While COBie files are
available in different formats, such as the STEP Physical File Format (ISO 10303 Part 21)
which conforms to the Industry Foundation Class (IFC) (ISO 16739), a translation of data
can be produced as spreadsheets. Since 2012, COBie has been part of US National BIM
Standard (East, 2014). A sample COBie spreadsheet is shown in Figure 5.2.

The UK government intended to require collaborative 3D BIM in its projects by 2016 and
use the structured data exchange format in COBie (Government Construction Strategy,
2012). Therefore, COBie can be considered in maturity levels higher than two in this

research, in collaborative BIM, which is out of scope of this thesis.
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Figure 5.2 Sample typical COBie spreadsheet of equipment
Taken from NIBS (2015)

5.1.2.1 Model Content’ Capability in Maturity Level 1

Practice 1.1.1.2. The firm is able to produce a library of simple BIM families (Indiana
University, 2012, Category Al; NIBS, 2012).

Explanation: The firm starts using BIM for 3D visualization of the building (BIM quick
scan, 2012). Data richness of BIM models is basic (NIBS, 2012). The firm is able to produce
simple library families of BIM elements.

Question 1.1.1.2. Is your firm able to produce a library of simple BIM families? (Choose
answer from: No, Partially, Mostly, Yes)

5.1.2.2 ‘Model Content’ Capability in Maturity Level 2

Practice 1.1.2.2. The firm is able to produce a library of complex BIM families (Indiana
University, 2012, Category Al; NIBS, 2012).
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Explanation: The firm is capable of using BIM software to produce a library of complex
BIM families. Data richness is enhanced (NIBS, 2012) and modeling contains more complex
objects.

Question 1.1.2.2. Is your firm able to produce a library of complex BIM families? (Choose
answer from: No, Partially, Mostly, Yes)

Practice 1.1.2.3. The firm manages BIM Design Authoring process using a formalized
definition and control of LOD (CIC, 2012, p. 36; NIBS, 2012, Category Data Richness levels
3&4; Indiana University, 2012, Category Al; Quick scan tool, retrieved 2015, question 32;
Eastman et al., 2011, p. 234).

Explanation: At this level, the firm manages creating BIM models in the process of Design
Authoring, using a formalized definition and control of LOD. Therefore, LOD-related issues
are avoided by defined and controlled LOD.

Question 1.1.2.3. Is your firm managing BIM Design Authoring process using a formalized

definition and control of LOD? (Choose answer from: No, Partially, Mostly, Yes)

5.1.3 ‘Design Authoring’ Required Resources

Design Authoring tools, including 3D design software such as Revit Architecture, Revit
Structure, Tekla Structure, Revit MEP, etc., are required to create a BIM model. The design
applications specific for each discipline must be available on suitable hardware equipment,
like a PC/laptop, and proper information transfer network is necessary to enable design
personnel to design the architectural, structural, and MEP models. Resources are not just
limited to technology aspects. The human resource is another factor. Knowledge, experience,
and skills of the personnel using the technologies and their collaboration is required to

succeed in the BIM execution.
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5.1.3.1 ‘Design Authoring’ Resources in Maturity Level 1

Practice 1.1.1.3. The firm has recognized Design Authoring software in their discipline(s)
(i.e. Revit, Tekla Structure, Magicad) with powerful enough hardware and qualified human
resources which enables creating BIM models (CIC, 2011, P. 60; BIM quick scan, 2012,
question 41&44, Succar, 2010a, category software level a).

Explanation: The firm has Design Authoring software in their discipline with powerful
enough hardware and qualified human resources for creating BIM models. “Design authoring
tools are a first step towards BIM and the key is connecting the 3D model with a powerful
database of properties, quantities, means and methods, costs and schedules” (CIC, 2011, p.
60). At this maturity level, these applications are not used properly due to human resource
issues such as lack of knowledge, experience, skills of personnel, and collaboration issues,
etc.

Question 1.1.1.3. Does your firm have recognized Design Authoring software (i.e. Revit,
Tekla Structure, Magicad) with powerful enough hardware and qualified human resources

that enables creating BIM models? (Choose answer from: No, Partially, Mostly, Yes)

5.1.3.2 ‘Design Authoring’ Resources in Maturity Level 2

Practice 1.1.2.4. The firm has recognized Design Authoring software (i.e. Revit, Tekla
Structure, Magicad) with powerful enough hardware and qualified human resources and can
manage exchange of information between different BIM software for coordination or
analysis and integratation of BIM models (Indiana University, 2012, category B2; BIM quick
scan, retrieved 2015, question 41&44, Succar, 2010a, category software level b).

Explanation: The firm has recognized Design Authoring software with powerful enough
hardware and qualified human resources for creating a 3D model in its discipline and can
manage exchange of information between different BIM software for coordination or
analysis. For management of information exchange, the firm may have an interoperability

matrix identifying the level of interoperability between various BIM software. The firm is
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capable of delivering an integrated model and is ready to add more information, other than
3D visualization, to model elements.

Question 1.1.2.4. Does your firm have recognized Design Authoring software (i.e. Revit,
Tekla Structure, Magicad), with powerful enough hardware and qualified human resources
and can manage exchange of information between different BIM software for coordination or

analysis and integration of BIM models? (Choose answer from: No, Partially, Mostly, Yes)

Practice 1.1.2.5. The firm is able to extract BIM data to be used for analysis (i.e. cost, energy
simulation, structure, etc)

Explanation: The ability to extract BIM data from the models for different analysis, such as
cost, energy, simulation, structure, etc, is a higher level than just design authoring. In this
level, the firm can extract the required data for different analysis.

Question 1.1.2.5. Is your firm able to extract BIM data from the models to be used for
analysis or other tasks in non-BIM software (i.e. cost, energy simulation, structure, etc)?

(Choose answer from: No, Partially, Mostly, Yes)

5.2 3D Coordination KPA

In BIMUMM, the KPA of ‘3D Coordination’ is defined under BIM domain of ‘Processes’

and includes several Roadmaps as shown in Table 5.2.

Table 5.2 3D Coordination Roadmaps

BIM Domain KPA Roadmaps
Processes 3D Coordination e Detailed process map of 3D
Coordination

e Defining 3D Coordination
information requirements
e Performing collision detection

and solving collision problems
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CIC (2011) describes BIM Use of ‘3D Coordination’ as “a process in which Clash Detection
software is used during the coordination process to determine field conflicts by comparing
3D models of building systems. The goal of clash detection is to eliminate the major system
conflicts prior to installation”. The design team must check collision against architectural,
structural and MEP models of a project. The collision reports must be prepared, and then the
project team or responsible members must review the collision report and address the issues
in the models (Indiana University, 2012, category A.3). This process includes several
activities, which must be mapped with their relationships in a detailed process map. The
capabilities in a ‘3D Coordination’ process are defined under four roadmaps of ‘Process
map’, ‘Information requirements’, ‘Creating, transferring, and compiling information’, and

‘Collision detection and solving’. These capabilities are explained as follows.

In higher levels of maturity (higher than level 2) it is expected that more capabilities be
reached in 3D Coordination, such as Walk-through and 4D interference checks. These

capabilities are out of scope for this thesis.

For maturity level zero, no activity and resource is considered.

Therefore, ‘3D Coordination’ in Maturity Level 0, can be described as follows:

Practice. 1.2.0.1. The firm does not perform any 3D Coordination activity using BIM.
Explanation: The firm does not perform 3D coordination using BIM and there are no
defined BIM processes and plans for 3D coordination. There is no software, hardware, and
technological facilities to perform 3D BIM coordination. The firm can have BIM software,
hardware, and technological facilities for other BIM Uses, such as Design Authoring, but is
not using them for 3D coordination. The firm does not have personnel with BIM skills and
knowledge designated to perform 3D coordination.

Question 1.2.0.1. Does your firm perform any 3D Coordination activity using BIM? Yes or

No? (If Yes, continue to the next question)
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5.2.1 Detailed Process Map of ‘3D Coordination’

The organization responsible for performing ‘3D Coordination’ must be able to develop a
detailed process map of this BIM Use to reach high levels of maturity. The detailed map
must contain all necessary activities and connect them properly. The responsible party for
each activity must be determined. According to CIC (2011), Eastman et al. (2011), and
Indiana University (2012), the main activities of 3D Coordination can be concluded as
defining information requirements, performing collision detection and solving collision

problems.

To identify activities, the relation and dependency of activities, responsible parties for the
activities, and the required information and information exchanges and flow for a process,
such as Design Authoring, (CIC, 2011, p. 20&21; NIBS, 2007, Category of Roles or
Disciplines; Indiana University, 2012, Category G2), developing a process map is very
helpful.

The capability to develop a process map is defined at maturity level 3, which is out of scope
of this research. Firstly, a firm has to formalize its BIM practice in procedures and then build
BIM templates in maturity levels of 1 and 2, as prerequisites for a process map. The required

capabilities and questions are as follows.

5.2.1.1 ‘3D Coordination’ Process Map Capability for Maturity Level 1

Practice 1.2.1.1. The firm performs individual ad hoc procedures for clash detection.
Explanation: At this level of maturity, the firm is not performing clash detection as a
defined process. In individual ad hoc procedures for clash detection, the firm doesn’t use
process map.

Question 1.2.1.1. Does your firm perform individual ad hoc procedures for clash detection?

(Choose answer from: No, Partially, Mostly, Yes)
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5.2.1.2 ‘3D Coordination’ Process Map Capability for Maturity Level 2

Practice 1.2.2.1. The firm follows defined procedures for clash detection.

Explanation: At this level, to perform 3D Coordination in a project, the responsible firm(s)
needs to define clash detection procedures. However, defining clash detection procedures
doesn’t lead to development of a process map.

Question 1.2.2.1. Does your firm follow defined procedures for clash detection? (Choose

answer from: No, Partially, Mostly, Yes)

5.2.2 Defining ‘3D Coordination’ Information Requirements

Clash check can be done between specified building systems, i.e. mechanical and structural
systems, because model components belong to a specific type of system (Eastman et al.,
2011). Clash detection can also be done within one discipline. For example, “a clash between
surfaces could be a wall abutting a wall or a pipe running through a wall” (Eastman et al.,
2011). Therefore, 3D Coordination information requirements define intended building
systems for conflict detection, including structural, mechanical, engineering, plumbing
systems, and civil systems such as storm water systems, buried electrical systems (e.g. duct
banks), rails, sewer systems, etc. After defining the required building systems’ model, the
level of detail of models must be defined for each model. A contractor can also benefit from

13

clash detection: “... the contractor must ensure that the building is modeled with an
appropriate level of detail. It must have sufficient details for piping, ducts, structural steel
(primary and secondary members) and attachments, and other components, so that clashes
can be accurately detected” (Eastman et al., 2011, p. 273). To define LOD at the beginning of
a project, the clash detection information requirements must be considered for future 3D
coordination during the project. Clash check can be done in different LODs, and the required

LODs for clash detection depends on the needs of the project and can be indicated.
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5.2.2.1 ‘3D Coordination’ Information Requirements Capability in Maturity Level 1

Practice 1.2.1.2. The firm carries out a clash check of BIM models within its discipline(s)
(Eastman et al, 2011, p. 273; Indiana University, 2012, category A.3).

Explanation: At this maturity level, the firm initiates irregular clash check of BIM models,
within the firm’s discipline. At this level it is expected that the firm be capable of conducting
a clash check in its discipline (not multi-disciplines). To reach this level of maturity,
conducting clash checks even in an irregular manner is acceptable.

Question 1.2.1.2. Is your firm capable of carrying out a clash check of BIM models within

your firm discipline(s)? (Choose answer from: No, Partially, Mostly, Yes)

5.2.2.2 ‘3D Coordination’ Information Requirements Capability in Maturity Level 2

Practice 1.2.2.2. The firm carries out a multi-discipline clash check of BIM models
(Eastman et al, 2011, p. 273; Indiana University, 2012, category B.2).

Explanation: At this maturity level, the firm carries out a multi-discipline clash check of
architectural, structural, and mechanical, engineering and plumbing (MEP) building models,
against each other and within the disciplines. This process is part of the firm’s procedures.
Question 1.2.2.2. Does your firm carry out regular multi-discipline clash checks of BIM
models? (Choose answer from: No, Partially, Mostly, Yes)

5.2.3 Performing Collision Detection and Solving Collision Problems

The location and schedule for 3D Coordination meetings must be defined. In the meetings,
the conflict problems must be addressed. Therefore, a protocol to address collisions is
required before beginning the coordination process (CIC, 2011). Clashes can be categorized
in two groups. A group of them, which are small errors, can be defined as minor clashes.
Minor clashes can be ignored in the design phase and can be addressed during construction,

on the site (Amiri, 2012). However, major clashes must be identified and addressed during
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the 3D Coordination meetings. Figure 5.3 shows a clash detection picture from Autodesk

Navisworks Manage.

3D coordination can benefit from Cloud Computing. The National Institute of Standards and
Technology (NIST) defines Cloud Computing as “a model for enabling ubiquitous,
convenient, on-demand network access to a shared pool of configurable computing resources
(e.g., networks, servers, storage, applications, and services) that can be rapidly provisioned
and released with minimal management effort or service provider interaction” (Mell and
Grance 2011). Autodesk® presented the ‘BIM 360 Glue™’ application to “coordinate

construction and design in real-time on the cloud” (Autodesk [4]).

Figure 5.3 Clash and interference management in Autodesk Navisworks Manage
Taken from (Autodesk [2])
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For this study, cloud Computing for clash detection is currently considered for BIM maturity

levels of higher than 2, which is out of the scope of this research.

5.2.3.1 Clash detection and solving capability in Maturity level 1

Practice 1.2.1.3. The firm has assigned the indivisual(s) to preform clash detection and
solving; and in required cases, participate in regular clash check meetings, with determined
schedule and location, in order to review, discuss and address the clash problems, using their
BIM authoring software to detect clashes (Indiana University, 2012, A.3; Succar, 2010a, p.
90).

Explanation: The organization assigns at least one competent person to preform clash
detection and solving; and in required cases, to participate in clash check meetings to address
the problems. In each meeting, the firm’s representative(s) and the other project members
involved in a clash check, review the collision report and discuss how to address detected
clashes, using their BIM authoring software to detect clashes.

Question 1.2.1.3. Has your firm assigned the indivisual(s) to preform clash detection and
solving; and in required cases, participate in regular clash check meetings, with determined
schedule and location, in order to review, discuss and address the clash problems, using their

BIM authoring software to detect clashes? (Choose answer from: No, Partially, Mostly, Yes)

5.2.3.2 Clash detection and solving capability in Maturity level 2

Practice 1.2.2.3. The firm defines a protocol to address the detected clashes, using
specialized software for clash detection, and has a resource dedicated to clean the models
before conducting clash detection sessions (CIC, 2011, p. 86).

Explanation: The firm establishes a protocol to address the detected clashes (CIC, 2011).
This protocol includes instructions to clarify how to resolve the clashes and how to define
clashes as minor and major (Amiri, 2012). At this level, the firm has a resource dedicated to

clean the models before conducting clash detection sessions.
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Question 1.2.2.3. Does your firm define a protocol to address the detected clashes, using
specialized software for clash detection, and has a resource dedicated to clean the models
before conducting clash detection sessions? (Choose answer from: No, Partially, Mostly,

Yes)

5.3 Design Reviews KPA

In BIMUMM, the KPA of ‘Design Reviews’ is defined under BIM domain of ‘Processes’

and includes several Roadmaps as shown in Table 5.3.

Table 5.3 Design Reviews Roadmaps

BIM Domain KPA Roadmaps
Processes Design Reviews e Detailed process map of Design
Reviews

e Virtual model review
¢ Constructability review

e QOperation and Maintenance

(O&M) review

According to CIC (2011) ‘Design Review’ BIM Use is “a process in which stakeholders
view a 3D model and provide their feedback to validate multiple design aspects. These
aspects include evaluating conformity with the program, previewing space aesthetics and
layout in a virtual environment, and setting criteria such as layout, sightlines, lighting,
security, ergonomics, acoustics, textures and colors, etc.”. Design review activities can be
defined in three categories, including virtual model review, Operation and Maintenance

(O&M) review, and constructability review (CIC, 2011).

To identify activities, the relation and dependency of activities, responsible parties for the
activities, and the required information and information exchanges and flow for a process,

such as Design Authoring, (CIC, 2011, p. 20&21; NIBS, 2007, Category of Roles or
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Disciplines; Indiana University, 2012, Category G2), developing a process map is very
helpful. The capability to develop a process map is defined at maturity level 3, which is out
of scope of this research. Firstly, a firm has to formalize its BIM practice in procedures and

then build BIM templates in maturity levels of 1 and 2, as prerequisites for a process map.

In maturity level 0 of design review, no resource and activity is allocated to this process:

Therefore, ‘Design Review’ in Maturity Level 0, can be described as follows:

Practice 1.3.0.1. The firm does not perform any Design Review activity using BIM.
Explanation: The firm does not perform Design Review using BIM and there are no defined
BIM processes and plans for Design Review. There is no software, hardware, and
technological facilities to perform Design Review. The firm does not have personnel with
BIM skills and knowledge designated to perform Design Review.

Question 1.3.0.1. Does your firm perform any Design Review activity using BIM? Yes or

No? (If Yes, continue to the next question)

5.3.1 Detailed Process Map of ‘Design Review’

All the activities of a Design Review process for a project must be mapped in detail. The
order and relation among activities, responsible parties, and information exchange of

activities must be defined in the detailed process map (CIC, 2011).

5.3.1.1 ‘Design Review’ Process Map Capability for Maturity Level 1

Practice 1.3.1.1. The firm defines procedures to review BIM models.

Explanation: At this level, a firm is able to use CAD procedures to review BIM models. The
firm is able to review model visualization and geometric information in 2D and 3D, while in
BIM procedures other properties of models are also reviewed. Therefore, process mapping is

not used at this level that a firm is just managing BIM by adapting CAD procedures.
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Question 1.3.1.1. Has your firm defined procedures for BIM Design Review?
5.3.1.2 ‘Design Review’ Process Map Capability for Maturity Level 2

Practice 1.3.2.1. The firm defines BIM procedures and templates for Design Review.
Explanation: At this level, the firm defines BIM procedures and templates for Design
Review process. However, these capabilities don’t lead to preparing a process map at this
level of maturity.

Question 1.3.2.1. Is your firm defining BIM procedures and templates for Design Review

(Choose answer from: No, Partially, Mostly, Yes)

5.3.2 Virtual Model Review

The architect conducts a review of a virtual model of a building to enable the user(s) to
imagine what the final building looks like. The virtual model can be an integrated model of
all disciplines. The user and other stakeholders can provide feedback on various design
aspects, such as spaces, colors, lighting, texture, etc. (CIC, 2011). Based on the feedback, the

required changes can be performed on the model. This review applies only to architect.

5.3.2.1 Virtual Model Review Capability in Maturity Level 1

Practice 1.3.1.2. The architect conducts a design review of a multi-disciplines integrated
virtual model of a building to validate certain design aspects (CIC, 2011, p. 66).
Explanation: The architect is capable of providing an integrated multi-discipline 3D model
of a building for design review by project stakeholders to validate certain design aspects
(CIC, 2011), i.e. configuration of the mechanical room.

Question 1.3.1.2. Does your architectural firm conduct design reviews of an integrated
multi-disciplines virtual model of a building to validate certain design aspects? (Choose

answer from: No, Partially, Mostly, Yes)
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5.3.2.2 Virtual Model Review Capability in Maturity Level 2

Practice 1.3.2.2. The architect conducts a design review of an integrated multi-discipline
virtual model of a building to verify compliance to program (CIC, 2011, p. 66) or code
requirements.

Explanation: The architect is capable of providing an integrated multi-discipline 3D model
of a building for design review by project stakeholders to verify compliance to program
(CIC, 2011, p. 66) or code requirements.

Question 1.3.2.2. Does your architectural firm conduct design reviews of an integrated
multi-discipline virtual model of a building to verify compliance to program or code

requirements? (Choose answer from: No, Partially, Mostly, Yes)

5.3.3 Constructability review

Depending on the project delivery method, a contractor (or a construction manager) can be
responsible for performing the Constructability Review (CIC, 2011) optimally when 90-100
percent of design is reached which is when the scope of the design work is finalized and all
drawing details, notes and specifications have been incorporated and gathered (Pettee,
retrieved January 2015). Pettee S. R. (retrieved January 2015) defined a Constructability
Review as “an independent and structured review of construction bid documents by
construction professionals to make certain that the work requirements are clear, the
documents are coordinated, and that they assist the contractor in bidding, construction and

project administration to result in reduced impacts to the project”.

5.3.3.1 Constructability Review Capability in Maturity Level 1

Practice 1.3.1.3. The firm performs individual ad hoc constructability review.
Explanation: The firm is able to perform individual ad hoc constructability review.

However, the process is not on a regular based and in defined BIM procedures.
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Question 1.3.1.3. Does your firm perform individual ad hoc constructability review?

(Choose answer from: No, Partially, Mostly, Yes)

5.3.3.2 Constructability Review Capability in Maturity Level 2

Practice 1.3.2.4. The firm performs a Constructability Review by using an integrated multi-
disciplinary BIM model (CIC, 2011, p. 66; Pettee, retrieved 2015).

Explanation: The firm benefits from a BIM model, which is integrated from models of all
disciplines including architecture, structural and MEP, to perform a Constructability Review
in the final stages of design (Pettee, retrieved 2015).

Question 1.3.2.4. Does your firm perform a Constructability Review using an integrated

multi-disciplinary BIM model? (Choose answer from: No, Partially, Mostly, Yes)

534 Operation and Maintenance (O&M) Review

All disciplines compile information of their models for the facility manager to perform an
Operation and Maintenance (O&M) review (CIC, 2011). In order to better operate and
maintain a facility during its lifecycle, the facility manager needs to review the building
design and provide feedback when needed. Eastman et al. (2011) emphasize the role of
owner in O&M review as follows: “A building information model enables virtual
coordination of a building’s infrastructure across all disciplines. The owner of a facility can
include its own representatives from its maintenance and operations staff to provide input
and review of the model. Rework due to design flaws can potentially be avoided”. However,
O&M Review is considered as an optional requirement for the construction clients and they

don’t usually require it.

5.3.4.1 Operation and Management (O&M) Review Capability in Maturity Level 1

Practice 1.3.1.4. The firm has experience in conducting Operation and Management (O&M)
Review (CIC, 2011, p. 66).
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Explanation: The firm has experience to conduct Operation and Management (O&M)
Review. Although the firm has been part of O&M review process, it has not provided
appropriate views and data from an integrated multi-disciplines BIM model for this goal.

Question 1.3.1.4. Does your firm have experience in conducting Operation and Management

(O&M) Review? (Choose answer from: No, Partially, Mostly, Yes).

5.3.4.2 Operation and Management (O&M) Review Capability in Maturity Level 2

Practice 1.3.2.4. The firm can provide appropriate views and data from an integrated multi-
discipline 3D model for the Operation and Management (O&M) Review, with minimum
LOD 300, to the facility owner or its representatives (CIC, 2011, p. 66).

Explanation: BIM models from all disciplines, namely architectural, structural, and MEP,
are integrated in a single model to be used for providing appropriate views and data for
Operation and Management (O&M) Review to the facility owner or its representatives.
Question 1.3.2.4. Can your firm provide appropriate views and data from an integrated
multi-discipline 3D model for the Operation and Management (O&M) Review, with
minimum LOD 300, to the facility owner or its representatives? (Choose answer from: No,

Partially, Mostly, Yes)

5.4 BIM Project Management KPA

In BIMUMM, the KPA of ‘BIM Project Management’ is defined under BIM domain of

‘Processes’ and includes several Roadmaps as shown in Table 5.4.

Table 5.4 BIM project management Roadmaps

BIM Domain KPA Roadmaps

Processes BIM project management | ¢ BIM project execution planning
e BIM collaboration

e BIM quality control
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To manage BIM in a project, the participating firms must have several capabilities. They
need to contribute to the development of the project BIM execution plan. In addition, using
BIM in a construction project is a collaborative process. The project participants must be able
to use BIM in a collaborative environment. Finally, the firms involved in the project must be

able to control the quality of their BIM products to ensure the expected quality is achieved.

Establishing documented processes, procedures, workflow, and management of BIM content
is part of the essential responsibilities of a BIM manager (Joseph, 2011). Kymmell (2008)
defines a BIM manager as “a person who coordinates the team that is responsible for the
production and analysis of the BIM”. Joseph (2011) defined the full roles and responsibilities
of a BIM manager, as shown in appendix II. Also, more information regarding BIM

managers, from Kymmell (2008), can be found in appendix IV.

Lack of a BIM manager in a firm is equivalent to level zero of the BIM management process.
Therefore, BIM Project Management in Maturity Level 0, can be described as follows:
Practice 1.4.0.1. The firm does not have any BIM managers.

Explanation: A BIM manager is required to define and conduct BIM management activities
in the firm.

Question 1.4.0.1. Does your firm have any BIM managers? Yes or No? (If Yes, continue to
the next question)

The BIM project management capabilities are explained as follows.

54.1 BIM project execution planning

The BIM execution plan is a document developed by the project team in the early stages of a
project and can be monitored, updated, and revised throughout the project. Different content

is expected to be included in a BIM execution plan. For example, according to CIC 2011 “the
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plan should define the scope of BIM implementation on the project, identify the process flow
for BIM tasks, define the information exchanges between parties, and describe the required
project and company infrastructure needed to support the implementation”. The BIM
execution plan of Indiana University (2012) defines “... roles and responsibilities of each
party, the detail and scope of information to be shared, relevant business processes and
supporting software”. The role of the BIM manager is essential for the development of the
BIM execution plan and must be considered in the first level of maturity in the process of

BIM project management.

5.4.1.1 BIM Project Management in Maturity Level 1

Practice 1.4.1.1. The firm has a BIM manager who works at least in a part-time basis (CIC,
2011).

Explanation: In this maturity level, the firm has assigned a BIM manager, who works at
least in a part-time basis, to define and conduct activities related to BIM management in the
firm and for the project. However, the firm does not have any experience in assisting the
project team with the development of a BIM project execution plan (CIC, 2012, p. 58). The
BIM manager is capable of creating a BIM execution plan template for the firm.

Question 1.4.1.1. Does your firm have a BIM manager who works at least in a part-time
basis? (Choose answer from: No, Partially, Mostly, Yes) (Remark: the answer can be
partially or mostly when your BIM manager is doing only some of the tasks of a BIM

manager or somebody is doing only some tasks of a BIM manager in your firm)

5.4.1.2 BIM Project Execution Planning Capability in Maturity Level 2

Practice 1.4.2.1 The firm has actively contributed in a BIM project execution planning
process with other firms involved in project (CIC, 2011; Indiana University, 2012, p. 5).
Explanation: Project participants usually develop the BIM project execution plan in the

early stages of the project to detail how information will be produced and shared between the
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firms. The firm has assigned a full-time BIM manager who is experienced in assisting the
project team with the development of a BIM project execution plan.

Question 1.4.2.1 Has your firm ever actively contributed in a BIM project execution
planning process with other firms involved in the project? (Choose answer from: No,

Partially, Mostly, Yes)

5.4.2 BIM collaboration

Collaboration among project stakeholders is an important issue in BIM implementation in a
project. Different project stakeholders, such as the owner, facility manager, engineer,

architect, general contractor, subcontractor, and fabricator, benefit from BIM (Figure 5.4).

Prior to the beginning of a project, the project team must know the collaboration strategy,
details on collaboration activities supported by BIM, the schedule for information exchange
between parties, interactive workspace, and electronic communication procedures (CIC,

2011).
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Figure 5.4 BIM beneficiaries of a project
Adapted from Eastman et al. (2011)

5.4.2.1 BIM Collaboration Capability in Maturity Level 1

Practice 1.4.1.2. The firm has experience of collaboration with other firms to deliver BIM
services/products (CIC, 2012, p.58; BIM quick scan, question 26) and accepts to share BIM

model with other disciplines.
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Explanation: The experience of working in a collaborative environment for using BIM is a
factor for ensuring the BIM collaboration capability of a firm (CIC, 2012). The firm should
accept to share BIM model with other disciplines, at this level.

Question 1.4.1.2. Does your firm have experience of collaboration with other firms to
deliver BIM services/products and accept to share BIM model with other disciplines?

(Choose answer from: No, Partially, Mostly, Yes)

5.4.2.2 BIM Collaboration Capability in Maturity Level 2

Practice 1.4.2.2. The firm has experience of collaboration with other firms to deliver BIM
services/products, and defines its BIM collaboration process for each project according to the
structure of project, and encourages model sharing and synchronization (CIC, 2012, p.58;
BIM quick scan, question 26).

Explanation: In addition to experience of BIM collaboration in previous projects, the firm is
“willing to share information with other team members” (CIC, 2012, p.58) and describe/write
down the information flow between itself and its project partners (BIM quick scan, question
26). The firm has a higher level of readiness for BIM collaboration at this level, in
comparison with maturity level 1.

Question 1.4.2.2. Does your firm have experience of collaboration with other firms to
deliver BIM services/products, and define its BIM collaboration process for each project
according to the structure of project, and encourage model sharing and synchronization?

(Choose answer from: No, Partially, Mostly, Yes)

5.4.3 BIM quality control

The project team must control the quality of their BIM deliverables, i.e. their design, dataset
and model properties. CIC (2011) introduced the following quality control checks:
- Visual Check: by using navigation software they must make sure that the design intent is

followed and no unintended model component exists;
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- Interference Check: detect problems caused by the clash of two building model components
by using ‘Conflict Detection software’;

- Standards Check: ensure conformity of the model with standards agreed upon by the team;

- Element Validation: check the dataset to be sure that there are no undefined or incorrectly

defined elements.

5.4.3.1 Quality Control Capability in Maturity Level 1

Practice 1.4.1.3. The firm performs ‘Visual Check’ for BIM quality control purposes and in
order to avoid unintended model components (CIC, 2011, p. 31&32; BIM quick scan,
questions 7&8).

Explanation: By a visual check of BIM models, the firm makes sure that the design intent is
followed and there is no unintended model component (CIC, 2011). Visual check is the first
basic step and the simplest capability to control the quality of BIM products.

Question 1.4.1.3. Does your firm perform a ‘Visual Check’ for BIM quality control purposes
and in order to avoid unintended model components? (Choose answer from: No, Partially,

Mostly, Yes)

5.4.3.2 Quality Control Capability in Maturity Level 2

Practice 1.4.2.3. The firm performs ‘Element Validation’ for BIM quality control purposes
and in order to avoid undefined or incorrectly defined elements by using software, such as
Solibri Model Checker (CIC, 2011, p. 31&32; BIM quick scan, questions 7&8).

Explanation: In the building information modeling process, there is a possibility to have
some model elements that are undefined or are incorrectly defined. To avoid these errors, the
firm must validate elements after modeling completion. This is part of quality control of BIM
models (CIC, 2011). To perform quality control, there is a software such as Solibri Model
Checker that performs tasks such as (Solibri, retrieved on 2015): a) Deficiency Detection:
“search for components and materials missing from the model”; b) Verify Matching

Elements in Architectural & Structural Designs: “locate flaws and exceptions in models
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made by different design teams. Avoid expensive rework by knowing both models match”;
etc. It is expected that a firm be capable of validating BIM model elements, as a requirement
to reach maturity level 2.

Question 1.4.2.3. Does your firm perform ‘Element Validation’ for BIM quality control
purposes and in order to avoid undefined or incorrectly defined elements? (Choose answer

from: No, Partially, Mostly, Yes)

5.5 Conclusion

As indicated in figure 5.5, BIM domain of ‘Processes’ includes four KPAs, a total of 13
‘Roadmaps’, and 32 practices/questions in 3 maturity levels of 0, 1, and 2. Each Roadmap is
specific to one or several disciplines as indicated. In the proposed model, the KPA of ‘Design
Authoring’, which is about process of creating BIM models, considers capabilities of firms
(Roadmaps) in: a) defining this process in detail (process mapping), b) defining required
model content, and c) technological and human resource support for this process. The KPA
of ‘3D Coordination’ considers collision detection and solving capabilities of a firm
(Roadmaps) by: a) ability to define this process in detail (process mapping), b) ability to
identify information requirements, and c) ability to detect collisions and solving them. The
KPA of ‘Design Reviews’ is a process of reviewing design of BIM model(s) by project
stakeholders for model validation. The required capabilities for this process (Roadmaps)
include: a) defining this process in detail (process mapping), b) virtual model review
conducted by architect, ¢) constructability review conducted by contractor or construction
manager, and d) Operation and Maintenace (O&M) review. The KPA of ‘BIM Project
Management’ considers capabilities of firms for managing BIM in their organization and
with other firms. These capabilities are categorized in three subjects (Roadmaps): a) BIM
Project Execution Planning capabilities, b) BIM collaboration experience, competencies, and

willingness, and ¢) BIM quality control.
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Figure 5.5 An overview for KPAs, Roadmaps, and Practices of BIM domain of ‘Processes’

The next chapter presents the BIM domain of ‘Resources’ with its KPAs, Roadmaps, and

Practices.



CHAPTER 6

BIM RESOURCES DOMAIN

The domain of ‘Resources’ refers to the required resources to implement BIM in a project.

The resources are categorized in the categories of ‘Infrastructure’ and ‘Human resources’.

6.1 Infrastructure KPA

In BIMUMM, the KPA of ‘Infrastructure’ is defined under BIM domain of ‘Resources’ and

includes several Roadmaps as shown in Table 6.1.

Table 6.1 Infrastructure Roadmaps

BIM Domain KPA Roadmaps

Resources Infrastructure e Software
e Hardware

e Network

In our proposed model, infrastructure concerns pertain to the technology requirements of
BIM implementation for a firm in a project. These technological aspects include software,

hardware, and network systems (Succar, 2010a) applicable in BIM processes.

Only when any infrastructure is not allocated to the BIM process in a firm is level zero

chosen.

Therefore, ‘Infrastructure’ Resources in Maturity Level 0, can be described as follows:

Practice 2.1.0.1. The firm has not allocated any infrastructure (software, hardware, network)

to BIM activities (Succar, 2010a).
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Explanation: In this level, the firm has not allocated any software/hardware/network
infrastructure to BIM activities (Succar, 2010a).
Question 2.1.0.1. Has your firm allocated any infrastructure (software, hardware, network)

to BIM activities? Yes or No? (If Yes, continue to the next question)

6.1.1 Software

The project team members must identify, determine, and agree upon the software platforms
and versions, to perform the BIM Uses which are already determined. The team should
define a process to change or upgrade software platforms and versions. The file format for

information exchange must be already agreed upon (CIC, 2011).

An important collaborative issue for the project team is the transfer of BIM files by different
software. During a project, different disciplines need to review and work on common BIM
files. It is important that BIM files work with different software (Indiana University
C.1&C.2, 2012). The interoperability concept introduces this collaborative information flow
context. In the BIM handbook, Eastman et al. (2011) define interoperability as “the ability of
BIM tools from multiple vendors to exchange building model data and operate on that data.
Interoperability is a significant requirement for team collaboration and data movement
between different BIM platforms”. This gives the ability for a change in the model from one
discipline to change the calculations of the model in other disciplines (Indiana University

C.3,2012).

The Industry Foundation Class (IFC) is a standard file format for BIM models that allows
interoperability, exchange, and sharing of compatible models between different AEC
software platforms (McGraw-Hill, 2008; CIC, 2012; Eastman et al., 2011) over the whole
lifecycle of building (Eastman et al., 2011). It means that models created in different
software tools are translatable to the uniform file format of IFC, and all the model objects’

information can be transferred correctly. Therefore, IFC files are compatible with different
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software applications (McGraw-Hill, 2008). IFC is supported by BuildingSMART, which
developed the National BIM Standard of the United States (NBIMS, 2007; 2012).

6.1.1.1 Software Capability in Maturity Level 1

Practice 2.1.1.1. The firm uses BIM software for reading BIM data (Succar, 2010a, p. 88;
CIC, 2011, P. 32; CIC, 2012, Organizational BIM Assessment Matrix, category software,
level 1; BIM quick scan, question 44).

Explanation: The firm doesn’t use BIM software platforms. In this level, software is only
capable of reading BIM data (CIC, 2012, Organizational BIM Assessment Matrix, category
software, level 1), but they do not provide functionalities to edit the BIM models at this level
of capability. Software applications are used in an unmonitored and unregulated way (Succar,
2010a, p. 88).

Question 2.1.1.1. Does your firm use software that can read BIM data? (Choose answer

from: No, Partially, Mostly, Yes)

6.1.1.2 Software Capability in Maturity Level 2

Practice 2.1.2.1. The firm determines and standardizes the BIM software platforms to be
used within the organization for different BIM tasks (Succar, 2010a, p. 88; CIC, 2011, P. 32;
CIC, 2012; BIM quick scan, question 44)

Explanation: The firm determines which BIM software to be used for modeling and the use
of software is standardized within the organization (Succar, 2010a). This helps the firm to
coordinate the use of software within the organization and avoid problems originating from
different software platforms. The software is used not only for accepting BIM data, but also
for different tasks, such as creating models, coordination, etc.

Question 2.1.2.1. Does your firm determine and standardize the BIM software platforms to
be used within the organization for different BIM tasks? (Choose answer from: No, Partially,

Mostly, Yes)
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6.1.1.3 Software Interoperability Capability in Maturity Level 2

Practice 2.1.2.2. The firm uses OPEN BIM file formats for information exchange to avoid
interoperability issues (CIC, 2011, p. 32; Succar, 2010a, p. 88).

Explanation: The firm determines OPEN BIM file formats, such as IFC, for information
exchange and transfer between different disciplines to avoid interoperability issues and
provide a better collaborative environment to work with BIM.

Question 2.1.2.2. Does your firm use OPEN BIM file formats for information exchange to

avoid interoperability issues? (Choose answer from: No, Partially, Mostly, Yes)

6.1.2 Hardware

Hardware system requirements, such as operating system, CPU type, memory, disk space,
video display, etc. (Autodesk [3]), must be considered to operate BIM software applications.
The requirements vary depending on the level of usage and the number of users. For
example, system requirements for Autodesk Revit 2015 products are defined for different
levels, starting from ‘Minimum: Entry-Level Configuration’ to higher levels (Autodesk [3]),
as shown in Appendix III. The hardware specification is important, particularly when
information is shared among several disciplines and organizations. It must be ensured that
downstream hardware is not less powerful than the hardware that produces the information.
To avoid this problem, the hardware should be considered for highest demand and that is

most suitable for the majority of BIM Uses (CIC, 2011; Succar, 2010a).

6.1.2.1 Hardware Capability in Maturity Level 1

Practice 2.1.1.2. The firm provides minimum BIM hardware equipment suitable for running
basic BIM software (CIC, 2011, p. 32; CIC, 2012, Organizational BIM Assessment Matrix,
category hardware, level 1, Succar, 2010a, p. 88; BIM quick scan, retrieved 2015, question
10)



113

Explanation: In this maturity level, the firm provides minimum required BIM hardware
equipment to operate basic BIM software (see Appendix III). However, the hardware
specifications are not appropriate or are inconsistent across the firm (CIC, 2011; Succar,
2010a).

Question 2.1.1.2. Does your firm provide minimum BIM hardware equipment suitable for

running basic BIM software? (Choose answer from: No, Partially, Mostly, Yes)

6.1.2.2 Hardware Capability in Maturity Level 2

Practice 2.1.2.3. The firm defines and standardizes BIM hardware specifications across the
organization, and budgets to provide adequate BIM equipment (CIC, 2011, p. 32; Succar,
2010a, p. 88; BIM quick scan, retrieved 2015, question 10)

Explanation: The firm is capable of defining the required BIM hardware specifications and
standardizes it across the organization. Then, the firm allocates enough budget to buy the
defined equipment (CIC, 2011; Succar, 2010a; BIM quick scan, retrieved 2015).

Question 2.1.2.3. Does your firm define and standardize BIM hardware specifications across
the organization, and budget to provide adequate BIM equipment? (Choose answer from: No,

Partially, Mostly, Yes)

6.1.2.3 BIM Infrastructure Upgrade Capability in Maturity Level 2

Practice 2.1.2.4. The firm defines a process for BIM infrastructure upgrades and purchases
(CIC, 2011, p. 43; Succar, 2010a, p. 88; BIM quick scan, retrieved 2015, question 10)
Explanation: The firm upgrades its BIM infrastructure, including software and hardware. To
identify the required upgrades, the firm defines a process. However, the upgrades and
purchases are not targeted or based on the assessment of the current BIM infrastructure and
compared to the needs of firm (CIC, 2011; Succar, 2010a).

Question 2.1.2.4. Does your firm define a process for BIM infrastructure upgrades and

purchases?
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6.1.3 Network

There is a need for a network to share information and communication among project team
members (Succar, 2010a). Since the BIM project is a collaborative process, the role of a

network is highlighted as a collaboration tool.

6.1.3.1 Network Capability in Maturity Level 1

Practice 2.1.1.3. The firm uses document management or sharing tools, such as a File
Transfer Protocol site, Dropbox, Boxnet, web platforms or BIM servers to communicate,
store and share data within its organization (Succar, 2010a, p. 88; CIC, 2011, p. 31).
Explanation: The firm is capable of communicating and exchanging files within its
organization, and not between other organizations involved in project. The firm uses
document management or sharing tools, such as a File Transfer Protocol site, Dropbox,
Boxnet, web platforms or BIM servers to communicate, store, and share data (Succar,
2010a). Simple Internet information exchange tools such as email are not considered as BIM
exchange tools.

Question 2.1.1.3. Does your firm use document management or sharing tools, such as a File
Transfer Protocol site, Dropbox or Boxnet, web platforms or BIM servers to communicate,
store, and share data within the organization? (Choose answer from: No, Partially, Mostly,

Yes)

6.1.3.2 Network Capability in Maturity Level 2

Practice 2.1.2.5. The firm uses document management or sharing tools, such as a File
Transfer Protocol site, Dropbox, Boxnet, web platforms or BIM servers to communicate,
store and share data within its organization and between other organizations involved in
project (Succar, 2010a, p. 88; CIC, 2011, p. 31) (Succar, 2010a, p. 88; CIC, 2011, p. 31).

Explanation: The firm uses document management or sharing tools, such as a File Transfer

Protocol site, Dropbox, Boxnet, web platforms or central BIM servers around the Cloud, to
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communicate, store, and share data, not only within its organization, but also between other
organizations involved in project. The access level to information can be controlled and
defined within and between firms or project members (Succar, 2010a).

Question 2.1.2.5. Does your firm use document management or sharing tools, such as a File
Transfer Protocol site, Dropbox, Boxnet, web platforms or BIM servers to communicate,
store and share data within its organization and between other organizations involved in

project? (Choose answer from: No, Partially, Mostly, Yes)

6.2 Human Resources KPA

In BIMUMM, the KPA of ‘Human resources’ is defined under BIM domain of ‘Resources’

and includes several Roadmaps as shown in Table 6.2.

Table 6.2 Human resources Roadmaps

BIM Domain KPA Roadmaps

Resources Human resources e Organization roles and staffing
e BIM expertise, educational and

training programs

Human resources concern the personnel roles and responsibilities and their level of
knowledge, skill, and experience. An organization/project’s training and educational
programs to improve the BIM competency of personnel is also evaluated in this category.

A firm is in level zero of the human resources when no personnel is allocated to perform

BIM activities.

Therefore, ‘Human Resources’ in Maturity Level 0, can be described as follows:

Practice 2.2.0.1. The firm does not have any personnel for performing BIM activities.

Explanation: There is no BIM specific personnel in the firm, or BIM specific personnel do

not have minimum BIM skills and knowledge.
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Question 2.2.0.1. Does your firm have any personnel for performing BIM activities? Yes or

No? (If Yes, continue to the next question)

6.2.1 Organization roles and staffing

The level of experience and success of the project team with BIM projects is an important

factor in BIM implementation success (CIC, 2012, p. 59). The roles and responsibility of

personnel involved with BIM implementation must be defined (CIC, 2011, p.29; Succar,

2010a, p.89; CIC, 2012, P. 42, BIM Quickscan, 2015). The requirements and deliverables of

individuals on the team must be established and documented. The responsibilities must be

divided among the personnel (CIC, 2012, P. 42). Kymmell (2008) proposed three roles to

formulate an effective BIM team as follows:

e BIM Manager: “a person who coordinates the team that is responsible for the production
and analysis of the BIM”;

e BIM Operator: “the actual person doing the work of creating and analyzing the
simulation”;

e BIM Facilitator: “who will help persons with the viewing and retrieving of information

from the BIM”.

More details are available in appendix II and appendix IV.

6.2.1.1 Roles and Staffing Capability in Maturity Level 1

Practice 2.2.1.1. The firm has assigned one or several personnel to do BIM tasks in general
(CIC, 2011, p. 29; Succar, 2010a, p. 89; BIM quick scan, 2015, question 53).

Explanation: The firm has assigned human resources (personnel) to do BIM tasks in
general. The roles and responsibility of personnel in BIM Uses is ambiguous. However, one
or several people are responsible for BIM related works.

Question 2.2.1.1. Has your firm assigned one or several people to do BIM tasks in general?

(Choose answer from: No, Partially, Mostly, Yes)
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6.2.1.2 Roles and Staffing Capability in Maturity Level 2

Practice. 2.2.2.1. The firm defines the roles and responsibilities of involved personnel for
each BIM Use (CIC, 2011, p. 29; Succar, 2010a, p. 89; BIM quick scan, 2015, question 53).
Explanation: The BIM tasks include a variety of activities. The firm defines the roles and
responsibilities of BIM personnel for each BIM Use and activity.

Question 2.2.2.1. Does your firm define the roles and responsibilities of involved personnel

for each BIM Use? (Choose answer from: No, Partially, Mostly, Yes)

6.2.2 BIM expertise, educational and training programs

The level of BIM skill and knowledge of personnel can be increased with training and
education programs (Succar, 2010a). CIC (2012, p.44) clarifies the difference between
‘training’ and ‘education’ in its context (Owner BIM organizational execution planning) as
follows “Training is to teach so as someone becomes fit, qualified, or proficient in a specific

task or process, while educating is to formally instruct about a subject — in this case BIM”.

Kymmell (2008) categorized the required skills for creating and managing a building
information model into three categories: a) software tools, b) management processes, and c)

project team roles. These categories are detailed more by Kymmell (2008), as follows:

a) Tool-Related skills:
Tool-related learning of BIM applications is focused “on the correct visualization of the
objects (and concepts) that are to be modeled, the accuracy with which the objects are

represented, and the organization of the model parts” (Kymmell, 2008).

b) Process-Related skills:
Process-related skills are about three processes of ‘Communication’, ‘Information
Management’, and ‘Coordination’. The Communication process is improved because all

team members see the same 3D virtual building, allowing them to address any issue in the
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model. Communication management is challenging because of increased collaboration.
Continual evaluation of the communication protocol is important for making required
adjustments. Establishing communication channels and monitoring information flow between
the team members is also important. In learning the ‘Information Management’ process, BIM
exercises should include organizing and editing of information, for example attaching the
cost database to physical 3D components. Learning the ‘Coordination’ process includes skills
to adjust different elements of project to create a harmonious whole. The most effective tool
for virtual coordination is clash detection in 3D models of a building, and this an important
part of the exercises. Analysis of the construction sequence of the installation of the
underground utilities and the foundation work for a project is another example for required
coordination exercises. Proper filtering of information for coordination is also required

(Kymmell, 2008).

¢) Role-Related skills:

As explained in section 6.2.1, Kymmell (2008) defines the three roles of BIM manager, BIM
operator, and BIM facilitator. It is important to exercise each role to better understand the
working process of a whole team on a BIM facilitated project. For more information see

Section 6.2.1, appendix II, and appendix I'V.

6.2.2.1 BIM Expertise, Educational and Training Capability in Maturity Level 1

Practice. 2.2.1.2. The firm has BIM personnel with relevant BIM training and no or low
industrial BIM experience (number of years, projects, complexity/magnitude) (BIM quick
scan, retrieved 2015, question 19; Succar, 2010a, p. 89).

Explanation: The firm initiates to employ or assign personnel with relevant training in BIM
tasks. However, the industrial BIM experience level of personnel is low or zero. The low
experience can be defined as no or little years (one or less years) of working with BIM, no or
little number of projects using BIM, and working in projects with low complexity/magnitude

of BIM aspects.
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Question. 2.2.1.2. Does your firm have BIM personnel with relevant BIM training and no or
low industrial BIM experience (number of years, projects, complexity/magnitude)? (Choose

answer from: No, Partially, Mostly, Yes)

6.2.2.2 BIM Expertise, Educational and Training Capability in Maturity Level 2

Practice. 2.2.2.2. The firm defines the required level of BIM knowledge, skill, and
experience of personnel (BIM quick scan, retrieved 2015; Succar, 2010a, p. 89).
Explanation: The firm defines the required level of BIM knowledge, skill, and experience of
employees. This capability helps the firm to employ new qualified personnel or train/educate
the current personnel to reach the defined level of BIM knowledge, skill, and experience, if
needed.

Question 2.2.2.2. Does your firm define the required level of BIM knowledge, skill, and

experience of personnel? (Choose answer from: No, Partially, Mostly, Yes)

Practice 2.2.2.3. The firm identifies the required BIM educational and training programs for
its BIM personnel (Succar, 2010a, p. 90; BIM quick scan, retrieved 2015, question 22).
Explanation: In this level, the firm is capable of identifying the educational/training needs of
its BIM personnel. Based on the identified needs, the firm defines BIM educational and
training programs for its BIM personnel to improve their level of BIM skills and expertise
(Succar, 2010a; BIM quick scan, retrieved 2015).

Question 2.2.2.3. Does your firm identify the required BIM educational and training
programs for its BIM personnel? (Choose answer from: No, Partially, Mostly, Yes)

6.3 Conclusion

As indicated in Figure 6.1, BIM domain of ‘Resources’ includes two KPAs, a total of 5
‘Roadmaps’, and 15 practices/questions in 3 maturity levels of 0, 1, and 2. In this BIM
domain the Roadmaps are not specific to any discipline and belongs to all disciplines. In the

proposed model, the KPA of ‘Infrastructure’ considers the required technological
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infrastructure of a firm to implement BIM in a project. The capability to provide technology
infrastructure requirements is considered in three areas (Roadmaps) of: a) software, b)
hardware, and c) network. The KPA of ‘Human Resources’ considers BIM competency level
of personnel of firms and personnel management. These capabilities are identified in two
categories (Roadmaps) of: a) Organization roles and staffing, and b) BIM expertise,

educational and training programs.

Figure 6.1 An overview for KPAs, Roadmaps, and Practices of BIM domain of ‘Resources’

The next chapter presents the BIMUMM validation method and results.



CHAPTER 7

MODEL VALIDATION

7.1 BIMUMM Focus Group Validation

For validation of the BIMUMM model, a focus group method was chosen to get the opinions

of participants. The focus group participants included four people from industry and

academia as indicated in Table 7.1.

Table 7.1 Focus group participant information

Participants Organization Role Highest academic
degree

Participant 1 General Contractor BIM director PhD, Post
Doc./Architecture

Participant 2 General Contractor BIM MEP B.Eng/Mechanic

coordinator

Participant 3 Academia Research associate PhD, Post
Doc/Architecture

Participant 4 Academia Researcher PhD/Architecture

The focus group meeting was conducted with the following activities flow:

1) Presentation of BIMUMM purpose, architecture, maturity level definition of 0 to 2, and

logic;

2) Asking the opinion of participants regarding BIMUMM architecture;

3) Six Key Process Areas (KPAs), including ‘Design Authoring’, ‘3D coordination’,
‘Design reviews’, ‘BIM management’, ‘Infrastructure’, and ‘Human resources’, were

presented with their subjects and the questions about the maturity assessment of those

subjects. For each KPA, the following questions were asked of the participants:




122

- What’s your opinion regarding the subjects to be assessed in this KPA?

- What’s your opinion regarding the maturity assessment questions of this KPA?

7.2 Validation Results

In the focus group meeting, the participants discussed, gave their opinions regarding the
initial version of the proposed model (BIMUMM v.0) and provided some recommendations.
The researcher (focus group moderator) analyzed the information provided in the meeting
and did different actions on them: a) accepted for revision: the comment is used to modify
the practice(s); b) partially accepted for revision: the comment is used partly to modify the
practice(s), because of a reason; c) left for future researchs, because of a reason. Table 7.2

indicates an overview of the model validation steps and concepts.

Table 7.2 An overview of model validation steps and concepts

Submitted questionnaire Comments New questionnaire

BIMUMM v.0 was
submitted to focus group

participants as shown in

Appendix VI.

The focus group comments
and the actions on them are

summarized in section 7.2.

New version of model,
BIMUMM v.1 is presented
in chapters 5 and 6. The
new version is based on
analyzing focus group
comments, literature

review, and new revisions.

Through focus group validation, BIMUMM v.0 was presented to the participants and they

commented on the potential improvement of the model.

The major applicable points for BIMUMM improvement are listed as follows:
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Design Authoring KPA:

¢ [n the BIM maturity assessment, Design Authoring BIM models should be considered for
all disciplines (architecture, structure, MEP) or for firms with different disciplines. Action
on the comment: accepted for revision.

e ‘Model content’ should be the first level of maturity questions because in the industry,
very often we see that somebody starts modeling without understanding the process or
responsibilities. Action on the comment: accepted for revision.

e Based on the importance of each question for each type of company, a weight can be
given to that question. In this way, the questionnaire would not be biased. For example, if
we are assessing a firm specializing in mechanical engineering, it is not important if it is
capable of doing architectural activities. The weighting scale of 0 to 10 is recommended.

Action on the comment: left for future researchs (reason: needs a completed model).

3D Coordination KPA:

e 3D coordination is not only clash detection and covers other activities. Action on the
comment: left for future researchs (reason: out of scope of this research).

e Good clash detection depends on good models, which are created in Design Authoring
process. This can be seen in ‘information requirement’. Action on the comment: accepted

for revision.

e Design Reviews KPA:

e Design Review covers BIM models of all disciplines. Action on the comment: accepted
for revision.

e Design Review needs integrated models of all disciplines. Action on the comment:
accepted for revision.

e The level of detail for its BIM models should be defined for each company. Action on the

comment: accepted for revision.
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e For the Operation & Maintenance (O&M) Design Review, in level 1, the firm should
make sure the required BIM information is available. In level 2, the O&M information
should be implemented in the Design Review. Action on the comment: accepted for

revision.

BIM Project Management:

e BIM management should be considered in two levels: a) company level, b) project level.
Action on the comment: accepted for revision.

e BIM execution planning refers to the project level. Action on the comment: accepted for
revision.

e The recommended questions about BIM execution planning are: Level 1: Do you have a
template in your company for project execution planning? Level 2: Do you assist in
project execution planning with other firms? Action on the comment: partially accepted
for revision (BIM manager is replaced with template, because BIM manager develops

template).

Infrastructure:

e Access to the Internet and using communication and sharing tools such as email or
videoconference is not considered part of BIM infrastructure and should be considered at
level 0. Action on the comment: accepted for revision.

e For communication, storing, and sharing data, level 1 can be within the company and
office; level 2 can be within and between companies and offices. Action on the comment:
accepted for revision.

e Storing BIM data can be considered as level 1 for a company whose central server is on
the Cloud. Action on the comment: accepted for revision.

e A system for the assessment of current BIM infrastructure compared with needs for

upgrading and purchasing is considered at level 3. Action on the comment: partially
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accepted for revision (reason: at level 2, upgrades and purchases can be defined in a firm,

but not efficiently).

Human resources:
e [t should be mentioned whether the type of training and experience is with BIM or not.

Action on the comment: accepted for revision.

7.3 Conclusion

The model validation is based on a foucs group meeting with four participants. The initial
version of the proposed model, BIMUMM v.0, was submitted to focus group participants and
they provided feedback and comments about the model. Then the researcher analyzed the
provided information, reviewed the literature again, and did different actions on the
comments and recommendations of focus group participants, to develop a revised version of
model, namely BIMUMM v.1. The validation process in this research has some limitations:
a) the number of participants in focus group was four people (2 from industry, 2 from
academia), because of the limited access to BIM experts; b) only one meeting of focus group
was conducted, because of the limited time of the research; ¢) the model couldn’t be tested in
a real case, because of the limited time and limited access to BIM experts. However, the
validation could provide an initial verification of a four people group of BIM experts and

potential improvements of the model.






CONCLUSION

Construction clients need a mechanism to ensure that the participating firms of project meet
minimum BIM requirements to qualify to do a project. From the perspective of a client,
‘minimum BIM qualification’ can be translated to ‘minimum capability to use BIM’. This
perspective offers a new opportunity for a novel BIM maturity model and its independent
certification process. There is a lack in the current BIM maturity models to consider BIM
through this lens. This research focuses on the ‘BIM Process’ and ‘BIM Resources’ domains
of the construction industry to address the construction clients’ concern regarding the
assessment of minimum BIM capabilities of potential project participants. This research
proposed initial practices of a proposed BIM uses maturity model for prequalification
assessment of construction project applicants. The proposed model has a hierarchical
architecture, from most general to most specific practices, namely ‘BIM domains’, KPAs,
Roadmaps, and practices. The main contribution of the proposed maturity model is to focus
on the BIM maturity assessment of key ‘BIM Uses’. Three most frequent BIM Uses,
including ‘Design Authoring’, ‘3D Coordination’, and ‘Design Reviews’ have been selected
from 25 inventoried BIM uses, as KPAs in this model prototype. In addition, general KPAs
namely ‘BIM project management’, ‘Infrastructure’, and ‘Human resources’ have been
defined and detailed in this first version of the model. Further work will need to be done in
order to validate further this model proposal. First, the other model practices will need to be
developed. Then, an assessment process will need to be developed to assess the current BIM
maturity level of firms for each KPA using the 5-levels scale and providing a detailed
assessment report. This assessment process should use and validate the questionnaire
proposed by this research. Other future research can also be conducted on 1) improving the
current model practices by further validating the model in real cases studies; 2) developing
additional BIM uses, as new KPAs as required; and 3) developing the model in higher levels
of 3 to 5. By employing more BIM qualified or BIM certified firms in construction industry,
researchers would expect to improve productivity in this industry and demonstrate more
competitive advantages and BIM benefits in the future. Finally, in the long terms, this BIM

uses maturity model could be used to assess the eligibility of a supplier to participate in a
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construction project. To be eligible to participate in a construction project bid where the
client requires BIM, interested firms would need to be pre-certified at a certain BIM maturity
level. A recognized third party assessment body could conduct assessements and issue

certificates.



APPENDIX I

Level of Development in alignment with AIA — Exhibit 202 Document

Figure-A I-1 Level of Development (LOD) 100
Taken from DDC (2012)
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Figure-A 1-2 Level of Development (LOD) 200
Taken from DDC (2012)
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Figure-A 1-3 Level of Development (LOD) 300
Taken from DDC (2012)
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Figure-A 1-4 Level of Development (LOD) 400
Taken from DDC (2012)
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Figure-A I-5 Level of Development (LOD) 500
Taken from DDC (2012)



APPENDIX II

BIM Manager roles and responsibilities

Table-A II-1 BIM manager roles and responsibilities
Taken from Joseph (2011)

BIM Manager — Depending on the organization size, sometimes merging BIM
Management and Director roles into one position. However, it is worth mentioning that
irrelevant of the firm size, it is rather difficult to manage the daily BIM Management
duties while preforming the responsibilities of a managing director responsible for
growing a line-of-service extension and educating an entire firm. Balancing that with

having to create parametric REVIT® families isn’t really realistic.

Project Template Set-up: Setting up projects from scratch with company BIM standards,
making early decisions on how to break-up the models and distribute them based on
design and construction team needs, geographical location and collaboration requirements.
Finally lead BIM Kick-off meetings.

Model Management: Rotate through projects to police standards, ensure that modeling is

done properly and model sizes are kept at a minimum. Fluency in all REVIT® flavors is
critical to ensure interoperability between the modeling products and to pass on critical
information to BIM Applications Specialists and the Job Captains.

Coaching and Developing: establishing training material under the direction of BIM

Director and conducting software training with own BIM Applications Specialists team to
grow skills as well as project teams. Performing on-site real project shadowing to staff of

all disciplines to help them execute skills from training sessions.
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Table-A II-1 (continued) BIM manager roles and responsibilities
Taken from Joseph (2011)

Essential Responsibilities :

- Developing Marketing BIM Material: Images, Animations

- BIM Content Management, Creation, Approval and Procedures

- Establish documented processes, procedures and workflows

- Interoperability Management of BIM and design / engineering tools

- Proactive approach and learning of new technology software







APPENDIX III

System requirements for Autodesk Revit 2015 products

Figure-A III-1 System requirements for Autodesk Revit 2015 products
Taken from (Autodesk [3])




138

Figuere-A III-1 (continued) System requirements for Autodesk Revit 2015 products
Taken from (Autodesk [3])
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Figuere-A III-1 (continued) System requirements for Autodesk Revit 2015 products
Taken from (Autodesk [3])
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Figuere-A III-1 (continued) System requirements for Autodesk Revit 2015 products
Taken from (Autodesk [3])
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Figuere-A III-1 (continued) System requirements for Autodesk Revit 2015 products
Taken from (Autodesk [3])
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Figuere-A III-1 (continued) System requirements for Autodesk Revit 2015 products
Taken from (Autodesk [3])




APPENDIX IV

The roles in a BIM team

Table-A IV-1 The roles in a BIM team
Taken from Kymmell (2008, p. 147-148)

BIM Manager

The BIM manager will be a"people person" who is able to communicate on a personal
level and quickly assess how to improve collaboration on all levels among the team
members and outside contacts. She or he is the strategic planner of the project. It is the
role of the BIM manager to determine how the BIM can best serve the particular
project. The critical factors will be the client's requirements or wishes, the experience
of the project team, and the availability of resources (personnel, software training,
tools, etc.) The goals for the BIM process need to be analyzed and evaluated by the
BIM manager so that a plan can be developed. This role requires thorough knowledge
of the processes and tools necessary to create and analyze the BIM. Direct modeling
experience is not required, but an understanding of the process and its limitations is

important to optimize the planning of the project.

A BIM manager's plan will contain the following:

e Who will model and what tools will be used?

e What will be modeled and to what level of detail?

e What information will be required and who will provide it?

e Which analytic processes will be required and who will perform them?

e How the models will be structured and detailed to make the analysis possible?

e What the time frame will be for the various milestones of the BIM production?
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Table-A IV-1 (continued) The roles in a BIM team
Taken from Kymmell (2008, p. 147-148)

BIM Operators

The BIM operators are the BIM team members who are involved in the production and
analysis of the BIM. This will include all designers and consultants who build 3D
models of their parts of the work, as well as all others who interact with the BIM from
any informational standpoint, ie estimators, schedulers, fabricators, etc. These persons
have to be very familiar with all aspects of the tools required for their work. No effort
should be spared to adequately train in the use of such tools. Generally much more
time and effort is wasted in inefficient use of a tool than would have been spent
properly training for it. Training is the most likely area where shortcuts appear

attractive, but consequently also where the largest inefficiencies can result.

BIM Facilitator

It is likely that the BIM will primarily be planned and created in the office, but that it
will also be extensively used on the jobsite for management purposes. There is an
advantage to separating these two functions so that the BIM can be more fully
integrated into various construction site operations. It is powerful to have a BIM at job
meetings where the discussions can be aided with the visualization and communication
advantages of the 3D model and its possibilities. A BIM facilitator would be primarily
jobsite-based and would facilitate the use of the BIM by those physically constructing
the project. He or she would be instrumental in aiding the superintendent to establish
communications with, and among, the subcontractors. This role will require
understanding of the viewing software and the structure of the component models. The
facilitator will help the retrieval of information from the BIM at the jobsite. He or she
will navigate through the model and help the builders to understand their work better
with the aid of the BIM visualization.




APPENDIX V

Project owner’s questions about BIM qualifications of project

Table-A V-1 Project owner’s questions about BIM qualifications of project applicants
Taken from CIC (2012, p. 58)

Number Question

1 Describe how your firm plans to use BIM on this project including proposed

BIM Uses, processes, information exchanges, and collaboration procedures.

2 Provide an example of a project(s) in which you previously implemented
BIM. Provide the following information for each project: a) Project Name; b)
Building Type; c¢) Brief Project Description; d) Project size and value; e)
Location; f) Completion Date; g) Description of value added through BIM

implementation

3 Provide a completed BIM Project Execution Plan for project mentioned in
item 2. If no BIM plan was used, provide detailed description of how BIM
was used in project. Be sure to include roles and responsibilities, BIM Uses
implemented, collaboration between project participants, and deliverables.
Requiring a BIM plan within the qualifications/proposal submission greatly
increases the size of the submission, but provides the owner with important

evidence as to the true qualifications of the project team.

4 Describe standard BIM practices on typical projects.




APPENDIX VI

BIMUMM v.0 presented in focus group

Figure-A VI-1 BIMUMM v.0 questionnaire
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Figure-A VI-1 (continued) BIMUMM v.0 questionnaire
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Figure-A VI-1 (continued) BIMUMM v.0 questionnaire
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Figure-A VI-1 (continued) BIMUMM v.0 questionnaire
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Figure-A VI-1 (continued) BIMUMM v.0 questionnaire
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Figure-A VI-1 (continued) BIMUMM v.0 questionnaire



APPENDIX VII

Glossary

BIM Competency: The ability of doing BIM-related practices successfully and efficiently

BIM Maturity: “Quality, repeatability and degree of excellence within a BIM capability”
(Succar et al, 2012, p. 124)

BIM Use: «A unique task or procedure on a project which can benefit from the integration of

BIM into that process » (CIC, 2011, p. 1)

BIM project execution plan: A document that lays out how BIM will be executed on the
project as a result of the decision of the group (CIC, 2011).

Key Process Area: A cluster of related practices in an area of BIM that, when performed
collectively, achieve a set of goals considered important for establishing process

capability in that area (adapted from April, 2005).

Maturity model: “A conceptual framework, with constituent parts, that defines maturity in
the area of interest. [...] In some cases, [...], a maturity model may also
describe a process whereby an organization can develop or achieve something

desirable, such as a set of Capabilities or practices” (OPM3, 2003, p. 5)

Practice: “A technical or management activity that contributes to the creation of the output of

a process or enhances the capability of a process” (April, 2005, p. 235)

Process: “A series of activities (tasks, steps, events, operations) that takes an input, adds
value to it, and produces an output (product, service, or information) for a

customer” (Anjard, 1998, p. 79). A process also uses resources (April, 2005).
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Process map: “A visual aid for picturing work processes which shows how inputs, outputs

and tasks are linked” Anjard (1998, p. 79).

Roadmap: “A set of linked practices that can often cover many levels of maturity” (April

2005, p. 76)
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