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  ABSTRACT 
 

Despite the fact that the value of extending Building Information Modelling (BIM) 

implementation through the Operations and Maintenance (O&M) phase is simply to 

reduce the O&M costs associated with inadequate interoperability, Facilities 

Management (FM) information flow is neither automated nor seamless. The 

outcomes of the exploratory study in this research reveal that facility managers do 

not normally use BIM data, since they claim that BIM data models either do not 

include their data requirements or contain a huge amount of superfluous data which 

makes data exchange process tedious and overwhelming. Construction Operations 

Building information exchange (COBie) is developed to improve the facility data 

handover and to support FM systems. However, semi-structured interviews with 

industry practitioners in this research reveal that COBie has its limitations to 

generate all FM required information, particularly planned preventive maintenance 

information. Moreover, in the most current practice, most manufacturers are not 

ready yet to provide objects ready for BIM inclusion, therefore a manual data entry is 

still required to provide FM systems with the required data input.  

To overcome these limitations, this research proposes a new approach that 

integrates BIM data with other that data sources into BIM-based platform to link the 

required information to support FM systems and generate rich COBie spreadsheet 

that includes all required information including planned preventive maintenance 

data and products manufacturing data. The core motivations behind the proposed 

solution are: (1) a tailored BIM-based framework could be used as a data repository 

approach to capture, store and manage facility information in a proper structure to 

generate data output that match FM systems inputs, (2) data can be extracted from 

different sources using an open data formats and then generated in the form of open 

data standards to streamline information exchange process between BIM and FM 

systems, and (3) to provide one single source of facility digital information for the 

various FM systems to overcome interoperability issues both between BIM and FM 

systems, and FM systems themselves from the other side.  

The scope of this research is limited to COBie compliant as-built models; however, 

the basic methods and principles could be also applied to COBie non-compliant as-

built models. This research is in five phases. In the first phase, the research explores 

the most current implementation of BIM in FM practice by conducting a systematic 

literature review followed by a series of semi-structured interviews and 
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questionnaire survey. The outcomes of the first phase necessitated the need for 

identifying information requirements of BIM to support FM systems which has been 

performed in the second phase, and the concept development of the interoperability 

framework for seamless information exchange between BIM and FM systems which 

has been established in the third phase of this research.  A prototype was then 

created in the fourth phase of this research based on MSSQL server to support the 

implementation of the proposed approach. The system allows not only the storage of 

facility information from different sources in a central database but also to link the 

required information output for FM systems input using relational database 

management system, and to generate the required information in the form of COBie 

spreadsheet. The prototype was developed using C#, ASP.NET and AJAX 

programming languages to support the implementation of the proposed method. 

Preliminary testing results using a real case study of the Future Technology Centre of 

the University of Portsmouth show that the proposed system is capable of retrieving 

and generating relevant information in the form of open data format to support FM 

systems. After the system was tested, a validation step followed in the fifth phase to 

collate the potential user’s feedback on the usefulness and usability of the proposed 

system. The validation results indicate that the system prototype has achieved the 

aim of the research by streamlining information exchange process between BIM and 

FM systems.  

The contribution of this research is the novel approach of integrating various data 

sources including BIM data and transfer the required information seamlessly into FM 

systems. The practical significance of this research is that the proposed approach 

enables the development of BIM-based information exchange software to support 

FM systems, provide one single source for digital facility information to overcome 

interoperability issue between BIM and FM systems and between FM systems 

themselves, and accordingly to enhance facilities information management practice. 

This research provides evidence that traditional data sources can be aligned with BIM 

data to support FM systems. One significant advantage of the proposed method is to 

combine the benefits of both traditional data sources and BIM data to support FM 

systems and have the minimum disruption to the existing working processes. 
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1. INTRODUCTION 

 

1.1 Research background  
Among the key challenges that the construction industry is currently facing are the 

efficiency and productivity of its construction project processes during their lifecycle. 

These challenges, along with the owner requirements are becoming the measure of a 

construction project’s success. Currently, owners are more often aware of their 

facilities’ Operation and Maintenance (O&M) requirements and have started to show 

some concerns related to maintainability, accessibility, energy performance and 

sustainability, which all affect the O&M costs (Leeds, 2016; World Economic Forum, 

2016).  Governments in different countries, including the UK, have decided to 

address these challenges and established new strategies. The UK Government 

construction industry strategy, which is a joint strategy between the UK Government 

and the construction industry sector, aims to put the UK construction sector at the 

front of global construction sectors over the forthcoming years (HM Government , 

2013).    

A key priority in this strategy is the use of information management to control the 

estimated project costs, increase efficiency and enable the Government to perform 

as an intelligent client (Cabinet Office, 2012a). This priority is being recognised with 

the government’s BIM strategy (GCCG, 2011), a commitment to fully collaborative 

Building Information Modelling  (BIM) on all centrally procured projects, which 

started in April 2016, and the alignment of the design and construction phases with 

the operation and maintenance phases (Cabinet Office, 2012a). 

These initial targets to mandate BIM have evolved in order to achieve an estimated 

reduction in costs of about 33% by 2025 (HM Government , 2013). This target, 

however, does not clarify if cost savings should be made in the initial Capital 

Expenditure (CAPEX) phase, or post-handover, during the Operational Expenditure 

(OPEX) phase. 

It should be taken into consideration that the O&M period of a facility is the longest 

and most expensive phase during its lifecycle, in which it incurs about three times the 

cost of its construction (Fuller, 2010), accounting for 75 – 85% of the total costs spent 

over the building lifecycle (Teicholz, 2004; Bew & Underwood, 2009; Singh, Dana , & 

Przybyla, 2009; Costin, Pradhananga, & Teizer, 2012). Moreover, this phase holds the 
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responsibility for major organisational assets that often form 35 – 50% of its balance 

sheet (Jordani, 2010). Thus, shifting the focus onto using BIM throughout the O&M 

phase makes sense in order to achieve the initial target of cost savings.  

Facilities Management (FM) involves various stakeholders responsible for different 

tasks, ranging from the physical maintenance of facility components (Olomolaiye, 

Liyanage, Egbu, & Kashiwagi, 2004) to space management (Arayici, Onyenobi, & 

Egbu, 2012). It is claimed that using BIM allows owners and facility managers to 

reduce lifecycle costs (Rundell, 2006), increase resource efficiencies (Schuh, Schmitt, 

Kühn, & Hienzsch, 2014) and facilitate information and knowledge management 

about the building’s components and systems during its lifecycle (Motawa & 

Almarshad, 2013). The more accurate and real-time information is available to facility 

managers, the greater the opportunity for the enhancement of processes throughout 

the O&M phase of facility lifecycle. 

However, it seems that owners and facility management practitioners have not thus 

far been interested in using BIM or in investing in finding solutions for the 

interoperability issue between design and construction BIM models and facilities 

management systems (Kiviniemi, 2013). Wetzel & Thabet (2015) suggest that, “With 

all the success that BIM has experienced during the design and construction phase, 

effort to transfer information to the facility lifecycle phase is in its infancy”. There are 

some challenges that still need to be overcome, such as identification of the critical 

information required to be added during the operation and maintenance stage, 

identification of the processes for updating the designed model with as-built 

information, lack of collaboration between stakeholders, and lack of interoperability 

between BIM technologies and facilities management systems. Thus information 

exchange and interoperability remain key challenges in extending the use of BIM 

beyond the design and construction phases (Wetzel & Thabet, 2015).  

1.2 Problem statement and research gaps 
Today’s facilities are ever more sophisticated and the need for available and reliable 

information for O&M activities is vital (Jordani, 2010). The key challenge for facility 

managers is to have real-time accurate and complete information to perform their 

day-to-day activities and to provide their senior management with accurate 

information for the decision-making process (Atkin & Brooks, 2009). Currently, there 

are various technology platforms, data repositories, or databases such as Computer-

Aided Facility Management (CAFM) and Computerized Maintenance Management 
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System (CMMS) that are used for these purposes in different facilities. In most 

current practices, data is extracted from paper construction documents and is re-

entered manually in one of these computerised information systems (Teicholz, 2013). 

Most of the facility information needed to support FM practice is often created and 

accumulated throughout the design and construction phases and is often handed 

over to the owner/ FM teams when the construction is completed, in the form of 

papers and/or electronic copy. However, this late delivery of unstructured 

information causes a serious challenge for owners/FM teams to check and verify 

whether the delivered information includes the required information in order to 

perform FM activities during the O&M phase (Teicholz, 2013; Patacas, Dawood, 

Vukovic, & Kassem, 2015).  

Moreover, the fragmentation in the construction industry and consequent lack of 

communication between project stakeholders at different phases (design, 

construction and O&M) of the facility lifecycle result in much of the information 

being lost between these different phases, resulting in handing over unstructured 

and incomplete information to the owner/FM teams. In the case of the delivered 

information being solely in the form of a paper copy, it remains in the owner/ FM 

team’s storage system until it becomes outdated or damaged. In best case scenario, 

FM teams start to scan the delivered hardcopy documents in order to transfer them 

to a digital format. However, scanning documents does not really mean a digital 

format, since the FM teams cannot update them or conduct any query on this 

scanned database (East, 2007).  

East and Brodt (2007) point out that the owner will have to pay at least three times 

for the handover of the construction information: the first time is when the cost of 

providing this information was embedded in the design and construction costs; the 

second time is when the FM firms are paid to survey the existing facility conditions to 

obtain as-built drawings, while the third time is when the delivered/collected 

information has to be re-entered manually into FM systems  (East & Brodt, 2007).  

The project information handed over to the owner/FM teams is bulky and includes 

many documents such as as-built drawings, specifications, operation and 

maintenance manuals, warranties and guarantees of the installed systems and 

equipment. Processing a large amount of fragmented information to organise and re-

enter them into FM systems is a costly and time-consuming process, resulting in a 
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lengthy period and error-prone process which can be extended for up to six months 

to finalise this task (Gallaher, O’Connor, Dettbarn, & Gilday, 2004; Patacas et al., 

2015). As an example, according to a study conducted by Penn State University, DoD 

& DoD Sandusky Laboratories, University of California, each maintenance work order 

required 75-120 minutes to collect related information to complete that work order.  

If the required information could be made available within 15 minutes to execute this 

work order, the cost savings for the total 6356 work orders per year were estimated 

to be about US $583,316.00 per year, considering the average cost of executing a 

work order is US $ 50.00 per hour (Alevras & Arabia, 2014). 

The National Institute of Standards and Technology (NIST) pointed out in their study 

that two-thirds of the estimated $15.8 billion lost in the U.S. capital facilities industry 

were associated with inadequate interoperability during the O&M phase to cover for 

expenses related to manual information re-entry, information verification, 

redundancy and idle labour time spent in looking for unavailable information 

(Gallaher et al., 2004; Rundell, 2006; Jordani, 2010).  

BIM has been developed to enable a project’s stakeholders during different phases to 

collect, manage, exchange and share the facility’s information during its lifecycle 

(Isikdag, Underwood, & Aouad, 2008). A BIM database includes information about 

the facility’s geometry and its components. Thus, owners/FM teams can minimise 

their share of the cost related to inadequate interoperability by adopting BIM to 

allow for managing the vast complexity and large amount of information generated 

during the facility’s lifecycle to make the information available during the O&M phase 

for the FM team’s use (Rundell, 2006; Azhar, 2011; Becerik-Gerber, Jazizadeh, & 

Calis, 2012; Kassem, Graham, Kelly, Serginson, & Lockley, 2015). 

Although BIM is developing as the main database for a building’s lifecycle, the use of 

BIM in the O&M phase is limited. Becerik-Gerber et al. (2012) conducted interviews 

with FM practitioners to outline the role of BIM in FM. Their study indicates that the 

existing FM information management is being done manually and that integrating 

BIM in FM could leverage FM practice. 

Although BIM is currently recognised by academics and FM practitioners, it is still 

unclear how to efficiently integrate it into FM practice. Moreover, it is still unclear 

what information is needed for the FM teams’ use and how to transfer this 

information from BIM models to FM systems. Issues of information exchange and 
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interoperability need to be addressed in order to facilitate transferring the relevant 

information to FM systems and in order to facilitate BIM implementation in FM 

(Becerik-Gerber et al., 2012; Kassem, et al.,  2015). 

Among many ambiguous issues that need to be cleared up in order to extend BIM 

implementation in FM, interoperability remains the main issue. Interoperability is the 

capability to exchange information among various applications to enable automation 

of information exchange and access and to avoid manual data re-entry. Due to the 

wide variety of BIM and FM platforms, interoperability between these platforms 

remains one of the key challenges in using BIM in FM practice (Arayici, 2015; Ham & 

Golparvar-Fard, 2015; Kassem et al., 2015; Ibrahim, Abanda, Vidalakis, & Woods, 

2016). 

Recently, there have been various attempts to solve the interoperability issue by 

introducing different universal data standards, such as the Industry Foundation 

Classes (IFC) and XML schemas, and structured specifications such as the 

Construction Operations Building Information Exchange (COBie) (Azhar, Khalfan, & 

Maqsood, 2012). However, these attempts still have their inherent limitations. 

Pragmatic strategies for purposeful information exchange among BIM models and 

different FM information systems such as CMMS are required to overcome the 

interoperability challenge. 

Moreover, most of the existing studies related to integrating BIM in FM practice are 

focusing only on the human and organizational issues, and business and legal barriers 

and avoiding the technical barrier (interoperability barrier). However, most of the 

proposed theoretical framework of BIM information exchange for FM use is based on 

the assumption that information can be transferred seamlessly between the various 

BIM and FM systems (Kensek, 2015).  

In conclusion, there are information exchange and interoperability gaps between the 

design and construction phases and O&M phase. Effective and powerful integration 

tools are required so that design, construction and FM professionals can exchange 

information and minimise the facilities’ lifecycle costs. A successful integration of BIM 

in FM demands a proper approach to address the lack of standardised information 

exchange process and the lack of interoperability between BIM and FM systems.  
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1.3 Justification of the research 
Facilities management activities involve various stakeholders over a long-term 

period, which requires an effective and reliable information management system to 

collect, retrieve and share information related to the facility’s geometry and 

components (Motawa & Almarshad, 2013). 

Recent research studies have focused on examining BIM implementation and its 

potential benefits in the O&M phase, including maintenance activities planning and 

energy performance monitoring (Eastman, Teicholz, Sacks, & Liston, 2011; Becerik-

Gerber et al.,  2012; Kelly, Serginson, & Lockley, 2013; Dong, O'Neill, & Li, 2014). BIM 

is acknowledged as a platform for sharing information among various systems, in 

particular during the O&M phase of a facility (Becerik-Gerber et al., 2012; Kelly et al., 

2013; Motawa & Almarshad, 2013). 

BIM is developing as an approach for creating, managing and exchanging a facility’s 

information during its lifecycle (Succar & Sher, 2013). BIM as a data repository, with 

its capabilities for visualising and analysing, can improve the quality and efficiency of 

FM functions (Motamedi, Hammad, & Asen, 2014), and can optimise the lead-time of 

work order execution (Kelly et al., 2013). Moreover, the stored information in BIM 

models allows for continuous improvement in the facility’s lifecycle performance 

(Carbonari, Ashworth, & Stravoravdis, 2015). 

In other words, BIM as a data repository can act as a shared information platform for 

all the phases during the facility’s lifecycle, including the O&M phase. Generally, 

there is an agreement between academics and industry practitioners regarding the 

benefits of BIM for FM and about BIM application areas in FM, which can be 

summarised as being able to locate facility components, create facility digital assets, 

check maintainability, manage facility spaces, and manage emergency plans 

(Eastman et al., 2011; Becerik-Gerber et al., 2012; Kassem et al., 2015). 

Although there is an agreement about BIM’s benefits and application areas in FM, 

owners and FM practitioners are not given enough encouragement to invest in BIM 

implementation in FM practice. According to the survey conducted by Eadie et al. 

(2015), BIM implementation in FM was the lowest rated priority among construction 

industry practitioners (Eadie, Browne, Odeyinka, McKeown, & McNiff, 2015). This is 

evidence that more real-case studies are required to provide a range of evidence for 

owners and FM practitioners to see sufficient benefits or positive returns on 
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investment that can be gained by implementation of BIM in FM (Kiviniemi, 2013). In 

addition, there are some obstacles that still need to be overcome such as (1) 

identifying the critical information required for the FM team’s use, (2) identifying the 

roles and responsibilities for updating BIM models with as-built information, (3) lack 

of collaboration between stakeholders and (4) interoperability between BIM 

technologies and current facilities management systems.  

Recently, research studies have been conducted and BIM-based prototype systems 

have been developed with a focus on one or more of the following research areas: 

(1) generation of as-built BIM models using different technologies, such as 3D laser 

scanning for capturing the geometric data (Larsen, Lattke, Ott, & Winter, 2011; Volk, 

Stengel, & Schultmann, 2014; Woo & Menassa, 2014; Ham & Golparvar-Fard, 2015), 

(2) BIM-based energy tools and BIM-based building performance analysis (Marsh & 

Khan, 2011; Donn, Selkowitz, & Bordass, 2012; Marzouk & Abdelaty, 2014; Woo & 

Menassa, 2014; Ham & Golparvar-Fard, 2015), (3) design assessment on BIM to 

evaluate space management and check maintainability (Liu & Issa, 2014), (4) 

maintenance information/knowledge integration (Lee & Akin, 2011; Lin, Su, & Chen, 

2012; Chen, Hou, & Wang, 2013; Lin & Su, 2013; Motawa & Almarshad, 2013; 

Motamedi, Hammad, & Asen, 2014; Williams G. , Gheisari, Chen, & Irizarry, 2015; 

Yang & Ergan, 2016; Shalabi & Turkan, 2017), and (5) information exchange and 

interoperability (East, Nisbet, & Liebich, 2013; Marzouk & Abdelaty, 2014; Motamedi 

et al., 2014; Woo & Menassa, 2014; Ham & Golparvar-Fard, 2015; Shalabi & Turkan, 

2017).  

Interestingly, the interoperability issue was common to most of those studies and the 

majority identified information management and interoperability as the two main 

areas that need to be improved to allow for seamless data transfer among various 

FM systems (Aljumaili, Tretten, Karim, & Kumar, 2012; Kumar, Parida, Tretten, & 

Karim, 2014) . Moreover, most of the approaches described above assume that data 

can be transferred seamlessly between BIM and FM systems and their focus was 

either on using technologies such as Radio-frequency Identification (RFID) and 

Augmented Reality (AR) with BIM to enhance FM practices, integrating other energy 

management technologies with BIM, or reporting BIM applications and benefits 

through real-world case studies. Very little research was conducted with a focus on 

information exchange and interoperability between BIM and FM systems.  
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In summary, information exchange and interoperability between BIM and FM 

systems are still the main challenges for BIM adoption in FM (Ilter & Ergen, 2015; 

Ibrahim et al., 2016; Shalabi & Turkan, 2017). Therefore, there is need for an 

interoperability solution that allows seamless information exchange between BIM 

and FM systems. Thus, this research aims to develop such an interoperability 

framework for seamless information exchange between BIM and FM systems, in 

which owners and facilities management practitioners can reap the benefits of using 

a reliable information exchange process that efficiently integrates the information 

generated during the design and construction phases to be used during the O&M 

phase, making the facilities management processes and practice more effective and 

efficient. 

1.4 Aim and objectives of the research 
The overarching aim of this research is to develop a flexible integration framework to 

streamline the information exchange process between BIM and FM systems. In order 

to achieve this aim, the following six objectives have been established: 

1. To systematically review the state of BIM implementation in FM; 

2. To analytically explore the current state of BIM implementation in FM practice; 

3. To identify the information requirements of BIM to support FM systems; 

4. To develop and validate the conceptual framework to guide the design of the 

system prototype;  

5. To implement, test and validate a BIM4FM system based on the outcomes of the 

implementation of a real-world case study and potential users’ feedback, and 

6. To address the limitations, recommend the implications of the findings for the 

FM industry, and suggest future research. 

1.5 Research methods  
This research adopted a multistage, sequential, mixed-methods approach in which 

different quantitative and qualitative data collection methods are used to achieve 

the research objectives and answer the research question as shown in Table 1-1. 

However, the research methods are briefly introduced in sections 1.7.1-1.7.5 and 

further detailed and discussed in Chapter 5. 
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1.5.1 Literature review  

A holistic literature review was conducted in the first stage of this research to: 1) 

identify the knowledge gaps that currently exist in BIM-based facilities management, 

2) explore the potential solutions to bridge the identified gaps, and 3) limit the 

research scope. The detailed systematic analysis of the extant literature, research 

trends and research future directions are discussed in Chapter 4.  Another literature 

review was conducted in the second stage of this research to generate a list of 

information requirements of BIM to support FM practice. This included similar 

studies, standards, guidelines and best practices; the review findings are summarised 

and discussed in Chapter 7.  

1.5.2 Quantitative questionnaire surveys  

Quantitative questionnaires were designed to be used in this research at different 

stages: (1) at the first stage of this research, a questionnaire survey was used to 

explore the current state of BIM implementation in FM, as discussed in chapter 6, (2) 

at the second stage of the research a questionnaire survey was used to generate a 

list of specific information requirements of BIM to support FM systems. The findings 

of this stage are explained and discussed in Chapter 7.  

1.5.3 Qualitative interview surveys 

Qualitative semi-structured interviews and a focus group meeting were conducted at 

different stages of this research. At the first stage, 16 semi-structured interviews 

were conducted to generate rich insights into the technical challenges of BIM 

implementation in FM. Details of the interview findings are discussed in Chapter 6. A 

focus group meeting with 12 FM practitioners was conducted in Stage 3 to validate 

the conceptual framework. The findings of the framework validation are discussed in 

Chapter 8. Finally, 10 semi-structured interviews were conducted at Stage 5 to 

validate the system prototype, as presented and discussed in Chapter 10.  
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Table 1-1: Research methodology and design. 

Stage Objectives Method Questions to be answered 

1 To systematically review 
the state of BIM 
implementation in FM  
 

Quantitative bibliometric 
review 

Qualitative content review  

 

What is the current status of 
BIM implementation in FM 
industry?  

How can BIM improve FM 
practice?   

What are the challenges that 
need to be overcome to 
integrate BIM into FM 
practice? 

To analytically explore the 
current state of BIM 
implementation in FM 
practice 

Quantitative questionnaire 
survey 

Qualitative semi-structured 
interviews 

What are the challenges that 
need to be overcome to 
integrate BIM into FM 
practice?   

2 To identify information 
requirements of BIM 
support FM systems 

Literature review 

Qualitative review of 
relevant documents 
(standards, guidelines and 
best practices) 

Quantitative 
questionnaire 

What information is needed 
for BIM to support FM 
systems? 

3 To develop and validate 
the conceptual framework 
to guide the design of the 
system prototype 

Conceptual framework 

Qualitative focus group 
meeting 

How can information be 
exchanged seamlessly 
between BIM and FM systems? 

4 To implement, test and 
validate the system 
prototype based on the 
outcomes of the case 
study implementation 

Waterfall method   

Qualitative case study 
method  

Qualitative semi-structured 
interviews 

How can the proposed 
framework be improved? 

5 To address limitations, 
recommend the 
implications of the 
findings for FM industry, 
and suggest future 
research 

 What are the research 
limitations? 

What are the research 
implications? 

What are the future 
recommendations? 
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1.5.4 Qualitative case study method   

A real case study of the new building of the University of Portsmouth Future 

Technology Centre was used to demonstrate the implementation of the developed 

system prototype, and to test the system functions’ workability. Details of the case 

study implementation are discussed in Chapter 9. 

1.5.5 Software development methodology  

The waterfall method of software development was considered in this research for 

its staged nature. Moreover, the research timeframe (3 years) provided enough time 

to consider a sequential approach, while the research constraints in terms of limited 

resources did not allow concurrent activities and required sequential methods.  

1.6 Research structure  
The research structure was designed to be conducted through five sequential stages, as shown 

in Figure 1-1. The research stages are briefly introduced in sections 1.6.1-1.6.5 and further 

explained and discussed in Chapter 5.  

Stage 1: Exploring the current state of BIM implementation in FM  

This stage comprised a comprehensive and systematic review of extant and relevant literature 

on BIM for FM, as detailed in Chapter 4. Immediately after this review, the formulation of the 

research aim and objectives was carried out, based on the research gaps that were identified 

from the available or published literature or information. In addition, also based on the 

knowledge gained from the literature, the research methodology and appropriate methods 

were designed so that the stated research objectives could be addressed. The details of the 

implementation of the selected methodology and methods are discussed in Chapter 5 as the 

thesis proceeds. The second step of this stage was the exploratory quantitative survey, which 

aimed to explore the current state of BIM implementation in FM with a focus on the current 

challenges. This was followed by a qualitative survey conducted with industry experts to obtain 

deeper insights into the technical challenges related to information exchange and 

interoperability between BIM and FM systems. 

Stage 2: Identifying information requirements of BIM to support FM  

In this stage, the relevant types of information which need to be integrated into the BIM models 

and are required to support FM systems were identified. These information requirements were 

identified by conducting an in-depth review of relevant documents (standards, guidelines, and 

best practices). This list of required information formed the basis of the questionnaire survey 
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which was distributed to FM practitioners. The questionnaire responses were analysed 

statistically in order to draw inferences.  

Stage 3: Developing the conceptual framework  

A conceptual framework to streamline data exchange between BIM and FM systems was 

developed based on the findings of the first two stages. The framework concept was then 

validated through a qualitative focus group meeting with industry practitioners.  

Stage 4: Developing the system prototype  

This stage involved development of a system prototype for data exchange purposes, using a 

waterfall method. This included the development of modules, attributes and refining when 

building the prototype and, finally, testing the prototype using a case study of the Future 

Technology Centre (FTC) of the University of Portsmouth. 

Stage 5: Testing and validating the developed system prototype  

Finally, the last stage comprised validation of the developed system prototype through a series 

of qualitative semi-structured interviews with potential users.  
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Figure 1-1: Research design 
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1.7 Thesis structure  

This section explains the organisation of the body of the thesis and presents the 

pattern that the entire research work takes. The whole thesis consists of 11 main 

chapters, together with references and appendices. These chapters are sequentially 

arranged to represent the five stages of research, as illustrated in Figure 1-2. A brief 

description of each chapter is given to summarise the chapter’s findings.  

Chapter 1: this chapter summarises the background of the research and presented 

the problem statement and discussed the research gaps. This was followed by the 

justification, aim and objectives of the research. In addition, it has outlined the 

research structure, research contribution, and explained the thesis layout.  

Chapters 2 and 3: the second chapter provides an in-depth review of the concept of 

FM and its emergence as a discipline, the rationale for FM and the relevance of FM as 

a non-core support service to organisation business objectives. Furthermore, this 

chapter investigates the FM markets status, and presents the challenges of the global 

and UK FM markets. This chapter concludes with a summary of the current status of 

FM information management systems. The purpose of this critical review is to 

provide an understanding of FM’s current status, with a focus on FM information 

management systems, current practices in managing FM information and available 

technologies. Chapter 3 presents a critical review of the integration between BIM and 

FM by providing an in-depth review of BIM technology implementation in FM 

industry. 

Chapter 3 starts with an overview of BIM in the construction industry, then presents 

various definitions of BIM based on academic and professional viewpoints. The 

chapter then traces the evolution of BIM and barriers to BIM in the AEC/FM industry. 

An overview of global BIM is presented with focus on UK Government BIM initiatives.  

Detailed field applications of BIM in FM are discussed. The benefits of BIM to FM are 

then presented, together with a detailed account of the challenges and risks. BIM 

integration in FM, data exchange approaches and interoperability are also discussed. 

The chapter concludes with a review of previous studies of BIM in FM.  

Chapter 4: presents the findings of the existing literature trends and research future 

directions in the area of BIM implementation in FM. 
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Chapters 5: discusses the research philosophical position, research methodology and 

selected data collection methods. It also presents the research stages with the 

selected methods to achieve the research objectives.   

Chapters 6: presents the findings of the current state of BIM implementation in FM 

through a discussion of the results of the surveys and their analysis.   

Chapter 7: presents findings from the review of the related documents and the 

questionnaire survey conducted with FM practitioners to identify the information 

requirements of BIM to support FM systems.  

Chapter 8: this chapter reports on the development of the conceptual framework for 

the information exchange process between BIM and FM systems and concludes by 

discussing the results of the conceptual framework validation.   

Chapters 9 and 10: these two chapters demonstrate the design development and 

implementation of the system prototype for seamless information exchange 

between BIM and FM systems using a case study to test the system’s workability and 

semi-structured interviews with potential users to validate the system’s usability.  

Chapter 11: this chapter completes the thesis, providing a summary of the work 

including its theoretical and practical contributions, limitations and suggests future 

research, and conclusions drawn from the research.  

The reference list contains all the citations (informative materials) used within the 

thesis. Other relevant, supporting and essential documents, information, materials 

and results are included in the Appendices. 
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Figure 1-2 Thesis structure and its mapping to research objectives  
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1.8 Summary 

The construction industry is highly fragmented and facing serious challenges related 

to low productivity rates and inefficiency in its processes. This has resulted in serious 

attempts to enhance the industry’s performance by minimising the construction 

waste, increasing the productivity in construction and reducing project lifecycle costs. 

The use of BIM proved its capability to enhance construction performance during the 

design and construction phases; however, efforts to use BIM to enhance FM 

performance are still in their infancy. It is believed that BIM can leverage FM 

performance and reduce the costs of the longest and most expensive phase – the 

operation and maintenance phase. To achieve this, information management should 

be considered as a first priority to provide facilities managers with the required 

information to enable them to work efficiently.  BIM as a data pool is a promising 

tool for facilities management teams which can provide them with all required 

information for their day-to-day activities. However, previous studies conducted on 

the integration of BIM into FM practice highlighted many challenges, of which the 

main challenges were information exchange and interoperability between BIM and 

FM systems. There is a limited number of studies on information exchange and 

interoperability; thus, this study aims to propose a solution for the interoperability 

issue by presenting a novel approach to streamlining the information exchange 

process between BIM and FM systems.   
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2 FACILITIES MANAGEMENT 

 

2.1 Chapter overview 
It has been acknowledged that organisations seek to maintain a level of competitive 

advantage in the face of constantly challenging macro environment variables 

(Wiggins, 2014). This has led to the emergence of support services such as Facilities 

Management (FM), to support organisations in achieving their core business 

objectives. However, FM is relatively a young industry that keeps evolving according 

to organisations’ requirements and needs (Cotts, Roper , & Payant, 2010).  

Within this context, this chapter presents a review of FM fundamentals by exploring 

the evolution of FM, and presenting its definitions, scope, categories and delivery 

models. This followed by a review of FM institutions, standards, and its importance 

as an evolving industry. The chapter then presents some quantitative information 

about the global FM market in general and the local UK FM market in particular, and 

then examines the challenges facing the global and local FM markets. Finally, the 

chapter concludes with general insights regarding the existing FM information 

systems and technologies.  

2.2 Evolution of the facilities management industry  
The evolution of FM as an industry has been driven by the realities of the economic, 

political, technological, environmental, social, and legal aspects in various economies 

(Then, 1999; Rondeau, Brown, & Lapides, 2006). According to Wiggins (2014) the US 

Corporation Electronic Data Service was the first to introduce FM in the US workplace 

in the 1960’s, when computers and systems furniture were introduced into the 

workplace. However, the economic crisis in the 1970’s necessitated the need for cost 

cutting due to rising inflation and oil prices (Then, 1999; Rondeau et al., 2006).  

Building capital cost and operational costs became a major concern in investment 

evaluations. Accordingly, building owners and business managers started to think 

about reducing the building operational costs to compete more efficiently in the 

marketplace. This led to the evolutionary management of scarce resources and the 

transition to managing facilities as an asset (RICS, 2018). 
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In the 1980s FM development was geared by the change in the business environment 

which was driven by the advances in IT and the competitiveness against the 

European market (Alexander, 1996). Another factor which geared FM development 

in the 1980s was the emergence of professional institutions, such as International 

Facility Management Association (IFMA), which was established in 1980.  

The focus of FM changed in the 1990s when the added value of productivity and the 

non-manufacturing activities became a concern for many organisations (Price & 

Akhlaghi, 1999), and when new legislation related to employees and the workplace 

was introduced, such as health, safety and environment (HSE) (Booty, 2009; Perry, 

Poidevin, & Wustemann, 2009; Wiggins, 2014). FM started to reshape from being 

support services that focus on managing facilities at low cost to becoming support 

services that focus on minimising operational costs and optimising the facility’s 

performance to support the organisation’s business (Akhlaghi & Tranfield, 1995).  

In the late 1990s, different FM delivery models were developed and the trend 

towards outsourcing FM services increased, supported by FM automation systems. 

Moreover, FM services expanded to cover property and contract management, 

including space planning, relocation management, asset management, and property 

acquisition. A concluding development in the FM sector at that point was the shift 

towards aligning private investors with Public Finance Initiatives (PFIs) and Public 

Private Partnerships (PPPs), which added a new dimension to the FM industry.  

In the early 2000s, organisations started turning to FM providers for Business Process 

Outsourcing (BPO), the value-driven design entered the equation, and 

regional/global FM services’ contracts started to be common at that point. Figure 2-1 

illustrates the industry’s evolution timeline. 

Recently, the focus of FM providers has shifted from operational FM level that 

focuses on cost cuttings toward strategic FM initiatives, as a way to manage facilities 

efficiently at the best value (Andersen & Ankerstjerne, 2012). Furthermore, there is a 

current trend to introduce new technologies to improve the delivered FM services 

(Prodgers, 2014), and to add more strategic value by focusing on new aspects related 

to sustainable workspaces and environmental performance. Moreover, a new trend 

has emerged in both the public and private sectors to adopt the integrated facility 

management delivery model to minimise the number of FM services contracts, 

decrease costs and optimise the FM services’ added-value. Facilities are seen now as 
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not only the place where an organisation’s employees work; they are acknowledged 

as assets that should be maintained to accommodate the organisation’s core 

objectives. 

 

Figure 2-1: FM evolution timeline (Source: ISS White Paper, 2014) 

2.3 Defining facilities management  
Although it is called facilities management in Europe and UK, and facility 

management in the US, both terminologies have the same meaning (EN158112-1, 

2006). The acronym FM is globally acknowledged with its wide range of disciplines, 

thus earning the nickname ‘jack of all trades’ (Tay & Ooi, 2001). According to Tay & 

Ooi, (2001), FM as an industry faced an identity crisis where there was no one 

standard definition, clear role and outlined scope. According to Wiggins (2014), this 

identity crisis resulted from the lack of agreement between FM organisations on the 

standard scope and role for FM. However, Noor & Pitt, (2009), highlight that the 

diversity of FM definitions creates a wide-ranging understanding of what is FM and 

how it operates within organisations. 

Table 2-1 presents several examples of FM definitions collected from different 

authors and professional organisations. It shows how FM definitions evolved from 

defining it as a basic support service that focused on hardware components (e.g. 

equipment, and furniture) at the operational level (Becker, 1990), to a more 

sophisticated support service that includes soft components as well such as human 

management, financial management, physical, information and knowledge 

resources, at both strategic and operational levels (Nutt, 2000). Moreover, Table 2-1 

shows how the industry professional institutions took the FM industry to a higher 

level by defining FM as a multi-disciplinary service that integrates people, place, 
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process and technology to ensure the functionality of the built environment (BIFM, 

2010a; RICS, 2013).  

This diversity in FM definitions created a debate between academics. For example, 

some authors have seen this diversity in FM definitions as an indicator of the 

industry’s immaturity (Tay & Ooi, 2001; Price, 2003; Yiu, 2008). On the other hand, 

the opposing view put forward by other authors, such as Nutt (2000), Grimshaw 

(2003) and Drion, Melissen, & Wood, (2012) considers that this diversity in FM 

definitions signifies that FM is gradually and dynamically evolving.  

However, the definition of FM varies according to the nature of the organisations’ 

business and to the scope of the FM service provider. For example, FM is perceived 

differently from an integrated services provider’s perspective compared to that by a 

single service provider, such as a cleaning service. Moreover, the definition of FM 

varies geographically, based on the country. For example, FM is more service 

operational-oriented in the Netherlands, for example, while in the UK, Germany, and 

Austria it is more technically and strategically oriented (Steenhuizen, Flores-Colen, 

Reitsma, & Branco, 2014).  

Moreover, the definition of FM also varies according to its contribution within the 

organisation: whether it contributes to reduce the operational costs only, or to 

optimise the building space and building systems, reduce operational costs, and 

increase the organisation’s productivity and efficiency (Noor & Pitt, 2009; Barrett & 

Finch, 2014). 

The definitions cited above in Table 2-1 reveal that, as FM has evolved, a more robust 

and coherent meaning has been defining FM with more focus on integrating process, 

people, physical assets, and support services. Thus, having one agreed definition for 

FM is not realistic, as it will be temporarily relevant and then will change according to 

the nature of FM development, in its practice, scope, functions and activities. The 

evolution of the definition of FM, however, also reflects the current challenges facing 

the FM industry related to the orientation of its future development: strategic 

against operational (Grimshaw, 1999), and a non-core support service against a core 

service (Then, 2003).  

In the context of this research, FM is mainly perceived as a multi-disciplinary support 

service where people, place, process and technology are the main provisions that 
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must be managed efficiently to deliver satisfaction to employees and end-users at 

best value to optimise productivity and efficiency to support the organisation’s core 

business. 

Table 2-1: FM Definitions 

Source of definition  Facilities Management Definition 

Becker  (1990) “FM is responsible for co-ordinating all efforts relating to 

planning, design and management of occupied buildings and 

their associated building systems, equipment and furniture to 

enable and enhance the organization’s ability to meet its 

business or programmatic objectives” 

Alexander (1996) “FM is the process by which an organisation ensures that its 

buildings, systems and service support core operations and 

processes as well as contribute to achieving its strategic 

objectives in changing conditions” 

Then (1999) “A practice that concerned with the delivery of the enabling 

workplace environment - the optimum functional space that 

supports the business processes and human resources” 

Nutt (2000) “The primary function of FM is resource management, at 

strategic and operational levels of support. Generic types of 

resource management central to the FM function are the 

management of financial resources, physical resources, human 

resources, and the management of resources of information 

and knowledge” 

Barrett & Baldry (2003) “An integrated approach to maintaining, improving and 

adapting the buildings of an organisation in order to create an 

environment that strongly supports the primary objectives of 

that organisation” 

International Facility 

Management Association (IFMA) 

(n.d) 

“Facility management is a profession that encompasses 

multiple disciplines to ensure functionality of the built 

environment by integrating people, place, process and 

technology” 
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Source of definition  Facilities Management Definition 

European Committee for 

Standardisation (CEN), BS EN 

15221-1:2006, British  Institute of 

Facilities Management (BIFM), 

and EuroFM  (2006) 

“Facilities management is the integration of processes within an 

organisation to maintain and develop the agreed services which 

support and improve the effectiveness of its primary activities" 

Atkin & Brooks (2009) “An integrated approach to operating, maintaining, improving 

and adapting the buildings and infrastructure of an organisation 

in order to create an environment that strongly supports the 

primary objectives of that organisation” 

Wiggins (2010) “The development, co-ordination and management of all non-

core, support services of an organisation together with the 

building, including their systems, plant, IT equipment, fittings 

and furniture, in such a way as to positively assist an 

organisation in achieving its strategic objectives” 

Scupola (2012) “FM is the integration and alignment of the non-core services, 

including those relating to premises, required to operate and 

maintain a business to fully support the core objectives of the 

organisation” 

Royal Institution of Chartered 

Surveyors , (RICS, 2013) 

“The effective management of place and space, integrating an 

organisation’s support infrastructure to deliver services to staff 

and customers at best value whilst enhancing organisational 

performance” 

ISO (41012:2017) “Organizational function which integrates people, place and 

process within the built environment with the purpose of 

improving the quality of life of people and the productivity of 

the core business” 

 

2.4 Scope and role of facilities management  
FM as an industry has emerged as one of the fastest growing sectors over the past 

decade. However, the scope and identity of FM is still fuzzy, as evidenced by the 

definitions which attempt to describe its scope. In fact, FM is a multi-disciplinary 

profession that covers a wide range of different activities, responsibilities and 

knowledge. Alexander (1996) suggests that FM’s scope and role should be defined 
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based on the relationship between the organisation’s core business and facilities, 

which means that there should be a link between the organisation’s success and the 

quality of the supporting services which FM provides to assist organisations in 

achieving their business objectives.  

There have been several attempts to identify FM’s scope and role. Researchers such 

as Nutt, (1993); Preiser, (1995); Nutt & McLennan, (2000); El-Haram & Agapiou, 

(2002) concluded that FM is an umbrella concept, covering a wide range of services, 

from the management of maintenance, financial systems, contracts, real estate, 

health and safety, to domestic service. Barrett & Baldry (2003) categorised FM 

services into four groups:  (1) facility management planning; (2) buildings’ operations 

and maintenance; (3) building construction and real estate, and (4) general office 

administration services. However, Wiggins (2014) categorises FM services into three 

main groups: (1) support services; (2) information services, and (3) building services. 

Pickard, (2012) developed a mind map for facilities management roles, which 

identified the three main functional areas of: (1) management, (2) services, and (3) 

property.  

Recent research such as the study by Mustapa (2013) has extended the scope of FM 

services and categorised FM roles under seven main categories: (1) buildings 

operation and maintenance; (2) business support services; (3) support services; (4) 

information technology and telecommunications; (5) property management; (6) 

environmental management; (6) transport management, and (7) infrastructure. 

Codinhoto et al., (2013), referencing BSI 2007, also presented seven categories for 

FM’s scope and services: (1) health and safety, (2) fire and safety, (3) security, (4) 

maintenance systems, (5) test and inspect, (6) operational and (7) information 

technology.  The review of the academic literature above, is an indication that the FM 

industry is evolving, and that its scope and roles are continuously growing.  

However, as Barrett and Baldry’s (2003) research concluded, there is no one general 

framework for FM’s scope and roles. Many factors are involved in shaping how FM 

operates in each context; these factors are related to location, size of the FM 

organisation, clients and services provided. Wiggins (2014) added other factors 

affecting the way FM operates, such as market-place, culture, mission and vision, real 

estate portfolio, business plans and management structure. 
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Recent attempts led by the industry’s professional institutions set out to identify 

FM’s scope and responsibilities. For example, in 2009, the IFMA conducted a global 

survey among 62 countries, which concluded by listing 11 competencies which assist 

in understanding the scope and role of FM. Each competency provides guidelines on 

the role required for strategic facilities management (IFMA, 2009).  

Another example, issued in 2011 by the European Committee for Standardisation 

(CEN) is found in the facilities management standards BS EN 15221-4 taxonomy, 

which details the FM roles in three main categories: services, management, and real 

estate, as shown in Figure 2-2.  

 

Figure 2-2: Scope and roles of facilities management, based on BS EN 15221-4 

In contrast, the BIFM have developed a framework that generally describes ten 

functional areas with their corresponding components of facilities management 

practice. The main areas focused on:  

(1) Soft components such as: leadership and management, business continuity and 

compliance, strategy and policy development, FM role, business continuity, quality 

management, and customer service,  

(2) Hard components such as: property portfolio management (maintenance 

management, asset management, space management, etc.), sustainability (energy 
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and environmental management), procurement and contract management, financial 

management, and information Technology. 

According to the study conducted by Frost & Sullivan (2017), FM comprises five main service 

spheres as illustrated in Figure 2-3.  

 

Figure 2-3: Definition of FM scope (Source: GlobalFM, 2018) 

Although the attempts of industry institutions and academics have helped in shaping 

FM as a profession, in terms of scope and role, these are still insufficient to formulate 

one holistic understanding which will capture the essence and scope of FM functions. 

This section has provided general insights into the wide spectrum of the scope and 

role of FM which show how the FM industry is maturing by shifting from an 

operational role to a more sophisticated strategic role to support organisations in 

maintaining high levels of competitive advantage and eventually achieving their core 

business objectives.  
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2.5 Categories and delivery models of facilities management  
FM is now acknowledged as an essential service that supports the organisation’s core 

business by sustaining and managing its work environment. FM services can be 

categorised into two main categories, namely soft and hard FM services. Hinks, et al. 

(2003) distinguishes the two categories by classifying FM services related to the 

management and maintenance of property as hard FM, while soft FM refers to 

support services. Similarly, Olomolaiye et al.  (2004) defines soft FM as the people 

involved in FM services and hard FM as the technological issues in FM. The 

Government Soft Landing (GSL) breaks down FM services in two categories: hard FM, 

which is concerned with the facility’s physical fabric such as maintenance and repair, 

or mechanical and electrical, and soft FM, which is concerned with the delivery of 

services such as cleaning, reception, catering, and security (Government Soft 

Landings,  2013).  

Providing these soft and hard services has led to the development of procurement 

strategies and models (Paz & Viriyavadhana, 1995; Carter & Little, 2007). These 

include in-house FM departments, a single outsourced FM provider, a large multi-

service FM provider, or a bundled outsourced model of the full range of hard and soft 

services (BIFM, 2010a). Choosing a service delivery model differs from organisation 

to organisation; it depends on the individual organisations’ policy, and the nature of 

the building and services required (Ancarani & Capaldo, 2005). 

According to Barrett and Baldry (2003) there are three main delivery models for FM 

services:  

Outsourcing delivery model: the economic situation and cost cutting pressures have 

forced large organisations to shift to a strategic model of outsourcing non-core 

operations to focus more on their core businesses to create and add value to their 

operations (Barrett & Baldry, 2003; Atkin & Brooks, 2009). Strategic outsourcing 

focuses on long-term core business requirements and aims to reduce mainly the 

annual operational cost without compromising the quality of FM services provided 

(Rondeau et al., 2006). Thus, the outsourcing model has become a dominant strategy 

in many organisations.  

In-house delivery model: in contrast to outsourcing, the in-house delivery model 

focuses on the facility occupier’s satisfaction by providing FM personnel residing 

within the organisation for immediate response to an occurring problem (Payne & 
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Rees, 1999; Atkin & Brooks, 2009). This model relies on having an expert FM team to 

resolve problems, perform routine maintenance and sustain a safe and efficient 

environment.  

Mixed economy delivery model: in this delivery model, 20% - 80% of FM services are 

usually outsourced and the remaining services, related to reactive or routine 

maintenance, are retained in-house (Barrett & Baldry, 2003). 

Today, the FM industry has developed to provide added value for organisations, as 

success is increasingly measured by the FM delivery approach and the number of FM 

service contracts. Moreover, transfer of risk to the FM provider has become more 

common, and valued by customers, given increasing regulations regarding labour 

conditions and compliance.  FM providers have developed software to give real-time 

data to customers about their assets (such as cost and performance). 

The FM delivery model is further evolving in the public sector with joint ventures 

becoming more common. With the steady economic pressure, local authorities are 

considering more alternative models that enable collaboration while ensuring cost 

savings. 

However, this is not a simple evolution in an uncertain market environment, there 

are benefits to keeping services in-house, bundling them, or using a TFM provider, 

depending on the business priorities.  

2.6 Institutionalisation of facilities management  
FM has grown rapidly since the 1980s and gained a foothold as a distinct discipline 

within the construction industry. The introduction of the formal FM education 

programme and the establishment of the international and national professional 

institutions were evidence of FM’s rapid pace development. The FM educational 

institutional development started when the Centre for Facilities Management (CFM) 

was founded in 1992 at the University of Strathclyde in Glasgow. Later CFM moved to 

the University of Salford to provide accredited courses in FM. The establishment of 

similar institutions was seen in Europe during the 1990s. This development of an 

educational base has been essential in the development of FM knowledge (Waheed 

& Fernie, 2009). 

In the US, the first FM professional body was the National Facilities Management 

Association (NFMA), which was founded in the 1980s. It is known now as the 
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International Facility Management Association (IFMA), and has expanded globally as 

the leading and well-recognized international association for FM professionals, now 

supporting over 24,000 members in 104 countries (IFMA, n.d).  

In Europe, the first national associations were established in 1993; for example, the 

Institute of Workplace and Facilities Management (BIFM) was established in the UK 

and now supports over 17,000 members around the world. The mission of the BIFM 

is to develop the FM profession through developing various stakeholders and 

Government relationships (BIFM, n.d.). In the same period, the European Facility 

Management Network (EuroFM) was established to network over 23 national 

associations based in 27 countries, in order for them to share knowledge and best 

practice guidelines. The national associations work jointly with a value that exceeds 

650 billion Euros within the largest FM market in the world (EuroFM, n.d).  

Other global associations include the Global Facility Management Association (Global 

FM), which was founded in 2000 as a worldwide federation of organisations with its 

main aim to improve the FM industry by sharing the knowledge and expertise of its 

members through networking (GlobalFM, n.d.). Other national FM associations 

include the Facility Management Association of Australia (FMA), which was founded 

in 1988 to represent both FM public and private sectors in Australia, with the main 

aim to encourage the continual growth of academic knowledge and promotion of the 

FM industry through the wider community (FMA, n.d.). 

This institutionalisation of FM, both academically and professionally, has meant that 

the FM industry has seen a rapid pace of development since the 1990s. FM education 

through higher education institutes and knowledge exchange encouraged by 

international associations such as the BIFM and IFMA, has supported FM 

professionals in developing skills to meet the requirements of the multidisciplinary 

FM field.  

2.7 The need for facilities management 
Apart from the theoretical debate regarding the definition of FM and its evolutionary 

history, it is also essential to understand the need for FM. Operations and 

Maintenance (O&M) includes a wide range of activities that the FM team undertake 

to ensure that facilities continue to perform their intended functions as designed and 

constructed. Operations cover all activities required to provide a healthy work 

environment, while maintenance activities take care of facility equipment to avoid 
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any functional failure. As the O&M phase is the longest in the facility’s lifecycle, the 

major costs are accordingly incurred during this phase. These facts support the vital 

need to manage facilities in an efficient way.  

The industry has seen this debate renewed with the recent increasing economic 

pressure to reduce the operational costs of public facilities, and the increasing 

pressure of the requirements of the new sophisticated facilities and work 

environment. These factors all work together to drive a new trend in the FM industry, 

to work more in terms of a wider range of services with the focus on the added value 

of FM delivered services to promote more productive work environments for a lesser 

profit margin for the FM providers. The following subsections go into more detail 

regarding the significant financial role of FM, along with its main role as a business 

enabler.   

2.7.1 Added-value in facilities management  

FM is acknowledged as a business function that can be essential to the organisation’s 

core business and its competitive advantage, if aligned with the organisation’s core 

business objectives (Drion et al., 2012).  Some researchers have supported the 

concept of the added value of FM to the organisation’s core business. For example, 

Goulet (1999) pointed out that the efficient physical resources management in 

organisations can considerably affect the organisation’s profitability.  

Other researchers, such as O’Roarty (2001) and Gibson & Davis-Blake (2001), have 

pointed out that FM adds value to the core business by keeping the business 

adaptive and flexible. Drake (2002) and Allard & Barber (2003) also point out that, by 

integrating IT, real estate and human resources, FM adds value to business by 

delivering an efficient work environment. Rabianski (2007) added that space 

utilisation and location decisions made by FM can positively affect the quality of the 

work environment, which is a substantial added value to the core business.  

On the other hand, some researchers have focused more on a ‘greener’ concept, i.e., 

how FM can benefit the organisation through sustainable initiatives that bring 

savings and increase property value (Reed & Wilkinson, 2005), or increase the quality 

of the work environment (Smith & Pitt, 2009).  

While many authors have discussed the added value of FM for an organisation’s core 

business, some researchers, such as Spencer & Hinks (2007), do not see enough 



CHAPTER 2 | FACILITIES MANAGEMENT 

31 

evidence to substantiate FM’s direct contribution to the business value. However, 

Barrett (2000) and Smith & Jackson (2000) warned that the lack of linkage between 

FM strategies and the core business activities would result in missing opportunities to 

add value. Regardless of these different positions concerning FM’s direct 

contribution to the business value, FM as a practice is seen as a support service 

industry, where its main role is to contribute in value-adding activities that enhance 

the effectiveness of the core business (EN 15222-1:2006).  

In conclusion it can be said that FM contributes to the business value on a day-to-day 

level, by considering the employees’ health, safety and welfare, and providing an 

effective work environment, which is vital to the organisation’s business 

performance, regardless of its size or its scope of work (Edum-Fotwe, Egbu, & Gibb, 

2003; Wiggins, 2014), and also contributes to achieving organisational strategic and 

tactical objectives at the corporate level (Atkin & Brooks, 2000; Featherstone & 

Baldry, 2000). However, FM’s contribution to the core business value tends to be 

indirect and hard to quantify; hence, the lack of evidence to link FM’s contribution 

with business value.  

2.7.2 The financial significance of facilities management   

As discussed earlier, the FM industry has developed from its metamorphic state of 

maintenance and janitorial service for most organisations to a multi-disciplinary non-

core support service, managing all business operations, including the human 

resource management and information technology (Alexander, 1992a; Price & 

Akhlaghi, 1999; Pitt & Hinks, 2001). The development of FM as an industry has 

evolved from the increasing economic pressures surrounding construction projects 

(Shohet & Lavy, 2004). As a result, organisations started to realise that they had to 

improve work productivity and reduce the operational costs to maintain their 

competitive advantage (Edum-Fotwe et al., 2003).   

To clarify this, the cost of facilities related expenses represents (for most corporate 

organisations) the second largest operating cost after the personnel cost (Brandt, 

1994; RICS, 2013). Furthermore, the facilities themselves generally represent the 

largest capital assets for most corporate organisations. Figure 2-4 shows the 

distribution of typical organisational assets, as estimated by Brandt (1994).  
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Figure 2-4: Distribution of total assets costs for a typical corporate organisation (Source: 
Brandt, 1994)  

These estimates were backed by Alexander (1996), who stated that "Facilities are an 

organisation's second largest expense and can account for as much as 15% of 

turnover" and that "they are also the largest item on the balance sheet, typically over 

25% of all fixed assets". These figures represent the financial importance of FM’s 

function as an asset forming a large portion of any organisation’s balance sheet. 

Contrary to the general impression of business outsiders, the initial building costs 

(the design and construction costs) represent a maximum of 15-20 percent of the 

cumulative cost of the facility’s life cycle. The remaining 80-85 percent goes to the 

O&M costs of the facility during its life cycle. (Teicholz, 2004); ISO 15686-5: 2008). 

In addition, some researchers have studied the effect of building O&M costs on total 

construction and development costs. For example, Nesje (2002), examined the FM 

expenses of a hospital building in Norway and revealed that the total costs of 

cleaning, maintenance, and energy formed one third of the total operational costs. 

Another study, conducted by Mustapa (2004), backed up this conclusion and 

provided similar findings related to the healthcare support services’ operational costs 

in Malaysia. The study revealed that the total maintenance costs represented two 

fifths of the total average operational costs. Figure 2-5 illustrates the distribution of 

costs in a typical construction development. The total cost of O&M (operating, 

occupancy, energy and maintenance costs) accounts for almost two thirds of the 

total development costs. Figure 2-5 shows how the total costs of O&M services 

account for more than the initial costs of construction.  
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Figure 2-5: The distribution of the total cost of construction development (Source: VM-
Academy, 2011) 

According to Lee, An, & Yu, (2012), the cost of a facility lifecycle is five to seven times 

more than the initial investment costs, and at least three times more than the 

construction cost as reported by BIMTaskGroup (2013).  In summary, facilities 

represent a large part of any organisation's assets and expenses, yet FM is not usually 

recognised in the same manner as other aspects of an organisation are. 

Having reviewed the significant financial value of facilities, it is important to have a 

separate management strategy, focusing solely on the needs and objectives of the 

facility life cycle. This will reduce costs at the O&M level and bring more satisfaction 

to stakeholders. As shown earlier, it has become clear that O&M costs comprise a 

significant portion of the cost of the facility over its life cycle. Having a critical 

management strategy at this level based on real-time knowledge of the condition of 

facility components has elevated facilities management from a position where it had 

not even been recognised by some organisations to a strategically important 

professional role.  

2.7.3 The strategic role of facilities management as a business enabler 

Organisations carry out their core businesses from facilities that form one of their 

greatest corporate assets, after staff, and represent one of their largest operational 

costs. Due to the significant financial value of facilities, FM is often compelled to cut 

costs without being able to clarify the consequences for the core business of the 

organisation (e.g. loss of productivity or satisfaction).  

This traditional view of FM has started to change gradually and, as a result, FM has 

become more strategic in nature. Where, previously, the main focus was to create a 
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cost-effective functional work environment, the current focus has changed toward 

creating a functional work environment that supports productivity and fully aligns 

with the organisation core values and business objectives. Not only does FM provide 

support for the organisation and its employees, it also provides specific added value 

to the core business and becomes a more strategic partner in the organisation. Thus, 

as stated by Alexander & Brown (2006), FM has developed to focus on core business 

objectives and to support senior management in making strategic decisions. 

It can be said that FM’s strategic role is now more obvious, in particular where FM 

provides support for senior management in formulating business strategies, planning 

organisational activities, making strategic decisions, managing resources, improving 

business value, safeguarding business assets, and ensuring corporate compliance. To 

achieve this, a mutual understanding between the FM and organisational personnel 

is vital to bridge the gap between support services and core business (RICS, 2017).  

In conclusion, FM is now acting as a business enabler that supports organisations not 

only in their day-to-day operation, but also supports their core business continuity 

and objectives in the short and long term. FM’s strategic role contributes to the 

business success and offers added value by supporting the delivery of competitive 

advantage.   

2.8 The global market for facilities management  
The FM sector represents a considerable portion of the wider economy.  A recent 

study conducted by GlobalFM estimated the total global FM market value to be 

worth US $ 1.15 trillion in 2017 (GlobalFM, 2018). The study shows that North 

America and Europe are the most mature markets for FM outsourcing and IFM 

adoption and this is due to the increased demand for services integration and the 

inclusion of value-add services.  

As shown in Figure 2-6, Asia-Pacific stands out in terms of growth potential in FM 

services, due to the great demand for outsourcing and the availability of 

comprehensive solutions. In developing markets, growth is still generally connected 

with demand from multinational organisations. However, the Middle East had 

experienced the highest growth compared to the 2015 report, followed by Asia-

Pacific. Although, the US and Europe remain the most mature markets for 

outsourcing FM, services due to the high demand on the integrated outsourcing 

services, the challenge to keep healthy profit margins for market participants is 
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expected to continue due to the highly competitive market of outsourced FM and 

pricing pressures.  The FM industry in the US is expected to grow on the back of a 

booming construction industry, which is expected to reach US $ 953 billion in 2020 

(GlobalFM, 2018). 

 

Figure 2-6: The aggregate FM global market (Source: GlobalFM, 2018) 

The need for smart technology in the workspace and data security are the main 

concerns of the FM market in the US. The Scandinavian region is one of the most 

open and attractive markets for FM in Europe, with increasing interest in the 

integrated FM services. However, the UK remains the most mature and competitive 

FM market in Europe. While a rapid growth of both in-house and outsourced FM 

markets has been noticed recently in Africa, the outsourced FM market growth has 

been hampered by the lack of skilled FM professionals and lack of standardisation 

(GlobalFM, 2018).   

In Australia, the intensely competitive FM market is developing steadily, while the 

integrated form of FM is gaining traction. Moreover, the focus on green and 

environmental services in the FM market is growing increasingly. Hong Kong is 

considered one of the largest and most mature FM markets in Asia, due to its legacy 

as a free market outpost and its role as a leading global financial centre. The focus on 

energy efficiency and green FM is expanding rapidly in the Hong Kong FM market, 

with a tendency to outsource FM services (GlobalFM, 2018).   
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Overall, the global FM outsourcing market is forecast to surpass US $1 trillion by 

2025, including bundled and integrated services that are expected to account for 35% 

share of its global revenue (GlobalFM, 2018)..  

2.9 UK facilities management market  
The UK has the largest outsourced FM market and IFM market in Europe (GlobalFM, 

2018). The FM sector represents a large portion of the UK wider economy. The 

potential market for FM is estimated to be £ 121.8 billion (BIFM, 2017). An analysis of 

the facilities management industry conducted by the BIFM official magazine ‘FM 

World’, suggests that the contribution of the FM sector could be up to 8% of the UK’s 

GDP (Gross Domestic Product). According to BIFM, the UK’s facilities management 

sector is widely accepted by academics as being the most mature and competitive in 

Europe, with a value estimated to reach at least £139 billion by 2021. This growth has 

largely been attributed to the sector embracing shifts in contracting towards TFM 

deals that are seeing FM providers becoming ever more embedded in the operations 

of their clients (Facilities Management Business Confidence Monitor, 2017; FM World 

2017). 

Due to the market’s maturity, revenue growth is now slowing, with new 

opportunities becoming more limited. FM demands are increasingly focused on more 

specialised services. These include IT, energy and environmental management, and 

other opportunities not traditionally covered by FM providers. This has resulted in 

increasing price competition and the client’s procurement practice has started to 

trend as “more for less”.  Many practitioners in the FM sector believe that 

technology and the Internet of Things (IoT) are most likely to shape the market in the 

years to come, as they offer progressive operators and their end users the ability to 

offer far greater efficiency in terms of total FM, and could prove to be the root of the 

sector’s next big leap forward (FM World, 2017). 

A report issued by BDO expounded how FM is evolving from a “people” business to a 

“people and data” business, where “relationships are becoming more strategic and 

less transactional, which presents opportunities for investment to innovate and drive 

change”. BDO adds that “Green was a mega-trend of the last ten years and while it 

will continue to be important, there will be a shift towards data analytics and 

intelligent and connected products (FM World, 2017). The BDO report in 2018 affirms 

these trends and reports that current themes proving to be popular include 
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workplace design and workplace optimisation, increased interest in sustainability and 

energy management, as well as growing demand for data gathering, analysis, and 

reporting (BDO, 2018).  

2.10 Opportunities and challenges   
Based on the previous discussions related to FM’s definitions, scope and role, it is 

apparent that FM is still progressing and evolving as a distinguishable industry. In the 

light of the continuous expansion of FM roles, facility managers today are required to 

fully comprehend the organisation's core business and to support the bottom line 

through operational cost cuttings, productivity improvements and overall 

organisational image promotion for both insiders and outsiders.  

There are many challenges facing the global FM industry today. According to the 

most recent study conducted by GlobalFM, in 2018, FM is becoming more critical to 

businesses due to changes in the workplace culture, the tangible benefits of 

outsourcing, and demand for technical skills and industry know-how. Frost & Sullivan 

(2017) forecast the trends expected to have an impact on FM global market, as 

shown in Figure 2-7  

 

Figure 2-7: Trends for the Global FM Industry based on Forst & Sullivan (2017) study 

According to Frost & Sullivan, in order for IFM organisations to thrive in the highly 

competitive current market, they need to embrace key market trends, including:  

• Cloud-hosted analytics to enable remote management for technical services 

and preventive maintenance;  
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• New business models, such as anything-as-a-Service (XaaS) models, which 

rely on technology utilisation to enable shifting from CAPEX to OPEX;  

• Social and demographic changes, such as workforce change management to 

increase value creation, and  technology; and  

• Industry megatrends, such as BIM, Internet of Things (IoT), augmented 

reality, artificial intelligence (AI), and intelligent robots to transform FM 

services in terms of service delivery options and customer behaviour. 

A previous study conducted by GlobalFM (2016) identified the main challenges which 

have an impact on FM as workplace challenges, choice of new buildings versus 

retrofit, integrated FM services, OHS (Occupational Health and Safety) and reporting 

requirements, change management, information systems management, the need for 

central access to information, mobility solutions, innovation, and the demand for 

cost-effective solutions (See Figure 2-8).   

     

Figure 2-8: Challenges for the Global FM Industry (Source: GlobalFM, 2016) 

A survey of 500 professionals conducted by the FM software provider Service Works 

Group (SWG) in association with the Facilities Show in the UK, found that most the 

important challenge facing the FM industry in 2016 was considered to be the use of 

technology: according to 27% of the respondents.. This was followed by meeting new 

legislation and compliance (21%), energy management, (16%), professionalisation 

(standards and qualifications), at 15%, and building client/provider relationships, also 

at 15% (SWG, 2017). 
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While these trends represent challenges, they also offer opportunities to change the 

way FM is perceived. The focus on cloud services and data analytics can enable FM 

providers to provide predictive analytics to mitigate any risk related to the facility’s 

performance. New trends in technology such as BIM and AR allow real-time data 

capture, sharing, and visualising, which subsequently allows the FM team to track 

their workforce and measure productivity.  

2.11 Information technologies  
Over the last few decades, the scope of FM has both evolved and become more 

complex. FM’s role, that at one time entailed mainly operating and maintaining 

individual facilities, has now evolved to include other responsibilities such as health 

and safety, code compliance and energy and sustainability management. As the 

scope and responsibilities of FM have increased, the supporting information 

technologies have too. Currently, there is a wide-range of FM information 

technologies available to support the day-to-day activities of FM (Whittaker, 2017). 

Since the late 1980's, FM technologies have been established to automate FM 

information collection and to provide the FM team with the tools to track, plan, 

manage, and report on facilities information. These technologies enable decision 

makers to automate many of the data-intensive FM functions and accordingly results 

in continuous cost savings and improved utilisation of facilities throughout their 

entire life cycle (NRC, 2008). 

There is no ideal FM information system suitable for all conditions to meet the 

specific demands of the FM team. However, FM information technologies continue 

to evolve at a rapid pace. Even the basic Computerized Maintenance Management 

Systems (CMMS) continues to add functional modules to enhance capabilities. 

Furthermore, the use of handheld technologies that seamlessly interface with FM 

information systems continues to expand (Whittaker, 2017). 

2.11.1 Facilities management systems  

FM technologies consist of a variety of software applications and information sources 

that may include object-oriented database systems, Computerized Maintenance 

Management Systems (CMMS), Integrated Workplace Management Systems (IWMS), 

and also Project Delivery Systems, CAD systems, Revit, Building Information Models 
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(BIM), as well as interfaces to other systems such as Building Automation Systems 

(BAS) and Enterprise Resource Planning (ERP) applications (Whittaker, 2017). 

Today most systems are web-based and provide a host of features, including 

facilities-related scheduling and analysis capabilities. Data may be collected from a 

variety of sources through technology interfaces or human transfer processes and 

may be stored, retrieved, and analysed from a single data-store (Whittaker, 2017). 

The generally accepted terminology commonly used to describe the various types of 

FM information technologies is presented as follows: 

Computerised Maintenance Management Systems (CMMS): CMMS is a 

conventional software that is used to support FM teams in scheduling and recording 

operations and preventive/planned maintenance activities associated with the 

facility’s equipment. CMMS also supports the FM team in prioritising work orders and 

in planning for periodic/preventive maintenance. Moreover, all historical recorded 

information related to work order execution is loaded into the CMMS database for 

future planning and control (Vanier, 2001). Although CMMS has the potential to 

increase the efficiency of the FM team and serve as a maintenance history database, 

more than 50% of CMMS implementation fails to achieve its purpose (Berger, 2009). 

Computer-Aided Facility Management (CAFM) Systems: CAFM systems were 

traditionally software applications that included core CMMS functionality and 

incorporated CAD- or GIS-based spatial management capabilities. They were 

generally used to manage building space allocation, and space planning, in addition 

to the basic WO processes. Today, this class of software has expanded to include 

more FM functionality and is now generally referred to as integrated workplace 

management systems (IWMS) (Lee et al., 2013). 

Integrated Workplace Management Systems (IWMS): The term IWMS refers to FM 

information systems with the broadest functionality to support real estate and FM 

requirements. Effectively, IWMS have evolved from CAFM systems and can 

encompass the entire life cycle of the facility, from design to construction and 

operations. IWMS are enterprise class software platforms that integrate five key 

functional domains within a single hosted database. The functional domains typically 

include: maintenance management, space management and planning, real estate 



CHAPTER 2 | FACILITIES MANAGEMENT 

41 

and lease management, project portfolio management, and environmental 

sustainability (Clarke & D'arjuzon, 2019). 

Building Automation System (BAS): This is a software package used to automatically 

monitor and control mechanical equipment, including heating, ventilating and air-

conditioning (HVAC), lighting, and other systems through a building management 

system (BMS) or building automation system (BAS) (Elmualim & Pelumi-Johnson, 

2009). It is a computer-driven system programmed to control mechanical equipment. 

It is also called the building control system and energy management system (EMS) 

(Marinakis, Karakosta, H.Doukas, Androulaki, & Psarras, 2013). 

Enterprise Resource Planning (ERP): ERP is a software package used as financial 

management system to manage organisations’ business processes and automate 

other functions related to facility services, technology, financial management and 

human resources management (Lee et al., 2013). 

2.11.2 Challenges related to facilities management systems  

FM information systems are developed to streamline facility workflow processes, 

provide data for facilities decision making, and to help measure FM performance 

(Whittaker, 2014). Although FM information systems have the capability to deliver 

significant benefits to businesses, there are several challenges facing the FM team in 

successfully utilising these systems. Aziz, Nawawi, & Ariff, (2016) emphasise that the 

quality of information entered into FM information systems is a key factor in utilising 

these systems successfully. According to Whittaker (2014), the majority of FM 

information systems implementations either fail or lead to solutions that are 

underutilised. The most common reasons for these systems failing to meet the FM 

team’s needs include the following: 

• Lack of understanding of what FM team wants to get out of the system prior to 

implementation 

• Lack of clear expected outcomes of performance measures  

• Poor definition and application of data standards 

• Lack of clear system configuration standards to enable reporting of the desired 

KPIs 

• Poorly defined information exchanges or application interface requirements 

• Lack of understanding of the resources required to implement and maintain the 

technology and data 
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• Lack of training of FM teams on workflow processes aligned with the software 

standard operating procedures 

• Lack of training of FM teams on managing critical data and consistency in 

workflow processes. 

The challenge for FM teams is to overcome these failure points by focusing on these 

aims: identifying the system application goals and objectives, developing realistic 

outcomes for performance measures, establishment of consistent and holistic data 

standards, appropriate software configuration to allow analytics and reporting, and 

development and training on data capture and maintenance and consistent workflow 

processes (Whittaker, 2014).  

In addition to the challenge of overcoming the above failure points, the main 

challenge that needs to be overcome is related to the lack of interoperability among 

the different FM information systems.  

2.12 Chapter summary 
This chapter has presented a general review and the theoretical background of 

facilities management. It is apparent that FM is an evolving industry which will be 

continuously developing in terms of its scope, responsibilities and service delivery 

approach. Although FM is a young industry, it has been recognised as a business 

enabler that supports organisations’ core business and increases the efficiency of 

business environments.  

The review also showed how the FM industry’s value is growing in the global market 

and is expected to grow further in the coming years. The common global trends 

affecting FM have also been discussed in this chapter, with emphasis on the future 

opportunities. The review concluded with general insights regarding the use of FM 

technologies and information systems and highlighted on the current challenges of 

using these systems. The following chapter provides a general review of the Building 

Information Modelling (BIM).  
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3 BUILDING INFORMATION MODELLING 

 

3.1 Chapter overview  

The implementation of Building Information Modelling (BIM) in facilities 

management (FM) has recently increased considerably amongst the construction 

industry practitioners. This has been mainly due to the recognised capabilities of BIM 

in capturing, collecting, and generating information through the facility’s lifecycle. 

However, information exchange and interoperability between FM and BIM 

technologies are still a key challenge.  

The purpose of this chapter is to present an overview of BIM in the construction 

industry, then presents various definitions of BIM based on academic and 

professional viewpoints. The chapter then traces the evolution of BIM and barriers to 

BIM in the AEC/FM (Architecture, Engineering, Construction and Facilities 

Management) industry. An overview of global BIM is presented with focus on UK 

Government BIM initiative.  Detailed field applications of BIM in FM are discussed. 

The benefits of BIM to FM are then presented with detailed challenges and risks. BIM 

integration in FM, data exchange approaches and interoperability are also discussed.  

3.2 Introduction  
The construction industry has been remarked for its complex process of producing a 

unique product delivered by the collaboration of a multi-disciplinary team who work 

under temporary relationships within a fragmented industry (Aapaoja, Herrala, 

Pekuri, & Haapasalo, 2013). However, the nature of the industry’s traditional 

practices has created conflicts, a lack of focus on clients’ requirements, poor 

collaboration, and eventually failure to satisfy clients’ requirements (Akintan & 

Morledge, 2013).  

Over time, construction industry practitioners started to realise that effective 

collaboration and communication are essential to overcome many challenges, which 

include efficiency, productivity, quality, infrastructure value, high lifecycle costs, 

sustainability, lead times and repetitive works (Arayici et al., 2011). To address all 

these challenges, the operating environment of the AEC/FM industry started to 

undertake serious changes, supported by information technology innovations, 
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environmental sustainability principles, collaboration and integration among its 

different stakeholders to enhance the value of the industry (Aapaoja et al., 2013).  

The need to improve value in the construction industry encouraged the evolution of 

new construction technologies, such as Building Information Modelling (BIM), which 

was seen as a catalyst for a collaborative process (Hannele, et al., 2012). BIM has 

emerged to encourage collaboration and communication through its capabilities in 

3D visualisation, data sharing and exchange between different phases, and various 

stakeholders during the project lifecycle (Godager, 2011; Hijazi & Aziz, 2013). 

The emergence of BIM has not only changed the way buildings are designed, 

constructed, maintained and managed, but also the way buildings perform. BIM with 

its capability as a data repository can enhance collaboration and communication 

between project stakeholders.  

In order to understand how BIM can play this significant role, Figure 3-1 (a) shows 

the traditional document-centric approach with its complicated information-sharing 

system, which usually causes project information loss and communication errors 

resulting in redundant effort and the time needed to re-enter information at least 

seven times in various systems before delivering the building to the FM team. In 

contrast, Figure 3-1 (b) represents the “BIM centric information approach”, where 

BIM acts as a platform that gathers all the project’s stakeholders and enables them 

to easily communicate and share building information using a common language and 

a central data repository (Sjogren & Kvarsvik, 2007). 

In a few words, BIM is a technology with an associated set of processes that allows 

digital information to be created that is coordinated and consistent for any facility. 

Furthermore, parametric nature of the information supports design decisions, 

improves the quality of construction documents, allows cost estimation, construction 

planning, and prediction of building performance (Eastman et al., 2011; Azhar, 2011). 

Figure 3-1:  (a) Document centric vs. (b) Information centric (Source: Sjogren & Kvarsvik, 2007) 

Traditionally BIM has been used for the design and construction phases, with owners 

now realizing it has potential for further use after the project’s completion (Korpela, 

Miettinen, Salmikivi, & Ihalainen, 2015; Azhar, 2011; Kelly et al., 2013). Khemlani 

(2011) points out that BIM can be extended to be used during the O&M phase, as all 

building information that has been created during the design and construction 

phases can be delivered in a digital form to owners and FM teams at the building 

handover stage (Khemlani, 2011). 
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(a) (b) 

Figure 3-1: (a) Document centric vs. (b) Information centric (Source: Sjogren & Kvarsvik, 2007) 

Figure 3-2 clarifies this concept and shows how BIM can be utilized during the 

facility’s lifecycle, starting from the design phase and ending with the demolition. 

BIM can transfer information from one phase to the next one seamlessly, retaining 

its consistency and accuracy (buildingSMART, 2011). Although BIM implementation 

has proved its success in the design and construction phases, its implementation in 

the FM processes is more complicated in comparison with its use in the design and 

construction phases. BIM offers valuable information that is collected and stored as 

the model is being created and can be used in several phases during planning, design 

and construction stages of the facility. 

 

Figure 3-2: Lifecycle Information View (Source: buildingSMART, 2011) 
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Extending the use of BIM to support FM practices has the potential to minimise and 

simplify the required FM information collection, since a major part of this 

information has already been collected and stored in the model during the design 

and construction phases (Nawari, 2012). However, the AEC/FM industry has shown 

less interest around the use of BIM for FM. The potential benefits for leveraging BIM 

for FM are compelling, but the use of BIM in FM is falling behind its implementation 

in the design and construction phases (Akcamete, Liu, Akinci, & Garrett, 2011; Liu & 

Issa, 2012). 

3.3 Definitions of BIM 
Definitions of BIM vary, since different sectors of the AEC/FM industry have different 

knowledge and different needs for BIM. There have been several interpretations of 

BIM and most of them refer to a change the in construction management process 

(Eastman et al., 2011; Ashworth, 2012; British Standards Institute, 2013). However, 

although there is no universally accepted definition of BIM, most sources reveal a 

similar theme (Liu, Van Nederveen, & Hertogh, 2017). 

For example, according to the Associated General Contractors guide (AGC), BIM is an 

approach to support the design phase through “a data-rich, object-oriented, 

intelligent and parametric digital representation of the facility that allows views and 

data appropriate to various users' needs to be extracted and analysed to generate 

information, which can be helpful in making decisions and improve the process of 

delivering the facility" (AGC, 2006, p. 3).  

Other researchers view BIM as a tool that virtually simulates the project 

construction. Eastman et al., for example, view BIM as "an accurate virtual model of a 

building that is digitally constructed, and that model contains precise geometry and 

relevant data needed to support the construction, fabrication and procurement 

activities required to realize the building" (Eastman, Teicholz, Sacks, & Liston, 2008, 

p.8). Other researchers and professionals view BIM as a digital representation of a 

facility that serves as a shared knowledge source during its lifecycle. For example, the 

National BIM Standard (NBIMS) views BIM as: "A digital representation of physical 

and functional characteristics of a facility” (NBIMS, 2007, p. 21). In other words, BIM 

is a modelling technology that is used to simulate an actual project. While, McGraw-

Hill construction and buildingSMART definitions focus on the importance of BIM as a 
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shared knowledge resource for facility information that supports decisions 

throughout the facility’s lifecycle (McGraw Hill Construction, 2010). 

Demian & Walters (2014) defined BIM as “a comprehensive accumulation of 

information (including documents) about the design, construction and operation of a 

building, anchored to a geometric (2D/3D) model of the building (as such a model 

emerges)” (Demian & Walters, 2014). 

Bringing the definitions back to the UK context, the public sector has a general 

understanding of BIM and envisions it as “a collaborative way of working, 

underpinned by digital technologies which unlock more efficient methods of 

designing, creating and maintaining our assets. BIM embeds key product and asset 

data and a 3-dimensional computer model that can be used for effective 

management of information throughout a project lifecycle – from earliest concept 

through to operation” (HM Government, 2013, p.3). 

Even though most BIM definitions make reference to a digital or technological 

process, Eastman et al. (2011) point out that BIM is not just a technology, it is also a 

set of process that supports information management. Eastman et al. (2011) define 

BIM as ‘‘a new approach to design, construction and facility management, in which 

digital representation of the building process is used to facilitate the exchange and 

interoperability of information in digital format” (Eastman et al., 2011, p.11). 

Based on the above mentioned definitions, the essence of BIM embraces a project’s 

digital representations, and a shared lifecycle information database and knowledge, 

to support stakeholder’s decisions at different stages of a facility’s lifecycle (Eastman 

et al., 2011). Furthermore, BIM should have universal open standards that support 

interoperability, to facilitate data exchange among various formats and platforms.  

In conclusion, BIM has a wider scope beyond any individual interpretation.  BIM can 

be considered as “a set of interacting policies, processes and technologies” creating a 

“methodology” to manage the project’s digital data throughout the facility's lifecycle 

(Succar, 2009). NBIMS (2007) developed three categories to describe the scope of 

BIM’s work: (1) BIM as a product, which includes the intelligent digital 

representations of facility data; (2) BIM as a collaborative tool, which enables 

automated process and information exchange; and (3) BIM as a facility management 

tool that enables a structured form of information exchange. Thus, BIM acts as a 
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facilitator of data sharing and exchange between different software applications and 

systems. 

For the purpose of this research, Eastman’s (2011) definition, which considers BIM as 

an “approach” that can be used to facilitate “data exchange and interoperability of 

information” is chosen, due to its relevance to this research, which focuses on the 

real value of BIM to exchange data and facilitate interoperability of information 

across different phases of a facility’s lifecycle. 

3.4 Evolution of BIM  
While many industries continued to develop new techniques and technologies such 

as manifesting industry, the construction industry confined itself for long time to the 

traditional techniques. Only two decades ago when the industry realised that the 

situation needed to change and introduced BIM as a new technology. BIM had been 

established under different names such as the “building product model” for over 40 

years. The earlier phase of BIM as a concept was proposed by Professor Chuck 

Eastman at the Georgia Institute of Technology in the 1970’s. In this stage, the 

concept of BIM emerged as the result of the appearance of computer software 

products supporting modelling for building design. However, at this time, progress 

toward BIM was restricted, due to the high initial cost and the dominant success of 

Computer Aided Design (CAD) (Eastman et al., 2011). However, 3D-modelling 

gradually developed as an object-oriented tool until the 2000’s, when a more 

integrated approach to Building Information Modelling became possible through new 

technologies, improved availability of data and the increasing use of cloud-based 

common data environments (Eastman et al., 2011; Latiffi, Mohd, & Brahim, 2013; 

Volk et al., 2014; Talamo & Bonanomi, 2016).  

Historically, BIM has been used as an effective tool for architects and engineers in the 

design phase to support design activities such as detecting clashes, quantification, 

and visualization (Volk et al., 2014).  BIM development then expanded to the 

construction phase, when BIM utilisation started to focus on both design and 

construction activities, such as architectural and structural design, detailing, 

programming and cost planning, construction planning, progress tracking and on-site 

safety (Azhar, 2011).  

Realising the huge benefits of BIM in both the design and construction phases, 

governments across the world have initiated BIM mandates promoting the use of 
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BIM to improve the construction industry’s productivity and performance 

(SmartMarket Report, 2014). These initiatives encouraged the industry to adopt BIM 

in its practice, in which the maturity level of BIM evolved to a higher level. Recent 

trends show that interest in utilisation of BIM expanded beyond the design and 

construction phases, to focus more on the operation and maintenance phase 

(Eastman et al., 2011; Talamo & Bonanomi, 2016). 

3.5 Global BIM mandates and adoption  
As BIM implementation has grown across the world, governments have started to 

show more interest in using BIM to minimise risks and maximize the benefits of their 

construction projects. Therefore, in the last few years, BIM has been promoted by 

several governments or even mandated as a compulsory requirement for public 

construction projects (Kelly et al., 2013; Farmer, 2016). An overview of Global BIM 

adoption is shown in Figure 3-3.  

Following the “2013 EU Procurement Directive”, which supports BIM adoption, and 

the European Commission recommendation to use BIM in public construction 

projects, many countries across Europe have shown a specific interest in BIM 

recently. 

Governments around the world, such as in the UK, Scandinavian countries, Hong 

Kong and South Korea have acknowledged the inefficiencies causing a decline in the 

value of their construction industry and have either recommended or mandated BIM 

implementation to address the declining rate of productivity. For example, Denmark 

and Finland have required BIM implementation in all public projects since 2007 

(Smith, 2014; Wu, Yang, & Fan, 2014) and Norway followed suit, requiring the use of 

BIM in all public projects from 2010 (Wu et al., 2014). BIM has reached its most 

advanced maturity of implementation in Finland (Sawhney, 2014). Globally, the U.S 

remains the leader in terms of adoption of BIM (Sawhney, 2014). The General 

Services Administration (GSA) formulated the National 3D-4D Programme in 2003, 

which mandated BIM adoption for Public Building Services. In 2007, the GSA 

mandated the use of BIM for validation of projects for all of their projects, essentially 

leading to an obligation to employ BIM for governmental projects from 2008 

onwards. A McGraw-Hill survey in 2014 revealed that the levels of BIM adoption in 

the USA increased from 28% in 2007 to 55% in 2013, and to 79% in 2015 (McGraw-

Hill, 2014).  
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Figure 3-3: Overview of Global BIM adoption (Source: CADENAS, 2017) 

Apart from North America, followed by the generally very active North-west 

European countries, the Middle Eastern and South East Asian countries are 

considered to be at the forefront of BIM usage. Dubai, for example, requires BIM in 

the development of buildings higher than 40 storeys, for facilities or buildings that 

exceed 25,000 m² or for all governmental projects, such as hospitals, universities or 

similar buildings (Sielker & Allmendinger, 2018).  

A recently published report on the “Global BIM Market: Size, Trends and Forecasts 

(2016-2020)” revealed that the BIM market is accelerating globally and expected to 

reach approximately US $8 billion by 2020, at a compound annual growth rate of 13% 

between 2015 and 2020 (Daedal, 2016). A more recent survey conducted by National 

Building Specification (NBS) in the UK (2016) reported that BIM adoption in the UK 

increased from 13% in 2011 to 54% in 2016 amongst construction industry 

participants. Although this decade has seen the rise of BIM implementation, BIM still 

seems to be approached differently, and its level of implementation varies among 

these countries (NBS, National BIM library, 2016). The approaches of BIM 

implementation are extremely diverse and opinions towards what is to be considered 

as successful BIM implementation vary even more (Sielker & Allmendinger, 2018). 

This diversity has initiated the need for global and national BIM standards in order to 

lift the development of BIM standards up towards an international level (Smith, 

2014). Accordingly, the European Commission started a BIM task group (EUBIM) that 
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aims to deliver a European network and bring together the various national efforts, 

with the main aim to align various BIM implementation approaches for a digital 

construction industry (EUBIM, n.d). The main outcome of this group was a handbook 

which serves as a BIM guideline to public authorities.  In October 2016 the EU, in 

addition, adopted the so-called buildingSMART international standards in an attempt 

to align BIM implementation approaches to one general approach across EU 

countries (Sielker & Allmendinger, 2018). 

3.6 United Kingdom BIM mandate 
The United Kingdom aims to transform the UK into a BIM world-leading nation within 

a relatively short time frame. The ambitious programme started in 2011 with the UK 

Government Construction Strategy. As of April 2016, the UK Government mandated 

the use of BIM Level 2 and Government Soft Landings (GSL) for all its public projects 

(Cabinet-Office, 2013; Smith, 2014).  Level 2 BIM requires that all parties use their 

own 3D-CAD models, but do not necessarily work on a shared single model: design 

information can be shared through a Common Data Environment (CDE) to enable all 

different parties to combine that data with their own to create the federated BIM 

model. The drawing software must be capable of exporting to one of the common 

file formats (i.e. Industry Foundation Class IFC or Construction Operations Building 

information exchange (COBie) (NBS, 2015). The main aim behind the Level 2 BIM 

mandate was to obtain the full value of the public sector construction projects 

(Government-Construction-Strategy, 2011) and to achieve Level 3 BIM. Figure 3-4 

illustrates BIM’s four levels, measured by the Bew-Richards’ maturity wedge. 

 

Figure 3-4: BIM maturity levels (Source: Government Construction Strategy, 2011) 
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A Level 3 BIM standard (which is also known as Open BIM), requires that all parties 

work on a single, centralised, shared model for better collaboration and 

coordination, and to eliminate all risks related to information conflicts (NBS, National 

BIM Library, 2015).  The BIM maturity levels represented in Figure 3-4 are also used 

to identify the infrastructure requirements at each level. The ‘Strategic Plan’ for 

achieving Level 3-BIM has lately been set out in ‘Digital Built Britain’ (HM 

Government, 2015). This plan stated that the industry’s management processes and 

procurement systems have to change to achieve more a collaborative environment, 

leading to a collaborative computerised construction industry by 2025 (HM 

Government, 2015). The main importance of BIM Level 3 is the concept of ‘asset life 

cycle management’ which focuses on built asset management across its operational 

phase (Sawhney, 2014).  

The main purpose of the Government roadmap was the GSL approach, which 

outlines a process to ensure that the development of BIM adoption will continue to 

support FM practice in future. The UK government’s GSL, is a set of principles 

championed by the Building Services Research and Information Association (BSRIA) 

to enhance the facility’s operational performance, delivered through a framework of 

activities tailored to each project (BSI, 2013b; NBS, 2014). To achieve this requires 

utilising BIM capabilities in visualisation, and the early involvement of the FM team 

to consider carefully their operational requirements in order to maintain operational 

costs. The GSL focuses on four different areas:  

1. Functionality and Effectiveness: to meet the end-users’ requirements in terms 

of effective and productive work environments; 

2. Environmental: To meet the Government target to increase energy efficiency, 

and reduce water usage and waste production; 

3. Facilities Management: to manage the facility operations effectively in terms 

of reducing the operational costs, and 

4. Commissioning, Training and Handover: to meet the end-users’ requirements.  

In order to support the Level 2 BIM mandate, the UK Government has published 

relevant frameworks and guidelines (a number of Public Accessible Specifications 

(PAS) and British Standards (BS) to provide the best practice in project lifecycle 

information management (Barnes & Davies, 2015; McAuley, Hore, West, & Rowland, 

2013). These include BS 8210:2012, which is a guide to facilities maintenance 

management; PAS 1192-2:2013 (BSI, 2013b), which provide specific guidance for the 
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information management requirements associated with projects delivered using 

BIM; PAS 1192–3:2014, which are information management specifications for an 

asset’s operational phase using BIM. These guidelines and specifications combine 

with the first set of asset management international standards: BS 55000 (ISO 2014) 

which is considered the main international document for establishing conformity in 

FM, and PAS 55:2008 published by BSI and ISO 55001 and ISO 55002, which cover 

maintenance management. Figure 3-5 illustrates the relationship between the asset 

management (BS 55000) and the asset information management specifications (PAS 

1192-2 and PAS 1192-3) where the organisation need to decide whether the 

modifications, replacement or enhancement of an asset falls within the scope pf PAS 

1192-2 or PAS 1192-3. There are three different entry points to the malformation 

management process set out in PAS 1192-2 and PAS 1192-3, and these are cross 

reference to the stage numbers shown in green in Figure 3-5. Stage 7 and n 

correspond to operations and end of life in PAS 1192-3, stage 6 corresponds to 

handover and close-out in PAS 1192-3, and stage 0 corresponds to strategy in 

response to a major works in PAS 1192-2.  

 

Figure 3-5: Relationship between asset management guidelines, PAS 1192-2 and PAS 1192-3 
(Source: BIM-Task-Group, 2014) 

The latest standards of BS 1192-4:2014 were issued to define a methodology for the 

transfer of structured information between parties related to facilities, including 

buildings and infrastructure (Parn, Edwards, & Sing, 2017) while PAS 1192-5:2015 

provides guidance on security management protocol creation and information 

security requirements, and PAS 1192-6: 2018 provides specification for collaborative 

sharing and use of structured Health and Safety information using BIM    

(BIMTaskgroup, n.d.). 
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Figure 3-6 illustrates a timeline overview of the most important UK and international 

standards governing FM, along with the major developments in FM and BIM 

documentation in the UK. 

The Construction Industry Council (CIC) has also issued guidelines for BIM best 

practice in order to facilitate BIM implementation. Other guidelines have been issued 

to identify the requirements of each phase in terms of the level of detail: the 

“Employer Information Requirements (EIR)”, to define the supplier’s practice for 

delivering the project using BIM and “the pre and post BIM Execution plan (BEP)”. 

Most of the issued standards for the Level 2 BIM are information standards, while the 

latest standard listed above, BS 1192-4:2014 (BSI, 2014), is an information exchange 

format where the Construction Operations Building information exchange (COBie) is 

outlined as a schema for structured information exchange (BSI,  2014b). 

 

Figure 3-6: Development of BIM and FM standards (Source: Pärn et al., 2017) 

3.7 BIM integration in facilities management practice  
Facilities management encompasses a group of multi-disciplinary practitioners from 

independent disciplines who are working together to optimise the performance of 

the building’s functions while ensuring it meets end-user’s needs (Atkin & Brooks, 

2009; Becerik-Gerber et al., 2012). FM functions rely on an extensive range of data 

and information which are usually fragmented between various disciplines. Alvarez-
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Romero (2014) summarizes the traditional handover process in which the FM team 

have often been provided with hardcopy and electronic forms of O&M manuals. 

Usually these documents are provided several months after completion of the 

facility’s construction and may also need substantial effort and time to integrate such 

information into FM information systems.  

Traditionally, FM information is managed by dispersed information systems (e.g. 

CMMS, CAFM, BAS), in which data have to be re-entered many times for each FM 

information system, individually, and are not synchronised between systems, 

resulting in error-prone, inconsistent data, and consuming time and effort in the 

process (Becerik-Gerber et al., 2012).  

BIM technologies and processes facilitate FM information management throughout 

the facility’s lifecycle phases. BIM can be used as a single source of accurate and up-

to-date FM information, which is an opportunity for the FM team to reduce the 

cumbersome and error-prone data-entry process, and accordingly minimise facility 

information loss during its lifecycle (Eastman et al., 2011; Al-Shalabi & Turkan, 2015). 

Figure 3-7 shows how BIM integration with FM can reduce costs by providing more 

accurate and complete data ready for the use of the FM team, and improve the 

performance of FM practices by providing an accessible bank of FM data. Moreover, 

data collected through BIM can be integrated with FM applications (Teicholz, 2013).  

 

Figure 3-7: Main benefits that can achieved from BIM-FM integration (Source: Teichloz, 2013) 

In a few words, BIM, with its capabilities, can act as a data pool during the facility 

lifecycle, including the O&M phase. However, some research has contradicted this 

position and concluded that the value of integrating BIM in FM is considered to be 
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marginal, due to a lack of alignment between BIM embedded data and FM required 

data (Bosch, Volker, & Koutamanis, 2015). This view resonates with the conclusions 

of Kassem et al., (2015), who concede that BIM-FM integration represents a major 

challenge. 

However, there are some actual case studies showing the tangible benefits of 

integrating BIM in FM. One of the earliest efforts to use BIM for FM was in the IFC-

model-based Operations and Maintenance of Building (ifc-mbOMB) project (Nisbet, 

2008). In this project, a college building was designed using BIM and an IFC schema to 

capture the required FM information. The FM information was then transferred to 

the Maximo data structure (FM information system). The outcome of this project 

provided the base for the development of COBie.  

Another early exemplar was the Sydney Opera House case study, where integrating 

BIM in FM showed the different applications of BIM in FM and underlined the need 

for changing the business processes and workflows. The project identified the key 

barrier to integrating BIM in FM, which was the lack of IFC standard support by FM 

tools (CRC, 2007; Eastman et al., 2011). A recent implementation of BIM for FM is the 

Manchester Town Hall Complex project (Codinhoto, et al., 2013). The project 

identified the lack of awareness of BIM potential in FM and the lack of guidelines for 

BIM implementation in FM as key challenges. Another case study of using BIM for FM 

is the existing Northumbria University campus buildings, where many challenges 

facing BIM in FM applications were identified. 

Other examples are the studies conducted by Dempsey (2009), and Ding et.al (2009) 

which revealed that there was a 98% reduction in time and effort when creating and 

updating the FM database using BIM. Moreover, the School of Cinematic Arts at the 

University of Southern California (USC) may well be the first project that 

implemented BIM throughout the project’s lifecycle in the U.S. (Smith, 2009). This 

project used BIM to monitor the HVAC and electrical systems in the building (Becerik-

Gerber & Rice, 2010). The three major advantages of using BIM in this pilot case 

study were the development of the USC FMS BIM Guidelines, the realization that 

data is more significant than the 3D model for FM, and the creation and use of a 

facilities management portal made information easier to find (Aspurez, et. Al 2013). 

There were three additional “most important lessons learned”: New processes don’t 

always need new software as existing FM software can be used with the BIM; 
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recommendations for practices and standards are influenced by what each player 

already uses, hence all key stakeholders should be consulted; and BIM FM requires 

“new processes, new technologies, and new lines of communication” (Aspurez, et. Al 

2013). Finally, the General Services Administration (GSA) and NASA are joining 

together to integrate BIM for FM at the NASA Langley Research Center. The overall 

objective of this project is to test if the integration between BIM and CMMS is 

possible and valuable (Kasprzak & Dubler, 2012). NASA and GSA were able to observe 

the deficiencies of information management process in outlining information 

requirements using COBie standards, and as a result improved the contractual 

requirements to make them more detailed while utilizing open standards.  

The overall aim of integrating BIM for FM was not to add an additional information 

system but to support the standardisation of data delivery, define data ownership, 

and facilitate data accessibility (Sabol, 2013). However, developing technologies and 

processes to fully integrate BIM with FM applications and data repositories will be an 

ongoing challenge.  
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3.8 BIM application areas in facilities management  
BIM offers significant potential for supporting FM practice. The following summary is 

based on research reported in previous studies detailing several potential application 

fields of BIM in FM, as listed in Table 3-1.  

Table 3-1: FM related BIM application fields identified in previous studies  

Application Field (a) (b) (c) (d) (e) (f) (g) (h) (i) 

Locating building components  ■  ■  ■  ■ ■ 

Facilitating real-time data access ■ ■ ■ ■ ■ ■ ■ ■ ■ 

Visualization and marketing  ■       ■ 

Checking maintainability  ■ ■     ■ ■ 

Creating and updating digital 

assets 
         

Space management  ■ ■     ■ ■ 

Planning and feasibility studies   ■ ■     ■ ■ 

Emergency management  ■ ■  ■    ■ 

Controlling and monitoring energy  ■ ■      ■ 

Personnel training and 

development 
 ■       ■ 

(a) Burcin, Farrokh, Nan, & Gulben, (2011); (b) Su, Lee, & Lin, (2011); (c) Arayici et al.,  (2012); 

(d) Becerik-Gerber et al., (2012); (e) Costin et al., (2012); (f) Wang et al.,  (2013); (g) Lin, Su, & 

Chen, (2014); (h) Codinhoto & Kiviniemi, (2014); (i) Fillingham, Gulliver, & Nikolic, (2015). 

 

 Locating building components: locating building components and equipment is a 

repetitive, time and labour consuming task for FM teams. Usually the FM team 

depends on hard copies of documents or on their experience to analyse the 

problem situation (East et al.,  2013). A BIM model can be utilised to visualise the 

location of equipment and link the items to their related data.  In addition 

integrating BIM with the FM database helps in providing the equipment’s 

maintenance history to better diagnose the problem. Moreover, safety, security 

and productivity could be enhanced by the real-time components being located 
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through the utilisation of a BIM model and Radio Frequency Identification (RFID) 

technology (Costin et al., 2012). Lin et al. (2014) proposed the use of a barcode-

based system to locate different building components.  

 Facilitating real-time data access: In order to perform accurate maintenance 

activities, FM teams need the availability of an accessible database. BIM allows 

effective and immediate access to a unified database, in which the data, along 

with the knowledge obtained during the operation and maintenance phase, could 

be used to establish a knowledge management database. Motawa & Almarshad 

(2013) incorporated the Case-Based Reasoning (CBR) technique with BIM and 

proposed a knowledge-based system to support O&M activities. For effective 

maintenance schedules, Motamedi et al. (2014) applied failure-cause detection 

patterns based on knowledge-assisted and BIM-enabled visual analytics. 

 Visualization and marketing: BIM provides a more reliable method of visualising 

for the FM team, which enables them to conduct a what-if analysis and 

accordingly improve decision making. In addition, the benefits of rendering tools 

and walk-through options have the potential to support marketing by creating 

images for the interior spaces and furniture which will have a great influence on 

the customers. 

 Checking maintainability: BIM can support maintainability studies by addressing 

accessibility issues, such as examining the availability of sufficient access spaces 

for the removal/ replacement of equipment. As suggested by Becerik-Gerber et al. 

(2012), BIM-based maintainability studies are related to the following areas: 

preventive maintenance, accessibility, and sustainability of materials.  

 Creating and updating digital assets: Usually when the project is constructed and 

handed over to the client, digital assets are manually prepared and transferred to 

the FM systems, in which they tend to be error-prone.  BIM offers the opportunity 

to capture, digitise and automatically transfer the required assets’ data efficiently. 

The digital assets include equipment and systems such as manufacturer / vendor 

information, HVAC information, and documents include warranties and 

specifications.  

 Space management: Space management includes assigning spaces, forecasting 

requirements, and streamlining the moving process. The types of required 

information for these activities are related to space descriptions, numbers, 

boundaries, areas, etc. Traditional CAD files were used to present this information, 

in which deficiencies occur. A BIM model can visualise space and host spatial 
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attributes, which helps in recognising underutilized spaces, estimating space 

requirements, conducting space analysis, and tracking assets through multiple 

moves.  

 Planning and feasibility studies for non-capital construction: a building 

continually changes based on the end-user’s requirements and deteriorates due to 

many factors, including the weather; this ends with the need to renovate. A BIM 

model can be used to help with the renovation of a facility. In addition, the 

extracted historical data of the facility, such as materials specifications and cost 

could be used as a reference for the planned work. 

 Emergency management: In the case of an emergency, the most important 

priority is the availability and accessibility of information. BIM can support 

emergency responders in identifying and finding possible emergency problems 

and locating hazards through its graphical interface. A BIM model can also help in 

simulating emergencies to develop a response plan. 

 Controlling and monitoring energy: Usually, energy management systems are 

used to control and monitor a facility’s energy consumption. These systems are 

working individually and not compatible with other FM systems. The BIM model’s 

graphical interface and its linkage to building sensors, metering and sub-metering 

information could allow automated control and real-time monitoring of data.  

Using BIM with an understanding of occupant behaviour can help in applying 

what-if scenarios to analyse and simulate energy systems’ performance. 

 Personnel training and development: Traditionally, training is conducted through 

several methods, including: presentations, site visits, hand-by-hand 

demonstration, and self-study, which is considered a time-consuming process. The 

BIM model can allow trainees to virtually walk through the model and, therefore, 

help them gain a better understanding of assigned zones. 

3.9 The benefits of BIM for facilities management  

AEC/FM practitioners are constantly seeking new technologies and approaches to 

gain competitive advantage in the current challenging economies and competitive 

markets. According to Baladhandayutham & Venkatesh, (2012), AEC/FM has to 

improve its performance efficiency and productivity and to be more client-centred. 

The use of BIM technologies is seen to be a promising tool for the AEC/FM industries 

to enhance their performance and competitiveness. The benefits of utilising BIM in 

the facility lifecycle are well acknowledged. According to Azhar et al. (2012), the 
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essential benefit of utilising BIM in FM is that it delivers accurate information about 

the facility’s spaces, components and systems in which these types of information 

can enhance the efficiency of the FM practices.   

Eastman et al. (2011) identified many benefits of utilising BIM during the O&M 

phase, which are as follows: (1) improving the commissioning and handover process 

of FM data; (2) enhancing FM practices by providing an accessible bank of 

information that can be analysed, exchanged and updated, and (3) integration with 

FM systems through different software packages, such as FM:Interacts and FM: 

Systems.   

Langdon (2012) details a number of benefits of BIM in the FM field, which include; (1) 

creating a FM database automatically using the BIM as-built model; (2) enabling FM 

costing and procurement, and (3) enabling real-time updated facility information to 

be available through updating the BIM as-built model through the facility lifecycle.  

Kasprzak & Dubler (2012) believe that BIM has become a successful tool for handing 

over accurate information which supports FM teams in the decision-making process. 

However, Changyoon, Hynsu, Hongjo, & Hyoungkwan (2013) recommend that for 

successful FM practices, an effective information management of the facility’s 

information needs to be implemented throughout each stage of the facility’s lifecycle 

process. It can be challenging to collect and store facility data and make them 

available to FM systems. This is where BIM has an opportunity to improve FM 

practices, as it enables maintenance information to be accessed and linked to its 

related component, as well as enabling speedy identification of any problem area by 

using BIM’s visualisation capabilities. Codinhoto et al. (2013) point out that BIM 

enables the FM team to perform a what-if analysis technique, which saves effort and 

time spent looking for accurate relevant information. Moreover, Kelly et al. (2013) 

outline the main benefits of integrating BIM in FM, which include: (1) improving the 

information hand-over by providing augmented manual processes; (2) improving the 

FM data accuracy, and (3) enhancing the efficiency of work order performance by 

providing an accessible bank of data which enables quick problem location and 

interventions.  

Other valuable benefits from using BIM in FM are identified by Volk et al. (2014). 

These include: data documentation through the as-built model, quality control, 

energy and space management, assessment and monitoring, emergency 
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management, maintenance of warranty and service information, and the ability to 

continuously update facility information to reduce errors in the renovation process. 

Similarly, Kassem et al. (2015) summarise the benefits of BIM for FM as: 

improvements to current information handover processes; increasing the accuracy of 

FM data; facilitating the accessibility of FM data; and increasing the efficiency of 

work order performance.  

Brinda & Parsanna (2014) list a number of BIM benefits related to various 

stakeholders, who include: 

1. Maintenance workers: the BIM model can reduce redundant field trips to locate 

problems by providing accurate field conditions and relevant maintenance 

information, which can reduce the cost by providing accessible information and 

accordingly prompt responses to work orders; 

2. Building operators: the BIM model can identify and track facility equipment and 

accordingly provide accurate equipment inventories. It can also identify hidden 

facility components, maintain the facility maintenance history, and therefore 

enhance the facility’s performance by enabling an analysis and comparison 

between actual and predicted energy performance, and   

3. Building occupants: the use of the BIM model can increase building occupants’ 

satisfaction by decreasing the time needed for work order response.   

Arayici et al. (2012) articulate similar benefits of using BIM in FM: space planning, 

accurate quantification of assets such as equipment and furniture and avoiding 

interoperability inconsistencies among FM software. In addition, efficient space 

management, the existence of an accurate FM database, and accessible data for 

maintenance are three common reasons for the need for BIM to be better integrated 

with FM (Kensek, 2015). 

The overall purpose of using BIM for FM is to leverage the facility’s information 

system through its lifecycle in order to provide effective and efficient, safe, and 

healthy work environments (Jordani, 2010). Table 3-2 provides an overview of the 

commonly outlined benefits associated with BIM and FM integration.   
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Table 3-2: Overview of commonly outlined benefits associated with BIM and FM integration  

Benefit Application Description 

Enhance FM 

information quality 

Information 

management 

 Enhance information handover process 

 Increase the speed of data retrieval 

 Reduce the error-prone of data entry 

 Reduce time and effort of data entry 

 Provide real-time accessible data; 

 Improve embedded building data 

 Enhance the accuracy of FM data 

 Provide updated database and historical records 

Enhance energy 

systems performance 

Energy 

management  

 Tracking and monitoring of energy performance 

 Energy performance benchmarking  

 Enabling energy analysis and simulation   

Enhance maintenance 

performance   

Maintenance 

management  

 Enhance work order performance 

 Enable what-if analysis to diagnose problems 

 Reduce redundant field trips to locate problems 

 Facilitate maintenance planning and scheduling 

 Checking maintainability 

Enhance space/move 

management  

Space 

management  

 Allocating and managing spaces 

 Enable planning for space and move   

Enhance asset 

inventory management 

Asset 

management  

 Creating and updating digital assets  

Enhance emergency 

response  

Emergency 

management 

 Visualizing emergency routes and planning for 

the optimal solutions 

 Allow hazards to be located efficiently 

 

3.10 The challenges of BIM for facilities management  
The productivity, cost and time reductions, and efficient information exchange 

benefits of BIM are generally accepted in the AEC/FM industry. Yet BIM adoption in 

FM has been much slower than expected (Azhar, Hein, & Sketo, 2008). A survey 

conducted by Becerik-Gerber & Kensek (2010) found “BIM for FM” was the least 

interesting topic for both practitioners and academics. Participants listed a number of 

challenges to account for this, which are: organisation-wide resistance to major 

change, a lack of interoperability among BIM and FM various software package, and 

the lack of real-case studies that support the value of BIM for FM. 
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The outcome of the survey agrees with the conclusions of Wong and Jay (2010) who 

found that even with the growing research interest in BIM, the adoption of BIM has 

been narrowed to specific phases of a facility’s lifecycle. These authors concluded 

after reviewing over fifty BIM research case studies, that there was a lack of interest 

in adopting BIM in post-construction phases. They considered that the limited 

available maintenance budgets and condition of assets are the main challenges.  

According to Azhar (2011) there are two types of challenges facing BIM adoption, 

which can be divided into two broad categories: legal and technical. The first 

challenge is related to the lack of BIM data ownership, responsibility and liability for 

updating the BIM model data to ensure its accuracy, while the second challenge is 

related to interoperability. This claim was backed up by Gu & London (2010) who 

concluded that the lack of processes for updating BIM models with as-built 

information is the main challenge facing BIM adoption in FM.  

Becerik-Gerber et al. (2012) list a number of the technology and process-related 

challenges:  

 Unclear roles and responsibilities for loading data into the model or databases 

and maintaining the model. 

 Diversity in BIM and FM software tools, and interoperability issues. 

 Lack of effective collaboration between project stakeholders for modelling 

and model utilisation. 

 Necessity yet difficulty in software vendor’s involvement, including 

“fragmentation among different vendors, competition, and lack of common 

interests”. 

In addition to technology and process-related challenges, there are organizational 

challenges which include: 

 Cultural barriers toward adopting new technology. 

 Organisation-wide resistance, need for investment in infrastructure, training, 

and new software tools.  

 Undefined fee structures for additional scope; 

 Lack of sufficient legal framework for integrating owners’ view in design and 

construction; 

• Lack of real-world cases and positive proof of return of investment. 
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Arayici et al. (2012) also highlight the lack of evidence on how BIM can support FM 

decision-making process. Aguilar & Ashcraft (2013) mention that BIM adoption in FM 

depends on the understanding of the information management system between 

different stakeholders and suggest this should be clarified and legally controlled. 

Sabol (2013) points out that the overwhelming amount of information in BIM models 

is difficult to be managed, updated and maintained by the FM team.  

Kelly et al. (2013) also listed a number of challenges facing BIM adoption in FM as 

follows: 

 The lack of tangible benefits of BIM in FM despite agreement about the 

potential of BIM in FM; 

 The interoperability between BIM and FM technologies; 

 The lack of clear requirements for the implementation of BIM in FM; 

 The lack of clear roles, responsibilities, contracts and liability framework, and 

• A lack of real-world case studies of BIM applications in FM. 

Liu & Issa (2012) identified another challenge which was related to the lack of 

understanding of the end user’s requirements to improve the business processes.  

According to Volk, et al. (2014) adopting BIM in FM has many challenges and in 

particular in existing facilities which include:  difficulties in capturing existing data, 

modelling uncertain data under changing environmental conditions, and objects’ 

relations in existing buildings.  Kiviniemi & Codinhoto, (2014) found that, unlike its 

acknowledged benefits in the design and construction phases, there is a little hard 

evidence of BIM’s benefits in the operation and maintenance phase.  

Love et al. (2015) discussed the limited application areas of BIM in FM, and suggested 

this is due to the required financial investment, interoperability issues between 

systems, lack of standardised tools and processes and lack of understanding of the 

required data for FM. Kassem et al. (2015) suggest that BIM adoption in FM has been 

too slow compared to other lifecycle phases, due to the lack of real world case 

studies that show BIM’s benefits in FM, the clients’ lack of  awareness and FM 

professional’s lack of skills and understanding.  

Bosch et al. (2015) explain that the added value of using BIM in FM is marginal, due 

to the lack of alignment between people, processes and technologies. One of the 

significant challenges mentioned by Ilter & Ergen (2015) is the level of understanding 
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of the FM team, who should identify the FM required information. Similarly, Kassem 

et al. (2015) also stated that current BIM information for FM was insufficient and 

inaccurate due to the lack of a process that ensures that the model has been updated 

with any changes that have occurred after the design phase.  

Shalabi & Turkan (2017) consider that the main challenges facing BIM adoption in FM 

practices are the “limited awareness of expected BIM benefits for FM among FM 

professionals, lack of data exchange standards, and unproven productivity gains 

illustrated by case studies”. However, Nicał & Wodyński (2016) considered that the 

main barriers that are challenging to deal with are interoperability issues and cultural 

changes.  

Ibrahim et al. (2016) summarised all the challenges identified in the literature that 

are slowing BIM adoption in FM practice and listed them in three main categories, 

which are business and legal, technical, and human and organizational. Table 3-3 

below illustrates these challenges and the barriers.  

This literature review up to now has detailed how BIM can be leveraged in FM 

practices and detailed the challenges and obstacles facing utilisation of BIM in FM. 

There are common challenges that have been presented in most of the research 

literature, which are interoperability and data exchange between BIM and FM 

technologies, lack of clear understanding of the required data for FM day-to-day 

activities and lack of real-world case studies. This research will focus on 

interoperability and the data exchange barrier via a prototype and a real case study.  
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Table 3-3: BIM-FM barriers, challenges and their description (Source: Ibrahim et al., 2016) 

Challenge Barrier  Description 

Perception of BIM  

 

Business, legal Human & 

organizational 

 

Lack of benefits, real world projects 

Lack of proof of positive return on 

investment 

Lack of standards and guidelines 

Fundamental difference 

between project and 

lifecycle management 

Business & legal 

Human & organizational 

Different methodology between BIM & 

FM 

BIM implementation for existing buildings 

Contractual and legal 

Framework 

Business & legal Model contents and required data for FM 

Model ownership and protection of data 

Model exchange format 

Model design liability 

Intellectual property ownership 

Training, roles and 

responsibilities 

Human & organizational Training 

Shortage of skilled BIM-FM employees 

Unclear roles and responsibilities 

Lack of collaboration between 

stakeholders 

Cost  

 

Business & legal 

Human & organizational 

Cost of software and hardware 

Cost of training and BIM consultant 

Cost of hiring new employees 

Interoperability  

 

Technical Diversity between BIM and FM platforms 

Open standard limitations 

Lack of common interest between 

software vendors 
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3.11 Data exchange approaches  
Research on how to link FM and BIM has been conducted to overcome the 

interoperability barrier (Kang & Hong, 2015). Accordingly, different approaches have 

been developed to link BIM and FM, which suggest using one or more of the 

following methods (Ibrahim et al., 2016):  

 Design pattern and application programming interface (API), 

 Web service, 

 Extract, transform & load (ETL) and data warehouse (DW), 

 BIM-based neutral file format, 

 Information delivery manual (IDM) and Model View Definition (MVD). 

As mentioned above, there are different approaches currently being developed for 

linking BIM and FM to overcome the interoperability barrier. The four main 

approaches are based on one or more methods, as illustrated in Table 3-4. 

Table 3-4: BIM-FM linking approaches and corresponding methods to achieve the approach 
(Source: Ibrahim et al., 2016) 

Approach      Methods 

Manually and spreadsheets  ETL & DW 

Industry Foundation Classes (IFC) BIM-based neutral file format 

Construction Operation Building 

information exchange (COBie) 

(1) BIM-based neutral file format,  (2) API, and (3) ETL & DW 

Proprietary Middleware (1) BIM-based neutral file format, (2) API, (3) Web service, (4) 
ETL & DW, and  (5) IDM & MVD 

 

The main four approaches are: 

1. Manually and spread-sheets: where owners are using CAFM and CMMS systems, 

they have two options: either to enter information manually or using customised 

digital spreadsheets that are compatible with the FM systems, including 

information from BIM data and hardcopies of documents (Arayici Y. , Building 

Information Modelling, 2015). However, this approach is time and effort 

consuming.  

2. Industry Foundation Classes (IFC): these were developed by the National BIM 

Standards (NBIMS) buildingSMART, as an open, vendor-neutral and independent 

BIM data repository (Building-SMART-Alliance, 2015). IFC defines building objects 
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including their geometry, properties and, relationships, to support multi-

disciplinary coordination, information-sharing and exchange across IFC-compliant 

applications, and handover of information for analysis and other tasks (Thein, 

2011). IFC is an object-oriented database that enables data sharing (through 

ifcXML and aecXML) to support analysis for heat loss, cooling loads, etc. and/or 

information handover to an FM team.   

IFC has gone through a number of evolutions, the latest version of which is IFC4 

which was issued in 2013 as ISO 16739:2013 (Building-SMART-Alliance, 2015). 

Currently, several BIM software vendors have considered IFC importers/exporters 

within their applications. This allows models to be imported/exported from BIM 

authoring applications (i.e. Autodesk Revit into 5D estimating applications such as 

Exactal CostX (Dhillon, Jethwa, & Rai, 2014).  

Redmon, Hore, Alshawi, & West (2012) claim that true interoperability will only 

be achieved when every software application being used on a project can read 

and write to and from a centralised web-hosted database, thus standardising the 

process of passing information between stakeholders and representing the latest 

information on the project. 

However, IFC does not completely solve the interoperability problem. A number 

of researchers have found that there is a degree of data loss during the 

information exchange using IFC between heterogeneous software applications 

(Eastman et al., 2011; Redmon et al., 2012).  For example, Patacas et al. (2016) 

found geometry errors during the information exchange, while Motamedi et al. 

(2014) found that the exported IFC file of the model does not contain all the 

required logical relationships between the components, spaces, and distribution 

systems, and missing relationships have to be added manually. Other examples 

are presented by Yang & Ergan (2016), who revealed the limitations of IFC’s 

representation for HVAC troubleshooting, and Sampaio & Simões, (2014) who 

claim that the IFC format is not yet fully developed in order to properly 

implement the data exchange between BIM and FM, as they faced a problem in 

retaining the colour added to the model.  

On the other hand, Shalabi & Turkan (2017) provided a schema that integrates 

corrective maintenance data in a 3D-IFC-BIM environment and they did not 

report any problem. Although the IFC schema has geared the interoperability 

progress forward, the model does not provide an adequate condition for accurate 
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interoperability (Sacks, Koskela, Dave, & Owen, 2010). Moreover, some 

applications are still not compatible, directly or indirectly, with IFC (Arayici, 2015). 

3. Construction Operation Building Information Exchange (COBie): this system was 

recently developed to support structured information collection during the design 

and construction phases and handover to the FM team (East et al., 2013). 

Although COBie looks promising for resolving the interoperability barrier between 

the design and construction phases and with the O&M phase (Open-BIM-

Network, 2012) it has not yet reached sufficient maturity to be successful and 

encourage its implementation. COBie “does not provide details on what 

information is to be provided, when and by whom” (East & Carrasquillo-Mangual, 

2013). However, the main problems with COBie is that it is seen as a spreadsheet 

rather than an .xml-based information exchange (John, Tebbit, Wiggett, & 

Mordue, 2013). Apparently, more information is still required by the FM team 

than what COBie can provide. Several studies have shown its capabilities if used 

during the early design and construction phases. For example, Lavy & Jawadekar 

(2014) conducted a study using three case studies where BIM and COBie were 

used. Their study concluded that BIM and COBie should be started earlier in the 

design phase. Although COBie outlines the required information specifications, it 

is static and should be extended by the professionals based on the project’s 

requirements in the FM phase. Furthermore, COBie’s capability related to spatial 

and system decomposition information is limited (Ilter & Ergen, 2015). In addition 

to COBie, there are a number of different information exchange standards under 

development, such as building automation modelling information exchange 

(BAMie), HVAC information exchange (HVACie), electrical system information 

exchange (Sparkie), lifecycle information exchange (LCie), and many others are 

being currently developed (Building-SMART-Alliance, 2015).  

4. Proprietary Middleware: this is a customised computer software provided by a 

single software vendor. This approach enables two independent systems (BIM 

and FM) to interact by providing a single information source and updating 

information systematically. This approach links BIM and FM systems (bi-

directional link) using API, web services, design patterns, and a BIM-based neutral 

file format such as IFC and COBie. However, it is costly, complex, and its 

implementation is fixed during programming in the proprietary middleware 

approach (Kang & Choi, 2015). One of the most effective proprietary middleware 

packages for BIM integration in FM in the real-world market is “Ecodomus”. 
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3.12 Interoperability  
Throughout a facility’s lifecycle, there are different stakeholders, resulting in various 

interactions, which makes the need for interoperability essential (Grilo & Jardim-

Goncalves, 2010). Interoperability is defined as the ability of two or more systems or 

components to manage and exchange information to enable information flow 

automation and avoid the system being error-prone due to manual data re-entry 

(Gallaher et al., 2004; Grilo & Jardim-Goncalves, 2010). In short, interoperability 

enables different vendors to share data within a heterogeneous environment with 

independent parties who share a common data model (Arayici et al., 2011).  

Gallaher et al. (2004) point out that when interoperability problems occur, they form 

a fragmented organisational structure and business process. The estimated cost of 

inadequate interoperability of the U.S capital facilities supply chain in 2002 was $15.8 

billion, where two thirds of this cost was borne by owners and operators. According 

to the U.S. Census Bureau Report 2004b, the value of the capital facilities in the U.S 

in 2002 was over $374 billion. This means that even a small improvement in 

efficiency could achieve substantial economic benefits (See Figures 3-8). 

 

Figure 3-8: Costs (in millions of dollars) of inadequate interoperability (Source: Gallaher et al., 
2004) 

Comparing the associated costs of the O&M phase, it has higher costs than other life-

cycle phases. This is due to the fact that information management and accessibility 

hinder efficient facilities operation. As shown in Figure 3-8, the major costs of 

inadequate interoperability for owners and operators are at the operation and 

maintenance stage, where the major costs of this stage are under the mitigation 

costs, which are usually incurred by owners and operators. Mitigation costs are the 

costs associated with the manual re-entry of information, information verification, 
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and rework due to incorrect information, while avoidance costs are usually incurred 

by general contractors which are the costs associated with the use and maintenance 

of redundant information technology systems (i.e. training, IT support, data transfer 

and sharing).  Quantified delay costs are mainly incurred by owners and operators. 

Inadequate interoperability issues in the capital facilities industry arise from the 

fragmented nature of the construction industry, the traditional practices which 

continue to be paper-based, a lack of standardization, and inconsistent technology 

adoption among stakeholders (Gallaher et al., 2004). 

Interoperability is the key underpinning of BIM, since it enables participants from 

different disciplines who are using different applications of software to share 

information and work collaboratively (Cheung, Chan, & Kajewski, 2012). This 

collaboration cannot be achieved without having accurate and complete information, 

including specification, geometric shape, parametric properties, assembly data and 

the overall design intent (Eastman et al., 2011). 

The AEC/FM industry has recently started looking for solutions to embrace software 

systems that support interoperability; nevertheless, they are lagging behind other 

industries (Shalabi & Turkan, 2017). Furthermore, interoperability between BIM and 

existing FM technologies is one of the main challenges in implementing BIM in FM 

practice and this is due to the diversity between the BIM platforms and the FM 

platforms (Akcamete et al., 2011; Kelly et al., 2013; Ibrahim et al., 2016; Shalabi & 

Turkan, 2017).  

The area of interoperability for BIM and FM is an ever-growing research domain. A 

number of researchers, FM practitioners, professional organizations and software 

vendors are focusing their efforts on overcoming the interoperability challenge by 

introducing a set of universal open data standards, such as the IFC and XML 

schemata, and COBie and its subsets, to facilitate data exchange (Sabol, 2013).  

Although there are a number of solutions currently available which have made the 

BIM for FM process a reality there are still a number of ongoing challenges related to 

extracting information from BIM directly to CAFM systems, lack of interoperability 

between software applications and information overload.  

At present there is no one solution that fits all, and such a solution seems distant. 

Seamless interoperability does not yet exist (Grilo & Jardim-Goncalves, 2010; 
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Akcamete et al., 2011; Hu et al., 2012; Ibrahim et al., 2016). Accordingly, well-

established concrete strategies for the successful data exchange, interoperability and 

integration of the FM required information are required to overcome the 

interoperability problem and provide a seamless data exchange process (Kensek, 

2015; Kassem et al., 2015; Ibrahim et al., 2016).  

3.13 Summary  
Although the need for BIM integration in FM processes and systems has been 

acknowledged by industry practitioners and researchers, BIM is still not being 

successfully used in FM, for many reasons and the most important is interoperability 

issue. The current literature on “BIM for FM” has been analysed in this chapter in 

order to establish the current status and the need for this research.  

The results highlight that most of the studies on “BIM in FM” are focused on BIM 

applications on the FM level, BIM visualisation capability, and studies related to BIM 

applications in maintenance. The trend in research studies shows that the interest in 

BIM for building maintenance is continuously growing. However, research studies 

which focus on streamlining the data exchange process between BIM and FM and 

interoperability between BIM and FM technologies are still very sparse.  

The findings reveal that research tends to focus on a couple of common areas yet 

utilizes diverse approaches and adopts different technologies. Existing research in 

this field can be clustered in the following groups: (1) studies that developed BIM 

frameworks to streamline the existing FM processes and systems, (2) studies that 

developed BIM-based approaches to replace current FM processes to capture, store, 

and retrieve FM data in an efficient manner, and (3) studies that investigated the 

implementation, benefits and barriers of using BIM in FM through existing case 

studies. 

Moreover, the research tends to focus on either integrating sophisticated 

technologies and techniques (i.e. RFID, 2D barcode, MAR, AR, etc.) with BIM and FM 

to support decision making and maintenance activities, or tends to be focused on 

presenting BIM application areas, challenges and benefits in FM. Most of these latter 

studies have acknowledged that data exchange and interoperability between BIM 

and FM technologies is still problematic and pointed out that more research is 

needed to solve the data exchange and interoperability issues between BIM and FM 

applications.  
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Few research studies have focused on the data exchange and interoperability issue 

and developed frameworks for overcoming this challenge, as such studies are 

generally inclined towards being software oriented or establishing theoretical 

procedures. 

Accordingly, in this research a contribution to the interoperability gap between BIM 

and FM technologies is added by developing a framework to streamline information 

exchange between BIMs and FM applications. 
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4 BIM for FM: A LITERATURE REVIEW AND FUTURE RESEARCH 

DIRECTIONS 

 

4.1 Chapter overview 
Although a considerable number of studies on BIM FM have been conducted during 

the past ten years, a lack of consensus remains among academics and practitioners 

concerning the successful and practical information exchange process between BIM 

and FM systems. There is a need to establish an up-to-date synthesis on the current 

status of information exchange and interoperability between BIM and FM systems.  

After an in-depth review of 113 journal articles published from 2008 to 2018, this 

Chapter systematically presents (1) a holistic review and critical reflection on the 

current status of BIM implementation in FM with a focus on information exchange 

and interoperability, (2) research trends and patterns and (3) research gaps and a 

future agenda in this area. Through a bibliometric and content review analysis, this 

Chapter concludes that the process of information exchange between BIM models 

and FM systems is not a straightforward process, as software interoperability 

remains a significant challenge. Bridging this gap requires: (1) a seamless information 

exchange process between BIM and FM systems, (2) holistic guidance for facility 

owners and managers that encapsulates all required information for efficient FM 

operations across all systems and building types, (3) a well-defined information 

quality process that ensures owner/FM needs are considered carefully in BIM 

models, (4) standardized practical processes to integrate different information 

sources related to maintenance management and health & safety management 

tasks, to provide a rich semantic database to support FM systems, (5) a standardized 

process for feedback loops between operations and design phases to provide rich 

actual feedback to support efficient facilities design, and (6) more real-world case 

studies to investigate the current status of BIM implementation in FM. Finally, this 

Chapter contributes in addressing objectives 1 and 2 and laying the foundation for 

the second and third steps of phase one of the research design. 

 



CHAPTER 4 | BIM FOR FM: A LITERATURE REVIEW AND FUTURE RESEARCH DIRECTIONS 

76 

4.2  Introduction  
During the O&M phase, FM teams often spend considerable time and effort 

collecting information from various combinations of electronic data and hardcopy 

documents. There is a 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 $15.8 billion lost in the 

United States capital facilities industry are associated with inadequate 

interoperability during the O&M phase. Losses associated with inadequate 

interoperability result from expenses related to manual data re-entry, data 

verification, redundancy and idle labour time searching for relevant data that is often 

unavailable. Minimizing the impact of interoperability problems requires a seamless 

electronic data exchange to provide FM teams with a comprehensive and accurate 

database (Gallaher et al., 2004). 

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’s capabilities as a data 

conduit. However, in most current practices, where BIM is implemented to support 

FM operations, FM teams do not normally use BIM data models, either because 

these models do not include the required FM data (Sattenini et al., 2011), or because 

FM teams lack understanding of how to transfer information from BIM models to FM 

systems.  This makes the information exchange process between BIM and FM 

operations tedious and overwhelming (Sabol, 2013). There are still technical issues to 

be overcome, mainly standardizing the information exchange process and resolving 

interoperability issues between BIM and FM systems (Shalabi & Turkan, 2017). Both 

Becerik-Gerber et al. (2012) and Wetzel & Thabet (2015) acknowledge that, although 

BIM easily enables data flows between facility’s lifecycle stages, using an 

interoperable data format, data exchange and interoperability between BIM and FM 

systems still remain problematic. This chapter aims to provide a comprehensive 

discussion concerning recent advances in the field of information exchange and 

interoperability between BIM and FM systems.  

Recent reviews of BIM implementation and research approaches in FM either 

covered digitisation in FM, where BIM was presented among other technologies 

(Roberts et al., 2018; Wong et al., 2018); or BIM implementation in FM, where the 

reviews analysed the existing research on BIM for FM and established trends 
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(Edirisinghe et al., 2017). Some of the reviews concentrate on specific aspects of BIM 

implementation in FM such as: BIM for FM with specific focus on refurbishment and 

maintenance (Ilter and Ergen, 2015); energy retrofitting (Sanhudo, et al., 2018), 

knowledge management (GhaffarianHoseini, et al., 2017; Pärn et al., 2017); existing 

buildings (Volk et al., 2014), and as-is BIM model surveys (Lu & Lee, 2017; Bruno et 

al., 2018). Although topics regarding data exchange and interoperability between 

BIM and FM systems were covered in some reviews and identified as a research 

trend (Ilter & Ergen, 2015; Pärn et al.,  2017; Roberts et al., 2018; Sanhudo, et al., 

2018; Wong et al.,  2018), the existing research in this field requires more work to be 

done to investigate the current status of data exchange and interoperability between 

BIM and FM systems and to recommend future work. As there is no specific 

overview, to our knowledge, of data exchange and interoperability between BIM and 

FM systems, we try to close this gap partly with the present contribution. This paper 

aims to address the following objectives: first, to assess the literature in academic 

journals concerning developing data exchange and interoperability between BIM and 

FM systems by mapping trends according to the reviewed articles’ content and 

contribution. Secondly, we aim to map the literature by identifying the research 

focus of each reviewed article and organizing them accordingly in relevant domain 

topics. Thirdly, it is intended to shed the light on the current status of information 

exchange and interoperability between BIM and FM systems and propose a future 

agenda for each domain area. 

4.3  Literature review methodology  
This study analyses and categorizes the existing research on BIM for FM with a focus 

on information exchange and interoperability for the last decade and until 2018 by 

conducting a quantitative and qualitative research method. The bibliometric analysis 

in this study aims to provide a quantitative analysis by using statistical methods to 

analyse trends of academic publication and citation to evaluate the existing research 

performance and understand the patterns.  The bibliometric analysis in this study 

consists of six steps, as shown in Figure 4-1.: (1) a keyword search in the Scopus 

database; (2) applying filters to include articles that discuss BIM for FM, journal 

articles, and English language; (3) journal selection with CiteScore greater than one; 

(4) journal databases search; (5) combining the two search methods’ results in one 

list to avoid any duplication; (6) categorizing articles according to their keywords.    
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Firstly, keyword search was conducted in the Scopus database using different 

keywords: (1) “BIM”; (2) “Building Information Modelling”; (3) “Building Information 

Modelling”; (4) “FM”; (5) “Facility Management”; (6) “Facilities Management”; (7) 

“Operations and Maintenance” and (8) “Asset Management”, which resulted in 502 

articles. Secondly, all articles were filtered to select only journal articles related to 

BIM implementation in FM and published in the English language, which resulted in 

140 articles. Thirdly, journals were identified by filtering articles that were available 

in journals with a CiteScore greater than one (CiteScore: “is the number of citations 

received by a journal in one year to documents published in the three previous years, 

divided by the number of documents indexed in Scopus published in those same 

three years”).  

The fourth step was conducted using the individual selected journals’ databases in 

the previous step to overcome any limitation in the Scopus database related to the 

search method. Then, in the fifth step, the two search results were combined, 

excluded any duplicated articles and organized them in one list, which resulted in 124 

academic articles fitting the set criteria. Of the 124, eleven are general reviews on 

BIM for FM and were already discussed in the research introduction. Accordingly, the 

literature review articles were excluded and considered only 113 articles for the sixth 

step of the keywords clustering. 

The content analysis in this study was adopted to derive qualitative data analysis of 

the 113 articles based on the technical aspect of each article to derive patterns and 

propose future research directions as detailed in section 4.4. 
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Figure 4-1: Flow diagram of selection of articles for bibliometric analysis on BIM for FM 
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4.4  Bibliometric analysis results 
The bibliometric analysis results reveal that over the last decade there has been a noticeable 

growth in the number of publications on BIM for FM, from three in 2008 to 28 in 2018 (Figure 

4-2 and Table 4-1). Interestingly, 75% of the publications were published during the last five 

years, which means that BIM implementation in FM is a new domain with increasing interest, 

especially during 2018.  

 

Figure 4-2: BIM for FM articles published over the last decade 

Over the ten-year period under review and based on the selection criteria, the largest 

number of publications in the field of BIM for FM were published in “Automation in 

Construction” with 32 of the total selected articles. This was followed by “Advanced 

Engineering Informatics” (13 articles), and “Journal of Computing in Civil Engineering” 

(8 articles). Interestingly, these three journals published 43% of the total selected 

articles and from 2013 they all started to focus more on this field. Meanwhile, the 

other two journals, namely: Built Environment Project & Asset Management” and 

“Journal of Information Technology in Construction” published 7 articles for each, 

followed by “Facilities”, (6 articles) and “Journal of Management in Engineering” (4 

articles), as shown in Table 4-1 and Figure 4-3. The remaining journals’ publication 

rate varied between one to three articles only during the ten-year period. 
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Table 4-1: Review sources of 34 academic journals and the identified articles during 2008- 
2018. 

Journals  2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 Total 

Automation in 
Construction 

1 0 0 1 2 5 6 3 1 6 7 32 

Advanced Engineering 
Informatics 1 0 1 1 0 3 0 1 1 1 4 13 

J. of Computing in Civil 
Engineering 

0 0 0 0 0 1 1 0 3 2 1 8 

Built Environment 
Project and Asset 
Management 

0 0 0 0 0 0 0 6 0 1 0 7 

J. of Information 
Technology in 
Construction 

0 1 0 0 0 2 0 1 1 1 1 7 

Facilities 0 0 0 0 1 0 2 0 2 0 1 6 

J. of Management in 
Engineering 

0 0 0 0 0 0 1 0 2 0 1 4 

Building and 
Environment 0 0 0 0 0 0 0 1 0 1 1 3 

Buildings 0 0 0 0 0 0 0 2 1 0 0 3 
J. of Building 
Engineering 

0 0 0 0 0 0 0 0 0 0 3 3 

J. of Construction 
Engineering and 
Management 

0 0 0 1 1 0 0 0 0 1 0 3 

Structural Survey 1 0 0 0 0 0 0 1 1 0 0 3 
The Scientific World 
Journal 

0 0 0 0 0 2 1 0 0 0 0 3 

Advances in 
Engineering Software 

0 0 0 0 0 0 0 0 1 0 1 2 

Applied Energy 0 0 0 0 0 1 0 0 0 0 1 2 

Computers in Industry  0 0 0 0 0 0 2 0 0 0 0 2 

Engineering, 
Construction and 
Architectural 
Management 

0 0 0 0 0 0 0 0 1 1 0 2 

International Journal of 
Building Pathology and 
Adaptation 

0 0 0 0 0 0 0 0 0 0 2 2 

J. of Architectural 
Engineering 

0 0 0 0 0 1 0 0 0 1 0 2 

J. of Performance of 
Constructed Facilities 0 0 0 0 0 0 0 0 1 1 0 2 

Renewable & 
Sustainable Energy 
Reviews 

0 0 0 0 0 0 0 0 0 1 1 2 

Architectural 
Engineering and Design 
Management 

0 0 1 0 0 0 0 0 0 0 0 1 

Advances in Civil 
Engineering 

0 0 0 0 0 1 0 0 0 0 0 1 

Applied Sciences  0 0 0 0 0 0 0 0 0 0 1 1 
Building Research and 
Information 

0 0 0 0 0 0 0 0 0 1 0 1 
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Journals  2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 Total 

Construction 
Management and 
Economics 

0 0 0 0 0 0 0 1 0 0 0 1 

Energies 0 0 0 0 0 0 0 0 0 1 0 1 
Expert Systems with 
Applications 

0 0 0 0 0 1 0 0 0 0 0 1 

J. of Corporate Real 
Estate 

0 0 0 0 0 0 0 0 0 0 1 1 

J. of Facilities 
Management 

0 0 0 0 0 0 0 0 0 0 1 1 

KSCE Journal of Civil 
Engineering  0 0 0 0 0 0 0 0 0 0 1 1 

Science and Technology 
for the Built 
Environment 

0 0 0 0 0 0 0 0 0 1 0 1 

Sustainable Cities and 
Society 0 0 0 0 0 0 0 0 0 1 0 1 

Energy and Buildings  0 0 0 0 0 0 1 0 0 0 0 1 

Total per year  3 1 2 3 4 17 14 16 15 21 28 124 

 

 

Figure 4-3:  Articles per year per source (top 7 journals) 

The bibliometric analysis also reveals that the largest number of journal publications 

over the last decade were conducted in the U.S (40), UK (24), Canada (15), Australia 

(9), Taiwan (8) and China (7), as shown in Figure 4-4. It was expected that the U.S 

would have the largest proportion of publications in BIM research, since BIM was 

established in the USA. The analysis also shows that the interest in implementing BIM 

in FM has been growing over the last three years in the UK, due to the government’s 

initiative in adopting BIM for its centrally procured projects.  
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Figure 4-4:  Articles by country or territory    

Furthermore, the bibliometric analysis reveals that six of the ten most cited articles 

were published in “Automation and Construction”.  The top ten cited articles 

according to the Scopus citation metric are summarized in Table 4-2.  

Table 4-2: Top 10 cited articles in 2008-2018 

Citati-
ons  

Article Author Journal Year  

357 Building Information Modelling (BIM) for existing 
buildings - Literature review and future needs 

Volk et al. Automation in 
Construction 

2014 

201 Application areas and data requirements for BIM-
enabled facilities management 

Becerik-Gerber, 
et al. 

Journal of Construction 
Engineering and 
Management 

2012 

171 Building information modelling – Experts’ views 
on standardisation and industry deployment 

Howard, and 
Bjo¨rk, 

Advanced Engineering 
Informatics 

2008 

135 Towards building information modelling for 
existing structures 

Arayici, Yusuf Structural Survey 2008 

129 IFC and building lifecycle management Vanlande et al. Automation in 
Construction 

2008 

110 BIM implementation throughout the UK 
construction project lifecycle: An analysis 

Eadie et al. Automation in 
Construction 

2013 

98 Building operation and energy performance: 
Monitoring, analysis and optimisation toolkit 

Costa et al. Applied Energy 2013 

97 A knowledge-based BIM system for building 
maintenance 

Motawa, and 
Almarshad 

Automation in 
Construction 

2013 

76 Imaged-based verification of as-built 
documentation of operational buildings 

Klein et al. Automation in 
Construction 

2012 

73 A benefits realization management building 
information modelling framework for asset owners 

Love et al. Automation in 
Construction 

2014 

     
The bibliometric analysis shows that BIM, FM and O&M, are the most frequently 

used keywords; this is not surprising since our search was specific in this field. This is 

followed by maintenance management, IFC, lifecycle information, information 

integration, building performance, COBie, handover, information requirements and 

interoperability, as shown in Figure 4-5. The keywords’ frequency helped in clustering 

the selected publications in six clusters after combining the common interest of 
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keywords as follows: (1) information management (includes: information integration, 

information requirements, information exchange, handover, data warehouse, data 

transfer, data mining, life cycle information and information systems), (2) 

maintenance management (includes: fault detection and diagnosis, and HVAC), (3) 

energy management (includes: building performance and energy efficiency), (4) 

refurbishment/retrofit, (5) existing building audits and surveys (includes: as-built 

BIM, laser scanning, and point cloud), (6) BIM for FM (includes: owners and BIM 

adoption). The clustering of the keywords shows that the majority of the selected 

publications fall under the first cluster “information management”. Generally, 

keyword analysis can help in mapping the literature, but is not enough when the 

topic is new and precise, because a keyword’s occurrence will not exceed two or 

three times in some cases. Accordingly, it was decided to conduct a content analysis 

in which reviewed each article was individually to generate patterns and trends of 

existing research, based on the article’s content and contribution. 

 

Figure 4-5:  Keyword clustering 
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4.5  Content analysis results 
In order to generate a more qualitative analysis of the reviewed articles and derive 

patterns to propose a future agenda, the selected articles were mapped and 

proposed a categorisation structure based on content analysis of the articles, as 

shown in Figure 4-6.  According to the content analysis, the selected articles for 

review were categorized into eight categories, based on their research focus and 

contribution, as detailed in Table 4-3. 

Table 4-3: Articles content themes of BIM research for FM 2008-2018 

Themes  
200

8 
200

9 
201

0 
201

1 
201

2 
201

3 
201

4 
201

5 
201

6 
201

7 
201

8 
Tota
l  

Information 
Management  1 1 2 1 1 7 4 4 5 11 10 47 

BIM in FM 1 0 0 1 1 4 3 6 3 2 4 25 
Maintenance 
Management  

0 0 0 0 0 3 1 2 4 2 2 14 

Energy 
Management  

0 0 0 0 0 1 0 1 0 1 3 6 

Existing 
Buildings’ 
Audits & 
Surveys  

1 0 0 1 1 1 2 1 0 0 2 9 

Engagement 
of FM in 
Design Stage  

0 0 0 0 1 1 1 1 1 0 0 5 

Refurbishme
nt / Retrofit  

0 0 0 0 0 0 1 0 2 0 2 5 

Health & 
Safety 
Management  

0 0 0 0 0 0 0 2 0 0 0 2 

Total  3 1 2 3 4 17 12 17 15 16 23 113 
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Figure 4-6: Content analysis results 
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4.6 Research gaps and future agenda 
This section provides an overview of the research patterns identified in section 4.5 

and suggests areas where further research is required within the scope of each 

pattern.  

4.6.1 Category: information management  

It is critical for FM teams to have accurate, comprehensive and available information 

to support effective and efficient building operations and maintenance activities 

(Atkin and Brooks, 2009; Teicholz, 2013). However, the FM teams continue to 

struggle with information management, mainly because of the various FM 

information systems, which lack interoperability between each other (Eastman et al., 

2011). BIM offers opportunities to improve facility information management by 

providing a unified platform for various data sources needed for daily O&M activities. 

Among many unresolved issues that need to be addressed for successful BIM 

implementation, information exchange and interoperability remain the main issues 

(Becerik-Gerber et al., 2012; Kassem et al., 2015; Shalabi and Turkan, 2017). This 

review shows that the last three years have been productive in the BIM-based FM 

information management field: 27 out of the 47 reviewed articles in this category 

were published during the last three years only, recording the highest growth rate 

among all categories identified in this review. The review of published articles in this 

area reveals that the existing research used several methods to manage lifecycle 

information as discussed in the following subsections.  

4.6.1.1 Sub-category: life cycle information integration  

The sub-category that is most investigated in this area is information integration, 

using different techniques, such as data warehouse (Ahmed et al., 2010), agent-

based web services (Shen et al.,  2012), linking data in the cloud (Curry, et al., 2013; 

Jiao, et al., 2013), a relational database and real-time data (Dong et al., 2014; Solihin 

et al., 2017), a semantic web ontology (Niknam & Karshenas, 2017; Kim, et al., 2018), 

and using data mining techniques to extract useful information from BIM models to 

support FM activities during the O&M phase (Kang & Choi, 2018; Peng et al., 2017).  

Other studies focused on integrating different technological systems rather than 

integrating the required FM information, for instance, integrating BIM with RFID tags 

to capture lifecycle information (Motamedi & Hammad, 2009; Motamedi et al., 2011; 

Motamedi et al., 2016), applying machine learning concept and raw sensor data 
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(Bogen et al., 2013), 2D barcode and mobile devices (Lin et al., 2014), a BIM/GIS-

based information extraction (Mignard & Nicolle, 2014; Kang & Hong, 2015). Other 

works focused on FM required information and developed bespoke techniques to 

integrate heterogeneous data, including BIM, by introducing an application 

programming interface plug-in to extend COBie by synthesising semantic data 

requirements that explicitly meet the owner’s needs (Pärn and Edwards, 2017), and 

integration of BIM and BAS information through a developed middleware layer to 

support energy consumption benchmarking (Kučera & Pitner, 2018).   

4.6.1.2 Sub-category: information requirements  

This sub-category focuses on identifying the FM information requirements for 

successful facilities information management through BIM.  The current research 

focused on very specific information requirements by identifying the required 

information of:  healthcare facilities (Lucas et al., 2013a; Lucas et al., 2013b; Lucas et 

al., 2013c; Irizarry et al.,  2014), HVAC systems (Hu et al., 2016; Yang & Ergan, 2017; 

Hu et al., 2018), the building handover process (East et al., 2013; Cavka et al., 2015; 

Mayo & Issa, 2016; Cavkaet al., 2017; Thabet & 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-Trejoa, et al., 2017; Hosseini et al.,  2018).  

4.6.1.3 Sub-category: information quality and information exchange standards 

One of the earliest studies was conducted by Vanlande et al. (2008) with a focus on 

BIM open standards. These authors proposed a semantic indexation method, based 

on the IFC open standard for lifecycle information management. In the same vein, 

Hjelseth (2010) developed FM information specifications in different roles and 

phases of a building’s life cycle. Recent studies in this area have shifted towards 

evaluation of BIM standards in asset register creation (Patacas et al., 2015), lifecycle 

information management (Hoeber & Alsem , 2016), and in developing an asset 

information model (Patacas et al., 2016).  Recently, there has been an increasing 

interest in proposing different methods to evaluate BIM information quality 

(Hartmann et al., 2017; Zadeh et al., 2017; Lee et al., 2018). However, in this review, 

an interesting example was found focused on examining a real-world case study, 

where BIM open standards, namely “COBie” were used for the information exchange 

process (Pishdad-Bozorgi et al., 2018). In this study, the authors reported the 
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shortcomings of the existing data open standards and specifications and 

recommended more case studies to provide further insights into the evolving field of 

BIM in FM.   

Within this context, there are 47 articles which tackled facilities information 

management using BIM in different ways. Interestingly, 58% of the selected articles 

were published between 2016 and 2018, which makes this the fastest growing 

among the categories. The earliest attempts in this field started in 2008 with a focus 

on the basic concept of creating BIM objects’ information and libraries to include 

facility information in a BIM-IFC file. In 2013, the trend shifted towards integration of 

information between BIM models and external data sources. The evolution in 

facilities information management continued, using different techniques to collect 

and retrieve information, until 2016 when the focus of the research became more 

specific and researchers started to think holistically about FM information 

management. Several recent efforts to identify the required FM information of BIM 

models focused on either the handover of the required information or the 

mechanical, electrical and plumbing (MEP) information requirements. Only one study 

was found in this focus that identified a generic list of information requirements that 

could be used for any type of facilities (Farghaly et al., 2018).  

Other attempts focused on collecting FM information automatically by developing 

plug-in applications (e.g. Pärn & Edwards, 2017), and on integrating heterogeneous 

information sources by developing a middleware layer (e.g. Kučera & Pitner, 2018). 

Among the selected 47 articles in this category, only one interesting article presented 

a real-world case study that shows a holistic facilities information management 

system using BIM open standards and reported accordingly the information 

exchange process using COBie shortcomings and captured lessons learned for further 

future research (Pishdad-Bozorgi et al., 2018). The review shows that there remains a 

lack of a standardized process for a seamless information exchange between BIM and 

FM systems and a lack of holistic guidance that encapsulates all the required FM 

information for efficient operations across all systems and building types. A future 

agenda involves: (1) mapping a clear process for seamless information exchange 

between BIM and FM systems, (2) developing specifications to identify specific 

information needs for FM, (3) providing more real-world case studies to provide 

insights on information exchange processes between BIM and FM, and (4) identifying 
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an information quality evaluation process, to ensure all owner/FM requirements are 

considered carefully in BIM models.  

4.6.2 Category: BIM in FM – value, applications and challenges  

BIM provides the FM team with access to digital information about facility 

components and equipment from one unified source, which reduces the time and 

cost involved in searching for information from large fragmented unstructured data 

and increases the accuracy of FM information (Kassem et al., 2015). BIM can be a 

leverage for FM practice by improving the handover processes (Bosch et al., 2015), 

reducing the time spent in localizing facility assets (Lee & Akin, 2011; Koch et al., 

2014; Williams et al., 2015), enhancing fault detection and identification in all 

construction phases, and it supports collaboration and visualisation of data (Kivits & 

Furneaux, 2013; Kensek, 2015; Gheisari & Irizarry, 2016; Gurevich et al., 2017). BIM 

can enhance the efficacy of the work orders’ execution process by providing 

comprehensive and accessible information (Kassem et al. 2015; Kensek, 2015).  

Moreover, BIM can support other FM activities, such as market intelligence and 

satisfaction surveys (Carbonari et al., 2018), and in preparing the rental contracts 

(Miettinen et al., 2018). Other benefits of BIM implementation in FM include: 

enabling efficient knowledge management throughout the facility life cycle (Tucker & 

Masuri, 2018), enhancing building performance and occupant value (Gurevich et al., 

2017). A comprehensive study conducted by Becerik-Gerber et al., (2012) 

summarized the benefits of integrating BIM with FM, including, but not limited to, 

localization of facility components, real-time data accessibility, space management, 

maintainability assessment, digital asset creation, non-capital construction planning, 

energy monitoring, emergency management, visualization and marketing, and 

personnel training. Another study conducted by Love et al., (2013) concluded that 

BIM can improve FM workflow, maintenance efficacy, and safety management. 

Based on their study, Love et al.,  (2014) developed a BIM benefits realization 

framework for asset owners.  

Other studies focused more on the challenges of integrating BIM with FM (e.g. 

Olatunji & Akanmu, 2015; Gheisari and Irizarry, 2016). However, among the 25 

reviewed articles  under this category, some studies adopted the case study analysis 

approach (Kivits & Furneaux, 2013; Kassem et al., 2015; Kensek K., 2015; Korpela et 

al., 2015; Gurevich et al., 2017; Miettinen et al., 2018) to investigate BIM 



CHAPTER 4 | BIM FOR FM: A LITERATURE REVIEW AND FUTURE RESEARCH DIRECTIONS 

91 

implementation in FM in terms of BIM applications and challenges. The remaining 

articles adopted different approaches, including developing a conceptual framework, 

interviews and questionnaire surveys to investigate BIM adoption in FM. A future 

agenda for this category involves: (1) more real-world case studies with a focus on 

evaluating the current challenges that hinder BIM implementation in FM; (2) more 

real-world case studies with a focus on the quantified value of BIM implementation 

in FM.  

4.6.3 Category: maintenance management  

The review showed a high growth rate in this category: 60% of the total selected 

articles (14 articles) were published in the last three years. In the current FM 

practice, information is distributed between various FM systems such as CMMS, 

CAFM, and BAS. BIM with its capabilities as a data conduit can provide an easy 

retrieval of the FM information required for senior management decisions. Current 

solutions include integrating BIM and FM systems’ information using different 

technologies, such as semantic web technology, to help maintenance personnel to 

efficiently track and control the whole maintenance management process (Lin and 

Su, 2013), and integrating BIM and knowledge systems in a case-based reasoning 

module to enable maintenance information retrieval and knowledge sharing to solve 

maintenance problems (Motawa & Almarshad, 2013; Motawa & Almarshad, 2015).  

Other attempts focused on developing automated approaches to define possible 

causes and retrieve related information to facilitate the process of HVAC 

troubleshooting (Golabchi, et al., 2016; Yang and Ergan, 2016). Other automated 

approaches focused on providing FM teams with visualizations of the work order 

categories to enhance the work order execution process (McArthur, et al., 2018), and 

to schedule FM work orders (Chen et al., 2018) to help prioritize assignment of 

maintenance activities.  

Among the 14 reviewed articles in this category, two articles focused on information 

exchange and interoperability between BIM and maintenance systems. The first one 

was conducted by Shalabi and Turkan (2017), who proposed an approach that utilises 

a BIM-IFC file to link BAS with related data from CMMS, in order to optimize the 

corrective maintenance data collection process during the O&M phase. However, this 

study focused on collecting and retrieving actual data from BAS and CMMS systems 

using BIM as a data repository during the O&M phase.  The second study was 
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conducted by Katipamula et al. (2017), who developed an approach to integrate BIM 

and BAS to create actionable information that can lead to work orders being 

processed through the CMMS system using an open-source reference platform, 

VOLTTRON. However, the approach presented in this article was deployed in a 

limited number of buildings, due to the high cost of its implementation, which 

requires additional sensing devices and labour to discover and map devices into the 

BAS. In this context, this review shows that more research is still needed with a focus 

on: (1) mapping a process for information exchange and interoperability between 

maintenance systems, CMMS and other FM systems such as BEMS, using BIM as a 

data repository; (2) integrating BIM and mixed reality technologies to improve 

maintenance efficiency. 

4.6.4 Category: energy management  

Monitoring the energy performance of facilities during the O&M phase is essential to 

compare the actual energy performance with the designed parameters. To achieve 

this, BIM can be a promising tool as a data conduit that can collect data from 

different stakeholders during different phases and integrate the collected data with 

data from different energy management systems for further analysis. However, our 

review shows that very little research focused on using BIM for facilities’ energy 

management. The very few identified studies presented different approaches to BIM 

implementation in energy management, which included: using BIM for monitoring, 

analysing and optimising the performance of facility systems and accordingly building 

an operational strategy to be implemented (Costa et al., 2013); providing building 

energy consumption assessment that supports management decision-making 

(Abdelalim et al., 2017), and visualizing sensor data in a BIM environment to support 

energy-saving management decision-making (Changet al., 2018).  

Other studies presented a conceptual framework that integrates COBie and energy 

assessment tools to develop data attributes with correct information for effective 

asset information modelling (AIM) (Alwan & Gledson, 2015), and a framework that 

integrates BIM, sensor data and regulatory information to facilitate the compliance 

checking process (Zhong, et al. 2018). Recent research conducted by Francisco et al. 

(2018) developed a Revit plug-in that enables visualization and comparison between 

energy consumption values in 2D and 3D views, using a color-coding scheme in an as-

built BIM model. The future research agenda involves: (1) integrating different 

energy information streams, including BIM models to enhance the visibility of facility 
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performance and to promote better energy management, (2) utilizing information 

collected by capturing actual facility energy data in BIM-based simulations for more 

efficient energy performance analysis to support energy retrofit decisions, and (3) 

identifying the required energy data from BIM models from a FM perspective.  

4.6.5 Category: existing building audits and surveys  

Employing laser scanning technology in the context of BIM-based projects is a 

promising approach that enables spatial data acquisition to manage building 

operations after project commissioning.  Integrating BIM as-built and point-cloud as-

built data with FM systems can improve building operations (Randall, 2011). The 

current literature focuses on investigating the benefits and limitations of using 

different techniques to develop as-built BIM models. These techniques include using: 

a pattern recognition concept (Arayici, 2008), photogrammetric image processing 

(Klein et al., 2012), the thermography concept (Lagüela et al., 2013), and a point 

cloud technique (Randall, 2011; Jung, et al., 2014; Wang et al., 2015). Other research 

studies developed a semi- automated approach to enable quality control of as-built 

BIM models (Bosché et al., 2014; Lin et al., 2018).  

One article out of the nine reviewed articles in this area tackled the interoperability 

issue and proposed an automated real-time and interoperable method to perform 

the site-to-BIM data transfer to facilitate the process of generating accurate as-built 

BIM models (Hamledari et al., 2018). To generate as-built BIM models for FM use, the 

future agenda involves: (1) developing an automated checking process with COBie for 

FM use to improve FM information quality, (2) integrating rich semantic data in as-

built BIM models by using recognition techniques, and (4) automating data extraction 

and transfer for information exchange and integration purposes.  

4.6.6 Category: engagement of FM in design stage through BIM  

To achieve efficient facility performance during the O&M phase, specific 

requirements related to space management, occupancy and maintainability have to 

be considered at an earlier stage of the facility life cycle. BIM has the capability to 

support assessment of space management, occupancy and maintainability during the 

concept and design stages. Wang et al. (2013) concluded that the early adoption of 

FM requirements in the design stage with BIM enables the building life cycle costs to 

be considerably reduced. Existing research in this area focuses on feedback loops 

between the O&M phase and the design phase to facilitate the designer-client 
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communication in the architectural design process for pre-occupancy evaluation 

(Shen et al., 2012), and using BIM as a platform to engage building stakeholders 

collaboratively in building performance improvement decisions (Göçer et al., 2015). 

Other research focused on developing a Revit add-in application for maintainability 

checking (Liu & Issa, 2014), and on developing a tailored approach that incorporates 

BMS information in a BIM environment to close the feedback loop between the 

operation and design phases of the building’s life-cycle (Oti et al., 2016). The future 

agenda in this category involves: (1) developing a process for automated feedback 

loops between O&M and design phases. 

4.6.7 Category: refurbishment/ retrofit 

The main objective of performing building refurbishment is to extend the existing 

building’s life and to improve its performance (Iter and Ergen, 2015),  while the 

retrofit solution focuses specifically on enhancing building energy performance to 

reduce the O&M costs (Woo & Menassa, 2014). Although refurbishment/retrofit is 

an important component of FM, there has been less research focusing on this area. 

Only five articles were identified in this category and they were focused mainly on 

developing a virtual retrofit model to support energy retrofitting decisions (Woo and 

Menassa, 2014), benchmarking different facilities using BIM to support decision-

making in retrofits of aging commercial buildings (Woo et al., 2016), presenting BIM 

benefits for renovation / retrofit using a case study approach (Scherer & 

Katranuschkov, 2018), and linking BIM and aging housing stock data, for sustainable 

retrofitting (Alwan, 2016).  

However, the very few identified studies in this area also highlight the potential for 

more research to explore BIM implementation in refurbishment/retrofit. Thus, the 

future agenda in this area involves: (1) integrating different facility performance 

information sources to perform retrofit simulations for decision making, and (2) 

integrating mixed reality along with BIM to facilitate refurbishment decisions.  

4.6.8 Category: health and safety management 

This review highlighted the noticeably small number of research papers focusing on 

BIM application in health and safety management. Although FM tasks require safety 

data to ensure safe operation and maintenance, only two articles were identified in 

this category with a focus on BIM’s capabilities in improving fire safety management 

practices and supporting the maintenance of fire safety equipment (Wang et al., 
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2015), and identifying safety attributes required for safe maintenance and repair 

activities during the O&M phase (Wetzel and Thabet, 2015). The future agenda in this 

category involves (1) integrating health and safety information along with BIM 

information to provide a rich database for FM systems, and (2) utilizing BIM 

visualisation capabilities to evaluate if safety measures for maintenance work are 

considered during the design stage. 

4.7 Chapter summary  
This Chapter has presented an overview of the current status of BIM implementation 

in FM, with a focus on information exchange and interoperability between BIM and 

FM systems. A total of 113 articles, published between 2008 and 2018, were 

identified and reviewed. Existing literature gaps and future agenda have been 

outlined. The content analysis of the existing literature shows that current research 

tends to focus on BIM-based technologies integration to enhance FM practice, rather 

than resolving the issues regarding facilities information management, which is 

considered as the backbone for successful FM practice. Moreover, the main concept 

behind extending BIM implementation to the O&M phase is to utilise the benefits of 

BIM capabilities as a data conduit that can solve the interoperability issue between 

the various FM systems.  

Although the research trends and patterns reveal that there is a continuously 

growing interest in facilities information management using BIM, and a steep rise in 

the number of publications during the last three years on identification of 

information requirements and integration of different information sources, 

nevertheless, a seamless information exchange process between BIM and FM 

systems does not yet exist. A successful implementation of BIM in FM requires a 

seamless information exchange between the different BIM-FM systems. Once the 

information is transferred and shared between the different BIM-FM systems 

seamlessly, any other solution can be possible.  

However, in our review we identified very few attempts to transfer building 

information between different FM systems such as the CMMS and BAS using BIM as a 

data conduit. The main focus of the studies was on providing real-time data access, 

rather than a process for seamless information exchange to overcome the 

interoperability issue between BIM and FM systems. The review of the current 

literature concluded that a successful implementation of BIM in FM can be achieved 
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with  (1) a seamless information exchange process between BIM and FM systems, (2) 

a holistic guidance that encapsulates all the FM information required for efficient 

operations across all systems and building types, (3) a well-defined information 

quality process that ensures owner/FM needs are considered carefully in BIM 

models, (4) a set of standardized practical processes to integrate different 

information sources related to maintenance management and health & safety 

management tasks, to provide a rich semantic database to support FM systems, (5) a 

standardized process for feedback loops between operations and design phases to 

provide rich actual feedback to support efficient facilities design, and (6) more real-

world case studies to investigate the current status of BIM implementation in FM. 

Finally, this Chapter contributes to address the research objectives 1 and 2 and laid 

the foundation for the second step of phase one, as detailed in Chapter 6.
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5 RESEARCH METHODOLOGY 

 

5.1 Chapter overview 
The essence of this research is to propose a flexible interoperability framework for 

seamless information exchange between BIM and FM systems. To achieve this aim, it 

is important to investigate FM information management practice and how the 

proposed framework will improve it. This chapter aims to describe and justify the 

methodological approach and design upon which this research is based. This chapter 

links the literature review with the overall findings to achieve the outlined research 

objectives. It first positions the philosophical paradigm of the research, with a view to 

positioning the research approach and justifying the selection of the research design 

and data collection methods. The research tools and methods employed at each 

stage are described in detail, followed by an overview of the tools are employed for 

data collection, analysis, and developing a prototype as a proposed solution. The 

chapter concludes with a summary of the proposed research stages and introduces 

the following chapters which will present the outcomes of each tool employed.  

5.2 Research paradigm 
Researchers have different beliefs and assumptions about knowledge development, 

what happens in the world and how these elements are related to each other. Thus, 

to minimise the researcher’s biases, it is important to consider different paradigms 

when conducting a research to understand ‘why’ the researcher has considered 

specific methodological approach(es). According to Patton (2002), the paradigm is 

the ‘word view’ and the foundation of the research that formulates the intellectual 

framework which enables researchers to identify and clarify their own beliefs and 

assumptions.  

During the research process, researchers are developing knowledge about a 

particular problem to answer research questions.  At every stage of the research they 

tend to make some assumptions, about human knowledge (epistemological 

assumptions), about the realities they face in their research (ontological 

assumptions), and the extent to and ways in which their own values influence their 

research process (axiological assumptions) (Saunders, Lewis, & Thornhill, 2016).  
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According to Pickard (2013), a research paradigm involves a methodology. A 

methodology is the route that researchers take to attempt to answer the research 

question or test the hypothesis and is made up of two elements: a) philosophical 

forces which drive the research and b) the methods, including techniques, tools and 

procedures utilised to carry out the research. Therefore, to explain and justify how 

the methodology for this research study was selected there are two elements to 

consider; research philosophies, and research design. 

5.3 Research philosophies  
The discussions in the previous section led to establishing the philosophical 

foundations of this research study. According to Saunders et al. (2016), there are five 

different research philosophies:  

1- Positivism: this philosophical stance assumes the world conforms to fixed laws of 

causes and effect, and complex issues can be tackled using simplified and 

systematic approaches (Saunders et al., 2016).  In other words, positivists believe 

real knowledge only comes from positive verification of theories and casual 

explanations of phenomena through direct observation and a solid scientific 

method. Accordingly, they are concerned with quantifying ‘social phenomena’ 

and logical approaches and strongly believe that there is only one solitary 

objective reality underlying any research, despite the researcher‘s beliefs 

(Creswell, 2009; Pickard, 2013). This philosophy is usually implemented in 

quantitative research methodology and deductive reasoning (Creswell, 2009).  

2- Realism: this philosophical stance is concerned with the underlying structures of 

reality that shape the observable events, in which reality is the most important 

philosophical consideration. Reality is seen as external and independent, but not 

directly accessible through observations and knowledge (Saunders et al., 2016). 

Realist research focuses on providing an explanation for observable 

organisational events by looking for the underlying causes. Realists embrace 

epistemological relativism and a subjective approach to knowledge (Saunders et 

al., 2016).   

3- Interpretivism: this is a philosophy opposite to positivism, which states there can 

be more than one reality (several realities) and there are different approaches to 

emphasise these realities in social and cultural aspects (Denzin & Lincoln, 2011). 

Interpretivism is linked with human sciences and is concerned with 

‘understanding’ and deals with studying social phenomena (Pickard, 2013). 
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Interpretivist philosophy underpins most qualitative research methodologies and 

inductive reasoning.  

4- Postmodernism: this focuses on the role of language and of power relations, 

seeking to question accepted ways of thinking and give voice to alternative 

marginalised views. Postmodernist researchers seek to expose and question the 

power relations that sustain dominant realities (Denzin & Lincoln, 2011). 

Postmodernists strive to make what has been left out or excluded more visible, 

by deconstruction of what counts as reality into the ideologies and power 

relations that underpin it. 

5- Pragmatism: this philosophical stance emerged as an alternative after the 

adoption of a single philosophical stance had been criticised (Saunders et al., 

2016).  According to Creswell (2009), the pragmatist philosophy is seen as the 

foundation of relying on more than one methodological approach to enquiry 

(ontology, epistemology and axiology). Tashakkori & Teddlie (1998) advocate 

pragmatism for practically-based research, where researchers must think of the 

adopted philosophical position as a continuum rather than opposing thoughts. 

For pragmatists, research starts with a problem and aims to contribute practical 

solutions that inform future practice. Pragmatists are more interested in practical 

outcomes than abstract distinctions. They recognise that there are many different 

ways of interpreting the world and undertaking research, that no single point of 

view can ever give the entire picture, and that there may be multiple realities 

(Saunders et al. 2016).  Pragmatists or Realists have no commitment towards any 

system of philosophy or reality, and they can use both qualitative and 

quantitative methods (Creswell, 2009). 

5.3.1 The philosophical stance of this research 

This research aims to develop an interoperability framework to streamline the 

information exchange process between BIM and FM systems, based on the belief 

that an automated process to transfer information between BIM and FM systems is 

needed, which is related to positivism. Simultaneously, this research requires an in-

depth understanding of the information requirements of BIM to support FM systems, 

which is related to interpretivism. Moreover, this research starts by addressing 

interoperability and information exchange problems and aims to contribute a 

practical solution that informs future practice by proposing a system prototype to 

streamline the information exchange process between BIM and FM systems. 
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Therefore, the philosophy that best suits this research study is the pragmatist 

philosophy, in order to develop an interoperability framework that can utilise BIM 

data based on a clear understanding of information requirements to support FM 

systems.  

5.4 Reasoning approach 
After selecting the research philosophy, the researcher then needs to select a 

reasoning approach. In social science there are three main reasoning approaches: 

deductive, inductive and abductive (Dubois & Gadde, 2002; Reichertz, 2004; 

Timmermans & Tavory, 2012). Deductive and inductive are, arguably, the two most 

common reasoning approaches for many research disciplines (Timmermans & 

Tavory, 2012). The main difference between them is that deductive reasoning aims 

to test theories by starting with the development of a theory or generalisation, then 

testing the theory using quantitative data, while inductive reasoning tends to 

generate theories emerging from data by establishing generalisation from specific 

observation (Reason & Bradbury, 2006).  

In simple words, deductive reasoning goes from general to particular, while inductive 

reasoning goes from particular to general. Therefore, deductive reasoning is usually 

associated with positivism whose practitioners often attempt to confirm their 

theories through value-free statistical generalisation, and associated with a research 

domain that has a rich literature from which a theoretical framework and hypothesis 

can be formulated (Saunders et al. 2016). In contrast, inductive reasoning is often 

associated with constructivism, which seeks to discover and build theories through 

analytical generalisations. This approach is also associated with a new research 

domain or one which has very little existing literature (Saunders et al., 2016). 

Abduction is a more recent reasoning approach that seems to be less prevalent in the 

literature in comparison to deduction and induction but is argued to play an 

important role in any reasoning strategy (Gregory & Muntermann, 2011; Åsvoll, 

2014). With abductive reasoning, researchers don’t seek to deduce a hypothesis from 

the existing body of knowledge and then test it in a closed system (deductive 

reasoning); nor do they intend to induce a general conclusion or theory from 

observation in an open system (inductive reasoning). Instead, researchers are 

encouraged to look for causes and plausible ways for explaining their observations. In 

other words, the logic of abductive reasoning is to use an iterative process (back and 
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forth between inductive and deductive approaches) to infer satisfying explanations 

for surprising observations (Åsvoll, 2014; Saunders et al., 2016), thereby generating 

new knowledge.  

An abductive reasoning approach sets out to address weaknesses associated with 

deductive and inductive approaches. Specifically, deductive reasoning is criticized for 

its lack of clarity in terms of how to select the theory to be tested by formulating 

hypotheses. Inductive reasoning, on other hand, is criticized because “no amount of 

empirical data will necessarily enable theory-building” (Saunders et al., 2016). 

Abductive reasoning, as a third alternative, overcomes these weaknesses by applying 

an iterative process alternating both reasoning approaches. The use of abductive 

reasoning aims to understand surprising research evidence in a new way, and to 

suggest a novel theory in the form of new hypotheses or propositions (Åsvoll, 2014). 

Although abduction has more innovative potential than deduction and induction, it is 

believed that it provides less certainty than both approaches (Tavory and 

Timmermans, 2014).  

Recently, many research studies have tended to adopt the abductive reasoning 

approach, particularly those relating to the BIM domain. For example, Zanni et al. 

(2017) adopted an abductive reasoning approach to investigate, model, and facilitate 

the early stages of BIM-enabled sustainable building design. Dakhil et al. (2019) 

adopted abductive reasoning in his study to develop a BIM maturity-benefits 

assessment relationship framework for UK construction clients. In another PhD study, 

Marsh (2017) adopted an abductive reasoning to develop a BIM-based framework for 

quantity surveying organisation in the UK. Similarly, Olatokun (2017) adopted the 

abductive approach to develop a framework to support effective capturing of clients’ 

requirements during the client briefing process in order to improve client satisfaction 

in the UK construction industry. 

5.4.1 The reasoning approach for this research 

In this research, the abductive reasoning approach has been adopted. This approach 

is best suited for new research domains with little literature in its actual context (i.e. 

BIM for FM, information exchange and interoperability between BIM and FM 

applications) but with a rich supply of information in another context (i.e. BIM) 

(Saunders et al., 2016). The research starts with the deductive approach by collating 

practitioners’ views on the current state of BIM implementation in FM through a 
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questionnaire survey, then uses an inductive approach, followed by semi-structured 

interviews to extract deeper insights on technical issues related to interoperability 

and information exchange between BIM and FM systems. The second phase then 

starts with an inductive approach by reviewing related documents regarding 

standards, guidelines and best practices, to extract the information requirements of 

BIM to support FM practice in general, is followed by a deductive approach, using a 

questionnaire survey to identify these information requirements. An inductive 

approach is then adopted in the third phase to develop the conceptual framework 

and validate its suitability through a focus group meeting. Finally, the developed 

system prototype is tested and validated via a case study and practitioners’ 

assessment, adopting both inductive and deductive logic. Following the above 

principles, this research project is designed abductively, consisting of a series of 

inductive and deductive steps iteratively, while performing theoretical triangulation 

(e.g. general systems’ theory) so as to develop a BIM-based information exchange 

prototype to support FM systems. 

5.5 Research methodological approach 
For many years, researchers have been using two common research methodologies 

to study areas of interest, namely quantitative and qualitative. A third methodology 

combining both methodologies has emerged, known as a mixed-methods approach. 

During the last two decades, researchers have shifted to mixed methods for various 

reasons, including the inherent weaknesses of each individual method by itself 

(McKim, 2017). For example, Michell (2000) criticized the quantitative approach he 

adopted in his own study on the grounds that researchers generally assume that 

psychological attributes can be measured quantitatively when they do not have a 

solid definition of the measurement used. Similarly, Toomela (2010) points out that 

the ontology and epistemology of the quantitative variables have been ignored, 

which means they may not be meaningful. Toomela (2008) believes that without 

understanding what information is encoded in a variable it is not possible to make a 

meaningful interpretation. Other researchers argue that the quantitative approach 

focuses on numeric magnitude only, which means it focuses on the size of the 

problem and not on the ‘how’ and ‘why’ to understand a phenomenon (Chow, Quine, 

& Li, 2010).  
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On the other hand, others have criticized the qualitative approach as lacking 

objectivity (Guba, 1990; Viadero, 1999; Onwuegbuzie, 2000; Johnson & 

Onwuegbuzie, 2004; Creswell, 2013). They believe that the researchers have the 

opportunity to select what information to highlight in their study to serve their 

purpose and support the research statement, which may lead to subjectivity in the 

inferences and conclusions of qualitative studies. Moreover, the qualitative approach 

has been criticized for lacking generalisability, because in this approach samples are 

often small and therefore results cannot be generalised (Gelo , Braakmann , & 

Benetka , 2008). 

The concept of the mixed methods approach started in the 1950s, when researchers 

started to think about avoiding the inherent weaknesses of each approach by 

combining them together (Gelo et al., 2008). However, some researchers criticized 

this approach and believed that combining two distinct approaches would destroy 

the philosophical stance of each methodology (Lincoln & Guba, 1985; Noblitt & Hare, 

1988; Rosenberg, 2016). For example, Viadero (2005) believes that combining both 

approaches implies that we haven’t learned enough from one single method study. 

Moreover, Viadero (2005) highlighted the problem of using the mixed methods 

approach in relation to the gap that exists between quantitative and qualitative 

researchers. On the other hand, other researchers, such as Gelo et al. (2008), argue 

that the mixed methods approach is strong because it allows researchers to have 

multiple worldviews and paradigms.  

Moreover, it allows researchers to address several research questions that may be 

different and more complex questions than one could answer with a single 

methodology. Benefits of mixed methods approach include, the integration and 

validation of findings, reducing alternative explanations for findings (Johnson & 

Turner, 2003), more accurate and comprehensive results (Coyle & Williams, 2000), 

providing more breadth, depth, and richness of understanding a phenomenon 

(Schulze, 2003), and stronger inferences (Tashakkori & Teddlie, 2003b).  

Morse & Chung (2003) summarise the overall benefits by stating that mixed methods 

research provides a more balanced perspective than a purely quantitative or purely 

qualitative study. Creswell & Plano Clark (2011) expand on the advantages of mixed 

methods research by indicating its inherent strengths that offset the weakness of a 

purely quantitative or qualitative study. Creswell and Plano Clark (2011, p.10) state 
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that, overall, mixed methods research is “practical in the sense that the researcher is 

free to use all methods possible to address a research problem”. 

While the debate is ongoing, the mixed methods approach has evolved and several 

types of mixed methods approach have been developed (Greene, Caracelli, & 

Graham, 1989). According to Creswell (2013), mixed methods research design has 

three basic forms (convergent parallel mixed methods, explanatory sequential mixed 

methods, and exploratory sequential mixed methods) and three advanced types 

(embedded mixed methods, transformative mixed methods, and multiphase mixed 

methods). 

Explanatory sequential mixed methods research usually starts with quantitative 

research, and the researcher then investigates the quantitative results in more detail 

using qualitative research. It is considered explanatory because the initial 

quantitative data results are explained further by the qualitative data. It is considered 

sequential because the initial quantitative phase is followed by the qualitative phase. 

This type of design is popular in fields with a strong quantitative orientation (hence 

the project begins with quantitative research), but it presents challenges of 

identifying which quantitative results to explore further and the unequal sample sizes 

for each phase of the study. The second type of this category is the exploratory 

sequential mixed methods approach, which is the reverse sequence from the 

explanatory sequential design. In the exploratory sequential approach the 

researcher first begins with a qualitative research phase and explores the views of 

participants. The data are then analysed, and the information used to build a second, 

quantitative phase. The qualitative phase may be used to build an instrument that 

best fits the sample under study, to identify appropriate instruments to use in the 

follow-up quantitative phase, or to specify variables that need to go into a follow-up 

quantitative study. Particular challenges to this design reside in focusing on the 

appropriate qualitative findings to use and the sample selection for both phases of 

research. 

Convergent parallel mixed methods: in this design, the researcher collects both 

qualitative and quantitative data at roughly the same time and then integrates the 

information in the interpretation of the overall results (Creswell, 2013). 

Transformative Mixed Method: this design allows the researcher to rely on a dual 

theoretical lens within which quantitative and qualitative data can be deployed. Such 
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a theoretical perspective could be ideological and involve either a sequential or 

concurrent approach (Creswell, 2013). An embedded mixed methods design also 

involves either the convergent or sequential use of data, but the core idea is that 

either quantitative or qualitative data is embedded within a larger design (e.g., an 

experiment) and the data sources play a supporting role in the overall design 

(Creswell, 2013). A multiphase mixed methods design is common in the fields of 

evaluation and programme interventions. In this advanced design, concurrent or 

sequential strategies are used in cycle over time to best understand a long-term 

programme goal (Creswell, 2013). 

5.5.1 Research approach adopted in this study 

Research in construction management has a different nature than that in other pure 

engineering or management studies, since the latter is dealing with a single aspect 

problem, but construction management research deals with multidisciplinary areas 

that covers many domains, such as engineering, facilities management, technology, 

and social science. In construction, every project is unique and construction, by its 

nature, is a complex process that involves human efforts, instruments’ operations, 

experienced-based decision making and engineering knowledge. The result of this 

complex process is that the research in construction management tends to use a 

mixed methods approach to gain deeper insights and more comprehensive 

understanding, especially in the research area of applying technology in construction 

management. Examples of researchers who used the mixed methods approach 

include Wilson & Kishk (2013), to develop a decision support prototype for 

healthcare facilities, Motawa & Almarshad (2013), to develop a BIM-based 

knowledge management system for building maintenance, Mahamadu (2016), to 

develop a decision support framework for BIM-enabled projects, Zou (2017), to 

develop a system prototype for BIM and knowledge based risk management, and 

Akinade et al. (2018), to develop BIM-based software for construction waste 

analytics.  

This research consists of five different phases to achieve the articulated objectives 

and answer the research questions. Each phase involves different steps to achieve its 

objective(s). Data may be collected in both qualitative and quantitative ways from a 

variety of sources during each phase, as shown in Figure 5-1. Thus, this study adopts 

a multiphase or iterative mixed methods design which incorporates a series of 

qualitative and quantitative studies comprising multiple sequential designs.  
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The purpose of the multiphase mixed methods study is to formalise and represent 

the information exchange process between the BIM and FM systems, and provide an 

artefact (such as software) equipped with an adequate mechanism to streamline the 

information exchange process between BIM and FM systems.  

 

Figure 5-1: Research approach adopted - multiphase mixed methods 

5.6 Research strategies  
Once the philosophy, reasoning approach and methodological approach have been 

decided for this particular research, the next stage is to explore the various strategies 

available in order to select the research strategies. To ensure congruence within the 

foundation of the research, the selection of research strategy should be inspired by 

the researcher's philosophical stance and approach. The research strategy provides a 

roadmap and a plan of actions to enable the researchers to achieve their research 

aims and answer the research questions (Saunders et al., 2009; Yin, 2009). It provides 

the overall direction of the research, including the process of how the research will 

be conducted. However, the choice of research strategy should be guided by the 

research objectives and questions, the extent of existing knowledge, the amount of 

time and other resources available, as well as the study’s philosophical underpinnings 

(Saunders et al., 2016).   

Saunders et al., (2016) discusses the differences between the eight available research 

strategies. The first strategy is experimental research which relies on the researcher 

having full control of over the phenomenon being investigated. It is primarily suitable 
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for quantitative research and is often employed in a positivist context. Since the 

researcher in this study does not have full control over the phenomenon being 

studied, the experimental research strategy is not appropriate for this research.  

The archival research strategy involves review and extraction of primary data from 

archival records (Saunders et al., 2016). As discussed by Bryman (1989), these 

archival records may refer to recent as well as historical documents. This strategy is 

usually applied to extract data from documents and archives in form of text 

documents, such as communications between individuals, Government reports, 

national statistics, etc. or in non-text form such as visual and audio sources, etc. This 

strategy is usually associated with both, quantitative and quantitative approaches 

(Saunders et al., 2016). As this research seeks to understand a real-life context 

phenomenon within the UK facilities management industry, the archival strategy 

might be suggested to help partially, but will not deliver the level of outcome needed 

for proper analysis.  

The ethnography strategy is a qualitative research method that is used to describe a 

culture, and which may consist of its origins, values, roles, and material items 

associated with a particular group of people (Byrne, 2001). The primary character of 

ethnographic studies is the direct interaction of the researcher within the natural 

setting of the research subjects over often long periods of time (Creswell, 2013). 

Ethnography is also considered an in-depth approach of inquiry as a result of the 

often lengthy period within which researchers embed themselves within the cultural 

setting of the research (Creswell, 2013). However, this study does not require any 

observation of a specific group or their behaviours. This research aims to find a 

solution to practical technical problem related to the information exchange process 

between BIM and FM systems; thus, this strategy is not suitable for this research.  

The grounded theory strategy involves the use of qualitative data to develop and 

refine a theory that explains social interactions and processes in a wide range of 

contexts (Bryant and Charmaz, 2007; Saunders et al., 2016). Grounded theory often 

involves collection of multiple sources of data as well as fine grained analysis (Strauss 

and Corbin, 1990). In grounded theory, data is continuously gathered and analysed to 

refine the theory until ‘saturation’ occurs, where no new themes are emerging from 

the data (Oktay, 2012). Since this research is adopting a mixed methods approach 
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which is a mixture of qualitative and quantitative data, this strategy which uses 

mainly qualitative data is not suitable for this research.  

The narrative inquiry is a qualitative strategy that allows the researcher to analyse 

the relationships and socially constructed explanations that occur naturally within 

narrative accounts in order ‘to understand the complex processes which people use 

in making sense of their organisational realities’ (Saunders et al., 2012). This research 

strategy is more suitable for interpretive and qualitative research; however, the 

nature of this research does not require narrative inquiry.  

Action research is defined as a qualitative research strategy that aims at building 

and/or testing theory within the context of solving an immediate ‘practical problem’ 

(Azhar et al., 2010). Action Research is usually used in promoting organisational 

learning to produce practical outcomes through identifying issues, and planning, 

taking and evaluating action (Saunders et al., 2016). It is, therefore, popular for 

research within industrial or organisational settings where there is a need for 

understanding or improving a process (Saunders et al., 2016). Since this research 

strategy is about ‘research in action rather than research about action’, and it focuses 

more on promoting organisational learning to produce practical outcomes, this 

makes it unsuitable for this research.  

Phenomenological research is a strategy that involves the study of the ways a 

person’s world view is formed in part by the person who lives it (Fischer and Wertz, 

2002). This strategy is therefore appropriate where the personal experiences of 

individuals about a phenomenon are required to answer research questions 

(Creswell, 2013). Researchers must, however, be as remote as possible from this 

experience, thus, phenomenology encourages the use of open-ended questions 

(Fischer and Wertz, 2002). Since this research involves collating data from the 

industry practitioners about their experience in using BIM for FM, this strategy was 

deemed to be suitable for this research.     

Survey is a research strategy often used to establish the status of a phenomenon 

among a group (Robson, 2002). A ‘survey’ is a technique to generalise findings based 

on data derived from sampling populations. As such, a ‘survey’ approach involves the 

self-completion of a questionnaire or a structured interview, used to collect data that 

can detect patterns of relationships between variables (Bryman, 2012). Survey 

research is a commonly used technique in applied social research, involving feedback 
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from a questionnaire or a detailed interview (Trochim, 2006). Since this research 

involves collating data from a large sample of industry practitioners to explore the 

current state of BIM implementation in FM and to identify the information 

requirements of BIM to support FM systems, this strategy is deemed to be suitable 

for this research.  

Case study is an intensive and in-depth inquiry to understand a contemporary and 

complex phenomenon within its real-life context (Yin, 2013). It is a valuable strategy 

since it allows deep understanding and detailed descriptions of phenomena, and this 

methodological strategy is often based on various data sources (Yin, 2013). The case 

study is mainly suitable for the investigation of complex problems within the context 

in which they occur, using different data collection sources to ensure deep 

understanding (Dubé and Paré, 2003).  

These various data sources can be quantitative or qualitative, such as interviews, 

questionnaires, or observations (Eisenhardt, 1989). The core of the case study 

strategy is the comparison of the collected data, which allows researcher to identify 

theoretical categories as a basis for proposing new theories. Accordingly, the main 

objectives of a case study method are (1) to describe a phenomenon; (2) to test a 

theory; and (3) to create a new theory (Eisenhardt, 1989). Thus, this strategy will be 

considered in this research to test the theory of the developed system prototype.  

The results of case study data collection and analysis are then used to compare the 

case study findings with the expected outcomes predicted, and the theory is either 

validated or else found to be inadequate in some way, and may be then further 

refined on the basis of the case study findings. 

5.6.1 Adopted Research Strategies 

The nature of this research facilitates interaction between the researcher and the 

industry practitioners in the UK facilities management industry and BIM professionals 

in the UK construction industry and, as a result, there is no control of behavioural 

events required, as this research values the richness of information provided from 

these social interactions. Considering no control of behavioural events is required, 

experimental and action research methodological approaches were eliminated from 

the selection.  
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In parallel to this, the types of research question in this study are ‘What’ and ‘How’, 

thus eliminating the choice of action research, grounded theory, and ethnography 

strategies, which do not answer ‘What’ research questions. The richness of 

information is gained from an in-depth study involving industry practitioners and, 

thus, archival research could not be the methodological approach adopted in this 

research, as it requires research into archives and periodic documents. Thus, the 

strategies considered to be most suitable for this research are phenomenological, 

involving surveys and case study.  

Phenomenological principles were relied on to satisfy the requirements of the 

qualitative parts of the study. This is as a result of the need to investigate the 

industry practitioners’ personal perspectives on BIM implementation in FM, based on 

their experience of working on BIM-based projects for FM. A survey research strategy 

is also adopted to enable investigation of research propositions from the earlier 

phase among a wider group of respondents and to identify at a later phase the 

information requirements of BIM to support FM systems. This will be the overarching 

strategy for the quantitative phase of the research. The case study strategy was 

considered in this research to test the developed system prototype in order to 

compare the case study findings with the expected outcomes predicted by the 

hypothesis, and accordingly validate or refine the system prototype, based on the 

case study findings. 

5.7 Research techniques and procedures 
Research techniques and procedures are the methods used to collect data (Saunders 

et al., 2016). There are two types of data, primary and secondary. Primary data is a 

type of data which never existed before, hence it was collected to find answers to 

research questions. Secondary data refers to a type of data that has been previously 

published in journals, books, online portals and other sources. 

Primary data collection methods can be divided into two categories: qualitative and 

quantitative. The most popular qualitative methods of data collection are interviews, 

focus groups, observation, and case studies (Kumar, 2011). Popular quantitative 

methods of data collection include structured interviews, questionnaires, and 

structured observations (Bryman, 2012).  

In the present study, findings from both quantitative and qualitative collected data 

are used in developing the conceptual framework for information exchange between 
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BIM and FM systems. While quantitative methods can obtain data from large 

samples, a qualitative method is needed to understand and obtain a more in-depth 

level of detail regarding the phenomena being investigated in the research 

objectives. Therefore, series of quantitative questionnaires were distributed to both 

BIM professionals and FM practitioners in the UK to collate their views on BIM 

implementation in FM and to identify the information requirements of BIM to 

support FM systems.  

Firstly, questionnaires were distributed to BIM professionals in the UK to explore the 

current state of BIM implementation in FM, current challenges and the current 

methods used in information exchange between BIM and FM systems. The 

questionnaire design and sample size are presented and discussed in sections 6.2.1 

and 6.2.2.  

Secondly, questionnaires were distributed to FM practitioners in the UK to identify 

the information requirements of BIM to support FM systems by collating a large 

sample of views (section 7.7 presents the questionnaire design, and section 7.8 

presents the sample size and technique). Several previous studies have also adopted 

the questionnaire technique to collect quantitative data in the BIM area. For 

example, Olatokun (2017) conducted a questionnaire survey to elicit knowledge 

requirements techniques during the client briefing process for BIM-based projects. In 

another study, Lam (2017) conducted a questionnaire survey to collect quantitative 

data for validation of the developed framework while Akinade (2017) conducted a 

questionnaire survey to develop BIM-based software for construction waste 

analytics.  

A series of qualitative semi-structured interviews was conducted at two different 

phases of the research design: after the first questionnaire survey with BIM experts, 

to gain deeper insights into technical challenges related to information exchange and 

interoperability between BIM and FM systems, and then to collate potential user’s 

feedback for the system prototype validation.  

Semi-structured interviews were chosen in particular for the following reasons: (a) 

there are not enough resources with respect to information exchange and 

interoperability between BIM and FM systems; (b) the required information and 

knowledge exist with the BIM experts; (c) the researcher can change the order of the 

questions depending on the flow of the conversation, and it is possible to ask 
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additional questions if the BIM expert brings up issues for which there were no 

prepared questions; (d) they allow the BIM experts to speak in more detail about the 

issues that the research raises, as well as to introduce new issues that are relevant to 

the research theme; (e) they allow potential users to assess the developed system 

prototype by answering according to specific themes and questions and encouraging 

them to raise any potential enhancement to the developed system prototype . 

Semi-structured interviews have been adopted in several research investigations in 

the field of BIM. For example, Motawa & Almarshad (2015) conducted semi-

structured interviews with 10 BIM professionals to develop a BIM-based knowledge 

management system for building maintenance. Bavafa (2015) performed 12 semi-

structured interviews with construction industry practitioners in the UK to develop a 

conceptual framework to enhance information quality through BIM implementation 

in UK structural engineering organisations.  

Alreshidi (2015) conducted semi-structured interviews with 18 BIM experts to collect 

primary data for developing Cloud-based BIM governance solution. Zahiroddiny 

(2016) conducted semi-structured interviews with 8 practitioners from the 

construction industry to understand the impact of BIM on a construction project’s 

communication patterns. Zanni (2016) collected primary data from 32 semi-

structured interviews with construction industry experts in order to develop detailed 

decompositions of the BIM-enabled sustainable building design processes and to 

validate the developed model. Mahamadu (2017) collected primary data from 8 

semi-structured interviews in order to develop a BIM-based decision support 

framework to aid selection of construction supply chain organisations.  

A case study explores complex real-life interactions as a composite whole (Yin, 2013). 

According to Oates (2006), research that has a close connection with a real-life 

context can be validated by empirical evidence through the case study method. By 

adopting a real case scenario, the research assumption can be tested in experiments 

with sufficient information being collected. Thus, a case study has been used in this 

study to demonstrate the overall functionality of the system. This allowed the 

developed system prototype to be tested to ensure that it had been satisfactorily 

implemented to achieve the research overall aim and objective 5. The aim of the case 

study is to investigate the contributions of developed system prototype to transfer 

information seamlessly between BIM and FM systems.  
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Recently, case study has become a popular method in construction management 

research and particularly in testing and validating developed prototype systems. For 

example, Gupta (2013) used a case study method to test and validate a developed 

BIM-based prototype for buildings renewable energy assessment.  

Cemesova (2013) used a case study method to iteratively test and update BIM-based 

data transfer to support the design of a low energy buildings prototype. Almarshad 

(2014) used a case study method to demonstrate the application of a BIM-based 

knowledge management system developed for building maintenance management. 

Xu (2015) validated a proposed BIM and knowledge-based system for automatic cost 

estimation using a case study method. Hou (2015) used a case study method to 

validate a BIM-based system developed for multi-objective sustainable structural 

design. Chen (2015) used a case study to test and validate a developed BIM-based 

prototype for decision-making processes.  

Most recently, Zou (2017) used a case study to test the implementability of a 

proposed BIM and knowledge-based risk management system. Table 5-1 illustrates 

the different research phases, along with the adopted approaches and data 

collection techniques to achieve the research objective.   

5.8 Software development methodologies 
In order to develop the system prototype for information exchange between BIM and 

FM systems, a software development methodology is required. The software 

development methodology (SDM) refers to the formalised development process that 

defines a series of procedures, methods, deliverables, automated tools, and best 

practices to support software developers in developing and continuously improving 

the system software (Rastogi , 2015).  

There are various factors affecting the choices of software development 

methodology. According to Geambaşu, Jianu, Jianu, & Gavrila (2011), the complexity 

of the software, clarity of the requirements, the assigned cost and available team are 

the key factors playing a major role in choosing the proper SDM. A review of the 

extant literature reveals that there are various methods for software development. 

This section provides an overview of four groups of software development 

methodologies, according to Pressman (2010): the waterfall model, incremental 

process models, evolutionary process models, and concurrent models.  
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Table 5-1: Research Strategies  

Phase Objective Approach Technique 

 

 

1 

To identify the current state of BIM 

implementation in FM; 

To outline benefits and challenges of 

integrating BIM into FM practice; 

Qualitative 

Quantitative 

Qualitative 

Literature review 

Survey questionnaire 

Semi-structured 

interviews 

2 To identify information requirements of 

BIM to support FM; 

 

Qualitative 

 

Qualitative 

 

Quantitative 

Literature review 

Review of standards, 

guidelines & best 

practices 

Survey questionnaire 

3 To develop the interoperability framework 

concept to streamline information 

exchange process between BIM and FM 

systems; 

Qualitative 

 

Qualitative 

Semi-structured 

interviews 

Focus groups 

 

4 

To develop the system prototype to 

transfer information between BIM and FM 

systems; 

Software 

development 

methodology 

Waterfall 

methodology 

5 To demonstrate, test and validate the 

developed system prototype. 

Qualitative 

 

Qualitative 

Case study 

Semi-structured 

interviews 

 

5.8.1 The waterfall methodology 

The waterfall method is a software development model which is based on a linear-

sequential series of steps with specific activities performed and deliverables 

generated at each stage of the software development lifecycle (Pressman, 2010). The 

stages in the waterfall method flow in sequential order, as shown in Figure 5-2.  

The traditional waterfall method emphasises the sequential nature of the process 

and requires that one stage should be completed before starting the next stage 

(CMS, 2005). This way, the risks introduced by the code and fix technique are avoided 
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in advance and solved at each stage. Thus, this reduces the time and effort wasted on 

several iterations of code and fix (Whitten & Bentley, 2007).  

 

Figure 5-2: Waterfall Model Phases (Source: www.perfectMarket.com) 

There are other forms of the traditional waterfall method which take the basic 

waterfall structure and modify certain aspects, such as the incremental waterfall 

model, the sashimi model, and Royce’s modified model (Whitten & Bentley, 2007).  

The incremental waterfall method makes some alterations to the linear sequential 

model of the traditional waterfall method and suggests that some phases can 

progress independently. It also allows some flexibility, in which requirements can be 

changed during the software development process. The sashimi method allows 

different phases to progress simultaneously. Royce’s modified model allows some 

changes and refinements to the initial requirements by performing a repeating cycle 

between requirements and testing during the software development lifecycle  (CMS, 

2005).  

The strengths of the traditional waterfall model are that it focuses on the software 

design to identify a clear requirements specification at an early stage. This allows for 

more accurate planning of the software development process, as there is less 

ambiguity to the project. Since the traditional waterfall model requires each phase to 

be completed before starting the next phase, it allows the developer to track the 

progress through the project. It also helps to manage the resources of the project, as 

there are not multiple activities progressing simultaneously.  

The weaknesses of the traditional waterfall model are: (1) it is rigid, because it does 

not allow changes and refinements to requirements, (2) it is time-consuming because 
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it does not allow for simultaneous execution of any phases, (3) it needs a set of 

complete, and fixed requirements before commencing the design phase. This can 

extend the schedule for the release of the product. Moreover, errors may appear 

during the testing stage, which require more time to fix (CMS, 2005). In conclusion, 

the waterfall method also does not support change management, project 

management or risk management methodologies. Accordingly, the waterfall method 

is best for projects where requirements are clear and well-identified at the initial 

stage of the project. 

5.8.2 The incremental methodology  

The incremental methodology is a combination of a linear and iterative approaches, 

with a focus on reducing inherent project risks by breaking the project into smaller 

segments called increments (CMS, 2005). Put simply, it is a series of mini-waterfalls, 

where each series is completed for a small part of the system. Each series of 

iterations enhances the software and refines its requirements incrementally. At each 

iteration, the model goes through the requirements, design, implementation and 

testing phases. In each series, a new function is added to the previous release, and 

the process continues until the complete system is ready (Whitten & Bentley, 2007). 

Figure 5-3 illustrates a typical process of the incremental methodology.  

 

Figure 5-3: Incremental model (Source: http://www.rootsitservices.com) 

The strengths of the spiral method are its ability to reduce risks by allowing early 

feedback after each iteration during the software development lifecycle. The 

incremental method also allows requirements to be changed; these changes are 

reflected in the subsequent increments. Incremental development allows many mini-

increments to overlap, thus most team members can work in parallel. Errors in the 
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previous increments can be fixed during the development of the current increment. 

Obviously, this saves time, cost, and other resources. Thus, the initial deadlines are 

more likely to be met (Whitten & Bentley, 2007). 

On the other hand, according to Pressman (2010), this method is not suitable for 

relatively small projects. Moreover, this method requires a pre-identification of the 

functional system at early stage of the development. Adopting this methodology, 

requires continuous testing and validation at each increment to develop the system, 

which is considered to be an expensive method (Pressman, 2010). 

5.8.3  The evolutionary process methodologies  

The third group of SDMs are the evolutionary process methodologies which includes 

various methodologies such as the spiral and prototyping methods (Pressman, 2010).  

• The spiral methodology 

The first type of this group is the spiral methodology, which is a risk-driven software 

development methodology. In essence, it is a combination of linear and iterative 

methods with a focus on minimising the risk by breaking the project into smaller 

segments to evaluate the risks after each cycle (Boehm, 1988). As shown in Figure 5-

4, each cycle around the spiral traverses four basic quadrants: (1) determine 

objectives, alternatives, and constraints of the iteration; (2) evaluate alternatives; 

identify and resolve risks; (3) develop and verify deliverables from the iteration; and 

(4) plan the next iteration (Boehm, 1988).  

 

Figure 5-4: Spiral model (CMS, 2005) 
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The main strength of this methodology is that it focuses on risk avoidance. This 

makes this methodology the best for projects where requirements are not clear 

enough and the risk evaluation is very important (CMS, 2005).  

Despite its risk-driven nature, the spiral has its own sources of risks, which are 

related to the fact that all the activities involved in this method rely on the 

experience of developers and their abilities to identify and manage risks (Boehm, 

1988). If these abilities are unavailable, major risks might remain hidden for several 

lifecycles and be discovered later when they have matured into real problems. At 

that time, the cost of rework to recover from these risks becomes very high. 

• The prototyping methodology 

The second type of this group is the prototyping methodology, where a working 

prototype is developed as a part of a larger development methodology (Pressman, 

2010). In this method the project is often divided into smaller segments and the 

development of small-scale mock-ups starts until the prototype has evolved to meet 

the user’s requirements (CMS, 2005). As shown in Figure 5-5, the prototyping 

methodology starts with identifying the system requirements, then the system 

design is developed to illustrate the system’s key components for initial evaluation, 

and a working prototype is then developed for testing and refinement. Iterations are 

continuously carried out in this methodology until a point is reached where the 

developed prototype is satisfactory and meets the user requirements.  

 

Figure 5-5: Prototyping method (CMS, 2005) 

This method is recommended when a basic idea for complicated and large systems is 

required and when it is difficult to collect all user’s requirements. This method allows 

different users to define their information needs and improves user participation in 

system development and communication. It’s useful for resolving unclear objectives; 
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developing and validating user requirements and for quick implementation of an 

incomplete, but functional application (CMS, 2005).  

5.8.4 The concurrent methodology  

This fourth group of SDMs as identified by Pressman (2010) is the concurrent 

methodology. The essence of this methodology that it allows various software 

engineering activities to occur concurrently. For example, the programming activity 

can start immediately after the conceptual design is approved, and concurrently with 

the detailed requirements identification activity (Whitten & Bentley, 2007). This 

methodology expedites the software development process. The concurrent 

methodology is suitable for projects that have various contributing stakeholders, as it 

allows several activities to run simultaneously at one particular time.  

5.8.5 The adopted software development methodology  

Selecting a software development methodology is based on comparing the different 

methods described in previous sub-sections to assess the most appropriate method 

in terms of time and resources requirements to serve the research purpose. The 

incremental method was reviewed and was considered to be unfeasible for this 

research since it requires a continuous testing and validation at each increment to 

develop the system, which was considered to be time and resources consuming 

method and it might not be achieved due to lack of commitment from participants.  

The spiral method was considered inappropriate for the system development 

process, as it focuses on risk management which requires repetitive tasks which 

would consume excessive time. The prototype method was also considered 

impractical for the system development as it focuses on tailoring a software system 

to specific client or organisation’s requirements. The system prototype is developed 

to satisfy FM systems in general and not for a specific FM system or FM organisation.  

The concurrent methodology is particularly appropriate for software development 

projects that include various teams who work simultaneously on developing the 

system software. As the contribution of this research is based on individual effort, 

this method was seen as inappropriate for this research.  

Taking into consideration the time and resources constrains, it was decided that the 

development the system prototype in this research would be based on the waterfall 

method. The waterfall method was deemed the most appropriate method as it 
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focuses on clear requirements specification at an early stage to allow accurate 

planning of the software development process and to track the progress through the 

project. It helps also in managing the resources, since this research is based on 

individual effort, hence the staged nature of this method helps in developing the 

system prototype in sequential stages and tracking the progress according to the 

overall research plan.  

5.9 Overview of the adopted research methodology 
Research in construction management has a different nature than in other pure 

engineering or management studies, since the latter deal with a single aspect 

problem, whereas construction management research deals with multidisciplinary 

areas that cover many domains, such as engineering, facilities management, 

technology, and social science. In construction, every project is unique and 

construction, by nature, is a complex process that involves human effort, operations 

of instruments, experience-base decision making, engineering knowledge, and 

technology. The result of this complex process is that research in construction 

management tends to use a mixed methods approach to gain deeper insights and a 

more comprehensive understanding, especially in the research area of applying 

technology in construction management. Examples of researchers who have used the 

mixed methods approach are: Wilson (2013) to develop a decision-support prototype 

for healthcare facilities, Almarshad (2014) to develop a BIM-based knowledge 

management system for building maintenance, Mahamadu (2016) to develop a 

decision support framework for BIM-enabled projects, Akinade (2017) to develop 

BIM-based software for construction waste analytics, and Zou (2017) to develop a 

system prototype for BIM and knowledge based risk management.  

The main idea and overall methodology to address the aim and objectives of this 

research were summarised in Chapter 1. In order to overcome the interoperability 

gap in the information exchange process between BIM and FM systems, it was 

explained that existing open data standards can be used to establish a BIM-based 

system for information exchange between BIM and FM systems.  

The research is closely related to two main aspects of the process: identifying 

facilities management systems information requirements of BIM and transferring the 

required information seamlessly into the facilities management systems using an 

enabling technology. A sequential multiphase mixed methods approach that can 
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synthesise both aspects and combines both quantitative and qualitative approaches 

was used to investigate solutions for the observed issues.  

Accordingly, various research methods were used in this study, which include: a 

systematic literature review, semi-structured interviews with industry practitioners, 

questionnaire surveys, concept framework development, system prototype 

development and evaluation through a focus group meeting. The methods were 

selected to achieve the research aim and objectives set out in Chapter 1. The 

research tasks, methods and validation are summarised in a diagram shown in Figure 

5-6.  

Flow diagram of research design and methods 
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Figure 5-6: Diagram to show the research design and methods 

The first phase of the research started with an exploratory approach, by reviewing 

and analysing the existing literature. The outcomes of this step laid the way for the 

second step, using a quantitative approach through the questionnaire survey. The 

outcomes of the second step initiated the need for the third step of phase 1 to gain 

more technical insights through the qualitative approach of the semi-structured 

interviews with the BIM experts.    
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In the same way, the second phase started by analysing the existing literature, 

standards, guidelines, and best practices to conclude with a generic list of 

information requirements of BIM to support FM practice in general. Based on the 

outcomes of this step, a quantitative questionnaire survey was prepared to generate 

inductively a list of information requirements of BIM to support FM systems.  

In the third phase, the conceptual framework to streamline information exchange 

process between BIM and FM systems was developed, based on the outcomes of the 

qualitative results generated from the literature review and semi-structured 

interviews conducted in the first phase. The conceptual framework was then 

validated using a qualitative approach of focus groups meeting.  In the fourth phase, 

software development methods were applied and the system prototype was 

developed using the waterfall method. Finally, in the fifth phase, a qualitative 

approach was applied to demonstrate and test the developed system prototype 

using a case study and then validating the usability of the developed system 

prototype through a series of semi-structured interviews with potential users from 

the industry. Details of the adopted methodology in each phase are provided in the 

following sections.   

5.9.1 Overview of Phase 1  

In order to achieve the first and second objectives of identifying the current state of 

BIM implementation in facilities management and outlining key challenges of 

integrating BIM in facilities management practice, an exploratory sequential 

approach was adopted, using a mixture of qualitative and quantitative methods, as 

shown in Figure 5-7. This phase started with a systematic analysis of the extant 

literature, followed by quantitative questionnaire survey and qualitative semi-

structured interviews with informed BIM professionals working in the UK. The details 

of this phase are discussed in Chapters 4 and 6.  
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Figure 5-7: Diagram to show Phase 1 design and methods 

Step 1 - literature review: the initial step of phase 1 started with a systematic review 

of the extant literature to provide fusion of different areas of BIM, FM and BIM for 

FM, as documented in Chapter 4. The thoroughness and systematic analysis of the 

literature review provide the foundation of research. In the early stage of phase, the 

literature review helped the researcher in many aspects, such as: understanding the 

current state of BIM implementation in FM, outlining current challenges of BIM 

implementation in FM, identifying research gaps in the area, and outlining a future 

agenda for further research in the area. 

Selection of articles: the review of the literature was limited to journal articles 

available in full text. This was chosen because it was essential to read the entire 

article not just the abstract. The researcher first attempted to select articles 

published in the last ten years, because the concept of BIM for FM is a phenomenon 

that has emerged recently within that period. Articles addressing BIM 

implementation in FM were selected and then filtered to consider those which were 

published in reliable journals only. Further details on the articles’ selection criteria 

can be found in section 4.3.   

Source of articles: the Scopus database was accessed to identify articles within the 

three methodologies, articles published between 2008 and 2018, journal articles, 

CiteScore metric to be equal or greater than one, and English language. Further 

details on articles selection criteria are provided in section 4.3.   
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Search keywords: the keywords are used in the initial search were: BIM, Building 

information modelling, building information modeling/modelling, FM, facilities 

management, facility management, and asset management.  

Analysis methods: two different methods were used to analyse the extant literature: 

a quantitative method using bibliometric analysis, and a qualitative method using 

content analysis to generate research trends and propose the future agenda. The 

outcomes of the literature review analysis paved the way for the second step of the 

exploratory quantitative study discussed in the following sub-section.  

Step 2 - questionnaire survey:   

A questionnaire is a pre-defined set of questions, assembled in a pre-determined 

order prepared for respondents to answer the questions, thus providing the 

researcher with data that can be analysed and interpreted (Oates, 2005). 

Questionnaires are widely used in research because they provide a systematic way to 

collect data from a large number of respondents (Fellows and Liu, 2009).  

In this study, an online questionnaire including a pre-defined set of questions was 

sent to BIM professionals in the UK to collate their feedback on the current state of 

BIM implementation in FM. A pilot study was conducted first, to test the 

questionnaire and then 112 responses were collected from BIM professionals in the 

UK who had a knowledge of BIM utilisation in FM practice. 

The aim of the questionnaire was to explore the current state of BIM implementation 

in FM practice, current challenges facing BIM utilisation in FM practice, and the state 

of the information exchange process between BIM and FM systems. A descriptive 

statistical analysis was then conducted to analyse the collected data. The data 

analysis results confirmed that BIM implementation in FM remains in its infancy and 

there are key challenges to overcome, namely interoperability between BIM and FM 

systems, lack of a standardised information exchange process, and lack of clear 

information requirements of BIM to support FM systems. The general insights 

concluded from the questionnaire survey confirmed the need for further 

investigation to gain more knowledge about technical challenges related to the 

information exchange process between BIM and FM systems. Accordingly, semi-

structured interviews were conducted with informed BIM professionals in the UK, as 

discussed in the following sub-section.   
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Step 3- semi-structured interviews  

Interviewing is a conversation that aims to extract insights into the experiences, 

beliefs, values, knowledge, interests, concerns of the participants, and provide a 

means of viewing the reasoning and actions of others. To address the current 

challenges related to the information exchange process between BIM and FM 

systems, this form of interviewing was considered the most appropriate method to 

gain deeper insights into the technical issues related to BIM.   

A series of semi-structured interviews was carried out to acquire the primary data of 

this research. The interviews were conducted with sixteen BIM professionals working 

in the UK. The criteria for selecting the participants were based on their knowledge 

of BIM implementation in FM. As a result, professionals with experience in using BIM 

for FM in at least in one project were interviewed. The outcomes of the interviews 

included mapping a generic process for information exchange between BIM and FM 

systems and identifying existing deficiencies in information exchange tools. The 

outcomes of the semi-structured interviews are discussed in section 6.4.  

5.9.2 Overview of phase 2 

In order to achieve the third objective of identifying the information requirements of 

BIM to support FM systems, a descriptive approach was adopted, using a mixture of 

qualitative and quantitative methods. This phase started with a qualitative method of 

reviewing related documents, such as existing literature, standards, guidelines, and 

best practices, to produce a generic list of FM information requirements. This formed 

the foundation of the following step. A quantitative questionnaire survey was then 

adopted to identify the information requirements of BIM to support FM systems. 

Details of this phase are discussed in Chapter 7.  

Step 1 – relevant documents review: a review of academic journal articles which 

investigated the information requirements of BIM to support FM was conducted. This 

was followed by a review of the existing standards, such as PAS1192-4 and BS 8587-

2012, available guidelines, such as the Texas A&M University facility design 

guidelines, and best practices, such as the Pennsylvania State University office of 

physical plant case study. The outcome of this step was a generic list of information 

requirements of BIM to support FM practice.   
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Step 2: questionnaire survey: in this step of this phase, a quantitative deductive 

approach was adopted, as it moved from an explicit hypothesis to generalisation. The 

outcome of the first step formed the foundation of the questionnaire survey design. 

A list of pre-identified information requirements of BIM was drawn up and an online 

questionnaire was sent to FM practitioners in the UK to identify the required 

information of BIM to support particularly FM systems. This part of the data 

collection was vital, as the information requirements of BIM to support FM systems 

identified in the survey helped in developing the conceptual framework of 

information exchange between BIM and FM systems.  

5.9.3 Overview of phase 3 

Built on the outcomes of the first two phases, a novel method was established to 

collect information from different data sources, including BIM data, and transfer the 

collected information seamlessly into FM systems. This phase served in achieving the 

fourth objective, by developing a conceptual framework to streamline the 

information exchange process between BIM and FM systems. The framework 

concept was then validated by conducting a focus group meeting. Details of the 

development and validation of the conceptual framework are discussed in Chapter 8.  

Step 1: conceptual framework development: the findings from the semi-structured 

interviews in phase 1 led to the conceptual design of the system framework. These 

findings revealed several challenges slowing the process of using BIM for FM, and 

that the most critical challenges are interoperability between BIM and FM systems, 

identifying information requirements of BIM models to support FM operations and 

standardising the information exchange process between BIM and FM systems. 

Moreover, the findings revealed that the existing open data standards, namely IFC 

and COBie, can be used as tools to overcome the interoperability issue between BIM 

and FM. However, COBie existing add-on applications have their own limitations, in 

which the required information related to O&M cannot be generated using the 

existing applications and has to be filled in manually by the FM teams.  Moreover, 

not all manufacturers provide data about the objects they manufacture that are 

suitable for inclusion in BIM, which means that the objects’ manufacturing data are 

not complete and FM teams have to look at the details in the handover manuals and 

catalogues provided. Based on these findings, the system’s conceptual framework 

has been developed to integrate various data sources and to generate the data 
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output required to support FM systems input using open data standards and 

specifications, as detailed in section 8.2.  

Step 2: Focus group to validate the conceptual framework:  a focus group is a small 

group of people who are brought together to discuss in a group setting their 

opinions, beliefs and perceptions on a specific subject area (Pickard, 2013). A Focus 

group meeting was conducted to assess the suitability of the proposed conceptual 

framework, based on analytic and pragmatic criteria. The main advantage of 

conducting a focus group meeting is that participants can discuss freely with each 

other, which can lead to the emergence of stimulating ideas that would otherwise 

not have arisen (Langford and McDonagh, 2003). In addition, discussions emerging 

from focus group meeting reveal more concepts and ideas than surveys and allow 

participants to contribute without much preparation (Bader and Rossi, 2002).  

The focus group gathered 12 FM practitioners from diverse facilities management 

organizations in the UK.  The duration of the focus group meeting was around three 

hours, where each individual helped to identify: what/with whom/how and why they 

communicate, FM industry needs in terms of BIM implementation and key issues 

regarding BIM, together with expectations and perceptions of BIM-based FM. The 

purpose of the discussion was introduced at the beginning and the discussion was 

moderated by The British Institute of Facilities Management (BIFM).  

The analysis of the focus group data was derived from questionnaires which were 

distributed to participants at the end of the meeting to collate their feedback on the 

proposed conceptual framework for information exchange process between BIM and 

FM systems. The findings of the questionnaire responses aided in refining the system 

prototype concept, as detailed in section 8.6.  

5.9.4 Overview of phase 4 

In order to achieve the fifth objective, a waterfall method of software development 

was used for developing the system prototype to streamline the information 

exchange process between BIM and FM systems. The prototype was initially tested 

and demonstrated using a case study. Details of the development, testing and 

demonstration of the system prototype are provided in Chapter 9.  

Step 1: waterfall methodology to develop the system prototype:  based on the 

waterfall methodology, the process of system development commenced by 
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integrating the findings obtained from the literature review and questionnaires in 

phase 1. The main gaps identified from the literature review were the lack of a 

standardised process to transfer information between BIM and FM systems and lack 

of interoperability between the different systems. The results of the semi-structured 

interviews in phase 1 along with the results of the questionnaire feedback in phase 2 

aided in identifying the system requirements.  

The system was then designed to integrate the various data sources, namely BIM 

data, maintenance data, and product data. This involves retrieving the collected data 

from an external database. The new database structure was created using database 

relational management. A graphical user-interface environment was developed to 

facilitate data integration and manipulation in a user-friendly presentation that 

allows various users to add or edit the required data. This involves using different 

software environments including C#, ASP.net, and AJAX and different software 

applications such as MSSQL and Visual Studio.  Figure 5-8 illustrates the system 

prototype development stages.   

 

Figure 5-8: Diagram to show the system prototype development process 

Step 2: case study to demonstrate and test the developed system prototype: a real 

case study of the Future Technology Centre of the University of Portsmouth was used 

to demonstrate and test the workability and implementability of the developed 

system prototype. The aim of demonstrating and testing the system prototype is to 

verify that all functions are working properly and ready for the evaluation phase. 
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However, the system prototype was tested continuously during the development 

process. This step includes using real case study to generate data output to test the 

functions and contents of the system interface and to ensure its workability.  

5.9.5 Overview of phase 5  

A series of interviews with industry practitioners was involved during the whole 

process to guide the development of the research. The valuable feedback from 

industry practitioners played a complementary role in shaping the research to 

contribute to the existing body of academic knowledge as well as addressing practical 

challenges. 

Semi-structured interviews to evaluate the developed system prototype: Ten semi-

structured interviews with industry practitioners from BIM and FM and with software 

developers were conducted in this phase to validate the usefulness of the proposed 

solution of this research and the usability of the developed prototype. The interviews 

were designed as semi-structured to allow the interviewees to explore issues and 

gain an overall understanding through presentations and free discussions, and then 

develop answers to the carefully-designed questions. The backgrounds of the invited 

industry practitioners, procedure of interviews, and their feedback are summarised 

in Chapter 10.  

5.10 Chapter Summary 
This chapter has described and discussed the methodology adopted and methods 

used in this research. The research is based on the pragmatist philosophy; therefore, 

it was considered appropriate to employ an abductive reasoning approach with a 

multiphase sequential mixed-methods approach. The research adopts the waterfall 

method for system prototype development. Several qualitative and quantitative 

research methods were considered as suitable to achieve the research aim and 

objectives. These were literature reviews, interviews, questionnaires, case study, and 

a focus group meeting, for analysis of the system prototype’s requirements, and its 

design, development, validation, refinement, demonstration, and evaluation, 

respectively. The following chapters discuss in detail the staged processes of 

developing the system prototype.  
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6 ANALYSIS OF THE CURRENT STATE OF BIM IMPLEMENTATION 

IN FACILITIES MANAGEMENT 

 

6.1 Chapter Overview 
The previous chapter reported the results of the systematic literature review to 

explore the current state of BIM implementation in FM practice, and to outline the 

benefits and challenges of BIM implementation in FM. 

This chapter aims to verify the outcomes of the analysis of the systematic literature 

review by consulting industry practitioners to identify the current state of BIM 

implementation in FM, and to outline the potential benefits and challenges of using 

BIM for FM. 

A comprehensive questionnaire followed by semi-structured interviews with 

informed BIM practitioners in the UK were conducted. The purpose of the 

questionnaire was to understand generally the current state of BIM implementation 

in FM practice by (a) identifying the current BIM applications in FM practice, (b) 

identifying the current challenges hindering BIM utilisation in facilities information 

management, and (c) exploring the current information exchange methods between 

BIM and FM systems.  The general insights obtained from the questionnaire survey 

laid the way for further investigation about more technical issues through semi-

structured interviews with informed BIM experts in the UK.  

The main purpose of the interviews was to get deeper technical feedback on BIM 

implementation in FM by (a) identifying the perceived value of BIM for FM, (b) 

identifying the information management processes, methods, and tools employed 

between BIM and FM systems, and (c) identifying the information requirements of 

BIM models to support FM systems.  

This chapter has been organised to present the findings of the first stage of both the 

questionnaire and the semi-structured interviews, supported by a detailed discussion 

on BIM implementation in FM practice, based on industry practitioners’ experiences. 

The findings of the systematic literature analysis, the questionnaire survey and the 

semi-structured interviews supported the achievement of the first two objectives (a) 

identify the current state of BIM implementation in facilities information 
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management, and (b) outline key challenges of integrating BIM in facilities 

information management practice, and laid the way to achieving the remaining 

objectives.   

6.2 The general survey  
The questionnaire survey was adopted to confirm and expand the general 

understanding obtained from the literature review related to the current state of 

BIM implementation in FM in general and the current state of information exchange 

between BIM and FM systems in specific. The procedure and techniques adopted for 

this general survey are explained, together with the presentation of the results, in 

the following sub-sections.  

6.2.1 Development of the survey instrument  

A questionnaire was found to be the most appropriate approach for data collection. 

According to Gary (2004), questionnaires need to be ‘respondent-friendly’ in order to 

increase the likelihood of response. The questionnaire designed in this study was, 

therefore, made simple with clear guidelines and instructions to respondents. The 

questionnaire survey started with a pilot study to assess the relevance, length, 

complexity, and layout of the questionnaire. The respondents of the pilot study were 

chosen from colleagues and academics at the University of Portsmouth. The 

comments of the respondents were then used to produce the final questionnaire.  

The final questionnaire has four parts: (1) respondents’ background, (2) the current 

state of BIM implementation in facilities information management, (3) challenges 

and implications of BIM implementation in facilities information management, and 

(4) facilities information management. The sample questionnaire is attached in 

Appendix A. The respondents of the survey were required to select one or more of 

the statements provided in the multiple choices to explore the current state of BIM 

implementation in FM.  

6.2.2 Sample size determination  

The survey initially aimed to collect feedback from a wider sample of BIM 

professionals in the UK who had a knowledge of BIM utilisation in FM practice. 

However, it was impossible to identify the number of BIM professionals in the UK in 

general and those who had this knowledge specifically. In view of the relative lack of 

information on exactly how many BIM professionals are aware of BIM potential 
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applications in FM, other techniques of identifying participants were developed. 

Mainly, the online professional networks and groups such as BIM task groups formed 

the main source for data collection in this stage. After the identification of the 

sample frame, an appropriate technique to determine the minimum sample size 

required for this study was adopted. In order to determine the required sample size, 

the following formula from Czaja & Blair (1996) was employed. This formula was used 

by different researchers such as Ankrah (2007), Baba (2013), Ibrahim  (2014), and 

Mahamadu (2017). 

𝑆𝑆𝑆𝑆 = 𝑍𝑍2 ×p(1−p)
𝐶𝐶2

                                     (Equation 6-1) 

Where: SS = sample size; Z = standardised variable; p = percentage picking a choice, expressed 

as a decimal; and C = confidence interval, expressed as a decimal. 

A confidence level of 95% (Z = 1.96) and confidence interval (C) of ±10% were 

assumed as considered by (Baba, 2013) and Mahamadu (2017), and the most 

conservative value of p at 50% to ensure accuracy, as suggested by Czaja and Blair 

(1996). The minimum required sample was calculated as follows:  

SS =
1.962 × 0.5(1− 0.5)

0.12
 

SS= 96.04 

Applying the sample size equation resulted in determining the sample size of the 

survey as 96 BIM professionals. According to Ankrah (2007), Baba (2013) and 

Mahamadu (2017) a conservative rate of 20% is appropriate in order to adjust 

sample size for surveys intended within the UK construction industry. Based on this 

estimate, the target sample size was adjusted to cater for possible non-response, as 

shown in Equation 6-2. 

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 𝑆𝑆𝑆𝑆 = SS
0.2

 = 96
0.2

                               (Equation 6-2 )        

Survey SS = 480 

After establishing the survey sample size, the on-line questionnaire was posted on 

the identified internet groups restricted to various BIM and construction 

professionals. The LinkedIn professional group pages contacted included ‘BIM4FM’, 

‘RICS’, ‘CIOB’, ‘ICE’ ‘BIM Experts’, and ‘BIM Architects’, among others. These groups 

have memberships ranging from 330 to over 10,000 and consist of a high number of 
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UK professionals. The size of these on-line BIM groups ensured that more than the 

required 480 respondents were able to participate in the survey. One hundred and 

seventy-eight responses were collected after a three-month period, out of which only 

112 were deemed valid, due to inconsistency and unacceptable levels of missing 

data. It was impossible to calculate the response rate since the number of 

participants who were able to view the posted link of the questionnaire on the 

related group’s pages was unknown.  

Taking into consideration that the survey topic is a new topic and requires specialised 

professionals who have knowledge about BIM implementation in FM, the number of 

collected responses, 112, was considered to be acceptable. Moreover, comparing the 

number of responses with other studies conducted in the same domain, such as 

Akinade (2017), Lam (2017), Marsh  (2017), 112 responses is considered to be 

acceptable to generate an overview of BIM implementation in FM.  

6.2.3 Questionnaire findings and discussion  

Descriptive statistics are often used to uncover the patterns within sample data 

(Denscombe, 2010). The survey was qualitative in nature and the questions were 

descriptive, in order to explore the current state of BIM implementation in FM and 

understand the current information exchange process between BIM and FM systems. 

Thus, SmartSurvey tools for the data analysis were used, which are based on 

descriptive statistics.  

6.2.3.1 Demographic distribution 

Practitioners in the construction industry in the UK were the main respondents to 

this questionnaire. The demographic and work-related characteristics of the 

respondents are given in Table 6-1. Among the 112 participants, contractors and 

facilities management organisations were the largest group of contributors, with 

26%, followed by BIM consultants, technical engineers and architects with 21%, 12% 

and 5% respectively. At the time of the questionnaire, 59% of the respondents had 

been working in the construction industry for more than 10 years.   

The majority, 81%, had never worked on any project where BIM was used to support 

FM operations; only 19% 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’s capabilities for FM. Participants were 

asked if they had knowledge about BIM’s capabilities for supporting facilities 
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management practice, and all those who answered “NO” were disqualified from 

participating in the questionnaire survey. 

6.2.3.2 Current state of BIM implementation in facilities information management  

As this study focused on leveraging BIM in facilities information management, the 

respondents were asked if they agreed or disagreed that BIM can improve facilities 

information management practice. The majority, 61%, agreed that BIM can improve 

facilities information management practice. On the other hand, 12% of respondents 

disagreed and 17% of respondents neither agreed nor disagreed. Respondents were 

requested to choose potential application areas to which BIM, with its capability as a 

data conduit, could bring value to. A substantial number of respondents strongly 

agreed that BIM could enhance the building handover processes (86%), support 

facilities systems (67%) and facilitate creation of a registry of digital assets (62%), as 

shown in Figure 6-1. This is an important finding, because it demonstrated a general 

understanding that BIM is capable of acting as a data conduit to capture, collect and 

retrieve all the information about a facility and its components during its lifecycle.  

 

Figure 6-1: Potential BIM application areas 

As shown in Table 6-1, the majority of respondents (81%) had never worked on any 

project where BIM was used to support FM operations. Interestingly, the majority 

(68%) believed that implementation of BIM in FM would require 3-5 years, as shown 

in Figure 6-2. Only 11% believed that BIM for FM could be implemented within only a 

year and those were mainly the BIM consultants.  
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Figure 6-2: the projection of BIM implementation in FM  

Table 6-1: BIM practitioners’ background  

Variable Scale/Category Number Percent 

Work Experience (years) 1-5 17 15 

6-10 29 26 

11-15 36 32 

16-20 19 17 

>20 11 10 

Organisation Type Property Development 3 3 

Architect 6 5 

Engineering (mech., elec., civil) 13 12 

BIM Consultant 23 21 

Contractor (general) 29 26 

Contractor (specialty) 5 4 

Facilities / Asset Manager 29 26 

Manufacturer 3 3 

Other 1 1 

Number of Projects (BIM for FM)  0 91 81 

1 – 5  21 19 

6 – 10  0 0 

>10 0 0 

11%

21%

32%

36%

0% 5% 10% 15% 20% 25% 30% 35% 40%

One year's time BIM will be used for FM

We are currently using BIM for FM

Three year's time BIM will be used for FM

Five year's time BIM will be used for FM
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6.2.3.3 Challenges and implications  

When BIM is used to support facilities information management, facility information 

can be captured, collected and retrieved throughout the building’s 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% agreed that poor interoperability 

between BIM and FM systems was a key challenge hindering BIM implementation in 

facilities information management (interestingly, all BIM consultants (21 participants) 

agreed on this as the main challenge). This was followed by the lack of a clear, 

standardized information exchange process (55%) and the lack of clear information 

requirements (49%) for BIM models to support facilities information management as 

shown in Figure 6-3 (the majority of facilities management participants (20 out of 26 

participants) agreed on the lack of clear information requirements).   

Figure 6-3:  Concerns regarding implementing BIM in facilities information management 
practice 

6.2.3.4 Owner / Facility manager requirements of BIM models  

Setting up owner requirements at an early stage facilitates the information flow among the 

stages of a project’s lifecycle. The majority of respondents agreed that owners are not clear in 

their requirements of BIM models (83%). Only 17% of respondents indicated that they received 

clear owner requirements of BIM models. Moreover, respondents were asked if they received 

or participated in the preparation of the organisational information requirements (OIR), asset 

information requirements (AIR), and employer information requirements (EIR). Table 6-2 shows 

that the majority of respondents knew about these key documents which outline owners’ 

requirements of BIM models, but they had never received them or prepared them during their 

work in BIM-based construction projects.  

8%

27%

49%

55%

74%

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

BIM as-built models quality

BIM data management (roles, responsibility,
quality)

Clear information requirments

Clear information exchange process

Interoperability between BIM and FM
systems
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Table 6-2: Information requirements using BIM 

6.2.3.5 The current state of the handover process for BIM-based projects  

The building handover process is critical to provide owners and facility managers with all the 

information about the facility and its components. In order 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 6-4, the results indicated that the most frequent response was 

electronic copies in the form of pdf documents and CAD drawings (94%), followed by native, as-

built BIM models (91%). With the adoption of BIM in construction projects, the need for non-

geometric information delivery in the form of COBie spreadsheets becomes necessary; however, 

only 40% of respondents indicated that they were asked to deliver COBie spreadsheets among 

other handover deliverables. On the other hand, 58% of those surveyed indicated that a paper 

copy of the construction documentation was required at the handover stage. Only a small 

percentage of respondents (15%) indicated that an IFC file was required among the deliverables. 

 

 

 

 

 

 

 

Figure 6-4: Handover deliverables for BIM-based projects 
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6.2.3.6 Information exchange methods between BIM and FM systems   

A clear information exchange process is integral to a unified source of facility information 

collected during the different phases of the construction project. Respondents who were using 

BIM for FM (19%) were asked to select the information exchange method they used to transfer 

information between BIM and FM systems. Figure 6-5 shows that about one-third of the 

respondents (32%) 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% of participants used manual data entry, while 24% used COBie 

spreadsheets as tools to transfer facility information from BIM models to FM systems. In 

addition, 9% of the respondents used a middleware layer and 5% used IFC files to transfer 

information between BIM and FM systems.   

 

Figure 6-5: Information exchange method between BIM and FM systems   

Respondents were asked whether they agreed that BIM models included all required facilities 

information: 89% disagreed, 9% neither agreed nor disagreed and only 2% said that BIM did 

include all the 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; 

moreover, 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, since 

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 
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respondents stated that the spares log and the manufacturers’ product data sheets were the 

most wanted external data sources, at 92% and 86% respectively (Figure 6-6). 

 

 

 

 

 

 

 

Figure 6-6: The required information that was not included in BIM models 

6.2.4 Summary of questionnaire findings  

The data analysis results confirm that BIM implementation in FM remains in its 

infancy. There are key challenges to overcome: (1) interoperability between BIM and 

FM systems, (2) a standardised information exchange process, and (3) identified 

information requirements of BIM models to support FM systems. Although the COBie 

spreadsheet is currently required as part of building handover deliverables, manual 

data entry of facility information into FM systems remains the dominant method. 

Finally, although the COBie spreadsheet includes a huge amount of facility 

information, other information sources remain that are required for O&M activities.  

6.3 Qualitative Data Analysis 
In descriptive interpretive research, data analyses follow structured methods, which 

start with the description of researcher’s own experiences followed by the 

description of textual and structural discussions of participants’ experiences 

(Creswell, 2013). This allows the researcher to move from a narrow unit of analysis to 

broader units. However, what is most appreciated in the descriptive interpretive 

approach is its ability to apply the concise analytical approach developed by 

Moustakas (1994) to support researchers in analysing their qualitative data. This 

approach can be summarised in six steps, as depicted in Figure 6-7.  

Thematic analysis was applied using proper coding scheme to define units of 

meaning from significant statements and to categorise them into recurrent themes. 

The coding scheme established based on four identifiers, which are discipline, 

19%

21%

56%

86%

92%

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

Material specifications

Manufacurers catalogues

O&M manuals

Product data sheet

Spares submittal log



CHAPTER 6 | ANALYSIS OF THE CURRENT STATE OF BIM IMPLEMENTATION IN FM   

140 

context, keywords, and theme category. Discipline identifier reflects the organisation 

role of the interviewee that provided a transcript segment. Context identifier shows 

the circumstances informing a transcript segment and includes: (1) new – indicates 

any new topic of discussion; (2) response – indicates any response to a specific 

question; (3) build-up – indicates any contribution to an ongoing discussion; and (4) 

moderator – reflects a control segment provided by the moderator. Keyword coding 

classification depicts a summary of the main issue raised within a segment. This helps 

to identify prevalent issues and concerns across the transcript. The keywords are 

underlined within the quotation segments. The theme category reveals the principal 

theme under which the issue discussed in the transcript segment falls. Examples of 

quotation classification based on this coding scheme is shown in Table 6-3. 

 

Figure 6-7: Descriptive interpretive analysis process 
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Table 6-3: Examples of classification based on the coding scheme 

Quotation Source Discipline Context Theme 

 “One of the key benefits of using 
BIM is the ability to provide a 
comprehensive and accurate 
information about a building and its 
assets” 

 

FM1 Facilities 
management 

New BIM 
implementation 

in FM 

 “The market provides compatibility 
solutions rather than interoperability 
solutions. Vendors are adapting their 
systems to a dominant system that is 
not based on open standards, BIM 
tools plug-ins is an example of 
providing such a compatibility 
solution.” 

 

BE2 BIM consultant Build-up Information 
management 

     

6.4  Semi- structured interviews: findings and discussion  
The semi-structured interviews were conducted after the exploratory questionnaire survey had 

been distributed, collected and analysed. The interviews were conducted to further develop the 

research by exploring the current status of BIM implementation in FM and outline the 

challenges, with a focus on interoperability and information management between BIM and FM 

systems.  Accordingly, it was essential to select the right person to be interviewed to generate 

inferences. Therefore, the criterion of selecting interviewees was based on participants having 

experience in using BIM for FM in at least in one project. Accordingly, participants who had this 

experience and who had provided their contact details at the questionnaire survey stage were 

contacted. As a result, sixteen BIM experts from different backgrounds in the UK participated in 

the interviews, all of whom had been involved in at least one project where BIM was used for 

FM, as shown in Table 6-4.  
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Table 6-4: BIM experts’ demographic information  

Code BIM Expert Position Experience 

(years) 

Place of 

interview 

Interview 

approach 

A1 Academic  Professor of built environment  16 - 20 Newcastle Skype 

BE1 Practitioner BIM specialist - BIM firm 6 - 10 Manchester Skype 

CONS1 Practitioner BIM manager- MEP firm 11 - 15 Leeds Skype 

CONT1 Practitioner BIM director –construction  
and services group 

> 20 London Face-to-face 

BE2 Practitioner BIM Specialist – BIM firm 16- 20 Nottingham Skype 

CONT2 Practitioner BIM manager – construction  
and services group 

11 -15 London Face-to-face 

CONT3 Practitioner BIM technician-construction 

and services group 

1 - 5 London Face-to-face 

FM1 Practitioner BIM manager – facility 

management  

11 - 15 Birmingham Skype 

A2 Academic Professor of civil engineering  11 -15 Leeds Skype 

TECH1 Practitioner Technical coordinator – 
engineering technology  

> 20 London Skype 

CONS2 Practitioner BIM manager – design  11 - 15 Glasgow Skype 

CONT4 Practitioner BIM manager -consultancy 
and construction business 

11 - 15 Liverpool Skype 

CONT5 Practitioner BIM manager – project 
development and construction   

16 -20 London Face-to-face 

CONS3 Practitioner BIM manager – design  11 - 15 Manchester Skype 

FM2 Practitioner BIM manager – facility 
management    

11 -15 London Skype 

CONT6 Practitioner BIM director – construction    > 20 London Face-to-face 

 

The semi-structured interviews focused directly on the research main topic 

(interview questions are attached in Appendix B). The content of the analysis 

emerged from reading the interviews and identifying themes through a structured 

method, as detailed in the previous section. In order to facilitate the structured data 

analysis, Nvivo 11 was used.  After coding the interview statements using different 

meaningful codes, a further work was done on the theme code and keywords code to 

organise the data further and generate meaningful themes. For example, there were 

several passages that related to BIM’s value for FM, its applications and the 
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challenges of implementing BIM in FM. All sub-themes were collated into one theme 

and named “BIM implementation in FM”. After examining all the extracted passages, 

they were organised into high level themes that support the research questions and 

sub-themes that support further details. As a result, three high level themes and 

their associated sub-themes were identified, as shown in Figure 6-8.  

3.5 Health and safety management information 
(18 passages)

BIM for FM

1.2 BIM value for FM
 (53 passages)

1. BIM 
implementation in FM

(268 passages)

1.1 the current state of BIM in FM 
(91 passages)

1.3 existing challenges in BIM utilisation FM 
(101passages)

2. Information 
Management
256 passages 

2.3 Open data standards
(87 passages)

2.2 Interoperability
(113 passages)

2.1Information exchange requirements
(56 passages)

3. Information 
requirements 
(294 passages)

3.3 Space management information (45 passages)

3.1 Asset management information 
(76 passages)

3.2 Maintenance management information 
(119 passages)

3.4 Energy management information (36 passages)

1.4 UK BIM standards and guidance documents 
(23 passages) 

 

Figure 6-8: Results of thematic analysis of interviews  

After the high levels and their associated sub-levels were identified, all the data 

associated with each theme were gathered to check if the data supports the theme 

and if the identified themes are coherent and distinct from each other. The 16 

interviews resulted in three high-level themes and 12 low-level themes. The total 

number of passages recorded over all themes was 350.  Finally, each theme was 

analysed individually to identify the essence of what each theme is about, as 

presented in the following sub-sections.   
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6.4.1 Theme 1: BIM implementation in FM  

The discussion with the theme of BIM implementation in FM concentrated on the 

current status of BIM implementation in FM. This generated a total of 268 passages 

which involved a contribution from all 16 interviewees. This theme is then further 

broken down into four sub-levels: the current state of BIM in FM (91 passages), BIM 

value for FM (53 passages), existing challenges in BIM utilisation in FM (101 

passages), and the UK BIM standards and guidance documents (23 passages) 

illustrated in Figure 6-8.  

The interviewees were asked about their experience in using BIM for FM; all the 

interviewees had been involved in at least one project where they had used or were 

currently using BIM for FM. Only three interviewees had been involved in two 

projects where they implemented BIM during the whole project lifecycle, including 

the O&M phase. However, the majority of interviewees at the time of the interviews 

were still working on their projects where BIM data were requested in different 

formats to support FM systems. Among the 16 interviewees, only five had completed 

projects and used BIM data as outputs for FM systems inputs.  

Interviewees were asked their opinions based on their individual experience 

regarding BIM’s benefits for FM and the challenges they faced during the 

implementation. While interviewees from BIM consultancy firms (BE) focused on BIM 

value for FM by elaborating different potential applications and benefits, 

interviewees from facilities management organisations (FM) focused more on the 

challenges they faced during BIM implementation in FM. Interviewees from design 

and engineering consultancy firms (CONS) and construction organisations (CONT) 

were more concerned with BIM processes, standards, and Government requirements 

of BIM models. However, the interviewee’s responses and feedback formed the 

following sub-themes:  

The current state of BIM in FM: interviewees were asked if owners are more aware 

of BIM benefits for FM and if they see any growth in BIM utilisation for FM. Most of 

interviewees agreed that it needs time for owners to understand that they can 

achieve more cost reductions if they extend BIM implementation to the O&M phase. 

Although the UK Government tries to enforce BIM implementation to achieve several 

targets, the most important of which is to reduce its construction projects’ costs, 
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owners and facility managers are still reluctant to use BIM for FM, which places the 

FM industry behind other industries in terms of reaping BIM’s benefits.  

CONS2 clarified that “BIM is currently underutilised in the FM industry and I believe it 

needs years before FM industry realise BIM benefits for FM”.  

CONT5 added: “while BIM technology continues to transform the design and construction 

industries by reducing substantial cost and time overruns, it is uncertain whether facilities 

managers are aware of this technology, and if they are, they are so reluctant to get its advantage 

in order to reduce O&M costs and improve buildings performance as a result.” 

There is still a need for more real case studies representing a real implementation of BIM during 

the O&M phase and reporting the tangible benefits achieved.  

FM2 asserted this and stated: “a key opportunity for owners and facility managers is to see how 

BIM technology can enhance their buildings’ performance and how BIM system can interface 

with the existing FM systems and make their job easier”.  

CONT1 added: “contractors have learned to use BIM to win projects, then to save time and 

money. Facility managers mostly don’t think much beyond CAFM/CMMS which makes BIM an 

additional cost that they don’t see any need to embrace it”. 

Finally, CONS2 highlighted the UK Government BIM mandate and predicted that:  “The number 

of full BIM-Level 2 projects will increase after the Government BIM mandate. However, using 

BIM for FM is an ambitious target, and I believe that FM industry is considerably behind the 

curve”. 

BIM’s value for FM: interviewees were asked about what BIM can offer FM, and whether it 

would have a transformative impact on building operation. The interviewees listed several 

benefits; however, they all focused on significant benefits related to information management.  

The BIM manager-FM1 responded positively towards BIM value for FM.  “One of the key benefits 

of using BIM is the ability to provide comprehensive and accurate information about a building 

and its assets”.   

FM1 added as well:  “Using BIM as a database for FM systems can make FM tasks more efficient.  

For example, a simple task such as replacing a valve, facility managers can find promptly the 

required specifications and manufacturer information and act efficiently”. 
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The BIM specialist - BE1 summed up different applications of BIM in FM: “BIM-FM integration 

can help in solving troubleshooting broken equipment issues, monitoring and controlling, 

emergency management, and space management”.   

However, the associate director - BE2 focused only on BIM’s capabilities in visualisation and its 

application in FM practice:  “BIM enables various users to extract and analyse views that are 

necessary for making decisions … facilities maintenance. Visualisation can support FM 

technicians to better employ their cognitive reasoning for problem solving”.  

MEP BIM manager - CONS1 highlighted the value of using BIM at an early stage. “BIM enables 

design teams, owners and facilities managers, to better understand how a facility and its spaces 

will perform in its operation phase before construction has started, and accordingly to tweak the 

facility design to better suit the end-users”. 

Finally, the BIM manager- FM2 was hesitant about BIM’s benefits and applications and 

suspected the truth of the claimed benefits and applications. Nevertheless, FM2 believed that 

BIM could be useful in enhancing the facility information management. “I can only see one 

feasible application of BIM in FM, which is information management, because who is going to 

use the 3D model once the data has been compiled and entered into CAFM system?”  

CONS2 had different view of the use of BIM models: the 3D model can be used during the O&M 

phase for space management, energy benchmarking and refurbishment.  

However, the real value of BIM for FM may be its capability of acting as a database that holds 

all the information about a facility in one place. “To date we are still having 2D floor plans and 

different excel sheets”, says FM1, the BIM manager at FM organisation, “BIM could provide one 

unified source of information for all FM systems”. 

Existing challenges in BIM utilisation in FM: when interviewees were asked about the 

challenges they faced during the implementation of BIM for FM, they addressed different 

challenges, according to their experience. However, all the interviewees agreed that the major 

challenges hindering BIM utilisation in FM are interoperability between BIM and FM systems, 

the lack of clear owner/FM information requirements, and the lack of a clear information 

exchange process between BIM and FM systems.  

The BIM manager- FM2 highlighted the interoperability challenge: “The existing FM systems 

(e.g. Computer Aided Facility Management Systems (CAFM)) need to be linked to BIM 

technologies to enhance, support and leverage the existing information and process, yet- little 
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attention has been given to the ongoing issue of the interoperability between BIM and FM 

technologies.”  

In the same vein, the BIM manager-FM1 stressed the interoperability challenge and explained 

that: “Many FM software developers started to use cloud-based solutions to integrate with BIM. 

But what about those FM organisations who are using different software which don’t provide 

these solutions? There should be a better way to find a more affordable solution to overcome 

interoperability issue.” 

The BIM manager- CONS2 also drew attention to the large amount of data the BIM model can 

contain, and that project teams have to bear this in mind and to identify carefully owner/FM 

information requirements in order to model them appropriately to avoid irrelevant data. The 

BIM manager- CONT2 also stressed the need to have clear requirements in order to generate 

BIM as-built models that meet owner/FM requirements and expectations. Another challenge 

hindering BIM implementation was mentioned by the BIM director-CONT1: “As discussed, there 

are some limits on what a BIM models can offer to a facilities manager today, for example not 

all manufacturers are providing their products for inclusion in a BIM model. This means, the 

facilities manager may have to search for the relevant data in different catalogues, manuals and 

product data sheets to include in the FM system.” 

The associate director - BE2 shared their experience and the challenge they faced when they did 

not have clear owner requirements: “The client wanted to use COBie for data transfer between 

BIM and FM systems. The client did not know what he wants and just said ‘I need all information’ 

without identifying any specific requirements. As a result, the client was frustrated with the huge 

amount of irrelevant data that the COBie spreadsheet contained.” 

UK BIM standards and guidance documents: interviewees were asked about the current BIM 

guidance documents and standards and if they support FM. They discussed briefly the GSL, the 

UK Government BIM level 2 mandate and the UK BIM standards. They also discussed the GSL 

philosophy of owners’ and facility manager’s early engagement that enables them to identify 

clearly the EIRs and the AIM needs, as well as how PAS 1192-3 provides a strategic framework 

explaining how information directly responds to the owner’s/user’s business needs, while BS 

8536 provides recommendations for specific information deliverables needed by FM 

professionals at each stage of a project. 
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Most of the interviewees agreed that the owners’ knowledge about BIM Level 2 is significantly 

variable. One of the interviewees, A1, who is working as a professor in the same field indicated 

said that “some FM practitioners are GSL and BIM-literate, but they are rare.” 

On the other hand, the interviewees themselves were more familiar with BIM standards related 

to the RIBA plan of work, construction industry council (CIC) – second, and PAS1192 (1-4), while 

they were less familiar with standards related to FM such as the BS 8587:2012 guide to facility 

information management and BIFM operational readiness guide.  

Interviewees were asked about BIM in their organisations and specifically if they had in place 

the following: asset management strategy, BIM strategy, BIM processes, BEP, OIR, AIR, and EIR. 

The results show that the interviewees’ organisations were more concerned about having a BIM 

strategy, BIM processes and BEP in place, and these documents are well used. A worrying trend 

was that the majority of the interviewees (13 out of 16) reported that their organisations did 

not have a formal asset management strategy (e.g. ISO 55000 or other) in place. Moreover, the 

interviewees mostly agreed that many EIRs are considered to be standard documents only and 

in different projects they were not fully tailored to the required FM outcomes.  

The BIM manager- CONT5 focused on standards and classification for a successful BIM 

implementation. “I would like to highlight that BIM is a process, not a technology. While the 

design teams use different software to produce BIM design models, the construction teams use 

other software to help them figure out any discrepancies. FM teams use completely different 

systems software. However, with the various software, when we are requesting a BIM model as 

a final handover deliverable, we make sure that we have a well-defined BIM strategy and 

execution plan that specify standards and classifications that we want to see within the model.”  

6.4.2 Theme 2: Information management 

The question that triggered this theme of the discussion was about interviewees’ 

experience in managing information along the project’s lifecycle, with a focus on 

information management between BIM and FM systems. The results indicate that 

not many interviewees, 5 out of 16 interviewees, had experience of transferring 

information from BIM models to FM systems. In general most of interviewees had 

experience of managing information during the design and construction. The 

majority of the interviewees knew of information exchange requirements and 

methods between BIM and FM systems, but had never been engaged in these. 

However, the interviewees agreed mostly that there tangible enhancements are 

made to the workflow of the handover data throughout the life of the building. This 



CHAPTER 6 | ANALYSIS OF THE CURRENT STATE OF BIM IMPLEMENTATION IN FM   

149 

theme was recorded in 256 passages and divided into four sub-themes: (a) 

information exchange requirements (56 passages), (b) interoperability between BIM 

and FM systems (113 passages), and (c) open data standards (87 passages), as 

illustrated in Figure 6-8.  

Information exchange process: in order to achieve a successful information exchange process 

between BIM and FM systems, it is essential for all project stakeholders to understand what 

they need to provide and how this information will be delivered and transferred. There are three 

common approaches for information exchange between BIM and FM systems (a) IFC file, (b) 

COBie spreadsheet, and (c) proprietary middleware. However, for a successful information 

exchange process, there are five steps to be considered carefully, as agreed by most of the 

interviewees (a) defining data drops related to the transition between each main phase change 

in the project lifecycle, the main one being handover of as-built and operations and maintenance 

data, (b) defining information requirements, (c) defining information deliverables, (d) defining 

information exchange methods and tools, and (e) defining the information’s quality assurance 

process.  

Furthermore, it was observed that only five out of 16 interviewees had any experience of 

transferring information from BIM models to an FM system. The remainder were either still 

working on producing BIM models (7 out of 16 interviewees) or used manual data entry (4 out 

of 16 interviewees) after they had faced many difficulties dealing with BIM native models and 

COBie spreadsheets.  

Interviewees who had experience of transferring information between BIM and FM systems 

were asked to clarify further the tools they used and the challenges they faced. Three 

interviewees who used COBie as a tool to import facility information into their FM systems 

reported a major shortcoming related to COBie add-in applications in generating all the required 

information, specifically types of information related to O&M (Job, Resource and Spare sheets). 

The three interviewees agreed that the COBie spreadsheet supports the asset register only but 

cannot support other FM activities such as maintenance activities. One interviewee used the IFC 

file for direct integration of their FM system and another interviewee used a middleware layer 

customised for their company to extract information from BIM models and compile it with other 

information sources.  

The interviews results show that the information exchange process between BIM and FM is not 

a straightforward process and there are some ambiguities about how to use the open data 

format and how to collect all the required FM information.  
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Interoperability between BIM and FM: all interviewees agreed that interoperability between 

BIM and FM systems is an ongoing issue. They also agreed that this issue must be solved in order 

to support the business case for adopting BIM for FM.   

FM2 expressed a different view, in which he did not see any need for any direct integration 

between BIM and FM systems. He regarded BIM as a solo database that provides information 

about a facility to all FM systems through a common language “COBie” that meets the FM 

systems’ simplicity. “We heard a lot recently about interoperability issue and we saw different 

suggestions of using middleware layer, cloud BIM, open BIM, and directing integration between 

BIM models and FM systems. The question is, do we need any of these expensive solutions to use 

BIM data? The existing FM legacy are about recording daily tasks routine across facility portfolio. 

The FM systems have different databases to record the service requests, work orders, asset 

records, and preventive maintenance schedules, without consistent references to the building or 

assets involved. If you have any information, then you have to search one or more database to 

put pieces together about the work order history of any asset. FM legacy lacks the sophistication 

of BIM rich models which link objects together and associate accordingly relationships between 

objects and spaces. What we need from BIM models is an excel sheet that pushes selected data 

from BIM models to FM systems, COBie can do this. COBie simply extracts the required data from 

the rich BIM models and provide this data to our simple FM systems.” 

On the other hand, TECH2 who is a technical coordinator at an engineering technology firm 

highlighted the limited available solutions provided by software developers, vendors and the 

industry. “We are still confused of the best way to avoid interoperability, is it a compatible file 

or open API? Today, some are using IFC and COBie to interoperate, while others are calling for 

the next level of APIs for direct interoperability.”  

The BIM manager - CONS 3 added that: there are limitations of the current interoperability 

solutions. IFC and COBie are not enough to achieve a standard consistent digital data and they 

will never go far enough. 

A2, who is a professor at one of the UK Universities and had experience in using BIM for one of 

the university campus buildings for FM purposes, said: “Interoperability implies open standards 

by definition. However, software developers and vendors who promote a bespoke integration 

layer, they should not call it interoperability.” And he added “to date, interoperability between 

BIM and FM systems remains to be an issue”  
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Finally BE2 added: “the market provides compatibility solutions rather than interoperability 

solutions. Vendors are adapting their systems to a dominant system that is not based on open 

standards, BIM tools plug-ins is an example of providing such a compatibility solution.” 

Open data standards:  one of the interoperability methods is to transfer information between 

software applications through open data standards. Within construction, there are some well-

established data standards for the transfer of data: green building XML (gbXML), IFC, and a 

simplified, non-geometric sub-set of IFC, COBie. COBie is a relational database that, in its most 

simple form, can be a spreadsheet. In the UK, COBie is required to mark BIM Level 2 compliance, 

in which it has become a common data format to accommodate communication between 

systems. Interviewees were asked about their experience in using open data standards for the 

information exchange process and about their opinion of using COBie to transfer information 

between BIM and FM systems.   

The Associate director - BE2, highlighted the importance of identifying the information 

requirements of the COBie sheet to avoid generating a large amount of irrelevant information. 

“COBie, was developed to provide the information needed to maintain, manage and operate 

facilities. However, it should be noted that while COBie provides a structured non-geometric data 

in simple spreadsheet, which in turn allows interoperability between BIM and FM systems, facility 

managers still need to provide details on what information is required to support their systems.” 

The BIM manager – FM2 explained that the tedious and superfluous data that the COBie sheet 

includes makes manual data entry easier and more feasible: “The COBie spreadsheets we 

received at the handover stage is too complicated and includes architectural and structural 

details that aren’t relevant to FM; we spend considerable time to remove any irrelevant and to 

validate our information requirements.” 

The BIM manager-CONT4 explained that the existing Revit add-in can generate sheets related 

to design and construction information, while the sheets related to O&M need to be filled 

manually into COBie, which is considered to be a shortcoming that limits COBie’s benefit as an 

output for FM systems inputs: “The best way to get accurate data out of COBie is to get FM 

team’s involvement to list their information requirements of COBie sheet, this is currently done 

by architects and engineers. The other shortcoming of COBie is that the O&M data still needs to 

be manually entered into COBie sheet or directly to the CAFM system.” 

The BIM manager-FM1 clarified that the COBie spreadsheet alone is enough to provide all the 

required FM information, especially maintenance related information. “COBie spreadsheet is a 
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structured way to collect non-geometric information about a facility and its components. It helps 

to establish a digital asset register but lacks the required information about building 

maintenance schedules.” 

The associate director- BE2 added: “not all manufacturers are providing their products for 

inclusion in a BIM models. This means, the contractor has to fill manufacturers’ products data in 

their as-built models, yet contractors mostly don’t provide products’ data in their as-built models. 

This means the FM teams have to spend additional time to fill in their systems’ missing data 

related to manufacturer’s products data.” 

6.4.3 Theme 3: Information requirements  

In order for BIM to support FM operations as an information conduit and repository, 

information requirements should be identified at early stage to facilitate a successful 

data exchange between BIM and FM systems.  

Interviewees were asked if they received clear information requirements during their 

experience of using BIM for FM. The majority of interviewees (12 out of 16 

interviewees) reported that the owner’s information requirements were usually 

prepared by architects and engineers within their BIM execution plan, to identify 

which information deliverables should be delivered and by whom and when. 

Generally speaking, at the project inception stage, owners do not yet recognise the 

CAFM software and the need for its data inputs. However, to fully achieve the benefit 

of using BIM, facility owners also have to learn how to articulate BIM information 

requirements. Moreover, interviewees agreed that a COBie spreadsheet can be used 

to help owners and facility managers to identify their information requirements.  

The associate director-BE2 stated: “BIM output requirements are the essence of successful BIM 

implementation in FM. Clients generally prescribe deliverables but fail to articulate their output 

requirements.” 

The BIM manager- FM2 added: “here are common attributes that CAFM software environments 

share. We need to understand the CAFM system language so we can produce a simplified COBie 

sheet that can be used to import information into CAFM systems easily and at lower cost, without 

having to go through long list of assets and attributes that are not needed for the daily FM 

operations.” 
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The BIM manager CONS1 stated: “the industry talk a lot about EIRs and about COBie data 

requirements. Realistically, many facility managers find this as a vague techno-babble and they 

opt to leave it to their CAFM providers to deal with.” 

The BIM manager- CONT1 added: “our early experience with BIM-based projects is that the FM 

team was involved only at the point of handover, which means that we produced BIM as-built 

models that are not necessary include all FM information requirements, and then we left the FM 

team with a digital output from the BIM models to manage that data operationally on their 

own.” 

The BIM manager- FM1 added: “dumping BIM data into a CAFM database isn't appropriate. 

Many BIM outputs contain information which isn't relevant to the facility operation and 

maintenance or too much information that is tedious to be managed. Too much detail in an 

unfiltered BIM output can be overwhelming when imported directly into a CAFM asset register.” 

Further investigation was conducted in order to identify the information requirements of BIM 

models to support FM systems. Interviewees listed different information requirements which 

were grouped into four groups according to their relevancy, as illustrated in Figure 6-9  

6.4.4 Summary of interview findings 

The contribution from the 16 interviewees provided a vital insight into BIM for FM. 

The main critical issues which were identified during the analysis of the interviews 

are:  

1- BIM implementation in FM is evolving, yet it is still behind that in the design and 

construction industries. 

2- There is a need for more real-world case studies reflecting the benefit of utilising 

BIM in FM to convince the facility owners and managers.  

3- There are several applications for using BIM in FM, but the most feasible one is 

facilities information management.  

4- There are several challenges slowing the process of using BIM for FM: the most 

critical challenges are interoperability between BIM and FM systems, identifying 

information requirements of BIM models to support FM operations and a 

standardised information exchange process between BIM and FM systems.  

5- The existing open data standards, namely IFC and COBie, can be used as tools to 

overcome interoperability issues between BIM and FM. However, there are very 
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few real case studies where COBie was used to transfer information between BIM 

and FM; as yet the implementation is not clear enough.  

6- The COBie spreadsheet allows BIM models’ non-geometric information to be 

captured and collected in a structured way during the project lifecycle and can be 

used later as data output for CAFM systems input. However, COBie existing add-

on applications have their own limitations in which the required information 

related to O&M cannot be generated using the existing applications and has to be 

filled in manually by the FM teams.  Moreover, not all manufacturers are capable 

of providing objects for BIM inclusion, which means that the objects’ 

manufacturing data is not complete and FM teams have to look at it in the 

provided handover manuals and catalogues.   

FM required information 

Maintenance management 
information 

Preventive 
maintenance schedules  

Legislative compliance 
requirements 

O&M link

Asset location 

Expected energy 
consumption 

Energy management 
information 

Occupancy ratio

Standard operating 
producers 

Systems performance
Sustainability 
performance

Expected life

Areas

Space management 
information

Facility general 
information Rooms

ZonesFloors

Room tag number

Asset management 
information

Asset specs

Spare partsAsset type

Asset ID 

Manufacturer info

Warranty info

 

Figure 6-9: Identified FM information requirements according to analysis of interviews  
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7- Although the industry has developed different standards and documents, such as 

the EIRs and COBie, to help the owners in identifying their requirements, 

generally speaking, facility owners alone are not capable enough to identify 

specific information requirements.  The early involvement of FM teams helps the 

owner in articulating information requirement outputs that fit their FM systems’ 

inputs.  

8- However, there are common information requirements that CAFM/CMMS 

systems share and can be identified as minimum requirements, which owners 

and FM teams can add on to minimise the superfluous data that the COBie sheet 

normally includes.  

6.5 Chapter Summary  
The analysis results of both the questionnaire and the data from the semi-structured 

interviews confirmed the both the systematic literature review findings and the 

identified literature gaps related to interoperability between BIM and FM systems 

and identification of the information requirements of BIM models to support FM 

systems.   

The 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, the 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 ten 

sheets out of the required eighteen 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, in 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 facilities management 

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 
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building systems, transforming FM practices involves creating a seamless data 

exchange process and converting the process into a standard. Accordingly, I 

organised a list of specific information requirements to be used as the base of the 

questionnaire survey as detailed in Chapter 6. Moreover, the concept of the 

interoperability framework was outlined, which combines different data sources 

including BIM data to streamline information exchange process between BIM and FM 

systems as detailed in Chapter 7.  
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7 DEVELOPING INFORMATION REQUIREMENTS TO SUPPORT 

FACILITIES MANAGEMENT SYSTEMS 

 

7.1 Chapter Overview 
The previous chapter focused on the first phase of the research in the sequential 

design concentrating on an exploratory survey in which the information exchange 

methods between BIM and FM systems were investigated and gaps in the current 

information exchange practice were identified. The chapter concluded that there are 

two key challenges which need to be overcome in order to streamline the 

information exchange process between BIM and FM systems: (1) identifying FM 

systems information requirements and (2) standardising a process to transfer 

information seamlessly between BIM and FM systems.  

This chapter presents the quantitative analysis findings of the second phase of the 

research, which involved a questionnaire survey which aimed to identify the 

information requirements of FM systems to enable efficient information exchange 

between BIM and FM systems. The results of the previous chapter, combined with 

the literature review analysis outlined in section 7.3, provided the basis for the 

questionnaire survey design to address research objective 3. Forty-one variables 

related to information requirements were organised into statements in an online 

questionnaire, which was then distributed to FM practitioners registered with BIFM. 

The online questionnaire survey was sent through BIFM to all active FM members in 

the UK and 191 responses were collected. The responses were analysed using 

SPSS24, as presented in the following sub-sections. 

7.2 Introduction  
Facilities management involves a wide range of multidisciplinary services with an 

overall purpose of maintaining and enhancing building assets to ensure occupants 

wellbeing (Becerik-Gerber et al. 2012). The key challenge for FM teams is to have 

real-time, accurate and comprehensive information to perform their day-to-day 

activities and to provide their senior management with accurate information for 

decision-making (Atkin and Brooks, 2009).  
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Currently, various technology platforms, data repositories or database management 

systems, including CAFM/CMMS used for these purposes in different facilities. In 

most FM practices today, the data required for CAFM/CMMS systems come from 

various sources. These data are collected and entered manually into these systems, 

manipulated several times during the project lifecycle, and entered manually into 

each individual FM system several times, as these systems lack interoperability 

between each other, resulting in error-prone processes (Becerik-Gerber et al., 2012; 

Teicholz, 2013; Patacas et al., 2015). 

In essence, using BIM in FM practice facilitates management of information 

management about a building’s components and systems during its lifecycle 

(Teicholz, 2013). The more accurate and up-to-date information is available to the 

FM team, the greater the opportunity for the enhancement of processes throughout 

the O&M phase. One of the key success factors for BIM implementation in FM is to 

identify the required data for day-to-day activities (Liu and Issa, 2016). Accordingly, 

the FM industry is beginning to acknowledge the importance of having a 

standardisation for data format specification. Standards such as UK PAS1192-3:2014 

have been issued, which support data management such as UK PAS1192-3:2014, and 

provide a specification for information management for the operational phase of 

facilities using BIM have been issued. Suggestions have been proposed to use the 

COBie as a data exchange method (BSI, 2014a). COBie is a neutral spreadsheet 

format that organises a facility’s non-geometric data in a structured simple format 

for the use by the owner / FM teams (Thabet, et. al., 2016). However, even though 

different ways processes and tools have been developed to exchange information 

during a facility’s lifecycle, there is still a lack of understanding of what sort of 

information is needed for the use by of the FM team during the O&M phase and how 

to transfer this information seamlessly into existing FM systems.  

Recent studies have acknowledged the necessity of identifying the required FM 

information for successful implementation of BIM in FM practice (Kassem et al., 

2015; Dias and Ergan, 2016; Cavka et al., 2017; Farghaly et al., 2018; Pishdad-Bozorgi 

et al., 2018). Mayo and Issa (2016) emphasized that the successful implementation of 

BIM in FM entails early involvement of the owners and FM teams during the design 

stage, to include their information requirements and ensure their delivery at the 

handover stage. Liu & Issa (2016) highlight the importance of identifying the required 

information for FM activities and defining the required level of detail. However, 



CHAPTER 7 | DEVELOPING INFORMATION REQUIREMENTS TO SUPPORT FM SYSTEMS   

159 

determining information requirements and an appropriate information exchange 

process for transferring BIM data to FM systems remains a challenge (Love et al., 

2015a). To date, owners and FM teams are dependent on generic recommendations 

concerning the information they need to collect and the method to be used to collect 

the required information. To help owners and FM teams determine their information 

requirements, this phase of the research aims to collect FM practitioner’s views on 

the required information of BIM models to support FM systems.  

7.3 Identifying information requirements from similar studies  
It is critical for FM teams to have accurate, comprehensive and available information 

to operate and maintain the facility components and systems efficiently. Although it 

has been acknowledged that BIM has great value to support FM operations (Borhani, 

Lee, Dossi, Osburn, & Kinsman, 2017), identifying the required FM information 

remains problematic (Cavka et al., 2017; Pishdad-Bozorgi et al., 2018). There is a lack 

of standardized processes and best practices for implementing BIM in FM that tackle 

the information requirements at different levels, leaving owners unsure of their 

requirements for BIM deliverables (Giel & Issa, 2016). In the most recent practice 

where BIM is implemented to support FM operations, FM teams do not normally use 

BIM data models, since these models do not include the required FM data (Sattenini 

et al., 2011), or contain a huge amount of superfluous data which makes the data 

exchange process tedious and overwhelming (Sabol, 2013). 

Recent attempts to address this problem have highlighted the necessity of identifying 

the required FM data. For instance, Sattenini et al. (2011) detailed the required 

information that FM teams would like to see in BIM models, using an educational 

building as a case study. Wang et al. (2013) identified three types of data to be 

considered in BIM models: (1) building systems and equipment, which include HVAC, 

sensors, etc. (2) asset attributes and data such as vendor’s information; and (3) 

documents and portfolios, such as manuals and reports.   

Patacas et al. (2016) proposed a framework to support owners and FM teams in 

identifying the required information in the form of ‘asset information requirements 

(AIR)’ and visualizing asset information in the form of ‘asset information models 

(AIM)’ using neutral standards. Mayo and Issa (2016) undertook a micro level view of 

owners and FM team information requirements to enable them to identify their 

closeout deliverables related to educational buildings. They identified 28 information 
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requirements and grouped them into five categories, as follows: (1) maintenance and 

scheduling; (2) system analysis; (3) asset management; (4) space management; and 

(5) safety and emergency planning. Lin, Chen, Huang, & Hong (2016) developed a 

BIM execution plan to support FM teams during the pre-operational phase and 

accordingly identified information requirements and grouped them into five 

categories: (1) basic information, (2) geometric information, (3) equipment detail 

information, (4) supplementary information, and (5) maintenance records.   

Thabet and Lucas (2017) proposed a process strategy for BIM integrated FM to 

support information management using an educational institution building as a case 

study to validate the information needs and overall process. In another case study 

using an educational building, Cavka et al. (2017) identified the required information 

for building maintenance, systems monitoring and assets management. Yang and 

Ergan (2017) identified a generic set of the required information during operations 

and maintenance phase to be included in BIM models HVAC maintenance 

management. Farghaly et al. (2018) developed a taxonomy of owner requirements 

from an FM perspective. They identified 60 parameters of asset-consuming energy 

for educational buildings and grouped them into six categories: 1) location, (2) 

specifications, (3) classifications, (4) warranty, (v) asset capex, and (5) maintenance. 

Finally, Lu, Chen, Lee, & Zhao (2018) listed two types of information in their study, 

geometric and non-geometric information, which includes 16 different parameters. A 

summary of the identified information requirements is provided in Appendix D.  

7.4 Identifying information requirements from existing standards  
Various standards have been developed during the past decade to facilitate 

identification of the information requirements of BIM models to support FM practice. 

PAS 1192-3 recommends that an Asset Information Requirements (AIRs) document 

should be produced. This should be undertaken by the client and should state the 

information (in the form of data, documents and geometry) that is required in the 

Asset Information Model (AIM). The AIM should then be used by the FM teams to 

operate and maintain the building. However, PAS 1192-3 is a specification for 

information management only for the O&M phase: it helps in specifying how an AIM 

should be developed to support FM, but it does not specify what items of 

information are required (PAS 1192-3:2014). BS 1192-4 provides guidance and 

recommendations for the UK government’s usage of COBie for exchanging facility 
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information between the owner and the supply chain (BS 1192-4: 2014). COBie was 

developed as a subset of the IFC (ISO 16739) for facility non-geometric information 

(East, 2013). COBie arranges the non-geometric information into ten main categories: 

facility, floor, space, zone, type, components, system, spares, job and resources. 

COBie is an iterative 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). COBie provides a system-to-system exchange of 

the space and equipment information without user intervention, which means that 

all data accumulated during the design and construction phases regarding the facility 

spaces and equipment can be imported directly into FM systems (East, 2013).  

The AIRs template was developed by CIBSE (DE5T) in relation to PAS 1192-3:2014 and 

BS ISO 55000:2014, to ensure that information relating to the running of an asset is 

generated, collated and delivered during the life-cycle of the asset.  DE5T includes 

four tables for information requirements: facility information, space information, 

system information, and component information (CIBSE, 2018). However, there is no 

information related to maintenance included in this template.   

Government departments and educational institutions in both the US and the UK 

have initiated pilot projects to investigate the implementation of BIM for FM. They 

provided guidance on implementation for project teams based on lessons learned 

from their pilot projects.   

Examples of these guidelines are the US General Services Administration (GSA) BIM 

guideline (GSA, 2011), the Ministry of Justice in the UK best practice guidance 

(Ministry of Justice, 2016), the University of Reading (UoR) guide for asset 

information requirements (University of Reading, 2016), and the University College 

London (UCL) information delivery plan (University College London , 2017). The 

majority of these guidelines focus on the minimum modelling and technology 

requirements, establishing the need for an open data format (COBie) for information 

exchange between BIM and FM systems. Thus, the main focus of these guidelines 

was on the information exchange process itself using the COBie format. However, the 

specific information that is to be exchanged between BIM and FM systems remains 

unidentified. Most of these guidelines requested all the information related to: 

facility, floor, space, zone, type, components, and system sheets to be included in the 

COBie spreadsheet at different data drops during the project lifecycle. However, 
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information related to preventive maintenance and spare parts (spare, job and 

resource sheets) was not required to be added at any data drop of the building 

lifecycle. This may be because the current add-in applications to generate the COBie 

spreadsheet such as Revit toolkit have their own limitations in generating 

information related to preventive maintenance and spare parts (spare, job and 

resource sheets).  

Only one attempt was found to identify information requirements of BIM models to 

support FM systems. The University of Cambridge Capella project, the contractor 

used a customised software called BIMXtra to allow project’s stakeholders to input 

data regarding the object’s geometry using the cloud-based Common Data 

Environment (CDE). Information related to O&M phase were entered into the same 

CDE, using an Excel file format, and then COBie outputs were created using the data 

collected on BIMXtra and an “intelligent” linked O&M manuals (University of 

Cambridge, n.d). Although this approach allows manufacturers to enter their digital 

data into one single database, data related to preventive maintenance schedules are 

still absent.  

The literature reviewed above shows that the existing research has mainly focused 

upon specific information requirements, either related to mechanical systems only 

(Dias and Ergan, 2016) or applied to one type of building (educational buildings) 

(Thabet and Lucas, 2017; Cavka, et al., 2017; Mayo and Issa, 2016). On the other 

hand, the existing standards and best practice guidelines focus on the technical part 

of the information exchange process between BIM and FM systems rather than what 

information is required to be exchanged between BIM and FM systems. 

There remains a lack of holistic guidance that encapsulates all the required FM 

information for efficient operations across all systems and building types. 

Accordingly, there is a need to map a clear process for information identification and 

exchange between BIM and FM systems. 

7.5 Summary of the literature review  
The existing research has mainly focused upon specific information requirements, 

either related to mechanical systems only (Dias and Ergan, 2016) or applied to one 

type of building (educational buildings) (Thabet and Lucas, 2017; Cavka, et. al., 2017; 

Mayo and Issa, 2016). While the existing standards help in understanding how to 

identify information requirements of BIM models to support FM practice, there 
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remains a lack of holistic guidance that encapsulates all the required FM information 

for efficient operations across all systems and building types. Accordingly, a 

quantitative survey was conducted to collate FM practitioners’ views on the 

information requirements of BIM models to support FM systems, based on 

information requirements identified from the in-depth review of the existing 

literature, standards, best practices and case study documentations, as summarised 

in Appendix D.    

7.6 Questionnaire design and administration  
A questionnaire was designed based on findings derived from the qualitative results 

of phase one and the literature review. The benefit of conducting a questionnaire 

survey at this stage of the research was to enable the identification of information 

requirements of FM systems from a large sample that satisfies the criteria for 

analysis and allows the inference of results to the wider population (Saunders, Lewis, 

& Thornhill, 2012). Forty-one variables were identified from both the qualitative 

analysis results and the review of similar studies. The final questionnaire design was 

organised in four parts:  

Part I: Survey covering letter – this part clarifies the purpose of the survey. To 

encourage a high response rate, the respondents were informed that the data 

collected would be used solely for academic purposes. Likewise, the respondents 

were assured that the confidentiality of all individual responses would be 

maintained. 

Part 2: Respondents’ demographic information- this part captures information about 

respondents’ experience, job title and organisational role.  

Part 3: Information management practice – this part captures information related to 

the current practices in facilities information management.  

Part 4: Information requirements – this part allows respondents to rate the listed 

information requirements for FM systems. The respondents were asked to consider 

each factor with relevance to their perceived competence and to rank its importance 

on a five-point Likert scale, ranging from 1 (not Important) to 5 (very Important). This 

section also includes a textbox for additional comments from the respondents. 

Respondents were asked to provide a rating for each of the 41 information 

requirements, using a 5-point Likert-scale response with the following linguistic scale: 
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very important, important, moderately important, of little importance and 

unimportant. The questionnaire was then developed into a web–based questionnaire 

using SmartSurvey tools to encourage completion, reduce potential errors and to aid 

data analysis. This preliminary questionnaire was used to conduct the pilot study to 

assess the relevance, length of time for completion, complexity, and layout of the 

questionnaire. The respondents of the pilot study were chosen from the UK facilities 

management industry and included facility managers, estate directors, maintenance 

engineers, and head of facilities. The respondent’s feedback was then used to 

develop the final questionnaire.  

Finally, the questionnaire was distributed to FM practitioners by employing the BIFM 

directory and posting the questionnaire on BIFM LinkedIn groups; 191 responses 

were collected. The sample questionnaire is attached in Appendix C.  

7.7 Sample frame, size and technique  
The aim of sampling in quantitative studies is to draw representative elements from 

the population so that generalisations can be made to the population based on the 

results obtained from the sample (Marshall, 1996). The dominant approach to 

sampling in quantitative studies is random (probability) sampling (Teddlie & Yu, 2007; 

Bryman, 2008; Saunders et al., 2012). This approach ensures that every subset of 

fixed size in the population has an equal chance of being included in the sample 

(McClave & Sincich, 2000; Teddlie & Yu, 2007). For successful random sampling, the 

population characteristics should be known (Marshall, 1996). As such, the population 

being studied in this research comprises BIFM members in the UK. To ensure that the 

selected sample represents the population, a systematic approach was applied to 

determine the sample frame, size and technique. The sample frame used in this 

research met the conditions of being current, complete, accurate, representative, 

and comprehensive, in order to reduce the level of bias that may be introduced in 

the data reporting (Chen , Effler , & Roche, 2001; Murphy, 2002; Saunders wt al., 

2012). The sample frame used for this study was obtained from the BIFM database 

containing detailed information on UK FM members.  

The next step of the research involved the identification of the sample size from the 

selected population (16,081 FM members, as reported in the BIFM annual report, 

2017) in the sample frame, which enabled the possibility to derive the results back to 

the population. There are different methods used by different authors to determine 
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the sample size (McClave & Sincich, 2000; Bartlett, Kotrlik, & Higgins, 2001; Saunders 

et al., 2012). The significant considerations among those different methods are the 

acceptable marginal error that can be tolerated and the non-response bias (Krejcie & 

Morgan, 1970; Bartlett et al., 2001). The margin of error used in this research 

specifies the degree of accuracy of the results obtained from the sample and asserts 

a probability that the result from the sample approximates to the number that would 

be derived if the whole population was questioned (McClave & Sincich, 2000). Thus 

using an adequate sample will result in more reliable, valid, and generalizable results 

(Bartlett et al., 2001). 

At this phase of the study, the population proportion is 16,081 FM practitioners in 

the UK (BIFM, 2017). Accordingly, the formula provided by Krejcie & Morgan, (1970) 

to calculate the appropriate sample size was used (Equation 7.1). The assumptions 

were based on 95% confidence level and 5% confidence interval in order to increase 

the accuracy of the results related to the generic set of facilities information 

requirements. 

𝑆𝑆 = 𝑋𝑋2𝑁𝑁𝑁𝑁(1−𝑁𝑁)
d2(𝑁𝑁−1)+ 𝑋𝑋2𝑁𝑁(1−𝑁𝑁)

                                               (Equation 7-1) 

 

𝑆𝑆 =
1.962 × 16,081 ×  0.5(1− 0.5)

0.052 (16,081− 1) + 1.962 × 0.5 (1− 0.5) 
 

S= 375.21 

Furthermore, in this study the simple random sampling technique was adopted, 

which requires samples to be randomly selected from the identified sampling frame, 

where each unit in the accessible population is assigned a random number and has 

an equal chance of being included in the sample (Teddlie & Yu, 2007; Saunders et al., 

2012).  

Finally, the questionnaire was administered via the internet using SmartSurvey tool. 

A link was provided to respondents through the BIFM database directory and BIFM 

LinkedIn group. The mode of questionnaire distribution was deemed relevant to the 

research, as it enabled the researcher reach difficult-to-access groups, ensured 

respondents remained anonymised, and provided instant statistical results that could 

be viewed by the researcher (Saunders et al., 2012). Data were collected between 
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February 2018 and May 2018 from targeted members of BIFM derived from the 

sample frame.  

The online questionnaire survey was sent through the BIFM to all active FM members 

in the UK and posted on the BIFM LinkedIn group; 191 completed questionnaires 

were collected.  Making the exact response rate calculation was difficult, due to the 

quality of the third party-provided email address database—many email addresses 

were not valid. Moreover, it was not possible to know how many FM practitioners 

accessed the online posted link of this questionnaire on the BIFM LinkedIn group.  

7.8 Sample size reliability  
Generally, large samples have more power to detect effects than small sample sizes 

(Field, 2013). The power of this survey was tested with a population of 16,081 FM 

practitioners in the UK (BIFM, 2017), and a survey return of 191 responses. As 

detailed in the previous section, 375 responses are required to satisfy the calculated 

sample size, considering a 95% confidence level and a 5% confidence interval. After I 

had closed the survey and collected 191 responses, again the margin of error 

expected from the population size of 16000 was calculated at 95% confidence level, 

the sample returned at 7.05%. This means that the margin of error is lower, at 2%, 

than the benchmarking standard and thus an exploratory factor analysis (EFA) to test 

the variability of the collected data was considered.  Factor analysis is a statistical 

method normally used to reduce the number of variables by identifying the 

underlying dimensions and replace them with manageable groups of a set of 

variables, which are recognised as factors or latent variables (Howitt & Cramer, 

2011).  

A total of 41 variables were tested by applying Kaiser-Meyer-Olkin (KMO) measure of 

sampling adequacy to confirm or otherwise the validity of the sample. The KMO 

value ranges between zero and one; values greater than 0.8 and close to the 

maximum value one indicate the sampling is adequate, while values of less than 0.6 

indicate the sampling is not adequate for factor analysis. In this study, the KMO value 

is 0.892, which is greater than 0.60 and close to the maximum value of one, which 

confirmed confidence in the sample size.  
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7.9 Data validity  
Performing validity checks in quantitative research is essential in establishing 

confidence in the research findings. Quantitative validity measures the accuracy and 

appropriateness of the questionnaire. Questionnaire validity generally starts with a 

pilot testing to verify the appropriateness of the questions, scale, and length of the 

questionnaire (Buckingham & Saunders, 2004). Content validity of quantitative data 

is concerned with the degree to which a sample could be generalised to a wider 

population. This is important to verify the assumption that a sample should be an 

accurate representation of the population. Face validity assesses the extent to which 

the instrument appears valid on the surface. Construct validity of quantitative data is 

the appropriateness of the questionnaire’s content. Content, face and construct 

validities were ensured during the pilot study, which was carried out before 

administering the questionnaire survey. 

7.10 Data reliability  
Reliability analysis is normally conducted to examine the reliability of the survey 

instrument scale and to ensure that this instrument will continuously produce 

reliable and consistent responses, even if we replace the survey questions with other 

similar questions (Reynaldo & Santos, 1999). Cronbach's alpha test is generally used 

to measure the internal consistency of the variables, to examine how closely related 

and reliable they are to achieve the specific aim of the research. In this study, the 41 

identified variables (from the qualitative analysis results) and their associated Likert 

scale were examined to verify if they consistently show the construct the study aims 

to measure (Field, 2013). Accordingly, Cronbach's alpha coefficient was calculated in 

this study for the 41 variables using SPSS software.  It is believed that if Cronbach's 

alpha coefficient value (α) = 0.7, it is considered to be acceptable and if it is larger 

than (0.8) then it represents good internal consistency (Tavakol & Dennick, 2011). 

Generally, the calculated Cronbach's alpha coefficient of this study is 0.962, which 

indicates a very good internal consistency and, accordingly, reliable responses that 

can generate reliable results. 

7.11 Quantitative data analysis  
The quantitative analysis of this phase of the research aimed at identifying a generic 

set of information requirements of BIM models to support FM systems. Hence, the 

responses of the questionnaire survey were subjected to a rigorous statistical 
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analysis to identify information requirements to support FM systems. The statistical 

analysis included descriptive statistics, reliability analysis, and exploratory factor 

analysis.  

7.11.1 Demographic information of participating FM practitioners  

Respondents were asked about their organizations’ functional responsibilities and 

they were able to select more than one of the five functions provided, as shown in 

Figure 7-1. Of the 191 responses, the majority of organizations were involved in 

maintenance management (80%), followed by asset management (46%) and energy 

management (31%). The CAFM/CMMS specialists and those involved in space 

management functions accounted for 28% and 15% of the group, respectively. The 

four percent of the respondents who selected ‘other’, identified their organization’s 

function as information management, health and safety, building management 

systems, statutory compliance management, and FM systems software provider.  

 

Figure 7-1: functions of the organizations  

Respondents were asked how long they had worked in the FM industry and were 

asked to select one out of the five groups provided. Among the total of 191 

respondents, two thirds respondents had worked for more than 15 years in the FM 

industry, as shown in Figure 7-2, followed by 17% who had worked for less than 15 

years in the industry but more than ten., 11% had worked in the industry for 

between six and ten years and only 8% had for worked less than five years in the FM 

industry. 

4%

15%

28%

31%

46%

80%

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

Other

Space management

CAFM / CMMS specialist

Energy management

Asset management

Maintenance
management



CHAPTER 7 | DEVELOPING INFORMATION REQUIREMENTS TO SUPPORT FM SYSTEMS   

169 

 

Figure 7-2: Respondent’s years of experience 

7.11.2 Current status of facilities information management  

In order to understand the current status of information management in the FM 

industry, respondents were asked to select one out of three methods to indicate how 

they usually received the handover documents at the point of project completion 

and handover. The most frequent response was a mix of both electronic and paper 

copies (89%). Nine per cent of the respondents selected electronic copy (CAD 

drawings and scanned construction documentation) and only two per cent selected 

the paper copy. 

Respondents were asked about the data entry method used to enter the facility 

information into the FM systems and they were asked to select one of two methods 

provided. The majority of respondents indicated that manual data entry was used 

(87%) while just over a tenth of the respondents (13%) selected automatic data entry 

methods. Respondents were then asked how long it took to populate FM systems 

with the facility’s data at the beginning of the O&M phase. The majority (82.20%) of 

respondents agreed that it takes not less than three months to enter data into FM 

systems. However, 69.63% also agreed that it takes more than three months but less 

than nine months to enter facility data into FM systems, as shown in Figure 7-3.  
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Figure 7-3: How long it takes to enter data into FM systems 

Finally, respondents were asked about the accuracy of the data they normally enter 

into their FM systems and they were able to select one description out of five 

provided, as illustrated in Figure 7-4. The majority of respondents (63%) believed that 

the facility data entered into their FM systems was somewhat accurate. Only 28% of 

respondents believed that the data entered in FM systems was accurate, followed by 

3% who believed that the data was very accurate. Relatively few respondents 

believed that the data was not accurate or not accurate at all (5% and 1% 

respectively). 

 

Figure 7-4: Accuracy of facilities management systems’ data inputs 

7.11.3 Information requirements of facilities management systems  

In order to identify the FM systems’ information requirements, respondents were 

asked to rate the importance of each of the listed information requirements which 

had been extracted from the literature review analysis and the qualitative analysis. In 
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order to understand the trend in the respondents’ ranking, the means were used to 

rank the importance of the given information requirements. Then the factor analysis 

method was applied to reduce the number of variables and replace them with 

manageable groups. Finally, the factor analysis results were confirmed by testing the 

correlation between variables within the same group using Cronbach's alpha test.  

7.11.3.1 Mean ranking 

In order to understand how respondents ranked the importance of the provided 

information requirements, the mean ranking method was used. The mean ranking 

revealed the most important types of information required by FM teams. The top ten 

requirements as ranked by respondents are shown in Table 7-1: “Asset name” and 

“Asset location” were the top two. It is not a surprise that the top ten requirements 

are related to asset and maintenance management activities, which are a major 

concern for FM teams to maintain and sustain the facility and its systems to ensure 

that the facility will perform its intended function. The mean rank for the 41 

information requirements can be seen in Appendix E. 

Table 7-1: Mean ranking of the top ten important information for FM systems 

No. Information Requirements Mean Std. Deviation 

1 Asset name 4.887 0.318 

2 Asset location 4.750 0.471 

3 System and its associated sub-system names 4.718 0.564 

4 Periodic preventive maintenance activities 4.637 0.747 

5 Warranty & Guarantee information 4.605 0.685 

6 Service contracts 4.540 0.547 

7 Asset type 4.444 0.799 

8 Asset category 4.432 0.839 

9 Legislative compliance requirements 4.363 0.714 

10 Asset tag number 4.355 0.587 
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7.11.3.2 Exploratory factor analysis 

According to Lu et al. (2016), the method for reducing various factors according to 

their rankings is not ‘clean and concise’. Factor analysis is a statistical method 

normally used to reduce the number of variables by identifying the underlying 

dimensions and replacing them with manageable groups of a set of variables, which 

are recognised as factors or latent variables (Howitt & Cramer, 2011). Because the 

mean ranking conducted in the previous sub-section may lead to overlooking 

important variables, the analysis alone was considered to be insufficient for 

understanding the required information for FM systems. Thus, in this study, 

“Exploratory Factor Analysis (EFA)” was adopted using the “Principal Components 

Analysis (PCA)” method and “Varimax rotation” of the 41 identified variables. EFA 

was chosen in this study rather than confirmatory factor analysis due to lack of priori 

knowledge of the factors’ structure. 

Determining the actual sample size for PCA has been fraught with intense debate 

(Floyd & Widaman, 1995; Fabrigar, Wegener, MacCallum, & Strahan, 1999; Conway 

& Huffcutt, 2003; Field, 2013). For example, Fabrigar et al., (1999) suggested that the 

sample size for PCA should be based on the participant-to-variable ratio of 5:1. This 

view was also held by Floyd & Widaman, (1995). However, Field, (2013) argued that 

this approach lacks an empirical basis and recommended the use of the KMO 

measure of sampling adequacy in determining the adequacy of the sample used. The 

KMO statistic for each variable is calculated and represents values between 0 and 1, 

where 0.7 is considered good. Field, (2013) further recommended that any value 

below 0.50 should lead to the collection of more data or inclusion of more variables 

to be measured. Sample sizes of 150 are judged sufficient when solutions show 

several KMO values of > 0.80 (Pallant & Bailey, 2005). 

In this study, the KMO value is 0.892, which is greater than 0.70 and close to the 

maximum value of one, and the Bartlett test of Sphericity value is less than 0.05, 

which indicates that the variables are related and therefore suitable for structure 

detection and a factor analysis test. Accordingly, the EFA was conducted and, based 

on the results, the 41 variables were grouped initially into seven groups with 

eigenvalues greater than one, accounting for 78.021% of the total variance. Factors’ 

communalities estimates ranged between 0.661 - 0.902, which indicates the 

variables fit well with the proposed solution of the EFA test.  
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Looking at the proposed components, it can be seen that group 7 included three 

variables which were in common with group 1. These three variables were more 

relevant to group 1, so, accordingly, group 7 was eliminated. In addition, group 6 

included four variables, three of which (tag number, serial number and bar code 

number) were merged into one variable named “Asset identification” and added 

along with the other variable “Consumables” to group 5, since they are most likely to 

be relevant to that group. It can be seen in Table 7-2 that the final results after 

reorganising the duplicated variables were grouped and labelled in five categories, 

based on the relation between the variables in the same group. 

The categorized groups are:  

 Group 1: Facility general information  

 Group 2: Energy management information  

 Group 3: Maintenance management information  

 Group 4: Space management information  

 Group 5: Asset management information  

 

Finally, the Cronbach’s alpha (α) reliability test can also be applied, to check and 

confirm the factor analysis results (Cortina, 1993).  When the Cronbach’s alpha value 

is greater than 0.70, the group is considered to be consistent and reliable (Field, 

2013). In this study the Cronbach’s Alpha (α) reliability test was conducted again to 

provide more evidence that each set of the grouped variables is a unique group. 

Table 7-2 shows that the Cronbach’s coefficient (α) value for each group is more than 

0.70 with the lowest value 0.877 for the space management information group, 

which indicates a very good reliability and supports the EFA results of the proposed 

groups. 
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Table 7-2: Results of statistical tests (exploratory factor analysis, reliability and mean rank)  

Code Groups of variables  Factor 
loading 

Cronbach’s 
alpha (α) 

Rank 

Group 1: Facility general Information 0.934  
V2 Asset specifications 0.679  18 
V7 Construction doc. Link 0.754  28 
V19 Nominal width, height and length 0.705  33 
V24 Accessibility performance 0.792  32 
V28 Installation date 0.809  23 
V32 Floor elevation 0.850  29 
V33 Floor height 0.880  31 
V40 Replacement cost 0.545  24 
V41 Purchase information 0.614  31 
Group 2: Energy management 0.936  
V8 Calibration information 0.884  24 
V9 Standard operating procedures 0.859  26 
V17 Occupancy ratio 0.864  25 
V18 Expected life 0.691  20 
V20 Operating status threshold 0.857  26 
V25 Design parameters  0.478  22 
V26 Code performance 0.515  30 
V27 Sustainability performance 0.761  27 
Group 3: Maintenance management  0.896  
V1 Periodic preventive maintenance  0.871  4 
V3 Spare parts list 0.899  11 
V4 Warranties & guarantee info 0.918  5 
V5 Manufacturer’s information 0.423  17 
V6 O&M manual link 0.688  16 
V10 Service contracts 0.694  6 
V11 Systems & associated sub-

systems 
0.734  3 

V16 Legislative compliance req. 0.668  9 
Group 4: Space management 0.877  
V31 Floor names 0.673  13 
V34 Room (space) names and 

function 
0.729  14 

V35 Room (space) tags 0.761  15 
V36 Room (space) location 0.789  12 
V37 Room (space) areas 0.439  21 
V38 Zone names & associated spaces 0.662  15 
V39 Zone classifications 0.678  19 
Group 5: Asset management 0.891  
V12 Asset name 0.804  1 
V13 Asset category 0.773  8 
V14 Asset type 0.846  7 
V15 Asset location 0.582  2 
V30 Facility name and classification 0.647  17 
V21 Asset identification  0.782  10 
V29 Consumables  0.467  16 
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7.12 Chapter summary  
In order for BIM to support FM activities as an information conduit and repository, 

information requirements should be identified at an early stage to facilitate a 

seamless data exchange between the BIM and FM systems. In this chapter, the 

required information for FM systems as viewed by FM practitioners has been 

identified. In the quantitative findings of the questionnaire survey, 39 information 

items were identified collectively (after merging three factors into one) and grouped 

into five groups, namely: (1) facility general information, (2) maintenance 

management information, (3) energy management information, (4) space 

management information, and (5) asset management information. Among the 39 

information items, all the top ten important items of information, as ranked by 

respondents, are related to maintenance and asset management groups. This is 

because facilities management practitioners view maintenance as a priority to ensure 

maximum utilization of both the facility and its equipment assets.  

Comparing the survey findings with other recent similar studies, it was found that 

they confirmed the findings of previous studies (Mayo & Issa, 2016; Cavka et al., 

2017; Farghaly, 2018). However, the present survey analysis concluded with a list of 

information requirements of BIM models that are applicable and can be provided by 

BIM models. Some recent research efforts to identify information requirements of 

BIM models (Farghaly, 2018; Cavka, 2017) concluded with a list in which some 

requirements cannot be provided by BIM models, such as a maintenance history 

requirement. Moreover, my analysis categories and groups are homogeneous and 

information requirements within the same group are related. In Farghaly (2018) 

study some information items were found to be grouped in an irrelevant group, such 

as lifecycle phase under warranty group and SFG20 under classification group. 

Furthermore, while previous research has mainly focused on specific information 

requirements, either related to mechanical systems only (Dias and Ergan, 2016), or 

applied to one type of building (educational buildings) (Mayo and Issa, 2016 Cavka, 

et. al., 2017; Thabet and Lucas, 2017;), the survey  reported in this chapter examined 

the information requirements of BIM models to support FM systems. Thus the 

information requirements identified in this chapter can be applied to any type of 

buildings. 
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8 DEVELOPING A CONCEPTUAL FRAMEWORK FOR SEAMLESS 

INFORMATION EXCHANGE BETWEEN BIM AND FACILITIES 

MANAGEMENT SYSTEMS 

 

8.1 Chapter Overview 
The previous chapters focused on the first and second phases of the research in the sequential 

design, concentrating on an exploratory survey to explore the current status of BIM 

implementation in FM, a qualitative survey to explore in depth the information exchange 

methods between BIM and FM systems, and the quantitative survey to identify the information 

requirements of FM systems.  The outcomes of the previous chapters supported the first three 

objectives articulated in Chapter 1.  

Built on the outcomes of the previous chapters, this chapter describes a novel method to collect 

information from different data sources, including BIM data, and transfer the collected 

information seamlessly into FM systems. The overall framework of information exchange 

between BIM and FM systems is presented in section 8.2 and the details of the framework layers 

are presented in sections 8.3, 8.4 and 8.5. Finally, a focus group workshop for validating the 

proposed approach and tool is described in sections 8.6 and 8.7.  

8.2 Framework development  
The main aim of this research is to streamline the information exchange process between BIM 

and FM systems. The literature review outcomes, along with the survey analysis outcomes, 

identified the key challenges of the current information exchange process between BIM and FM 

systems: (1) the lack of interoperability between BIM and FM systems, (2) the lack of a 

standardised information exchange process, and (3) the lack of identified information 

requirements of BIM models to support FM systems. Moreover, the analysis of the interview 

revealed that, although the COBie spreadsheet allows BIM models’ non-geometric information 

to be captured and collected in a structured way during the project lifecycle to be used later as 

data output for CAFM systems input, COBie’s existing add-on applications have their own 

limitations in generating the required information related to O&M. This means this type of 

information has to be entered later, manually, by the FM teams. In addition , the outcomes 

revealed that not all manufacturers are capable of providing objects for BIM inclusion, which 

means that the objects’ manufacturing data is not complete and FM teams have to look at it in 
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the provided handover manuals and catalogues and fill this type of information manually into 

their FM systems.    

Based on the outcomes of the first and second phases of the research, the framework is 

developed in three layers, facility information layer, O&M information layer and FM systems 

information layer, as shown in Figure 8-1.  

The first layer is the facility information extracted from BIM models using the IFC 

schema to export the facility information to the external relational database. The 

remaining required information related to manufacturer information and 

maintenance schedules can be collated from different sources using a web-based 

user interface and the industry standards SFG20 to extract the required information 

and then stored in the same external relational database. In the third layer, using 

relationship-mapping between the external relational database and the COBie 

schema the, COBie-lizer module will generate a rich COBie spreadsheet that includes 

all the required data output for FM systems input. Information can then be imported 

seamlessly from the COBie spreadsheet into FM systems. The framework was 

developed to collect the required information from different data sources to support 

FM systems using an open data standard to overcome the interoperability issue.  

8.3 Facility information layer 
In this layer, all the facility information collected and accumulated during the project 

lifecycle will be extracted from the BIM models, including architectural, mechanical, 

electrical, plumbing and structural information, together with information regarding 

furniture, fittings and equipment. BIM models can come in various formats, in the 

form of native software application files such as .rvt file for Revit, .PLN files for 

ARCHICAD, .TEK files for Tekla and many more. This myriad of file formats 

necessitates that each of these applications needs to have its own plugin developed, 

as they all have outputs that have completely different data structures/schemas.  
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Figure 8-1: The conceptual framework for seamless information exchange process between 

BIM and FM systems
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The implication of this is that the user has to learn numerous data structures in order 

to extract data from native application formats. Thus following this approach defeats 

the concepts and main aims of BIM interoperability. Fortunately, almost all BIM 

authoring tools have the capabilities to export to universal file formats, such as 

Industry Foundation Classes (IFC) .ifc files. As a result, the proposed framework starts 

with IFC files obtained from BIM authoring tools. Not being restricted to a particular 

commercial package’s native file format widens the base of potential beneficiaries of 

the outcome of this research. 

An IFC is an exchange definition as well as a schema. An IFC model contains both 

geometric and non-geometric data about the building project, while the schema 

defines an entity-relationship model based on ‘EXPRESS’. The properties themselves 

have a specific structure. Properties are normally grouped in property sets or as a 

group of building elements and components that are working together, such as an 

electrical system or heating system. An IFC also defines relationships between the 

building elements. Some of the relationships are used to build the connections, such 

as systems, types and property, whilst others define how the components are 

connected to become a building, or the information needed to complete tasks during 

build or operation. 

The data transferred through IFC are organized in four conceptual layers: domain, 

interoperability, core and resource. Each individual schema is assigned to exactly one 

conceptual layer (See Figure 8-2). The layers are strictly defined and cascading, 

meaning they are independent and do not reference classes higher in the stack. The 

resource layer describes the resource schema containing definitions for describing 

the layers above. The core layer consists of the kernel and extension modules. The 

kernel determines the model structure and decomposition, providing basic concepts 

regarding objects, relationships, type definitions, attributes and roles. Extensions are 

extended features or specialisations of classes defined in the kernel. The 

interoperability layer provides the interface for domain models, delivering an 

exchange mechanism for enabling interoperability across domains. The domain layer 

contains models for processes in specific fields or types of applications, including 

architecture, structural engineering and MEP. 

The IFC provides the ‘guidelines’ or ‘rules’ to determine what information is 

exchanged between applications while maintaining meaning. Although it may include 
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geometry, it is not limited to this: it presents tangible building components such as 

walls, doors and M&E, and also enables the linking of alphanumeric information to 

building objects (for example, properties, quantities or classifications) and maintains 

these relationships. IFC provides a set of definitions for the object’s element types 

encountered in the building industry and a text-based structure for storing those 

definitions in a data file. 

 

Figure 8-2: Data schema for IFC (Building Smart Alliance, 2018) 

The basis of an IFC is to generate a solo model schema supporting information 

exchange between different software tools. This can be 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 

the proposed framework is the IFC2x3 Extended FM Handover View as a plain text, as 

shown in Figure 8-3.  
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Figure 8-3: IFC2x3 Extended FM Handover View 

IFC in its most basic form is a plain text file. The schema defines how the plain text is 

used to create relationships and type inheritance. Even though the information is 

readable, it is the software applications that are the creators and consumers of the 

file contents. The format of the IFC file itself is based on an ISO standard (10303-21) 

called STEP-file. The alternative forms to aid machine-to-machine data exchange are 

ifcXML and ifcOWL or the SDAI API are. 

The IFC schema has been developed over a number of years, with IFC2X3 being the 

dominant version supported by broadest set of tools. The current IFC schema is IFC4, 

which extends support for geometries and parametrics and has extended the 

building services and structural domains. The next release, which is in its early stage 

of definition, is IFC5, which will include infrastructure. 

8.4 O&M information layer 
In this layer, there are various data sources related to O&M information extracted 

from manufacturers, suppliers and vendors through a web-based graphical user 

interface and from industry standards, namely, SFG20.  

8.4.1 SFG20: the standard for maintenance 

SFG20 is the de facto industry standard for building maintenance, which was 

developed by the Building and Engineering Services Association (BESA) in 1990 as 

SMG90 and then revised and updated and launched as a web-based service - SFG20 - 
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in 2012. SFG20 was developed to support facilities managers, building owners, 

contractors and consultants in understanding the parameters they are working 

within, as well as delivering cost and efficiency savings for clients. In addition, SFG20 

provides a standard methodology for preventive maintenance, to assist industry 

professionals in setting realistic life cycle maintenance budgets. SFG20 also provides 

the legislation and best practice through colour coding that indicates statutory 

requirements (red), mandatory requirements (magenta), function criticality (amber), 

and discretionary to maintain non-critical assets (green).    

SFG20 can be available in different formats (PDF and XML formats). In the proposed 

framework, SFG20 XML is exported to the external databases, as shown in Figure 8-4, 

for further data manipulation to extract preventive maintenance schedules, 

legislative requirements and critical asset information, which are needed to support 

FM systems and can be included in COBie spreadsheets as job, resource, issue and 

document sheets.  

8.4.2 Web-based user interface  

In the proposed interoperability framework, a web-based graphical user interface 

(wGUI) is proposed to enable manufacturers, suppliers and vendors to enter product 

data related to O&M and store this data in the external relational database, as shown 

in Figure 8-5. The user selects a building type by typing its name in the window and 

loads the selected type. When the selected type is loaded, type specifications, 

manufacturer information, guarantee and warranty information are populated.  

The user then edits the information and stores it by clicking the save button.  The 

addition of product information will provide the missing information that is usually 

ignored during the preparation of BIM as-built models and will enable a rich COBie 

sheet to be produced that includes all the required O&M information.  
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Figure 8-4: SFG20 XML 

 

Figure 8-5: Web-based user interface information requirements accessibility 
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8.5 FM systems information layer 
In this layer, the COBie-lizer module will be developed based on relationship-

mapping between the external database and COBie sheet schema, to generate a rich 

COBie spreadsheet which contains all the required information to support FM 

systems. This rich COBie spreadsheet will be used as a data output for FM systems 

input. 

8.5.1 The Construction Operations Building Information Exchange -COBie 

The Construction Operations Building Information Exchange (COBie) was developed 

by the United States Army Corps of Engineers as a “specification for capturing design 

and construction information for facility managers and operators in a digital format” 

(Jawadekar, 2012, p. 20). The IFC format COBie handover file can be directly 

integrated with the BIM database, providing a seamless mapping of relevant 

information. Additionally, the IFC MVD file can also be viewed and managed using 

non-BIM applications like Microsoft Excel (East et al., 2012; Parsanezhad, 2015). 

COBie enables the project team to organise electronic submittals approved during 

design and construction and deliver a combined electronic O&M manual with 

minimum effort.  The facility data included in the COBie spreadsheet then can be 

imported into CAFM/CMMS software without the additional cost of manual data 

entry.  The drawings and building information model files in Pdf format that 

accompany COBie are organized so that they can be easily accessed through the 

secure server directories already in place at the facility management office.  

While the technical details of COBie can appear complex, COBie files are not intended 

for end-users. COBie is an open standard that provides a system-to-system exchange 

of the space and equipment information without user intervention. COBie data are 

available in several formats: software system exchanges during the design process 

could use the STEP Physical File Format (ISO 10303 Part 21) files conforming to the 

Industry Foundation Class (ISO 16739) COBie MVD. Another format which is available 

to read and review COBie data directly is the spreadsheet. COBie spreadsheets 

include 19 sheets, in which each sheet contains information about the facility which 

has been captured and collected during the project lifecycle, as shown in Figure 8-6. 
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Figure 8-6: Structure of COBie information using existing add-in applications 

Although COBie is designed to optimize information exchange to FM, it only caters 

for specific information generated using the existing commercial add-in applications, 

such as Revit add-in. However, the Revit add-in application can only generate ten out 

of the 19 sheets (contact, facility, floor, space, zone, type, component, system, 

attribute and coordinate), as shown in Figure 8-7. Moreover, other sheets that 

include O&M information, such as the preventive maintenance schedules in the job 

sheet, the required tools to implement the preventive maintenance in the source 

sheet and spare parts in the spare sheet cannot be generated using the existing add-

in applications. Such information is quite significant for the FM team to maintain 

facility equipment. 

8.5.2 COBie-lizer module  

Where COBie’s existing add-in applications have their own limitations in generating 

ten sheets only, the COBie-lizer module has the capability to develop relationship-

mapping between the external database and the COBie sheet schema to generate a 

rich COBie spreadsheet that includes all required O&M information, as shown in 

Figure 8-8. 
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Figure 8-7: Revit add-in application to generate COBie spreadsheet 

 

 

Figure 8-8: Structure of COBie information using COBie-lizer module 

8.6 Exploratory proof of concept validation  
The aim of the validation was to allow potential users to assess the proposed 

framework. A focus group meeting was therefore conducted in cooperation with the 

British Institute of Facilities Management (BIFM) with FM practitioners working in the 

UK to evaluate the proposed conceptual framework for information exchange 

between BIM and FM systems. A presentation was given clarifying the purpose of the 

proposed framework, with elaboration on the mechanism, potential outcomes and 
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benefits of the proposed framework. In order for practitioners to be able to 

familiarise themselves with the proposed framework, its description, along with the 

questionnaire handouts were provided to them in advance of the workshop.   

8.6.1 The focus group meeting  

The focus group meeting was conducted in a venue provided by the BIFM. The 

meeting took place on 26 September 2018 between 17:30 and 20:30 BST at Linx 

Security facility. The twelve FM practitioners who participated in the focus group 

meetings included a mix of individuals working in maintenance management, 

healthcare facilities management, and total facilities management organizations. The 

participants filled various roles in their departments: facility managers, project 

managers, directors and technicians. Details of the participants are shown in Table 8-

1. The researcher commenced the focus group meeting by clarifying the aim and 

objectives of the workshop and then introducing the research topic and providing a 

brief background on the core of the interoperability framework.  She then gave a 

presentation on how the interoperability framework works and a demonstration of 

the expected outcomes of the proposed framework. The presentation concluded by 

explaining the potential benefits of using the proposed framework. The participants 

then took part in a discussion which was opened to assess the proposed framework. 

The purpose of this was to allow practitioners to provide their views and feedback.  

Table 8-1: Demographic information of focus groups 

Code Position Experience 

(yrs) 

Code Position Experience 

(yrs) 

A1 Director of FM 
company  

16 – 20 B1 Facility manager 11 - 15 

A2 Operations 
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 
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Participants were encouraged to provide their feedback using the questionnaire 

which had been handed out to them at the beginning of the workshop. The 

framework validation consisted of three tasks:  

Task 1: Assessing data sources  

The first task was to assess the data sources required to support FM systems. A 

demonstration was given to present data extracted from the IFC file and data 

extracted from the web-based user interface. Following the completion of the task 

and discussion, participants were then asked to rate the sufficiency of the data 

sources proposed in the framework and to add other required data sources to 

support FM systems.  

Task 2: Assessing data collection and retrieving techniques  

The second task was to assess the practicality of the proposed web-based user 

interface to collect the manufacturers’ data required to support FM systems. An 

initial presentation was given to clarify the web-based user interface concept, 

accessibility and data input process. Following the presentation, participants were 

then asked to rate the practicality of the proposed web-based user interface as an 

external data source that supplements BIM models and provides the required 

manufacturers’ information to support FM systems.  

Task 3: Assessing data output  

The third task was to assess the sufficiency of the data outputs to support FM 

systems, as shown in Figure 8-9, and to obtain participants’ feedback on the overall 

concept of the proposed framework. Participants were asked to provide their opinion 

about the proposed framework, and if they thought it could facilitate an automated 

information exchanged process between BIM and FM systems and thus enhance the 

existing facilities information management practice. In addition, participants were 

encouraged to provide any suggestions that might enhance the proposed conceptual 

framework.  

In order to conduct a scientific method in validation, the method proposed by Eppler 

& Wittig (2000) was adopted, which includes two criteria: analytic and pragmatic. 

The analytic criterion is based on academic standards related to the clear definitions 

of the context terms, positioning the proposed framework within the existing 
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literature, and testing the consistency of the proposed framework in providing 

solutions to the current information exchange process between BIM and FM systems. 

The pragmatic criteria related to the conciseness, Illustrative and practicality of the 

proposed framework, as shown in Table 8-2.  

Table 8-2: Evaluation criteria for interoperability framework based on Eppler and Witting, 
(2000) 

Evaluation criteria  Focus Evaluation questions used in the questionnaire  

Analytical  Definition How well-defined are the terms and concepts of the 
proposed framework? 

 Positioning Do you think that the proposed framework can be 
applied in your organisation to enhance facilities 
information management practice? 

 Consistency Do you think that the proposed framework is consistent 
in solving facilities information management problems 
related to information quality and accuracy? 

Pragmatic  Concise Does the proposed framework contain relatively too 
many elements of data sources to respond to FM 
system’s needs?  

 Illustrative  Can the framework be demonstrated easily to others? 
 Practicability Do you think that the proposed framework is sufficiently 

responsive to FM systems information needs?  
 

The questionnaire, along with the framework, perceptual map, and background to 

the research was distributed to twelve participants. They were asked for suggestions, 

which, in their view, could improve the proposed framework. 
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Figure 8-9: Data outputs included in COBie spreadsheet generated by COBie-lizer 
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8.6.2 Validation data analysis   

The data collected from the questionnaire survey (see Appendix F) were analysed. 

The analytical techniques used in this instance were descriptive, based on frequency 

statistics. The aim was to collate practitioners’ feedback in relation to the proposed 

interoperability framework for information exchange between BIM and FM systems. 

Twelve questionnaires were distributed and returned with responses. A frequency 

analysis was conducted on the main characteristics of the participants, to identify the 

experience and roles of respondents. It was observed that almost two thirds of 

participants had worked for more than 15 years in the FM industry, as shown in 

Figure 8-10. Among the other participants, 25% had worked less than 15 years in the 

FM industry but more than ten, while 8% had worked in the industry for between five 

and ten years.  

 

Figure 8-10: Participants years of experience 

Following Eppler & Wittig (2000), the framework was evaluated based on analytic 

and pragmatic criteria. Frequency tables were computed for each criterion. The first 

criterion evaluated was the definition criterion. This criterion sought to determine if 

the concept of the proposed framework is clearly defined. Based on the result of the 

analysis shown in Table 8-3, 58% of the participants rated the definition criterion very 

highly, while 33% rated this criterion extremely highly. 

Table 8-3: Frequency scores for framework concept definition 

 Frequency Percent % Valid percent Cumulative percent % 
Least 0 0 0 0 
Low 0 0 0 0 
Moderate  1 8 8.3 8.3 
Very 7 58 58.3 66.7 
Extremely  4 33 33.3 100 
Total 12 100 100  
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The next criterion assessed was the positioning criterion, which sought to determine 

the applicability of the framework in an operational context. This criterion was rated 

as very high by 50% of the participants, extremely high by 33% of the participants 

and moderate by the remaining 17%, as shown in Table 8-4.  Which indicates that the 

framework concept is applicable and can be applied in the real context to streamline 

information exchange process between BIM and FM systems. 

Table 8-4: Positioning frequency scores  

 Frequency Percent % Valid percent Cumulative percent % 
Least 0 0 0 0 
Low 0 0 0 0 
Moderate  2 17 16.7 16.7 
Very 6 50 50 66.7 
Extremely  4 33 33.3 100 
Total 12 100 100  

 

The next criterion evaluated was the consistency, for which 67% of the respondents 

rated consistency as very high, while 25% rated the consistency as extremely high 

and only 8% rated it moderately as shown in Table 8-5. This indicates that the 

proposed framework can provide consistent solutions to enhance facilities 

information management practice. 

Table 8-5: Consistency frequency scores  

 Frequency Percent % Valid percent Cumulative percent % 
Least 0 0 0 0 
Low 0 0 0 0 
Moderate  1 8 8.3 8.3 
Very 8 67 66.7 75 
Extremely  3 25 25 100 
Total 12 100 100  

 

Conciseness was the criterion assessed after consistency. As can be seen in Table 8-6, 

42% of the participants rated the framework as moderately concise, while 33% rated 

the it as very concise, and 8% extremely concise, and only 8% thought the 

conciseness was low. This indicates that the proposed framework is concise in 

suggesting the appropriate number of elements of data sources to respond to FM 

systems information needs. 
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Table 8-6: Conciseness frequency scores  

 Frequency Percent % Valid percent Cumulative percent % 
Least 1 8 8.3 8.3 
Low 1 8 8.3 16.7 
Moderate  5 42 41.7 58.3 
Very 4 33 33.3 91.7 
Extremely  1 8 8.3 100 
Total 12 100 100  

Following on from the conciseness criterion was the evaluation of the illustration 

criterion. This was aimed at determining the ease with which the framework could be 

illustrated through examples such as presentations, training, or case studies. The  

analysis showed that 50% of the participants rated the this ease of illustration as 

moderate, while 25% rated it as extremely high, and 12.5% rated it as very high, as 

shown in Table 8-7.  This indicates that the proposed framework was well illustrated 

through the presentation given and the different examples, as required by the 

criterion condition.  

Table 8-7: Illustration frequency scores  

 Frequency Percent % Valid percent Cumulative percent % 
Least 0 0 0 0 
Low 0 0 0 0 
Moderate  7 58 58.3 58.3 
Very 3 25 25 83.3 
Extremely  2 18 16.7 100 
Total 12 100 100  

Finally, the last criterion assessed was the practicability of the proposed framework.  

In Table 8-8, 66.7% of the participants rated the practicability as very high, while 8% 

rated the framework as extremely practicable and 25% rated it as moderately 

practicable. Thus, it was determined that the proposed framework is sufficiently 

responsive to FM systems needs and may be applied as a tool to enhance facilities 

information management practice. 

Table 8-8: Practicability frequency scores  

 Frequency Percent % Valid percent Cumulative percent % 
Least 0 0 0 0 
Low 0 0 0 0 
Moderate  3 25 25 25 
Very 8 68 66.7 91.7 
Extremely  1 8 8.3 100 
Total 12 100 100  
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8.7 General recommendations  
The participants were encouraged to provide recommendations to improve the 

conceptual framework in order to streamline the information flow between BIM and 

FM systems and to support FM systems with digital information inputs. The following 

recommendations were put forward and discussed during the presentation of the 

proposed framework:  

Managing actors’ roles and access rights: during the presentation it was clarified 

how the platform administrator is responsible for registering actors’ new roles, and 

can both modify and remove an existing role. Participants highlighted the concept of 

sending an automated email to new users requiring them to log-in to activate their 

accounts. Moreover, they suggested that an access priorities matrix should be 

prepared to identify access priorities and assign roles to actors based on this matrix, 

to minimise the potential risks of data manipulation. For example, suppliers will be 

granted access to their profile data (e.g. data for components they supply) and other 

insensitive data (e.g. facility information) and access to sensitive data (e.g. key 

identifiers and data related to other users) restricted.  

Data sources: the proposed framework suggests various data sources, including BIM 

data. Moreover it suggests different layers to collect and process data to generate 

final data output for FM systems input. The presentation clarified the data output 

sources generated from IFC file, SFG20XML and User Interface and how each data 

source provides input for the COBie spreadsheet.  Participants recommended 

allowing the FM administrator to assign spaces to zones using the user interface 

application instead of extracting this data from the IFC file. This recommendation was 

made after discussion of who should assign spaces to zones. The participants pointed 

out that zones are different from the operational viewpoint than from the design 

point of view, and thus FM teams should be responsible for assigning zones 

according to their operational plan. Moreover, participants recommended that 

contact-related data should include suppliers, vendors and manufacturers contact 

details rather than just the data creator details. Accordingly, the recommended 

contact worksheet related data will be generated using the user interface 

application.  
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Technical support: participants suggested providing a contact point where users can 

send an email directly to the platform administrator to request any technical support 

and to report any technical problem.   

8.8 Summary  
This chapter has presented the development of the interoperability framework to 

streamline the information exchange process between BIM and FM systems. The 

development of the framework was facilitated by the key findings from the literature 

review, qualitative data analysis and the quantitative data analysis. The validation of 

the framework was further achieved by conducting a focus group meeting with FM 

practitioners and collating their feedback through the distributed questionnaire. The 

validation was conducted based on the guidance set out by Eppler & Wittig (2000). 

This was aimed at assessing the suitability of the framework based on analytic and 

pragmatic criteria. The data derived from the questionnaire were analysed using 

descriptive analysis based on frequency statistics. The analysis revealed that there 

was agreement among participants that the proposed interoperability framework is 

sufficiently responsive to FM systems’ information requirements and that it has the 

potential benefit of improving the existing facilities information management 

practice by enhancing the quality of facility information and by providing FM systems 

with accurate and comprehensive data outputs that meet the FM system’s needs. It 

was thus recommended that the framework be developed taking participants’ 

recommendations into consideration, tested and demonstrated using a real case 

study to ensure its workability in a real context.  
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9 SYSTEM DEVELOPMENT AND IMPLEMENTATION 

 

9.1 Chapter Overview 
Built on the system concept presented in the previous chapter, this chapter presents the 

computer development and implementation of the proposed system for seamless information 

exchange between BIM and FM systems. This chapter firstly introduces the system’s key 

components and operation process. This is followed by the demonstration of the practical 

development process and implementation. The final sections demonstrates an illustrative 

example using a real-world case study.  

9.2 Prototype architecture and choice of development environment 
In order to implement and test the feasibility of the proposed conceptual framework, a BIM-

based information exchange system prototype has been developed to allow end users to access 

and exchange FM data from BIM-based tool. The architecture of the proposed prototype tool is 

presented in Figure 9-1. The proposed prototype consists of desktop-based interface (IFC Parser) 

and web-based interface.  The IFC parser is developed using Microsoft desktop-based Windows, 

which forms the application framework, all in C# programming language. Specifically, .NET 

Framework was chosen in this study as it provides a set of data access classes in the form of 

Active Data Objects (ADO.NET) which greatly simplifies data access and database operations. 

Microsoft SQL Server was chosen as the Relational Database Management System (RDBMS), and 

SFG20 data was de-serialised and coded using the .NET framework “XmlTextReader” class. 

The web-based system and interface for managing COBie/FM data was developed using .NET 

server side technology ASP.NET for the web development. ASP.NET extends the .NET developer 

platform with tools and libraries specifically for building web apps. For the sake of simplicity the 

ASP.NET WebForms model was used for this research. For consistency and ease of maintenance 

master pages were used to create and style the webpages. The web-based interface consists 

mainly of two parts, the administrator’s views and the supplier/vendor’s view. Both views were 

designed in ASP.NET, styled by cascading style sheet (CSS) and enhanced with AJAX technology. 

A cloud-based Microsoft SQL (MSSQL) server by a commercial hosting service provider was used 

as the Relational Database Management System for the web-based interface.  

Finally, to extract the data stored and managed by the cloud-based relational database 

management system, COBie-lizer module has been developed. For simplicity and ease of use, 
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the COBie-lizer has been designed as a one-click process by using a third party open source 

Application Program Interface (API) namely, EPPlus.  

 

Figure 9-1: Prototype architecture and choice of development environment 

9.3 BIM4FM development and implementation  
This section presents the developed automated tool BIM4FM, which was developed using 

Microsoft SQL, C#, ASP.Net and AJAX technology. BIM4FM was developed as a proof concept, 

which was described in Chapter 8. The system integrates various data sources to generate rich 

data output to support FM systems’ input. Each data source has specific parameters and 

attributes, which were mapped, extracted and stored in the central database.  The developed 

BIM4FM tool consists of four main components, as illustrated in Figure 9-1. The following 

subsections detail the implementation of the BIM4FM system.  

9.3.1 Step 1: Exporting BIM data and preventive maintenance data  

In this step, data were exported from BIM models through the IFC data model to the central 

database compatible format (the Microsoft SQL server database). The system prototype was 

built on the concept that BIM as-built models are COBie compliant, which means that COBie-

related data were considered among the various COBie data drops during the project’s lifecycle. 

Figure 9-2 shows the related data of COBie parameters in the Revit as-built model.  

As discussed earlier in section 8.3.1, the IFC data model schema is a neutral data format for BIM 

tools’ interoperability. The IFC schema defines a set of generic building objects with associated 

attributes and properties, as well as multiple shape definition methods for the objects (Eastman 

et al. 2010). The IFC data model provides the basis for a common understanding of the building 

processes and the required information results from their execution (Wix et al. 2009). IFC 

represents an open specification by introducing object classes and provides a useful structure 
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for data sharing among applications (Vanlande et al. 2008) in an AEC project. Current IFC 

releases are IFC4 and IFC 2x3. IFC data can be encoded in multiple file formats for various 

purposes (BuildingSMART, 2019). Data serialization is defined as encoding objects or translating 

data into a format that can be stored in a file, memory or a database or that can be sent to other 

applications. In fact, a proper data serialization format can affect data transmission rates and 

performance significantly (Nurseitov et al. 2009). 

IFC in its common form is a plain text ASCII file. The schema defines how the plain text is turned 

into object aggregates with relations and type inheritance. The format of the IFC file itself is 

based on an ISO standard (10303-21) called “STEP-file”. IFC2x3 Extended FM Handover View is 

an IFC format equivalent to the COBie output. So far, in order to obtain COBie parameters, BIM 

models were imported into the external database using the IFC2x3 Extended FM Handover View 

configuration, as shown in Figure 9-2.  
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Figure 9-2: COBie parameters in Revit models - Future Technology Centre (FTC) – University of 

Portsmouth 
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BIM models were exported to the IFC file using the FM Handover Extended View configuration 

to ensure that COBie outputs were included, as shown in Figure 9-3. The outlined area in 

Figure 9-3 shows COBie parameters related to: type name, description, created by, created on, 

category, asset type, warranty, expected life, nominal length, width, and height.   

In this step, maintenance schedules were also exported from the industry standards, namely 

SFG20 in the form of XML files, as shown in Figure 9-4, to extract all be maintenance data 

related to tasks, durations, frequencies and skill sets.   

 

Figure 9-2: IFC file.txt schema using FM Handover Extended View configuration 
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Figure 9-3: Exporting SFG20 schedules in the form of an XML file 
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9.3.2 Step 2: Developing the IFC Parser  

Once an IFC file is received, the next step is to develop an IFC parser that will convert IFC files to 

database entities. There are a number IFC parsers commercially available, such as IFC++. 

However, there was a need to develop a customized IFC parser that will mainly focus on 

handover/COBie entities. IFC STEP files can be extremely verbose, normally in the order of tens 

of millions of lines of data for a small four storey building, as an example. In a typical IFC file, 

only a small section of the entire file constitutes what is required for COBie handover, although 

this is scattered throughout the IFC file. In order to do this parsing, the IFC schema needs to be 

thoroughly studied to understand the relationships between the various entities, paying 

particular attention to those that are relevant to FM/COBie handover. The parser should be able 

to access all entities and their attributes in the IFC file, as well as walk through all the selected 

direct and inverse relationships. As an example, Figure 9-5 shows the details of the inheritance 

graph for the IFC entity “IfcBuildingStorey”, which is required for COBie processing. An example 

with entities such as “IfcFlowTerminal” “IfcFlowTreatmentDevice” is shown in Figure 9-6.  

 

Figure 9-4: Detail of inheritance graph for the IFC entity “IfcBuildingStorey” 
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Figure 9-5: Partial list of IFC file entities relevant for COBie sheet production 

The IFC parser is developed using Microsoft desktop-based Windows, which forms the 

application framework, all in C# programming language. Making a choice of framework or 

programming language to be used is quite a simple task, as the main functions at this stage are 

mainly file input/output (I/O), file processing and string manipulation. All these are handled well 

by most common programming languages such as C, C++, Java, and C#.  

The initial steps include the process of extracting COBie related entities from the IFC file. Due to 

the large size of IFC files, the key item to keep an eye on is the complexity, time and space 

performance (Big O), of the algorithm for the parser. In computer science, Big O notation is used 

to classify algorithms according to how their running time or space requirements grow as the 
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input size grows (Miller & Ranum, 2013). Big O notation is useful when analysing algorithms for 

efficiency.  

For example, let the time (or the number of steps) it takes to complete a problem of size n be 

T(n) = 4n² − 4n + 4. As n grows large, the n² term will come to dominate the equation, so that all 

other terms can be neglected. For instance, when n = 500, the term 4n² is 1000 times as large as 

the 2n term. Ignoring the latter would have negligible effect on the expression's value for most 

purposes. In reading, analysing and processing the IFC file, each line of the file must be scanned 

at least once to determine whether that line in question has the necessary COBie-related 

information. For the proposed IFC parser, since the data will be extracted and processed line-

by-line, ideally there is the need to target complexities of the order O(n).  According to Miller & 

Ranum, (2013), the time (or the number of steps) it takes to read and analyse an IFC file of size 

n number of lines might be found to be:  

T(n) = n + k                                                    (Equation 9-1)  

Where K is a constant. As n grows very large, the n term will come to dominate, so that all other 

terms (the constant k) can be neglected. In the big O notation, we write: 

T(n) = O(n)                                               (Equation 9-2)   

This can be interpreted as the algorithm that has “order of n time complexity”. This means a 

worst-case scenario is where each and every n number of lines of the file will be scanned. Figure 

9-7 shows Big O complexity graphs of functions commonly used in the analysis of algorithms.  

 

Figure 9-6: Graphs of Big O complexity of commonly used functions in analysis of algorithms 
(Miller & Ranum, 2013) 
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However, lines in IFC STEP-like files are formatted in such a way that they have both forward 

and backward interrelationships with other lines. In order to relate entities, the IFC file must be 

traversed multiple times and the values stored in memory in order to connect the entities. This 

may result in a huge amount of in-memory storage or multiple passes of the file in order to 

extract entities and their relationships, resulting in potential complexities of the order O (n²) and 

a severe performance hit, due to the typical large number of lines of IFC files. To try to maintain 

O (n) complexity and hence increase the speed of processing, lines of the IFC file were tokenized 

and extracted with the aid of string manipulating functions in C# (Figure 9-8) and then stored in 

temporary database tables (Figure 9-9), where the direct and inverse relationships are 

automatically handled via SQL aggregation queries, as explained in the next section. The 

inclusion of a database, as far as the proposed framework is concerned, is not considered as an 

additional overhead, as the framework already includes using a database for other parts of the 

process described in subsequent sections. 

 

Figure 9-7: String manipulation function to extract entities for COBie 

 

Figure 9-8: Partial list of IFC file entities relevant for COBie sheet production 
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9.3.3 Step 3: Storing COBie data in a relational database  

Since the long-term aim of this framework is to enable various stakeholders to review, edit, add 

and manage the COBie data, all extracted data must have a place to be stored. For this project, 

a relational database was used to store the data extracted from various sources. As mentioned 

earlier in this chapter, Microsoft SQL Server was selected as the Relational Database 

Management System (RDBMS). Other RDBMSs, such as Oracle, MySQL or equivalent could have 

performed the same function. 

The schema for IFC file/data is very different from that of COBie data, and that is the main reason 

to develop the customised IFC parser. The parsing process (data extraction) is executed as a two-

step process. The first step is to scan sequentially (line by line) through the IFC file, tokenize the 

string in a line and then extract all COBie related entities and store them in temporary tables for 

further processing.  

The second step involves processing the temporary tables to COBie tables. The schema diagram 

for the temporary tables is shown in Figure 9-10. 

 

Figure 9-9: Temporary tables to store COBie-related data from IFC file 
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9.3.4 Step 4: Developing the relational database  

In order to store data as described in the preceding section, a database needs to be created. 

This sub-section lays out in detail how to design the database to store the extracted COBie data 

from the IFC file to enable vendors, suppliers and facility managers to create and manage an 

information-rich dataset to manage their facilities. There are several RDBMSs available, both 

freely and commercially. As mentioned earlier in this chapter, for this project since the use of 

.NET Framework (C#) programming language, Microsoft SQL Server is the natural and obvious 

choice. The .NET framework provides a set of data access classes in the form of Active Data 

Objects (ADO.NET), which greatly simplifies data access and database operations. 

9.3.4.1 Database design methodology  

Database design methodology has evolved and been improved and consolidated over the past 

years. Many modern design tools may have been developed over these years; however the 

principal underlying design methodology has remained largely the same. In this study, the 

database design methodology proposed by Connolly & Begg (2005) was adopted. The process 

consists of three main stages: 

Stage 1: Conceptual database design: The conceptual design stage focuses on building a 

conceptual data model which is independent of software and hardware implementation details. 

The main focus of the conceptual database design stage is to produce a conceptual data model 

that fulfils the targeted user requirements. According to Connolly & Begg (2005), the following 

steps are involved to build the conceptual data model:  

1.1: Identify entity types: In this step, the main objects (entity types) needed to build the 

conceptual model were identified. For the proposed framework, there are three main categories 

of entities, namely, IFC related entities, SFG20 Related Entities and COBie related entities. 

Examples of these entities are shown in Table 9-1. 

Table 9-1: Entity types for the proposed database 

IFC Related Entities SFG20 Related Entities COBie Related Entities 

COMPONENT, IFCAPPLICATION, 
IFCBOUNDINGBOX, 
IFCBUILDINGSTOREY, 
IFCCARTESIANPOINT, 
IFCFileSchema, 
IFCPRODUCTDEFINITIONSHAPE 
IFCPROJECT, IFCPROPERTYSET, 
IFCPROPERTYSINGLEVALUE, 
IFCRELDEFINESBYPROPERTIES, 
IFCSHAPEREPRESENTATION, 
IFCSIUNIT, IFCSPACE, IFCSYSTEM 

SFG20Introduction, 
SFG20Legislation, 
SFG20Schedule, 
SFG20Schedule_ScheduleGroup, 
SFG20ServiceTiming, SFG20Task 

Instruction, Contact, Facility, 
Floor, Space, Zone, Type, 
Component, System, 
Assembly, Connection, 
Spare, Resource, Job, 
Impact, Document, 
Attribute, Coordinate, Issue, 
PickList 
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1.2: Identify Relationship Types 

After identifying the required entities, the next step is to identify the relationships that exist 

between them. Relationships are logical links between two or more entities. These relationships 

are typically described using a verb.  An Entity-Relation (ER) diagram is used to visualise the 

model. Figure 9-11 shows an example of relationship between Facility and Contact which 

includes cardinality of the relationship as well as that between Type and Component. Cardinality 

describes the minimum and maximum number of relationship occurrences in which the entity 

can participate. Figure 9-11 is interpreted as one Facility can have one or more Contact (1, n) 

and one Contact can belong to one or more Facility (1, n). The figure also shows that one Type 

can have many Components (1, n), however one Component belongs to only one Type (1, 1). 

 

Figure 9-10: Example of relationship between entities and their cardinalities 

 

1.3 Identify and Associate Attributes with Entity or Relationship Types 

Having identified entities and their relationship, including their cardinality, the next step in the 

process is to establish the attributes for these entities. Using BS 1192-4:2014, all the attributes 

of the entities can be obtained as shown in Table 9-2. 

1.4: Determine candidate, primary, and alternate key attributes 

Every relation in this conceptual model needs to have a key that can uniquely identify each of 

the tuples. For our database, the primary keys have been identified and highlighted as bold and 

underlined in Table 9-2.  

1.5: Review Conceptual Data Model with User 

After a thorough check of the model for redundancy and then validating it against potential user 

transactions, the completed conceptual data model in the form of an entity relationship diagram 

is as shown in Figure 9-12.  
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Table 9-2: Entities and their attributes (with primary keys highlighted as bold) 

Entities Attributes  

Contact Email, ProjectIDUniversal, CreatedBy, CreatedOn, Category, Company, Phone, 
ExtSystem, ExtObject, ExtIdentifier, Department, OrganizationCode, GivenName, 
FamilyName, Street, PostalBox, Town, StateRegion, PostalCode, Country 
 

Facility  Name, ProjectIDUniversal, CreatedBy, CreatedOn, Category, ProjectName, 
SiteName, LinearUnits, AreaUnits, VolumeUnits, CurrencyUnit, AreaMeasurement, 
ExternalSystem, ExternalProjectObject, ExternalProjectIdentifier, 
ExternalSiteObject, ExternalSiteIdentifier, ExternalFacilityObject, 
ExternalFacilityIdentifier, Description, ProjectDescription, SiteDescription, Phase 
 

Floor Name, ProjectIDUniversal, CreatedBy, CreatedOn, Category, ExtSystem, 
ExtObject, ExtIdentifier, Description, Elevation, Height 
 

Space Name, ProjectIDUniversal, ProjectIDUniversal, CreatedBy, CreatedOn, Category, 
FloorName, Description, ExtSystem, ExtObject, ExtIdentifier, RoomTag, 
UsableHeight, GrossArea, NetArea 
 

Zone Name, ProjectIDUniversal, CreatedBy, CreatedOn, Category, SpaceNames, 
ExtSystem, ExtObject, ExtIdentifier, Description 
 

Type Name, ProjectIDUniversal, CreatedBy, CreatedOn, Category, Description, 
AssetType, Manufacturer, ModelNumber, WarrantyGuarantorParts, 
WarrantyDurationParts, WarrantyGuarantorLabor, WarrantyDurationLabor, 
WarrantyDurationUnit, ExtSystem, ExtObject, ExtIdentifier, ReplacementCost, 
ExpectedLife, DurationUnit, WarrantyDescription, NominalLength, NominalWidth, 
NominalHeight, ModelReference, Shape, Size, Color, Finish, Grade, Material, 
Constituents, Features, AccessibilityPerformance, CodePerformance, 
SustainabilityPerformance, Area, Length 

Component Name, ProjectIDUniversal, CreatedBy, CreatedOn, TypeName, Space, Description, 
ExtSystem, ExtObject, ExtIdentifier, SerialNumber, InstallationDate, 
WarrantyStartDate, TagNumber, BarCode, AssetIdentifier, Area, Length 
 

System Name, ProjectIDUniversal, CreatedBy, CreatedOn, Category, ComponentNames, 
ExtSystem, ExtObject, ExtIdentifier, Description 
 

Spare Name, ProjectIDUniversal, CreatedBy, CreatedOn, Category, TypeName, Suppliers, 
ExtSystem, ExtObject, ExtIdentifier, Description, SetNumber, PartNumber 
 

Job Name, ProjectIDUniversal, CreatedBy, CreatedOn, Category, Status, TypeName, 
Description, Duration, DurationUnit, Start, TaskStartUnit, Frequency, 
FrequencyUnit, ExtSystem, ExtObject, ExtIdentifier, TaskNumber, Priors, 
ResourceNames 
 

Document Name, ProjectIDUniversal, CreatedBy, CreatedOn, Category, ApprovalBy, Stage, 
SheetName, RowName, Directory, File, ExtSystem, ExtObject, ExtIdentifier, 
Description, Reference 
 

Attribute Name, ProjectIDUniversal, CreatedBy, CreatedOn, Category, SheetName, 
RowName, Value, Unit, ExtSystem, ExtObject, ExtIdentifier, Description, Allowed 
Values 
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Figure 9-11: A complete ER model showing relationships and cardinalities 

Stage 2: Logical database design: The logical design stage translates the conceptual data model 

into a logical data model.  The ER model represents the conceptual data model and is normally 

used for the validation in the logical design stage. To validate that, the required integrity 

constraints were identified by identifying: (1) attributes that cannot have null, (2) allowable 

values for each attribute, (3) constraint for relationship, (4) constraint for primary key, (5) 

constraint for foreign key, and (6) General constraints to implement business rules.   

Stage 3: Physical database design: Physical database design focuses on the implementation of 

a database using a defined RDBMS on secondary storage. This includes identifying the base 

relations, storage structures, access methods and security mechanism. The key focus of physical 

database design stage is on performance, in terms of efficiency and simplicity. 

As described earlier, the selected RDBMS for the proposed project is Microsoft SQL Server. With 

all the conceptual and logical designs completed, the tables, their relationships and constraints 

were then implemented using MSSQL Server. Figure 9-13 shows the design of three tables (Job, 

Space and Type). A complete view of the tables and their relationship can be seen in Figure 9-

14. 
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Figure 9-12: Implementation of database with MSSQL Server - (design of tables) 

 

 

Figure 9-13: Database implementation - tables and their relations 
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9.3.5 DataStep 5: Aggregation of data to COBie sheet format 

The database consists of two classes of tables, temporary tables and more permanent COBie 

tables, shown in Figure 9-14. The temporary tables shown in Figure 9-10 serve as placeholders 

to store COBie-relevant data extracted from IFC files. The aggregation step uses the power of 

the RDBMS to link all the entities in the temporary tables in a permanent, normalised set of 

COBie tables. An example of this aggregation query, written as an SQL stored procedure, is 

shown in Figure 9-15. This particular procedure finalises and populates the “component” table. 

Similar queries were executed to create the tables for Floor, Space, System and Type. 

 

Figure 9-14: Aggregation queries to populate Component tables using stored procedures 

9.3.6 Step 6: Preventive Maintenance Data (SFG 20) 

A complete COBie document includes the following worksheets: Instruction, Contact, Facility, 

Floor, Space, Zone, Type, Component, System, Assembly, Connection, Spare, Resource, Job, 

Impact, Document, Attribute, Coordinate, Issue, and PickList. Out of these, there are tabs 

whose data cannot be generated using the existing commercial add-in applications. An example 

is the Job worksheet, which allows preventive maintenance tasks to be assigned to the various 

objects in the building. In the proposed framework, the SFG20 de-serialiser was developed, 

which obtains as input, the SFG20 file XML file and then de-serialises it to database objects. From 

the user interface shown in Figure 9-16, the latest version of SFG20 standard in XML format is 

selected and processed into database tables. Figure 9-17 shows the code used to read the XML 



CHAPTER 9| SYSTEM DEVELOPMENT AND IMPLEMENTATION  

 

216 

file. It mainly uses the .NET framework “XmlTextReader” class to iterate through the XML file to 

extract the necessary information required for preventive maintenance. As the data are being 

extracted, they are concurrently stored in the database in the appropriate SFG20 tables (Figure 

9-18), and this will eventually help to populate the COBie Job worksheet. 

 

Figure 9-15: Opening and processing the SFG20 XML file 

 

Figure 9-16: Partial code to reading from SFG20 XML file 
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Figure 9-17: Code storing de-serialised SFG20 objects to database entities 

9.3.7 Step 7: Publishing COBie data to the cloud 

As explained earlier, the entire process up to this stage is performed on a client-side desktop 

application. The main reasons for and benefits of this approach relate to the fact that the IFC file 

can be huge. Thus, in areas where an excellent broadband network is unavailable, the process 

can be problematic if it is completely web-based. Another alternative is to keep the IFC file local 

and then extract directly to a cloud-based database. The problem with this is that there are 

millions of transactions, some of them being expensive database transactions which must occur 

over the web and, thus, might eventually slow down the entire process. For commercial shared 

hosting, as used in this project, the allowed quota for bandwidth is easily exceeded with such a 

large number of transactions. 

In developing a system like the proposed framework, the end-user must be taken into 

consideration. Facility managers are not computer programmers or network specialists and 

hence the final product must be user-friendly and, most importantly, not require any 

complicated setup regarding hardware and software.   

An intelligent proposed solution to the problem of working with huge file sizes over the web is 

the concept of “linked server”. When data is extracted from temporary tables and aggregated 

to more permanent tables, the size of the data is cut down significantly (by about 80-90%). This 
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trimmed version of the database (very small file size) can then be replicated on the cloud-based 

server through the concept of “linked server” in Microsoft SQL server (Figure 9-19).  

A linked server allows for access to distributed, heterogeneous queries against OLE DB data 

sources. After a linked server is created, distributed queries can be run against this server, and 

queries can join tables from more than one data source. If the linked server is defined as an 

instance of an SQL Server, remote storage procedures can be executed, as shown in Figure 9-20, 

which publishes all the local data to a cloud-based server. 

 

Figure 9-18: Linked Servers in Microsoft SQL Server 

 

Figure 9-19: Publishing to a cloud-based server via linked server approach 
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9.3.8 Summary of the desktop-side of the proposed framework 

This section explains and then summarises the usage of the first part of the proposed framework 

which was designed as a client-side desktop application, as shown in Figure 9-21. In order to 

create a new project, the first step is to click File > New Project, then to enter a unique name of 

the new project in the dialog box. The second step is to upload the IFC file of the new project 

using the browse button at the end of the file text box. The final step is to process the selected 

file, as described in the preceding sections, and this is done by clicking the “Process IFC File” 

button. Depending on the size of the file it takes a couple of minutes to go through the entire 

processing phase, which consist of initialisation, processing raw IFC, COBie-lizing by aggregating 

temporary tables to COBie tables., and finally publishing data to the cloud  via a linked server. 

This section consists of classes for the user interface design, processing IFC files (string 

manipulations and tokenizers), populating temporary tables, populating SFG20 tables and the 

class for publishing the data to a cloud-based server. All these classes are summarised in the 

class diagram shown in Figure 9-22. 

 

Figure 9-20: Creating a new project 
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Figure 9-22 shows the class diagram of all classes used in this desktop side of the proposed 

framework. 

 

Figure 9-21: Class diagram of the desktop side of the framework 

9.3.9 Step 8: developing the web-based system  

The final stage of the proposed system is the development of a web-based system and interface 

for managing COBie/FM data. This system is targeted towards facility managers, material and 

component suppliers and vendors. The function of the system is to allow users to edit, update, 

add and maintain COBie data in an easy-to-use interface.  

There are two main classes/groups of users, namely (1) Suppliers and vendors and (2) 

Administrators.  

The primary role/duties of a material or component vendor /supplier is to manage the 

information about products that they have supplied to the project. Typically, some of the 

product information may have already been embedded in the BIM model and extracted from 

IFC at various stages of the project lifecycle. However, it must be noted that, in current practice, 

manufacturers do not provide objects that are ready for BIM inclusion.  Accordingly, there are a 
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lot of missing items of information, which normally results in a sparsely populated COBie 

document at the final handover stage that includes a few items of basic information, while the 

majority of the information is not available, as shown in Figure 9-23. 

 

Figure 9-22: Current practice results in empty or sparsely populated COBie sheets at handover 
stage 

The administrator’s role is akin to a super-user role. The administrator can perform all the 

functions of the vendor/supplier as well as perform key administrative functions, such as:  

 Enrol new users (Contact) to the system 

 Assign contacts to projects/facilities 

 Assign vendors/suppliers (Contact) to “Types” so that these vendors/suppliers can only see 

pages relating to what they have supplied. 

 Oversee and make sure correct information has been supplied. 

 Use the COBie-lizer function to produce a COBie document for the project/facility. 

As mentioned earlier in this chapter, since the .NET framework and Microsoft SQL Server were 

selected in the desktop and database design phase respectively, once again, it is only logical to 

use a .NET server-side technology ASP.NET for the web development. It must be reiterated that 

ASP.NET is just one of the several web scripting languages out at present, which include 

Hypertext Pre-processor (PHP), Node.js, Java, Ruby, Perl and Python, just to name a few. 
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Active Server Pages (ASP.NET) 

ASP.NET is a server-side web application framework mainly used for developing dynamic web 

pages, web applications and web services. ASP.NET extends the .NET developer platform with 

tools and libraries specifically for building web apps. The most useful feature of ASP.Net is that 

it is supported on Windows, Linux and MacOS. Figure 9-24 shows the architecture of server-side 

web technology with ASP.NET as the web server technology, 

Some of the advantages of using ASP.NET are that:  

 It allows software developers to do more work with less resources,  

 It has a well-established Integrated Development Environment (IDE) namely, Visual Studio, 

 It has advanced security and performance frameworks, 

 Websites and applications built with ASP.NET can be very fast, as applications are compiled, 

which means the code is translated into object code, which is then executed. 

 

Figure 9-23: The architecture of server-side web technology with ASP.NET 
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ActiveX Data Object.NET (ADO.NET) 

ActiveX Data Object.NET (ADO.NET), shown in Figure 9-25, is a software component library in 

the Microsoft .NET framework that provides a consistent programmatic interface to access 

various data sources and data services from a database. It enables client applications to access 

and manipulate data from various sources through an OLE DB provider.  As a programmer or 

developer, ADO.NET allows one to write programs that access data without knowing how the 

database is implemented.  All it needs to know is the connection string to connect with the 

database. The primary benefits of using ADO.NET are ease of use, high speed, low memory 

overhead, and a small disk footprint. ADO.NET supports key features for building client/server 

and Web-based applications. 

 

Figure 9-24: The architecture of ADO.NET 
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The Web design 

Figure 9-26 shows the site map for the developed website. It consists mainly of two parts, the 

Administrator’s view and the Supplier/Vendor’s view. 

 

Figure 9-25: Site map for the website 
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The Administrator’s View  

The administrative user interface is designed in ASP.NET, styled by cascading style sheet (CSS) 

and enhanced with AJAX technology. Broadly speaking the Administrator’s view consists of: 

 Directly managing COBie data (adding, editing, deleting and managing COBie data) 

 Making sure data is entered correctly and in a timely manner 

 Setting up a new project (Facility)  

 Adding users (Contact) to the facility and setting up their profile (Role). 

 Removing users (Contact) from a facility 

 Assigning types to the users. 

 Creating zones and assigning spaces to zones if not already done 

 Overseeing all data in the database 

 Ability to edit all the COBie worksheets: Instruction, Contact, Facility, Floor, Space, Zone, 

Type, Component, System, Assembly, Connection, Spare, Resource, Job, Impact, 

Document, Attribute, Coordinate, Issue, PickList 

The Vendor/Supplier’s View  

The Vendor/Supplier’s user interface is designed using ASP.NET, CSS ad AJAX technology. 

Generally, the Vendor/Supplier’s view consists of mainly adding and editing Type, Component, 

Spare, and Document only for items they have supplied. 

ASP.NET Web Design 

The ASP.NET web design comes in two main forms (software design patterns): ASP.NET 

WebForms and ASP.NET Model-View-Controller (MVC).  As mentioned earlier, in this research, 

ASP.NET WebForms has been considered to develop the BIM4FM system web design for its 

simplicity.   

ASP.NET WebForms is an event-driven model and part of the ASP.NET application framework. A 

web form is simply a page that the user requests via his or her browser. Such a page is normally 

written using a combination of HTML, client-script, server controls and server-side code. When 

such a request is made, it is compiled and executed on the server by the framework. The 

framework then generates the HTML mark-up which the browser can render. For consistency 

and ease of maintenance, two master pages were used to create and style the webpages. 
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The first master page is for the Administrator’s viewing (MasterMain.master), and the second 

one is for the Supplier/Vendor’s viewing (MasterSuppliers.master), as shown in Figure 9-27. 

Figure 9-27 also shows the references made to all cascading style sheets (CSS) files used to style 

the web pages. An example of these files is (BIMFM_Main.css), as shown in Figure 9-28. 

After completing the setup of the master pages and CSS files, the next stage was to design the 

individual web pages. For consistency, as explained earlier, each of these web pages (.aspx files) 

was developed using the MasterMain.master and the MasterSuppliers.master master pages. 

Figure 9-29 shows the Zone page (zones.aspx file) which has been wired to the 

MasterMain.master page. 

In the WebForms design model, the user interface (UI) is designed using the WebForms page 

(.aspx). This page contains a collection of several controls including Button, Checkbox, Label, 

TextBox, DataList, FormView, GridView, SqlDataSource and many more, as shown in Figure 9-

30. 

Figure 9-31 shows a typical WebForms page (zones.aspx) in design view, loaded with several 

ASP.NET server controls to create the user interface.  

Figure 9-32 is the same WebForms page (zones.aspx) but in source view to present all the 

ASP.NET tags. 
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Figure 9-26: The master pages used for the development of BIM4FM web site 
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Figure 9-27: BIMFM_Main.css is one of the many CSS files used 
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Figure 9-28: Wiring the Zone page to a master page 
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Figure 9-29: ASP.NET Controls 
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Figure 9-30: Zones page with ASP.NET web controls (design view) 

 

Figure 9-31: Zones page with ASP.NET web controls (source view) 
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Connection to database 

A cloud-based MSSQL server provided by a commercial hosting service provider was used as the 

RDBMS for the BIM4FM web application.  To streamline the programming of this data-intensive 

web application, connection to the database was handled through the web configuration file 

(web.config), as shown in Figure 9-33. 

 

Figure 9-32: The web configuration file of the website showing the database connection string 

9.3.9.1 Handling and presenting data 

One of the core aims of BIM4FM is to differentiate itself from other solutions in the industry by 

providing excellent user experience with a focus on the FM teams. The user interface (UI) for 

BIM4FM has been designed to focus on two principles, simplicity and user-friendliness, to allow 

easy access to facilities management practitioners and material vendors/suppliers who may be 

from a non-technical background with respect to COBie and BIM. As already pointed out, COBie 

is an extremely data-intensive format and trying to handle this huge volume of data through a 

web interface without proper planning, designing and implementation would clearly have a 

negative impact on prospective users of the application.  

The customised templates of ASP.NET “GridView” and “FormView” controls were the backbone 

for all data display. The GridView was essential when displaying data with many records, as 

shown in the Type table view in Figure 9-34. In addition to displaying data, BIM4FM allows for 

data to be edited and updated. Client-side AJAX modal pop-up controls were efficiently utilised 
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throughout the entire site to give a fluid workflow during data editing and updating. Figure 9-35 

shows an AJAX modal pop-up control used to edit and update components selected in the 

GridView.  

 

Figure 9-33: Using a formatted ASP.NET GridView control to display "Types" data 

 

Figure 9-34: Using customised templates from ASP.NET FormView control to display 
"Component" data in an AJAX pop-up control 
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9.3.10 Step 9: COBie-lizer Module  

The final stage of the website design is the COBie-lizer page, as shown in Figure 9-36. The 

ultimate goal of the proposed framework is to provide the ability to create data-rich COBie 

worksheets from IFC, augmented with additional data. This output from the COBie worksheets 

then becomes input for CAFM systems.  

 

Figure 9-35: Proposed framework highlighting the COBie-lizer module 

At this stage, data will have been imported from the IFC file, additional and missing data will 

have been added by suppliers/vendors and data in the form of preventive maintenance 

information added and checked by the administrator. All this information is stored and managed 

by a cloud-based relational database management system, as explained in section 9.4.7. The 

COBie-lizer module, Figure 9-36, queries the database and extracts all the necessary COBie-

related items and then produces a fully functional COBie worksheet for a project/facility. For 

simplicity and ease of use, the COBie-lizer has been designed as a one-click process, as shown in 

Figure 9-37. 
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Figure 9-36: The web interface showing the COBie-lizer button 

For this part of the web development, a third-party open source Application Program Interface 

(API) known as EPPlus was used. EPPlus is a .NET library that reads and writes Excel files using 

the Open Office Xml format (xlsx). It is an open source library and available through NuGet 

Package Manager in Visual Studio, as shown in Figure 9-38. Once installed, all the libraries 

become available to use on a project. 

Figure 9-39 shows a reference being added to the code so that the EPPlus library can be accessed 

programmatically. A typical COBie worksheet is highly styled and colour-coded for ease of use. 

The EPPlus library provides classes that can be used to style the COBie sheet. Figure 9-39 also 

shows how the COBie brushes (colours) are initially defined for use later on. 
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Figure 9-37: Installing EPPlus in Visual Studio via NuGet Package Manager 

 

Figure 9-38: Using the EPPlus library 
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Styling the COBie Sheet  

To fully illustrate the process, the COBie Type sheet is used as example, as shown in Figure 9-40. 

The code starts by defining Type sheet “typeSheet”, setting the tab colour to yellow and rotating 

the text in the first row, just like a typical COBie sheet. After that, all the columns are styled. In 

the code, columns A, C, E, H, J, L, U, V and W are assigned a yellow background, using the 

PatternType, .PatternColor.SetColor, .BackgroundColor.SetColor properties. The cell borders 

are styled with the ExcelBorderStyle.Thin property.  

 

Figure 9-39: Using the EPPlus library to style the colours of the tab and columns in the COBie 
Type sheet 
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The final step of the COBie-lizer module process is to populate the cells with data. There are two 

types of data that are required to populate the cells: (1) the fixed row header data and (2) the 

extracted COBie data, as illustrated in Figure 9-41. The fixed top row, for which the data primarily 

consist of table header information, is populated using the code shown in Figure 9-42, in 

accordance with the specifications of COBie. Populating the cells with COBie data is next, after 

the top row has been filled. With the aid of ADO.NET classes, in this case SqlDataReader, all the 

COBie data is extracted and populated into the cells defined by the EPPlus library, as shown in 

Figure 9-43. 

 

Figure 9-40: Typical COBie worksheet, showing fixed row data and COBie data 

 

Figure 9-41: Code to populate the top (header) row of the COBie sheet 
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Figure 9-42: Code to populate the rest of the cells with COBie data 
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9.4 Illustrative case study  
The purpose of this sub-section is to use a test model to illustrate the implementation process 

of the proposed BIM4FM system. In this study the newly constructed building of the Future 

Technology Centre (FTC) of University of Portsmouth was used for the overall implementation 

process from the Administrator’s and Vendor/Suppliers’ views.  

As mentioned earlier, the primary roles/duties of the administrator are to perform all the 

functions of the vendor/supplier, as well as performing key administrative functions, e.g.:  

1. Create new project  

2. Enrol new users (Contact) to the system 

3. Assign contacts to projects/facilities 

4. Assign vendors/suppliers (contacts) to “types” so that these vendors/suppliers can only 

see pages relating to what they have supplied. 

5. Oversee and make sure correct information has been supplied. 

6. Use the COBie-lizer function to produce a COBie document for the project/facility. 

The primary roles/duties of a material or component supplier/vendor are to manage the 

information about products that they have supplied to the project. Accordingly, the 

supplier/vendor will have limited access to related products in Type, Component, Spare, and 

Document sheets.  

The following are illustrations that show each of these roles in steps:  

1- Creating a new project: as shown in Figure 9-44, the first step the Administrator usually 

takes is to create a new project by selecting file and then new project. The second step 

is to enter the unique name of the project. The final step in this function is to process 

the selected file by clicking the “Process IFC File” button. This process took seven 

minutes to go through the entire processing phase, which consisted of initialisation, 

processing raw IFC, COBie-lizing by aggregating temporary tables to COBie tables, and 

finally publishing data to the cloud via a linked server, as shown in Figure 9-45. 
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Figure 9-43: System implementation workflow    

 

Figure 9-44: Various stages of IFC file processing     
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2- Log in to BIM4FM system: after BIM data is published to the cloud, the Administrator 

can log in to the system as shown in Figure 9-46, then select the new added project, as 

shown in Figure 9-47. 

 

Figure 9-45: Logging in to BIM4FM system  

 

Figure 9-46: Selecting the new added project  

3- Reviewing and editing Facility data: The Administrator can review and edit the facility’s 

general data related to project description, site description, site name, etc. as shown in 

Figure 9-48. 
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Figure 9-47: Reviewing and editing facility’s general information  
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Adding a new Contact: in this step, the Administrator can add users (Contact), as shown in 

Figure 9-49, and set up their profile (roles). Users are usually vendors and suppliers who are 

responsible for providing data about products, systems and equipment that they supply. After 

adding users and identifying their roles, they will receive a notification (Email) to inform them 

of their user-names and passwords, so that they can log in to the system and edit and/or 

provide the required information related to their products.  

 

Figure 9-48: Adding a new Contact  

 

4- Reviewing and editing Floor data: The administrator can review and edit data related 

to the facility’s floors, as shown in Figure 9-50. 

5- Assigning space to Zones: The administrator can create new zones and assign spaces to 

new zones as shown in Figure 9-51. Additionally, the administrator can edit the existing 

zone data, as shown in Figure 9-52. 
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Figure 9-49: Reviewing and editing Floor data 

 

 

 



CHAPTER 9| SYSTEM DEVELOPMENT AND IMPLEMENTATION  

 

246 

 

Figure 9-50: Assigning spaces to zones 
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Figure 9-51: Reviewing and editing Zone data 

 

6- Reviewing and verifying systems: The administrator can review and verify data related 

to facility systems, as shown in Figure 9-53. 

 

7- Assigning types to suppliers: The administrator can assign different types to different 

Vendors/Suppliers, in order for them to review, edit and add relevant product data, as 

shown in Figure 9-54.  

 

8- Assigning Jobs to types: The administrator can review assigned preventive maintenance 

activities and assign new activities to different types as shown in Figure 9-55. 
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Figure 9-52: Reviewing and verifying systems data 
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Figure 9-53: Assigning different types to their suppliers 
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Figure 9-54: Reviewing assigned job (Planned Preventive Maintenance) and assigning to 
different types  
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Functions related to Vendor/Suppliers role:  

1- Reviewing Type data: Vendors/Suppliers can review Type data for all assigned relevant 

products that they supply, as shown in Figure 9-56. In the Type page, there are different 

functions: adding document, editing type data, editing component data, adding a new spare 

part, and reviewing the relevant assigned job. 

 

Figure 9-55: Reviewing type data   

2- Reviewing and editing Component data: Figure 9-57 shows the reviewing and editing of 

component data. The Vendor/Supplier can review and edit component data related to such 

items as serial number, installation data, warranty start date, tag number, bar code, and 

asset identifier.  

3-  Adding new Document: The Vendor/Supplier can attach any related document such as a 

product data sheet or catalogue, as shown in Figure 9-58.  

4- Editing Type data: The Vendor/Supplier can edit type data, as shown in Figure 9-59.  

5- Adding a new spare part: The Vendor/Supplier can add a new spare part, as shown in Figure 

9-60. 
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Figure 9-56: Reviewing and editing Component data 

 

 

 

 



CHAPTER 9| SYSTEM DEVELOPMENT AND IMPLEMENTATION  

 

253 

 

Figure 9-57: Attaching new document 

 



CHAPTER 9| SYSTEM DEVELOPMENT AND IMPLEMENTATION  

 

254 

 

Figure 9-58: Reviewing and editing Type data 
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Figure 9-59: Adding a new Spare part data item 
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Assigning preventive maintenance schedules: in this step, the Administrator can assign jobs 

from SFG20 to building types, as shown in Figures 9-61. 

 

Figure 9-60: Assigning new jobs 

COBie-lizing: finally, the Administrator can generate a COBie spreadsheet that includes all the 

required information using the COBie-lizer, as shown in Figure 9-62.  

 

Figure 9-61: Generating COBie spreadsheet using COBie-lizer 
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COBie spreadsheet: this is the final outcome: a rich COBie spreadsheet that includes complete 

facility information, including manufacturer’s information (for example: the space sheet, as 

shown in Figure 9-63, Type sheet (Figure 9-64), and Component sheet, (Figure 9-65), O&M 

information including preventive maintenance tasks in job sheet (Figure 9-66) and spare parts 

in spare sheet as shown in (Figure 9-67), and attachments in document sheet as shown in (Figure 

9-68).  

9.5 Summary 
The existing add-in applications to generate COBie have their inherent limitations. Information 

related to Spare, Resource, Job and Document sheets cannot be generated using these existing 

add-in applications. Currently, manufacturers are not providing objects ready for BIM inclusion, 

where current BIM models lack the manufacturing information required for O&M activities.  

It has been demonstrated in this chapter that BIM data can be combined with other data sources 

to generate automatically a rich COBie spreadsheet to support FM systems. BIM4FM can 

facilitate the information exchange process between BIM and FM systems by streamlining the 

information flow between the various BIM and FM systems 
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Figure 9-62: Space sheet output from COBie-lizer 
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Figure 9-63: Type sheet output from COBie-lizer 
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Figure 9-64: Component sheet output from COBie-lizer 
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Figure 9-65: Job sheet output from COBie-lizer 
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Figure 9-66: Spare sheet output COBie-lizer 
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Figure 9-67: Document sheet output from COBie-lizer 
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10 INDUSTRY FEEDBACK 

 

10.1 Chapter Overview 
The preceding chapter explained the implementation stage, in which the prototype system was 

developed, followed by the validation of the information exchange system and BIM4FM 

prototype, based on case studies. This chapter assesses the BIM4FM system from the user’s 

perspective.  

The chapter presents the testing and evaluation of the prototype by its potential users. First, the 

main objectives behind collating industry practitioner’s feedback and the methods used to 

collect the feedback are presented, followed the questionnaire procedure, design and analysis 

of the results. Finally, the results are analysed and discussed and some conclusions drawn.  

10.2 Introduction  
Systems testing is a complicated process which aims to identify defects (Morgan et al., 2010). 

Therefore, systems testing can be a very expensive and time-consuming process. Thus, due to 

time constraints; basic testing was conducted to ensure that the system prototype was 

functioning properly and delivering what was intended for this research. However, the testing 

and refinement process was repeatedly carried out during the development process of the 

BIM4FM prototype.   

Testing software involves two procedures, namely verification and validation. While validation 

is about ensuring the system software that has been developed is traceable to user 

requirements, which means that we are developing the right system software, verification 

involves ensuring that system software correctly implements a specific function, in other words, 

to ensure that we are developing the system software correctly (Pressman, 2010).  Several tasks 

were defined to verify that the system prototype had been developed correctly and was 

implementing specific functions correctly. Usability testing was considered, to allow potential 

users to evaluate the system prototype, to ensure that it has been developed based on their 

requirements.   
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10.3 Prototype verification  
The main aim of the verification process is to ensure that the prototype has been developed to 

achieve its purpose and is ready to be validated by the participating practitioners working in the 

FM industry in the UK. 

To do so, several predefined tasks were performed to test the workability of the prototype 

functions. Errors were examined and fixed when expected outputs from the prototype functions 

were not achieved. The following sub-sections describe the test.   

10.3.1 IFC data extraction function testing 

The first stage involved testing the workability of uploading a new IFC file, processing IFC data, 

and then extracting the required information and retrieving this information on the web server. 

This task was performed several times to check consistency of the IFC data extraction process 

and to check the following:  

1- The IFC data extraction process was working and its progress was showing on the screen.  

2- There was no expected error during the implementation of this process.  

3- Data was extracted and retrieved on the web server and displayed correctly.  

10.3.2 User interface testing  

This step involved testing the workability of entering and/or modifying data using the web 

service. The BIM4FM interface pages were checked for the following:  

1- Registering a new user, logging into the system using the user-name and password and then 

logging out of the system.  

2- Browsing the system web pages and checking the designated function buttons.  

3- Identifying the spelling errors.  

4- Entering and saving the new entered data and modified data.  

5- Searching for specific types and components.  

6- Attaching a file to a specific item.  

10.3.3 Generating a COBie spreadsheet: function testing 

The workability of generating a COBie spreadsheet that includes information extracted from IFC 

files, SFG20, and a web-based user interface was tested. Table 10-1 shows the tests that were 

carried out to verify the workability of the system prototype:  
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Table 10-1: Workability verification tests and results  

No. Test Result 

1 Testing the accuracy of data extraction and retrieval: this module in this 
assessment was tested, refined and passed in the following items:  

 

1.1 The system was tested to verify if it would generate a COBie spreadsheet 
that included IFC extracted data, SFG20 extracted data and the data entered 
and modified using the web-based interface. 

Achieved  

1.2 COBie spreadsheet was checked to see if it included manufacturing data 
entered using the web-based interface.  

Achieved 

1.3 COBie spreadsheet was checked to see if the modified data using the web-
based interface were stored and retrieved successfully and displayed 
correctly in the designated COBie worksheet. 

Achieved 

1.4 COBie spreadsheet was checked to see if data extracted from SFG20 were 
presented and displayed correctly in designated worksheet. 

Achieved 

2 The system was tested to verify the consistency of generating the COBie 
spreadsheet. The module was checked to see if it would give 100% the same 
data output every time a COBie spreadsheet was generated using the same 
extracted data. 

Achieved 

3 The system was tested to verify if the assigned zones using the system 
interface were shown and displayed correctly in the designated COBie 
worksheet. 

Achieved 

4 The system was tested to verify if the added contact details using the system 
interface were shown and displayed correctly in the designated COBie 
worksheet. 

Achieved 

5 The system was tested to verify if the added attributes using the system 
interface were shown and displayed in the designated COBie worksheet. 

Achieved 

6 The system was tested to verify if the attached files were correctly linked 
with related item’s unique ID.  

Achieved 

7 The system was tested to verify if the date and registered user details were 
added and displayed correctly in the designated COBie worksheet.  

Achieved 

8 System was tested in general to verify if tables were correctly lined by 
unique IDs 

Achieved 

9 COBie spreadsheet was checked to verify if the extracted data were 
correctly stored in their designated fields.  

 

 

No errors resulted from the testing: this was because, as mentioned earlier, testing and 

refinement was an ongoing process during the prototype development stage and errors were 

fixed directly when any problem was encountered during the prototype development.  
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10.4 Usability testing  
The aim of the usability evaluation is to assess the extent to which a system can be used by 

specific users to achieve specific goals with effectiveness, efficiency and satisfaction in a specific 

context of use (BS EN ISO 9241‑11:2018). To evaluate the usability of the proposed system 

prototype, ten participants working in the FM/BIM industry in the UK were asked to participate 

in semi-structured interviews. Each interview lasted between one to two hours. Participants 

were encouraged to provide their feedback using the questionnaire which had been distributed 

to them earlier. The questionnaire was designed to collate participant’s feedback related to the 

system prototype’s usability. The questions were designed to assess the usability in accordance 

with the British standards, as shown in Table 10-2. 

10.5 The selection of participants 
The number of participants recommended to be used in usability testing varies. According to 

Holzinger (2005), 4-30 participants is considered to be acceptable for software testing. Other 

studies concluded that five to eight participants would be deemed as sufficient, with five being 

perceived as the general rule of thumb (Faulkner, 2003; Jacko, 2012; Nielsen, 2012). 

This study focused on gaining insights about the system prototype. Accordingly, I decided that 

ten participants were sufficient in order to confirm the validity of the developed prototype. The 

number of participants was identified based on similar studies. For example, Demian & 

Balatsoukas (2012) evaluated the user satisfaction of three interfaces by collecting the feedback 

of twelve participants through a questionnaire, Motawa & Almarshad (2015) validated the 

developed prototype through a focus group meeting of eight participants, Zada (2016) 

interviewed ten participants to validate the system prototype, and Zou (2017) interviewed only 

five experts to evaluate the proposed theory and tool prototype. Accordingly, ten participants 

were deemed as sufficient to evaluate the developed system prototype and to confirm the 

validity of the BIM4FM system.  

The selection of participants depends on various factors, such as “competence, attitude, state 

and personality” (Struck 2012 p.108). They have also been separated as ‘expert’ and ‘novice’ 

(Faulkner 2003 p.380; Sauer et al. 2010). Using the latter terminology, 7 of the participants were 

experts in the field of FM, since they had had more than 16 years’ experience in FM, 2 of the 

participants were experts in BIM, with more than 10 years’   experience in BIM and both were 

working as BIM managers, and one was a novice in BIM. The novice was a BIM professional who 

was working at FM organisation and has 6 years’ experience in this field. Table 10-3 shows the 

demographic information provided by participants.  
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Table 10-2: Usability evaluation measurers based on BS EN ISO 9241‑11:2018 

No. Goals Measurers  Questions  

1 Effectiveness  Accuracy How accurate is this system prototype in collecting, 
retrieving and generating facility information? Does 
the final product (COBie spreadsheet) include the 
added information using the web service?  

Completeness What is the user’s impression of the final product 
(COBie spreadsheet)? Does it include all information 
input retrieved from various sources (IFC, SFG20 and 
web service)?   

2 Efficiency Time used  What is the user’s impression of the time taken to 
process the uploaded IFC file data?  
Do users think that using this system would save 
time? 

3 Satisfaction   Are users able to locate key features & functionality 
that the site provides? 
Do users understand its primary and secondary 
navigation? 
Is there important information missing from the key 
pages? 
Are users able to use the page control features easily? 
Are users able to locate the button/action the 
developer wants them to use on key pages? 
Are things (features/navigation/ content) on the 
system website named based on BIM terminology 
rather than what users want/expect? 
What issues do users have when completing the web 
forms? 
What other features could be included in the system 
prototype to make it more useful? 
How has the current system prototype experience 
changed the user’s perception of facilities 
information management, if at all? 
What are the user’s current impressions of the 
system prototype? Do the system prototype 
processes meet with user expectations? 
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Table 10-3: Participants’ demographic information  

Code Position Experience 
(yrs) 

Code Position Experience 
(yrs) 

A1 Estate department  
director  

16 - 20 A6 Operations manager 11 - 15 

A2 Facility manager 16 - 20 A7 Facility manager  16 - 20 

A3 BIM manager  11 - 15 A8 BIM manager   11 - 15 

A4 Facility manager  > 20 A9 Maintenance manager   16- 20 

A5 FM software 
developer    

16- 20 A10 BIM professional  5 - 10 

      

10.6 Semi-structured interview procedure 
The following procedure was applied in this study to collate practitioner’s feedback on the 

developed system prototype – BIM4FM:  

• Presentation: an introduction to the theoretical aspects of the systems was presented. This 

introduction covered the research background, objectives, the concept of the developed 

prototype, and the various data sources, with extensive elaboration on the COBie 

spreadsheet.  

• Case study: a demonstration was presented to introduce the implementation aspects of the 

developed system. The demonstration used a case study scenario the same as that shown 

in Chapter 9. The visuals used in the implementation clarified the sequence of the system 

process, starting from uploading the IFC file, entering manufacturing information using the 

web service, and processing the uploaded data to generate a COBie spreadsheet. A video 

was prepared for this case study so that the participants could see how the system works.  

• BIM4FM User Interfacing: three tasks were designed to allow participants to take part in 

interfacing with the developed system to evaluate the usability of BIM4FM. The three tasks 

were:   

1- Uploading the IFC file for a new facility: this task aimed at assessing the function of 

adding a new IFC file. Following the completion of this task, participants were asked 

to process the uploaded IFC data and, accordingly, rate their satisfaction with the 

time it took to implement this task.  
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2- Entering and modifying data using the system web service: this task aimed to assess 

the overall system website. Participants were asked to log in using a given user-

name and password and to navigate the website screens and then to enter given 

manufacturing data. Participants then were asked to answer questions related to 

website performance, such as the organisation of information on the system 

screens, and if the web interface is pleasant and easy to use.  

3- Generating a COBie spreadsheet using the GUI: this task aimed at assessing the 

overall effectiveness of the developed system by generating a COBie spreadsheet 

and checking its completeness (to check if it includes data collected from IFC, SFG20 

and web service entered data) and its accuracy by checking if the data entered 

through the web service are included in the final COBie spreadsheet. Participants 

were then asked to answer related questions, such as if they believed they could 

effectively produce digital facility information using this system.  

• Questionnaires: a series of questions was prepared based on the usability measures 

depicted in Table 10-1 and organised in the form of a questionnaire, which was given to the 

participants to assess the developed system.  The questionnaire contains nine questions 

classified into five categories (effectiveness, efficiency, satisfaction, feedback on the 

negative aspects of the system, and feedback on the positive aspects of the system).  

The above four procedures were provided in a cloud storage service (Dropbox) as a shared 

folder. The shared folder contained a brief presentation clarifying the research background and 

objectives, a video demonstrating the system implementation using a case study, case study 

files to be used in the identified testing tasks, and the questionnaire to collate feedback. With 

the shared folder, the participants had the opportunity to go through the presentation and 

videos again at their convenience before answering the questions. 

10.7 Questionnaire design   
The survey questions comprised a mixture of closed-ended questions which aimed to collate 

specific answers using Yes/No answers and a five-level Likert scale, and open-ended questions 

designed to encourage participants to express freely their opinions related to the developed 

system. These open-ended questions aimed to provide rich qualitative information to generate 

deeper insights into all the evaluations of the developed system.  
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10.8 Questionnaire analysis  

10.8.1 Close-ended questions analysis  

After analysing the feedback data received from ten participants, the results generally indicate 

that they had positive opinions about the developed system prototype.  The first question in the 

survey was: Would you agree with the statement that the automation of facility data input into 

CAFM/CMMS systems could save you time? The unanimous response shown in Figure 10-1 

clearly shows that the automation of facility data input into CAFM/CMMS systems is regarded 

as time saving.  It is therefore confirmed that there is market for a system which automate data 

input. No additional comments were given in response to this question. BIM4FM has the 

potential to be efficient, as the automation would be time saving.  

 

Figure 10-1: Participants’ feedback related to the efficiency of BIM4FM system as time saving 

The second question was: Would you agree that a tool which could collect, retrieve and generate 

digital facility data output from different data sources including BIM for FM systems input would 

enhance the facilities information management practice? The response in Figure 10-2 indicates 

overall agreement with the statement, although there was some uncertainty with one 

participant selecting ‘maybe’. The feedback on this question explains this why this participant 

was hesitant “Maybe as long as the generated data output out of BIM as-built models are 

accurate”. These responses show that BIM4FM could be effective, as it enhances the facilities 

information management practice by providing a single source of digital facility data output 

for FM systems input.  
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Q1: Would you agree with the statement that the automation of facility 
data input into CAFM/CMMS systems could save you time? 
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Figure 10-2: Participants’ feedback related to the potential effectiveness of BIM4FM system in 

enhancing information management practice  

This was followed by the third question: Do you or your organisation use any method to transfer 

data seamlessly between BIM and FM systems? Figure 10-3 shows that, as yet, there is no 

straightforward and seamless data exchange process between BIM and FM systems. Although 

two participants answered yes, their comments show that they used a middleware software to 

transfer BIM data into their CAFM system, which is not only an expensive way but also not a 

straightforward way of enabling data flow between BIM and FM systems. In terms of efficiency, 

the responses to the third question show that BIM4FM has the potential to streamline the 

information exchange process between BIM and FM systems as data entry into FM systems is 

not yet automated. 

The fourth question was: In your opinion, do you think that collecting data from various sources 

such as BIM as-built models, SFG20 standards and manufacturing data entered by using the web 

interface, is enough to generate a rich digital facility output for FM systems input? The purpose 

of this question was to assess the completeness of BIM4FM data sources and data output. 
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Q2: Would you agree that a tool which could collect, retrieve and generate 
digital facility data output from different data sources including BIM for FM 

systems input would enhance the facilities information management 
practice? 
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Figure 10-3 Participants’ feedback related to the efficiency of BIM4FM system in streamlining 

the information exchange process between BIM and FM systems  

The response in Figure 10-4 shows overall agreement among the participants that the identified 

data sources are sufficient to generate rich data output to support FM systems. These responses 

show that BIM4FM could be effective, as it includes all the data sources required to generate 

digital data output for FM systems input.  

 

Figure 10-4: Participants’ feedback related to the completeness of BIM4FM system  

The fifth question in the survey was: Could you envisage a system such as BIM4FM being adopted 

in your practice? The results are shown in Figure 10-5, indicating that the participants were 

convinced they could use the system in practice. Only one participant was hesitant about 

adopting the system into the current FM practice. This was because this participant was a 

software developer for FM systems who believed that “the existing FM systems software can be 

upgraded to integrate BIM data through a direct data flow between the different systems”. 
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Q3: Do you or your organisation use any method to transfer data seamlessly 
between BIM and FM systems?
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Q4: In your opinion, do you think that collecting data from various sources 
such as BIM as-built models, SFG20 standards and manufacturing data 

entered by using the web interface, is enough to generate a rich digital facility 
output for FM systems input?
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These results indicate that BIM4FM is found to be satisfactory in general as participants would 

be happy to adopt it in their practice.  

 

Figure 10-5: Participants’ feedback related to the likelihood of adopting BIM4FM system  

The sixth question was: do you agree that a system such as BIM4FM could save the user time 

and reduce error? The purpose of this was to establish if BIM4FM could be associated with time 

and error saving benefits. The results shown in Figure 10-6 confirm that this was the case, but 

there were some reservations. Two participants were concerned that the system needs to be 

used in practice to test and validate whether it gives the right results consistently, to gain users 

trust. The answers to the sixth question show that BIM4FM could be efficient, as it results in 

time and cost savings. 

 

Figure 10-6: Participants’ feedback related to the BIM4FM system’s efficiency in saving time 

and cost 
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The seventh question involved rating various aspects of the BIM4FM system using a scale of 1-

5, where 1 was strongly disagree and 5 was strongly agree. The results are shown in Figure 10-

7, which indicates that there was overall satisfaction with the developed system. The majority 

of participants found the system to be pleasant, and agreed that it speaks the user’s language, 

the information is well organised, and the time needed to perform specific functions is 

satisfactory. One participant reported facing some difficulty in using the system and finding the 

required information. The results of the seventh question indicate that there is a high level of 

satisfaction with the system overall design and functions.  

10.8.2 Analysis of open-ended questions  

Through the two open-ended questions provided in the questionnaire, participants were able 

to provide their feedback regarding the main strengths and weaknesses of the developed 

system. This was to allow participants to provide additional remarks and assessment comments 

not covered in the first part of the questionnaire (closed-ended questions). Thus, the eighth 

question was: Please list the strongest features of BIM4FM. The responses gathered were as 

listed below:  

• Strengths of BIM4FM prototype as listed below, in the respondents’ own words: 

1- Using this system will facilitate generating digital facility information from one single 

source which will enhance the credibility and reliability of facility information.   

2- The most useful part is integrating the industry standards of facilities maintenance 

management with facilities information and produce one digital source for FM systems 

input.  

3- The prototype can definitely enhance facilities information management by providing 

single database for the various FM systems.  

4- The concept of allowing various suppliers, vendors and manufactures of providing real 

accurate manufacturing data about their products is very effective and efficient in which 

it eliminates the time needed to extract such information from hardcopies of various 

manuals and product data sheets. ‘ 

5- The concept of assigning spaces to zones using the web-based user interface is very 

helpful and useful.  

6- The user interface is very friendly and easy to use without even any instructions or help.  

7- The system website is pleasant and information organised in easy way.  
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8- The accessibility rules and information privacy were considered carefully.  

9- Using this system streamlines the information exchange process between BIM and FM 

systems and makes the concept of using BIM for FM feasible and applicable.  

 

Figure 10-7: Participants’ feedback related to user satisfaction with BIM4FM system  
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In this list it can be seen that the participants showed a positive attitude towards the notion of 

a web-based user interface system for information exchange between BIM and FM systems.  

The most repeated strong point acknowledged by participants was that this system can facilitate 

the information exchange process between BIM and FM systems and, accordingly, can improve 

facilities information management practice. The aim of this system is to streamline the 

information exchange process between BIM and FM systems. Thus the clear recognition of this 

issue from potential users validates its goal and provides confidence in the prototype’s usability.  

The ninth question was: Please list any weaknesses of BIM4FM and any suggestion for 

improvement. Responses were gathered as listed below, in the participants’ own words:  

• Weaknesses of BIM4FM prototype and suggestions for improvement as listed below, in 

the respondents’ own words: 

1- The system needs a help function to show users how to use the system.  

2- The prototype needs users who understand COBie spreadsheet structure and how it 

works.  

3- The system is more important to large FM organisations and large scale facilities. 

4- Browsing Type sheet is too tedious as the list of types is too long, it can be clustered into 

groups to ease navigation and adding information.  

5- The system needs an introductory video at the homepage screen to introduce the 

concept for new users and how the system works.  

10.8.3 Responses to participant’s feedback  

The participants indicated several weak points and provided suggestions for the prototype’s 

further development. Although their remarks confirmed that no major issues exists with the 

system’s functions, their comments and suggestions were useful for enhancing the user 

experience as well as the performance of the prototype.  

Response to suggestion (1) and (5): point (1) suggested adding a help function to show users 

how to use the system. This suggestion is in agreement with point (5) which suggested adding 

an introductory video on the home page of the system. This was considered and an introductory 

page was added as a home page with simple instructions to clarify for users how to use this 

system, as shown in Figure 10-8.  

 



CHAPTER 10 | INDUSTRY FEEDBACK 

278 

 

Figure 10-8: BIM4FM home page including system introduction  

Response to suggestion (2): this addressed the issue of users’ need to understand COBie 

structure. COBie is a simple spreadsheet that includes various work sheets related to the facility 

and its components. However, this process is machine to machine and the COBie spreadsheet 

in general was never created for human use. The concept is that using this system you can 

generate digital data output for FM systems input. Regarding the web service structure, which 

has been created to be similar to COBie, it is a direct simple data entry, which indicates required 

information to be filled in and this information requirement is familiar to any supplier/vendor 

or manufacturer.  

Response to suggestion (3): this addressed capacity of organisations or the scale of facilities to 

be able to utilise this prototype.  This system, according to view adopted in this study, is 

important to any owner or FM organisations who are looking for improving information 

management practice and information quality.   

Response to suggestion (4): this addressed the comment that browsing Type sheet is too 

tedious. This comment has been considered carefully. The browsing process has been improved 

by adding another function that allows searching for specific types which ease the process and 

reduce the time needed for searching for specific type.   
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10.9 Summary 
This chapter has discussed the prototype testing and evaluation results and their analysis. The 

BIM4FM system was tested using a real case study to verify that all functions were working 

correctly. Errors during the testing stage were fixed when identified. The semi-structured 

interviews were carried out to evaluate the developed system prototype through usability 

testing by potential users. Several methods were used during these interviews to introduce the 

research background, objectives, the developed system concept and how it works. Participants 

then carried out different tasks to assess the system prototype’s effectiveness and efficiency, 

and their satisfaction with the overall system. In general, the prototype received highly 

satisfactory assessments.  The results indicate that BIM4FM has achieved the aim of the 

research, by streamlining the information exchange process between BIM and FM systems. 

However, some concerns were raised, some of which were dealt with, while others were general 

comments. The following chapter sums up the thesis and provides conclusions and 

recommendations for future research.  
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11 CONCLUSIONS AND RECOMMENDATIONS   
 

11.1 Chapter Overview 
Utilising BIM for FM and BIM-based related technologies to transfer information 

between the design and construction phases and O&M phase has been a growing 

research interest in the industry. Successful use of BIM in FM requires a 

comprehensive understanding of the fundamentals, clear information requirements 

of BIM to support FM systems, a standardized information exchange process, and the 

use of open data standards and specifications to overcome the interoperability issue 

between the various BIM and FM systems.   This final chapter highlights the 

theoretical contributions and practical implications of the research, identifies the 

limitations of the research, suggests recommendations for future research, and 

summarises the key findings of the research.   

11.2 Theoretical contributions  
Through a systematic review of the extant literature, it was observed that three main 

knowledge gaps exist in current BIM implementation in FM: (1) the lack of a 

standardized process for a seamless information exchange between BIM and FM 

systems, (2) the lack of holistic guidance that encapsulates all the required FM 

information for efficient operations across all systems and building types, and (3) the 

lack of interoperability between the various BIM and FM systems. The aim of this 

research was to overcome these gaps by developing a standardised process for 

seamless information exchange between BIM and FM systems that considers specific, 

well-identified information requirements of BIM to support FM systems, and the use 

of an open data standard format to overcome the interoperability issue between the 

various BIM and FM systems.  

As the main scientific contribution, this research proposes a novel method of 

transferring information between BIM and FM systems seamlessly and outlines a 

new framework for a BIM4FM for information exchange. The theoretical contribution 

will be discussed further in the following four sub-sections.  
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11.2.1 The systematic review of the state of BIM implementation in FM   

To achieve the first objective of this research, a systematic review of the extant 

literature was conducted in the first phase of the research design to provide a holistic 

picture of the current state of BIM implementation in FM, with a focus on 

information exchange and interoperability between the various BIM and FM systems. 

The outcomes of the systematic review in this research can be claimed as a 

knowledge contribution for the following reasons: (1) the systematic review 

conducted in this research applied a quantitative method using the bibliometric 

analysis approach and a qualitative method using the content analysis approach to 

mapping the extant literature to identify the research trends over the last decade. 

The outcomes of the systematic review can be used as a guide for future researchers 

to keep them up-to-date with research development and to advise the required 

future research in this area; (2) as there is no specific overview, to my knowledge, of 

data exchange and interoperability between BIM and FM systems, the systematic 

review in this research attempted to partly close this gap by mapping the extant 

literature to identify the research focus, assessing the current state of information 

exchange and interoperability between BIM and FM systems, and proposing a future 

agenda for further research related to these specific areas.  

11.2.2 The analytical exploratory study of the current state of BIM 

implementation in FM  

To achieve the second objective of this research, an analytical exploratory study was 

conducted to explore the current state of BIM implementation in FM in the UK, with 

a focus on information exchange and interoperability between BIM and FM systems. 

The outcomes of this exploratory study confirmed the identified systematic review 

findings related to information exchange and interoperability between BIM and FM 

systems.  The outcomes of the analytical exploratory study in this research can be 

claimed as a knowledge contribution for the following reasons: (1) the majority of the 

exploratory studies conducted in this area focused on broadly examining BIM 

implementation in FM, while the exploratory study in this research focused on 

exploring the current state of BIM in FM.  

with a focus on information exchange process and interoperability between BIM and 

FM systems; (2) the outcomes of this exploratory study have shed light on current 

challenges facing the information exchange process between BIM and FM systems 
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reported by BIM experts who used BIM to support FM in real practice. These rich 

insights which were generated from participants’ experience in the same field and 

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. 

11.2.3 The identification of information requirements of BIM to support FM 

systems   

To achieve the third objective of this research, a quantitative approach was adopted 

to identify the information requirements of BIM to support FM systems. The 

outcomes of the quantitative survey generated a list of information requirements of 

BIM models that are applicable and can be provided by BIM as-built models, unlike 

other studies which proposed information requirements that cannot be provided by 

BIM as-built models, such as maintenance history requirements (Cavka, 2017; 

Farghaly, 2018).  

In addition, the outcome of this phase can be claimed as a knowledge contribution, 

as the previous research mainly focused on specific information requirements, either 

related to mechanical systems only (Dias and Ergan, 2016) or applied to one type of 

building (educational buildings) (Mayo and Issa, 2016; Cavka, et al., 2017; Thabet and 

Lucas, 2017), whereas this study identified a list of information requirements that 

can be applied to any type of buildings and include all building components and 

systems.  

11.2.4 The design, implementation, testing and validation of the BIM4FM 

system prototype 

The findings of the first two phases of this research verified the need to provide a 

pragmatic solution to overcome the challenges of information exchange and 

interoperability between BIM and FM system. Thus the conceptual framework for 

seamless information exchange between BIM and FM systems was designed and 

validated to assess the suitability of the proposed framework based on analytic and 

pragmatic criteria.   

A key theoretical contribution of this research is the novel approach proposed for a 

seamless information exchange process between BIM and FM systems. The proposed 

method and framework describe how BIM data can be successfully linked to other 



CHAPTER 11 | CONCLUSIONS AND RECOMMENDATIONS  

283 

data sources extracted from the industry standards, namely SFG20, and direct entry 

of manufacturing data using the web-based graphical user interface, for further 

manipulation using the database relational management to generate rich digital data 

output in form of a COBie spreadsheet.  

The concept and feasibility of this approach was validated and tested by the web-

based prototype system, BIM4FM, which was developed on the software platforms 

MSSQL, C#, ASP.net and AJAX and a real case study of the Future Technology Centre 

of the University of Portsmouth. The usability of the system prototype was validated 

by potential users who confirmed that BIM4FM has achieved the aim of the research 

by streamlining the information exchange process between BIM and FM systems.  

11.3 Practical implications  
The main practical significance of this research is that the proposed approach and 

framework enable seamless information exchange between BIM and FM systems, 

enhancing the quality of data inputs of FM systems, and, accordingly, enhancing the 

facilities’ information management practice, which can be expanded upon as follows: 

• This research has developed a novel framework for seamless information 

exchange between BIM and FM systems. The proposed tool enables users to 

retrieve various data sources and transfer the collected data seamlessly into FM 

systems using an open data format to overcome the interoperability issue. The 

illustrated case study showed how BIM4FM retrieved data from BIM models using 

an IFC file, industry standards for maintenance, using SFG20XML, and 

manufacturing data, using the web-based graphical user interface and then 

generated a single source of digital data output to support FM systems input.  

The main practical advantages of the proposed system are: (1) the proposed 

solution is capable of taking advantage of the existing interoperability solutions 

created by the industry, namely COBie, and bridging the gap of the limitations of 

the existing COBie add-in applications by generating a rich COBie spreadsheet that 

includes all the required FM systems input. Through this, the need for manual data 

entry of O&M data can be reduced dramatically; (2) information quality can be 

effectively improved by managing fragmented data sources and reducing manual 

data entry; and (3) facilities information management practice can be efficiently 

improved by providing a single digital source of well-identified data output for FM 
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systems inputs. This could solve the issue of lack of interoperability between the 

various FM systems and could increase data credibility.  

• This research focused on using open data formats and specifications such as IFC 

and COBie to overcome the interoperability issue. Accordingly, data extracted 

from BIM models will be in the form of an IFC file, regardless of the software used 

in developing these models (Revit, ArchiCAD, Tekla, etc.), while the data output 

will be generated in the form of a COBie spreadsheet, which will be used as a 

single digital source for FM systems’ input regardless of the FM system software 

(Maximo, Planon, FM:Systems, etc.).  

• This research encourages collaboration by providing a platform where all project 

stakeholders, including individual suppliers/vendors can provide a specific data 

input about the facility’s components and systems, instead of putting the heavy 

burden of data entry on one stakeholder’s shoulder (normally that of the general 

contractor).  

• This research provides evidence that traditional data sources can be aligned with 

BIM to support facilities management systems. One significant advantage of the 

proposed method is to combine the benefits of both traditional data sources and 

BIM data to support facilities management systems and entail the minimum 

disruption to the existing working processes. 

11.4 Limitations and suggested future research  
This research proposes a new framework of seamless information exchange between 

BIM and FM systems. However, the proposed framework has some limitations, and 

these, and the corresponding recommendations for future research, are discussed as 

follows:  

•  First, the proposed system is limited to COBie-compliant BIM as-built models, as 

described in section 9.4.  The main purpose of this study was to develop a proof of 

concept based on generating rich digital data output in the forms of COBie using 

different data sources, including BIM data through IFC. Future research in this area 

may consider: (1) how to map COBie parameters out of an IFC file for non-

compliant COBie as-built BIM models, (2) how to extend the proposed system for 

non-compliant COBie as-built BIM models.  

• Secondly, the proposed system has not been put into use and validated in real 

practice. For better implementation of the proposed approach, the prototype 
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system needs to be further developed as a tool with an easy-to-use user interface 

and checked in different scenarios. In addition, the proposed system was tested 

using an IFC file generated from BIM as-built models developed using Revit 

software. Hence, future research may further test and improve the proposed 

approach and system in real practice using IFC files generated from different 

software, such as ArchiCAD. 
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Appendix A 
1st Questionnaire  

 

Developing an Interoperability Framework for Seamless Information 

Exchange between BIM models and Facilities Management Systems 

1. Introduction  

I am a second year PhD student in construction management field at the University of Portsmouth. This 

research is a part of my PhD degree requirements. I would like to invite you to take part in my research 

study. Joining the study is entirely up to you, before you decide I would like you to understand why the 

research is being done and what it would involve for you. This study is concerned with the current practices 

of the facilities information management (FM) and the possibility of using building information modelling 

(BIM) as a leverage to facilities management practice. We are seeking participants who should be involved 

in managing operation and maintenance works of facilities and participants who should be involved in 

utilizing BIM for operations and maintenance phase. Participation in the research would require you to take 

approximately 15-20 minutes of your time to fill the questionnaire. You have been invited to take part 

because you have identified yourself (or been identified by BIFM, LinkedIn and BIM for FM groups) as having 

experience in facilities management and/or BIM for FM. Taking part in this research is entirely voluntary. It 

is up to you to decide if you want to volunteer for the study. If you agree to take part, I will then ask you to 

click next page tab to answer the survey questions. As a volunteer you can stop any participation in this 

study at any time before it completes by closing your internet browser. This survey is designated as being 

anonymous. The anonymised data-file will be stored on the researcher’s computer for at least 10 years, 

will only be used for the purpose of this study, and will not be shared with anyone other than the 

researchers involved. Any report based on this study will not identify any participants. If you have any 

questions about the research or would like a summary of the findings, please contact the researcher at 

UP623595@myport.ac.uk. In the unlikely event of a complaint you may also contact the Supervisor Dr. 

Mark on mark.danso@port.ac.uk. If you have read and understood everything on this page, please read 

the following consent statements: I am aged 18 years or older. I voluntarily agree to take part in this study. 

I have read and understood the Information Sheet provided. I understand the nature, purpose, and likely 

duration of the study, and what I will be asked to do. I have been advised about any discomfort and possible 

ill-effects on my well-being which may result. I understand that all personal data relating to volunteers is 

held and processed in the strictest confidence. I agree that I will not seek to restrict the use of the results 

of the study on the understanding that my anonymity is preserved. I understand that I am free to withdraw 

from the study at any time without needing to justify my decision and without prejudice. I confirm that I 

have read and understood the above and freely consent to participating in this study. Thank you for taking 

time to read this information sheet and for considering volunteering for this research.  



 

 

 1. About how long have you worked in the construction industry? * 

   1 - 5 Years 

   5 - 10 Years 

   10 - 15 Years 

   15 - 20 Years 

   > 20 Years 

  

2. What type of organisation do you work for? * 

   Owner 

   Planner 

   Architect 

   Engineer (Technical, Electrical, Civil) 

   Project Management 

   BIM Consultant 

   Contractor (General) 

   Contractor (Specialty) 

   Facilities / Asset Management 

   Manufacturer 

   
Other (please specify): 

 

  

 

 

 



 

 

3. Please provide some supporting information for the project(s) you have worked on (or currently working 

on), such as: type of project, building use, location, Level of BIM, Level of Detail at handover, and data 

exchange format and protocol.  

  

 

 

 

  

4. Please enter the number of projects you have worked on that are or will be using BIM for Facilities 

Management (FM), and the number where you received clear Employer Information Requirements (EIR) 

and Asset Information Requirements (AIR)? * 

 

Number of projects using BIM for FM   
  

* 

Number of these projects with clear EIRs   
  

* 

Number of these projects with clear AIRs   
  

* 

 

 5. For projects using BIM, what information deliverables are you usually asked for at project construction 

completion and handover? * 

   BIM native as-built models 

   Industry Foundation Classes (IFC) 

   Construction Operations Building information exchange (COBie) 

   Electronic copy of scanned construction documents (Pdf) and as-built drawings (dwg) 

   Paper copy of construction documentation 

   
Other (please specify): 

  

 

  



 

 

6. How is the data transferred from BIM models to Facilities Management systems? * 

   Manual entry 

   Using IFC 

   Using COBie spreadsheet 

   Middleware such as EcoDomus 

   
Other (please specify): 

 

  

 

 

  

7. How long does it take to transfer information from BIM models to the CAFM including verifying, 

validating data exchanges for compliance? * 

   1 - 5 days 

   5 - 10 days 

   10 - 15 days 

   15 - 20 days 

   20 - 30 days 

   > 30 days 

   
Other (please specify): 

 

  

 

 

  

 

 

 



 

 

8. In your opinion, to what extent do you agree/disagree with the statement: "COBie is designed to handle 

all FM information requirements that can vary in each project" * 

   Strongly Disagree 

   Disagree 

   Neither Agree nor Disagree 

   Agree 

   Strongly Agree 

Comments: Please feel free to add any comment regarding COBie usefulness for FM data exchange   

  

 

 

  

9. Using COBie, you generate information automatically for the first eight sheets (Contact, Facility, Floor, 

Space, Zone, Type, Component and System), how do you enter the information in COBie remaining sheets 

related to Spare, Job, Resource? * 

   Manual entry 

   Automated entry 

   
Other (please specify): 

  

 

  

10. Is COBie capable of generating all required attributes of mechanical and electrical assets? * 

   Yes 

   No 

11. Can you list these attributes which COBie schema is not capable to generate? * 

 

 

 

 



 

 

Appendix B 
 

Request for Interview - Developing an Interoperability Framework for Seamless Information 

Exchange between BIM models and Facilities Management Systems 

 

Dear [NAME], 

I am a PhD research student at Portsmouth University. My research aims to streamline the 

information exchange process between Building Information Modelling (BIM) and Facilities 

Management (FM) systems. The research will investigate the current state of BIM 

implementation in FM, current information exchange tools between BIM and FM, and 

information requirements of BIM models to support FM systems. 

I understand that your company is utilising BIM in construction projects, and therefore, would be 

able to benefit from the research. To allow this, I would like to know your views on the initial 

findings, and wish to have an interview at your convenience. The interview will take around 30 

minutes of your time. 

I would be grateful if you could confirm your willingness to participate in an interview (video 

conference, phone or in person) and let me know a suitable time, if possible, in the next two 

weeks. Please be assured that the findings will be used for academic purposes and confidentiality 

will be maintained at all times. 

Thank you for considering my request. I look forward to your reply. 

Yours faithfully, 

Sandra Matarneh  

Research Student 

School of Civil Engineering and Surveying  

University of Portsmouth  

Sandra.matarneh@port.ac.uk 

 

 

 

 



 

 

PARTICIPANT INFORMATION SHEET 

 

The following are the contact details of the researchers involved in the study: 

Primary Researcher 

Ms Sandra Matarneh, School of Civil Engineering and Surveying, University of Portsmouth, 

Portsmouth, PO1 3AH, United Kingdom, Email: Sandra.matarneh@port.ac.uk 

Supervisor  

Dr. Mark Danso, School of Civil Engineering and Surveying, University of Portsmouth, 

Portsmouth, PO1 3AH, United Kingdom, Email: mark.danso@port.ac.uk 

What is the purpose of the study? 

Thank you for agreeing to participate in this study. This research aims to streamline information 

exchange process between Building Information Modelling (BIM) and Facilities Management 

(FM) Systems for the benefit of industry practice. The research investigate the current state of 

BIM implementation in FM, current information exchange tools between BIM and FM, and 

information requirements of BIM models to support FM systems. 

Who is doing this research and why? 

The main researcher is Sandra Matarneh and is performing the study as part of her PhD 

research. The main supervisor for this research is Dr. Mark Danso. 

Once I take part, can I change my mind? 

Yes! After you have read this information and asked any questions you may have, we will ask 

you to complete an Informed Consent Form, however if at any time, before, during or after the 

sessions you wish to withdraw from the study please just contact the main investigator. You can 

withdraw at any time, for any reason and you will not be asked to explain your reasons for 

withdrawing. If you require a break during the study, you can do so by informing the researcher. 

Will my taking part in this study be kept confidential? 

You will only be asked to sign your name on the consent form. For all other written and 

electronic material, your data will be anonymised. The information provided during the 

interview will be held by the main researcher for a maximum of six years electronically before 

being disposed of (conforming to University guidelines). The results will be formed from a 

thorough analysis of the data you give us in this study. Once the analysis is complete, we intend 

to publish our findings in a number of journals. However, any paper will be written with an 



 

 

importance on anonymising any personal data included. All data that is shared with other 

researchers will be anonymised. 

I have some more questions who should I contact? 

Any questions you have can be answered by the researcher before, during and after the study. 

If you have a question once you have left the study, feel free to contact the primary researcher 

by email at any time (using the contact details at the top of this document). I will aim to issue a 

response as soon as possible but please allow 48 hours for a response during busy times. 

What if I am not happy with how the research was conducted? 

The University has a policy relating to Research Misconduct and Whistle Blowing which is 

available online at 

http://www.port.ac.uk/admin/committees/ethical/Whistleblowing(2).htm. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.port.ac.uk/admin/committees/ethical/Whistleblowing(2).htm


 

 

 

INFORMED CONSENT FORM - PARTICIPANT COPY 

 

The purpose and details of this study have been explained to me in the Participant Information 

Sheet. I understand that this study is designed to further scientific knowledge and that all 

procedures have been approved by the University of Portsmouth Ethical Advisory Committee. 

I have read and understood the information sheet and this consent form. I have had an 

opportunity to ask questions about my participation. I understand that I am under no obligation 

to take part in the study. I understand that I have the right to withdraw from this study at any 

stage for any reason, and that I will not be required to explain my reasons for withdrawing. 

I understand that all the information I provide will be treated in strict confidence and will be kept 

anonymous and confidential to the researchers unless (under the statutory obligations of the 

agencies which the researchers are working with), it is judged that confidentiality will have to be 

breached for the safety of the participant or others. 

 

I agree to participate in this study. 

 

Participant Name ______________________________________________________________ 

 

Participant Email________________________________________________________________ 

 

Participant Signature____________________________________________________________ 

 

Researcher Signature____________________________________________________________ 

 

Date_________________________________________________________________________ 

 

 

 

 



 

 

INTERVIEW STRUCTURE 

 

Developing an Interoperability Framework for Seamless Information Exchange between BIM 

models and Facilities Management Systems 

Introductory questions: 

1. What is the classification for your organization (in terms of function)? 

2. What types of construction projects do you usually undertake? 

3. What is the size of the projects that you undertake in terms of budget? 

Transitional questions: 

4. For how long and to what extend have you been using BIM? Which level? 

5. How do you assess the current state of BIM implementation in FM?  

6. What are the main benefits of using BIM for FM? 

7. What are the main difficulties that you have identified in using BIM for FM?  

7. Do you follow a defined process to use BIM for FM? Are there specific standards and 

guidance you follow? 

8. What BIM can offer FM, and whether it would have a transformative impact on building 

operation?  

Main questions: 

9. How do you share facilities information with owner/FM organisation?  

10. Is the use of open data format (COBie) useful?  

11. Do you receive a defined information requirements at early stage of design?  

12. Do you check at different data drops if these requirements are considered?  

13. Can you name some of these requirements?  

 

 

 

 



 

 

Appendix C 
2nd Questionnaire  

 

Developing an Interoperability Framework for Seamless Information 

Exchange between BIM models and Facilities Management Systems 

1. Introduction  

I am a second year PhD student in construction management field at the University of Portsmouth. This 

research is a part of my PhD degree requirements. I would like to invite you to take part in my research 

study. Joining the study is entirely up to you, before you decide I would like you to understand why the 

research is being done and what it would involve for you. This study is concerned with the current practices 

of the facilities information management (FM) and the possibility of using building information modelling 

(BIM) as a leverage to facilities management practice. We are seeking participants who should be involved 

in managing operation and maintenance works of facilities and participants who should be involved in 

utilizing BIM for operations and maintenance phase. Participation in the research would require you to take 

approximately 15-20 minutes of your time to fill the questionnaire. You have been invited to take part 

because you have identified yourself (or been identified by BIFM, LinkedIn and BIM for FM groups) as having 

experience in facilities management and/or BIM for FM. Taking part in this research is entirely voluntary. It 

is up to you to decide if you want to volunteer for the study. If you agree to take part, I will then ask you to 

click next page tab to answer the survey questions. As a volunteer you can stop any participation in this 

study at any time before it completes by closing your internet browser. This survey is designated as being 

anonymous. The anonymised data-file will be stored on the researcher’s computer for at least 10 years, 

will only be used for the purpose of this study, and will not be shared with anyone other than the 

researchers involved. Any report based on this study will not identify any participants. If you have any 

questions about the research or would like a summary of the findings, please contact the researcher at 

UP623595@myport.ac.uk. In the unlikely event of a complaint you may also contact the Supervisor Dr. 

Mark on mark.danso@port.ac.uk. If you have read and understood everything on this page, please read 

the following consent statements: I am aged 18 years or older. I voluntarily agree to take part in this study. 

I have read and understood the Information Sheet provided. I understand the nature, purpose, and likely 

duration of the study, and what I will be asked to do. I have been advised about any discomfort and possible 

ill-effects on my well-being which may result. I understand that all personal data relating to volunteers is 

held and processed in the strictest confidence. I agree that I will not seek to restrict the use of the results 

of the study on the understanding that my anonymity is preserved. I understand that I am free to withdraw 

from the study at any time without needing to justify my decision and without prejudice. I confirm that I 

have read and understood the above and freely consent to participating in this study. Thank you for taking 

time to read this information sheet and for considering volunteering for this research. 



 

 

 1. Have you worked (or you are working) on any projects that are or will be using Building Information 

Management (BIM) and information exchange processes to support Facilities Management (FM) operations? 

* 

   Yes 

   No 

  

2. Do you work in facilities management (FM) industry? * 

   Yes 

   No 

  

3. About how long have you worked in the Facilities / Maintenance Management industry? * 

   1 - 5 Years 

   5 - 10 Years 

   10 - 15 Years 

   15 - 20 Years 

   > 20 Years 

  

 4. What do you use your FM/IT software for? * 

   Asset Management 

   Energy and Environment Management 

   Space Management 

   Maintenance Management 

   Data Management 

   Other (please specify): 

 
 

  



 

 

5. How do you receive the handing over documents at the project construction completion? * 

   Paper copy 

   Electronic copy ( drawings (dwg), scanned construction documentation) 

   Mix of both 

  

6. How do you enter facility's information into your FM/IT software? (Information such as: tag numbers, 

asset type, location, etc.) * 

   Automatically 

   Manually 

 

7. How long does it take to populate facility's data in your FM/IT software? (After the project construction 

completion and at the beginning of the operation and maintenance phase) * 

   < 1 month 

   1 - 3 Months 

   3 - 6 Months 

   6 - 9 Months 

   9 - 12 Months 

   > 12 Moths 

 8. How accurate are these information which entered on you FM/IT software? * 

   Very accurate 

   Accurate 

   Somehow accurate 

   Not accurate 

   Not accurate at all 



 

 

 9. For facilities maintenance management and after the facility construction completion, what information 

from the below list are required and important for your computerized maintenance management system 

(CMMS) software database inputs? * 

 

 
Very 

Important 
Important 

Moderately 

Important 

Of Little 

Importance 
Unimportant 

Periodic preventive maintenance 

activities                

Asset specifications                

Spare parts list                

Warranty information                

Manufacturer information                

O&M manual link                

Construction documentation link                

Calibration information                

Standard operating producers                

Service contracts                

Maintenance history                

 

Comments: Please feel free to add any further information which required for facilities maintenance 

management in the field below   

  

 

 

 

 

 

 



 

 

 10. For facilities maintenance management and after the facility construction completion, what asset 

specifications are required from the below list and important for your computerized maintenance 

management system (CMMS) software database inputs? * 

 

 
Very 

Important 
Important 

Moderately 

Important 

Of Little 

Importance 
Unimportant 

Asset name                

Asset category                

Asset type                

Asset location                

Model number                

Replacement cost                

Expected life                

Nominal width, height and length                

Operating status threshold                

Bar code number                

Serial number                

Tag number                

General specs (size, material, 

color, etc)                

Accessibility performance                

Code performance                

Sustainability performance                

Installation date                



 

 

 
Very 

Important 
Important 

Moderately 

Important 

Of Little 

Importance 
Unimportant 

System and its associated sub-

system names                

 

Comments: Please feel free to add any further information related to asset specifications in the field 

below   

  

 

 

 

11. For facilities maintenance management and after the facility construction completion, what general 

information related to facility from the below list are required and important for your computerized 

maintenance management system (CMMS) software database inputs? * 

 

 
Very 

Important 
Important 

Moderately 

Important 

Of Little 

Importance 
Unimportant 

Facility name and classification                

Floor names                

Floor elevations                

Floor Heights                

Room (space) names and functions                

Room (space) tags                

Room (space) location                

Room (space) areas                

Zone names and its associated 

spaces                

Zone classifications                



 

 

 
Very 

Important 
Important 

Moderately 

Important 

Of Little 

Importance 
Unimportant 

Design occupancy                

 

Comments: Please feel free to add any further information related to facility general information in the 

field below   

  

 

 

 

 12. For facilities maintenance management and after the facility construction completion, what 

manufacturer information from the below list are required and important for your computerized 

maintenance management system (CMMS) software database inputs? * 

 

 
Very 

Important 
Important 

Moderately 

Important 

Of Little 

Importance 
Unimportant 

Manufacturer name                

Manufacturer address                

Manufacturer purchase number                

Manufacturer warranty expiration 

date                

Manufacturer code                

Make                

 

Comments: Please feel free to add any further information related to manufacturer information in the 

field below   

  

 

 

 



 

 

 13. For facilities maintenance management and after the facility construction completion, what 

information related to the extended warranty from the below list are required and important for your 

computerized maintenance management system (CMMS) software database inputs? * 

 

 
Very 

Important 
Important 

Moderately 

Important 

Of Little 

Importance 
Unimportant 

Warranty provider name                

Warranty provider address                

Warranty expiration date                

 

Comments: Please feel free to add any further information related to the extended warranty in the field 

below   

  

 

 

 

 

 

 

14. How do you plan for the periodic preventive maintenance (PPM)? (Select the one that better reflects 

your case)? * 

   Extracting PM activities from maintenance manuals and then enter them into your CMMS software. 

   
Using industry standards such as SFG20 to extract and enter PM schedules into your CMMS 

software. 

   
Other (please specify): 

 

  

 

 

 

  



 

 

15. How important do you consider building information modelling (BIM) to be used for the facilities 

management operations? * 

   Very Important 

   Important 

   Moderately Important 

   Of Little Importance 

   Unimportant 

  

16. What concerns do you have about using building information modelling (BIM) for facilities management 

operations? * 

   Set-up Cost 

   Training 

   Technology / Integration with CAFM and CMMS 

   Management of Data 

   
Other (please specify): 

 

  

 

 

  

17. Do you have any comment you like to share about using BIM for FM?  

  

 

 

 

 

 

 



 

 

Appendix D 
 

Information requirements list elicited from various sources 

 

No Information requirements References 

1 Design criteria Cavka et al., 2017; Yang & Ergan, 2017; PAS 1192-3:2014; 
2 Handover documentation  Lu et al., 2018; Cavka et al., 2017; CIBSE, 2017; Mayo & Issa, 

2016; COBie-UK, 2012; BS 8587:2012; GSA, 2011 
3 Spare part information Farghaly et al., 2018; Cavka et al., 2017; Thabet & Lucas, 2017; 

CIBSE, 2017; Mayo & Issa, 2016; Lin et al., 2016; PAS 1192-
3:2014; COBie-UK, 2012; BSI, 2012;  BS 8587:2012; Sattenini et 
al., 2011 

4 Manufacturer/vendor info Farghaly et al., 2018; Lu et al., 2018; UCLBIM, 2018; CIBSE, 2017; 
Cavka et al., 2017; Lin et al., 2016; MoJ, 2016; UoR BIM 
Guidance, 2016; Wang et al., 2013; PAS 1192-3:2014; USC BIM 
Guidelines, 2012; COBie-UK, 2012; BS 8210:2012; BS 
8587:2012;; BS8210:2012;PSU OPP, 2011; GSA, 2011; Sattenini 
et al., 2011; ; Hunt, 2011 

5 Serial No. Farghaly et al., 2018; Cavka et al., 2017; CIBSE, 2017; Thabet & 
Lucas, 2017; MoJ, 2016; UoR BIM Guidance, 2016;  USC BIM 
Guidelines, 2012; COBie-UK, 2012; PSU OPP, 2011; GSA, 2011 

6 Asset location Lu et al., 2018; UCLBIM, 2018; Thabet & Lucas, 2017; Cavka et 
al., 2017; Yang & Ergan, 2017; Mayo & Issa, 2016; Lin et al., 
2016; MoJ, 2016; UoR BIM Guidance, 2016; Wang et al., 2013;  
USC BIM Guidelines, 2012; COBie-UK, 2012; BS 8210:2012; BS 
8587:2012; PSU OPP, 2011; GSA, 2011; Sattenini et al.. 2011; 
Hunt, 2011 

7 Warranty info Farghaly et al., 2018; Lu et al., 2018;  UCLBIM, 2018; Cavka et 
al., 2017; Thabet & Lucas, 2017; CIBSE, 2017; Mayo & Issa, 
2016; Lin et al., 2016; MoJ, 2016; UoR BIM Guidance, 2016; PAS 
1192-3:2014; Wang et al., 2013; USC BIM Guidelines, 2012; BS 
8210:2012; BS 8587:2012; COBie-UK, 2012; PSU OPP, 2011; 
GSA, 2011; Sattenini et al., 2011; Hunt, 2011 

8 Replacement cost  Lu et al., 2018; Cavka et al., 2017; MoJ, 2016; UoR BIM 
Guidance, 2016; USC BIM Guidelines, 2012; COBie-UK, 2012; BS 
8210:2012; BS 8587:2012; GSA, 2011 

9 Installation guide  Farghaly et al., 2018; Cavka et al., 2017; Mayo & Issa, 2016; 
10 System / equipment performance  Cavka et al., 2017; Yang & Ergan, 2017; Mayo & Issa, 2016; PAS 

1192-3:2014 
11 Expected life MoJ, 2016; UoR BIM Guidance, 2016; PAS 1192-3:2014; USC 

BIM Guidelines, 2012; COBie-UK, 2012; BS 8210:2012; BS 
8587:2012; GSA, 2011 

12 Standard operating procedure  Cavka et al., 2017; Yang & Ergan, 2017 
13 Maintenance history Farghaly et al., 2018; Lu et al., 2018; Cavka et al., 2017; Yang & 

Ergan, 2017; Lin et al., 2016; Sattenini et al., 2011; 

14 Preventive maintenance schedules Farghaly et al., 2018; Lu et al., 2018; Cavka et al., 2017; Yang & 
Ergan, 2017; Mayo & Issa, 2016; Lin et al., 2016;  PAS 1192-
3:2014; COBie-UK, 2012;  BS 8210:2012; BS 8587:2012; 
Sattenini et al., 2011; Hunt, 2011 

15 Inspection reports Farghaly et al., 2018; Cavka et al., 2017; Yang & Ergan, 2017; 
Mayo & Issa, 2016; 

16 Key plans Cavka et al., 2017; Yang & Ergan, 2017; BS 8210:2012; BS 
8587:2012; 

17 Asset name Farghaly et al., 2018; UCLBIM, 2018; CIBSE, 2017; Lin et al., 
2016; MoJ, 2016; UoR BIM Guidance, 2016; USC BIM 
Guidelines, 2012; COBie-UK, 2012; PSU OPP, 2011; GSA, 2011 



 

 

No Information requirements References 

18 Systems and its associated systems UCLBIM, 2018; Cavka et al., 2017; CIBSE, 2017; Thabet & Lucas, 
2017; MoJ, 2016; PAS 1192-3:2014; USC BIM Guidelines, 2012; 
COBie-UK, 2012; Sattenini et al., 2011; 

19 Equipment lists Cavka et al., 2017; BS 8210:2012; BS 8587:2012; 
20 Asset description  UCLBIM, 2018; Thabet & Lucas, 2017; CIBSE, 2017; Lin et al., 

2016;  MoJ, 2016; UoR BIM Guidance, 2016; PAS 1192-3:2014; 
Wang et al., 2013; USC BIM Guidelines, 2012; COBie-UK, 2012; 
PSU OPP, 2011; GSA, 2011; Sattenini et al., 2011 

21 Identification number Farghaly et al., 2018; Lu et al., 2018; Thabet & Lucas, 2017; 
CIBSE, 2017; Mayo & Issa, 2016; Lin et al., 2016; MoJ, 2016; 
UoR BIM Guidance, 2016; Wang et al., 2013; USC BIM 
Guidelines, 2012; COBie-UK, 2012; BS 8210:2012; BS 
8587:2012;  Hunt, 2011 

22 Floor name Farghaly et al., 2018; UCLBIM, 2018; CIBSE, 2017; Lu et al., 
2018; Yang & Ergan, 2017; Mayo & Issa, 2016; MoJ, 2016; UoR 
BIM Guidance, 2016; USC BIM Guidelines, 2012; COBie-UK, 
2012; GSA, 2011 

23 Floor height  UCLBIM, 2018; CIBSE, 2017; MoJ, 2016; UoR BIM Guidance, 
2016; COBie-UK, 2012 

24 Floor elevation  UCLBIM, 2018; CIBSE, 2017; MoJ, 2016; UoR BIM Guidance, 
2016; COBie-UK, 2012 

25 Space name and function  Farghaly et al., 2018; UCLBIM, 2018; CIBSE, 2017; Lu et al., 
2018; Yang & Ergan, 2017; Mayo & Issa, 2016; MoJ, 2016; UoR 
BIM Guidance, 2016; USC BIM Guidelines, 2012; COBie-UK, 
2012; GSA, 2011 

26 Space location  Farghaly et al., 2018; UCLBIM, 2018; CIBSE, 2017; Lu et al., 
2018; Yang & Ergan, 2017; Mayo & Issa, 2016; MoJ, 2016; UoR 
BIM Guidance, 2016; USC BIM Guidelines, 2012; COBie-UK, 
2012; GSA, 2011 

27 Zone name and associated spaces  Farghaly et al., 2018; UCLBIM, 2018; CIBSE, 2017; Lu et al., 
2018; Yang & Ergan, 2017; Mayo & Issa, 2016; MoJ, 2016; UoR 
BIM Guidance, 2016; USC BIM Guidelines, 2012; COBie-UK, 
2012; GSA, 2011 

28 Legislative compliance requirements  Farghaly et al., 2018; CIBSE, 2017; Mayo & Issa, 2016; PAS 
1192-3:2014; BS 8210:2012; BS 8587:2012; 

39 Make and/or model Farghaly et al., 2018; Mayo & Issa, 2016; USC BIM Guidelines, 
2012; BS 8587:2012; BS 8210:2012; COBie-UK, 2012; PSU OPP, 
2011 

30 Installation date  Farghaly et al., 2018; CIBSE, 2017; BSI, 2012; COBie-UK, 2012; 
BS 8210:2012; BS 8587:2012; 

31 Asset specification   Farghaly et al., 2018; Lu et al., 2018; Cavka et al., 2017; Lin et 
al., 2016; MoJ, 2016; Wang et al., 2013; USC BIM Guidelines, 
2012; BSI, 2012; COBie-UK, 2012; BS 8210:2012; BS 8587:2012; 
PSU OPP, 2011; GSA, 2011 

32 Nominal width, height and length  COBie-UK, 2012; 
33 Purchase information  Farghaly et al. 2018; Lu et al., 2018; Thabet & Lucas, 2017; 

Mayo & Issa, 2016; 
34 Bar code information Farghaly et al. 2018; CIBSE, 2017; Mayo & Issa, 2016; Lin et al., 

2016; MoJ, 2016; UoR BIM Guidance, 2016; USC BIM 
Guidelines, 2012; COBie-UK, 2012; GSA, 2011 

35 Performance code  CIBSE, 2017; BSI, 2012; COBie-UK, 2012; BS 8210:2012; BS 
8587:2012; 

36 O & M manuals  UCLBIM, 2018; Yang & Ergan, 2017; Mayo & Issa, 2016; Wang 
et al., 2013; BS 8210:2012; BS 8587:2012;  GSA, 2011 

37 Classification  Farghaly et al. 2018; UCLBIM, 2018; Thabet & Lucas, 2017; 
CIBSE, 2017; MoJ, 2016;  UoR BIM Guidance, 2016; USC BIM 
Guidelines, 2012; COBie-UK, 2012;  BS 8587:2012; GSA, 2011;  

38 Asset Condition  CIBSE, 2017; PAS 1192-3:2014; BS 8210:2012; BS 8587:2012 
39 Life cycle cost Farghaly et al. 2018; CIBSE, 2017; BS 8210:2012; BS 8587:2012 
40 Room tag  MoJ, 2016; UoR BIM Guidance, 2016; USC BIM Guidelines, 

2012; GSA, 2011 



 

 

No Information requirements References 

41 Accessibility performance  Yang & Ergan, 2017; BSI, 2012; COBie-UK, 2012; 
42 Certificates  Farghaly et al. 2018; Mayo & Issa, 2016  
43 Sustainability performance  CIBSE, 2017; MoJ, 2016;  Mayo & Issa, 2016; COBie-UK, 2012; 

BS 8210:2012; BS 8587:2012; 
44 Facility general information Farghaly et al. 2018; UCLBIM, 2018; CIBSE, 2017; MoJ, 2016;  

UoR BIM Guidance, 2016 
45 Service contracts  CIBSE, 2017; BS 8587:2012  
46 Occupancy ratio CIBSE, 2017; Yang & Ergan, 2017; Mayo & Issa, 2016; 
47 Risk assessments  CIBSE, 2017; Mayo & Issa, 2016; BS 8587:2012; 
48 Locations of control panels and valves  Farghaly et al. 2018; Cavka et al. 2017; 
59 Calibration information  BS 8210:2012; BS 8587:2012; 
50 Operating standard threshold  BS 8210:2012; BS 8587:2012; 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

 

Appendix E 
The mean rank for the 41 information requirements 

# Factor 
SPSS 
Code Code      Mean   SD 

Order 
Rank 

1 Asset name Q10.4 V15 4.887 0.318 97.74 

2 Asset location Q10.1 V12 4.750 0.471 95.00 

3 
System and its associated sub-system 
names  

Q9.11 V11 4.718 0.564 94.36 

4 
Periodic preventive maintenance 
activities  

Q9.10 V10 4.637 0.747 92.74 

5 Warranty & Guarantee information  Q9.4 V4 4.605 0.685 92.10 

6 Service contracts  Q11.1 V30 4.540 0.547 90.80 

7 Asset type Q10.3 V14 4.444 0.799 88.88 

8 Asset category Q10.2 V13 4.432 0.839 88.88 

9 Legislative compliance requirements  Q9.3 V3 4.363 0.714 87.26 

10 Asset tag number  Q10.18 V29 4.355 0.587 87.10 

11 Room (space) location Q11.7 V36 4.347 0.585 86.94 

12 Facility name and classification Q9.1 V1 4.339 0.636 86.78 

13 Floor names Q11.2 V31 4.323 0.578 86.46 

14 Room (space) names and function Q11.5 V34 4.242 0.868 84.84 

15 Zone names and its associated spaces Q11.9 V38 4.234 0.929 84.68 

16 Room (space) tags Q11.6 V35 4.177 0.699 83.54 

17 O&M manual link Q9.6 V6 4.161 0.790 83.22 

18 Spare parts list Q10.12 V23 4.153 0.846 83.06 

19 Serial number Q10.11 V22 4.137 0.758 82.74 

20 Asset specifications Q9.2 V2 4.048 0.844 80.96 

21 Manufacturer information Q9.5 V5 4.048 1.043 80.96 

22 Model number Q10.5 V16 4.040 0.966 80.80 

23 Zone classifications Q11.10 V39 4.024 0.791 80.48 

24 Bar code number Q10.10 V21 3.976 0.879 79.52 

25 Expected life Q10.7 V18 3.960 0.840 79.20 

26 Room (space) areas Q11.8 V37 3.879 0.907 77.58 

27 Accessibility performance Q10.14 V25 3.879 0.951 77.58 

28 Installation date Q10.17 V28 3.815 1.007 76.30 

29 Calibration information Q9.8 V8 3.806 0.951 76.12 

30 Design occupancy Q11.11 V40 3.677 0.950 73.54 

31 Replacement cost Q10.6 V17 3.629 0.915 72.58 

32 Standard operating producers Q9.9 V9 3.532 1.219 70.64 

33 Operating status threshold Q10.9 V20 3.476 0.888 69.52 

34 Sustainability performance Q10.16 V27 3.452 0.905 69.04 

35 Construction documentation link Q9.7 V7 3.435 0.965 68.70 

36 Floor elevations Q11.3 V32 3.379 0.898 67.58 

37 Code performance Q10.15 V26 3.379 1.009 67.58 

38 Purchase information  Q12.3 V41 3.306 1.113 66.12 

39 Floor Heights Q11.4 V33 3.250 1.025 65.00 

40 General specs (size, material, color, etc) Q10.13 V24 3.121 1.227 62.42 
41 Nominal width, height and length Q10.8 V19 3.048 1.154 60.96 



 

 

Appendix F 
 

Developing an Interoperability Framework for Information Exchange 

between Building Information Models (BIMs) and Facilities Management 

Systems 

 

Firstly, I would like to thank you for your time. The purpose of presenting the conceptual 

framework is to collate the industry practitioner’s feedback related to the feasibility, 

applicability of the conceptual framework and suggestions for further development. It is very 

critical for us to know if the proposed framework is sufficiently responsive to facilities 

information management needs. Therefore, your feedback is critical and your thoughts are 

valuable for better research and better FM solutions. 

Thank you again for your time and cooperation  

Sandra Matarneh  

 

 

1. What is your job title and how long have you been in this role? 

 

 

 

 

 

2. What would you describe as the main function of facilities management within your 
organisation? 

 

 

 

 

 

 



 

 

3. Based on what we presented today, do you think that combining BIM data, industry 
standards and manufactures/suppliers product data will facilitate automated 
mobilisation of asset registers and maintenance schedules in CAFM/CMMS?  

                Yes 

                No 

               Unsure 

            If NO, please clarify why 

 

 

 

 

 

4. Based on what we presented today, do you think that combining BIM data, industry 
standards and manufactures/supplier products data will improve the quality and 
accuracy of asset information and accordingly enhance the facilities information 
management practice?  

                Yes 

                No 

                Unsure 

            If NO, please clarify why 

 

 

 

 

 

5. Based on what we presented today, do you think that the proposed framework is 
sufficiently responsive to facilities management systems (CAFM/CMMS) information 
needs?  

                Yes 

                No 

                Unsure  



 

 

           If NO, please clarify what other information needs are not considered in the framework 

 

 

 

 

 

6. Based on what we have presented today, in your opinion, what is the most important 
issue that you would like to highlight to enhance the proposed conceptual framework?  

 

 

 

 

 

              Please provide us with your email for further clarification if needed?  

 

 

 

 

Thank you 
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