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Abstract

Purpose - The purpose of this study is to address challenges in the current information exchange
process between building information modelling (BIM) and facilities management (FM) systems
and to propose a workable solution. This study’s objective is to identify the information exchange
requirements and to develop methods for seamless information flow between building information

models and FM systems.

Design/methodology/approach - Data collection and analysis was based on an extensive
literature review of similar studies followed by a questionnaire survey with a total of 112
participants and 2 focus groups with a total of 12 participants to validate the conceptual framework.
The outputs of the survey analysis formed the background of the proposed framework to streamline

information exchange process between building information models and FM systems.

Findings - The study findings form a foundation for enabling the integration of various data
sources including building information models. Such integrated platforms will enable automated
information exchange between the various data sources and FM systems. The study also provides
key information requirements sources to complement the existing construction operations building
information exchange information and to support standardization for information exchange

process.

Originality/value - The contribution of this study is the identification of information exchange
requirements and sources to enable seamless information flow between BIM and FM systems. The
study findings will also lay the basis for research studies using the developed framework context

to enable the identification of specific data outputs for FM systems inputs.
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1. Introduction

During the operations and maintenance phase, facilities management (FM) teams often spend a
considerable amount of time and effort collecting information in the form of electronic data and
hardcopy documents. Employees engage in constant redundant activity searching for, sorting,
validating and recreating information (Brodt, 2013). The National Institute of Standards and
Technology (NIST) reported that two-thirds of the projected $15.8bn lost in the USA capital
facilities industry was associated with inadequate interoperability during the operations and
maintenance (O&M) phase. Losses because of poor interoperability resulted from the expenses of
manual data re-entry, data verification, redundancy and wasted labor time looking for data that
were often unavailable. Minimizing the effects of interoperability problems requires a seamless
electronic data exchange to provide FM teams with a comprehensive and accurate database
(Gallaher et al., 2004).

Building information modelling (BIM) can provide a data conduit and repository to support
O&M activities (Sabol, 2013), but it is not sufficient in itself to mitigate the costs of faulty
interoperability. There is a need for a common data model or schema for BIM data models to be
interoperable with FM systems. PAS1192-3:2014 specifies an information management
methodology for the O&M phase of building assets based on open BIM standards — Industry
Foundation Classes (IFC) and Construction Operations Building information exchange (COBie)
(BSI 2014a). The PAS1192-3:2014 focuses on the early engagement of FM team to ensure that
facilities information requirements are considered from the early stages of the construction projects
(BSI 2014a). Information in BIM models should reflect the Employer Information Requirements
(EIR) which should be specified in the Asset Information Requirements (AIR) so that at the
handover stage, handover data can be an output for FM systems input (BSI 2013). Several
standardization efforts are proposing the use of BIM capabilities as a data conduit to support
facilities information management such as BS 1192-4:2014 which supports facilities information
exchange requirements using construction operations building information exchange (COBie) (BSI
2014 b). COBie works like a filter that selects and arranges only necessary non-geometric
information for the management and operation of a building into ten main categories: facility, floor,
space, zone, type, components, system, spares, job and resources. COBie is a repetitive process,
with four defined data drops taking place at crucial stages of the project life cycle to capture the

required and available data for FM (East and Carrasquillo-Mangual, 2013).



There are various ways that COBie information can be exported from BIM models. Regardless of
which tool is used to compile and create the COBie spreadsheet, one of the following principles
will be adopted:

e COBie data are exported directly from BIM models using third-party add-in applications
(such as the Autodesk COBie Extension for Revit).

e |FC data can be exported from BIM models and the COBie spreadsheet can be extracted
as a “View Definition” from this data set; in many cases, the IFC format would be an
acceptable method providing the COBie data (East and Carrasquillo- Mangual, 2013).

However, the BIM authoring products that export COBie data automatically and generate COBie
spreadsheet are inherently limited in generating all the FM-required data, as a manual data entry is
still required to enter data such as periodic preventive maintenance (PPM) schedules (Lee et al.,
2013). Building such a database via manual data entry from individual stakeholders is costly and
rarely achievable (Brodt, 2013). There needs to be a solution for the easy transfer of facility-
maintained asset data into FM systems. In this study, we aimed to develop a conceptual framework
for seamless data exchange between BIM and FM systems by incorporating data from BIM models
and from various other data sources to generate a rich, interoperable data format that includes the
required FM information.

2. Research background and related studies

There is no doubt that the proliferation of advanced computerization is yielding business benefits
that are valued by the construction industry. Automation within the BIM—FM integration process
will revolutionize how buildings are conceived, developed, built and used. However, there are some
challenges of integrating BIM in FM practice that require innovative solutions to transform industry
practice (Parn et al., 2017). The opportunity to enhance facilities information management
performance using BIM-rich semantic data is lost because of the existing gaps in software
interoperability when transitioning data between as-built BIMand FM systems (Pérn et al., 2017).
Realizing BIM’s capabilities to support FM activities needs extensive software development to
facilitate information exchanging between as-built BIM and existing FM systems (Gao and
Pishdad-Bozorgi, 2019).

The inherent power of BIM for FM is mainly associated with streamlining information flow
between the project stakeholders during the facility lifecycle and facilitating information handover
to FM teams (Matarneha et al., 2018; Reza Hosseini et al., 2018). Yet information flow among
project stakeholders is neither automated nor seamless. There are still technical issues to be
overcome: mainly identifying the required FM information for data exchange purposes and
boosting interoperability between BIM and FM systems (Gao and Pishdad-Bozorgi, 2019;
Matarneha et al., 2019; Yalcinkaya and Singh, 2019). Although standard data formats are capable



of exchanging data between different platforms, particularly IFC and COBie schemas, the data
exchange process between BIM and FM systems using open standard data formats is not a
straightforward process. For example, the integration between BIM and the computer-aided facility
management (CAFM) system has been actively criticized for inadequate data interoperability,
particularly the inability to transfer semantic FM information properly (BIFM, 2013).

Studies in this research have shown that many comprehensive systems are developed on the
foundation of BIM-based facility database, which allows new functionalities such as visualization
and data accessibility to perform various analysis and automate some of the O&M activities (Gao
and Pishdad-Bozorgi, 2019). Yet studies that investigate interoperability solutions between BIM
and FM systems are scarce (Reza Hosseini et al., 2018; Gao and Pishdad-Bozorgi, 2019; Matarneha
et al., 2019). There is a need to understand the underlying information exchange requirements
between BIM and FM systems and standardizing a process for information exchange between BIM
and FM systems (Kasprzak and Dubler, 2012; Nical and Wody[ nskib, 2016; Parn et al., 2017,
Gao and Pishdad-Bozorgi, 2019; Matarneha et al., 2019).

2.11dentifying the information required for facilities management

Today’s facilities are highly sophisticated and the need for available, reliable information for
O&M activities is vital (Jordani, 2010). The key challenge for an FM team is to obtain accurate,
real-time data in a complete database to perform daily activities and to provide senior management
with reliable information for decision-making (Atkin and Brooks, 2009; Parn et al., 2017).
Currently, there are a variety of technology platforms, data repositories and databases such as
computerized maintenance management systems (CMMS) that are used for these purposes in
various facilities. In a typical FM practice, data are extracted from hardcopy construction
documents or electronic data such as .pdf files and is re-entered manually into a CAFM/CMMS
system (Teicholz, 2013). The concept of extending BIM implementation through the O&M phase
is simply to reduce the O&M costs and reap the real benefits of BIM capabilities. However, in
most current practices where BIM is implemented to support FM operations, FM teams do not use
BIM models because they either do not include the required FM data or the models contain a huge
amount of superfluous data which makes the data exchange process tedious and overwhelming
(Sabol, 2013). Hjelseth (2010) stated that “an overload of information causes a lack of purpose,
and therefore what could be information, is simply unused data”. This necessitates a pragmatic
approach to identify the required information and to collect it from the project stakeholders in a
way that FMteams can use efficiently.

Recent studies have focused on very specific information requirements by identifying the
required information of: healthcare facilities (Lucas and Thabet, 2013; Irizarry, 2014), HVAC
systems (Hu et al., 2016; Yang and Ergan, 2017; Hu et al., 2018) and the building handover process



(East et al., 2013; Cavka et al., 2015; Mayo and Issa, 2016; Cavka et al., 2017; Thabet and Lucas,
2017). Only one article was found that focused on creating a generic set of information
requirements for a successful information exchange process (Farghaly et al., 2018). Other authors
in this area proposed an information classification and prioritization methodology (Rodriguez-
Trejo et al., 2017; Reza Hosseini et al., 2018). There remains a lack of holistic guidance that
encapsulates all the information exchange requirements between BIMand FM systems (Matarneha
etal., 2019).

2.2 Interoperability and data exchange open standards

Interoperability is the capability to exchange data among different software programs to enable
automation and to reduce the need for manual data entry (Eastman et al., 2011). Because of the
wide range of BIM and FM platforms, interoperability between these platforms remains one of the
key challenges in using BIM in FM practice (Kasprzak and Dubler, 2012; Kassem et al., 2015;
Leite et al., 2016; Nicat and Wody[ Inskib, 2016; Parn et al., 2017; Gao and Pishdad-Bozorgi, 2019;
Matarneha et al., 2019). There have been various recent attempts to improve interoperability by
introducing different universal data standards such as the IFC and XML schemas and structured
specifications such as COBie (Azhar et al., 2012; Yalcinkaya and Singh, 2019). Many countries
and organizations have adopted the use of open BIMstandards and data specifications in their
project handover and O&M phase. For instance, the UK Government adopted COBie as the data
exchange schema to support its BIM Level — two strategies (Kassem et al., 2015). However, these
efforts represent only the first step in streamlining information flow throughout the building
lifecycle. There are compelling reasons for moving forward with more pragmatic strategies to
implement BIM in FM practice, but many stumbling blocks remain. One of these is the narrow use
of open standards to identify the information required for FM (Patacas et al., 2015). Currently, the
industry is more than ever aware of the need to remove these impediments to FM information
requirements, data exchange and interoperability to extend BIM implementation to the O&M
phase. However, problems related to BIM-enabled data exchange using open standards currently
remain to be resolved (Cavka et al., 2017).

Recent research first focused on interoperability and data exchange to assess BIM open
standards and data specifications using a case study approach (Patacas et al., 2015; Borhani et al.,
2017; Pishdad-Bozorgi et al., 2018), then BIM open data specifications (COBie) were tested in the
building handover process (East et al., 2013; Thabet et al., 2016; Yalcinkaya and Singh, 2019).
Finally, BIM open standards (IFC) were used to capture and exchange facility data using different
technologies such as a barcode system, digital sensors and augmented reality (Lin et al., 2014; Lee
et al., 2016; Shalabi and Turkan, 2017). Background research showed that the process of

transferring data from BIM data models to FM systems was not a straightforward process because



software interoperability remained a substantial challenge (Nicat and Wody! Inskib, 2016; Gao and
Pishdad-Bozorgi, 2019; Matarneha et al., 2019). Furthermore, the literature showed that the gap
between BIM and FM systems in terms of data exchange and interoperability still existed. Bridging
this gap will require more research to provide a standardized processes and best practices method
for seamless data exchange between BIM and FM systems. Our study summarizes the outcomes
of research to identify the current gaps in interoperability and data exchange between BIM and FM
platforms and proposes a conceptual interoperability framework for seamless data exchange
between BIM and FM systems.

3. Research Methods

The main purpose of this research was to tackle the challenge of improving the current information
exchange process between BIM and FM systems. To achieve this aim, we used a mixed method
approach to identify the information exchange requirements:

e an extensive review of related literature to identify the current state of BIM
implementation in FM with focus on the information exchange process between BIM
and FM systems;

e a questionnaire survey distributed to BIM practitioners in the UK with the goal of
understanding the current state of facilities information management in BIM-based
projects and to identify information exchange methods, tools and challenges; and

¢ two focus-group workshops facilitated by the British Institute of Facilities Management
(BIFM) for the purpose of validating the developed theoretical framework of

information exchange between BIM and FM systems as shown in Figure 1.
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Figure 1. Research design and methods

A total of 112 BIM practitioners completed the on-line questionnaire survey and 12 FM
practitioners participated in the focus groups.

4. Research Results

While our overall intention in data collection was to tackle the challenges in the current information
exchange process between BIM and FM systems, our views on the importance of having a seamless
information exchange process between BIM and FM systems were collated. The survey questions
were exploratory in nature to generate general understanding using closed questions to identify
information exchange methods, challenges and requirements. However, BIM professionals who
used/or are using BIM for FM were given the opportunity to add lessons learned from their
experience using an open questions. Participants were selected based on their experience in using
BIM in their construction projects and their knowledge about BIM benefits for FM. The on-line
questionnaire was prepared using the SMARTSurvey service and posted to related BIFM and
LinkedIn professional groups such as: BIM for FM, BSIGroup, BIM Group and BIMTask Group.

The two focus group meetings were conducted with 12 FM practitioners. The aim of the first
focus group was to verify the proposed information exchange requirements proposed in the primary
conceptual framework, while the second focus group validated the overall developed framework




of information exchange between BIM and FM systems. Both focus group meetings were analyzed

using content analysis and Nvivo software.
4.1Questionnaire results

Based on an extensive literature review, a series of questions under four themes was used in a
guestionnaire to collect perspectives from BIM practitioners to understand the state of information
exchange between BIM and FM systems. The questionnaire was available online from January
19th, 2018 until March 31st, 2018 and 112 responses were collected. Responses were analyzed
using SPSS for the descriptive statistics and Nvivo for the analysis of the qualitative open questions
responses; results are presented in the following sub-sections.

4.1.1 Demographic distribution Practitioners in the construction industry in the UK were the main
respondents to our questionnaire. Among the 112 participants, contractor and FM organizations
were the greatest contributors with 26 per cent, followed by BIM consultants, technical engineers
and architects with 21, 12 and 5 per cent, respectively. At the time of the questionnaire, 59 per cent
of the respondents had been working in the construction industry for more than 10 years. The
majority (81 per cent) had never worked on any project where BIM was used to support FM
operations, but they are aware of BIM capabilities to support FM practice; only 19 per cent of the
total had worked on at least one project where BIM was used to support FM. However, all
respondents used BIM in different phases of the project lifecycle and were aware of BIM
capabilities for FM. Participants were asked if they had knowledge about BIM capabilities for
supporting facilities management practice, and all those who answered “NO” were disqualified

from participating in the questionnaire survey.
4.1.2 Building information modelling application areas in facilities information management..

As this study focused on leveraging BIM in facilities information management, the respondents
were requested to choose potential application areas that BIM, with its capability as a data conduit,
could bring value to. A substantial number of responses strongly agreed that BIM could enhance
building handover processes (86 per cent), support facilities systems (67 per cent) and facilitate
creation of a registry of digital assets (62 per cent) as shown in Figure 2. This is an important

finding because it demonstrated a general understanding that BIM was capable of acting as a data



conduit to capture, collect and retrieve all information about a facility and its components during

its lifecycle.

Handover process I 3620
Facilities information systems I 7%,
Creation of digital assets I 620
Maintenance management I 36%
Energy management NN 320,
Space management EEEEN 219
Health and safety manageement M 129
Refurbishment and retrofit = 99
Others M 3%
0% 20% 40% 60% 80% 100%
Figure 2. Potential building information modelling application areas
4.1.3 Challenges and implications
When BIM is used to support facilities information management, facility information can be
captured, collected and retrieved throughout the building lifecycle and then used in a more
automated and efficient way to support FM systems. However, some challenges still exist in using
BIM as a database to support facilities information management. Among the respondents, 74 per
cent agreed that poor interoperability between BIM and FM systems was a key challenge hindering
BIM implementation in facilities information management. This was followed by the lack of a
clear, standardized information exchange process (55 per cent) and the lack of clear information

requirements (49 per cent) for BIM models to support facilities information management (Figure
3).

Interoperability between BIM and FM systems IR 74%
Clear information exchange process I 55%
Clear information requirments NI 49%
BIM data management (roles, responsibility. quality) NN 27%
BIM as-built models quality N 3%
0% 10% 20% 30% 40% 350% 60% 70% 80%

Figure 3. Concerns of implementing BIM in facilities information management practice



4.1.4 The current state of handover processes for building information modelling-based projects.
The building handover process is critical to provide owners and facility managers with all
information about the facility and its components. To understand how information is delivered to
owners and facility managers in a BIM-based project environment, survey takers were asked to
select the deliverables they were required to provide at the building handover stage. As shown in
Figure 4, the results indicated that the most frequent response was electronic copies in the form of
pdf documents and CAD drawings (94 per cent), followed by native, as-built BIM models (91 per
cent). With the adoption of BIM in construction projects, the need for non-geometric information
delivery in the form of COBie.

Electronic copy (pdf & CAD) M 9494,
BIM native as-built models I 91%
Paper copy M 539
COBie N 40%
[FC W (5%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Figure 4. Handover deliverables for building information modelling- based projects

4.1.5 Information exchange methods between building information modelling and FM systems.

A clear information exchange process is integral to a unified source of facility information that is
collected during the different phases of the construction project. Respondents who were using BIM
for FM (19 per cent) were asked to select the information exchange method they used to transfer
information between BIM and FM systems. Figure 5 shows that about one-third of the respondents
(32 per cent) said they did not know because they were still working on BIM models and had not
reached the stage of transferring data to FM systems at the time of the survey. Among the other
responses, 29 per cent of participants used manual data entry, while 24 per cent used COBie
spreadsheets as tools to transfer facility information from BIM models to FM systems. Meanwhile,
9 per cent of the respondents used a middleware layer and 5 per cent used IFC files to transfer
information between BIM and FM systems. Respondents were asked whether they agreed that BIM
models included all required facilities information: 89 per cent disagreed, 9 per cent neither agreed
nor disagreed and 2 per cent said that BIM did include all required facilities information.

Respondents were asked further to list the information that was still required and could not be



included in BIM models. Most said that information related to maintenance and spare parts was
usually not included in BIM models; and, even if there were a process for including this type of
information, the existing COBie add-in applications do not support the generation of such data.
Other respondents noted that the manufacturing information was usually not included in as-built
BIM models, as manufacturers did not provide objects for BIM inclusion. Survey takers were asked
to select other required data sources for facilities information management and the majority of
respondents stated that the spares log and the manufacturers’ product data sheets were the most
wanted external data sources at 92 and 86 per cent, respectively (Figure 6).

Don't know I 3394,
Manual data entry IR 20%,
COBie I 2 4%
Middleware layer IE—————— 0%

IFC file I 5%

0% 5% 10% 15% 20% 25% 30% 35%

Figure 5. Information exchange methods between building information modelling and

facilities management systems

5. Discussion

Data analysis results confirmed the value placed by industry practitioners on the necessity of
having a standardized information exchange process between BIM and FM systems and how
specific asset information requirements are needed to reduce the redundancy of generating BIM
outputs that do not match the FM system inputs. Moreover, questionnaire results revealed that
COBie add-in applications do not generate a full, rich COBie spreadsheet and require manual
data entries for maintenance-related data. For example, the COBie toolkit for Revit can generate
10 sheets of the required 18 sheets, but the most important data related to asset maintenance are
not included, as this COBie add-in does not generate Spare, Resource and Job sheets. Moreover,
the questionnaire results revealed that in the most current practice, manufacturers are not ready
to provide objects for BIM inclusion, which means that BIM as-built models do not include the
manufacturers’ product information, and FM teams have to collect this type of information from
various sources. Building such a database by individual keystroking data entry is costly and rarely
achievable. There should be an efficient process for manufacturers, suppliers and vendors to

automatically provide the required data to be combined with BIM data into FM systems at



minimal cost. With potentially hundreds of kinds of O&M data from building systems,
transforming FM practices involves creating a seamless data exchange process and converting
the process into a standard. Based on the questionnaire results, we concluded that in the most
current practice, BIM data generated in form of COBie spread sheet is not sufficient to support
FM systems; manual data entry is still required to enter manually the information related to
equipment manufacturing details (such as spares, warranties details, installing date, expected life,
etc.). Accordingly, we proposed a conceptual framework that combines BIM data with other
external data sources such as spares submittal logs and product data sheets to generate a rich
database that includes all required facilities information. The proposed framework suggests to
collect from different sources and then store the collected data in external database that will be
used for further data manipulation to generate COBie spreadsheets that include manufacturer
information extracted from product data sheets and spare parts log submittals.

6. Validating the conceptual framework

Two focus group meetings were conducted with FM practitioners working in different
organizations in the UK. The 12 FM practitioners who participated in the focus group meetings
included a mix of individuals working in maintenance management, healthcare FM and total FM
organizations. The participants filled various roles in their departments: facility managers, project

managers, directors and technicians (Table I).

Spares submittal log I 9299
Product data sheet I 56%
O&M manuals NN 56%
Manufacurers catalogues NG 21%

Material specifications [N 19%

0% 20% 40% 60% 80% 100%

Figure 6. The required information that was not included in building information modelling

models.



Table 1. BIM practitioners’ background

Var iab le Scale/Category No. (%)
Wark experience (vears) 1-5 17 15
6-10 29 26
11-15 36 32
16-20 19 17
=20 11 10
Ovganization tvpe Property Development 3 3
Architect 6 5
Engineering (technical, electrical, civil) 13 12
BIM Consultant 23 21
Contractor (general) 29 26
Contractor (specialty) 5 4
Facilities/Asset Manager 29 26
Manufacturer 3
Other 1 1
Number of projects (BIM for FM) 0 91 81
1-5 21 19
6-10 0 0
=10 0 0

The aim of the first meeting was to validate the information exchange requirements and identify
information needs and sources. A list of BIM information outputs in the form of COBie spreadsheet
which was generated from as-built BIM model of COBie challenge project provided online by
COBie Challenge Group was distributed to participants to evaluate information exchange
requirements sufficiency. Several questions related to the identification of information exchange
requirements were discussed to enable interactions among multiple participants, and the findings
resulted in the identification and addition of two new data sources. The first source was the industry
standard, SFG20, which included maintenance schedules, and the second source was data from the
manufacturers and suppliers. The meeting participants concluded that there was a need for external
data sources that are not included in as-built BIM models and/or COBie data spreadsheets. Based
on the results of the focus group meeting, we developed further our framework to combine different
data sources extracted from the industry standards (SFG20) and from manufacturers and suppliers
through a web-based interface with as-built BIM model data to provide a single comprehensive
data source. Figure 7 shows the developed framework for the information exchange process

between various data sources including BIM models and various FM systems.
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information modelling and facilities management systems
The proposed framework consists of three major layers as detailed below:

(1) Facility information layer: At this layer, facility data are inputted and captured at different
phases and stored in as-built BIM models. The as-built BIM models include a huge amount of
geometric and non-geometric data about the facility equipment and components. These data are
then transferred to the external database via IFC using the IFC-to-DB module. The basis of an IFC
is to generate a solo model schema supporting information exchange between different software
tools. This can viewed by different members during the project lifecycle in a different way based
on their information requirements. These views are known as the Model View Definition (MVD).

One of these views is the FM handover view known as COBie. The recommended view in our



proposed framework is the IFC2 x 3 Extended FM Handover View as a plain text as shown in

Figure 8.
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#361593= IFCPROPERTYSINGLEVALUE ('WARRANTYGUARANTORLABOR',$,IFCTEXT('labor.warranty@acme.com’),$);

#361594= IFCPROPERTYSINGLEVALUE ( 'WARRANTYDURATIONLABOR',$,IFCTEXT("'3"),%);

#361595= IFCPROPERTYSINGLEVALUE( 'WARRANTYDURATIONUNIT®,$,IFCTEXT( 'Year'),$);

#361596= IFCPROPERTYSINGLEVALUE( 'DURATIONUNIT',$,IFCTEXT( 'Year'),$);
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Figure 8. IFC2 x 3 extended FM handover view

(2) Maintenance information layer: Some required data related to maintenance are not included in
as-built BIM models (such as preventive maintenance tasks, frequencies and durations) and as such
could not be generated automatically using COBie add-ins. At this layer, this type of data is
collected from different sources, namely, the industry standards (SFG20) and the proposed user-
facing web-based system. The SFG20 can be available in different formats (PDF and XML
formats). In the proposed framework, SFG20 XML as shown in Figure 9 is exported to the external
databases for further data manipulation to extract preventive maintenance schedules, legislation
requirements and critical assets information that are needed to support FM systems and can be
included in COBie spreadsheet in job, resource, issue and document sheets.

All data collected at this layer will be stored in the same external database for further data
manipulation. In the proposed framework, we proposed a web-based graphical user interface
(wGUI) to enable manufacturers, suppliers and vendors enter products data related to O&M and
store these data in the external smart database as shown in Figure 10. The user selects a building
type by typing its name on the window and loads the selected type. When the selected type is
loaded, type specifications, manufacturer information, guarantee and warranty information get
populated. The user then edits information and stores on the same external database. The addition
of product information will provide the missing information that usually is ignored during the
preparation of BIM as-built models and will enable to produce a rich COBie sheet that includes all

required O&M information.

#361573= IFCFLOWTERMINAL('1EmNMSmsvCmuC10Tz8h9QQ',#41, 'M_Return Diffuser:300 x 30@ Face 300 x 300 Connection 2:850916',%,'300 x 3
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- <Schedule>

R S

<Scheduleld>35898</Scheduleld>
<ScheduleTitle>Air Pressure Relief Damper</ScheduleTitle>
<ScheduleReference>02-02</ScheduleReference>
<ScheduleType>Core</ScheduleType>
<ScheduleGroups>
<ScheduleGroup>Air Conditioning </ScheduleGroup>
<ScheduleGroup>5.7.1 Central Ventilation</ScheduleGroup>
<ScheduleGroup>5.7.2 Local and Special Ventilation</ScheduleGroup>
<ScheduleGroup>5.7.3 Smoke Extract / Control</ScheduleGroup>
<ScheduleGroup>Grills, Dampers and Terminal Units</ScheduleGroup>
</ScheduleGroups>
<ScheduleDate>15 May 2017 </ScheduleDate>
<ScheduleVersion>2-2017 </ScheduleVersion>
<UnitOfMeasure>Nr</UnitOfMeasure>
<AnnualServiceTiming>30</AnnualServiceTiming>
<Introductions>
- <Introduction>

E R s VoV, W e P e W

<Content>Any maintenance carried out on the equipment should be in accordance with the manufactu(
secondary energy i.e. pressurised water, hydraulic oil, pressurised oil, hot surfaces etc.<br /><br 4,

implemented during this task.<br /><br />Make sure there is a safe system of works in place wh

<Content>sd</Content>
<Notes><p></p></Notes>
</Introduction>
</Introductions>
<Tasks>
- <Task>
<DisplayOrder>1</DisplayOrder>
B | T T st ¥ VN

Figure 9. SFG20XML

{
€
!
{

Sl P ’\MN\/-—\,-——**\M’_—J

(3) CMMS/CAFM information layer: At this layer, a rich COBie spreadsheet is generated from the

different data sources for FM using a ‘COBie-lizer’ module. Where COBie existing add-ins

application have their own limitation in generating ten sheets only, COBie-lizer module has the

capability of developing relationship mapping between the external database and COBie sheet

schemato generate a rich COBie spreadsheet that includes all required O&M information as shown

in Figure 11.

After developing the information exchange framework, we conducted the second focus group

meeting to present and validate the developed framework. Participants were asked several

guestions to open a discussion and stimulate interactions among participants to evaluate and

validate the presented framework (Table II).

Table 11. Demographic information about focus groups

Experience Experience

Code Position (vears)  Code Position (years)
Al Director of FM company 16-20 Bl Facility manager 11-15
A2 Pperations director 16-20 B2 Head of maintenance 16-20
A3  Estate manager 11-15 B3  Project manager 11-15
A4 Maintenance manager =20 B4  Deputy estates and facilities manager 16-20
A5  Maintenance technician 16-20 B5  Site Facilities Manager 5-10

B6  Facility manager 16-20

B7  Estates Manager =20

In conclusion, all participants agreed that combining BIM data with other data sources such as

SFG20 and manufacturers’ information will facilitate automated mobilization of assets registry



and maintenance schedules in FM systems. Moreover, all the participants felt that the framework
we developed could provide comprehensive, accurate information about the facility and its
components from a single source which would improve the facilities information management
practice. The only two things participants would add at this stage were a method for identifying
data outputs that match FM system inputs and a way to define naming/coding systems for facility

component to insure accurate data import from COBie spreadsheets into FM systems.
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Figure 11. Data outputs included in COBie spreadsheet generated by COBie-lizer
7. Conclusions and recommendations

FM teams depend on multiple information systems to efficiently operate and maintain buildings.
Current FM systems lack interoperability capabilities, which results in poor data management. One
critical measure of building operations and maintenance is data accuracy and availability; however,
capturing, storing and exchanging data within a large building is cumbersome and requires
standardized processes. In this research, we investigated the current methods and tools for pushing
data out of BIM models into FM systems, and our data analysis confirmed the importance of having
a standardized information exchange process between BIM and FM systems. The results also
revealed the need for other data sources to provide data that is not included in as-built BIM models
and/or COBie spreadsheets such as maintenance data. Based on these results, we proposed a
framework for a seamless information exchange between various data sources including BIM

models and FM systems using an open-data format to overcome interoperability problems. The



proposed framework works on three different levels. At the first level, data are extracted from BIM
models to the external database using the open standard schema IFC. Data are then manipulated to
identify the required FM information. At the second level, the required information related to
maintenance schedules is extracted from two sources:

(1) the industry standards (SGF20); and

(2) the proposed web-based interface that allows different stakeholders to enter maintenance

data directly into the same external database.

At the third level, data from BIM models and data collected from various sources are presented as
a COBie spreadsheet using the COBie-lizer module; then data are imported from the COBie
spreadsheet into CAFM/CMMS software. Connecting multiple data streams into one external
database provides a seamless data flow. This would guarantee comprehensive yet specific data
outputs for FM systems inputs. Having a seamless data flow that collects data automatically from
different sources will improve the data exchange process and reduce the time and effort needed to
enter data manually into FM systems. Moreover, this will provide FM teams with the required data
about building equipment and components that will allow them to respond to various maintenance
problems more efficiently. Our research findings were validated in terms of the sufficiency of the
proposed framework to respond to FM information needs and to evaluate the representativeness of

the identified information sources as shown in Table IlI.

Table 1. Focus group questions and discussion

Question Yes No Unsure Comment

Based on what we presented today, do youthink that 7 0 0

combining BIM data, industry standards and

manufactures/suppliers product data will faalitate

automated mobilisation of asset registers and

maintenance schedules in CAFM/CMMS?

Based on what we presented today, do youthinkthat 5 0 2 It depends on the data accuracy of
combining BIM data, industry standards and BIM as-built models
manufactures/supplier products data will improve

the quality and accuracy of asset information and

accordingly enhance the facilities information

management practice?

Based on what we presented today, do youthink that 7 0 0

the proposed framework is sufficiently responsive to

facilities management systems (CAFNM/CMMS)

information needs?

Based on what we have presented today, in your To identify FM systems

opmion, what 1s the most important issue that you information requirements,
would like to highlight to enhance the proposed To define naming/coding system
conceptual framework? at early stage to facilities the

information import process into
FM systems




This validation was accomplished through focus group meetings in which we worked with 12
experienced FM practitioners from different FM organizations. The outcomes of the analytical
exploratory study in this research can be claimed as a knowledge contribution for the following
reasons:

e The majority of the exploratory studies conducted in this area focused on examining
broadly BIM implementation in FM, while the exploratory study in this research
focused on exploring the current BIM state in FM with focus on information exchange
process and interoperability between BIM and FM systems.

e The outcomes of this exploratory study shed the light on current challenges facing
information exchange process between BIM and FM systems reported by BIM experts
who used BIM to support FM in real practice.

These rich insights which were generated from participant’s experience in the same filed contribute
to better understanding of the current challenges facing BIM implementation in FM and verify the
necessity to develop pragmatic solutions to overcome these challenges. Furthermore, this research
contributes to the body of knowledge by proposing a novel framework for seamless information
exchange between BIM and FM systems. The proposed framework enables users to retrieve various
data sources and transfer the collected data seamlessly into FM systems using an open data format
to overcome interoperability issue. The illustrated framework shows how BIM-based facilities
information management can retrieve data from BIM models using IFC file, industry standards for
maintenance using SFG20XML and manufacturing data using the web-based graphical user
interface and then generate a single source of digital data output to support FM systems input. The
main practical advantages of the proposed system are:
e The proposed solution is capable to take advantage of the existing interoperability
solutions created by the industry, namely, COBie and bridge the gap of the existing
COBie add-in applications limitations by generating a rich COBie spreadsheet that
includes all required FM systems input. Through this, manual data entry of O&M data
could be reduced dramatically.
o Information quality could be effectively improved by managing fragmented data sources
and manual data entry.
o Facilities information management practice could be efficiently improved by providing a
single digital source of well-identified data output for FM systems inputs.
This could solve the issue of lack of interoperability between the various FM systems and could
increase data credibility.
The next stage of this study will have to implement and demonstrate the proposed framework of
information exchange between BIM and FM systems using a real case study. Another area of further

research would be to develop a taxonomy of specific BIM data outputs for FM systems inputs.
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