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Abstract

Utilisation of cloud technologies has recently attained a profile in Building Infamati
Modelling (BIM). Many studies havinvestigated the potential role of cloud in facilitating
the use of BIM in the construction domain. In addition, recent studies have dooudée

role of cloudin facilitating team collaboration across a buildingOs lifecycle by appdi

BIM governance model. The lack of suitable means for the governance of collaoaaiil
access and archival of data has been cited as the key barrier fodéspnead adoption of
collaborative BIM environments. This study, therefore, investigates the requireforeatm
governance and develops specifications for a cloud-based BIM governance platform
(GovernBIM). The study also uses findings from wide consultation in combination with
software engineering approashusing Business Process Model Notation BB and
Unified Modelling Language UML) to define the platformOs requirements and
specifications. This platform also aims to provide a computerised solaticovérall BIM
governance solution to facilitate team collaboration and mange generatedaBlMuringa
projectOs lifecycle. This ensures that data is consistent, avaitableosted ira scalable
storage environment with high performance computing capabilities. The resultghiitom
study: (a) define functional, non-functional, and domain specific requirementsvielopieg

a GovernBIM platform, (b) develop a set of BPMN diagratmdescribe the internal and
external business procedures of the GovernBIM platform lifecycle, for settingguamd,
mareging, and using a GovernBIM platform, (c) evaluating several fundamental esd@as

the adoption of the GovernBIM platform, (d) presenting a core BIM governance model (class
diagram)to present the internal structure of the GovernBIM platform, and (e) provaling
well-structured, cloud-based architecture to develop the GovernBIM platform for practical

implementation.

KEYWORDS: BIM, BIM GOVERNANCE, CLOUD COMPUTING, BIM
GOVERNANCE PLATFORM, OBJECT ORIENTD PROGRAMMING, BPMN, UML



1 Introduction

With wide adoption of BIM technologies, construction projects become more coraglex,
construction teams involve many actors from different disciplines who rollsbarate and
share large data during a projectOs lifecycle (Shafiq et al., 2013). Constructemts proj
continue to be fragmented, and thus many problems arise during the collaboratios proces
(e.g. data lost, data inconsistency and massive data files) (Jiap2€14l, Gu and London,
2010). Although team members have adopted decent collaboration tools and prhetsees,
solutions tend to overlook the collaboration process and the internal governandeofnode
software vendors i.e. the internal data structure, policies, procedures and coneesgsoc
required to manage access to data at an enterprise level (Beach et al., 2013).

Several challenges associated with the development of BIM governance sdtilioreed to

be addressed. For example, socio-organizational, legal, technical, and con&stets are
process oriented, the understanding of which is required for effective BIM governasee T

is an identified gap in research on the contextual aspects of BIM and iculaarhow
processes can be effectively integrated with the product-oriented solutioleskedping the
overall system flexible and adaptable to future needs. This reseailvbregote aimed at
establishing a robust foundation for cloud-based BIM governance solution. Cloud
technologies are chosen to assist the development of BIM governance solutiuse lodats

high performance capabilities (uptime), accessibility, and massivékratarage capacities.

It should be noted that several cloud-based BIM solutions already exist; hovineger are
proprietary and not based on a holistic BIM governance concept that fosters multi-
disciplinary collaboration without vendor lock-in and lack considerations of the ro@nfoe

legal and contractual uncertainties.

In order to develop cloud-based governance platform requirements and specificatsons, thi
study introduces findings from: (a) wider consultation with BIM experts using quaaire

and semi-structured interviews, (b) analysis and modelling using software engineeri
approach of the adopted collaborative BIM management process of three construction
companies that are: Arup, Mott-MacDonald, and Patel Taylor. Hence, theiadgeaf this

study are to: (a) investigate functional, non-functional, and domain specific regqontsefar
developinga cloud-based BIM governance platform (GovernBIM) through case studies
involving leading organisations who have already some knowledge and expertise in BIM
management, (b)se BPMN approaches to build a set of BPMN diagrams that describe the
internal and external business procedures of the GovernBIM platform lifecyclesp(oyee

and discover potential use cases for the GovernBIM platform, (d) develop a core BIM
governance model (class diagram) that presents the internal structure obviéenE3M
platform, and (e) explore existing cloud software architecture as a foundation on tavhich
develop well-structured GovernBIM platform architecture for practical implementation.

Following this introduction, the next section presents related studies concBtMAgased
collaborative solutions, BIM governance, and cloud computing, supported by a detailed
description of their methodology, and the most significant outcomes from thepiexszial
stages. A discussion of the outcomes is then provided, and followed by concludargssem
including details of planned future work.

2 Related Studies

This section provides an overview of current studies in BIM-based collaboratiomoss|ut
BIM governance, and cloud computing.



2.1 BIM collaboration

Collaboration involves co-workers sharing information and processes by interacting,
communicating, exchanging, coordinating and approving, thus sharing visions among
stakeholders and maximizing the teamOs effort on a particular job (lith2806, Hobbs,
1996). However, BIM seeks to allow stakeholder collaboration at different sthgbe
building lifecycle, enabling stakeholders to insert, extract, update, or modify atform
during the BIM process. Thus, BIM is emerging as a new way to manage information f
among all stakeholders during the project (Motamedi and Hammad, 2009). However, in the
construction industry, where projects are handled in a collaborative environment among
multi-disciplines and multi-actors, many issues can arise e.g. trust,idadkesof clarity
regarding roles and responsibilities, interoperability, etc. (Holzer, 2007, Rezgui et al., 2013).

Although many researchers and practitioners maintain collaborative work environments
there are still challenges to be met in many parts of the world, ispdigifvith respect to the
development of a fully integrated multi-disciplinary collaborative mode of dparawvhich
necessitates a specific tool to facilitate the adoption of BIMg@&uLondon, 2010, Singh et

al., 2011). However, the development and deployment of integrative and collaborative
technologies in the construction industry lags behind, because of the unique ndahee of
industry (Shen et al., 2010). Successful technology implementation requireatiist@stent

of procedures for both electronic and manual opersitoh et al., 2006).

There has been a gradual usage of web-based technologies in construction project
management in order to achieve the integration of contractual, organizatiomaficanmtion
aspects. It is challenging to encourage collaboration among geographically didtréautes,

with different practitioners representing different organizations, working on tipieaye
construction projects (llich et al., 2006). Use of collaboration technologieesraashift
towards virtual organizations in which users are not strictly required to occupyiagj
workspaces, providing the flexibility to work from any location. In addition, integration of
communication with computing technology makes it possible to communicate eonde
more complex information (llich et al., 2006). Although, technical requirements for
developing collaborative BIM servers are identified by Singh et al. (2011), these
requirements, however, fall into one category i.e. technical requirements, svtiesestudy
explores more functional and non-functional requirements which falls withifolllogving
categories: socio-organizational, process, and legal requirements.

Accordingly, existing BIM solution can be either commercial or open source servers.
Commercial BIM servers can resolve some collaboration issues such ashdatzg,
transferring, and storing. Examples of this solution include: Onuma system POP4§,
RevitServer (Autodesk, 2011), ProjectWise (ProjectWise, 2015), Graphisoft BIM Server
(Graphisoft, 2015) and, more recently, Autodesk BIM 360 (AutoDesk, 2015). However, the
majority of these solutions only focused on technical perspectives. Moredaeksitoverall
transparency as these commercial BIM servers tend to be owned by theinvespadies,

not allowing developers and clients to access their proprietary managensestrdatures
(Beach et al., 2013, Rezgui et al., 2013). On the other hand, open-source collaborative BIM
solutions such as BIMServer (BIMServer.org, 2015), and EDMmodelServer (Jotne, 2015)
focus on technical aspects and are not developed to be integrated wittecloumlogies yet.
These are intended to serve as an IFC-based server (Beetz et al., 2010). $h beside the
technical aspects, this study covers socio-organizational, legal, businessspramd



contractual aspects. More specifically, it offers a comprehensive ticabfeamework for
cloud-based BIM governance solution.

2.2 BIM governance

As this study aims to join the experience of construction practitioners witiopse
researches and findings, to provide information supporting the development of a BIM
governance platform. Until now, BIM governance in construction projects has not been
investigated in explicit detail. Existing Information and Communicatiorhifelogies (ICT)
governance efforts and frameworks e.g. (Turner and Keegan, 2001, Grant and Ulbrich, 2010,
Isaca, 2014) are not initially developed to meet construction industry needs anemegts.

Data governance frameworks tend to focus da-ddated aspects, which represent only one
aspect of this study. However, data governance refers to the overall managértient
availability, integrity and security of the data used within an enterprigecijta, 2006).
Newman and Logan (2006) define data governanc®the collection of decision rights,
processes, standards, policies and technologies required to manage, maintain and exploit
information as an enterprise resource"

However, for Rezgui et al. (2013), BIM governanc®the process of establishing a project
information management policy across lifecycle and supply chain underpinned dgiagoui
information model, taking into account stakeholdersO rights and responsibilitprojesst

data and information”It is essential to differentiate between governance and management.
Governance determines who enters and makes decisions and how, whereas nmhnageme
implements these decisions (Newman and Logan, 2006). Almost all organiz&tamns
increasing information governance challenges, which can be met by anveffgoternance
approach supported by standards (BSI, 2014). However, there is a lack of overall governance
within current construction projects; hence the consensus on the need to degelmria

data governance model to facilitate BIM adoption in a collaborative builtrira@ment
across multi-disciplines and multi-actors during the building lifecycle (Rezgui et al., 2013).

From a data governance standpoint, there are several requirements for overcoming BIM
adoption and team collaboration limitations, namely: (a) protocol development, (b)
establishment of responsibilities among disciplines, (c) sharing via a @ommodel that can

be stored centrally or hosted on distributed environments, and (d) improved communication
among disciplines. In addition, to raise awareness, intensive training shoulttdakiced,

along with definition of formal responsibilities among stakeholders, acrogplaies and at
different lifecycle stages (Smith et al., 2005, Eastman et al., 2011, Retzgli, 2013,
Alreshidi et al., 2014). However, in this study there are several aspedtsonee taken into
account in the development of cloud-based GovernBIM platform: BIM data management
processes, projectOs lifecycle, supply-chain complexity, BIM, team memigétsGamid
responsibilities, policies and standards, and underpinning technology.

2.3 Cloud computing

Cloud computing has recently became a phenomena in the IT revolution as it graskth qui

and sharply (Kumar et al.,, 2012). The use of cloud is not restricted to & darsness
domain. It has been implemented and used to underpin and support various software
applications and platforms. It has the potential to transfer IT industrynmakiftware even

more effective, attractive and cost less than traditional soft¢ambrust et al., 2010).
Therefore, it is the most demanded advanced technology throughout the world. Azeadusi



paradigm and new technology, it became dominant and taken commercial computing t
another level. Cloud offers easy access to a cloud providerOs high Bperformararagad st
infrastructure through over the Internet. One of the significant benefits olotine is to hide

the complexity of IT infrastructure management for cloud sug#yi et al., 2010). Lately,
there is a noticeable development and use of cloud services by generangseailso by
governments, In spite of positive results, there is a challenge in both theopyaatide to

find a proper cloud provider that meet individual requirements of an organisation or a
government (Repschlaeger et al., 2012).

Due to its status as a new technology and become widely popular condeptatest years
(Kolodner et al., 2011), there are many definitions of the term cloud computing ceporte
(Arsanjani, 2004, Leung et al., 2003). However, the majority of researchers have agreed upon
the NIST definition (Mell and Grance, 2009) wherel§lddd computing is a model for
enabling convenient, on-demand network access to a shared pool of configurable computing
resources (e.g., networks, servers, storage, applications and services) thia¢ capidly
provisioned and released with minimal management effort or service promtéeactiorO.
Although, term cloud pertains to sharing resources to enhance efficiency. Akittaje e
(2000) define cloud asn@w computing paradigm which offers a huge amount of
computational and storage resources to the ma3sewwever, cloud can be seen as a high
virtualization for data centres infrastructure that are distributed geogrdplaindllinked via

high speed network cables which provides verity of virtualised services ranging from
providing whole infrastructures to small software applications as walifeessent types of
services such as high performance computing and massive scalable staiage based on

a pay-per-use model.

2.4 Cloud efforts in BIM

Cloud computing technologies have recently gained in popularity (Kolodner et al., 2011,
Kumar et al.,, 2010, Armbrust et al., 2010). Due to the advantages that cloud technology
offers, many researchers in the construction field have considered cloud conmgmiting
solution to underpin future BIM technologies (Jiao et al., 2012, Fathi et al., 2012, Chuang et
al., 2011a, Redmond et al., 2012). However, apart from the work conducted by (Rezgui et al.,
2013, Beach et al.,, 2013), previous research efforts have not targeted BIM governance
directly. There is an overall lack of research into, and development of, BIM governanc
solutions. This shortage of BIM governance related studies encouraged the autlsnivéo re
this research gap by establishing a robust foundation with respect to a cloddBlistse
governance solution. However, several challenges, which still need to be addmeese
observed to be associated with the development of BIM governance solutionss &ith a
expertsO requirements for developing a BIM governance solution, as well as for exploring
business processes and the workflow of a cloud-based BIM governance platform.tkhisnce
study aims to explore requirement for a BIM governance solution as well atigateshe
lifecycle process of developing and hosting a BIM governance platform over atdddica
cloud infrastructure (e.g. Google).

In general, Stadtmueller (2012) identifies 5 main advantages for an enterpeiseadopting
cloud: (i) reduced investment in hardware, (ii) scalability, (iii) reduced timen launching

new applications, (iv) quality, and (v) continual upgrade. However, a number of gdss st
reveal the benefits of using cloud technology in BIM (Leon and Laing, 2013). The current
trend in the construction industry is to efficiently integrate and managenguifdormation



using BIM with cloud (Chuang et al., 2011b). In this context, cloud offers a number of
general benefits to BIM as discussed below:

¥ Accessibility: it is possible to access stored BIM data or degs fiiom anywhere at
any time wherever there is an Internet connection (Beach et al., 2013, Redmond et al
2012).

¥ Scalability: due to the massive amount of BIM data that is generatedgdari
construction project, this is key. Beach et al. (2011) stated that cloud higstabi
decrease and increase space and resources according to the needs of dhe user
organization.

¥ Reliability: Jiyi et al. (2010) emphasize that cloud platforms provide nessorage
scalability that are reliable up to 99.999%. This reduces developers concems whe
adopting cloud as the underlying infrastructure for their BIM solutions.

¥ Advance Interoperability for BIM applications: According to (Redmond et al., 2012)
cloud technologies eliminates the problem of different working environments having
different firewalls, technologies, and hardware/ software. Cloud has the |l¢gdabi
provide an advanced heterogeneous environment for hosting all various file formats
of BIM all in one place (Abadi, 2009). This environment facilitates the
implementation and the integration of developed solutions such as Industry
Foundation Classes (IFC) and Information Delivery Manuel (IDM) to tackle
interoperability issue in BIM (Redmond et al., 2012, Juan and Zheng, 2014).

¥ Security: Different opinions exist on the advantages and disadvantages ofvdloud
respect to security. Some argue that because of location and centraizagement,
it is more resource efficient to secure cloud storage and thwart poteneizaedhes of
security. Whereas, others consider cloud to be unsafe for use, as long as it is
connected to the Internet (A Vouk, 2008, Abadi, 2009, Armbrust et al., 2010).

¥ Automatic backup in real time: Using the cloud providerOs automatic backicese
to backup large volumes of data, enabling the user to retain sufficientiskapace
(Takahashi et al., 2012).

¥ Cost: This is disputed, as the cloud is cost effective in terms ofidpayid managing
a hardware infrastructure (Santos et al., 2009) , but long term access and darage
be costly for a small or medium sized construction companies (Zhang and Issa, 2012).

¥ Green credentials: reduced hardware costs, fewer electronics, lessmeaic fcentre
cooling systems (Buyya et al., 2009).

Despite the fact that the cloud has many benefits, potential drawbsisksAccording to
Armbrust et al. (2010) these drawbacks are: a) security concerns, (a) performanceeguara
(b) anonymous control, (c) business continuity and service availability, (d) data Iqel-in,
data confidentiality and auditability, (f) data transfer bottlenecks, (g) penfimena
unpredictability, (h) bugs in large distributed systems, (j) speed of scaling, (K)trempde
sharing , and (I) software licensing. However, major concerns relate toelw aud in

BIM; Redmond et al. (2012) raised three issues: security, privacy, and dependency on
internet connection. Data ownership and control are commonly raised as aesbstaen
considering cloud storage, as it maybe unclear who owns the data hosted by a Glmad Se
Provider (CSP) (Wong et al., 2014).

3 Methodology

The main aim of this study is to establish and develop a cloud-based Goveprdidtm
with requirements and specifications given using BPMNWN . The work is underpinned



by the research questio@What are necessary requirement and specifications to establish a
cloud-based BIM governance platform for facilitating team collaboration during a BIM-
based project lifecycle?(he groundwork of this study was built based aotheoretical
study of relevant BIM, collaborative, data governance, and cloud computing aspedts besi
the results of wide consultation in the form of a comprehensive questioamaireemi-
structured interviews with key BIM experts. Arup, Mott-MacDonald and Patel Tayéothe
selected BIM adopting companies with aim of understanding and analysinfetyelé of

their BIM-based collaborative environments. Followed by analysis of current ICT and
collaboration practice and BIM collaboration solution, alongside with BIM-related
documentation, (e.g. collaboration manuals, BIM standards, etc.) investigation affbede
mentioned methods were main instruments used to, gather BIM expertsO requaechemts
build specification using BPMN and UML for cloud-based BIM governance platform.

Therefore, this stage is structured according to the following tasks: (a) padetef BIM
expertsO requirements comprising their expectations of a cloud-based GovernRlivh platf
as well as a textual description of their collaborative environmentsjgasend tools; (b)
analyse and present a static view (textual descriptions), and a dynamoien(isal) view with
BPMN diagrams of GovernBIM platform based on analysis outcomes of the coliaborat
BIM within the afford-mentioned companies; (c) provide a GovernBIM platform syatem

UML analysis, with a dynamic model (use cases diagrams) and a statlel (class
diagrams); and (d) design a cloud-based GovernBIM platform, based on the platform
software architecture and the specifications of its components.

Figure 1 illustrates the modelling approaches used to understand end-users fnpanie
business processes, and to capture the requirements of the GovernBIM platfaon. Sbihat
development of BIM governance model involves working in different levels to provide
interconnected activities from the top level to the low level. BPMNsid to define high-

level process activity models describing business processes and informatiaigement
practices (Chinosi and Trombetta, 2012). Therefore, it has been utilized tor delore
objective. However, defining high-level processes can be deemed as genemesutEor

this case another modelling tool is required to break down the higher-levelgantegies.
Hence, UML is known for the use at a low-level to specify more aesvih lower levels
(OMG, 2015). Both BPMN and UML have been used to develop a comprehensive and
coherent GovernBIM platform (L—pez-Campos et al., 26iE3)ce, this specification phase

is divided as follows: BPMN diagrams and UML use cases descriptionsy (aentext
diagrams and textual descriptions) address user requirements, Refinement oflsEhses
through a class diagram at the level of analysis/conception, Design reofiveaitecture to
implement a cloud-based GovernBIM platform.



BPMN diagrams: Describe overall GovernBIM platform’s processes, activities, and data
flow between activities.
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UML diagrams: Provide detailed description of GovernBIM platform procedures, rule and
activities’ process and flow

Figure 1 BPMN & UML usage in defining GovernBIM platformOs requirements &
specifications

There are many process modelling techniques and tools such as flow dmaiduecdata

flow diagrams (YourdonOs technique) and Integrated Definition for Function Model (IDEF), a
discussion on which can be found in (Aguilar-Saven, 2004). These modelling tools are
recognized as traditional tools; thus, they do not meet our project scope andmeqtsre
(Campos and Mfrquez, 2011). On the other hbidl. is a relatively recent approach that
assists software development processes by providing means to capture seftstane
structure, as well as the behaviour of its components. UML is a landoageecifying,
visualizing and constructing the artefacts of a software intensivarsystach was designed

to model object-oriented software systems, and has been used succeasshslyfield for

over a decade (Bendraou et al., 2010). Based on UML, developers have developed the
System Modelling Language (SysML), which is a graphical modelling languagyd$tems
engineering applications. SysML is built on top of UML and tailored to tleesef system
engineers by supporting specification, analysis, design, verification and validhadoroad

range of systems and system-of-systems (David et al., 2010). However, Syst&lemgially

a UML profile that represents a subset of UML with extensions (Da\atl,2010). Mastery

of SysML requires a substantial learning curve, making it difficult for cocsbn
practitioners to understand its diagrams (Liston et al., 2010). Further, SysMls @use



extends most UML diagrams, giving too much freedom and space to the mddelieby,
increasing the probability of confusion when inexperienced practitioners are inteyhet
modelled system (Liston et al., 2010). The outcomes of this study are oibicdpesoftware
developers but also target construction practitioners; therefore, to support igmaplct to
avoid complexity, basic UML diagrams are used in this study.

Nevertheless, UML follows a more object-oriented modelling approach; thenefawctgition

to UML, this study also adopts BPMN, which is more process-oriented (List&in 2010).
BPMN developed as a standard language for capturing business processes|yeapéugal
level of domain analysis and high-level systems design (Chinosi and Tror20423, It was
developed to help businesses understand their internal processes so tlat dekers see
their processes without focusing on how a particular solution constrains thenpichdrieain
(Flowers and Edeki, 2013). BPMN and UML are two of the most widely used and rsabgni
modelling standards around the world in a variety of fields, form informatieshce to
management. Furthermore, one advantage of using BPMN and UML is thatagyigoe
translate their models into software code (LIPEZ-CAMPOS et al., 2014).

Although, UML shares some similarities with the BPMN approach; bothtaiprovide a

basis from which to understand and define the captured requirements of the prgptead s
(L—pez-Campos et al., 2013). They work differently; UML examines various methods for
using a system, as well as for specifying the proposed system us@ eapez-Campos et al.,
2013). The BPMN provides a detailed top-down description of a business process model,
along with messages and information flows between activities. Tiee istdescribed using
graphical notations to specify business processes in a Business ProagssnD{BPD)
(L—pez-Campos et al., 2013). It should be noted that both approaches are complementary, and
so can be used in conjunction. VisualParadigm (VisualParadigm, 2014) softwesediso
analyse, model, and generate BPMN and UML diagrams for the GovernBIM platfdinm in
study.

However, in terms of migration from initial requirements at the captagedb the internal
design and API of the GovernBIM system, the methodological steps are as. faftew
enhancing and eliciting the platform requirements obtained for GovernBIM from BIM
professionals, there is a generalisation of, and abstraction of findingsngeto the
development of the proposed GovernBIM platformOs BPMN diagrams. From the BPMN
developed for the GovernBIM platform, a set of UML diagrams, including: uss eask
class diagrams have been developed and created; these specify and thesdntazaction
between end-users and the GovernBIM platform. Finally, theseGsvernBIM platformO
implementation architecture including a prototype description, user interfacedaa
storage design. After defining the use cases for the GovernBIM platforinnidak
specifications are completed using UML techniques and class diagoarsgetify the
platformOs internal design. Meanwhile, the GovernBIM platform architecturedjedfased

on the internal specifications, designs and examination of commonly used ckmei-ba
applications.

4 Result and analysis

Results of this study are presented according to the following topics: (a) BpdrtEO
requirements for developing cloud-based BIM governance platform, (b) set of BPMN
diagrams representing GovernBIM platform lifecycle, (c) set of UML usescdsscribing
GovernBIM platform functionalities combined with class diagram defining thernal

10



structure of the platform, (d) concluded with a tailored software architefdurapplying
GovernBIM platform.

4.1 BIM expertsO requirements

The cloud-based GovernBIM platform can be utilised as an online collaboratitespl
with role-based access rights. There are also specific requirementsiedbteom BIM
experts (BIM professionals, academics and IT technicians) via a wide tediosylto be
considered, that distinguish it from other online collaboration tools. The cormuliadk the
form of: (a) comprehensive questionnaire with 118 BIM experts from various disciphdes
companies; followed by (b) semi-structured interviews with 18 BIM experts. This
consultation supported an exploration of current trends in ICT and team collaboration
practices during typical construction projects. The consultations with BIM exjoerthis
study identified many barriers to BIM adoption and classified many issgesia&d with
team collaboration during construction projects. It identified several barrievgdér BIM
adoption, and classified many issues associated with team collabatating construction
projects. Furthermordt, assisted in fully understand the lifecycle of BIM-based collaborative
environments within BIM-leading companies.

The consultation also explored and identified BIM expertsO requirements andvheads
developing a cloud-based BIM governance solution. Nonetheless, in order to resolve the
issues identified successfully, the BIM experts emphasized the impoméraeveloping
governance solutions capable of facilitating team collaboration, and enhameipgtess of
decision-making during a construction project. The main outcomes from the cbosulta
suggested that a good method for achieving fully integrated and collaborative Bl beul

by governing the collaboration process and data flow, as underpinned by cloud technologies.
This can be achieved through automation of BIM-related standards, and by condealing t
complexity of these standards behind a user-friendly graphical interface.

Moreover, the consultation contributed toward the development of a theoretical BIM
governance framework (G-BIM). The G-BIM framework presented a summary of effective
factors, ensuring successful governance of a collaborative BIM approach. Furthermore, the
consultation also revealed several advantages to using cloud as a BIM govewiahae,

e.g. data availability and accessibility, powerful computing capabildames$,scalable storage.
Conversely, several disadvantages to using cloud computing to support a BIM governance
solution were identified; e.g. security and privacy, Internet connection dependen@cland |

of legal considerations.

However, the objective of the platform requirements capture process is to peodat®f
comprehensive requirements to provide a foundation from which to specify a BIM
governance solution to enhance the capabilities of construction enterprises, actdto
allow their teams to collaborate effectively on projects. These regemtsmhave been
collected, analysed and categorised in accordance with the requirement ramgiageroach
(Sommerville, 2007). This approach includes the following steps: requirement digcove
requirement classification and organisation, prioritisation and negotiation, ameheloi@tion

of requirements. These requirements are ttlassifiedand documented within three main
categorises; (dyunctional requirements that describe GovernBIM platform functionality or
services;(b) Non-functional requirements that is constraints on services or functions
offered by GovernBIM platform. It includes product, organisational, and external
requirements. These requirements include three sub-categories: product regsjrement
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organisational requirements, external requirements;(@Bomain specific requirements
New functional requirements that reflect the construction domain need farfugieg the
BIM Governance platform. Table 1 shows a categoriis¢df all the requirements explored
and collected from consultation stage. Herein OitO refers to the cledd®agernBIM

platform.

Table 1.BIM experts' requirements for developing a cloud-based GovernBIM platform

Categoty

Sub-
categoly

Sub-sub-
categoly

BIM expertsO requirements

1.
Functional
requirements

Cloud-based GovernBIM platform should:

Provide help and support facilities.

Allow different users to customise their interfaces.

Allow users to view and print models online.

Support a central repository for data storage.

Have a notification system to inform team members about
changes when their data is updated.

Record changes® and transitions when they occur.

Allow multiple-actors to share information through a comnj
storage system.

Provide reatime mechanism for sharingformation.

Have builtin communication tools.

Have a mechanism for tracking information throughoset whole
project.

Be able to track data during the whole lifecycleha construction
project.

Have an administration user interface with full acaggsts.

Have a common environment data area/workspace for ghanid
exchanging data.

Define who will produce BIM data what and when.

Inform people what to do and when to do it.

Inform people about the information that they neegrtivide.
Assist with degion-making.

Allow the client to be involved in the early stagéshe design.
Define who has access to what and when.

Inform each actor about her/his roles responsibilitiesvainen they
should perform them.

Define what the requirements are for eachviiial stage of the
construction project.

Define what needs to be provided at the end of eatjes

Define external gates between each stage of the rootieh
project.

Define internal gates among the same actors within sdme
disciplines.

Have a mechaism for preserving a projectOs information for fuf
reusability with new projects.

2. Non
functional

requirements

2.1. Product
requirements

2.1.1.
Accessibility
requirements

It should be accessible from anywhere at anytime.
It should have a plutn for modelling software such as: Autode
Revit and Google Sketetp.

2.1.2.
Portability
requirements

It should be hosted on onlirshared storage with clear access rig
for each actor.

It should give the option of allowing the actors mwshtheir data o
their local machines

12



213
Scalability
requirements

It should be hosted on a scalable storage media beazuthe huge
amount of information and bid size of models.

2.1.4.
Reliability
requirements

It should have and provide backup facilities.
It should be hosted by a reliable, dedicated, and known|
infrastructure or CSP.

2.1.5. Usability
requirements

It should be easy for all team members to use.
It should have a simple user interface.

2.1.6.
Efficiency
requirements

It should effectively improve coordination among team members.

2.2,
Organisational
requirements

It should have clear definitions of actors, their rolesd
responsibilities within multiple disciplines throughe buildingOs
lifecycle.

Platform development should be based omstandardised overa
lifecycle data management policy.

Platform development should be based on the exi®ihd related
standards and protocols.

The platform should increase trust between peoplerdnpording
changes that have been made (by whom and when).

It must have a process framework; i.e. process guidelized
protocols.

GovernBIM platform must have a technological framewark; BIM

tools and API.

Development of the GovernBIM platform should be aligméth the
UK governmentOs requirements, regostand standards.

2.3. External
requirements

2.3.1. Legal
requirements

It has to have a legal framework.
It should clearly define the ownership of BIM documents
It should preserve intellectual property rights for eaamt member.

2.3.2.
Interoperdility
requirements

It should support different webrowsers.

It should be able to support all types of transfer aaliboration
tools.

It should enforce team members to use the same softwasmn, as
agreed upon at the beginning of the contract.

It should maintain a consistency of tools during the collabora
process.

2.3.3. Privacy
requirements

It should provide access rights to the stored datadbagseactors(
roles and responsibilities.

2.3.4. Security
requirements

It should provide actorwith a secure logn to the system.

It should be hosted on physically secure data centres.

It should provide security checks for uploaded/downémhdand
transferred models.

2.3.5. Financial |

requirements

It should be affordable to both large companied small to medium
enterprises.

The use of the GovernBIM platform should be time agwbt
effective.
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! There should be an intensive training programme pi@ctitioners
regarding the GovernBIM platform.

I The users of the GernBIM platform should be able to understal
where and how their efforts are contributing towaltus éntire BIM
model.

I It should define clear roles and responsibilities fazheactor during
the construction project.

I It should not take decisions away figpeople during the constructig
project lifecycle.

! It should not change what an actor does but supporbik.

! It should provide a comprehensive element of congigten

I It has to provide a consistent structure for people dutie building

lifecycle.
3.Domain ! It needs to be connected to the construction professionelasaw
specific - - contractors.
requirements I Development of the GovernBIM platform should not ondgds on

level 2 BIM, but should go further to level 3 BIM.

I The GovernBIM platform development process shoulke tinto
account actors and data structures, which exists in the BIM Exec
Plan (PB, BXP, BPE or BIMM) and Responsibility Matrix.

I It should define what to govern in terms of: peophéoimation and
documents, processes, classifications, and lifecycle.

I It should also take into account all the people involved durin
construction project, in particular recording all informatieceaived
and delivered along the suppthain.

I It may act as an intelligent expert system by makisg of preserve(
data, giving it the ability to provide advice on new projects base
experience gained in previous projects.

4.2 Core BPMN diagramsfor the cloud-basedGovernBIM platform

Overall inputsinto the GovernBIM platform are CSPOs services and a set of initial
requirements; including, (a) client requirements, (b) construction project requirerf@nts
legal requirements, and (d) industry requirements. The legal environment performs a
supervisory role over GovernBIM platform activities. The final outputs of GovernBIM
platform include: a product/service aall information related to the GovernBIM platform
project, in different formats. The GovernBIM management team perform tjogithaf the
GovernBIM platformOs activities using GovernBIM tools/API and CSPOs services.

In this section, we begin with the bigger picture (Core) and BPMN modelling oudcome
Figure 2 presents the core BPMN amdliminary GovernBIM platform setup activitiedt is
considered the source of all BPMN diagrams that follow. The core GovernBlkbrpiat
BPMN includes two main activities: (4.2.1) provide and manage the GovernBINorpiédE
services, and (4.2.2) provide and manage the GovernBIM platform project.
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manage the GovernBIM platformOs servicHse BPMN activity comprises four main
activities
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Figure 3 BPMN diagram: Provide and manage the GovernBIM platformOs services

Register service:this activity encompasses the actions required for registering GovernBIM
services that will be made available to clients (end-usBreyide services:this activity
permits the GovernBIM management team to offer GovernBIM platform servicé®ito
clients.Maintain services: this activity involves the ability to add, upgrade, and/or remove
services as necessary as they become availdblaove servicesthis activity allows the
GovernBIM management team and CSP to remove services from the GovernBIM platform.
Inputs to activity are maintained and managed as GovernBIM services. For governdnce
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Make contractual agreement: this activity encompasses actions required for the
formation of a contractual agreement between the client, GovernBIM managearant

and the CSP. The contractual agreement covers the use and operation of dn agree
GovernBIM project. Client requirements are inputs for this activity. Outputshare t
contractual agreement, which provides supervision of the following five agivit

Review contract: this activity involves negotiation between the GovernBIM
management team and the client with regard to the contractual agre@mentlient
receives a copy of the contractual agreement; they then have the rightéd eacept
after changes, or accept the contract without changes. Inputs for this activityitiate
requirements. Based on the clientOs acceptance of the contractual agreefoboiving
activities will be established. Outputs from this activity wilfide the agreed contractual
agreement, and provide control over the following activities in the BPMN diagram.

Set up GovernBIM project workspace: this activity takes place, as soon as a
contractual agreement has been made. The CSP allows the necessary cenmrter
resources, logging facilities, and essential services, etc., to estdi@isBovernBIM
platformOs project. The inputs to this activity are the GovernBIM projedficgtans. In
addition, during this activity, a GovernBIM project administrator will be regasteand

the GovernBIM project will be initialised within the selected servidee outputs from

this activity are then registered with the GovernBIM project administratat, the
initialised GovernBIM project for the selected services.

Configure GovernBIM project: this activity contains all the necessary actions for
configuring the GovernBIM project, as established under the terms of the contractual
agreement. The GovernBIM project requirements; the initialised GovernBIM prajact w
selected services form the input for this activity. A configured GovernBIM giroyél
provide the output from the activity. The GovernBIM project Administrator performs the
activity using the GovernBIM Tools. This activity is broken down furtheefigure 10).
Operate GovernBIM project: this activity contains the actions necessary to operate a
GovernBIM project, in terms of the management of actors, roles, access Bitits,
objects and GovernBIM platform services. Configuration of the GovernBIM prigect
achieved from the input for this activity. The output is the GovernBIM project in
operatioal mode. This activity is then broken down into additional detail (See figure 11).
End GovernBIM project and dismantle infrastructure: this activity represents the
requisite actions to end the current GovernBIM platformOs project. The GovernBIM
platformsO project in operatirmode forms the input to this activity. Outputs include
products/services created by the GovernBIM project and GovernBIM project information.
Archive GovernBIM project and end agreed contract: at the end of the GovernBIM
project lifecycle, the GovernBIM projectOs information is archived for future re-
distribution and reuse. The input tastlactivity is all the GovernBIM information to be
archived. The output from the activity is the archived GovernBIM project information.

This research focuses on two BPMN activities: Configure GovernBIM platform@stproj
and operate the GovernBIM platformOs project. iSlhecause the selected BPMN activities
are considered the key to successfully offering and providing the GovernBIM platform.

4.2.3 BPMN activity: Configure GovernBIM project

As figure 5 illustrates, the activity of configuring the GovernBIM project comprses
activities. These activities are configuring the process for an agreednBtMeproject,

which has been set up under contractual agreement terms and conditions. Both the
GovernBIM platform management team and contractual agreements within gake le
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environment provide supervision over these activities. Both the GovernBIM management
team and registered administrator perform these activities utilisingr@iWé Tools/API
and the hosting cloud providerOs services.

v
Grant access
rights
L

Launch GovernBIM project

@
2
e
c
=
@
@
<

Define roles

Agree on management protocols
and procedures

Identify actors

Configure assigned services

Figure 5 BPMN diagram: Configure GovernBIM project
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¥ Configure asdgned services:in this activity, the GovernBIM project administrator
configures the GovernBIM platform services and other third party services that are
assigned to the GovernBIM project to achieve the project requirements. Inputs to thi
activity contain the initialised GovernBIM project and selected serviGesernBIM
project requirements, and agreed GovernBIM management protocols and procedures from
agreed management protocols and procedural activities. Outputs include the cdnfigure
GovernBIM project services and available service methods.

¥ |dentify actors: this activity involves actions required to identify and confirm acéass
involved ina GovernBIM project. The inputs to this activity are all identifespotential
actors. Outputs are the selected GovernBIM project actors; they wiisignad specific
roles and responsibilities subsequently, following on from activities cordpdieteng the
GovernBIM project.

¥ Agree on management protocols and procedureshis activity includes the actions to
be ageed upon during the GovernBIM project (e.g. code of behaviour, responsibilities,
plan of action, etc.). The output of this activity is approved GovernBIM management
protocols and procedures.

¥ Define roles:this activity includes all the actions requiteddentify and define potential
actorsO roles within the specific GovernBIM project. The inputs to tlvétyaere the
configured GovernBIM project service, and the agreed management protocols and
procedures. The contractual agreement, agreed GovernBIM management protocols and
procedures, and project management team control this activity. The outputseare t
defined GovernBIM project roles and responsibilities, which will be assigneslevant
actors, witha setof access rights.

¥ Assign roles and responsibilities:this activity includes determining the necessary
actions to assign defined roles to the actors identified. The iderdifieds and the roles
and responsibilities for this particular GovernBIM project form the inputs foatttisity.
The contractual agreement, agreed GovernBIM management protocols and procedures,
and the GovernBIM management team provide control over the activity.

¥ Launch GovernBIM project: this activity includes the necessary actions to launch the
GovernBIM project. Inputs to this activity include configured GovernBIM services,
agreed GovernBIM management protocols and procedures and actors identifiad with
their assigned roles, responsibilities and access rights. The GovernBIM project
management team provide control over this activity, and the output from tiityas a
configured GovernBIM project.

4.2.4 BPMN activity: Operating GovernBIM platformOs project BPMN

Figure 6 below depicts the BPMN diagram for operating the GovernBIM project. lve@svol
five main activities required to operate the project. Both the legal envemrnand
contractual agreement afford supervision and control over these activitieariRriris the
GovernBIM administrator, and the end-users that perform activities using GovernBIM
APIl/tools and hosting CSP services. Training of the GovernBIM administrator and emnsd-us
might be required if they are to perform activities for this BPMN.
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Figure 6: Operate GovernBIM platformOs project BPMN

Manage actors:this activity encompassessential actions for managisglectedactors
contributingto the current GovernBIM project. The configured GovernBIM pragetie
input for this activity. The output is managed actors that can also provide control over it.
Manage roles:this activity encompasses the necessary actions to oversee thanules
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responsibilities assigned to relevant actors. The configured GovernBIM phaj@st the
input; outputs are managed roles and responsibilities.

¥ Manage access rightsthis activity encompasses the actions required to assign access
rights to actors who have been assigned as part of the GovernBIM platformOs project
Information operations include: sharing, exchange, communication, distribution,
archiving, workflow and scheduling, as access rights attached to the assigsed the
GovernBIM project. Inputs to this activity include the configured GovernBIM project and
actors managed with assigned roles and responsibilities. Outputs refer rartaged
access rights.

¥ Manage BIM obijects: this activity encompasses the necessary actions to manage BIM
objects uploaded by multiple actors during the GovernBIM project. Inputs to thigyactivi
include uploaded BIM objects from GovernBIM platform end-users; outputs are managed
BIM objects.

¥ Use GovernBIM platform services: this activity refers to essential actions to allow
selected actors taccesshe GovernBIM platform services and third party cloud services,
made available via the specific GovernBIM project. Inputs for this actindde the
configured GovernBIM project, managed actors, managed roles and responsibilities and
respective access rights. The output from the activity is the GovernBIM fpiajec
operation mode.

¥ Manage GovernBIM project services:this activity involves activities that are central to
allowing the GovernBIM platform administrator to guarantee that the sengsggmado
a specific GovernBIM project are available to all actors involved ingh@éect; hence,
enabling continuity of the operational GovernBIM project. Inputs to this activitydecl
the configured GovernBIM project, managed actors, managed roles and responsibilities,
and their access rights. The output is the GovernBIM project in operational mode.

4.3 Cloud-based GovernBIM platformO4&ML diagrams

As was identified earlier in the BPMN modelling process, the configuratidnoperation of
PBMN activities diagrams are considered key activities for the develdpwie the
GovernBIM platform. This section highlights the most important UML use daséslilding

and operating a GovernBIM platform. These uses cases were extracted froesuhe
obtained and categorised as follows: (a) provide and manage GovernBIM platfornesservic
(b) setup and configure GovernBIM platform project, (c) manage GovernBIM platformOs
project during operation, (d) use GovernBIM platformOs project. In addition, each uise case
elaborated in more detail in the following section.

4.3.1 Use Cased.: provide and manage GovernBIM platform services

Provide and manage GovernBIM platform services use cases are the imtiehses for
establishing GovernBIM platform, as they are crucial elements to supporatfeml They

include the following use cases: register, provide, maintain, and remove Goverresidirpl
services. Due to the importance of isolating these key use casesermepsienary
stakeholders; i.e. GovernBIM management team and CSP, secondary stakeholders e.g.
Internet Service Provider (ISP), are important to the platform but not to thisseseliagram.
Moreover, this use case diagram assumes that the primary stakeholdeosirageted to
Internet by default through their choice of ISP. For this reason, illustrationssefiise cases
exclude secondary stakeholders (e.g. ISP) and focus only on the primary ones: GovernBIM
management team and CSP. The GovernBIM management team contacts theegiier
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GovernBIM platform serviceg\fter an agreement is reached, a second use caggpvele
GovernBIM platform servigas performed, which includes: configure a service, and start a
services. AMaintaining GovernBIM platform servicese case is then necessary to maintain
the services provided by the CSP that include: start, configure, stop servially, Rhe
Remove GovernBIM platform servicgse case is performed when necessary. This use case
includes: stop, and remove a service. Figure 7 presents the providing and maintaining
GovernBIM platform services use case diagram.

GovernBIM platform

<<Include>
Register GovernBIM N~ -———= Register new service
platform services
<<'"d‘:‘i°_>_>_ Configure a service
ovide GovernBIM platform !
services

;_<l-n_clude> >
Lo Start a service

______

1
GovernBIM managgment team <<lnc|qde>>

Maintain GovernBIM <<Inc|u;t_1e>> Configure a service Cioud service provider
platform services ===
1
<<Include>>

s Stop a service

s
U

@move GovernBIM platforms<nclude>>
services includes> Remove a service

Figure 7 Uses Cases 1: Provide and manage GovernBIM platform services

4.3.2 Use Case: Provide and configuire GovernBIM platform project

After providing the GovernBIM platform services and configuring the GovernBIM platform,
project use cases are implemented and preformed. The GovernBIM managemeunsdea
GovernBIM tools/API providerOs mechanisms and CSP services to preform theasesse
Figure 8 presents the use case diagram for providing and configuring a GovernBIM
platformOs project. It includes the following principal use cases:
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IT department

Cloud service provider

GovernBIM administrafe
GovernBIM tools/AP| provider

Figure 8 Uses &se<2: Provide and configur@ GovernBIM project

Setup GovernBIM platformOs workspaceThe GovernBIM management team first
createa GovernBIM project workspace in collaboration with the CSPs and the IT
department of a construction company. This use case includes: creation, atiodific
anddeletion of the GovernBIM projectOs workspace. The result of this use case is a
working GovernBIM project workspace ready for utilisation.

Define administrators: After creating the GovernBIM project workspace, the
GovernBIM management team regiseenew administratorwith full permissions

over the GovernBIM platform services and tools. The GovernBIM management team,
IT department and the CSP perform all the use cases in this usdltasese case
includes several use cases: modify, list, and remove administrator. Sthieafethis

use case is a list of registered GovernBIM administrators.
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Configure GovernBIM platformOs services:After establishing the GovernBIM
platform project, the GovernBIM platform administrator works véttioud services
provider to configure GovernBIM platform services utilising CSP services. These
services include, for example: communication services, information management
services, storage services, notification services, versioning control seraies,
security services. The results from this use case are a list ofjaediservices that
are essential to run and support GovernBIM platformOs project.

Define BIM project: The platform administrator then inputs the main necessary
information for the GovernBIM project. The first step is to register the Bibject
information into the GovernBIM platform database. This use case includes the
following use cases: modify the BIM project, acquire BIM project information, and
remove the BIM project.

Define actors: The administrator then defines those potential actors involved in the
GovernBIM project. By registering those actors in the pre-defined GovernBIM
project, the use case introduces the following use cases: registery,nmardifor
remove actor. The results from this use case are a list of adtor&il collaborate
during a GovernBIM platformOs project.

Define roles: By defining roles, it is important for the administrator to perform the
use case after defining potential actors. This begins by registerinigeafiossible
roles for actors during the GovernBIM project then assigning roles to each acsor. Thi
use case includes the following use cases: register a role, modié; eerabve a role,
assign a role to an actor, and de-assign a role from an actor.

Define access rights:Defining access rights activity follows on from defining
activities and roles. Administrators register potential access fighesach role using
GovernBIM tools/API mechanisms. This use case includes the followingasss:c
register, modify, and remove an access right, assign an access rightléo de-
assign an access right from a role. The result from this use casksisof access
rights to be assigned to roles.

Launch GovernBIM project: After accomplishing and completing all previous use
case, the GovernBIM project is now ready to implement. The GovernBIMOs
administrator launches the configured GovernBIM project, giving permission for
actors to use GovernBIM project tools and services.

4.3.3 Use CaseS8: Manage GovernBIMOs project in operation mode

Management of the GovernBIM platform project use cases was performed thvile
GovernBIM project is running. The GovernBIM platform administrator utilised GovernBIM
tools/API provider mechanisms and CSPOs services to preform all theaseresented in
this diagram. Figure 9 presents use cases diagrams to manage the GovepiBjadOm
operational mode. This use case diagram includes the following use cases:
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GovernBIM tools/API provider

GovernBIM administratof

Cloud service provider

Figure 9 Uses &ses3: Manage GovernBIMOs project during operation

Manage actors:The actors made changes while the GovernBIM project was running;
thus, the managing actors use case is required. This abstract usectadesithe
following use cases: register, update, remove actor, list all actors,aratjenactorsO
roles. The later use case, i.e. manage actorsO roles includes thadalissvicases:
assign/de-assign role to/from an actor, list actors with their rolesswetan actorOs
role.

Manage roles: This use casaims to manage actorsO roles during the project. It
includes the following use cases: registering a new role, modifying atingxrole,
removing a role, and managing rolesO access rights. The later use cass:incl
assigning access rights to a role, de-assigning access rights from stiotedl the
access right of a selected role.

Manage access rightsThis concerns managing access rights during a project. It
includes the following use cases: creating, modifying, and removing exastoess
rights, listing all access rights, and listialljaccesgights of a specific role.
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" Manage BIM objects: BIM objects refer to all documents shared by actors during a
BIM-based project. The use case includes: uploading, downloading object, managing
a BIM object, managing BIM object ownership, managing relationship-types between
objects, managing different versions of BIM objects, managing classification
schemes, removing BIM objects, and listing all BIM objects.

In a collaborative BIM environment, it is rare to treat two objects of BIMwas
separate objects. Thus, there must be a relationship between them. Example
relationship-types between BIM objects would be: no relationship, optioning,
versioning, composition, concurrency, and derivation (Rezgui et al., 2013, Beach et
al., 2013).

Manage GovernBIM project services for the current project: During a
GovernBIM project, there might be a need to add, update or remove services. This use
case aim$o manage services according to the current GovernBIM platformOs project.
It includes the following use cases: add a new service to the currentn@tie
project, remove a service from the current GovernBIM project, and update a service
within the current GovernBIM project.

4.3.4 Use Cases 4: Using GovernBIMOs projectOs environment

When using the GovernBIMOs project environment use case diagram, actors andsend use
perform the use cases mentioned. They interact directly with graphicahteséaces (GUI)

that represent GovernBIM tools/API provider. Figure 10 presents use case didgrahnes
GovernBIM projectOs environment. The GovernBIM GUI allows actors to perform the
following use cases:
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Figure 10 Use Cases 4: Using GovernBIMOs projectOs environment

Login/logout: GovernBIM platform actors must login ta platform using their
registered information; i.e. (usernames and passwords) to gain access to the platform.
Manage BIM objects: These use cases occur after actors login to the platform. They
allow actors to manage their BIM objects within the GovernBIM platform
environment. This use case includes several use cases:

" Upload new BIM object: permitting actors to browse their local
machines and select files that they want to upload to the GovernBIM
environment. When actors upload BIM objects, they can almmge
these objects.

" Classify BIM objects: allowing actors to classify BIM objects into
schemes of their choices.

" Update BIM objects without versioning: enabling actors to update
BIM objects without creating another version of the same object.

" Update BIM objects with versioning: allowing actors to update their
BIM objects by retaining the old version of BIM object and publishing
a new version.

" Manage relationship between BIM objects: actors can manage
relationships between BIM objects. This use case includes following
the use cases: create, edit, and remove a relationship-type from BIM
object. In addition, it is possible to list all relationship-types, dist
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relationship-types of a selected BIM object, and list all BIM objemts f
a selected relationship-type.

Get BIM objectOs information:actors can view all information and
the history ofa BIM object but cannot edit it.

Download BIM object: actors can download BIM object if they
want to keep a local copy of that BIM object.

List all BIM objects: actors have the ability to list all BIM objects, or
list selected lists of BIM objects.

Delete BIM object: actors can remove BIM objects from the
GovernBIM platformOs project.

Use GovernBIM platform services:allowing actors to use services provided by the
CSP, for example using communication services, notification services, etc.

4.3.5 Cloud-based BIM governance platformclass diagram

The GovernBIM platform class diagram represents a computerised BIM governance model
responsible for managing BIM objects from multiple actors, within differectplises when
building a lifecycle. Figure 11 presents the class diagram for the cloed-lzsvernBIM
platform. This consists of several classes; each class presesds lde object within the
GovernBIM platform environment.

The GovernBIM platform class diagram consists of several classegpsgée into three
main categories: BIM project related classes, actor related claé3Bdsobjects related
classes

¥ BIM project related classes:Construction projects involve several stages, each stage
has a gate. When a stage is completed, a corresponding set of gate reqsiiegene
checked and approved, before advancing to the follow up stage. The BIM project
clases are:

o BIMProject: contains construction project information assisting all actors to
collaborate during the projectsO lifecycle. It contains all the information
regarding the project, e.g. project name, client name, locatmn, e

0 ProjectStages:this class represents the stages (form, pre-design, facility
management) of the construction project.

o0 Gates: this class represents the gates between different stages. Mvdas t
types: internal gates and external gates.

o0 GatesRequirementsthis class represents the gate requirements that are
needed when moving from one stage to another stage during the construction
project. It has two classes: the optional requirements class, and ndatorg
requirements class.

¥ Actor related classes:actors are the main components of the GovernBIM platform.
Their BIM object ownership and IPRs must be reserved during collaboration.
Moreover, their roles and responsibilities should be maintained during the projectOs
lifecycle. Actor related classes are explained as follows:

0 Actors: this class contains all information regarding the actors involved in the
project. Many actors are involved across many disciplines.

0 Roles:this class contains all the information regarding the actorsO roles. Each
actor performs many roles during the project.
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0]

0]

AccessRights:this class contains all information regarding access rights
during the construction project. It has many types: global rights, stages,
disciplinary rights, actorsO rights, and BIM objectsO rights.

Discipline: this class presents the actorsO disciplines and role in the
construction project. Each actor is assigned as class according to his
discipline.

Workspace:this class contains all information regarding the common data
environment during the project lifecycle. It contains BIM objects shared
between multiple actors.

Notification: this class monitors BIM objects, so that when a flag is raised,
this class becomes responsible for notifying other actors.

¥ BIM objects related classesDuring team collaboration, actors share BIM objects.
Thus, BIM objects are vital components of the BIM governance model class diagram
Classes related to BIM objects are illustrated as follows:

0]

BIM Objects: this class contains information regarding BIM objects. BIM
objects exist in two major types: (a) structured BIM objects, e.g. proprietary
vendor files, IFC files, and other semantic BIM files; and (b) unstructured
BIM objects, e.g. meeting notes, recorded videos.

BIM Objects Relationships:this class defines and assigns the different
relationships between different BIM objects. Six relationship types, asedefi

by Rezgui et al. (2013) and Beach et al. (2013), are used in this study; these
are: (a) No relationship, (b) Optioning: BIM object as an option of another
BIM object, (c) Versioning: BIM object as a version of another BIM object,
(d) Composition: new data is added to the BIM object forming part of an
existing document, (e) Concurrency: this relationship models a situation where
two documents are developed in parallel and illustrates a dependency between
the two, and (f) Derivation: BIM object derived from another BIM object.
Statusesthis class contains information regarding the status of a BIM object.
Actors use it during the project lifecycle and it is requested to sharBIM
object. Suitability involves many types; e.g. private, team, review, fidalise
client, archived, etc.

Decisions: this class records all the decisions made about BIM objects by
actors during the GovernBIM platform projectOs lifecycle.

Transactians: this class records all the transactions being made regarding
BIM objects motivated by actorsO decisions.

Log: this class records all operations; e.g. ownership changes, status,
decisions, and transaction, and information applied to BIM objects bysactor
during the project lifecycle.
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BIM Project

AccessRights

-BIMProjectID : int
-BIMProjectName : String
-BIMProjectType : String
-BIMProjectOwner : String
-BIMProjectLocation : String

-accessRightiD
-accessRightName
-accessRightType
-accessRightLevel
-accessRightDescription

exist as

-BIMProjectAddress : String
-contractID : String

+getAccessRightiD(accessRightID : int)

-startDate : String
-finishDate : String
-completionDate : String
-BIMProjectBrief : String

+UpdateAccessRight(accessRight : AccessRi...
+RemoveAccessRight(accessRight : AccessR...|

+AssignAccessRight(role : Roles)

-BIMProjectDescription : String

+getBIMProjectiD() : int

t right:
+setBIMProjectiD(BIMProjectiD : int) : void grantg rights on
+getBIMProjectName() : String has
i i - Strina) ] . related to
1 ontains monitor
has ETESE Notification
ionlD
= ,—L.
* . |n% st -notificationType
Stages isciplineName : String -notificationTime
-stagelD : int -disciplineDiscription : String g
-stageName : String +getDisciplinelD() : int [+sendNotification()
-stageCompleted : boolean nvolve | |FsetDiscipli D :int)... ficationID() deh
getStagelD - int J——+gelD_isc_ipl_ineName()_: String ; P record changes
+setStagelD(stagelD : int) : void +setDi £ ionType()
. getStageName()  String +getDisciplineDiscription() : String - »
+setStageName(stageName : String) .. +setDi DI X
+getStageCompleted() : boolean notifiy| contain
+setStageCompleted(stageCompleted.. |
* caused by
have assigned to own 1
Gates Actors
-gatelD : int |_|-username : String
-gateName : String -firstname : String "
-gateType : String -lastname : String recor
+getGatelD() -companylD : int involved in
+setGatelD(gatelD) : void -email : String
+getGateName() -BIMProjectID : int
- void -isAdmin : byte
- 3 -
has +assignRole(role : Roles)
hd : Roles)
Gate Il D() : int
-gateRequirementID : int +setActorID(actorlD : int) : void record
-gateRequirementType : String +getUsername() : String
i : String +setl : String) : void
+getGateRequirementiD() +getFirstname() : String
i i + String) : void
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D - inf) - vnid

-rolelD : int .
-roleName : String assigned to
-roleDiscription : String

+AssignAccessRights(accessRight : Acce...
+RemoveAccessRights(accessRight : Acc...
+AddnewRole(role : Roles)

+EditRole(role : Roles)

+RemoveRole(role : Roles)

: String
-companyActivityType : String
-companyAddress : String
-companyDiscription : String
+getCompanyID() : int
+setCompanylD(companylD : int) : void
+getCompanyName() : String
+setCompanyName(companyName : String) :...
+getCompanyActivityType() : String

+setC ivif
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¥ 1% component: User Interface (Ul):this is a form of web page that can be accessed
via a standard web-browser over the Internet. This tier is responsible factiue
between end-users and the GovernBIM platform presentation layers. This Ul
implements all necessary actions to allow users to insert, edigvestand remove
data to/from the GovernBIM platform. It also should allow users to interigctthe
GovernBIM platform in a smooth and friendly environment.

¥ 2" component; GovernBIM platform: the GovernBIM platform tier is a core tier in
the proposed architecture. It is composed of three main parts:

o GovernBIM access API(Presentation Layer)responsible for managing end-
usersO access and usage of the GovernBIM platformOs services, comprising the
ViewandController. Viewrepresents the visualisation of data contained in the
GovernBIM model. Whereas, th@ontroller acts on both the GovernBIM
model and view. It controls data flow into the GovernBIM model and updates
the view whenever the data changes. It maintains both the view and
GovernBIM model separdte

o GovernBIM platform business and management logi¢Application Layer)
responsible for providing control over different mechanisms to end-users. This
contains tle Model which represents the GovernBIM model data and has the
requisite logic to update the controller if the data changes.

o GovernBIM storage API (Database Layer) responsible for managing the
process of storing and retrieving GovernBIM platform data. It contains a Data
Access Object (DAO) that can be changed in response to the hosting
environment: i.e. cloud infrastructure, programming language used, and
database type.

¥ 3 component: CSPOs services and infrastructur&his tier is entirely managed
and delivered by the CSP. The GovernBIM platform is linked with the CSP using the
GovernBIM platformOs APIs and the CSPOs API. This link allows the GovernBIM
platform to utilise the CSPOs services fully or partly. These sematedd: security
services, network services, deployment services, authentication serviees, fil
management services, communication services, and storage services.

Figure 12 Software architecture design for cloud-based GovernBIM platform
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5 Discussion

This aim of this study is develop a set of requirements and speofficatsing BPMN and

UML to developa doud-based BIM governance platform. Since thera lismited body of
research pertaining to this topic, this research presents a foundation for cloud/BIM
developers, to help them to understand and examine the internal/external process of
developinga cloud-based BIM governance platform assuming no knowledge. The study
findings are obtained from analysis and modelling of results obtained different
academic resources and techniques. The study asesftware engineering approach
(Sommerville, 2007) to develop the GovernBIM platform requirements and specifications.

This section will focus on the following four main points: (a) BIM governancédopha
requirements; discussing identifiable BIM governance requirements, and comparnmg the
with other identifiable requirements; (b) GovernBIM platform lifecycle, disogsthe use of
BPMN to develop lifecycle processfor the GovernBIM platform; (c) GovernBIM platform
UML diagrams, including a discussion about the use of UML for modelling leegases for

the GovernBIM platform; and (d) GovernBIM platform software architecture; providing
discussion regardinigs design.

¥ BIM Governance platform requirements: Although, a number of requirements for
online BIM collaboration solutions were identified by (Singh et al., 2011, Shahd, et
2013), these requirements have been considered general requirements for collaborative
BIM solutions. Meanwhilethis study complements previous work, watlspecific focus
on identifying requirements when developegloud-based GovernBIM platform. One of
the issues encountered during the consultation stage involved constructionopeastiti
with diverse understandings of compusgecific terminologies. This issugassolved by
providing further explanation regarding confusing terms. After collating these
requirements, the data was classified and categorised using requirergandéngethe
engineering approach (Sommerville, 200mp the following three main categorises; (a)
Functional requirements (b) Non-functional (c) Domain specific requirements
Moreover, in addition to identifying general requirements #icloud-based BIM
governance platform, emphasis was also place on specific design requiremarisM
governance model (e.g. that it should define clear roles and responsibilitiesHogctor
during a construction project, it should define who will produce the BIM data,itwiit
be, and when it will be produced, it should also inform people what to do andaeviien
it). Moreover, development @& BIM Governance platform requires unique needs to be
metto utilise CSP services (Alreshidi et al., 2014).

¥ GovernBIM platform BPMN: Many researchers have used BPMN in the BIM field
(Saluja, 2009, Wu and Issa, 2013), focusing on developing BPMN to establish the
internal process of team collaboration. However, the scope of this studys msiag
BPMN to develop wider business process diagrams for cloud-based GovernBIM
platforms that allow construction companies to understand the internal andaéxte
business procedures of the cloud-based GovernBIM platform lifecycle. BPMNdls
language that makes it possible to defamultitude of business scenarios, ranging from
internal process choreographies to inter-organisational process orchestrationg, servic
interactions and workflow exceptions (Recker, 2008). Moreover, this study reveals and
explores the lifecycle process of cloud-based BIM governance sautibnus,
identifiable PBMN diagrams are important for cloud developers interested itopliexge
cloud platforms targeting the construction industry.
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¥ GovernBIM platform UML diagrams: While employing BPMN to describe higher-
level activities of cloud-based GovernBIM platform, UML can be used to detnake
describe lowetevel activities in detail, i.e. the main functionalities of the GovernBIM
platform (Owen and Raj, 2003). This study identified and developed several key use
cases for BIM governance to devise a platformeaim@t facilitating team collaboration
within a construction project. However, there are more use cases to be iidcand
modelled, this emphasises the need for more cooperation between construogaanfi
cloud researchers; in order to identify and discover more use cases and sc&h&ios
kind of cooperation would sharpen the functionalities and services offered by the
GovernBIM platformMoreover, this study included a development of the Class diagram,;
presenting the internal structure of the GovernBIM platform, and describing irteracti
between the main class components. The class diagazmieveloped based on the work
of Kubicki et al. (2006) and Beach et al. (2013), and from results obtained at the
consultation stage. However, the GovernBIM platform class diagram require®@alditi
data, analysis, and modelling before it can fully meet the requirerteergsvern the
process of team collaboration during real BIM projects.

¥ GovernBIM platform architecture: The results of BPMN and UML havked to
creation of architecture for implementirgGovernBIM platform in a selected CSPOs
infrastructure. This architectumas developed based on studying several cloud platform
architectures (Amies et al., 2012, Lenk et al., 2009, Andrikopoulos et al., 2013, Arsanjani
2004) and design patterns (Isikdag, 2012). The conceptual software architecture is the
most convenient for organising and executing the APIs developed from the GovernBIM
platform. Multi-tier architecture has been used for many years in the develbpie
cloud-based applications (Rimal et al., 2009); howewecombination of multi-tier
architecture and MVC design patterns is highly recommended for developing and
implementing cloud-based solutions for BIM (Isikdag, 2012). Therefore, the GovernBIM
platform would be one of the first solutions to adopt proper software arcingdor its
cloud prototype implementation. TiMVC approach would permit flexibility in terms of
integrating future use cases. Separation of the GovernBIM platform into rinee
components: allows the re-use of business logic across applications, anél paral
development of the platform (Isikdag, 2012).

Overall, the GovernBIM platform requirements and specifications are hindramcie t
development of a cloud-based BIM governance solutmmovern the process of team
collaboration during construction projects. ist considered a step forward in the move
towards facilitating understanding of the internal and external procesaaiségctequired to
establish cloud-based BIM governance solutions. In terms of utilising cloud tadrer
alternative solutions, it is put forward that cloud has many advantagesa#ggecBIM, as
discussed in (Redmond et al., 2012, Zhang and Issa, 2012). For example, cloud hasythe abili
to provide an advanced heterogeneous environment for hosting various formats of BIM files
in one place (Abadi, 2009), physical or virtualized. This heterogeneous environmem has t
potential to facilitate the integration of different solutions for tacklthe interoperability

issue in BIM; e.g. IFC and IDM (Redmond et al., 2012, Juan and Zheng, 2014). Furthermore,
hosting BIM solutions will allow cloud developers to utilise the servicésred by CSP
without the need to invest in a high Cost IT Infrastructure (Beach et al., 2013evEiQW
security remains a major concern when moving towards cloud hosting (Kandukuri et al.,
2009). This issue requires software developers to diféechnical solution and legal
documentation to meet concerns raised (Redmond et al., 2012).
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6 Conclusion

Team members collaboration during BIM-based projeateease the need to use complex
data management systems for facilitating collaboration pro¥essthe current cloud-based

data management solutions have restrictions to their internal data govestractge and

their external cloud architecture structure. Moreover, their data structure fotloavs
developing companiesO policies and regulations. This established a needstigaiimg

such solutions and thus provides a new understanding of cloud-based BIM governance
platform.

The GovernBIM platform proposed in this paper arises as a direct result esfsiert
consultation between leading industry stakeholders, BIM experts, their asdociat
organisations and the authors. A requirememjineering approach has been adopted to
transform the results obtained from the consultation stagevell-categorised requirements

for developing cloud-based GovernBIM platform. The use of BPMN provided detailed
diagrams of the business process lifecycle for a cloud-based GovernBIM plditéym
beginning to end. It also defined several activities and stages for desiganfiguring,
managing and using a cloud-based BIM governance platform. This provided a detailed top
down description of the platform business process model, in conjunction witagaessand
information flows between those activities. Moreover, the use of UMgramas delivered
several detailed GovernBIM platform use cases, and the set of useid=gdged forms
fundamental to the GovernBIM platform. Furthermore, the UML class diagram dedetope
represents the core of the GovernBIM platform, describing the internal data governance
structure of the platform. GovernBIM platformOs architecture provides a solution for
implementing the platform over selected cloud service providerOs infrastructure.

This study contributes to the body of knowledge by offering: (a) definitions of dunadti
non-functional, and domain specific requirements for developing a cloud-based GovernBIM
platform; (b) developing a set of BPMN diagrams for setting, configuration, gearent,

and use of a GovernBIM platform from initial setup until the end of GovernBIMopia©s
project; (c) several fundamental use cases and scenarios for using a GovplatiRivh, (d)

a core BIM governance model (class diagram); and (e) a well-structured cloud-based
architecture to develop a GovernBIM platform for practical implementation.

The consultation with industry leading global stakeholders provided us with the opportunit
to incorporate state-of-the-art practices in understating the collaborativespmithin BIM-
based projects. Thus, the outcomes of this paper are valuable to projedersana
researchers, BIM users, and BIM-based software developers, as it tends totheviealstic
process of managing collaborative environments during a construction projectOte lifecyc
Furthermore, cloud-based architecture in the platform could be considered a&seacesf
point when developing any cloud-based collaborative solution for BIM. Future work will
involve the implementation of a technical prototype with the aim of producovg@@GBIM
tools/APIs and testing the potential role of cloud technologies in GovernBINbiphat
developments.
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